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Introduction 
This is an addendum to the Lower Passaic River (LPR) Restoration Project Quality Assurance 
Project Plan: Surface sediment chemical analyses and benthic invertebrate toxicity and 
bioaccumulation testing (Windward 2009), hereafter referred to as the Benthic Quality 
Assurance Project Plan (QAPP). The Benthic QAPP reviewed by the US Environmental 
Protection Agency (USEPA) and its Partner Agencies1


Appendix B (Use of Regional Background and Reference Conditions Data in the Lower 
Passaic River Study Area Risk Assessments) of the Revised Risk Analysis and Risk 
Characterization Plan for the Lower Passaic River Study Area (Windward and AECOM [in 
prep]-b), hereafter referred to as the Risk Analysis and Risk Characterization RARC Plan, 
recommended the collection of sediment above Dundee Dam in order to establish a 
freshwater background dataset, as well as reference conditions for the benthic invertebrate 
community, for the Lower Passaic River Study Area (LPRSA). This addendum to the Benthic 
QAPP, hereafter referred to as the Benthic QAPP Addendum No. 5, describes the upstream 
background sediment and reference conditions sampling effort. Additional upstream 
background and/or reference sampling efforts may be required. 


 was approved by USEPA on  
October 8, 2009.  


The field activities for the collection of surface sediment (0 to 15 cm) above Dundee Dam will 
occur during fall 2012 over a 2-week period, following a 2- to 3-day reconnaissance field effort 
to verify sampling location accessibility, and to obtain grain size data from the 24 targeted 
sediment quality triad (SQT) sampling locations. The reconnaissance will also be used to 
ensure, to the extent possible, that none of the sampling locations are near a combined sewer 
overflow (CSO) or other potential point source. 


SQT sampling target locations may be relocated following the reconnaissance field effort in 
order to meet targeted grain sizes comparable to the LPRSA SQT data. Sediment for SQT 
analysis will be collected from 24 sampling locations within a 4.1-mile area extending above 
Dundee Dam from River Mile (RM) 17.4 to RM 21.5. The 4.1-mile stretch between Dundee 
Dam and Fairlawn Avenue represents the upstream portion of the river where relatively low 
velocities are expected (i.e., a velocity similar to that of the upper portion of the LPRSA). Aerial 
photos of the Passaic River indicate that there are higher velocities above Fairlawn Avenue; 
this region would not, therefore, be representative of conditions in the upper LPRSA.  


Surface sediment (0 to 15 cm) for chemistry-only analysis will also be collected from 16 
additional sampling locations within the approximately 1.4-mile stretch between Dundee Dam 
and I-80. The area between Dundee Dam and I-80 represents a likely primarily depositional 
area for sediment impacted by urban sources from the upper Passaic River. These sediment 
chemistry data will allow for a comparison of concentrations measured within the LPRSA with 
sediment concentrations upstream of the LPRSA, which are the result of exposure to off-site 
sources that are inputs into the LPRSA. 


                                                 
 
1 The Partner Agencies include the US Army Corps of Engineers (USACE), New Jersey Department of 


Environmental Protection (NJDEP), New Jersey Department of Transportation (NJDOT), National 
Oceanic and Atmospheric Administration (NOAA), and the US Fish and Wildlife Service (USFWS). 
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For the 24 SQT sampling locations, surface sediment samples will be collected for chemistry, 
toxicity testing, and benthic community analyses. Analysis will proceed as follows:  


1. The sediment samples will be analyzed for: polychlorinated biphenyls (PCBs) 
congeners (and homologues), PCB Aroclors, polychlorinated dibenzo-p-
dioxins/polychlorinated dibenzofurans (PCDDs/PCDFs) (and homologues), 
organochlorine pesticides, polycyclic aromatic hydrocarbons (PAHs), alkylated PAHs, 
metals (including total mercury, methylmercury, and butyltins), semivolatile organic 
compounds (SVOCs) (including phthalates), total petroleum hydrocarbons (TPH) 
(extractable, purgeable, and alkanes), sulfide, ammonia-N, cyanide, total phosphorus, 
total Kjeldahl nitrogen, acid volatile sulfide/simultaneously extracted metals 
(AVS/SEM), percent moisture, grain size, and total organic carbon (TOC).  


2. Two toxicity tests will be performed: the 28-day Hyalella azteca growth and mortality 
test and the 10-day Chironomus dilutus growth and mortality test. Tests will be 
conducted following methodology used for the freshwater sediments samples collected 
in fall 2009 from the LPRSA; this methodology is described in the Benthic QAPP 
(Windward 2009). 


3. Benthic community samples will also be collected at all of the SQT sampling locations. 
Four replicates will be collected, three of which will be analyzed separately per location 
for the benthic invertebrate community analysis. The fourth replicate will be archived 
and analyzed only if one of the three replicates is damaged or lost. Benthic invertebrate 
community samples will be collected from a 0.05-m2 area and sieved through a 0.5-mm 
sieve. Following standard practice, 300 invertebrates will be identified in the freshwater 
samples (Barbour et al. 1999). As stated in the Rapid Bioassessment Protocols for Use 
in Streams in Wadeable Rivers (Barbour et al. 1999), subsampling reduces the effort 
required for the sorting and identification aspects of marcroinvertebrate surveys, and 
provides a more accurate estimate of time expenditure. The protocol is based on a 
200-organism subsample, but it could be used for any subsample size (e.g., 100, 300, 
500). A subsample of 300 invertebrates was chosen for this program to be consistent 
with the methods used on freshwater community samples collected in the LPRSA in fall 
2009. The invertebrates will be identified to the lowest practical taxonomic level: 
generally genus or species level, unless the organisms are damaged, incomplete, or 
juveniles, which may preclude identification to this level.  


For the 16 chemistry-only samples, the sediment samples will be analyzed for: PCB 
congeners (and homologues), PCB Aroclors, PCDDs/PCDFs (and homologues), 
organochlorine pesticides, PAHs, alkylated PAHs, metals (including total mercury, 
methylmercury, and butyltins), SVOCs (including phthalates), TPH (extractable, purgeable, 
and alkanes), sulfide, ammonia-N, cyanide, total phosphorus, total Kjeldahl nitrogen, 
AVS/SEM, percent moisture, grain size, and TOC.  


This Benthic QAPP Addendum No. 5 includes updates to worksheets and attachments 
relevant to the upstream background sediment and reference conditions sampling. It does not 
include worksheets or attachments that are unchanged or not relevant to this effort. Applicable 
and/or updated worksheets and attachments included in this addendum are presented below: 


 Worksheet No. 1 contains the title and approval pages for the addendum. 


 Worksheet No. 3 provides the distribution list. 


 Worksheet No. 9 provides a summary of communication and meetings related to 
upstream sediment sampling. 
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 Worksheet No. 10 describes the specific problem definition for the upstream sediment 
sampling effort. 


 Worksheet No. 11 provides the project quality objectives. 


 Worksheet No. 12 provides the method performance criteria. 


 Worksheet No. 13 provides the secondary data criteria and limitations. 


 Worksheet No. 14 provides a summary of project tasks. 


 Worksheet No. 16 provides the schedule and timeline. 


 Worksheet No. 17 provides the sampling design and rationale. 


 Worksheet No. 18 provides the proposed monitoring locations and sampling standard 
operating procedure (SOP) references. 


 Worksheet No. 19 provides the analytical SOP requirements. 


 Worksheet No. 20 provides a summary of field quality control (QC) samples. 


 Worksheet No. 21 provides the project SOP references. 


 Worksheet No. 23 presents the references to the analytical SOPs. 


 Worksheet No. 24 presents the analytical instrument calibration criteria. 


 Worksheet No. 35 provides the sampling and analysis validation process. 


 Worksheet No. 36 provides the sampling and analysis validation summary. 


 Attachment AA is an SOP that describes the wet sieving procedure. 
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QAPP Worksheet No. 1. Title and Approval Page 


Addendum to the Quality Assurance Project Plan for Surface Sediment Chemical Analyses and 
Benthic Invertebrate Toxicity and Bioaccumulation Testing 


Document Title    


Windward Environmental LLC (Windward) 
Lead Investigative Organization    


Thai Do, Windward 
Preparer’s Name and Organizational Affiliation   


200 West Mercer St., Suite 401, Seattle, WA 98119, 206.812.5407, thaid@windwardenv.com 
Preparer’s Address, Telephone Number, and E-mail Address 


10/25/12 
  


Preparation Date (mm/dd/yy)    


Investigative Organization’s Project Manager: 
  


 
 Signature 


 
  


Lisa Saban, Windward, 10/26/12 


 
  Printed Name/Organization/Date 


Investigative Organization’s Task Quality 
Assurance (QA)/QC Manager: 


  


 
 Signature 


 
  


Tad Deshler, Windward, 10/26/12 


 
  Printed Name/Organization/Date 


Project Coordinators: 
  


 
 Signature 


 
  


Bill Potter, de maximis, inc., 10/26/12 


 
  Printed Name/Organization/Date 
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  Signature 
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  Printed Name/Organization/Date 


Approval Signatures: 
   


USEPA Project Manager   


 Approval Authority  Signature 


 
 


Stephanie Vaughn, USEPA, 10/26/12 


 
 Printed Name/Title/Date 


USEPA Project QA Officer 
 


 


 Approval Authority  Signature 


 
  


William Sy, USEPA, 10/26/12 


 
  Printed Name/Title/Date 
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QAPP Worksheet No. 3. Distribution List  


QAPP Recipients Title Organization 
Telephone 


Number E-mail Address 


Lisa Saban 
Investigative 
Organization Project 
Manager 


Windward 206.812.5429 lisas@windwardenv.com 


Mike Johns Technical Advisory 
Team member Windward 206.812.5418 mikej@windwardenv.com 


Tad Deshler 
Investigative 
Organization Task 
QA/QC Manager 


Windward 206.812.5406 tad@windwardenv.com 


Susan McGroddy 
Investigative 
Organization Project 
Chemist 


Windward 206.812.5421 susanm@windwardenv.com 


Kimberley Goffman 
Investigative 
Organization 
Information Manager 


Windward 206.812.5414 kimg@windwardenv.com 


Jennifer Parker 
Investigative 
Organization Data 
Validation Coordinator 


Windward 206.812.5442 jenniferp@windwardenv.com 


Thai Do 
Field Coordinator/Site 
Safety and Health 
Officer  


Windward 206.812.5407 thaid@windwardenv.com 


Suzanne Replinger Field Personnel Windward 206.812.5435 suzanner@windwardenv.com 


Sarah Fowler Field Personnel Windward 206.812.5440 sarahf@windwardenv.com 


Bill Potter/Robert 
Law Project Coordinators de maximis, inc. 908.735.9315 


otto@demaximis.com 
rlaw@demaximis.com 
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QAPP Recipients Title Organization 
Telephone 


Number E-mail Address 
William Hyatt Coordinating Counsel K&L Gates 973.848.4045 william.hyatt@klgates.com 


Kenneth A. Cadmus Boat Operator Contact  Ocean Surveys, Inc. 860.388.4631, ext. 
126 kac@oceansurveys.com  


Polly Newbold CPG QA Coordinator 
de maximis Data 
Management 
Solutions, Inc. 


908.479.1975 pnewbold@ddmsinc.com  


Stella Cuenco Third-Party 
Independent Validator 


Laboratory Data 
Consultants, Inc. 760.634.0437 scuenco@lab-data.com  


Paul Dinnel Third-party 
independent Validator 


Dinnel Marine 
Resources 360. 299.8468 padinnel@aol.com 


Ken Simons Biological Laboratory 
Project Manager EnviroSystem Inc. 603.926.3345,  


ext. 213 ksimon@envirosystems.com  


Kaylani Merrill Taxonomy Laboratory 
Project Manager EcoAnalysts, Inc. 208.882.2588,  


ext. 81 kmerrill@ecoanalysts.com  


Ellen Collins VP, Technical Projects Alpha Analytical 508.439.5121 ecollins@alphalab.com 


Kimberly Mace New Client Initiatives 
Scientist 


SGS - Analytical 
Perspectives 


910.794.1613,  
ext. 102 Kimberly.Mace@sgs.com  


Tiffany Stilwater Laboratory Project 
Manager Brooks Rand Labs 206.753.6129 tiffany@brooksrand.com 


Lynda Huckestein Laboratory Project 
Manager 


ALS - Columbia 
Analytical Services, 
Inc. 


360.501.3358 LHuckestein@caslab.com 


Ivana Vukovic Laboratory Project 
Manager Maxxam Analytics 800.563.6266,  


ext. 5784 ivukovic@maxxam.ca 



mailto:william.hyatt@klgates.com�
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mailto:pnewbold@ddmsinc.com�

mailto:scuenco@lab-data.com�
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mailto:ksimon@envirosystems.com�
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QAPP Recipients Title Organization 
Telephone 


Number E-mail Address 


Alice Yeh USEPA Project 
Manager USEPA Region 2 212.637.4427 yeh.alice@epa.gov 


Stephanie Vaughn USEPA Project 
Manager USEPA Region 2 212.637.3914 vaughn.stephanie@epamail.epa.gov  


Chuck Nace USEPA Risk Assessor USEPA Region 2 212.637.4164 nace.charles@epa.gov  


William Sy USEPA Project QA 
Officer USEPA Region 2 732.321.6648 sy.william@epa.gov 


Lisa Baron Project Manager USACE 917.790.8306 Lisa.A.Baron@usace.army.mil 


Janine MacGregor Project Coordinator NJDEP 609.633.0784 Janine.MacGregor@dep.state.nj.us 


Timothy Kubiak 
Assistant Supervisor of 
Environmental 
Contaminants 


USFWS 609.646.9310,  
ext. 26 tim_kubiak@fws.gov 


Reyhan Mehran Coastal Resource 
Coordinator NOAA 212.637.3257 reyhan.mehran@noaa.gov 
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QAPP Worksheet No. 9. Project Scoping Session Participants Sheet  


Project Name: LPRSA Ecological and Human Health Risk Assessment 


Site Name: LPRSA 


Projected Date(s) of Sampling:  September 2012 


Site Location: LPRSA 


Project Managers: Bill Potter/Robert Law, de maximis, inc. 


Date of Session:  December 14 and 16, 2010 


Scoping Session Purpose:  


Meetings to discuss the LPRSA background approach as part 
of the discussion of USEPA comments on the Risk Analysis 
and Risk Characterization Plan for the Lower Passaic River 
Study Area (referred to as the RARC Plan) sent to USEPA on 
April 16, 2010 


Participants:  


Name Affiliation Phone No. E-mail Address 


Lisa Saban Windward Environmental 206.812.5429 lisas@windwardenv.com 


Mike Johns Windward Environmental 207.812.5418 mikej@windwardenv.com 


Betsy Ruffle AECOM 978.589.3071 betsy.ruffle@aecom.com 


Lisa Bradley AECOM 978.589.3059 lisa.bradley@aecom.com 


Robert Law de maximis, inc. 908.735.9315 rlaw@demaximis.com 


Chuck Nace USEPA 212.637.4164 nace.charles@epa.gov 


Stephanie Vaughn USEPA 212.637.3914 vaughn.stephanie@epa.gov 


Marian Olsen USEPA 212.637.4313 olsen.marian@epa.gov 


December 2010 RARC Plan Comments Meetings 


Comments/Decisions:  
Meetings were held to discuss RARC Plan comments related to the ERA and the 
Data Usability Memo comments, as well as RARC Plan comments related to the 
human health risk assessment (HHRA).  


Action Items:  
(Retrospective Summary) 


• The background appendix to the RARC Plan submitted to USEPA on April 16, 
2010, was discussed with USEPA.  


• The Cooperating Parties Group (CPG) stated that it plans to evaluate the 
existing regional datasets for surface sediment chemistry, benthic toxicity, 
benthic community, and tissue, and then present USEPA with an approach for 
using existing regional data to develop a range of background and reference 
conditions.  



mailto:lisas@windwardenv.com�

mailto:betsy.ruffle@aecom.com�

mailto:rlaw@demaximis.com�

mailto:nace.charles@epa.gov�
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Consensus Decisions:  


• USEPA and CPG agreed that the background appendix to the RARC Plan 
submitted to USEPA on April 16, 2010, would not be included in the Revised 
RARC Plan (Windward and AECOM [in prep]-b) to be submitted to USEPA on 
February 10, 2011. Instead, CPG would evaluate the existing regional 
datasets for surface sediment chemistry, benthic toxicity, benthic community, 
and tissue, and then present USEPA with an approach for using existing 
regional data to develop a range of background and reference conditions.  


• USEPA and CPG agreed to evaluate existing data (Delaware Bay to southern 
New England) from regional datasets (benthic communities, benthic toxicity 
tests, fish tissue, and sediment chemistry) to develop a potential range of 
background conditions.  


• Once CPG compiles the data, a meeting will be set up with USEPA to discuss 
using these existing data for a range of background and reference conditions. 


• The outcome of these meetings was the February 2, 2011, ERA and Data 
Usability and HHRA term sheet, which documents the agreements reached 
during the December 14 and 16, 2010, meetings.  
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Project Name: LPRSA Ecological and Human Health Risk Assessment 


Site Name: LPRSA 


Projected Date(s) of Sampling:  September 2012 


Site Location: LPRSA 


Project Manager: Bill Potter/Robert Law, de maximis, inc. 


Date of Sessions:  February 15, 2011 


Scoping Session Purpose:  
Meeting to discuss the LPRSA background and reference 
approach following the submittal of the Revised RARC Plan 
(Windward and AECOM [in prep]-b) on February 11, 2011 


Participants:  


Name Affiliation Phone No. E-mail Address 


Lisa Saban Windward Environmental 206.812.5429 lisas@windwardenv.com 


Mike Johns Windward Environmental 207.812.5418 mikej@windwardenv.com 


Robert Law de maximis, inc. 908.735.9315 rlaw@demaximis.com 


Chuck Nace USEPA 212.637.4164 nace.charles@epa.gov 


Stephanie Vaughn USEPA 212.637.3914 vaughn.stephanie@epa.gov 


February 2011 Background Approach Meeting 


Comments/Decisions:  Meeting was held to discuss the approach for establishing background and reference 
area conditions for the LPRSA. 


Action Items:  
(Retrospective Summary) 


• CPG presented the proposed approach for defining background and reference 
area conditions for the LPRSA 


• CPG presented an overview of the available regional datasets that potentially 
could support the determination of LPRSA background and reference area 
conditions  


• USEPA requested additional analysis, including further evaluation of sediment 
data from upstream of Dundee Dam and a comparison of those sediment data 
to the data from the LPRSA.  


• USEPA requested an analysis of data from Chesapeake Bay or Delaware 
Bay, as well as an analysis of Mullica River toxicity and benthic community 
data. 


• USEPA asked CPG to provide additional summaries of regional tissue studies. 
• CPG discussed with USEPA that the focused feasibility study (FFS), which 


had been prepared by USEPA, had used background samples collected from 
directly above Dundee Dam. 


• After internal discussions, USEPA agreed to use background samples from 
directly above Dundee Dam. USEPA asked CPG to evaluate the current 
samples and determine whether additional samples will be required for a 
background dataset and if so, how many. 


Consensus Decisions:  
• The area above Dundee Dam was agreed upon for the potential development 


of a background dataset and CPG would continue evaluating regional 
datasets. 
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Project Name: LPRSA Ecological and Human Health Risk Assessment 


Site Name: LPRSA 


Projected Date(s) of Sampling:  September 2012 


Site Location: LPRSA 


Project Manager: Bill Potter/Robert Law, de maximis, inc. 


Date of Sessions:  February 3, 2012 


Scoping Session Purpose:  Meeting to discuss further the LPRSA background approach 


Participants:  


Name Affiliation Phone No. E-mail Address 


Lisa Saban Windward Environmental 206.812.5429 lisas@windwardenv.com 


Mike Johns Windward Environmental 207.812.5418 mikej@windwardenv.com 


Robert Law de maximis, inc. 908.735.9315 rlaw@demaximis.com 


Chuck Nace USEPA 212.637.4164 nace.charles@epa.gov 


Stephanie Vaughn USEPA 212.637.3914 vaughn.stephanie@epa.gov 


Timothy Kubiak (by phone) USFWS 609.646.9310,  
ext. 26 tim_kubiak@fws.gov 


Reyhan Mehran NOAA 212.637.3257 reyhan.mehran@noaa.gov 


Janine MacGregor NJDEP 609.633.0784 Janine.MacGregor@dep.state.nj.us 


February 2012 Background Approach Meeting 


Comments/Decisions:  Meeting was held to provide USEPA and its Partner Agencies with a status briefing 
on the background and reference conditions approach for the LPRSA.  


Action Items:  
(Retrospective Summary) 


• CPG summarized the process to date on background and reference 
conditions approach. 


• CPG provided the definitions for background and reference conditions. 
• CPG presented criteria for evaluating available regional datasets that 


potentially could support the determination of LPRSA background and 
reference area conditions. 


• CPG provided the data sources for the background and reference conditions 
data. 


• CPG summarized the evaluation of existing data. 
• CPG recommended the collection of additional sediment (chemistry-only and 


SQT samples) and fish tissue data above Dundee Dam to support the 
development of background and reference area conditions for the LPRSA 


• CPG recommended use of existing data for the estuarine dataset.  


Consensus Decisions:  • USEPA asked CPG to start developing QAPPs for the collection of 
freshwater background and reference conditions data. 
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QAPP Worksheet No. 10. Problem Definition 


The problem to be addressed by the project: 


The LPR watershed is highly urbanized and receives inputs of industrial and municipal wastes. These inputs have resulted in 
widespread losses in habitat and biodiversity, the accumulation of chemicals in river sediments and biota, and impacts on water 
quality – the cumulative effects of which have substantially degraded the ecosystem of the LPRSA. The LPRSA is the estuary 
portion of the Passaic River between Dundee Dam and Newark Bay that is the subject of a remedial investigation/feasibility study 
(RI/FS). Conceptual site models (CSMs) of the LPRSA presented in summary reports and planning documents (e.g., Battelle (2005), 
Windward and AECOM (2009), Malcolm Pirnie (MPI) (2007b), MPI et al. (2005); and MPI (2007a)), as well as USEPA guidance and 
recommendations (USEPA 2002, 2008a), recognize that conditions within the LPRSA and ongoing inputs of chemicals originating 
from areas both inside and outside the LPRSA need to be taken into account during the risk assessment and remedial decision-
making processes. Each regional background input has a corresponding contribution to the overall risks potentially posed to humans 
and ecological receptors within the LPRSA. 
The LPRSA is the subject of a RI/FS, which includes the performance of a HHRA and a baseline ecological risk assessment 
(BERA). These assessments will be used to evaluate the potential for hazardous substances present in environmental media to 
have current and future impacts on the health of human and ecological receptors within the LPRSA. Because the primary focus of 
the RI/FS is historically contaminated sediments present within the LPRSA, potential impacts associated with these sediments need 
to be distinguished from potential impacts from regional background inputs to the LPR. 
Ongoing inputs of water and suspended particulates into the LPRSA are being quantified by elements of the RI chemical water 
column monitoring (CWCM) program and the CSO study. These include inputs entering the LPRSA from: 1) the watershed above 
Dundee Dam; 2) tributaries to the LPRSA; 3) CSOs, sanitary sewer overflows (SSOs), and point source discharges, including 
stormwater outfalls; and 4) tidal inputs from Newark Bay and regional background inputs. However, while these quantifications will 
provide estimates of current inputs to the LPRSA and their potential contribution to conditions within the LPRSA, they will not 
provide a basis for direct comparison of LPRSA sediment to sediment in areas comparable to the LPRSA but outside the influence 
of LPRSA sediment.  
Because there are no comprehensive comparable regional background or reference condition datasets that can be used to compare 
conditions within the freshwater portion of the LPRSA, this QAPP addendum describes the activities that will be performed for the 
collection of data to establish freshwater background and reference conditions for the LPRSA. The collection and/or review of 
additional freshwater background and/or reference conditions data may be required. The approach that will be used to establish 
regional estuarine background and reference conditions datasets is still being developed. 


The environmental questions being asked: 


The specific questions covered in this addendum are:  
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"How do the chemical concentrations in sediments upstream of the LPRSA compare with those within the LPRSA?" 


“Are benthic assemblages from the LPRSA similar to benthic assemblages in reference locations found above Dundee Dam?” 


“Are benthic toxicity test responses from LPRSA sediment similar to benthic toxicity test responses in reference conditions found 
above Dundee Dam?” 
Further detail on how the data will be used is presented on Worksheet No. 11. 


Observations from any site reconnaissance report: 


A site reconnaissance survey above Dundee Dam has not been performed to date to support this effort. A 2- to 3-day field 
reconnaissance effort to verify accessibility of sampling locations, and to obtain grain size data from the 24 targeted SQT sampling 
locations, will occur prior to the collection of sediments samples above Dundee Dam. Grain size from the selected targeted locations 
will be confirmed in the field using the wet sieving methods, as described in Appendix AA. If inclement weather conditions prevail, 
wet sieving will be performed in a field laboratory. USEPA oversight will be present during the site reconnaissance survey to identify 
target sampling locations. Target sampling locations will not be identified in areas near a CSO or other potential point sources. 
SQT sampling target locations may be relocated following the reconnaissance field effort in order to meet targeted grain sizes 
comparable to the LPRSA SQT data. 


A synopsis of secondary data or information from site reports: 


Appendix B of the Revised RARC Plan (Windward and AECOM [in prep]-b) presents a summary of the available regional freshwater 
and estuarine sediment data, including an evaluation of the quality of these regional data. A general summary of the secondary 
freshwater datasets is presented in Worksheet No. 13.  


The possible classes of contaminants and the affected matrices: 


There are several different classes of organic and inorganic chemicals in LPRSA media, in addition to environmental stressors 
resulting from the urban nature of the system. Surface sediment samples (0 to 15 cm) collected upstream of Dundee Dam will be 
analyzed for PCB congeners (and homologues), PCB Aroclors, PCDDs/PCDFs (and homologues), organochlorine pesticides, 
PAHs, alkylated PAHs, metals (including total mercury, methylmercury, and butyltins), SVOCs (including phthalates), TPH 
(extractable, purgeable, and alkanes), sulfide, ammonia-N, cyanide, total phosphorus, total Kjeldahl nitrogen, AVS/SEM, percent 
moisture, grain size, and TOC.  


The rationale for chemical and non-chemical analyses and sampling areas: 


Sediment data from the LPRSA, extending from RM 0 to Dundee Dam at RM 17.4, have been collected. LPRSA sediment has been 
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analyzed for chemistry, and has undergone SQT analysis wherein sediment chemistry, toxicity, and benthic community data were 
analyzed from a given location. Available regional sediment chemistry, toxicity, and benthic community data collected from outside 
the LPRSA are presented in Appendix B of the Revised RARC Plan (Windward and AECOM [in prep]-b). In Appendix B of the 
Revised RARC Plan, it was recommended that, because of the limited number and spatial extent of sediment data available from 
the surface depth interval of 0 to 15 cm in the area above Dundee Dam, additional freshwater sediment chemistry data should be 
collected to establish the freshwater background sediment dataset. It was also recommended that SQT data be collected from 
above Dundee Dam to establish a dataset for defining benthic invertebrate community reference conditions in the freshwater 
portions of the LPRSA.  
SQT Data 
SQT data (i.e., sediment to be analyzed for chemistry, toxicity, and benthic invertebrate community) from 24 locations upstream of 
Dundee Dam will provide a dataset to establish reference conditions for comparison to data collected in the LPRSA. Dundee Dam 
provides a physical barrier between the LPRSA and upstream reference area. The area above Dundee Dam represents the same 
river system and geologic foundation as the LPRSA, and has an urban setting and urban sources (e.g., CSOs and runoff from major 
highways) similar to areas within the freshwater portion of the LPRSA. The 4.1-mile stretch between Dundee Dam and Fairlawn 
Avenue represents an upstream portion of the river with relatively low flow velocity, similar to that of the upper portion of the LPRSA. 
Aerial photographs of the Passaic River indicate that there are areas of higher flow velocities and shallow conditions (aerial 
photographs show a series of riffles) above Fairlawn Avenue (located approximately 4.1 miles above Dundee Dam at RM 21.5), 
making the area less comparable to conditions in the upper LPRSA. For those SQT stations that are near shore, the chemistry-only 
data will also be evaluated in the HHRA. 
Sediment Chemistry-Only Data 
Chemistry-only data from 16 sediment samples collected from the approximately 1.4-mile stretch between Dundee Dam and I-80 will 
be analyzed. The area between Dundee Dam and I-80 represents a likely primarily depositional area for urban-impacted sediments 
in the upper Passaic River. Upstream background sediment chemistry data will be compared to chemistry data collected within the 
LPRSA. The comparison will be used to provide context for the LPRSA by determining background chemical concentrations of an 
urban river outside the influence of the LPRSA for those COPCs estimated in the risk characterization of the HHRA and BERA. 
Sediment samples just above Dundee Dam were also used by USEPA as background conditions for potential recontamination in the 
FFS (Malcolm Pirnie 2007b). Chemistry data collected from nearshore sediments at locations representing potential human access 
areas between Dundee Dam and Fairlawn Avenue will be evaluated in the HHRA.  
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Information concerning various environmental indicators: 


As described in Appendix B of the Revised RARC Plan (Windward and AECOM [in prep]-b), a number of chemistry, toxicity, and 
benthic invertebrate community data have been collected from estuarine environments in the LPR region. The need for additional 
sediment collection efforts to obtain background and/or reference data from estuarine environments in the LPR region may be 
required, but such a collection effort is not described in this QAPP Addendum. Because there are relatively limited sediment 
chemistry data and no toxicity or benthic invertebrate community data upstream of Dundee Dam to establish freshwater background 
and reference conditions for the LPRSA, the collection of data for establishing a freshwater background sediment and reference 
conditions datasets is proposed in this QAPP Addendum. 


Project decision conditions: 


The conditions for project decisions (i.e., those decisions that may require communication between the CPG and USEPA during the 
field effort) include the identification of target sampling locations, the need to add or relocate locations during sampling, the need to 
delay or suspend sampling due to hazardous weather conditions, and the need to relocate sampling locations.  
Twenty-four SQT target sampling locations and 16 target chemistry-only target sampling locations have been identified. A two- to 
three-day reconnaissance survey will be conducted prior to sediment sampling to verify sampling location accessibility, confirm the 
grain size at the selected SQT targeted locations, and ensure adequate coverage of the area of chemistry-only samples above 
Dundee Dam. SQT and chemistry-only target locations may be relocated in order to meet targeted grain sizes comparable to the 
LPRSA SQT data. USEPA oversight will be present during the site reconnaissance survey to identify target sampling locations. 
Target sampling locations will not be identified in areas near a CSO or other potential point sources. Any changes made to target 
sampling locations during the sampling effort will be communicated to USEPA.  
If adverse weather occurs during sampling, CPG will immediately suspend operations under conditions of extreme weather and/or 
environmental conditions that are a threat to worker health and safety.  
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QAPP Worksheet No. 11. Project Quality Objectives/Systematic Planning Process Statements 


Who will use the data?  


The data collected under this QAPP addendum will be used by CPG and USEPA for Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA)-related decisions, specifically for the ecological risk assessment (ERA) and HHRA, and 
by other interested parties (e.g., USACE, NJDEP, USFWS, NJDOT, and NOAA) for other purposes, including Water Resources 
Development Act (WRDA) activities, such as restoration planning. 


What will the data be used for? 


The data collected during this sampling effort will be used in the HHRA and BERA to differentiate the site-related risks from the risks 
resulting from regional background (i.e., non-site-related) sources.  
Sediment chemistry data will be used to: 


• Document background chemical concentrations that contribute to sediment quality in the LPRSA. 
• Provide context for the risk estimates for the LPRSA by determining background chemical concentrations of an urban river 


outside the influence of the LPRSA for those COPCs estimated in the risk characterization of the HHRA and BERA. 
• Support an analysis of recontamination potential following remedial actions. 


SQT data will be used to: 
• Document the level of biological responses (e.g., benthic invertebrate community) in the freshwater portion of the LPRSA, 


based on regional conditions. 
• Document benthic invertebrate community conditions expected in the LPRSA following remedial actions. 


The manner in which background and, as appropriate, reference data will be used in the baseline risk assessments will be consistent 
with USEPA’s Role of Background in the CERCLA Cleanup Program (USEPA 2002). 
ERA Assessment Endpoints 
The data collected will be used to support the ERA in evaluating the following assessment endpoints, summarized below, which were 
presented in the problem formulation document (PFD) (Windward and AECOM 2009). 
Assessment Endpoint No. 2 – “Protection and maintenance of the benthic invertebrate community, both as an environmental 
resource in itself and as one that serves as a forage base for fish and wildlife populations.”  
Assessment Endpoint No. 3, 4, 5, 6, 7, and No. 8 – “Protection and maintenance of healthy populations of blue crab and crayfish 
that serve as a forage base for fish and wildlife populations, and as a base for sports fisheries;” “Protection and maintenance of 
healthy mollusk populations,” and “Protection and maintenance (i.e., survival, growth, and reproduction) of omnivorous, invertivorous, 
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and piscivorous fish populations that serve as a forage base for fish and wildlife populations and of fish populations that serve as a 
base for sports fishery;” “Protection and maintenance (i.e., survival, growth, and reproduction) of herbivorous, omnivorous,  
sediment-probing, and piscivorous bird populations;” “Protection and maintenance (i.e., survival, growth, and reproduction) of aquatic 
mammal populations;” and “Maintenance of healthy aquatic plant populations as a food resource, and as a habitat for fish and wildlife 
populations.”  
HHRA Assessment Endpoint 
The background sediment chemistry data collected from above Dundee Dam will be compared to LPRSA. The comparison will 
provide context for the risk estimates from exposure to sediment concentrations within the LPRSA by determining background 
chemical concentrations of an urban river outside the influence of the LPRSA for those COPCs estimated in the risk characterization 
of the HHRA. 


What types of data are needed?  


For the 24 SQT sampling locations, surface sediment (0 to 15 cm) samples will be collected for chemistry, toxicity testing, and benthic 
invertebrate community analyses:  


1. Surface sediment samples from all of the SQT sampling locations will be analyzed for the following: PCBs congeners (and 
homologues), PCB Aroclors, PCDDs/PCDFs (and homologues), organochlorine pesticides, PAHs, alkylated PAHs, metals 
(including total mercury, methylmercury, and butyltins), SVOCs (including phthalates), TPH (extractable, purgeable, and 
alkanes), sulfide, ammonia-N, cyanide, total phosphorus, total Kjeldahl nitrogen, AVS/SEM, percent moisture, grain size, and 
TOC.  


2. Two toxicity tests will be performed on sediment from each location: the 28-day Hyalella azteca growth and mortality test and 
the 10-day Chironomus dilutus growth and mortality test. 


3. Sediment samples will also be collected for determining benthic invertebrate community metrics at all SQT sampling locations. 
Four replicates will be collected, three of which will be analyzed separately per location. The fourth replicate will be archived 
and analyzed only if one of the three replicates is damaged or lost. Benthic invertebrate community samples will be collected 
from a 0.05-m2 area and sieved through a 0.5-mm sieve. Following standard practice, 300 invertebrates will be identified in 
the freshwater samples (Barbour et al. 1999). As stated in the Rapid Bioassessment Protocols for Use in Streams in 
Wadeable Rivers (Barbour et al. 1999), subsampling reduces the effort required for the sorting and identification aspects of 
marcroinvertebrate surveys, and provides a more accurate estimate of time expenditure. The protocol is based on a  
200-organism subsample, but it could be used for a subsample of any size (e.g., 100, 300, 500). A subsample of 300 
invertebrates was chosen for this program to be consistent with the methods used on freshwater community samples 
collected in the LPRSA. The invertebrates will be identified to lowest practical taxonomic level: generally genus or species 
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level unless the organisms are damaged, incomplete, or juveniles, which may preclude identification to this level.  
In addition to the sediment samples collected from the 24 SQT locations, sediment samples on which only sediment chemistry 
analyses will be conducted will be collected at 16 additional locations. These samples will be analyzed for the following: PCB 
congeners (and homologues), PCB Aroclors, PCDDs/PCDFs (and homologues), organochlorine pesticides, PAHs, alkylated PAHs, 
metals (including total mercury, methylmercury, and butyltins), SVOCs (including phthalates), TPH (extractable, purgeable, and 
alkanes), sulfide, ammonia-N, cyanide, total phosphorus, total Kjeldahl nitrogen, AVS/SEM, percent moisture, grain size, and TOC.  
The following water quality parameters will be measured in the field at all sediment sampling stations: temperature, dissolved oxygen 
(DO), conductivity, and pH (see Attachment P of the Benthic QAPP (Windward 2009) for water quality sampling methods).  


Matrix  


Chemical analysis will be conducted on all surface sediment (0 to 15 cm) samples. Toxicity testing and benthic invertebrate 
community analysis will also be conducted on the SQT surface sediment samples. 


How “good” do the data need to be in order to support the environmental decision?  


The evaluation factors that will be used to establish an appropriate dataset for background freshwater tissue are still being developed. 
The data usability memorandum (Windward and AECOM [in prep]-a) describes the data acceptability requirements for use in the 
HHRA and ERA. 


How many data are needed?  


Benthic invertebrate community, toxicity, and surface sediment chemistry data will be collected from 24 SQT locations between 
Dundee Dam (RM 17.4) and Fairlawn Avenue (RM 21.5) to provide similar spatial coverage and density of SQT samples as was 
collected in the LPRSA. Eight of the SQT sample locations will be in the area between Dundee Dam and I-80. 
Surface sediment (for sediment chemistry only) will also be collected from an additional 16 sampling locations between Dundee Dam 
(RM 17.4) and I-80 (RM 18.8). A total of 40 sediment chemistry samples will be collected between Dundee Dam and Fairlawn 
Avenue, 24 of which will be collected in the area between Dundee Dam and I-80. 


Where, when, and how should the data be collected/generated?  


River Segments 
The general sampling design divides the portion of the Passaic River between Dundee Dam (at RM 17.4) and Fairlawn Avenue 
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(RM 21.5) into four segments: RM 17.4 to RM 18.5, RM 18.5 to RM 19.5, RM 19.5 to RM 20.5, and RM 20.5 to RM 21.5.  
SQT Sampling Locations 
The SQT analyses (i.e., surface sediment for chemistry, toxicity tests, and community analyses) will be conducted at 24 locations 
between RM 17.4 and RM 21.5 (Figure 1). The total sampling area has been subdivided into one 1.1-mile segment (the first segment 
above Dundee Dam from RM 17.4 to RM 18.5) and three 1-mile segments (RM 18.5 to RM 19.5, RM 19.5 to RM 20.5, and RM 20.5 
to RM 21.5) to allow for even spatial allocation of samples. The 24 SQT stations represent 6 stations per segment that have been 
selected with the intent of representing areas within two general habitat types: fine-grained and coarse-grained sediment.  
Fine-grained sediment is defined as having ≥ 60% fines (fines are the sum of clay and silt particles less than 63 µm in diameter). 
Coarse-grained sediment is defined as having < 60% fines. Approximately half of the SQT samples targeted in the shallow depth 
areas of the LPRSA were targeted as fine-grained sediments, and half as coarse-grained sediments. Therefore, to be consistent, half 
of the targeted SQT samples above Dundee Dam will be targeted as fine-grained. As a result, 3 fine-grained and 3 coarse-grained 
SQT locations per segment will be targeted for sampling, a targeted total of 12 fine-grained and 12 coarse-grained sediment SQT 
locations for the entire 4.1-mile sampling area. Regardless of whether the targeted number of grain size sampling locations can be 
achieved per segment for SQT sampling (i.e., three fine-grained and three course-grained locations per segment), a total of six 
samples will be collected from each segment to ensure adequate spatial coverage for SQT sampling.  
SQT locations in the first segment (RM 17.4 to RM 18.5) are locations above Dundee Dam previously sampled by MPI for USEPA in 
2007 (ddms 2011), and by CPG in 2008 (low-resolution coring [LRC] sampling) (AECOM [in prep]), where grain size was measured 
during prior sampling events. Grain size data in the second (RM 18.5 to RM 19.5), third (RM 19.5 to RM 20.5), and fourth (RM 20.5 to 
RM 21.5) segments are unavailable. Consequently, SQT sampling locations in these three segments were initially selected based on 
expected grain size using stream morphology and geographic information system (GIS) data. Expected depositional areas 
(e.g., areas inside river curves) or areas below bridge abutments are assumed to have fine-grained sediment, and expected scouring 
areas (e.g., areas on the outside of river curves) are assumed to have coarse-grained sediment. A 2- to 3-day reconnaissance survey 
will be conducted prior to sediment sampling to verify sampling location accessibility, and to confirm the grain size at the selected 
targeted locations in the field using the wet sieving methods described in Appendix AA. If inclement weather conditions prevail, wet 
sieving will be performed in a field laboratory. SQT sampling target locations may be relocated following the reconnaissance field 
effort in order to meet targeted grain sizes comparable to the LPRSA SQT data. USEPA oversight will be present during the site 
reconnaissance survey to identify target sampling locations. Target sampling locations will not be identified in areas near a CSO or 
other potential point sources. 
Sediment-Chemistry Only Sampling Locations 
Surface sediment (0 to 15 cm) from 16 additional locations between Dundee Dam (RM 17.4) and the I-80 bridge (RM 18.8) will be 
collected for chemistry analysis only. These locations were selected randomly (Figure 1) by dividing the area into four equal sections 
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and using a random points tool in GIS to generate the locations within each section. Target locations may be re-established following 
the reconnaissance survey to ensure adequate coverage of the area above Dundee Dam based on field observations and 
accessibility.  
With the inclusion of the SQT samples, chemistry analysis of surface sediments will be performed at a total of 40 locations between 
Dundee Dam and Fairlawn Avenue; 24 of these locations will be between Dundee Dam and I-80 bridge (i.e., 16 chemistry-only 
locations, and 8 SQT locations).  
A portion of the sediment sampling locations are also intended to be representative of nearshore areas where human access is likely 
(e.g., parks, boat ramps, paths along natural shoreline). Of the 40 sediment sampling locations, 8 have been identified in Worksheet 
No. 16 as being potential human access locations. The exact location of these sampling locations may be modified during field 
reconnaissance in order to ensure that they are representative of potential nearshore human access areas. USEPA oversight will be 
present during the site reconnaissance survey to identify target sampling locations. Target sampling locations will not be identified in 
areas near a CSO or other potential point sources. 
Timing 
All sediment samples will be collected in fall 2012.  
Sediment Collection Protocols 
All sediment sampling locations are presented on Figure 1. Surface sediment will be collected at each sampling location from the top 
6 in. (15 cm). Adequate surface sediment will be collected at each SQT sampling location to support benthic invertebrate community 
characterization (enumeration and taxonomic characterization), sediment toxicity testing, and sediment chemistry analysis. Adequate 
surface sediment will be collected at chemistry-only sampling locations to support sediment chemistry analysis. 
Attachment O of the Benthic QAPP (Windward 2009) presents the flow charts for sampling sediment in the field. At each SQT 
sampling location, a minimum of four sediment samples will be taken with a power grab, van Veen (0.2 m2) grab, or other sediment 
grab sampler to obtain the four replicate samples for benthic community characterization. The four benthic community sediment 
samples (0.05 m2 for freshwater samples) will be kept separate to provide four replicates per location. Additional grab samples may 
be collected to provide sufficient sediment for sediment chemistry analysis and toxicity. The sediment will be apportioned into sample 
containers for chemistry analysis or toxicity testing. Because sampling will occur in an area not designated as a CERLCA site, excess 
sediment will be disposed of at the location of collection. 
Some locations may be sampled by hand depending on access agreements, issues potentially affecting field crew safety, and 
accessibility of sediment sampling locations. If sampling by hand is possible, the station locations will be documented using a 
handheld differential global positioning system (DGPS) (see Attachment B of the Benthic QAPP (Windward 2009)). The sediment will 
be collected by a handheld grab sampler (e.g., ponar) or, if necessary, by scooping sediment to a depth of 15 cm with a large, clean, 
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and dedicated stainless steel serving spoon, until sufficient sediment is obtained for SQT analysis. 
Subsamples of sediment for volatile analytes (AVS/SEM, ammonia, sulfides, TPH-purgeables) will be distributed to the appropriate 
sample containers immediately after collection.  
Toxicity Testing Protocols 
The H. azteca and C. dilutus tests will be conducted on all SQT sediment samples.  
Benthic Invertebrate Community Analyses 
Benthic invertebrate community samples will be taken as part of the fall 2012 sediment collection effort for comparison to LPRSA data 
collected in early fall 2009. Four replicates will be collected, three of which will be analyzed separately per location for the benthic 
invertebrate community analysis. The fourth replicate will be archived and analyzed only if one of the three replicates is damaged or 
lost. Benthic invertebrate community samples will be collected from a 0.05-m2 area and sieved through a 0.5-mm sieve. Following 
standard practice, 300 invertebrates will be identified in the freshwater samples (Barbour et al. 1999). As stated in the Rapid 
Bioassessment Protocols for Use in Streams in Wadeable Rivers (Barbour et al. 1999), subsampling reduces the effort required for 
the sorting and identification aspects of marcroinvertebrate surveys, and provides a more accurate estimate of time expenditure. The 
protocol is based on a 200-organism subsample, but may be used for a subsample of any size (e.g., 100, 300, 500). A subsample of 
300 invertebrates was chosen for this program to be consistent with the methods used on freshwater community samples collected in 
the LPRSA. The invertebrates will be identified to lowest practical taxonomic level: generally genus or species level unless the 
organisms are damaged, incomplete, or juveniles, which may preclude identification to this level. 
Sample Volume 
A total of 8 L (2 gal.) and 5.7 L (1.5 gal.) are needed for the toxicity testing and chemistry analyses, respectively. For each of the 
benthic invertebrate community replicates per station (i.e., four replicates will be taken, consistent with the method described in the 
Benthic QAPP (Windward 2009)), approximately 8 L (1.8 gal.) are required for processing through a 0.5-mm sieve. 


Who will collect and generate the data?  


Windward will provide the field sampling coordination and laboratory coordination and support. Windward will also supply the field 
personnel who will conduct the sediment collection efforts. If necessary, additional field personnel may be provided by de maximis, 
inc., or Ocean Surveys, Inc. 







Quality Assurance Project Plan Surface Sediment Chemical Analyses and Benthic Invertebrate 
Addendum Number 5 Toxicity and Bioaccumulation Testing 
Lower Passaic River Restoration Project Revision Number: 0 


 Revision Date: 10/26/12 


QAPP Worksheet No. 11. Project Quality Objectives/Systematic Planning Process Statements 


 


 DRAFT Page 23 


 


How will the data be reported?  


Daily updates on locations and sample collection progress will be communicated (e.g., telephone conversation, e-mail) to CPG and 
USEPA Project Managers (PMs) and Project Coordinators.  
An electronic database, including the coordinates of sediment sampling locations and sediment sample characteristics recorded on 
the Surface Sediment Collection Form (see Attachment D of the Benthic QAPP (Windward 2009), will be provided at the conclusion of 
the sampling effort. Preliminary data will be available upon request. 
Data reports summarizing the toxicity test results, invertebrate taxonomy results, and chemistry analysis results will be provided 
within 90 days after receipt of validated toxicity test, taxonomy, and chemistry data. These reports will include a map that presents the 
actual locations of the sampling effort, along with a summary of any modifications to the proposed sampling plan outlined in this 
QAPP addendum. 


How will the data be archived? 


Data records, forms, and notes will be scanned and stored electronically in a project file. Hard copies will be archived at Windward’s 
main office in Seattle, Washington. Data will be provided to USEPA in data reports and other acceptable electronic deliverables. The 
data reports will be issued and then archived electronically and as a hard copy.  
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QAPP Worksheet No. 12. Measurement Performance Criteria Table 
Matrix Sediment 
Analytical Groupa TPH – Extractables 
Concentration Level Low 


Sampling 
Procedureb 


Analytical 
Method/SOPc DQIs 


Measurement Performance 
Criteria 


QC Sample and/or 
Activity Used to Assess 


Measurement 
Performance 


QC Sample Assesses 
Error for Sampling 
(S), Analysis (A) or 


Both (S & A) 


3 


NJDEP EPH/M33 Accuracy/bias – 
contamination 


No target compound > QL  
(5 x MDL) 


Method blank/ 
instrument blank A 


NJDEP EPH/M33 Accuracy/bias – 
contamination 


No target compound > QL  
(5 x MDL) Equipment rinsate blanksd S & A 


NJDEP EPH/M33 Accuracy/bias Percent recovery  
= 40 – 140% LCS A 


NJDEP EPH/M33 Accuracy/bias Percent recovery  
= 40 – 140%  Surrogates A 


NJDEP EPH/M33 Accuracy/bias, 
precision 


Percent recovery  
= 40 – 140%, RPD ≤ 50 % MS/MSD S & A 


NJDEP EPH/M33 Precision RPD ≤ 50% if both samples  
are > 5 x QL MD A 


NJDEP EPH/M33 Precision RPD ≤ 50% if both samples 
 are > 5 x QL Field duplicate S & A 


NJDEP EPH/M33 Completeness ≥ 90% Data completeness check S & A 


Note: Worksheet 12 of this QAPP addendum presents only measurement performance criteria tables for those analytical groups that have criteria that have been 
updated since the Benthic QAPP (Windward 2009) was finalized; all other measurement performance criteria tables are presented in Worksheet 12 of the 
Benthic QAPP. 


a Refer to Worksheet No. 15 of the Benthic QAPP (Windward 2009) for a complete list of analytes for each analytical group. 
b Reference number from Worksheet No. 21 of this QAPP addendum.  
c Reference number from Worksheet No. 23 of this QAPP addendum.  
d Rinsate blank will be created from the homogenization equipment. 
DQI – data quality indicator 
EPH – extractable petroleum hydrocarbon 
LCS – laboratory control sample 
MD – matrix duplicate 
MDL – method detection limit 
MS – matrix spike 


MSD – matrix spike duplicate  
NJDEP – New Jersey Department of Environmental 


Protection 
QAPP – quality assurance project plan  
QC – quality control  


QL – quantitation limit  
RPD – relative percent difference  
SOP – standard operating procedure  
TPH – total petroleum hydrocarbons 
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QAPP Worksheet No. 13. Secondary Data Criteria and Limitations Table 


Secondary 
Data 


Data Source 
(originating organization,  


report title, date) 


Data Generator(s) 
(originating organization, data types, 


data generation/collection dates) 
How Data Will Be 


Used Limitations on Data Use 


Sediment 
chemistry 
data 


MPI (2007b) for a USEPA sediment 
sampling program, Dundee Lake coring 
program, included in the CPG project 
database (ddms 2011) 


MPI (for USEPA). Sediment chemistry 
collected from 2- and 4-cm intervals within 
upper 16 cm at 5 locations within a  
1-mile area above Dundee Dam. 2007. 


Data used to 
inform sampling 
target locations 
above Dundee 
Dam based on 
available grain 
size. 


Limited spatial extent of sampling 
locations 


MPI (2007b) for a USEPA sediment 
sampling program, empirical mass 
balance model surface sediment sampling 
program, included in the CPG project 
database (ddms 2011) 


MPI (for USEPA). Sediment chemistry 
collected from 0 to 2.5 cm surface depth at 
4 locations within a 1-mile area above 
Dundee Dam. 2007. 


Limited spatial extent of sampling 
locations; sediment surface interval 
not directly comparable to LPRSA 
surface sediment interval (0 to 15 cm). 


CPG, 2008 sediment LRC sampling by 
CPG (AECOM [in prep]) 


AECOM. Surface sediment chemistry 
cores, including sediment from 0 to 15 cm 
surface depth at 6 locations within a 1-mile 
area above Dundee Dam. 2008.  


Limited spatial extent of sampling 
locations 


Toxicity 
data 


AMNET, NJDEP Bureau of Freshwater 
and Biological Monitoring Program 
http://www.state.nj.us/dep/wms/monitorin
gdata.html 


NJDEP. Sediment toxicity based on 10-day 
test using H. azteca from numerous 
stations throughout New Jersey. 


Data not 
proposed for use 
in defining 
reference 
conditions. 


No samples in targeted area above 
Dundee Dam; 10-day test not directly 
comparable to 28-day tests conducted 
in LPRSA; no sediment chemistry data 
synoptically collected with toxicity 
data. 


Benthic 
community 
data 


AMNET, NJDEP Bureau of Freshwater 
and Biological Monitoring Program 
http://www.state.nj.us/dep/wms/monitorin
gdata.html 


NJDEP. Taxonomic identification of benthic 
invertebrates from numerous stations 
throughout New Jersey. 


Data not 
proposed for use 
in defining 
reference 
conditions. 


Limited community data synoptically 
collected with sediment chemistry 
and/or sediment toxicity for evaluation 
of SQT assessment; identification was 
performed on a subsample of 
approximately 100 organisms. 


Note: Only freshwater secondary data sources that represent potential background and/or reference conditions are included in the above table. Estuarine datasets 
reviewed for potential use in the development of background and reference conditions datasets are presented in Appendix B of the RARC Plan (Windward 
and AECOM [in prep]-b). 


AMNET – Ambient Biomonitoring Network 
CPG – Cooperating Parties Group 
LRC – low-resolution coring 


LPRSA – Lower Passaic River Study Area 
MPI – Malcolm Pirnie, Inc  
NJDEP – New Jersey Department of Environmental Protection 


SQT – sediment quality triad 
USEPA – US Environmental Protection 


Agency 



http://www.state.nj.us/dep/wms/monitoringdata.html�

http://www.state.nj.us/dep/wms/monitoringdata.html�

http://www.state.nj.us/dep/wms/monitoringdata.html�

http://www.state.nj.us/dep/wms/monitoringdata.html�
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QAPP Worksheet No. 14. Summary of Project Tasks 


Project Area: Upstream LPRSA: 4.1-mile stretch above Dundee Dam (RM 17.4 to FM 21.5) 


Sampling Tasks: 


SQT Sampling Locations 
Sediment will be collected for the SQT assessment (i.e., surface sediment (0 to 15 cm) for chemistry, toxicity tests, and community 
analyses) from 24 locations throughout the 4.1-mile stretch between RM 17.4 (Dundee Dam) and RM 21.5 (Figure 1). The 24 SQT 
stations represent 6 stations for each of the approximately 1-mile river segments that have been selected with the intent of 
representing areas within two general habitat types: fine-grained sediment and coarse-grained-sediment. Fine-grained sediment is 
defined as having ≥ 60% fines (fines are the sum of clay and silt particles that less than 63 µm in diameter). Coarse-grained 
sediment is defined as having < 60% fines. Three fine-grained and three coarse-grained SQT locations are being targeted per 
segment. The locations were chosen based on previously sampled locations where grain size had been measured (in the first 
segment between RM 17.4 and RM 18.5), and on expected grain size using river morphology (in the three segments between RM 
18.5 and RM 21.5). A 2- to 3-day reconnaissance survey will be conducted prior to sediment sampling to verify sampling location 
accessibility, and to confirm the grain size of the selected targeted locations using the wet sieving methods in the field described in 
Appendix AA. If inclement weather conditions prevail, wet sieving will be performed in a field laboratory. SQT sampling target 
locations may be relocated following the reconnaissance field effort in order to meet targeted grain sizes comparable to the 
LPRSA SQT data. 
Sediment-Chemistry Only Locations 
Surface sediment (0 to 15 cm) will be collected for chemistry-only analysis from 16 additional locations randomly selected from 
within the 1.4-mile stretch between Dundee Dam (RM 17.4) and the I-80 bridge (RM 18.8). The stations were selected by dividing 
the area into four equal sections and using a random points tool in GIS to generate the location within each section (Figure 1). 
Target locations may be re-established following the reconnaissance survey to ensure adequate coverage of the area above 
Dundee Dam based on field observations and accessibility. 
The 2- to 3-day reconnaissance survey will also verify that selected sampling locations (identified in Worksheet No. 18) represent 
potential nearshore human access locations. The exact locations of these sampling locations may be modified during the field 
reconnaissance in order to ensure that they are representative of potential nearshore human access areas. 
Sediment Collection Protocols 
Sediment will be collected with power grab, van Veen (0.2 m2) grab, or other sediment grab sampler or, if necessary, by scooping 
sediment from a depth of 15 cm with a large, clean, and dedicated stainless steel serving spoon. The four benthic invertebrate 
community sediment samples will be kept separate to provide four replicates per location. A minimum of four replicate samples 
within a radius of 10 m and the biological active zone (0 to 15 cm) will be sampled. A 0.05-m2 portion of each sample will be 
allocated to benthic community analysis. The remaining sediment will be homogenized and apportioned into appropriate 
containers for toxicity tests and chemistry analysis. 
The sediment for chemistry and toxicity analysis will be placed in a pre-cleaned stainless steel bowl and homogenized as 
described in Attachment D of the Benthic QAPP (Windward 2009). Any large non-sediment items such as rocks, shells, wood 
chips, or organisms (e.g., clams) will be removed (i.e., scraped off any surface) prior to homogenization. Homogenized sediment 
will be split into appropriate sample containers as described in Attachment E of the Benthic QAPP (Windward 2009).  
Benthic community samples will be collected from a 0.05-m2 area and sieved through a 0.5-mm sieve. The material retained on 
the sieve will be transferred into appropriate containers and preserved with buffered formalin (final concentration about 10%). 
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Sample Volume 
A minimum of 8 L (2 gal.) and 5.7 L (1.5 gal.) per sample is needed for the toxicity tests and chemistry analysis, respectively. For 
each of the benthic community replicates per station (i.e., four replicates will be taken, consistent with the method described in the 
Benthic QAPP (Windward 2009)),approximately 8 L (1.8 gal.) are required for processing through a 0.5-mm sieve. Additional 
grabs may be collected to provide sufficient sediment for sediment chemistry analysis and toxicity.  


Analysis Tasks:  


Coordinates and water depth will be recorded at each sampling location. 
Following collection, the sediment samples for chemistry and toxicity analysis will be homogenized and shipped to the analytical 
laboratory for chemical analysis and to the toxicity testing laboratory for toxicity testing. The benthic invertebrate community 
samples will be collected as described above and shipped to the taxonomy laboratory.  
Sediment samples from SQT locations and chemistry-only locations will be analyzed for the chemicals listed in Worksheet No. 10. 
The organisms in the benthic invertebrate community samples will be identified to lowest practical taxonomic level and in 
concordance with the taxonomic level from other surveys in New Jersey (Table 11-1 of the Benthic QAPP (Windward 2009)) 
following rapid bioassessment protocols (Barbour et al. 1999). 
The toxicity tests will be conducted according to USEPA and American Society for Testing and Materials (ASTM) protocols (ASTM 
2004, 2007; USEPA 2000) (quality indicators are presented in Table 11-2 of the Benthic QAPP (Windward 2009)). For further 
details, including the toxicity test SOPs, see Attachment M of this QAPP addendum and Attachment M of the Benthic QAPP 
(Windward 2009). 


QC Tasks:  


All field notes and forms completed during the field sampling task will be checked daily by the Field Coordinator (FC). The FC will 
also communicate daily with the Task QA/QC Manager to confirm project quality objectives (PQOs) are being met. 


Electronic sampling equipment (e.g., global positioning system [GPS] units) will be calibrated, maintained, tested, and inspected 
according to manufacturers’ specifications as necessary to ensure they are functioning properly (refer to Worksheet No. 22 of the 
Benthic QAPP (Windward 2009)). 


The analytical laboratories will follow QC procedures outlined in the Benthic QAPP (see Worksheet Nos. 19, 24, 25, and 28 of the 
Benthic QAPP (Windward 2009)), their SOPs for the analytical methods being conducted (see Worksheet No. 23 of the Benthic 
QAPP (Windward 2009)), and their quality management plans.  


Chemical data will be validated according to procedures outlined in the Benthic QAPP (see Worksheet Nos. 35 and 36 of the 
Benthic QAPP (Windward 2009)). 
The biological laboratories will follow QC procedures outlined in the Benthic QAPP (see Worksheet No.14 of the Benthic QAPP 
(Windward 2009), their SOPs for the toxicity tests and taxonomy analysis being conducted (see Attachment M of this QAPP 
addendum and Attachment M of the Benthic QAPP (Windward 2009)), and their quality management plans.  


Secondary Data:  Community and chemistry data are summarized in Worksheet No. 13 and Appendix B of the RARC Plan (Windward and AECOM 
[in prep]-b).  
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Data Management Tasks:  


The data management task will include keeping accurate records of field activities and observations so that project team members 
using the data will have accurate and appropriate documentation. Data management activities will be conducted in accordance 
with the project data management rules. Data transfer to USEPA will include a multimedia electronic data deliverable (MEDD) that 
conforms to the USEPA Region 2 MEDD format. The MEDD will include all qualified and rejected data (including the reported 
numerical value for rejected data). Field data will be stored in its native format and in the project sampling database. GPS data will 
also be downloaded and stored electronically in a project file. Laboratory analytical data will be loaded into the project sampling 
database, verified against laboratory reports, merged with corresponding field data, and updated based on validation. 
Subsequently, the spatial data will be mapped for the data report. 


Documentation and 
Records: 


It is important that field activities be documented in an organized, chronologic, and accurate manner. All field activities will be 
recorded in a field logbook maintained by the FC. The field logbook is intended to provide sufficient data and observations to 
enable participants to reconstruct events that occurred during the sampling period. 
Procedures for documentation are presented in Attachment H of the Benthic QAPP (Windward 2009). All relevant forms and 
records are presented on Worksheet No. 29 of the Benthic QAPP (Windward 2009). In general, the following information must be 
recorded: 
• The identities and affiliation of the personnel conducting field activities 
• Model numbers and serial numbers of instruments and/or equipment being used, to the extent available 
• A description of the type of field work being conducted and the equipment used 
• The date and time field activities were initiated and completed, with specific temporal information for each task (e.g., record 


the time activities commenced at each individual location, if applicable) 
• The site where the field activities were conducted, and any locations within that site where work was performed 


(e.g., specific sampling sites, coordinates, and depths) 
• The general methodology used to conduct the activities 
• Communications with PMs and personnel regarding field activities  
• Field-collected data (e.g., GPS measurements) 
• Daily health and safety briefings 
• Deviations from QAPP, SOP, or project health and safety plan (HSP) (Attachment L), reason for change, and any 


corrective actions taken. Corrective actions will be electronically documented on the Protocol Modification Form 
(Attachment A of the Benthic QAPP (Windward 2009)). 


All entries must be made in language that is objective, factual, and free of personal feelings or other terminology that might prove 
inappropriate.  
The Surface Sediment Collection Form (Attachment D of the Benthic QAPP (Windward 2009)) will be filled out electronically to 
document sediment sampling location information.  
A record of all personnel briefed on the HSP will be maintained by the FC, Site Safety and Health Officer, or designee. The record 
will be archived at Windward’s Seattle office upon completion of the sampling efforts. 
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Assessment/Audit Tasks 
The FC will also communicate frequently with the Investigative Organization Task QA/QC Manager to confirm PQOs are being 
met. Assessment/audit tasks will be conducted, as summarized in Worksheet No. 31 of the Benthic QAPP (Windward 2009). 
Reviews of field activities/sampling method compliance and laboratory method compliance will be conducted periodically.  


Data Review Tasks: 


All field records will be reviewed by the FC for completeness and accuracy, and verified by the Task QA/QC Manager or a 
designee. 


All data will be presented in a data report, which will also undergo a senior and peer review process before the final draft is 
submitted to USEPA (see Worksheet Nos. 34 through 37of the Benthic QAPP(Windward 2009) for relevant procedures). 


Deliverables: 
A data report that summarizes the results of the background sediment and reference location investigation above Dundee Dam 
will be prepared once the sediment chemistry, toxicity testing, and community results have been validated. The data report will be 
provided to USEPA within 90 days of receipt of validated data.  
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QAPP Worksheet No. 16. Project Schedule/Timeline Table 


Activities Organization 


Date (MM/DD/YY) 


Deliverable Deliverable Due Date 
Anticipated Date of 


Initiation 
Anticipated Date of 


Completion 


QAPP preparation and 
delivery to USEPA Windward 07/23/12 10/23/12 Benthic QAPP 


Addendum No. 5 10/23/12 


2- to-3-day reconnaissance 
survey Windward 10/23/12  10/25/12 na na 


Surface sediment collection  Windward 10/29/12 11/09/12 See below for data 
report deliverables. See below 


Toxicity testing  EnviroSystem Within 8 weeks of the earliest 
sediment collection date  


Maximum of 32 days after 
test initiation  


Draft toxicity test 
reports within 30 


days of test 
completion 


Final toxicity test reports 
30 days after validation 


Validation of toxicity test 
reports 


Dinnel Marine 
Resources 


Upon receipt of draft toxicity 
test reports 


30 days after receipt of 
toxicity test reports 


One final validation 
report 


Final toxicity test 
validation report 30 days 


after receipt of test 
reports 


Benthic invertebrate 
community data EcoAnalysts Upon receipt of samples from 


the field 


6 weeks after receipt of last 
benthic invertebrate 
community samples 


Benthic invertebrate 
community data and 


QA/QC report 


30 days after 
identification of 


invertebrates in last 
samples received 


Surface sediment chemical 
analyses 


Alpha Analytical, 
SGS – Analytical 
Perspectives, 
Brooks Rand Labs, 
ALS – CAS, Kelso, 
and Maxxam 
Analytics 


Upon receipt of samples from 
the field 


9 weeks after receipt of last 
sediment samples 


Final laboratory data 
reports and EDD 


9 weeks after receipt of 
last sediment samples 


Validation of surface 
sediment  


Laboratory Data 
Consultants 


Upon receipt of final 
laboratory data reports and 


EDDs 


45 days after receipt of final 
laboratory data report 


Final validation 
report 


45 days after receipt of 
laboratory data reports 


and EDDs 
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Activities Organization 


Date (MM/DD/YY) 


Deliverable Deliverable Due Date 
Anticipated Date of 


Initiation 
Anticipated Date of 


Completion 


Preparation and delivery of 
the freshwater background 
and reference conditions 
data report to USEPA 


Windward Upon receipt of validated 
data 


90 days after receipt of 
validated data 


Freshwater 
background and 


reference conditions 
data report 


90 days after receipt of 
validated data 


CAS – Columbia Analytical Services, Inc. 
EDD – electronic data deliverable 
na – not applicable 
QA/QC – quality assurance/quality control 
QAPP – quality assurance project plan 
SGS – Société Générale de Surveillance 
USEPA – US Environmental protection Agency 
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QAPP Worksheet No. 17. Sampling Design and Rationale 


Describe and provide a rationale for choosing the sampling approach (e.g., grid system, biased statistical approach): 


The results of the proposed 2012 upstream freshwater sediment sampling effort will be used to support the ERA and HHRA, 
specifically to address the assessment and measurement endpoints described in Worksheet No. 11 and outlined in Appendix B of 
the Revised RARC Plan (Windward and AECOM [in prep]-b). The specific goal of this effort is to collect sediment data from above 
Dundee Dam for SQT parameters and chemistry-only analyses for a subset of samples. 
The general SQT sampling design uses four segments in the freshwater area above Dundee Dam, each approximately 1 mile in 
length. These segments are from RM 17.4 to RM 18.5, RM 18.5 to RM 19.5, RM 19.5 to RM 20.5, and RM 20.5 to RM 21.5. 
Sampling locations for the chemistry-only samples were placed randomly within four equal areas in the area between Dundee Dam 
(RM 17.4) and the I-80 bridge (RM 18.8). 


Describe the sampling design and rationale in terms of what matrices will be sampled, what analytical groups will be 
analyzed and at what concentration levels, the sampling locations (including QC, critical, and background samples), the 
number of samples to be taken, and the sampling frequency (including seasonal considerations): 


The rationale and description of the sampling design is provided in the above section entitled “Describe and provide a rationale for 
choosing the sampling approach” and in the section entitled “Where, when, and how should the data be collected/generated?” in 
No. Worksheet 11.  


Sampling protocols will be consistent with those used for the SQT and sediment-only samples collected from the LPRSA in 2009. 
The sampling protocols will be implemented, as practicable, for conducting the field sampling effort and laboratory testing, as 
described in further detail in Worksheet No. 21 and Attachment M of this QAPP addendum and Attachment M of the Benthic QAPP 
(Windward 2009). Surface sediment (0 to 15 cm) samples will be collected in a consistent, repeatable manner with a stainless steel, 
0.2-m2 hydraulic power grab or a van Veen grab sampler, or by hand with a large, clean, and dedicated stainless steel serving spoon, 
and must also meet the acceptability criteria (described in Attachment D of the Benthic QAPP (Windward 2009)). Samples for 
AVS/SEM, ammonia, sulfide, and TPH-purgeable analyses will be subsampled as discrete, non-homogenized samples immediately 
after collection. Any large non-sediment items such as rocks, shells, wood chips, or organisms (e.g., clams) will be removed prior to 
homogenization; the surfaces of these items will be scraped to remove any invertebrates, which will be homogenized with the rest of 
the sample. Homogenized sediment will be split into appropriate sample containers. Because sampling will occur in an area not 
designated as a CERLCA site, excess sediment will be disposed of at the location of collection.  
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QAPP Worksheet No. 18. Proposed Sampling Locations  
Sampling 


Location/ID 
Number 


Easting 
(X)a 


Northing 
(Y)a RM 


Data Collection 
Method Analyses Rationale for Monitoring Location 


UPRT18A 594848 747167 17.5 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT18B 594661 747548 17.5 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT18C 594566 747744 17.6 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT18D 594206 747732 17.6 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT18E 594168 748505 17.7 Grab sampler or hand 
collection Sediment chemistry 


Randomly selected for spatial coverage of area 
between Dundee Dam and I-80; potential 
nearshore human access location based on 
proximity to intertidal island areab 


UPRT18F 594476 748691 17.8 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT18G 594733 749155 17.8 Grab sampler or hand 
collection Sediment chemistry 


Randomly selected for spatial coverage of area 
between Dundee Dam and I-80; potential 
nearshore human access location based on 
proximity to several small clearings along River 
Driveb 


UPRT18H 595077 747203 17.4 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grained sediment based on 
reoccupy of LRC-098; previous sampling of 
location (AECOM [in prep]) indicates fine-grained 
sedimentc 


UPRT18I 594952 747479 17.5 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grained sediment based on 
reoccupy of G0000030; potential nearshore 
human access location based on proximity to 
several small clearings along River Drive, previous 
sampling of location (Malcolm Pirnie 2007b) 
indicates coarse-grained sedimentc 


UPRT18J 594080 748441 17.7 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grained sediment based on 
reoccupy of LRC-103; previous sampling of 
location (AECOM [in prep]) indicates fine-grained 
sedimentc 
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Sampling 
Location/ID 


Number 
Easting 


(X)a 
Northing 


(Y)a RM 
Data Collection 


Method Analyses Rationale for Monitoring Location 


UPRT18K 594251 749712 17.9 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grained sediment based on 
reoccupy of G0000032; previous sampling of 
location (Malcolm Pirnie 2007b) indicates 
coarse-grained sedimentc 


UPRT19A 594219 749946 18.0 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT19B 594674 750594 18.1 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT19C 594725 751259 18.2 Grab sampler or hand 
collection Sediment chemistry 


Randomly selected location for spatial coverage of 
area between Dundee Dam and I-80 was moved 
closer to shore to target potential nearshore 
human access location based on proximity to dock 
and parkb 


UPRT19D 594233 751595 18.3 Grab sampler or hand 
collection Sediment chemistry 


Randomly selected for spatial coverage of area 
between Dundee Dam and I-80; nearshore 
potential human access location based on 
proximity to dock and parkb 


UPRT19E 593866 751384 18.4 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT19F 593625 752027 18.5 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT19G 593350 751983 18.5 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT19H 593312 752258 18.5 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT19I 593270 753421 18.8 Grab sampler or hand 
collection Sediment chemistry Randomly selected for spatial coverage of area 


between Dundee Dam and I-80b 


UPRT19J 594963 750944 18.2 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grained sediment based on 
reoccupy of G0000028; previous sampling of 
location (Malcolm Pirnie 2007b) indicates 
coarse-grained sedimentc 


UPRT19K 594346 751403 18.3 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grained sediment based on 
reoccupy of LRC-104; previous sampling of 
location (AECOM [in prep]) indicates fine-grained 
sedimentc 
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Sampling 
Location/ID 


Number 
Easting 


(X)a 
Northing 


(Y)a RM 
Data Collection 


Method Analyses Rationale for Monitoring Location 


UPRT19L 593689 752159 18.5 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphologyc 


UPRT19M 593521 753139 18.7 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphologyc 


UPRT20A 593940 754560 19.0 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphologyc 


UPRT20B 593771 754769 19.0 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphologyc 


UPRT20C 593698 755909 19.3 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphologyc 


UPRT20D 593865 756426 19.3 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphology; potential nearshore human 
access location adjacent to Elmwood Parkc 


UPRT20E 593572 757468 19.6 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphologyc 


UPRT20F 593304 757808 19.6 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphologyc 


UPRT21A 594227 759384 20.0 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphologyc 


UPRT21C 594383 760392 20.2 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphologyc 


UPRT21D 593984 761127 20.3 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphologyc 
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Sampling 
Location/ID 


Number 
Easting 


(X)a 
Northing 


(Y)a RM 
Data Collection 


Method Analyses Rationale for Monitoring Location 


UPRT21B 594132 759525 20.0 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphologyc 


UPRT21E 592804 761478 20.6 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphologyc 


UPRT21F 592304 761240 20.6 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphologyc 


UPRT21G 591753 761500 20.8 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphologyc 


UPRT22A 591091 763070 21.1 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphology; potential nearshore human 
access location adjacent to Fairlawn Parkc 


UPRT22B 591048 763692 21.2 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted fine-grain sediment expected based on 
river morphology; potential nearshore human 
access location adjacent to Fairlawn Parkc 


UPRT22C 590921 763968 21.3 Grab sampler or hand 
collection 


Toxicity test, 
sediment chemistry, 


taxonomy 


Targeted coarse-grain sediment expected based 
on river morphologyc 


a New Jersey State Plane (US survey feet). 
b A 2- to 3-day reconnaissance survey will be conducted prior to sediment sampling to verify sampling location accessibility, and to confirm human site 


accessibility of the selected targeted locations. Chemistry-only target locations may be moved following the reconnaissance survey to ensure adequate 
coverage of the area above Dundee Dam based on field observations and accessibility. USEPA oversight will be present during the site reconnaissance 
survey to identify target sampling locations. Target sampling locations will not be identified in areas near a CSO or other potential point sources. 


c A 2- to 3-day reconnaissance survey will be conducted prior to sediment sampling to verify sampling location accessibility, and to confirm the grain size and 
human site accessibility of the selected targeted locations. SQT sampling target locations may be relocated following the reconnaissance field effort in order to 
meet targeted grain sizes comparable to the LPRSA SQT data. USEPA oversight will be present during the site reconnaissance survey to identify target 
sampling locations. Target sampling locations will not be identified in areas near a CSO or other potential point sources. 


ID – identification 
RM – river mile 


SOP – standard operating procedure  
SQT – sediment quality triad 
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QAPP Worksheet No. 19. Analytical SOP Requirements Table 


Matrix 
Analytical 


Group 
Concentration 


Level 


Analytical 
Laboratory/ 


SOP Reference Sample Size 


Containers 
(number, size,  


type)a 


Preservation 
Requirements 


 (chemical, temperature, 
light protected)b 


Maximum Holding 
Time 


(preparation/ 
analysis)c 


Sediment PCBs –
congeners Low 


Analytical 
Perspectives/ 


Attachment M2 
10-g minimum 


One 8-oz WM 
clear or amber 


glass jar 


0 – 6°C and dark until 
analysis at laboratory and 


during shipment 
1 year 


Sediment PCDDs/PCDFs Low 
Analytical 


Perspectives/ 
Attachment M3 


10-g minimum 


Sediment PAHs  Low 
Maxxam 
Analytics/ 


Attachment M4 
10-g minimum 


One 8-oz WM 
clear or amber 


glass jar 


Frozen in the dark at 
< 0°C until analysis at 
laboratory and during 


shipment 


100 days to prep if 
frozen, 40 days to 


analysis 


Sediment Organochlorine 
pesticides  Low 


Maxxam 
Analytics/ 


Attachment M5, 
M6, M7 


10-g minimum 
One 8-oz WM 
clear or amber 


glass jar 


Frozen in the dark at 
< 0°C until analysis at 
laboratory and during 


shipment 


299 days to prep if 
frozen, 40 days to 


analysis 


Sediment SVOCs Low 
Alpha Analytical/ 
Attachment M18, 
M19, M20, M48 


10-g minimum One 8-oz WM 
amber glass jar 


Frozen in the dark at 
< 0°C until analysis at 
laboratory and during 


shipment 


6 months to extract if 
frozen, 14 days to 


extract if refrigerated, 
40 days to analysis 


once extracted 


Sediment TPH – 
purgeables Low Alpha Analytical/ 


Attachment M34 20-g minimum 


One 40-mL VOA 
vial (MeOH) 
collected for  


TPH-purgeables 
and one 60-mL 


container for total 
solids 


0 – 6°C at laboratory and 
during shipment; store in 
the dark, deionized water 
vials frozen at < 0°C until 


analysis at laboratory 


Field preservation 
upon collection 


(MeOH); 14 calendar 
days for preparation 


and analysis 


Sediment TPH – 
extractables Low 


Alpha Analytical/ 
Attachment M33, 


M50 
100-g minimum One 8-oz WM 


amber glass jar 


0 – 6°C at laboratory and 
during shipment; 
store in the dark 


14 calendar days to 
preparation; 40 


calendar days from 
preparation to analysis 
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Matrix 
Analytical 


Group 
Concentration 


Level 


Analytical 
Laboratory/ 


SOP Reference Sample Size 


Containers 
(number, size,  


type)a 


Preservation 
Requirements 


 (chemical, temperature, 
light protected)b 


Maximum Holding 
Time 


(preparation/ 
analysis)c 


Sediment Alkylated PAHs Low 
Alpha Analytical/ 
Attachment M43, 


M46, M48 
10-g minimum 


One 8-oz WM 
amber glass jar 


Frozen in the dark at 
< 0°C until analysis at 
laboratory and during 


shipment 


100 days to prep if 
frozen, 40 days to 


analysis 


Sediment TPH – alkanes Low 
Alpha Analytical/ 
Attachment M46, 


M47, M48 
30-g minimum 


Frozen in the dark at 
< 0°C until analysis at 
laboratory and during 


shipment 


100 days to extraction 
if frozen, 40 calendar 


days from extraction to 
analysis 


Sediment General 
chemistry – TOC Low Alpha Analytical/ 


Attachment M25 20-g minimum 


One 8-oz WM 
amber jar with 


Teflon 


0 – 6°C and dark until 
extraction at laboratory 


and during shipment 


14 calendar days to 
analysis 


Sediment 
General 


chemistry – 
percent moisture 


Low Alpha Analytical/ 
Attachment M24 5-g minimum 14 calendar days to 


analysis 


Sediment PCBs – Aroclors Low 
Alpha Analytical/ 
Attachment M19, 


M35, M48 
10-g minimum 1 year 


Sediment Grain size na Alpha Analytical/ 
Attachment M26 250-g minimum One 16-oz WM 


glass jar 
0 – 6°C at laboratory and 


during shipment 6 months 


Sediment Total mercury Low 


Brooks Rand 
Labs/ 


Attachment M14, 
M15 


10-g minimum 
One 4-oz WM 
glass or plastic 


jar, clear or amber 


< 0°C until analysis at 
laboratory and during 


shipment 
6 months if frozen 


Sediment Methylmercury Low 
Brooks Rand 


Labs/ 
Attachment M16 


10-g minimum 


Sediment Metals Low 
CAS, Kelso/ 


Attachment M8, 
M10, M11, M12 


10-g minimum 
One 8-oz WM 
glass or plastic 


jar, clear or amber 


0 – 6°C during shipment, 
0 – 6°C at the laboratory 


or frozen at < 0°C 


1 year if frozen, 
180 calendar days if 


refrigerated 
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Matrix 
Analytical 


Group 
Concentration 


Level 


Analytical 
Laboratory/ 


SOP Reference Sample Size 


Containers 
(number, size,  


type)a 


Preservation 
Requirements 


 (chemical, temperature, 
light protected)b 


Maximum Holding 
Time 


(preparation/ 
analysis)c 


Sediment  
General 


chemistry – total 
sulfide 


Low-high CAS, Kelso/ 
Attachment M32 20-g minimum One 4-oz WM 


glass jar 


Fill jar completely with 
sediment; pour 10 mL 


NaOH/zinc acetate 
solution over the top of 
the sample; 0 – 6°C at 
laboratory and during 


shipment 


7 calendar days to 
analysis 


Sediment 
General 


chemistry – 
AVS/SEM 


Low CAS, Kelso/ 
Attachment M13 20g minimum 


One 4-oz WM 
glass jar 


0 – 6°C at laboratory and 
during shipment, minimize 


headspace 


AVS: evolution within 
14 calendar days; 
analysis within 24 
hours of evolution;  


SEM: analysis within 
14 calendar days of 


extraction 


Sediment 
General 


chemistry – 
ammonia-N 


Low CAS, Kelso/ 
Attachment M27 20-g minimum 


7 calendar days to 
extraction; extracts 


preserved by lab with 
sulfuric acid; 28 
calendar days to 


analysis 


Sediment 
General 


chemistry – 
cyanide 


Low 
CAS, Kelso/ 


Attachment M28, 
M29 


20-g minimum 


One 8-oz WM 
glass jar 


0 – 6°C at laboratory and 
during shipment 


14 calendar days to 
analysis 


Sediment Butyltins Low 
CAS, Kelso/ 


Attachment M21, 
M22 


5-g minimum 


1 year to extract if 
frozen, 40 days to 


analysis, 14 calendar 
days to extraction if 


refrigerated, 40 days 
to analysis 


Sediment 
General 


chemistry – total 
Kjeldahl nitrogen 


Low CAS, Kelso/ 
Attachment M30 20-g minimum None established for 


soils/sediments 
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Matrix 
Analytical 


Group 
Concentration 


Level 


Analytical 
Laboratory/ 


SOP Reference Sample Size 


Containers 
(number, size,  


type)a 


Preservation 
Requirements 


 (chemical, temperature, 
light protected)b 


Maximum Holding 
Time 


(preparation/ 
analysis)c 


Sediment 
General 


chemistry – total 
phosphorus 


Low CAS, Kelso/ 
Attachment M31 20-g minimum 28 calendar days to 


analysis 


Sediment Toxicity testsd na 
EnviroSystems/ 


Attachment M36, 
M37 


2 gal.  


Two 1-gal. 
food-grade plastic 


buckets with 
Teflon liners 


0 – 4°C at laboratory and 
during shipment; 


store in the dark without 
headspace or with 


nitrogen headspace 


8 weeks (56 days) 
after collection 


Benthic 
invertebrates Taxonomye na EcoAnalysts/ 


Attachment M42 0.5 – 4 L 
Appropriate size 


plastic jar  
(0.5 to 4 L) 


10% buffered formalin Years once preserved 


a Container size may be modified by the laboratory, particularly for tissue samples that will have a small sample mass. The smallest container size should be 
selected; however, volume increases due to expansion of water upon freezing must be accounted for to avoid breaking the container upon freezing. 


b Sediment samples will be either refrigerated or frozen after collection, depending on preservation requirements. When frozen samples for chemical analysis 
are couriered and the transit time is guaranteed to be less than 24 hours, wet ice or ice packs may be used as a preservative. Frozen samples shipped via 
overnight delivery will be packed with a combination of dry ice and wet ice or ice packs.  


c Holding times are in calendar days. Any remaining sample mass will be archived frozen. When frozen samples are allowed to thaw, the cumulative time the 
sample is removed from the freezer is considered the holding time at 0 to 4°C. 


d The toxicity test samples will be couriered to EnviroSystems on a weekly basis. 
e The taxonomy samples will be shipped to EcoAnalysts using a commercial carrier. 
AVS – acid volatile sulfide 
CAS – Columbia Analytical Services, Inc. 
na – not applicable 
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 


PCDD – polychlorinated dibenzo-p-dioxin 
PCDF – polychlorinated dibenzofuran  
SEM – simultaneously extracted metals 
SOP – standard operating procedure 
SVOC – semivolatile organic compound 


TOC – total organic carbon  
TPH – total petroleum hydrocarbons  
VOA – volatile organic analysis  
WM – wide mouth 
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QAPP Worksheet No. 20. Field Quality Control Sample Summary Table  


Matrix Analytical Group 
Conc. 
Level 


SOP 
Referencea 


No. of 
Sampling 
Locations 


No. of Field 
Duplicatesb 


No. of 
Rinsate 
Blanks/ 


Trip 
Blanksc 


No. of 
CRMs 


No. of 
MD/MS/MSD 


Total No. 
of 


Samplesd 
Sediment PCB – congeners Low M2 40 2 2/0 4 4/0/0 52 


Sediment PCB – Aroclors Low M17, M19, 
M35, M48 40 2 2/0 0 2/2/2 50 


Sediment PCDDs/PCDFs Low M3 40 2 2/0 4 4/0/0 52 


Sediment Butyltins  Low M21, M22 40 2 2/0 0 2/2/2 50 


Sediment PAHs  Low M4 40 2 2/0 2 2/0/0 48 


Sediment Alkylated PAHs  Low M18, M48 40 2 2/0 0 2/0/0 46 


Sediment SVOCs  Low 
M17, M18, 
M19, M20, 


M48 
40 2 2/0 0 2/2/2 50 


Sediment Metalse Low M8, M10, M11, 
M12 40 2 2/0 2 2/2/0 50 


Sediment Methylmercury Low M16 40 2 2/0 2 4/4/4 58 


Sediment Total mercury Low M14, M15 40 2 2/0 2 4/4/4 58 


Sediment Organochlorine 
pesticides Low M5, M6, M7 40 2 2/0 2 2/0/0 48 


Sediment General chemistry 
– TOC Low M25 40 2 2/0 0 2/2/0 48 


Sediment  Grain size na M26 40 2 0/0 0 2/0/0 44 


Sediment General chemistry 
– percent moisture na M24 40 2 0/0 0 2/0/0 44 


Sediment General chemistry 
– AVS/SEM Low M13 40 2 0/0 0 2/2/0 46 
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Matrix Analytical Group 
Conc. 
Level 


SOP 
Referencea 


No. of 
Sampling 
Locations 


No. of Field 
Duplicatesb 


No. of 
Rinsate 
Blanks/ 


Trip 
Blanksc 


No. of 
CRMs 


No. of 
MD/MS/MSD 


Total No. 
of 


Samplesd 


Sediment General chemistry 
– ammonia-N Low M27 40 2 0/0 0 2/2/0 46 


Sediment General chemistry 
– cyanide Low M28, M29 40 2 6/0 0 2/2/0 52 


Sediment 
General chemistry 


– total Kjeldahl 
nitrogen 


Low M30 40 2 2/0 0 2/2/0 48 


Sediment General chemistry 
– total phosphorus Low M31 40 2 2/0 0 2/2/0 48 


Sediment General chemistry 
– total sulfide Low – high M32 40 2 0/0 0 2/2/0 46 


Sediment TPH – extractables Low M33, M50 40 2 2/0 0 2/2/2 50 


Sediment TPH – purgeables Low M34 40 2 0/10 0 0/2/2 56 


Sediment TPH – alkanes Low M46, M47, 
M48 40 2 2/0 0 2/2/2 50 


Sediment Toxicity testsf na M36, M37 24 0 0 0 0 24 
Benthic 
invertebrates Taxonomy na M42 24g 0  0 0 0 24 


a Refer to Worksheet No. 23 for SOP titles. 
b Field duplicate will be collected at a rate of 1 per 20 samples, and consist of a thoroughly homogenized sample collected from one location that has been split 


between two sets of containers and labeled as representing two separate sampling locations. Samples for AVS/SEM, ammonia, sulfide, and TPH-purgeable 
analyses will be collected as discrete, non-homogenized samples. Field duplicates for AVS/SEM, ammonia, sulfide, and TPH analyses will be collected from 
the same grab sample as the parent sample and will not be homogenized. 


c Rinsate blanks will include a deionized water rinse of decontaminated equipment used to homogenize sediment and tissue samples. The number provided for 
the trip blanks is an estimate; one trip blank per analysis will be included in each cooler transporting sediment samples for TPH-purgeable analysis to Alpha 
Analytical, the laboratory conducting both analyses.  
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d Additional containers will not be collected for laboratory duplicate, MS, and MSD samples; the aliquot for MDs, MSs, and MSDs will be taken from the same 
container as the parent sample, with the exception of TPH-purgeables. Separate containers will be collected for MS and MSD samples for TPH-purgeable 
analyses. 


e Metals will be analyzed using either USEPA SW-846 6020 or 6010. 
f Two toxicity tests (i.e., the 28-day Hyalella azteca and the 10-day Chironomus dilutes growth and mortality tests) will be performed on each of the SQT 


surface sediment samples.  
g Four replicates will be collected per SQT location. Three replicates will be analyzed separately per location and one will be archived. 


AVS – acid volatile sulfide 
CRM – certified reference material 
MD – matrix duplicate 
MS – matrix spike 
MSD – matrix spike duplicate  
na – not applicable  


PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl  
PCDD – polychlorinated dibenzo-p-dioxin  
PCDF – polychlorinated dibenzofuran  
SEM – simultaneously extracted metals  
SOP – standard operating procedure 


SQT – sediment quality triad 
SVOC – semivolatile organic compound  
TOC – total organic carbon 
TPH – total petroleum hydrocarbons 
USEPA – US Environmental Protection Agency 
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QAPP Worksheet No. 21. Project Sampling SOP References Table  


Reference 
Numbera 


Title, Revision Date and/or 
Number 


Originating 
Organization Equipment Type 


Modified for 
Project Work? Comments 


Attached to this 
QAPP 


Addendum?b 


1 


Locating Sample Points Using 
a Hand-held Global 
Positioning System (GPS) 
SOP, (July 2007), Revision 0  


Windward Hand-held GPS unit No 


Attachment B; for 
use with backpack 
electrofishing gear 
and boat 
operations 


No 


2 


Locating Sample Points Using 
a Boat-Mounted Global 
Positioning System (GPS) 
(July 2007), Revision 0 


Windward 


Trimble (or similar 
boat-mounted GPS 
unit) with related cable 
and power supply  


No 
Attachment C; for 
use with boat-
based operations 


No 


3 
Collection and Processing of 
Sediment Grab Samples SOP 
(August 2012), Revision 1 


Windward 


Sediment grab 
samplers and 
fathometer (or 
weighted demarcated 
line) 


No 


Attachment D; for 
collection of 
surface sediment 
samples and 
benthic 
invertebrate 
samples 


Yes 


4 


Procedure to Decontaminate 
Sediment Sampling 
Equipment SOP (July 2007), 
Revision 0 


Windward 


Sediment grab 
samplers, spoons, 
mixing pots and bowls, 
and any equipment that 
comes into contact with 
sediment 


No Attachment E No 


5 
Management and Disposal of 
Investigation-Derived Waste 
SOP (July 2007), Revision 0 


Windward 
open-top drums, 
storage racks, and 
insulated coolers 


No Attachment F No 
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Reference 
Numbera 


Title, Revision Date and/or 
Number 


Originating 
Organization Equipment Type 


Modified for 
Project Work? Comments 


Attached to this 
QAPP 


Addendum?b 


6 


Chain-of-Custody (COC) 
Tracking and Sample 
Packaging SOP (July 2007), 
Revision 0 


Windward 


COC forms, custody 
seals, sample 
containers, packaging 
supplies and coolers 


No Attachment G No 


7 Documenting Field Activities 
SOP (March 2009), Revision 0 Windward Computer, camera No Attachment H No 


8 
Benthic Macroinvertebrate 
Sampling SOP (April 2009), 
Revision 0  


Windward Kick net, D-frame dip 
net, and sieve bucket No Attachment I No 


10 


Measuring Water Quality 
Parameters Using a Handheld 
Multi-Probe Meter (September 
2009), Revision 0 


Windward Handheld multi-probe 
YSI meter No Attachment P No 


13 Wet Sieving for Approximate 
Grain Size Analysis 


USEPA Region 
10 in 
cooperation with 
the US Army 
Corps of 
Engineers-
Seattle District, 
and the 
Washington 
State 
Department of 
Ecology 


No. 230 (63 µm) sieve, 
beaker/graduated 
cylinder, squirt bottle, 
spoon, bucket 


No Attachment AA Yes 


a SOPs that were presented in the Benthic QAPP (Windward 2009), but are not applicable to this QAPP addendum were removed from this worksheet; 
therefore not all SOP numbers are listed in this table.  


b The SOP is attached to this QAPP addendum if it was updated by the laboratory after the Benthic QAPP (Windward 2009) was finalized. The updated SOP 
replaces the SOP presented in the Benthic QAPP. All other SOPs are provided in as attachments to the Benthic QAPP.
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QAPP Worksheet No. 23. Analytical and Biological SOP References Table  


Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M2 USEPA 1668C 


AP-CM-7, High 
Resolution Mass 
Spectrometry, Method 
1668 for 
Solid/Air/Aqueous/Tissue 
Matrices, Revision 10-2, 
8/22/12 


Definitive PCBs - 
congeners 


Micromass 
Autospec Ultima 
HRMS 


SGS - 
Analytical 


Perspectives 
No Yes 


M3 USEPA 1613B 


AP-CM-5, Polychlorinated 
dibenzo dioxin/furans, 
USEPA Methods 8290, 
1613, 23, 0023A, & TO-
9A, Revision 12-7, 
10/16/09 


Definitive PCDDs/PCDFs 
Micromass 
Autospec Ultima 
HRMS 


SGS - 
Analytical 


Perspectives 
No Yes 


M4 CARB 429 
Mod. 


SOP No. BRL-00423, 
PAH Compounds by 
HRGC HRMS in Food 
Products, Sediment and 
Water, 8/5/10 


Definitive PAHs  


VG Autospec 
HRMS or Autospec 
Ultima HP 5890 
Series II GC or HP 
6890 Gas 
Chromatograph 
Autosampler 


Maxxam 
Analytics No Yes 


M5 NA 


BRL SOP-00003, 
Cleanup of Sample 
Extract Using Gel 
Permeation 
Chromatography, 4/13/09 


Definitive Organochlorine 
pesticides 


Gel Permeation 
Chromatograph 
Autoprep and 
Model 1002B or 
J2Scientific 
AccuPrep MPS 
GPC System 


Maxxam 
Analytics No No 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M6 na 


BRL SOP-00010, 
Extraction Organochlorine 
Pesticides from Liquids 
and Solids, 4/13/09 


Definitive Organochlorine 
pesticides 


Cal-Glass LG-6900 
Soxhlet (or 
equivalent), Cal-
Glass LG-6901-
122 thimble, and 
500 mL round-
bottom flask 


Maxxam 
Analytics No No 


M7 


USEPA 1699 
Mod. 


(NYSDEC 
HRMS-2) 


BRL SOP-00415, OC 
Pesticides by HRMS, 
8/5/10 


Definitive Organochlorine 
pesticides 


HP HRGC, Model: 
6890A, 6890, 
6890D, 6890N, 
5690 Series II, or 
6890A Plus; with 
an HRMSr 
Micromass 
Autospec Ultima or 
VG AutoSpec “S”  


Maxxam 
Analytics No Yes 


M8 USEPA  
SW-846 3050B 


SOP No. MET-3050, SOP 
for Metals Digestion, 
Revision 12, 2/25/12 


Definitive Metals na ALS - CAS, 
Kelso No Yes 


M10 USEPA  
SW-846 6020 


MET-6020, Standard 
Operating Procedure for 
Determination of Metals 
and Trace Elements by 
Inductively Coupled 
Plasma-Mass 
Spectrometry (ICP-MS); 
EPA Method 6020, 
Revision 14, 4/10/10 


Definitive Total metals 


Thermo ICP/MS 
(VG PQ-S or 
ExCell or X-Series 
model) 


ALS - CAS, 
Kelso No Yes 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M11 USEPA  
SW-846 6010 


MET-ICP, Standard 
Operating Procedure for 
Determination of Metals 
and Trace Elements by 
Inductively Coupled 
Plasma Atomic Emission 
Spectrometry (ICP), 
Revision 23, 10/28/11 


Definitive Total metals 


Thermo Jarrell ash 
atomic emission 
spectrometer 
(ICAP-61 or IRIS 
model) 


ALS - CAS, 
Kelso No Yes 


M12 USEPA  
SW-846 7742 


MET-7742, Standard 
Operating Procedure for 
Selenium by Borohydride 
Reduction Atomic 
Absorption, Revision 3, 
2/19/10 


Definitive Total metals 


Varian SpectrAA-
20 atomic 
absorption 
spectrometer 


ALS - CAS, 
Kelso No Yes 


M13 
USEPA 821/R-
91-100, SW-


846 6010/6020 


SOP No. GEN-AVS, 
Sulfides, Acid Volatile, 
Rev. 6, 2/6/12 


Definitive 
General 


chemistry – 
AVS/SEM 


Ultraviolet Visible 
Spectroscopy (UV-
Visible) ICP, Cold 
Vapor Atomic 
Adsorption 
Spectrometry 


ALS - CAS, 
Kelso No Yes 


M14 na 


SOP No.BR-002, BRL 
Procedure for EPA 
Method 1631, Appendix to 
(1/01): Total Mercury in 
Tissue, Sludge, Sediment, 
and Soil by Acid Digestion 
and BrCl Oxidation by 
Cold Vapor Atomic 
Fluorescence 
Spectrophotometry 
(CVAFS), Revision 010d, 
5/31/11 


Definitive Total mercury 


BRL Model III cold 
vapor atomic 
fluorescence 
spectrophotometer 


Brooks Rand 
Labs No Yes 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M15 USEPA 1631 


SOP No.BR-0006, BRL 
Procedure for EPA 
Method 1631, Revision E: 
Mercury in Water by 
Oxidation, Purge and 
Trap, and Cold Vapor 
Atomic Fluorescence 
Spectrometry, Revision 
004e, 05/24/10 


Definitive Total mercury 


BRL Model III cold 
vapor atomic 
fluorescence 
spectrophotometer 


Brooks Rand 
Labs No Yes 


M16 USEPA 1630 


SOP No.BR-0011, 
Determination of Methyl 
Mercury by Aqueous 
Phase Ethylation, Trap 
Pre-Collection, Isothermal 
GC Separation, and 
CVAFS Detection: BRL 
Procedure for EPA 
Method 1630 (Waters) 
and EPA Method 1630, 
Modified (Solids), 
Revision 013d, 6/6/11 


Definitive Methylmercury 


BRL Model III cold 
vapor atomic 
fluorescence 
spectrophotometer 


Brooks Rand 
Labs No Yes 


M17 USEPA 3570 


SOP ID 2172 (OP-016), 
Microscale Solvent 
Extraction (MSE), 
Revision 2, 3/2/12c 


Definitive SVOCs, PCB 
Aroclors 


Custom Tumbler, 
Kuderna-Danish 10 
mL concentrator 
tubes, 500 mL 
evaporation flasks, 
3-ball macro 
Snyder columns, 
Organomations 
N-EVAP, or 
Zymark TurboVap 


Alpha Analytical No Yes 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M18 na 


SOP ID 2167 (OP-006), 
Gel Permeation 
Chromatography Method 
3640A, Revision 2, 
3/2/12c 


Definitive SVOCs 


Waters HPLC 
600E Controller 
and Pump, 486 
Tunable 
Absorbance 
Detector, Auto 
System, Envirogel 
GPC Guard and 
Cleanup Columns, 
and Phenomonex 
Guard and 
Cleanup Columns 


Alpha Analytical No Yes 


M19 na 


SOP ID 2170 (OP-014), 
Silica Gel Cleanup 
Procedure (Automated 
and Manual), Revision 2, 
3/2/12c 


Definitive SVOCs 


Waters HPLC 
600E System 
Controller, 717 
Autosampler, and 
486 Tunable 
Absorbance 
Detector; Waters 
uPorasil Prep-pak 
and guard-pak 
cartridges or 
Modcol column 


Alpha Analytical No Yes 


M20 USEPA  
SW-846 8270D 


SOP ID 2155 (No.O-006), 
Method 8270, 
Semivolatile Organic 
Compounds by GC/MS, 
Revision 4, 8/10/12c 


Definitive SVOCs 
Agilent 6890 GC 
with Agilent 5973 
detector 


Alpha Analytical No Yes 







Quality Assurance Project Plan Surface Sediment Chemical Analyses and Benthic Invertebrate 
Addendum Number 5 Toxicity and Bioaccumulation Testing 
Lower Passaic River Restoration Project Revision Number: 0 


 Revision Date: 10/26/12 
 


QAPP Worksheet No. 23. Analytical and Biological SOP References Table 


 


 DRAFT Page 52 


 


Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M21 na 


SOP No.SOC-OSWT, 
Extraction of Organotins 
in Sediment, Water, and 
Tissue Matrices, Revision 
6, 11/25/09 


Definitive Butyltins 


Nitrogen 
evaporator, 
centrifuge, 
Kuderna-Danish 
apparatus, vacuum 
pump and 
manifold, water 
bath, vortex and 
tumbler for VOA 
vials 


ALS - CAS, 
Kelso  No Yes 


M22 Krone et al 
(1989) 


SOP No.SOC-BUTYL, 
Butyltins, Revision 10, 
1/20/12 


Definitive Butyltins 


Hewlett Packard 
6890 gas 
chromatograph 
with a flame 
photometric 
detector 


ALS - CAS, 
Kelso  No Yes 


M24 SM2540G Mod. 


SOP ID 2175 (W-001), 
Percent Solids 
Determination, Revision 
2, 3/2/12c 


Definitive Percent moisture  


Analytical balance 
capable of 
weighing to the 
nearest 0.0001 g 
and a top-loading 
balance capable of 
weighing to the 
nearest 0.01 g  


Alpha Analytical No Yes 


M25 Lloyd Kahn 


SOP ID 2182(W-028), 
Total Organic Carbon in 
Soil, Sediment and Water, 
Revision 3, 8/13/12c 


Definitive General 
chemistry – TOC 


Perkin Elmer 2400 
Series II CHNS/O 
Analyzer with 
Thermal 
Conductivity 
Detector 


Alpha Analytical No Yes 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M26 ASTM D422 


SOP ID 2183 (W-029), 
Particle Size Analysis of 
Soils – With / Without 
Hydrometer and Liquid 
Limit, Plastic Limit, and 
Plasticity Index, Revision 
3, 8/3/12c 


Definitive Grain size 


Analytical balance 
capable of 
weighing to the 
nearest 0.0001 g 
and a top-loading 
balance capable of 
weighing to the 
nearest 0.01 g 


Alpha Analytical No Yes 


M27 USEPA  
350.1 Mod. 


SOP No. GEN-350.1, 
Ammonia by Flow 
Injection Analysis, 
Revision 9, 2/23/12 


Definitive 
General 


chemistry – 
ammonia-N 


Rapid Flow 
Analyzer 
Colorimeter 


CAS – Kelso 


Yes, modified 
to include 


sulfide 
cleanup 


procedures in 
nitrogen, 
ammonia, 


colorimetry, 
salicylate-


hypochlorite 
automated-
segmented 
flow, USGS  
I-6522-90 


Yes 


M28 na 


SOP No. GEN-9013, 
Cyanide Extraction of 
Solids and Oils, Revision 
0, 7/8/98 


Definitive 
General 


chemistry – 
cyanide 


na ALS - CAS, 
Kelso No No 


M29 USEPA  
SW-846 9012A 


SOP No. GEN-335, Total 
Cyanides and Cyanides 
Amenable to Chlorination, 
Revision 17, 2/3/12 


Definitive 
General 


chemistry – 
cyanide 


Lachat Automated 
Analyzer 


ALS - CAS, 
Kelso No Yes 


M30 
ASTM  


D1426-93B 
Mod. 


SOP No. GEN-TKN, 
Nitrogen, Total and 
Soluble Kjeldahl, 
Revision10, 1/7/08 


Definitive 
General 


chemistry – total 
Kjeldahl nitrogen 


Ion selective 
electrode 


ALS - CAS, 
Kelso No No 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M31 USEPA  
365.3 Mod. 


SOP No. GEN-365.3, 
Phosphorus 
Determination Using 
Colorimetric Procedure, 
Revision 10, 8/28/08 
(includes sample 
preparation) 


Definitive 
General 


chemistry – total 
phosphorus 


UV-VIS ALS - CAS, 
Kelso No No 


M32 USEPA  
SW-846 9030M 


SOP No. GEN-9030M, 
Total Sulfides by 
Methylene Blue 
Determination, Revision 
8, 1/5/06 (includes sample 
preparation) 


Definitive 
General 


chemistry – total 
sulfide 


UV-VIS ALS - CAS, 
Kelso No No 


M33 NJDEP EPH 


SOP ID 2131 (04-21), 
New Jersey Extractable 
Petroleum Hydrocarbons 
(NJ EPH), Revision 2, 
4/27/12c 


Definitive TPH – 
extractables GC/FID Alpha Analytical No Yes 


M34 USEPA  
SW-846 8015C 


SOP ID 2126 (04-13), 
TPH-Gasoline Range 
Organics, Revision 2, 
4/27/12c  


Definitive TPH – 
purgeables GC/FID Alpha Analytical No Yes 


M35 USEPA  
SW-846 8082A 


SOP ID 2160 (O-012), 
Determination of 
Polychlorinated Biphenyls 
(PCBs) as Aroclors or 
Congeners By Gas 
Chromatography/Electron 
Capture Detection (GC-
ECD), Revision 3,, 
4/18/12c 


Definitive PCBs – Aroclors 


HP 5890 Series II 
GC, HP 6890 Plus 
or similar, HP 6890 
series autosampler 
with controller or 
equivalent 


Alpha Analytical No Yes 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M36 USEPA/600/ 
R-99/064 


SOP No. QA-1407, Acute 
Toxicity of Sediments To 
Midge Larvae, 
Chironomus dilutus, 
Revision 12c, 11/18/09 


Definitive Benthic 
invertebrates 


Toxicity testing 
equipment EnviroSystems No Yes 


M37 USEPA/600/ 
R-99/064 


SOP No. QA-1467, 
Assessment Toxicity (28-
Day) of Sediments To The 
Amphipod, Hyalella 
azteca based on Survival 
and Growth – Project-
Specific Document, 
Revision 6, 10/22/09  


Definitive Benthic 
invertebrates 


Toxicity testing 
equipment EnviroSystems Yes Yes 


M42 Barbour et al. 
(1999) 


Standard Operating 
Procedures for Laboratory 
Analysis: Benthic 
Macroinvertebrate 
Indicator, Revision 2, 
5/8/12 


Definitive Benthic 
invertebrates 


Taxonomic 
identification of 
benthic 
invertebrates 


EcoAnalysts No Yes 


M43 USEPA  
SW-846 8270D 


SOP ID 2247 (O-008). 
Analysis of Parent and 
Alkylated Polynuclear 
Aromatic Hydrocarbons, 
Selected Heterocyclic 
Compounds, Steranes, 
Triterpanes, and 
Triaromatic Steroids by 
GC/MS – SIM, Revision 4, 
8/10/12 c 


Definitive Alkylated PAHs 


GC Model 
Agilent/HP6890 or 
equivalent, Mass 
spectrometer 
Agilent/HP5973 or 
equivalent 


Alpha Analytical No Yes 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M46 NA 


SOP ID 2260 (OP-009). 
Alumina Column Cleanup 
of Organic Extracts, 
Revision 2, 3/22/12 c 


Definitive Alkylated PAHs, 
TPH – alkanes 


Glass preparation 
column, muffle 
furnace, and a top-
loading balance 
capable of 
weighing to the 
nearest 0.01 g 


Alpha Analytical No Yes 


M47 USEPA  
SW-846-8015D 


SOP ID 2246 (O-003). 
Total Petroleum and 
Saturated Hydrocarbons 
by Gas 
Chromatography/Flame 
Ionization Detector, 
Revision 4, 4/11/12 c 


Definitive TPH – alkanes 


GC Model 
Agilent/HP6890 or 
equivalent, auto 
sampler HP6890 
with a GC 
autosampler 
controller or 
equivalent 


Alpha Analytical No Yes 


M48 na 
SOP ID 2261 (OP-013). 
Shaker Table Extraction, 
Revision 2, 3/22/12c 


Definitive TPH – alkanes 


New Brunswick 
Scientific shaker 
table and drying 
oven capable of 
maintaining 105 ºC 
and 400 ºC 


Alpha Analytical No Yes 


M49 na 


SOP ID 1754 (G-003). 
Balance Calibration and 
Maintenance, Revision 2, 
3/2/12 c 


Definitive 
Percent 


moisture, grain 
size  


Analytical balance 
capable of 
weighing to the 
nearest 0.0001 g 
and a top-loading 
balance capable of 
weighing to the 
nearest 0.01 g 


Alpha Analytical No Yes 
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Reference 
Numbera 


Primary 
Method 


Reference 
Title, Revision Date,  


and/or Number 


Definitive 
or 


Screening 
Data 


Analytical 
Group Instrument 


Organization 
Performing 


Analysis 


Modified for 
Project 
Work? 


Attached to 
this QAPP 


Addendum?b 


M50 na 
SOP ID1959 (02-
12).Microwave extraction, 
Revision 3, 6/1/12 c 


Definitive TPH – 
extractables 


Kuderna-Danish 
apparatus, 
analytical balance 
capable of 
weighing 0.01 g, 
water bath, 
microwave 


Alpha Analytical No Yes 


a SOPs presented in the Benthic QAPP (Windward 2009) but inapplicable to this QAPP addendum were removed from this worksheet. 
b The SOP is attached to this QAPP addendum if it was updated by the laboratory after the Benthic QAPP (Windward 2009) was finalized. The updated SOP 


replaces the SOP presented in the Benthic QAPP. All other SOPs are provided in Attachment M of the Benthic QAPP.  
c Alpha Analytical revised its SOP numbering system after the Benthic QAPP was finalized. The original SOP number is provided in parentheses. The revised 


SOP number reflects only the revisions made to the SOP under the new numbering scheme.  
ALS – ALS Environmental 
ASTM – American Society for Testing and Materials 
AVS/SEM – acid volatile sulfide/ simultaneously extracted metals 
BRL – Brooks Rand Labs 
CARB – California Air Resources Board 
CAS – Columbia Analytical Services, Inc. 
COC – chain of custody 
CVAFS – cold vapor atomic fluorescence spectrometer 
ECD – electron capture detector  
EPH – extractable petroleum hydrocarbons 
FID – flame ionization detector 
GC/MS – gas chromatography/mass spectrometry 
GPC – gel permeation chromatograph 
HP – Hewlett Packard 
HPLC – high-performance liquid chromatography 
HR – high resolution 
ICP – inductively coupled plasma 
na – not applicable  
NJDEP – New Jersey Department of Environmental Protection 


NYSDEC – New York State Department of Environmental Conservation 
OC – organic carbon  
OES –optical emission spectrometry  
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 
PCDD – polychlorinated dibenzo-p-dioxin 
PCDF – polychlorinated dibenzofuran  
QAPP – quality assurance project plan 
SGS – Société Générale de Surveillance 
SIM – selective ion monitoring 
SOP – standard operating procedure 
SVOC – semivolatile organic compound 
TOC – total organic carbon 
TPH – total petroleum hydrocarbons 
USEPA – US Environmental Protection Agency 
USGS – US Geological Survey 
UV-VIS – ultraviolet-visible spectrophotometry 
VOA – volatile organic analysis  
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QAPP Worksheet No. 24. Analytical Instrument Calibration Table 


Instrument/ 
Chemical 


Calibration 
Procedure Frequency of Calibration Acceptance Criteria 


Corrective Action 
(CA) 


Person 
Responsible 


for CA 
SOP 


Referencea 


GC/MS – SVOCs  
Refer to Alpha 
Analytical SOP ID 
2155 (O-006). 


ICAL after instrument set up, 
after major instrument changes, 
and when CCC are not met 


ICAL: ≤ 20% RSD for all 
target analytes or 
linear/quadratic curve r ≥ 
0.990. 
ICV: ± 30% recovery of the 
true values. Sporadic 
marginal failures accepted. 
CCV: ≤ 40% difference or 
drift; SPCC minimum 
average RF. 


Inspect system; 
correct problem; 
rerun calibration 
and affected 
samples. 


Analyst or 
Elizabeth 
Porta or  


Julie 
DeSousa, 


Alpha 
Analytical 


M20 


GC/FID – TPH 


Refer to Alpha 
Analytical SOP ID 
2131 (04-21), 2126 
(04-13), and 2246 
(O-003). 


Initial calibration after 
instrument set up, after major 
instrument changes, and when 
CCC are not met; CCV verified 
on each working day 


ICAL %RSD ≤ 20%. 
CCV: ±25% for alkanes and 
±25 for ranges and ±30% for 
individual compounds for 
extractables. 


Inspect system, 
correct problem 
rerun calibration 
and affected 
samples. 


Analyst or 
Mitch 


Ostrowski, 
John Trimble, 


or Ray 
Siegener, 


Alpha 
Analytical 


M33, M34, 
M47 


Note: Worksheet 24 of this QAPP addendum presents only calibration procedures that have been updated since the Benthic QAPP (Windward 2009) was 
finalized, all other calibration procedures are presented in Worksheet 24 of the Benthic QAPP. 


a From Analytical SOP References table (Worksheet No. 23 of this QAPP addendum). 
CCC – continuing calibration criteria  
CCV – continuing calibration verification 
GC/FID – gas chromatograph/flame ionization detector  
GC/MS – gas chromatograph/mass spectrometer  
ICAL – initial calibration  


ICV – initial calibration verification  
ID – identification 
QAPP – quality assurance project plan  
RF – response factor  
RSD – relative standard deviation 


SOP – standard operating procedure  
SPCC – system performance check compounds 
SVOC – semivolatile organic compound 
TOC – total organic carbon 
TPH – total petroleum hydrocarbons 
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QAPP Worksheet No. 35. Sampling and Analysis Validation Process Tables 


Analytical Validation (Steps IIa and IIb) Process Table 


Step IIa/IIb Validation Input Description 
Responsible for Validation  


(name, organization) 


IIa Analytical data 
deliverables 


Verify that the required deliverables were provided by the laboratory as 
specified in the contractual documents. 


Jennifer Parker, Windward /Polly 
Newbold, ddms 


IIa Field SOPs, field 
records 


Verify conformance to approved sampling and field measurement 
procedures; ensure that activities met performance criteria; and verify that 
deviations from procedures or criteria were documented. 


Thai Do, Windward 


IIa Field records, 
database output Verify transcription of field data from field forms to database. Thai Do, Windward/Kim Goffman, 


Windward 


IIa Custody records, 
analytical data reports Review traceability from sample collection through reporting. Jennifer Parker, Windward /Polly 


Newbold, ddms 


IIa Analytical data reports Verify reported analytes conform to contractual specifications. Jennifer Parker, Windward/ /Polly 
Newbold, ddms 


IIa Laboratory SOPs, 
analytical data reports 


Verify conformance to approved preparation and analytical procedures; 
ensure that measurement performance criteria were met; and verify that 
deviations from procedures or criteria were documented. 


Jennifer Parker, Windward/Stella 
Cuenco, Laboratory Data Consultants, 
Inc. 


IIa Methods, analytical 
data reports 


Verify that samples were prepared and analyzed within method-specific 
holding times. 


Jennifer Parker, Windward/ Stella 
Cuenco, Laboratory Data Consultants, 
Inc. 


IIa Laboratory EDDs Verify that EDD conforms to USEPA Region 2 MEDD format. 


Ellen Collins, Alpha Analytical/  
Kimberly Mace, SGS - Analytical 
Perspectives/Tiffany Stilwater, Brooks 
Rand Labs/ Ivana Vukovic, Maxxam 
Analytics/ 
Lynda Huckestein, ALS - Columbia 
Analytical Services, Inc.  


IIa 
Laboratory EDDs, 
analytical data reports, 
database output 


Verify loading of EDDs into database against hard-copy analytical reports. Polly Newbold, ddms 
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Analytical Validation (Steps IIa and IIb) Process Table 


Step IIa/IIb Validation Input Description 
Responsible for Validation  


(name, organization) 


IIa Analytical data reports Verify that the qualifiers applied by the laboratory are defined in the 
analytical report and are in conformance to the contractual requirements. 


Jennifer Parker, Windward/Polly 
Newbold, ddms 


IIa Laboratory SOPs, 
analytical data reports 


Verify that the measurement criteria were met for all analyses and, if not, that 
appropriate corrective action and notification were taken and made. 


Jennifer Parker, Windward /Polly 
Newbold, ddms 


IIa Analytical data reports Verify that project quantitation limits conformed to the contractual 
specifications and that any deviations were justified. 


Jennifer Parker, Windward /Polly 
Newbold, ddms 


IIa Analytical data reports, 
validation guidance 


Validate 100% of the analytical data reports according to the method-specific 
USEPA Region 2 validation SOPs (if available). Qualifiers will be applied 
based on the criteria in the USEPA Region 2 validation SOPs or QAPP. 
Verify manual transcriptions from the raw data. Verify calculations from the 
raw data. 


Stella Cuenco, Laboratory Data 
Consultants, Inc  


IIa Data validation reports, 
database output Verify that entry of qualifiers was correct and complete. Stella Cuenco, Laboratory Data 


Consultants, Inc 


IIb Analytical data reports Verify reported analytes conform to target analytes in QAPP. Stella Cuenco, Laboratory Data 
Consultants, Inc 


IIb QAPP, analytical data 
reports 


Verify that samples were prepared and analyzed within the holding times 
specified in the QAPP. 


Stella Cuenco, Laboratory Data 
Consultants, Inc 


IIb QAPP, analytical data 
reports 


Verify that samples were prepared and analyzed according to the 
procedures specified in the QAPP. 


Stella Cuenco, Laboratory Data 
Consultants, Inc 


IIb QAPP, analytical data 
reports 


Verify that the measurement criteria specified in the QAPP were met for all 
analyses and, if not, that appropriate corrective action and notification were 
taken and made. 


Stella Cuenco, Laboratory Data 
Consultants, Inc 


IIb QAPP, analytical data 
reports 


Verify that project quantitation limits conformed to the QAPP and that 
deviations were justified. 


Stella Cuenco, Laboratory Data 
Consultants, Inc 
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Analytical Validation (Steps IIa and IIb) Process Table 


Step IIa/IIb Validation Input Description 
Responsible for Validation  


(name, organization) 


IIb Analytical data reports, 
validation guidance 


Validate 100% of the analytical data reports according to the measurement 
performance criteria in the QAPP. Qualifiers will be applied based on the 
criteria in the QAPP or method-specific Region 2 validation SOPs, whichever 
is more stringent. 


Stella Cuenco, Laboratory Data 
Consultants, Inc 


IIb 
QAPP, analytical data 
reports, validation 
guidance 


Verify that the qualifiers applied during validation were in conformance with 
the QAPP and specified validation guidance. 


Stella Cuenco, Laboratory Data 
Consultants, Inc  


IIb QAPP, data validation 
reports 


Verify that data validation was performed in accordance with the QAPP 
specifications and that all required peer reviews were conducted. If validation 
actions deviated from the QAPP specifications and/or regional validation 
guidance based on professional judgment, verify that rationale was 
documented. 


Jennifer Parker, Windward /Polly 
Newbold, ddms 


ddms – de maximis Data Management Solutions, Inc. 
EDD – electronic data deliverable 
MEDD – multimedia electronic data deliverable 
QAPP – quality assurance project plan 
SGS – Société Générale de Surveillance 
SOP – standard operating procedure 
USEPA – US Environmental Protection Agency 
Windward – Windward Environmental LLC   
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B iologic al V alidation P roc es s  T able 


Validation Input Description 
Responsible for Validation  


(name, organization) 


Biological data 
deliverables 


Verify that the required deliverables were provided by the laboratory as specified 
in the contractual documents. Karen Tobiason, Windward 


Field SOPs, field records 
Verify conformance to approved sampling and field measurement procedures; 
ensure that activities met performance criteria; and verify that deviations from 
procedures or criteria were documented. 


Karen Tobiason, Windward  


Field records, database 
output Verify transcription of field data from field forms to database. Thai Do, Windward /Kim Goffman, Windward 


Custody records, 
analytical data reports Review traceability from sample collection through reporting. Karen Tobiason, Windward 


Biological data reports Verify reported biological data conform to contractual specifications. Karen Tobiason, Windward  


Laboratory SOPs, 
analytical data reports 


Verify conformance to approved testing procedures; ensure that performance 
criteria were met; and verify that deviations from procedures or criteria were 
documented. 


Karen Tobiason, Windward  


Methods, analytical data 
reports Verify that samples were tested within the required holding times. Karen Tobiason, Windward  


Laboratory EDDs, 
biological data reports, 
database output 


Verify loading of EDDs into database against hard-copy analytical reports. Karen Tobiason, Windward  


Analytical data reports, 
validation guidance 


Data validation review of test and QA/QC data from the testing laboratory, 
including a 100% check of all data transcribed from the raw data bench sheets to 
the electronic databases. Note any data gaps or items that were out of 
compliance with the bioassay protocols. Where appropriate, provide guidance 
regarding the severity of any out-of-compliance items. Recommend retesting 
where necessary. 


Paul Dinnel, Dinnel Marine Resources  


QAPP, data validation 
reports 


Verify that data validation was performed in accordance with the QAPP 
specifications and that all required peer reviews were conducted. If validation 
actions deviated from the QAPP specifications and/or regional validation 
guidance based on professional judgment, verify that rationale was documented. 


Karen Tobiason, Windward 
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EDD – electronic data deliverable 
QAPP – quality assurance project plan  
QA/QC – quality assurance/quality control 


SOP – standard operating procedure 
Windward – Windward Environmental LLC 
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QAPP Worksheet No. 36. Validation Summary  


Analytical Validation (Steps IIa and IIb) Summary Table 


Step IIa/IIb Matrix Analytical Group 
Concentration 


Level Validation Criteriaa 
Data Validator 


(title and organizational affiliation) 


IIa Sediment PCBs – congenersb Low USEPA Region 2 validation SOP 
HW-46, modified for method 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIb Sediment PCBs – congenersb Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment PCBs – Aroclorsc Low USEPA Region 2 validation SOP 
HW-45  


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIb Sediment PCBs – Aroclorsc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment PCDDs/PCDFsd Low USEPA Region 2 validation SOP 
HW-25 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIb Sediment PCDDs/PCDFsd Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment Organochlorine 
pesticidese Low QAPP Worksheets 12, 15, 19, 24, 


and 28 
Stella Cuenco, Senior Chemist, 


Laboratory Data Consultants, Inc. 


IIb Sediment Organochlorine 
pesticidese Low QAPP Worksheets 12, 15, 19, 24, 


and 28 
Stella Cuenco, Senior Chemist, 


Laboratory Data Consultants, Inc. 


IIa Sediment PAHse Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIb Sediment PAHse Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIa Sediment Alkylated PAHsc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIb Sediment Alkylated PAHsc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment Metalsc Low USEPA Region 2 validation SOP 
HW-2 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  
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Analytical Validation (Steps IIa and IIb) Summary Table 


Step IIa/IIb Matrix Analytical Group 
Concentration 


Level Validation Criteriaa 
Data Validator 


(title and organizational affiliation) 


IIb Sediment Metalsc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIa Sediment TPHc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIb Sediment TPHc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment General chemistryc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIb Sediment General chemistryc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment Total mercuryc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIb Sediment Total mercuryc Low QAPP Worksheets 12, 15, 19, 
and 24 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIa Sediment Methylmercuryc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIb Sediment Methylmercuryc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIa Sediment SVOCsc Low USEPA Region 2 validation SOP 
HW-22 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIb Sediment SVOCsc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIa Sediment Butyltinsc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIb Sediment Butyltinsc Low QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment Particle sizec na QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 







Quality Assurance Project Plan Surface Sediment Chemical Analyses and Benthic Invertebrate 
Addendum Number 5 Toxicity and Bioaccumulation Testing 
Lower Passaic River Restoration Project Revision Number: 0 


 Revision Date: 10/26/12 
 


QAPP Worksheet No. 36. Validation Summary 


 


 DRAFT Page 66 


 


Analytical Validation (Steps IIa and IIb) Summary Table 


Step IIa/IIb Matrix Analytical Group 
Concentration 


Level Validation Criteriaa 
Data Validator 


(title and organizational affiliation) 


IIb Sediment Particle sizec na QAPP Worksheets 12, 15, 19, 24, 
and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment Lipidsc Low QAPP Worksheet Nos. 12, 15, 
19, 24, and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIb Sediment Lipidsc Low QAPP Worksheet Nos. 12, 15, 
19, 24, 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc. 


IIa Sediment Percent moisturec Low QAPP Worksheet Nos. 12, 15, 
19, 24, and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


IIb Sediment Percent moisturec Low QAPP Worksheet Nos. 12, 15, 
19, 24, and 28 


Stella Cuenco, Senior Chemist, 
Laboratory Data Consultants, Inc.  


a Validation follows the most recent USEPA Contract Laboratory Program National Functional Guidelines for Superfund Organic Methods Data Review (USEPA 
2008b), Contract Laboratory Program National Functional Guidelines for Chlorinated Dibenzo-p-dioxins and Chlorinated dibenzofurans Data Review.(EPA 
2011), USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Superfund Data Review (USEPA 2010), and Region 2 modifications 
to the extent they are applicable. Validation includes professional judgment where appropriate and necessary.  


b All data packages will be submitted for full validation (USEPA Level 4) of all 209 PCB congeners and homologues. 
c One SDG or 20% of the data (whichever is greater) will be submitted for full validation, and the remaining SDGs will be submitted for reduced validation 


(USEPA Stage 2B). Validation for each analytical group will be limited to the target analytes in Worksheet No. 15 for that group. 
d All data packages will be submitted for full validation (USEPA Level 4); validation will be limited to the 2,3,7,8-substituted congeners and homologues. 
e All data packages will be submitted for full validation (USEPA Level 4); validation for each analytical group will be limited to the target analytes in Worksheet 


No. 15 for that group. 


na – not applicable 
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl  
PCDD/PCDF – polychlorinated dibenzo-p-dioxins/polychlorinated 


dibenzofurans 


QAPP – quality assurance project plan 
SDG – sample delivery group 
SOP – standard operating procedure 


SVOC – semivolatile organic compound 
TPH – total petroleum hydrocarbons 
USEPA – US Environmental Protection Agency 
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Attachment D: SOP—Collection and Processing of Sediment Grab 
Samples (Revision 1)  


I. Purpose 


A. This standard operating procedure (SOP) describes the collection and processing of 
sediment grab samples for the Lower Passaic River Restoration Project and is based 
on SOP 34 of the field sampling plan (Malcolm Pirnie et al. 2006). Grab samples will 
be collected for chemical, toxicological, and biological (i.e., benthic community) 
analyses. 


II. Definitions 


A. No specific terms have been identified as requiring definitions. 


III. Supplies and Equipment 


The following will be needed to collect sediment grab samples: 


1. Grab sampler (type will depend on river bottom conditions and sampling needs): 
a 0.2-m2 power grab or a 0.5-m2 Ponar grab (for the upper reaches of the Lower 
Passaic River Study Area [LPRSA]). Examples of grab samplers covered by the 
SOP include: Young-modified van Veen, van Veen, Smith-McIntyre, Eckman, 
Shipek, and Petersen.  


2. Extra weights for the grab sampler 


3. Sampling vessel, with a fathometer, capable of deploying grab apparatus with 
sufficient room for all aspects of grab sampling (e.g., homogenization, sieving, 
cleaning). Sufficient room must also be available for storage of collected samples 


4. Appropriate winch and cable to deploy grab sampler in deep waters 


5. Wooden base or stand for grab sampler 


6. Bucket with pour spout 


7. 2.54-cm-diameter syringe 


8. Sieve table with tube 


9. Sieves, mesh size 0.5 mm 


10. Sample containers: plastic wide-mouth jars in various sizes for infauna, glass or 
plastic jars with Teflon®-lined screw caps for chemistry and grain size, or as 
specified in the Benthic quality assurance project plan (QAPP) (Windward 2009) 


11. Squirt bottles 


12. Funnels 


13. Tape: electrical and Teflon® tape for sealing sample jar lids, and clear packing 
tape for securing/protecting computer-generated barcode labels 


14. Pencils 


15. Plastic ruler 
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16. Reagents 


37 to 40% solution of formaldehyde (100% formalin) 


Borax (to buffer the formalin) 


17. Solvents for cleaning equipment between stations and other sampling equipment 
as listed in Attachment E: SOP—Procedure to Decontaminate Sampling 
Equipment (Section III) of the Benthic QAPP (Windward 2009). 


18. Personal protective equipment (PPE) 


19. Weighted demarcated line 


20. Refractometer (if measuring interstitial salinity) 


IV. Procedures 


A. Collection of Benthic Sediment Samples  


1. Samples should be collected upstream of the boat’s engine or any other 
machinery that may release exhaust, fumes, or oil into the sample. Once the 
vessel is at the sampling station, all engines should be turned off. The boat 
captain, or designee, will determine the depth of the sampling station using a 
fathometer (or weighted demarcated line). If the sampling stations are located 
within a short distance of each other, then the most downstream sample, 
considering the tide, should be collected first to avoid contamination from 
disturbance and resuspension of sediment due to sampling activities. Sampling in 
areas of aquatic vegetation, where macrophyte roots or other vegetation might 
inhibit sample collection, should be avoided. Station coordinates will be recorded 
manually in the station log. The sampler must be thoroughly washed with 
Alconox™ prior to use at a station, then rinsed with ambient water to ensure that 
no sediments remain from the previous station. As stated in Worksheet No. 11, 
the following water quality parameters will be measured in the field: temperature, 
dissolved oxygen (DO), salinity, conductivity, and pH (see Attachment P of the 
Benthic QAPP (Windward 2009) for water quality sampling methods). 


2. Attach the sampler to the end of the winch cable with a shackle and tighten the 
pin. 


3. Adjust the weight of the grab sampler according to the substrate (i.e., soft 
bottom – few/no weights; hard bottom – multiple weights). Set the grab sampler 
according to the manufacturer’s instructions. 


4. Once the grab sampler is cocked, it should be lowered into the water column 
such that travel through the last 5 m is no faster than about 1 m/sec. This 
approach minimizes the dispersal of fine material due to a sampler-induced shock 
wave. Grab samplers should never be allowed to free fall into the substrate. In 
shallow waters, some grab samplers can be pushed directly into the sediment 
with a minimum penetration of 3 in.; care must be taken to not overfill the 
sampling apparatus. For example, 5- and 10-ft extension handles can be 
attached to Eckman grabs for sampling in shallow waters. 


5. When the cable goes slack, the grab sampler is on the bottom. Initiate recovery 
slowly, until the grab sampler is free from the bottom. After that, retrieve the cable 
at a steady rate, until the grab sampler is visible near the surface. When the grab 
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sampler is visible, slow the rate of ascent so that the sampler can be steadied as 
it is brought on board. If an insufficient or improper sample is collected, additional 
weights should be added to the sampler to allow deeper penetration into the 
sediment. Set the sampler on the wooden stand, open the lid, and inspect the 
sample for acceptability. An acceptable grab is one that displays the following 
characteristics: 


a. Sampler is not overfilled with sediment, the jaws are fully closed, and the top 
of the sediment is below the level of the open doors. 


b. The overlying water is not excessively turbid. 


c. The sampler is at least half full, indicating that the desired penetration has 
been achieved. 


d. The sediment is level on at least one side. 


6. In certain locations, slight over-penetration may be acceptable at the discretion of 
the field coordinator (FC). The FC will make the final decision regarding 
acceptability of all grab samples. The overall condition of the grab sample 
(e.g., slightly sloped on one side) should be noted in the field application. This 
information will be the same as the information required on the Surface Sediment 
Collection Form (Figure 1). 


7. Carefully drain overlying water from the grab sample. If the grab sample is used 
for benthic community analysis, the water must be drained into the container that 
will receive the sediment to ensure no organisms are lost. 


8. All grab samples taken are recorded in the station log. If the grab sample is 
rejected, record the reasons on the Surface Sediment Collection Form (Figure 1), 
along with other pertinent station information. 


9. The following methods will be used to handle excess sediment when a sample is 
rejected:  


a. For sampling in the LPRSA (a Comprehensive Environmental Response 
Compensation, and Liability Act [CERCLA]-designated site), the following 
methods will be used. If the sample is rejected, empty the grab sampler, 
placing the discarded sediment into an appropriately labeled waste container 
(see Attachment F: SOP–Management and Disposal of Investigation-Derived 
Waste), then wash the grab sampler thoroughly with site water and re-cock 
the sampler. Note that decontamination cleaning procedures are not required 
when the grab sampler is redeployed at the same sampling station. Repeat 
the sampling procedure until an acceptable grab sample is obtained. 


b. For sampling outside the LPRSA (at non-CERCLA-designated areas), the 
following methods will be used. If the sample is rejected, empty the grab 
sampler, then wash the grab sampler thoroughly with site water and re-cock 
the sampler. Note that decontamination cleaning procedures are not required 
when the grab sampler is redeployed at the same sampling station. Repeat 
the sampling procedure until an acceptable grab sample is obtained. 


V. Decontamination Cleaning Procedures 
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A. Sediment collection for non-chemistry (e.g., infaunal) analysis requires that the grab 
sampler be cleaned with at least soap and water between stations. For samples 
collected for chemical analyses, follow the cleaning procedures in Attachment E: 
SOP—Procedure to Decontaminate Sampling Equipment. 


Note that all solvents and discarded sediments must be captured and disposed of in 
appropriately labeled waste containers (see Attachment F: SOP—Management and 
Disposal Investigation-Derived Waste). All instruments that come into contact with 
the sample (i.e., syringe, ruler, collection buckets) must be cleaned in the same 
manner as the grab sampler. 


VI. Collection of Sediment Sample from the Grab 


A. General 


1. Once the grab sample is deemed acceptable, processing can begin. Measure the 
penetration depth of the grab sampler by inserting a clean ruler into the sediment 
near the center of the sample. Record the depth and corresponding volume on 
the Surface Sediment Collection Form (Figure 1). It is important that all sediment 
be retained if the grab sample is collected for infaunal analysis. If the grab sample 
is going to be analyzed for infauna, then the ruler should be rinsed over the grab 
so that any adhering sediment washes back into the sample. 


2. Estimate the apparent redox potential discontinuity. Insert a 2.54-cm-diameter 
syringe into the sediment and withdraw a core. Estimate the distance from the 
surface of the sediment to the upper portion of the black subsurface sediment (if 
visible) to the nearest 0.5 cm and record the distance on the Surface Sediment 
Collection Form (Figure 1). If the grab sample is collected for infaunal analysis, 
the contents of the syringe and any adhering sediment must be washed back into 
the sample as described above. For all other analyses, the core may be properly 
disposed of. 


3. If measuring the interstitial salinity, use the procedures described in Attachment N 
of the Benthic QAPP (Windward 2009). 


B. Chemical and Sediment Toxicity Samples 


1. A subsample from the biological active zone (i.e., the top 15 cm [6 in.]) of the 
grab is required for samples collected for chemical, sediment toxicity, and 
bioaccumulation (if bioaccumulation testing is being conducted) analysis. Once 
the grab has been deemed acceptable, the following chemistry samples will be 
collected first as discrete grabs, prior to homogenization, by using a contaminant-
free utensil: acid volatile sulfide/simultaneously extracted metals (AVS-SEM), 
volatile organic compounds (VOCs) (if VOCs are being collected), total petroleum 
hydrocarbons (TPH)-purgeables, sulfides, and ammonia. For preservation of 
these samples, see Worksheet No. 19. 


2. Once the chemistry samples have been removed, place the remaining sediment 
in a clean receptacle. Additional acceptable grab samples will be collected to 
meet the following sediment volume requirements for the different analyses: 
toxicity tests 8 L (2 gal.) and chemistry 7.6 L (1.5 gal.). The number of grab 
samples collected for the composite will be recorded. From each acceptable grab 
the top 15 cm (6 in.) will be collected and placed in one or more clean 
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receptacles. Worksheet No. 18 lists the different sampling stations and analytical 
requirements. 


.3. When sufficient sediment has been collected, combine the contents from each 
receptacle into one and gently homogenize the sediment for 1 to 2 minutes with a 
mixer. Following homogenization, partition the sediment into the appropriate 
sample containers in the amounts specified by the selected laboratory. At the 
SQT sampling locations, 8 L [2 gal.] are needed for bioassay, and 5.7 L [1.5 gal.] 
are needed for chemistry. Refer to Worksheet No.19 for sample preservation 
requirements. 


C. Infaunal Sample Processing 


1. At each location, collect four benthic community replicate samples from four 
acceptable grabs. Place a 0.05 m2 frame within the power grab, and collect the 
sediment within the frame to a depth of 15 cm (6 in.). All sediment within the 
frame must be retained, paying particular attention to organisms visible in 
overlying water or stuck to the sides of the frame. Transfer the entire frame 
sample into a clean collection bucket for further processing. 


2. Place the contents of the bucket in the sieve in the water-filled tube on the sieving 
table. Use a 0.5-mm sieve for the samples. 


3. Gently remove the sediment by moving the sieve up and down in the tube. If the 
sample volume is large, sieve the sample in several rounds by placing a portion 
of the sediment in the sieve. Continue this process until the bucket is empty. 
While sieving, it is important to make sure that the remaining sediment in the 
bucket is covered with water to prevent it from drying out. 


4. The portion of the sample remaining on the screen after sieving is retained for 
analysis. Wash the contents of the screen to one side of the sieve, place a funnel 
in an appropriately sized sample container (the sample material should ideally fill 
half to three-quarters of the container), and carefully wash the sample through the 
funnel into the sample container with water. Be sure to rinse the funnel and to cap 
the jar to prevent loss from spilling. Continue this process until the bucket is 
empty. 


5. Once the entire sample has been sieved and collected in the sample jar, add 
buffered formalin to obtain a final concentration of 10% formalin (e.g., 100 mL of 
37% formaldehyde in a 1-L container), and fill the jar to the threads with water. A 
heaping tablespoon of Borax should be added to the sample to ensure adequate 
buffering of the slightly acidic formalin. Gently swirl the contents of the jar to 
ensure complete mixing of the sample and the formalin. Affix the sample label 
and cover it with clear packing tape. Seal the jar tightly and tape the lid with 
Teflon® and/or electrical tape to prevent leakage and the escape of fumes during 
transport. 


6. If the sample is made up of heavy material that will not wash through the sieve 
(i.e., course sand, rocks, and shell hash), it may be necessary to modify the 
sieving scheme to avoid injuring the organisms. This may be accomplished by an 
elutriation procedure. The contents of the bucket are flooded with site water and 
gently swirled to encourage the small infaunal organisms to float to the top. The 
elutrient is then poured off onto the screen. The procedure is repeated until 
organisms are no longer visible in the elutrient. The portion of the sample 
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retained on the screen is referred to as the light-density fraction; the portion 
remaining in the bucket is the heavy-density fraction. The two fractions are rinsed 
into separate, labeled sample jars. Whenever a sample is divided into more than 
one jar, for any reason, the jar label must reflect the number of jars. The number 
of jars should also be noted on the chain of custody (COC) form. 


VII. Quality Control 


A. Field duplicates and equipment blanks for chemistry analysis will be collected at the 
frequencies described in Worksheet No. 20 of the QAPP.  


B. Any deviations from this SOP must be documented in the station log in the field 
logbook. Careful attention to the procedures described in this SOP by trained, 
qualified personnel will ensure the quality of the samples collected. 


C. Interferences that may be encountered during sediment sampling using grab devices 
should be recorded, and every attempt should be made to minimize their impacts. 
Such interferences include: 


1. Shallow depth of penetration 


2. Shock wave and loss of very fine-grained surface deposits 


3. Water column contamination and nearby down-current sediment redeposition 


4. Loss of depth profile 


5. Difficulty of sampling in high current waters 


6. Large debris materials, such as twigs and stones, that may prevent the closure of 
grab 
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Earth Tech, Inc., Bloomfield, NJ; Battelle, Stony Brook, NY. 


NJDEP. 2005. Field sampling procedures manual. New Jersey Department of 
Environmental Protection. August 2005. 


Ohio EPA. 2001. Sediment Sampling Guide and Methodologies. Division of Surface 
Water, Ohio EPA, Columbus, OH. 
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EMAP- Estuaries 1993 Virginia Province. Environmental Monitoring and Assessment 
Program, Office of Research and Development. U.S. Environmental Protection 
Agency. Contract Number 68-C1-0005.   
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SURFACE SEDIMENT COLLECTION FORM 


Project Name:  Project no.:  
Date:  Weather:  


Sampling Method:  Crew:  
 


GRAB DATA Location ID:  


Latitude/Northing(Y): Longitude/Easting(X): 


Grab time 
Bottom depth 


(m) 
Penetration 
depth (cm) 


Acceptable 
grab (Y/N) 


Benthic 
Community 


Subsample ID Comments: 


      


      


      


      


SAMPLE DATA Sample ID: 


Analyses needed before homogenization (circle): VOC sulfides AVS/SEM Other: 


Sediment type Sediment color Sediment odor Comments: (i.e. redox potential discontinuity, 
organic matter, wood debris, shell fragments, 
sheen, fauna, field duplicate, rinsate blank, 
etc.) 


cobble brown surface none H2S 


gravel drab olive slight petroleum 


sand (F M C) brown moderate other:  


silt  gray strong  


clay black   
 


GRAB DATA Location ID:  


Latitude/Northing(Y): Longitude/Easting(X): 


Grab time Bottom depth 
(m) 


Penetration depth 
(cm) 


Acceptable 
grab (Y/N) 


Comments: 


     


     


     


SAMPLE DATA Sample ID: 


Analyses needed before homogenization (circle): VOC sulfides AVS/SEM Other: 


Sediment type Sediment color Sediment odor Comments: (i.e. redox potential discontinuity, 
organic matter, wood debris, shell fragments, 
sheen, fauna, field duplicate, rinsate blank, 
etc.) 


cobble brown surface none H2S 


gravel drab olive slight petroleum 


sand (F M C) brown moderate other:  


silt  gray strong  


clay black   
 


Figure 1: Surface Sediment Collection Form 
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Attachment AA: SOP—Wet Sieving for Approximate Grain Size 
Analysis 


I. Introduction 


This standard operating procedure (SOP) was originally presented as SOP 2-Wet 
Sieving for Approximate Grain Size Analysis in the Quality Assurance Project Plan for 
the Puget Sound Sediment Reference Material Development Project by the US 
Environmental Protection Agency (USEPA) Region 10 in cooperation with the US Army 
Corps of Engineers (USACE)-Seattle District, and the Washington State Department of 
Ecology (Ecology) (2010). 


II. Objective 


This SOP describes the volumetric wet-sieving procedures used to determine 
approximate sediment grain size (coarse/fine-grained fraction) while in the field.  


III. Background 


Use of the wet-sieving method is important because of the need to estimate grain 
size in the field. It is often necessary to collect sediment samples in a certain grain 
size range. Wet-sieving provides a quick method for estimating the  
coarse/fine-grained fraction of sediments. A known volume of sediment is washed 
through a 63 µm screen (the division between the gravel/sand and silt/clay grain size 
fraction is 63 µm), and the remaining gravel/sand fraction is recovered and  
re-measured to give the coarse-grained fraction. The percent fines (silts/clays) are 
estimated by subtraction. 


The volumetric wet-sieving method will be used to determine the approximate grain 
size of the test sediments. This method was first developed by USEPA in a 
reconnaissance survey of reference sediments in Carr Inlet, Washington (PTI, 1990). 


IV. Equipment 


• No. 230 (63-µm) sieve 


• 100-mL plastic or glass beakers and/or graduated cylinders 


• Squirt bottle 


• Spoon 


• Bucket 


• Running water supply, if available 


• Field log book 


V. Procedure 


The following procedures will be followed when using the volumetric wet-sieving methods 
to determine grain size: 
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A. Using the spoon, carefully collect 50 mL of sediment into the plastic or glass beaker. 
When obtaining a sample from a grab sampler, care will be taken to ensure that as 
much overlying water is removed as possible. If the sediment is extremely fine 
grained with high water content, the sediment should be allowed to settle to minimize 
any overlying water in the volumetric measurement. 


B. Pour or scoop the sediment into the 63-µm sieve. With the squirt bottle, gently wash 
any sediment adhering to the beaker into the sieve. Once the unit has acquired the 
initial position and has indicated that it is ready, follow directions on the global 
positioning system (GPS) to begin collecting sample coordinates. 


C. If running water is available, use a low stream of water to gently wash the sediment 
until the water passing through the sieve is clear. The squirt bottle can be used if the 
flow of water is too great. For extremely fine sediments, the sieve will have a 
tendency to clog up and fill with water. Care should be taken to avoid spilling any 
sediment. Gentle agitation of the sieve or rubbing the underside of the sieve will help 
clear the screen and allow the water and fine sediments to pass.  


D. If running water is not available, use a bucket filled with water to wash the sediments. 
Gently agitate the sieve in the water, taking extra care to ensure that no sediment is 
lost. The squirt bottle can also be used to gently wash the sediments. 


E. Once the water passing through the sieve is clear, scoop the majority of the 
remaining coarse-grained sediment into the 100-mL beaker or graduated cylinder. 
Gently rinse the remaining sediment into the beaker using the squirt bottle. Care 
should be taken to avoid spilling any sediment.  


F. Allow the sediment to settle in the beaker or cylinder before taking a measurement. 
The sediment remaining is the coarse-grained (sand and gravel) fraction; the fine 
fraction is estimated by multiplying the sand/gravel content by 2 and then subtracting 
from 100. For example, if 17.5 mL of sediment remains after sieving (of the original 
50 mL), the grain size estimate is 35% sand/gravel and 65% silt/clay.  


G. Document results in the field logbook, including raw data: mL sieved,  
mL coarse-grained material recovered, and percent fines calculated. 


VI. Quality Control 


Variability can exist between wet-sieve grain size results and laboratory results 
because the wet-sieve method is measured by volume, whereas the laboratory 
method is calculated by weight. Fine-grained sediments often contain higher 
interstitial water than coarse-grained sediments. When fine-grained sediments are 
wet sieved, the volumetric measurement can overestimate the amount of fines 
because of the high water content. The following is recommended when extremely 
fine-grained sediments are to be wet sieved: 


1. Ensure that as much surface water as possible is removed from the grab 
sample surface before collecting sediment for sieving. 


2. The 50 mL of sediment to be sieved should be allowed to settle to minimize any 
overlying water in the volumetric measurement. 
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DETERMINATION OF METALS AND TRACE ELEMENTS BY INDUCTIVELY COUPLED 


PLASMA-MASS SPECTROMETRY (ICP-MS) 
EPA METHOD 6020 


 
 
1 SCOPE AND APPLICATION 
 


1.1 This procedure is used to determine the concentrations of certain elements in water, soil, 
tissues, aqueous and non-aqueous wastes, and sediment samples using EPA Method 6020 or 
6020A.  Table 1 indicates analytes that are typically determined by this procedure and lists 
the standard Method Reporting Limits (MRLs) for each analyte in water and soil. 
Equivalent nomenclature for MRL includes Estimated Quantitation Limit (EQL) and 
Practical Quantitation Limit (PQL). Therefore, MRL=EQL=PQL. Project-specific MRLs 
may apply, and if lower than standard MRLs, it is demonstrated through method detection 
limit determinations and analysis of MRL standards that the MRL is achievable.  Method 
Detection Limits (MDLs) that have been achieved are listed in Table 1.  These may change 
as annual studies are performed. 


 
1.2 The complexity of the technique generally requires outside study of appropriate literature as 


well as specialized training by a qualified spectroscopist.  The scope of this document does not 
allow for the in-depth descriptions of the relevant spectroscopic principles required for gaining 
a complete level of competence in this scientific discipline.   


  
2 SUMMARY OF METHOD  
 


2.1 Prior to analysis, samples must be digested using appropriate sample preparation methods.  
The digestate is analyzed for the elements of interest using ICP-mass spectrometry (ICP-MS). 


 
2.2 Methods 6020 and 6020A describe the multi-elemental determination of analytes by ICP-MS. 


The method measures ions produced by a radio-frequency inductively coupled plasma. 
Analyte species originating in a liquid are nebulized and the resulting aerosol transported by 
argon gas into the plasma torch. The ions produced are entrained in the plasma gas and 
introduced, by means of an interface, into a mass spectrometer. The ions produced in the 
plasma are sorted according to their mass-to-charge ratios and quantified with a channel 
electron multiplier. Interferences must be assessed and valid corrections applied or the data 
flagged to indicate problems. Interference correction must include compensation for 
background ions contributed by the plasma gas, reagents, and constituents of the sample 
matrix.  


 
3 DEFINITIONS 
 


3.1 Analysis Sequence - Samples are analyzed in a set referred to as an analysis sequence.  The 
sequence begins with instrument calibration followed by sample digestates interspersed with 
calibration standards. 
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3.2 Independent Calibration Verification (ICV) - ICV solutions are made from a stock solution 


which is different from the stock used to prepare calibration standards and is used to verify the 
validity of the standardization.   


 
3.3 Matrix Spike (MS) - In the matrix spike analysis, predetermined quantities of standard 


solutions of certain analytes is added to a sample matrix prior to sample digestion and 
analysis.  The purpose of the matrix spike is to evaluate the effects of the sample matrix on the 
methods used for the analyses.  Percent recoveries are calculated for each of the analytes 
detected. 


 
3.4 Matrix Spike Duplicate (MSD) - In the matrix spike duplicate analysis, predetermined 


quantities of standard solutions of certain analytes are added to a sample matrix prior to 
sample digestion and analysis.  The purpose of the matrix spike duplicate is to evaluate the 
effects of the sample matrix on the methods used for the analyses.  Percent recoveries are 
calculated for each of the analytes detected.  The relative percent difference between the 
matrix spikes is calculated and used to assess analytical precision. 


 
3.5 Duplicate Sample (DUP) - A laboratory duplicate.  The duplicate sample is a separate field 


sample aliquot that is processed in an identical manner as the sample proper. The relative 
percent difference between the samples is calculated and used to assess analytical precision. 


 
3.6 Method Blank - The method blank is an artificial sample designed to monitor introduction of 


artifacts into the process.  The method blank is carried through the entire procedure. 
 
3.7 Continuing Calibration Verification Standard (CCV) - A standard analyzed at specified 


intervals and used to verify the ongoing validity of the instrument calibration. 
 
3.8 Instrument Blank (CCB) - The instrument blank (also called continuing calibration blank) is 


a volume of blank reagent of composition identical to the digestates.  The purpose of the CCB 
is to determine the levels of contamination associated with the instrumental analysis. 


 
4 INTERFERENCES   
 


4.1 Isobaric elemental interferences in ICP-MS are caused by isotopes of different elements 
forming atomic ions with the same nominal mass-to-charge ratio (m/z). A data system must be 
used to correct for these interferences. This involves determining the signal for another isotope 
of the interfering element and subtracting the appropriate signal from the analyte isotope 
signal.   Attention should be given to circumstances where very high ion currents at adjacent 
masses may contribute to ion signals at the mass of interest.  Matrices exhibiting a significant 
problem of this type may require resolution improvement, matrix separation, or analysis using 
another isoptope. 


 
4.2 Isobaric molecular and doubly-charged ion interferences in ICP-MS are caused by ions 


consisting of more than one atom or charge, respectively. Most isobaric interferences that 
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could affect ICP-MS determinations have been identified in the literature.  Refer to Method 
6020/A for further discussion.  


 
5 SAFETY 
 


5.1 All appropriate safety precautions for handling solvents, reagents and samples must be taken 
when performing this procedure.  This includes the use of personnel protective equipment, 
such as, safety glasses, lab coat and the correct gloves.   


 
5.2 Chemicals, reagents and standards must be handled as described in the CAS safety policies, 


approved methods and in MSDSs where available.  Refer to the CAS Environmental, Health 
and Safety Manual and the appropriate MSDS prior to beginning this method. 


 
5.3 Hydrochloric and/or Nitric Acid are used in this method.  These acids are extremely corrosive 


and care must be taken while handling them. A face shield should be used while pouring 
acids.  And safety glasses should be worn while working with the solutions.  Lab coat and 
gloves should always be worn while working with these solutions.   


 
5.4 High Voltage - The RF generator supplies up to 2000 watts to maintain an ICP.  The power is 


transferred through the load coil located in the torch box.  Contact with the load coil while 
generator is in operation will likely result in death.  When performing maintenance on the RF 
generator, appropriate grounding of all HV capacitors must be performed as per manufacturer. 


 
5.5 UV Light - The plasma is an intense source of UV emission, and must not be viewed with the 


naked eye.  Protective lenses are in place on the instrument.  Glasses with special protective 
lenses are available when direct viewing of the plasma is necessary. 


 
6 SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE 
 


6.1 Aqueous samples are typically collected in plastic containers.  Aqueous samples are preserved 
with nitric acid (pH<2), then refrigerated at 4  2°C from receipt until digestion.  Soil or solid 
samples may be collected in plastic or glass jars.  Non-aqueous samples are refrigerated at 4  
2°C from receipt until digestion. 


 
6.2 Samples are prepared via procedures in SOPs MET-DIG, MET-3020A, or MET-3050 


depending on matrix and project specifications.  
 


6.3 Digestates are stored in the appropriate volumetric containers.  Following analysis, digestates 
are stored until all results have been reviewed.  Digestates are neutralized prior to disposal 
through the sewer system, 2 weeks after data is reviewed.   


 


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.







SOP NO.: MET-6020 
Revision: 14 
Date: 3/19/10 
Page: 5 of 21 
 


7 APPARATUS & EQUIPMENT 
 


7.1 Instruments: Thermo Elemental ExCell (K-ICP-MS-02) Serial # EX191, and Thermo 
Elemental X-Series (K-ICP-MS-03) Serial # X0193. 


 
7.2 Thermo Meinhard type (Part # 1201318)  


 
7.3 Thermo Impact Bead Quartz Spray Chamber (Part # 3600170) 


 
7.4 Thermo X7 Nickel Sample Cone (1.0 mm orifice) (Part # 3004661), or Xi sample cone (part # 


3600812) 
 


7.5 Thermo X7 Nickel Skimmer Cone (0.75 mm orifice) (Part # 3200860) or Xi skimmer 
cone(part # 3600811) 


 
8 STANDARDS, REAGENTS, AND CONSUMABLE MATERIALS 
 


8.1 All standards are prepared from NIST traceable standards.  The expiration dates are assigned 
according to the EPA method and the vendor’s assigned expiration dates.  For example, 
working ICS solutions are prepared weekly in accordance with Method 6020, Section 5.6.1. 


 
8.1.1 1000 ppm Single Element Stock Standard Solutions: Each stock standard is store at 


room temperature on shelves located in room 113 of the metals lab. The manufacturer, 
lot number, and expiration date of each stock standard is recorded in a bound logbook 
also located in room 113.  Additionally each stock standard is given a unique, 
identifying name. 


 
8.1.2 Intermediate Standard Solutions: Intermediate mixed stock solutions are made from 


the individual stock standards described above.  The individual component of each 
mixed solution is recorded in a bound logbook located in the ICP-MS laboratory and 
mixed solution is given a unique, identifying name. The expiration date for the 
intermediate standard is the earlier of any one of its stock components. 


 
8.1.3 Calibration Standards:  Calibration standards are made fresh daily from the 


intermediate standard solutions. Each individual intermediate standard used in the 
calibration standard is recorded in a bound logbook located in the ICP-MS laboratory, 
and the calibration standard solution is given a unique, identifying name.  The 
calibration standards unique name is used on the raw data to link the data to the 
subsequent prepared standards and ultimately the original purchased stock standard. 


 
8.2 Standards Preparation 


 
8.2.1 Expiration of all standard solutions defaults to the earliest expiration date of an 


individual component unless otherwise specified. 
 


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.







SOP NO.: MET-6020 
Revision: 14 
Date: 3/19/10 
Page: 6 of 21 
 


8.2.2 Calibration Standards 
 


The calibration standard is prepared from two intermediate stock solutions.  These 
solutions are prepared in acid rinsed 1000 mL Class A volumetric flasks following the 
formulations laid out on the attached example standard sheet (see Attachments).  The 
working calibration standard is made daily by aliquoting 2.5 mL of each of the 
intermediate solutions in to a 100 mL Class A volumetric flask and diluting to volume 
with 1% HNO3. This standard is also used as the Continuing Calibration Verification 
(CCV). 


 
8.2.3 Initial Calibration Verification (ICV) 
 


8.2.3.1 The ICV intermediate stock solution is prepared in an acid rinsed 100 mL 
Class A volumetric flask. The solution is prepared by adding 2.0 mL of 
Inorganic Ventures QCP-CICV-1, 1.0 mL each of QCP-CICV-2 and QCP-
CICV-3, 0.5 mL of 1000 ppm Molybdenum stock solution, 0.5 mL of 1000 
ppm Uranium stock solution and diluting to volume with 1% HNO3.   


 
8.2.3.2 The working ICV solution is prepared by aliquoting 0.5 mL of the mixed ICV 


intermediate solution into an acid rinsed 100 mL Class A volumetric flask and 
diluting to volume with 1% HNO3. 


 
NOTE:  The ICV solution is not at the midpoint of the linear range which may 
be as high as 1000 µg/L for some elements.  The ICV solution used is a 
premixed standard purchased from Inorganic Ventures and contains the 
elements of interest between 2.5 and 100 µg/L.  This solution provides 
calibration confirmation at more representative levels, given that most ICP-MS 
analyses are quantifying analytes in the low-ppb to sub-ppb range. 


 
8.2.4 Interference Check Solutions (ICSA and ICSAB) 
 


8.2.4.1 The ICSA is prepared in an acid rinsed 50 mL Class B volumetric flask by 
aliquoting 1.0 mL of Elements ICSAm (CS-CAK02) solution and diluting to 
volume with 1% HNO3. 


 
8.2.4.2 The ICSAB is prepared in an acid rinsed 50 mL Class B volumetric flask by 


aliquoting 1.0 mL of Elements ICSAm (CS-CAK02), 0.125 mL of  Inorganic 
Ventures 6020ICS-9B, and 0.250 mL of 10 ppm Molybdenum solutions and 
diluting to volume with 1% HNO3. 


 
8.2.5 Post-digestion spikes are performed by adding appropriate amounts of the calibration 


intermediate solutions to aliquots of the sample digestate.  The volumes of each 
standard used vary based on the native concentrations found in the field samples. 
Refer to the post-digestion spike in Section 12 for details.  
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8.2.6 Refer to the appropriate digestion SOP for details of LCSW and matrix spike solution 
composition and preparation. 


 
8.2.7 Tuning  / Mass Calibration Solution 


 
8.2.7.1 A 10 ppm intermediate solution containing Ba, Be, Bi, Co, In, Li, Pb, Mg, Tl, 


and U is prepared by adding 10 mL of each from 1000 ppm stock standards to 
an acid rinsed 1000 mL volumetric flask and diluting to volume with 1% nitric 
acid. The expiration date for the intermediate solution is the earliest of any one 
of its stock components. 


 
8.2.7.2 The working solution is prepared in two ways. For the ExCell (K-ICP-MS-02) 


a 1.0 ppb tune/mass calibration solution is prepared by adding 0.10 mL of 
intermediate solution to an acid rinsed 1000 mL volumetric flask and diluting 
to volume with 1% nitric acid. For the X-Series (K-ICP-MS-03) instrument a 
5.0 ppb tune/mass calibration solution is prepared by adding 0.50 mL of 
intermediate solution to an acid rinsed 1000 mL volumetric flask and diluting 
to volume with 1% nitric acid.  The expiration date for this solution is taken 
from the intermediate stock above. 


 
8.3 Internal Standards Stock Solution – Prepare a 10 µg/mL solution containing 71Ga, 115In, 6Li, 


175Lu, 103Rh 45Sc, and 89Y by adding 10.0 mL of each 1000 ppm single element stock solution 
to a acid rinsed 1000 mL volumetric flask and diluting to volume with 1% nitric. Use this 
solution for addition to blanks, calibration standards and samples at a ration of 0.5 mL of 
internal standard to 100 mL of solution, or dilute by an appropriate amount using 1% (v/v) 
nitric acid, if the internal standards are being added by peristaltic pump. 


 
8.4 Additional Reagents 
 


8.4.1 Reagent water, ASTM Type II  
 
8.4.2 “OmniTrace Ultra” Concentrated Nitric Acid (EM Science # NX0408-2) 


 
8.4.3 Argon (Airgas Industrial Grade – 99.999% pure, bulk delivered) 


 
9 PREVENTIVE MAINTENANCE 
 


9.1 All maintenance is documented in the instrument logbook.  CAS/Kelso maintains a service 
contract with the instrument manufacturer that allows for an unlimited number of service calls 
and full reimbursement of all parts and labor. 


 
9.2 Most routine maintenance and troubleshooting is performed by CAS staff.  Preventive 


maintenance activities listed below should be performed when needed as determined by 
instrument performance (i.e. stability, sensitivity, etc.) or by visual inspection.  Other 
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maintenance or repairs may, or may not require factory service, depending on the nature of 
the task. 


 
 cone removal and cleaning 
 removal and cleaning of ICP glassware and fittings 
 checking and cleaning RF contact strips 
 checking air filters and cleaning if necessary 
 checking the oil mist filters and cleaning if necessary 
 checking the rotary pump oil and adding or changing if necessary 
 removal and cleaning of extraction lens 
 removal and cleaning of ion lens stack 
 replace the electron multiplier as necessary 


 
10 RESPONSIBILITIES 
 


10.1 It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with the 
training program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee.   


 
10.2 It is the responsibility of the department supervisor/manager to document analyst training.  


Documenting method proficiency, as described in the SOP for Documentation of Training, is 
also the responsibility of the department supervisor/manager.    


 
11 PROCEDURE 
 


11.1 Refer to method 6020 (or 6020A) and the instrument manuals for detailed instruction on 
implementation of the following daily procedures preceding an analytical run.  


 
11.2 After the instrument has been placed in the "Operate" mode, begin completing the daily 


instrument log (see Attachments).  Refer to the instrument manuals for the optimum settings 
for each instrument.   


 
11.3 The following parameters are monitored to assure awareness of changes in the instrumentation 


that serve as signals that optimum performance is not being achieved, or as indicators of the 
physical condition of certain consumable components (i.e. EMT and cones). 


 
11.3.1 Multiplier Voltages 


 
11.3.2 Gas Flows - Coolant Ar 


 
11.3.3 The nebulizer and auxiliary flows are adjusted later as part of the optimizing 


procedure. 
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11.4 Optimization 
 


11.4.1 Gas Flows 
 


11.4.1.1Allow a period of not less than 30 minutes for the instrument to warm up. 
  
11.4.1.2Aspirate a mixed tune solution into the plasma and monitor the instrument 


output signal of In at mass 115 on the ratemeter.  Adjust the nebulizer and 
auxiliary flows to obtain maximum signal.  Adjust the tension screw on the 
peristaltic pump to obtain minimum noise in the analytical signal.  Record flow 
rates and note any large variances.  


 
Note: Significant differences in flow rates will be observed for different torches and 


cones. 
11.4.2 Tuning 
 


11.4.2.1Ion Lens Setting - While monitoring the output signal of a mixed tune solution 
at mass 115 on the ratemeter, adjust the ion lenses to obtain maximum 
sensitivity.  Refer to the instrument manual for details on performing the 
adjustments.   


 
11.4.2.2Mass Calibration - Aspirate the tune / mass calibration solution described in 


section 9.2.7.2 and perform the mass calibration using the instrument’s Mass 
Calibration program. (Refer to the instrument manual for details pertaining to 
the mass calibration procedure.) The acceptance criteria for the mass 
calibration is <0.1 amu from the true value.  If the mass calibration fails 
criteria re-tune the instrument and perform the mass calibration procedure 
again. 


 
11.4.2.3Resolution Check - Using the spectra created during the mass calibration 


procedure; perform the resolution check to assure the resolution is less than 0.9 
AMU at 10% peak height. If the resolution does not pass criteria adjust the 
instrument’s resolution settings, run a new scan of the mass calibration 
solution and recheck. 


 
11.4.2.4Stability Check - Using the tune / mass calibration solution, perform a short-


term stability check as per EPA Method 6020 or 6020A.  The relative standard 
deviations of five scans for each element in the tune solution must be < 5%. If 
the test does not pass criteria determine the cause (i.e. dirty cones, improper 
tune, etc.) correct the problem and re-run the test.  


 
11.5 Analytical Run 


 


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.







SOP NO.: MET-6020 
Revision: 14 
Date: 3/19/10 
Page: 10 of 21 
 


11.5.1 Calibrate the instrument using a calibration blank (Standard 0), composed of reagent 
water and 1% nitric acid, and the working calibration standard (8.2.2).  The masses 
typically monitored and those used for quantification are listed in Table 1.  These 
masses are set as defaults in the instrument’s analytical procedures.  To begin select 
the correct method.  Nebulize Standard 0 (Blank) into the plasma.  Allow 1-2 minutes 
for system to equilibrate prior to establishing baseline.  Follow directions on computer 
screen to perform standardization.  Nebulize the working calibration standard into the 
plasma.  The operator must sign and date the first page of standardization. 


 
11.5.2 After the first CCB and before the ICS standards a CRA (MRL / LLICV / LLCCV) 


standard is analyzed.  Method 6020 requires the detection to be > the MDL but < 2x 
the MRL.  For 6020A, the criteria are 70-130% recovery. For DoD projects, the CRA 
criteria are 80-120%. 


 
Note:  For 6020A the LLCCV must also be analyzed at the end on the analytical run 
sequence. 


 
11.5.3 Perform the analysis in the order listed below. A daily run log of all samples analyzed 


is maintained. 
 


Initial Calibration Verification (ICV) 
Continuing Calibration Verification (CCV) 
Initial Calibration Blank (ICB) 
Continuing Calibration Blank (CCB) 
CRA (MRL / LLICV / LLCCV) 
ICSA 
ICSAB 
Analyze 10 Samples 
CCV 
CCB 
Analyze 10 Samples 
CCV 
CCB 
Repeat sequence as required to complete analytical run, analyzing 


CCVs/CCBs every 10 analyses and at the end of the run. 
 
12 QA/QC REQUIREMENTS 
 


12.1 Initial Precision and Recovery Validation 
 


The accuracy and precision of the procedure must be validated before analysis of samples 
begins, or whenever significant changes to the procedures have been made.  To do this, 
four LCS aliquots are prepared and analyzed.  The average percent recovery of for each 
analyte must be 85-115% (for water, and within the LCS limits for soils) and the RSD 
<20%. 
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12.2 Method Detection Limits 
 


12.2.1 A method detection limit (MDL) study must be undertaken before analysis of 
samples can begin.  To establish detection limits that are precise and accurate, the 
analyst must perform the following procedure.  Spike a minimum of seven blank 
matrices at a level near or below the MRL.  Follow the procedures starting in 
Section 11 to analyze the samples. Refer to the CAS SOP for Performing Method 
Detection Limit Studies and Establishing Limits of Detection and Quantification 
(ADM-MDL) details of performing the MDL study. 


 
12.2.2 Calculate the average concentration found (x) and the standard deviation of the 


concentrations for each analyte.  Calculate the MDL for each analyte using the 
correct T value for the number of replicates.  MDL’s must be verified annually or 
whenever there is a significant change in the background or instrument response. 


 
12.3 For method 6020A, an LLQC sample (a CRA that is carried through the digestion) must be 


analyzed to verify accuracy at the MRL.  The recovery must be 70-130%. 
 
12.4 Instrument Detection Limits (IDLs) and linear ranges studies are performed quarterly.  These 


will be calculated and made available to the ICP-MS operator.  Linear range studies determine 
the Linear Dynamic Range (LDR) of the each instrument by analysis of a high concentration 
standard with results with ± 10% of the expected value.  For non-DoD projects samples may 
be quantified between the MRL and 90% of the LDR without flagging.  The Linear 
Calibration Range (LCR) is established by the highest calibration standard.  


 
 Note: IDLs must be < LOD for DOD projects.  DoD project samples with concentrations 


above the calibration standard must be diluted to bring results within the quantitation 
range. The LOQ and cal standard establish the quantitation range.  The lab may report a 
sample result above quantitation range if the lab runs and passes a CCV that is > sample 
result. 


 
12.5 The Initial Calibration Verification (ICV) standard is analyzed immediately after calibration. 


The results of the ICV must agree within ±10% of the expected value.  If the control limits are 
exceeded, the problem will be identified and the instrument recalibrated. 


 
12.6 A Continuing Calibration Verification (CCV) and Continuing Calibration Blank (CCB) are 


analyzed after calibration then every 10 samples thereafter with a final CCV/CCB closing the 
final samples of the analytical run.  


 
12.6.1 The results of the CCV must agree within ±10% of the expected value.  
 
12.6.2 The CCB measured values must be less than the MRL / LOQ for each element for 


standard applications.  Other project-specific criteria may apply (for DoD QSM 
projects CCB can have no analytes > the LOD). 
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12.6.3 If the control limits are exceeded, the problem will be identified and corrective action 


taken.  The instrument recalibrated.  The previous 10 samples must be reanalyzed. 
 


 
12.7 The ICSA and ICSAB solutions are analyzed after calibration and before any field samples.  


The solutions are then reanalyzed every 12 hours. Results of the ICSA are used by the analyst 
to identify the impact of potential interferences on the quality of the data.  Based on these 
results appropriate action should be taken when interferences are suspected in an field sample 
including, but not limited to, selecting and alternative isotope for quantification, manual 
correction of the data, elevating the MRL, selection of an alternative method (e.g. optical ICP, 
GFAA) or flagging the result as estimated when no other action is possible.  Results for the 
spiked analytes in the ICSAB solution must agree with ± 20% of the expected value.  


 
INTERFERENCE CHECK SAMPLE COMPONENTS AND 


CONCENTRATIONS 
 Solution A Solution B 
 Concentrations (mg/L) Concentrations (mg/L) 
Al 20.0 20.0 
Ca 60.0 60.0 
Fe 50.0 50.0 
Mg 20.0 20.0 
Na 50.0 50.0 
P 20.0 20.0 
K 20.0 20.0 
S 20.0 20.0 
C 40.0 40.0 
Cl 424 424 
Mo 0.05 0.05 
Ti 0.40 0.40 
As 0.0 0.025 
Cd 0.0 0.025 
Cr 0.0 0.050 
Co 0.0 0.050 
Cu 0.0 0.050 
Mn 0.0 0.050 
Ni 0.0 0.050 
Se 0.0 0.025 
Ag 0.0 0.0125 
V 0.0 0.050 
Zn 0.0 0.025 


 
NOTE:  The concentration of interfering elements in the ICSA and ICSAB solutions are 
spiked at levels 5 times lower than recommended in Table 1 of Method 6020A.  Running the 
full strength solutions as described in 6020A introduces too much material approximately 0.35 
% dissolved solids into the ICP-MS system when trying to conduct low level analysis. Since 
the ICP-MS instrumentation is able to handle a maximum of 0.2% solids, the 6020A ICSA 
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solution is higher in interfering components than any sample that would run through the 
instrument.  However, the ICS solutions will be analyzed at levels that will provide 
approximately 0.1% dissolved solids.   


 
12.8 Internal standards are used to correct for physical interferences.  Masses used as internal 


standards include; 71Ga, 115In, 6Li, 175Lu, 103Rh 45Sc, and 89Y.  These internal standards are 
used in combination to cover the appropriate mass ranges.  Internal standard correction is 
applied to the analytical isotopes via interpolation of the responses form nearest internal 
standard isotopes. This function is performed in real-time by the instruments operating system.  
Internal standards must be run within 50 AMU of the masses that are analyzed.  Internal 
standard recoveries must fall between 30% and 125% when running method 6020, or 70% to 
125% when running method 6020A Revision 1. If not, then the sample must be reanalyzed 
after a fivefold or greater dilution has been performed.  


 
12.9 A method blank is digested and analyzed with every batch of 20 (or fewer) samples to 


demonstrate that there are no method interferences.  If the method blank shows any hits above 
the MRL for standard applications, or >½ the MRL for DoD projects or > 1/10 the sample 
result, corrective action must be taken. The MB can only be rerun once. Corrective action 
includes recalculation, reanalysis, system cleaning, or re-extraction and reanalysis. 


 
12.10 Laboratory Control Samples are analyzed at a frequency of 5% or one per batch, whichever is 


greater. See the Attachments for a listing of control limits.  For method 6020A, the LCS 
recovery limits are 80-120%.  If statistical in-house limits are used, they must fall within 
the 80-120% range.  Project, QAPP, or client-specific control limits may supersede the limits 
listed, but laboratory limits should be consistent with specified limits in order to establish that 
the specified limits can be achieved.  If the control limits are exceeded, the associated batch of 
samples will be redigested and reanalyzed. 


 
12.11 A digested duplicate and matrix spike are analyzed at a frequency of 5% or one per batch, 


whichever is greater.  The matrix spike recovery and relative percent difference will be 
calculated while analysis is in progress.  See the Attachments for a listing of control limits.  
Project, QAPP, or client-specific control limits may supercede the limits listed.  If the control 
limits are exceeded, the samples will be redigested and reanalyzed, unless matrix interference 
or sample non-homogeneity is established as cause.  In these instances, the data and the report 
will be flagged accordingly. 


 
12.12 A Matrix Spike sample is digested one per batch, or per 20 samples (i.e. 5%).  Default spike 


concentrations are listed in the sample digestion SOPs.  Spike concentrations may be adjusted 
to meet project requirements.  The matrix spike recovery will be calculated while the job is in 
progress.  Where specified by project requirements, a matrix spike duplicate may be required.  
Matrix spike recovery criteria are derived from lab data and are listed in Table 2.  For method 
6020A, the recovery limits are 75-125%.  If statistical in-house limits are used, they must 
fall within the 75-125% range. In some cases, project-specific QC limits may be required.  
Unless specified otherwise, for DoD QSM projects the project LCS criteria will be used for 
evaluation of matrix spikes.  If an analyte recovery is outside acceptance limits proceed 
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with the additional quality control tests described in sections 12.13 and 12.14.  Based on 
results of these tests, the physical nature of the sample (e.g. homogeneity), and any specific 
project requirements, a determination can then be made as to appropriate corrective action 
(e.g. redigestion, reporting with a qualifier, alternative methodologies, etc.). If the analyte 
concentration is >4x the spike level the spike control limit is no longer applicable and no 
action is required.  For specifics on the preparation and composition of matrix spike 
solutions refer to the appropriate digestion SOP. 
 
Note: For DOD projects a MS/MSD is required with every extraction batch.  The %RSD 
should be < 20%. 


 
12.13 Post Digestion Spike Test:  When analysis is conducted via 6020 a post digestion spike must 


be performed for each matrix and each batch of sample. The prepared sample or its dilution is 
spiked for each element of interest at a concentration sufficiently high to be observed. 
Typically 20 µL of 10,000 ppb intermediate stock is added to a 10 mL aliquot of sample. If 
analyte concentrations are elevated in the sample, spiking at a higher concentration may be 
required. The post spike should be recovered to within 75-125% of the known value or within 
the laboratory derived acceptance criteria.  When analysis is conducted via 6020A, the post 
digestion spike test is performed whenever matrix spike or replicate criteria are exceeded.  An 
analyte spike is added to a portion of a prepared sample, or its dilution, and should be 
recovered to within 80% to 120% of the known value. If this spike fails, then the dilution test 
(Sec. 12.14) should be run on this sample. If both the matrix spike and the post digestion spike 
fail, then matrix effects are confirmed. 


 
12.14 Dilution Test:  When analysis is conducted via 6020, a serial dilution test must be performed 


for each matrix and each batch of sample.  For sample concentrations that are sufficiently high 
(minimally, a factor of greater than 100 times the MDL), the analysis of a fivefold (1+4) 
dilution must agree within ± 10% of the original determination. When analysis is conducted 
via 6020A, the dilution test is performed whenever matrix spike or replicate criteria and post 
digestion spike criteria are exceeded. If the dilution test fails then a chemical or physical effect 
should be suspected. Corrective action can include additional dilution of the sample, the use of 
alternate methodologies, etc. or the data can be flagged and reported. The exact course of 
action will be dependent on the nature of the samples and project requirements and should be 
discussed with the project manager.    


 
12.15 Instrument blanks should be evaluated for potential carryover and rinse times need to bring the 


analyte signal to within the CCB criteria discussed above in section 12.4.  Results from 
instrument blanks run after standards or control samples should be used to establish levels at 
which carryover in samples may occur.  Samples exhibiting similar effects of carryover should 
be reanalyzed.    


 
12.16 Refer to the Quality Control section of EPA Methods 6020 and 6020A for additional 


information describing required QA/QC.  Note that the nomenclature of certain QC samples in 
the method differs from that of the CLP SOW, but the function of those samples is equivalent 
in both cases. 
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13 DATA REDUCTION, REPORTING, AND REVIEW 
 


13.1 Calculations 
 


Calculate sample results using the data system printouts and digestion information.  the 
digestion and dilution information is entered into the data system.  The data system then uses 
the calculations below to generate a sample result. 
 


Aqueous samples are reported in g/L: 
 


g / L (Sample) =  C  x Digestion Dilution Factor x Post Digestion Dilution Factor*


  
C*= Concentration of analyte as measured at the instrument in ug/L (in digestate). 
 
 
Solid samples are reported in mg/Kg: 


 


1Kg


1000g
 x 


1000ml


1L
 x 


1000ug


1mg
 x 


(g)  wt.Sample


(ml) Vol. Digestion
 x Factor Dilution Digestion Post x C = (Sample) mg/Kg *   


 
 C*= Concentration of analyte as measured at the instrument in ug/L (in digestate). 


 
NOTE:  If results are to be reported on a dry weight basis, determine the dry weight of a 
separate aliquot of the sample, using the SOP for Total Solids. 


 
13.2 Common isobaric interferences are corrected using equations equivalent to those listed in EPA 


Methods 6020, 6020A, and 200.8.  Monitoring of multiple isotopes for a single element 
provides a mechanism for identifying isobaric interferences. Refer to the Interferences section 
of EPA methods for additional descriptions of possible interferences and the mechanisms 
required for adequately compensating for their effects. 


 
13.3 Data Review and Reporting 


 
13.3.1 The ICP-MS operator reviews the MS data and signs and dates the Data Review Form.  


A qualified senior staff spectroscopist performs a secondary review of the data and the 
Data Review Form is signed and dated.  The data is then delivered to the report 
generation area where it is filed in the service request file.  Once all of the data for the 
service request is complete, a CAR is generated. 


 
13.3.2 The data is saved on the local hard drive and is also copied to the appropriate directory 


on the network.  The data directories are located at r:\icp\wip\data.  The data is kept on 
the local directory for 1 month.  The network files are periodically backed up on disc 
or network tape. 
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13.3.3 For “non-production” work (such as method development or research/development 


studies) the analyses are performed under the direction of a senior spectroscopist.  All 
associated data is scrutinized by the senior spectroscopist.  Original raw data and 
associated records are archived in the analytical project file.  


 
13.3.4 The final review and approval of all data is performed by qualified spectroscopists. 


 
14 CONTENGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE 


DATA 
 


Corrective action measures applicable to specific analysis steps are discussed in the applicable 
section of this (and other applicable) SOP(s).  Also, refer to the SOP for Nonconformity and 
Corrective Action for correct procedures for identifying and documenting such data.  Procedures 
for applying data qualifiers are described in the SOP for Report Generation or in project-specific 
requirements.  


 
15 METHOD PERFORMANCE 
 


This method was validated through single laboratory studies of accuracy and precision.  Refer to 
the reference method for additional available method performance data.   


 
The method detection limit (MDL), limit of detection (LOD) and limit of quantitation (LOQ) are 
established using procedures described in the SOP for Performing Method Detection Limit Studies 
and Establishing Limits of Detection and Quantification (ADM-MDL).  Method Reporting Limits 
are established for this method based on MDL studies and as specified in the CAS Quality 
Assurance Manual. 


  
16 TRAINING 
 


16.1 A minimum of two senior level spectroscopists are to be maintained on staff at all times. 
Senior spectroscopists are defined as individuals with a minimum of ten years combined 
education and experience in, or related to atomic spectroscopy.  Of those ten years, a 
minimum of two years of ICP-MS experience is required. 


 
16.2 All technical staff is encouraged to attend one technical seminar per year. In addition to the 


technical seminars, senior spectroscopists are required to complete a one week training 
session offered by the instrument manufacturer. 


 
16.3 Training outline 
 


16.3.1 Review literature (see references section).  Read and understand the SOP.  Also 
review the applicable MSDS for all reagents and standards used.  Following these 
reviews, observe the procedure as performed by an experienced analyst at least 
three times. 
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16.3.2 The next training step is to assist in the procedure under the guidance of an 


experienced analyst.  During this period, the analyst is expected to transition from a 
role of assisting, to performing the procedure with minimal oversight from an 
experienced analyst.   


 
16.3.3 Perform initial precision and recovery (IPR) study as described above for water 


samples. Summaries of the IPR are reviewed and signed by the supervisor.  Copies 
may be forwarded to the employee’s training file.  For applicable tests, IPR studies 
should be performed in order to be equivalent to NELAC’s Initial Demonstration of 
Capability. 


 
16.4 Training and proficiency is documented in accordance with the SOP ADM-TRANDOC. 
 


17 POLLUTION PREVENTION 
 


It is the laboratory’s practice to minimize the amount of solvents and reagents used to perform this 
method wherever technically sound, feasibly possible and within method requirements.  Standards are 
prepared in volumes consistent with the laboratory use in order to minimize the volume of expired 
standards to be disposed of.  The threat to the environment from solvents and/or reagents used in this 
method may be minimized when recycled or disposed of properly. 


 
18 WASTE MANAGEMENT 
 


The laboratory will comply with all Federal, State and local regulations governing waste management, 
particularly the hazardous waste identification rules and disposal restrictions as specified in the 
laboratory Safety Manual, Sections 6 and 7. 
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19 CHANGES SINCE THE LAST REVISION 
19.1 Updated entire SOP to comply with EPA method 6020A requirements. 
19.2 Sec 6.2 – Removed outdated information “Samples are generally received in the ICP-MS 


laboratory as 1-15% Nitric Acid digestates.  Digestates originating from soil samples with 
greater than 60% solids are diluted prior to instrumental analysis by a factor of 5.  This allows 
the analysis to achieve maximum sensitivity which results in optimum MRLs” 


19.3 Sec 11.5.2 Added low level CRA acceptance criteria for 6020A. 
19.4 The note at end of Sec 11.5.2 is new. 
19.5 Sec 11.5.3, Added (MRL/LLICV/LLCCV) next to CRA. 
19.6 Sec 12.2.1 and 12.2.2 Updated MDL SOP reference and requirements. 
19.7 Sec 12.6.2, Added LOQ and removed NOTE from previous SOP from this section. 
19.8 Sec 12.8, Added internal standard recovery criteria for method 6020A. 
19.9 Sec 12.13 and 12.14 are new. 
19.10 Remove Method EPA 200.8 from reference section 
 


 
20 REFERENCES 
 


20.1 USEPA, Test Methods for Evaluating Solid Waste, SW-846, 3rd Edition, Update III Method 
6020, Revision 0, September 1994. 


 
20.2 USEPA, Test Methods for Evaluating Solid Waste, SW-846, Update IV, Method 6020A, 


Revision 1, February 2007. 
 
20.3 VG and Thermo Elemental Instrument Manuals 
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TABLE 1  
Method Reporting Limits and Method Detection Limits – Water Matrix 


 
 Water (ug/L) Water (ug/L) Seawater (ug/L) 
 CLP Digestion 3020 Digestion Reductive Precipitation 


Analyte MRL 
(DoD) 


MRL MDL MRL 
(DoD) 


MRL MDL MRL 
(DoD) 


MRL MDL 


Aluminum   2 2 0.3 2.4 2 0.8 - - - 
Antimony   0.09 0.05 0.03 0.09 0.05 0.03 - - - 
Arsenic    0.5 0.5 0.08 0.5 0.5 0.07 0.5 0.5 0.02 
Barium     0.06 0.05 0.02 0.12 0.05 0.04    
Beryllium  0.02 0.02 0.008 0.02 0.02 0.006 0.02 0.02 0.0007 
Bismuth 0.1 0.1 0.02 - - - - - - 
Boron 0.9 0.5 0.3 - - - - - - 
Cadmium    0.02 0.02 0.008 0.06 0.02 0.02 0.02 0.02 0.006 
Chromium   0.2 0.2 0.07 0.2 0.2 0.05 0.2 0.2 0.03 
Cobalt     0.02 0.02 0.005 0.02 0.02 0.005 0.02 0.02 0.001 
Copper     0.1 0.1 0.02 0.21 0.1 0.07 0.1 0.1 0.03 
Lead       0.03 0.02 0.009 0.06 0.05 0.02 0.02 0.02 0.003 
Manganese 0.06 0.05 0.02 0.05 0.05 0.01 - - - 
Molybdenum 0.09 0.05 0.03 0.09 0.05 0.03 - - - 
Nickel     0.2 0.2 0.07 0.2 0.2 0.05 0.2 0.2 0.03 
Selenium   1.2 1 0.4 1 1 0.2 - - - 
Silver     0.03 0.02 0.009 0.03 0.02 0.009 0.02 0.02 0.004 
Thallium 0.02 0.02 0.003 0.02 0.02 0.004 0.02 0.02 0.0009 
Tin 0.1 0.1 0.04 - - - - - - 
Uranium 0.02 0.02 0.005 0.02 0.02 0.004 - - - 
Vanadium   0.2 0.2 0.08 0.2 0.2 0.05 - - - 
Zinc       0.5 0.5 0.1 0.6 0.5 0.2 0.5 0.5 0.04 
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TABLE 1 (continued) 
Method Reporting Limits and Method Detection Limits – Solid Matrix 


 
 Soil/Sediment (mg/kg) Tissue (mg/kg, dry basis) 
 3050 Digestion PSEP 


Analyte MRL 
(DoD) 


MRL MDL MRL 
(DoD) 


MRL MDL 


Aluminum   2 2 0.5 2 2 0.4 
Antimony   0.09 0.05 0.03 0.06 0.05 0.02 
Arsenic    0.5 0.5 0.1 0.5 0.5 0.05 
Barium     0.09 0.05 0.03 0.15 0.05 0.05 
Beryllium  0.06 0.02 0.02 0.02 0.02 0.005 
Bismuth 0.1 0.1 0.02 - - - 
Cadmium    0.02 0.02 0.008 0.03 0.02 0.01 
Chromium   0.2 0.2 0.04 - - - 
Cobalt     0.02 0.02 0.003 0.02 0.02 0.006 
Copper     0.3 0.1 0.1 0.1 0.1 0.03 
Lead       0.06 0.05 0.02 0.02 0.02 0.006 
Manganese 0.12 0.05 0.04 0.06 0.05 0.02 
Molybdenum 0.15 0.05 0.05 0.06 0.05 0.02 
Nickel     0.2 0.2 0.05 0.2 0.2 0.03 
Selenium   2 1 0.4 - - - 
Silver     0.06 0.02 0.02 0.02 0.02 0.006 
Thallium 0.02 0.02 0.003 0.02 0.02 0.005 
Tin 0.2 0.1 0.06 - - - 
Uranium 0.02 0.02 0.004 0.02 0.02 0.007 
Vanadium   0.2 0.2 0.04 0.2 0.2 0.04 
Zinc       0.6 0.5 0.2 1.2 0.5 0.4 
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ATTACHMENTS 
 
 
 


List of Target Element Masses 
 


Example Standard Sheet 
 


QC Acceptance Criteria 
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		NOTE:  If results are to be reported on a dry weight basis, determine the dry weight of a separate aliquot of the sample, using the SOP for Total Solids.
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Columbia Analytical Services, Inc. - Kelso 
 


DETERMINATION OF METALS AND TRACE ELEMENTS BY INDUCTIVELY 
COUPLED PLASMA ATOMIC EMISSION SPECTROMETRY (ICP) 


 
 
1 SCOPE AND APPLICATION 
 


1.1 This procedure describes the steps taken for the analysis of soil, sludge surface water and 
drinking water digestates using EPA methods 6010C, 200.7, and CLP ILM04.0 for a variety 
of elements.  The digested samples and QC standards are all diluted in a similar acid matrix.  
A procedure is also given for calculation of hardness by Standard Methods 2340B. 


 
1.2 The Method Reporting Limits (MRLs) for common elements are listed in Table 1.  


Equivalent nomenclature for MRL includes Estimated Quantitation Limit (EQL).  
Therefore, MRL=EQL.  The reported MRL may be adjusted if required for specific 
project requirements, however, the capability of achieving other reported MRLs must be 
demonstrated.  The Method Detection Limits (MDLs) that have been achieved are listed in 
Table 1.  The MDL and MRL may change as annual studies are performed.  


 
1.3 In cases where there is a project-specific quality assurance plan (QAPP), the project manager 


identifies and communicates the QAPP-specific requirements to the laboratory.  In general, 
project specific QAPP’s supersede method specified requirements.  An example of this are 
projects falling under DoD ELAP or project which require older versions of EPA methods 
(i.e. 6010B). QC requirements defined in the SOP Department of Defense Projects – 
Laboratory Practices and Project Management (ADM-DOD) may supersede the 
requirements defined in this SOP. 


 
2 METHOD SUMMARY 
 


2.1 A representative aliquot of sample is prepared as described in the applicable digestion SOP.  
The digestate is analyzed for the elements of interest using ICP spectrometry.  The 
instrument measures characteristic emission spectra by optical spectrometry.  The intensity 
of emission lines are monitored.   


 
2.2 Final results are calculated using the digestion information and the results from the ICP 


analysis.  Data is reported using standard CAS procedures and formats, or following project 
specific reporting specifications.   


 
2.3 Deviations from the reference method(s):  This SOP contains no deviations from the 


reference methods. 
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3 DEFINITIONS 
 


3.1 Analysis Sequence - Samples are analyzed in a set referred to as an analysis sequence.  The 
sequence begins with instrument calibration followed by sample digestates interspersed with 
calibration standards. 


 
3.2 Independent Calibration Verification (ICV) - ICV solutions are made from stock solutions 


different from the stock used to prepare calibration standards and are used to verify the 
validity of the standardization.   


 
3.3 Laboratory Control Sample (LCS):  A laboratory blank that has been fortified with 


target analyte and used to determine that the analysis is in control.  For solids, a reference 
material may be used unless prohibited by project protocols. 


 
3.4 Matrix Spike (MS) - In the matrix spike analysis, predetermined quantities of standard 


solutions of certain analytes are added to a sample matrix prior to sample digestion and 
analysis.  The purpose of the matrix spike is to evaluate the effects of the sample matrix on 
the methods used for the analyses.  Percent recoveries are calculated for each of the analytes 
detected. 


 
3.5 Matrix Spike Duplicate (MSD) - In the matrix spike duplicate analysis, predetermined 


quantities of standard solutions of certain analytes are added to a sample matrix prior to 
sample digestion and analysis.  The purpose of the matrix spike duplicate is to evaluate the 
effects of the sample matrix on the methods used for the analyses.  Percent recoveries are 
calculated for each of the analytes detected.  The relative percent difference between the 
matrix spikes is calculated and used to assess analytical precision. 


 
3.6 Duplicate Sample (DUP) - A laboratory duplicate is a separate field sample aliquot that is 


processed in an identical manner as the sample proper. The relative percent difference 
between the samples is calculated and used to assess analytical precision. 


 
3.7 Method Blank - The method blank is an artificial sample designed to monitor introduction 


of artifacts into the process.  The method blank is carried through the entire analytical 
procedure. 


 
3.8 Continuing Calibration Verification Standard (CCV) - A standard analyzed at specified 


intervals and used to verify the ongoing validity of the instrument calibration. 
 
3.9 Instrument Blank (CCB) - The instrument blank (also called continuing calibration blank) 


is a volume of blank reagent of composition identical to the digestates.  The purpose of the 
CCB is to determine the levels of contamination associated with the instrumental analysis. 
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3.10 Laboratory fortified Blank (LFB)- A laboratory blank that has been fortified with target 
analyte at the method reporting limit and used to determine if the laboratory can detect 
contaminants at the method reporting limit. 


 
4 INTERFERENCES 
 


4.1 Interferences from contaminated reagents must be eliminated.  The purity of acids must 
be established by the laboratory as being high enough to eliminate the introduction of 
contamination above the MRL (or above ½ the RL for DoD work). 


 
4.2 Background emission and stray light can be compensated by background correction.   


 
4.3 Spectral overlaps resulting in interelement contributions can be corrected for by using 


interelement correction factors.  Interelement correction factors are established for each 
instrument and are maintained by the analyst at the workstation.  


 
5 SAFETY 


 
5.1 Chemicals, reagents and standards must be handled as described in the CAS safety 


policies, approved methods and in MSDSs where available.  Refer to the CAS 
Environmental, Health and Safety Manual and the appropriate MSDS prior to beginning 
this method. 


  
5.2 Hydrochloric, Nitric and Hydrofluoric Acids are used in this method.  These acids are 


extremely corrosive and care must be taken while handling them. A face shield should be 
used while pouring acids.  Safety glasses, lab coat and gloves should be worn while 
working with the solutions.   


 
5.3 High Voltage - The power unit supplies high voltage to the RF generator which is used to 


form the plasma.  The unit should never be opened.  Exposure to high voltage can cause 
injury or death. 


 
5.4 UV Light -The plasma when lit is a very intense light, and must not be viewed with the 


naked eye.  Protective lenses are in place on the instrument.  Glasses with special protective 
lenses are available. 


 
6 SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE 
 


6.1 Samples are prepared using methods 3005A, 3010A, 3050, or CLPILM04.0 (CAS SOPs 
MET-3005A, MET-3010A, MET-3050, and MET-DIG). Samples are received in the ICP lab 
as completed digestates.  Samples are stored in 50 mL plastic centrifuge tubes, 100 mL 
digestion vessels or in 100 mL volumetric flasks. 
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6.2 Water samples analyzed by EPA method 200.7 are preserved after arrival at the laboratory.  
These samples are held for a minimum of 16 hours and the pH verified to be <2 prior to 
digestion.   


 
6.3 Soil samples are diluted prior to instrumental analysis by a factor of 2.  This allows the 


method to meet the required 1 g of sample to 200 mL dilution during digestion.   
 


6.4 Following analysis, digestates are stored until two weeks after all results have been reviewed 
and then brought to 3< pH<10 and disposed of through the sewer system. 


 
7 APPARATUS & EQUIPMENT 
 


7.1 Inductively Coupled Plasma Atomic Emission Spectrometer 
 


7.1.1 Thermo Jarrell Ash IRIS.  
7.1.2 Thermo Scientific ICAP 6500 


 
7.2 Concentric nebulizers. 


7.3 Microflow nebulizer for ICAP 6500. 


7.4 Torches and injector tips for each ICP. 


7.5 Cyclonic spray chambers for each instrument. 


7.6 Water coolers for each ICP (internal on the IRIS.) 


7.7 Argon Humidifiers for the IRIS and ICAP 6500. 


7.8 ESI SC4 DX Autosampler with Fast System for ICAP 6500. 


7.9 Peristaltic Pumps for each Spectrometer. 


7.10 ASX-520 autosamplers for the IRIS.  


7.11 RF Generators for each ICP (internal on the IRIS and ICAP 6500).   


7.12 Computer system interfaced to each ICP.  A compatible Windows-based data system is used 


to acquire, store, and perform calculations on raw data.    


 
8 STANDARDS, REAGENTS, & CONSUMABLE MATERIALS 
 


8.1 Standards Preparation 
 


8.1.1 Stock standard solutions may be purchased from a number of vendors.  All 
reference standards, where possible, must be traceable to SI units or NIST certified 
reference materials.  The preparation for all laboratory prepared reagents and 
solutions must be documented in a laboratory logbook.  Refer to the SOP 
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Reagent/Standards Login and Tracking (ADM-RTL) for the complete procedure 
and documentation requirements.  Manufacturer’s expiration dates are used to 
determine the viability of standards.  


 
8.1.2 Calibration Standards 


 
Calibration standards are prepared from commercially purchased single element 1000 
ppm or 10,000 ppm stock standards as well as pre-mixed multi element stock 
standards. All standards are aliquoted using Class A volumetric pipettes, or calibrated 
fixed and adjustable volume autopipetters.  All dilutions are made in Class A 
volumetric glassware.    


 
The standard mixes for each ICP system vary based on the requirements of each 
instrument. The composition of the IRIS calibration standards are outlined in Table 3.  
The composition of the ICAP 6500 standards are outlined in Table 4. 


 
8.1.3 Continuing Calibration Verification (CCV) Standards 


 
CCV standards are analyzed at the midpoint of the calibration.  These standards are 
produced by making a two-fold dilution of each calibration standard. The CCV 
standards are then run in sequence during the analytical run.    


 
8.1.4 Initial Calibration Verification (ICV) Standards 


 
The ICV working standards are produced by direct dilution of three certified mixed 
stock solutions (QCP-CICV1, QCP-CICV2, and QCP-CICV3) purchased from 
Inorganic Ventures or another qualified vendor and various single element stock 
solutions from sources different than the calibration standards. The composition of 
these standards is outlined in Table 5. 


 
8.1.5 Interference Check Solutions (ICSA & ICSAB) 


 
The ICSA and ICSAB working standards are produced by direct dilution of certified 
mixed stock solutions (CLPP-ICS-A and CLPP-ICS-B or equivalent.) Antimony is 
also added to the ICSAB solution from a 1000 ppm single element stock standard. The 
composition of these standards is outlined in Table 6. 


 
8.1.6 CRI/Low Level Calibration Verification 


 
The CRI, Low Level Initial Calibration Verification (LLICV), and Low Level 
Continuing Calibration Verification (LLCCV) are produced by diluting 1000 or 
10000ppm single stock standards into a 100X intermediate standard and then diluted 
1/100 to obtain the MRL level.  Note:  The level used is that of the normal MRL used 
for both instruments. 
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8.1.7 The solutions and materials used for the LCS and matrix spikes are described in the 
applicable digestion SOP.   


 
8.1.8 Standard Log   


 
The analyte, source, initial volume, final volume, final concentration and expiration 
date are recorded in a standard logbook kept in the ICP lab.  The operator who 
prepares the standard must date and initial the entry in the standards logbook.  The 
operator also places his initials and the date prepared on the standard container.  In 
addition to working standards used in calibration, all other standards used in the 
analytical run such as ICVs, MRL standards, and other project or client specific 
standards shall be documented in the standard logbook. 


 
8.2 High Purity Argon. 


 
8.3 Capillary, rinse and peristaltic pump tubing. 


 
8.4 17 x 100mm polypropylene test tubes. 


 
9 PREVENTIVE MAINTENANCE 
 


9.1 All maintenance activities are recorded in a maintenance logbook kept for each instrument.  
Pertinent information (serial numbers, instrument I.D., etc.) must be in the logbook.  This 
includes the routine maintenance described in section 9.  The entry in the log must include: 
date of event, the initials of who performed the work, and a reference to analytical control.  


 
9.2 Torch, nebulizer, and spray chambers are cleaned as required.  All instrument filters are 


vacuumed monthly.  Dirty ICP torches and mixing chambers are soaked in aqua regia 
overnight, rinsed and placed in a clean dry area.  The conical nebulizer is back flushed with 
acid or DI water as needed. The microflow nebulizer is not back flushed. Use the obstruction 
removal kit with fused silica. 


 
9.3 IRIS-specific procedures 


 
9.3.1 Each time the nebulizer is changed, the instrument optimization procedure is 


performed.  A 10 ppm As standard is aspirated and the intensity counts are maximized 
by adjusting the depth to which the nebulizer is inserted into the spray chamber. 


 
10 RESPONSIBILITIES 
 


10.1 It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with 
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the training program of the laboratory.  Final review and sign-off of the data is performed 
by the department supervisor/manager or designee.   


 
10.2 It is the responsibility of the department supervisor/manager to document analyst training. 


Training and proficiency is documented in accordance with the SOP ADM-TRANDOC. 
 
11 PROCEDURE 
 


11.1 Operating Parameters  
    


11.1.1 For the Thermo Jarrell Ash IRIS, the operating parameters are defined in the operating 
system Method file.  Default operating parameters are given in file GALILEO.  
However, each unique set of operating parameters is saved as a new file and the 
analyst must select and use the correct Method file for the application.  Refer to the 
method files on the workstation for a listing of parameters for each file.  The 
interelement correction factors to be used are established for the IRIS and are saved on 
the workstation also.  Since these parameters change with method and correction 
factor updates, and due to the large amount of hardcopy printout for listing these 
parameters, it is not practical to include the parameters in this SOP.   


 
11.1.2 For the Thermo Scientific ICAP 6500, the operating parameters are defined in the 


Method file.  Default operating parameters are given in Tools/Options/New Method 
Parameters.  However, each unique set of operating parameters is saved as a new file 
and the analyst must select and use the correct Method file for the application.  Refer 
to the method files on the workstation for a listing of parameters for each file.  The 
interelement correction factors to be used are established for the ICAP 6500 and are 
saved on the workstation also.  Since these parameters change with method and 
correction factor updates, and due to the large amount of hardcopy printout for listing 
these parameters, it is not practical to include the parameters in this SOP.   


 
11.2 Calibration/Standardization 


 
11.2.1 IRIS  


 
11.2.1.1 Plasma is ignited and instrument is allowed to warm up for at least 30 


minutes. 
 


11.2.1.2 An internal standard is used for routine analyses on this instrument.  
Scandium is used as the internal standard.  The internal standard solution is 
introduced into the analyzed solutions (standards, blanks, QC, samples, etc.) 
at 1ug/mL.  
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11.2.1.3 Standardize by running a Blank and a High Standard for each element in the 
analytical method. Analyst will initial and date the first page of the 
standardization. 


 
11.2.1.4 The Cu/Mn ratio is calculated from Standard A.  Ratio is to remain within 


20% of the value when IECs were determined. This data is recorded in the 
instrument logbook. 


 
11.2.2 ICAP 6500     


 
11.2.2.1 Plasma is ignited and instrument is allowed to warm up for at least 30 


minutes. 
 


11.2.2.2 An internal standard is used for routine analyses on this instrument.  Yttrium 
and Indium are used as internal standards.  The internal standard solution is 
introduced into the analyzed solutions (standards, blanks, QC, samples, etc.) 
at 0.8 ug/mL for Y, and 1.6 ug/mL for In.  


 
11.2.2.3 Run a peak check standard and adjust peaks as needed. 


 
11.2.2.4 Standardize by running a Blank and a High Standard for each element in the 


analytical method. Analyst will initial and date the first page of the 
standardization. 


 
11.2.2.5 The Cu/Mn ratio is calculated from Standard A using Mn2576.  Ratio is to 


remain within 20% of the value when IECs were determined.  This data is 
recorded in the instrument logbook. 


 
11.2.3 Standardization is completed by analyzing an ICV for each analyte to be determined.  


For method 200.7 the result must be within   5% of the true value. For method 
6010B/C the result must be within   10% of the true value.  If the ICV fails when 
running method 6010C, either the calibration standards or the ICV must be prepared 
fresh and the instrument re-standardized.  If the ICV fails when running methods 200.7 
and 6010B only re-standardization is necessary. 


 
11.2.4 Method 6010C also requires a LLICV be analyzed at the MRL level.  The result must 


be within   30% of the true value.  The LLICV need not be made up with stock 
standards different than those of the calibration standards.  A LLICV is not necessary 
when running methods 200.7 and 6010B. 


 
11.3 Analytical Run 


 
11.3.1 Following standardization and ICV analysis, the remainder of the run is determined by 


what analytical method is being performed.  These are listed below. 
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11.3.1.1 CLP ILM04.0:   ICB, CCV, CCB, CRI, ICSA, ICSAB, CCV, CCB, routine 


samples.  The CRI, ICSA, and ICSAB will be analyzed every 20 samples.  
They will be labeled with an F indicating Final.  Each set will be numbered 
in increasing order, i.e. ICSAF1, ICSAF2. 


 
11.3.1.2 Methods 200.7 and 6010B/C:  ICB, CCV, CCB, CRI, ICSA, ICSAB, routine 


samples.   
 


11.3.2 Evaluate the initial QC using the following criteria: 
 


11.3.2.1 For methods 200.7 and 6010B/C, the following criteria apply: 
 
 The ICB and CCB results are evaluated using method specified 


requirements.  The following guidelines should also be used to 
determine acceptability: 


 
 For 200.7, the result should be less than 3 times the standard deviation 


of the mean background signal. 
 


 For method 6010B, the result should be less than the Method Detection 
Limit (MDL). In cases where the associated sample results are being 
reported to the Method Reporting Limit (MRL) the result may be 
greater than the MDL if the result does not adversely impact data 
quality.  
 


 For method 6010C, the result should be less than the Lower Limit of 
Quantitation (LOQ).  


 
 Where project specifications allow, the result may be over the MDL if 


the result does not adversely impact data quality. 
 


 The CCV immediately following standardization must verify within ± 
10% of the true values with a relative standard deviation of <5% from 
2 replicate integrations for methods 6010B/C.  For 200.7, the first CCV 
must verify within ± 5% with a RSD of <3% from 4 replicates.  
Calculate %RSD as follows: 


 


100% x
Average


StdDev
 = RSD


CCV


CCV  


 
where:  StdDevccv = Standard deviation of the replicate integrations 


  Averageccv = Average of the replicate CCV integrations 
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 The CRI is a low level standard with concentrations at the RL. For 
DoD projects, the CRI standard concentrations will be equal to the 
project RLs and results must verify within 20% of the true value. For 
method 6010C the CRI results should be within 30% of the true value. 
For 200.7 and 6010B the CRI results should be greater than the MDL 
and less than 2X the MRL. For method 6010C, the CRI may be run as 
the LICV/CRI and the results should be within 30% of the true value. 


 
 The ICSA is run to check the validity of the Interelement Correction 


Factors (IECs).   
 
 Note: DoD QSM requires this to be run at the beginning of each analytical run. 
 


 The ICSAB must be within 20% of the expected value for the CLPP-
ICS-B elements and Sb. 


 
11.3.2.2 The ICV, LLICV, ICB, CCV, CCB, CRI, and ICSAB must meet the criteria 


listed. Reanalyze any elements that fail.   
 


11.3.2.3 For CLP, refer to SOW ILM04.0 for acceptance criteria. 
 


11.3.3 Continuing Calibration Verification  
 


11.3.3.1 CCVs are analyzed after every 10 samples and at the end of the analytical run.  
They must verify within ±10% of the expected value with a RSD of <10%.  


 
11.3.3.2 CCBs are analyzed after every 10 samples and at the end of the analytical run. 


CCBs are evaluated as in section 11.3.2.1.  
 


11.3.3.3 Method 6010C requires a LLCCV be analyzed at the end of each analysis 
batch.  The LLCCV is at the MRL level and must verify within   30% of the 
true value.  Reanalyze any elements to be reported at low levels that are 
bracketed by the LLCCV if the standard fails. 


 
11.3.4 If the CCV, CCB or ICS solutions fail, reanalyze any elements to be reported.   


 
12 QA/QC REQUIREMENTS 
 


12.1 Initial Precision and Recovery Validation 
 


The accuracy and precision of the procedure must be validated before analysis of samples 
begins, or whenever significant changes to the procedures have been made.  To do this, 
four LCS aliquots are prepared and analyzed.  The average percent recovery for each 
analyte must meet LCS criteria and the RSD< 30%. 


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.







SOP NO.: MET-ICP 
Revision: 23 
Date: 9/28/11 
Page: 12 of 35 
 


Columbia Analytical Services, Inc. - Kelso 
 


 
12.2 Method Detection Limits 


 
12.2.1 A Method Detection Limit (MDL) study must be undertaken before analysis of 


samples can begin.  To establish detection limits that are precise and accurate, the 
analyst must perform the following procedure.  Spike a minimum of seven blank 
replicates at a level near or below the MRL.  Follow the procedures in Section 11 
to analyze the samples. Refer to the CAS SOP for Performing Method Detection 
Limit Studies and Establishing Limits of Detection and Quantification (ADM-
MDL.) 


 
12.2.2 Calculate the average concentration found (x) and the standard deviation of the 


concentrations for each analyte.  Calculate the MDL for each analyte using the 
correct T value for the number of replicates.  MDLs must be performed whenever 
there is a significant change in the background or instrument response.   


 
12.2.3 A Limit of Detection (LOD) check must be performed after establishing the MDL 


and at least annually (quarterly if DoD) afterward. A blank is spiked with analytes 
at 1-4X the MDL and carried through the preparation and analytical procedure.  
The LOD is verified when the signal/noise ratio is > 3 for all analytes. 


 
12.3 Limit of Quantitation Check(LOQ)/Lower Limit of Quantitation Check(LLQC) 


 
For Method 6010C and drinking waters by method 200.7 a Lower Limit of Quantitation 
Check (LOQ/LLOQ) sample must be analyzed after establishing the MRL and at least 
annually (quarterly if DoD) afterward to demonstrate the desired detection capability.  The 
LOQ/LLOQ sample is spiked at 1-2X the MRL and must be carried through the entire 
preparation and analytical procedure. Limits of quantitation are verified when all analytes 
are detected within 30% of their true value. 
 


12.4 Linear Dynamic Range 
 


The upper limit of the LDR must be established for each wavelength utilized. It must be 
determined from a linear calibration prepared in the normal manner using the established 
analytical operating procedure for the instrument. The LDR should be determined by 
analyzing at least three succeeding higher standard concentrations of the analyte until the 
observed analyte concentration is no more than 10% above or below the stated concentration 
of the standard. Determined LDRs must be documented and kept on file. The LDR which may 
be used for the analysis of samples should be judged by the analyst from the resulting data. 
Sample analyte concentrations that are greater than 90% of the determined upper LDR limit 
must be diluted and reanalyzed. The LDRs should be verified quarterly or whenever, in the 
judgment of the analyst, a change in analytical performance caused by either a change in 
instrument hardware or operating conditions would dictate they be redetermined. 
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12.5 Instrument Detection Limit 
 


On a quarterly basis, the instrument detection limits for all analytes are determined as per 
procedures outlined in ILM04.0 (Section E, paragraph 10, 12 resp.).  IDLs are determined 
using blanks and this data is kept on file.   


 
12.6 Interelement Correction Factors 


 
Semi-annually, instrument interferences are calculated as per ILM04.0 (Section E, paragraph 
11) and Method 6010B/C.  During the course of routine work, other interferences may be 
found.  They are verified by the operator during the analytical run and data is manually 
corrected.  Copies of this data are kept on file. 


 
12.7 Ongoing QC Samples required are described in the CAS-Kelso Quality Assurance Manual 


and in the SOP for Sample Batches.  Additional QC Samples may be required in project 
specific quality assurance plans (QAPP).  For example projects managed under the DoD 
ELAP must follow requirements defined in the DoD Quality Systems Manual for 
Environmental Laboratories.  General QA requirements for DoD QSM are defined in the 
laboratory SOP, Department of Defense Projects – Laboratory Practices and Project 
Management (ADM-DOD).  General QC Samples are:  


 
12.7.1 Each sample preparation batch must have a method blank associated with it.  The 


method blank result should be < MRL.  If the method blank is found to be 
contaminated, it may be reported if the concentration in the associated samples is at 
least 20 times the amount found in the method blank for methods 200.7 and 6010B, 
otherwise redigest the batch.  For Method 6010C, the method blank may be 
reported if the concentration in the associated samples is at least 10 times the 
amount found in the method blank.A contaminated method blank (MB) may also 
be reported if all of the associated samples are non-detect (ND). 


 
Note: DoD QSM requires contamination in the MB be <1/2 the RL or < 1/10 any sample amount. 
 


12.7.2 A Laboratory Control Sample (LCS) is digested one per batch, or per 20 samples.  
For method 200.7, the LCS recovery criteria is 85-115% for water samples.  For 
method 6010B/C, the control limits are derived from lab data and are listed in 
Table 2.  These limits should be no wider than 80-120%. For soil samples, the 
recovery must fall within the ranges specified for the reference material. For CLP, 
use the prescribed limits for the SOW in use.  In all cases, project-specific QC 
limits may be required.  If the LCS fails the acceptance criteria, redigest the batch 
of samples.  For specifics on the preparation and composition of LCS samples refer 
to the appropriate digestion SOP. 


 
12.7.3 A Duplicate sample is digested one per batch, or per 20 samples (i.e. 5%) for 


6010B/C analysis, or per 10 samples (i.e. 10%) for 200.7 analyses.  The default 
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criteria may be used if statistically generated criteria are broader or insufficient 
points are available for accurate statistical limits.  Currently, statistically generated 
criteria are broader and the default is used for all elements but Manganese, for 
which the limit is 17% RPD.  The RPD criteria are <30% for soil samples and 
<20% for water samples for methods 200.7 and 6010B. The RPD criteria is <20% 
for both soils and waters for method 6010C.  Criteria are subject to change as 
statistical data are generated. If the RPD is outside acceptance limits, either 
redigest the sample batch or flag the data appropriately, depending on the physical 
nature of the samples (e.g. non-homogenous).   


 
12.7.4 A Laboratory fortified Blank (LFB) at the MRL is digested and analyzed with 


every batch of drinking water samples (method 200.7).  The default acceptance 
criteria of 50-150% are to be used until sufficient data points are acquired to 
calculate in-house control limits.  


 
12.7.5 A Matrix Spike sample is digested one per batch, or per 20 samples (i.e. 5%) for 


6010B/C analysis, or per 10 samples (i.e. 10%) for 200.7 analyses.  Where 
specified by project requirements, a matrix spike duplicate may be required.  
Matrix spike recovery criteria for method 200.7 is 70-130% for both water and soil 
samples.  For 6010B, the control limits are derived from lab data and are listed in 
Table 2.  For 6010C, Table 2 is used unless the control limits are broader than the 
default criteria of 75-125% in which case the default criteria are used. For CLP, use 
the prescribed limits for the SOW in use.  In all cases, project-specific QC limits 
may be required.  If the recovery is outside acceptance limits, either redigest the 
sample batch or flag the data appropriately, depending on the physical nature of the 
samples (e.g. non-homogenous).  If the sample concentration is >4x the spike level, 
no action is required and data is flagged accordingly.  For specifics on the 
preparation and composition of matrix spike solutions refer to the appropriate 
digestion SOP. 


 
12.7.6 Matrix Interference  


 
12.7.6.1  When an analyst suspects that there may be any matrix interferences 


present, a 1:5 serial dilution test shall be performed.  The dilution 
should be within ± 10% of the original result. 


 
12.7.6.2 A 1:5 serial dilution shall be performed for all Tier III or IV 


deliverables. 
 


12.7.6.3 If the analyte concentration is too low to permit a dilution test, then a 
post digestion spike may be performed.  The recovery should be ± 20%. 


 
12.7.6.4 For Method 6010C, lower tier batches that exhibit MS failure require a 


serial dilution test as well as a post digestion spike. 
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   Note: DoD QSM recovery acceptance limits are 75-125%. 
 


12.8 Additional QC measures include control charting and compiling of QC data for generation of 
control limits. 


 
12.9 CLP analyses are performed as per the QA/QC guidelines in the most current CLP SOW. 


 
13 DATA REDUCTION, REVIEW, AND REPORTING 


 
13.1 Calculate sample results using the data system printouts and digestion information.  The 


digestion and dilution information is entered into the data system.  The data system then uses 
the calculations below to generate a sample result.  The wavelengths used to quantify each 
metal are summarized in Table 7 for the IRIS and Table 8 for the ICAP6500. 


 
  Aqueous samples are reported in g/L: 
 


mggFactor Dilution Digestion Post x Factor Dilution Digestion x C = (Sample) g/L * /1000 
 


Solid samples are reported in mg/Kg: 
 


 
1Kg


1000g
 x 


1000ml


1L
 x 


(g)  wt.Sample


(ml) Vol. Digestion
 x Factor Dilution Digestion Post x C = (Sample) mg/Kg *


  


 
 C*= Concentration of analyte as measured at the instrument in mg/L. 
 
13.2 If total hardness is to be reported, use Calcium and Magnesium results to calculate as 


follows.  For reporting calcium hardness, use only the calcium portion of the equation. 
 
    LmgMgLmgCa = /LCaCOequivalentmgHardness /,118.4/,497.2, 3   


 
13.3 A daily run log of all samples analyzed is maintained. All CLP data should be printed and 


stored after operator has checked for evenness of burns.  A copy of this document will go 
with each package of Tier III or higher data run that day. 


 
13.4 Data Review and Reporting 


 
13.4.1 It is the analyst’s responsibility to review analytical data to ensure that all quality 


control requirements have been met for each analytical run.  Results for QC 
analyses are calculated and recorded as specified in section 12. The data is then 
placed in a work order file until complete.  When the work order is complete, a report 
is generated.  A final review is performed and the data is delivered to the project 
management department. 
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14 CORRECTIVE ACTION 
 
14.1 Refer to the SOP for Corrective Action for procedures for corrective action.  Personnel at all 


levels and positions in the laboratory are to be alert to identifying problems and 
nonconformities when errors, deficiencies, or out-of-control situations are detected.   


 
14.2 Handling out-of-control or unacceptable data 


 
14.2.1 On-the-spot corrective actions that are routinely made by analysts and result in 


acceptable analyses should be documented as normal operating procedures, and no 
specific documentation need be made other than notations in laboratory 
maintenance logbooks, runlogs, for example. 


 
14.2.2 Documentation of a nonconformity must be done using a Nonconformity and 


Corrective Action Report (NCAR) when:  
 


 Corrective action is not taken or not possible  
 Corrective action fails to correct an out-of-control problem on a laboratory QC or 


calibration analysis.  
 Reanalysis corrects the nonconformity but is not a procedurally compliant 


analysis.  
 
15 METHOD PERFORMANCE 
 


This method was validated through single laboratory studies of accuracy and precision.  Refer to 
the reference method for additional available method performance data.   


 
15.1 The method detection limit (MDL) is established using the procedure described in the 


SOP for Performing Method Detection Limit Studies and Establishing Limits of Detection 
and Quantification (ADM-MDL). Method Reporting Limits are established for this 
method based on MDL studies and as specified in the CAS Quality Assurance Manual. 


  
16 POLLUTION PREVENTION 
 


It is the laboratory’s practice to minimize the amount of solvents and reagents used to perform this 
method wherever technically sound, feasibly possible and within method requirements.  Standards 
are prepared in volumes consistent with the laboratory use in order to minimize the volume of 
expired standards to be disposed.  The threat to the environment from reagents used in this method 
may be minimized when recycled or disposed of properly. 
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17 WASTE MANAGEMENT 


 
17.1 The laboratory will comply with all Federal, State and local regulations governing waste 


management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the CAS EH&S Manual.   


  
17.2 This method uses acid.  Waste acid is hazardous to the sewer system and to the environment.  


All acid waste must be neutralized to a pH of 3-10 prior to disposal down the drain. The 
neutralization step is considered hazardous waste treatment and must be documented on the 
treatment by generator record.  See the CAS EH&S Manual for details.    


 
18 TRAINING  
 


18.1 Refer to the SOP for Documentation of Training for standard procedures. 
 
18.2 Training outline 


 
18.2.1 Review literature (see references section).  Review the SOP.  Also review the 


applicable MSDS for all reagents and standards used.  Following these reviews, 
observe the procedure as performed by an experienced analyst at least three times. 


 
18.2.2 The next training step is to assist in the procedure under the guidance of an 


experienced analyst for a period of approximately two weeks.  During this period, 
the analyst is expected to transition from a role of assisting, to performing the 
procedure with minimal oversight from an experienced analyst.   


 
18.2.3 Perform initial precision and recovery (IPR) study as described in Section 12.1 for 


water samples. Summaries of the IPR are reviewed and signed by the supervisor.   
 


18.3 Training and proficiency is documented in accordance with the SOP ADM-TRANDOC. 
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19 CHANGES SINCE THE LAST REVISION 
 


19.1 Sec 1.2 removed PQL – outdated definition 
19.2 Sec 8.1.1 updated to reflect current lab QA system requirements 
19.3 7.2:  Added Microflow nebulizer for ICAP 6500. 
19.4 7.8:  Added ESI SC4 DX autosampler with fast system for ICAP 6500. 
19.5 Sec 9.1 updated to reflect current lab QA system requirements 
19.6 Sec 9.2  Added maintenance procedure for the Microflow nebulizer. 
19.7 11.2.2.2: Updated internal standards:  y = 0.8 µg/mL;  1n =1.6 µg/mL 
19.8 11.3.2.1: 6010- added use of the CRI for the LLCV/CRI and acceptance criteria. 
19.9 12.7.1: Added reporting of a contaminated MB if associated samples are ND. 
19.10 12.7.6: Revised section on matrix interference. 
19.11 11.3.3.3: Removed requirement to run ICS solutions every 8 hours. 
19.12 Table 3 Standard B Iris ICP-OES, Mn aliquot 10 mL; final concentration 10 ppm. 
19.13 Table 5 ICVB Solution updates for Li -2ppm; Fe and Mn -10ppm; 
19.14 Table 8 update to include alternate frequency wavelengths for Cadmium, Cobalt, Copper  


Phosphorous, Nickel and Zinc. 
19.15 Corporate SOP name change; ADM-DATANTRY Making Entries into Logbooks and onto 


Analytical Records. 
19.16 Tables 1 & 2 updated 
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CAS/KELSO DATA QUALITY OBJECTIVES Table 1 & 2     
         Accuracy Matrix Spike Precision 
METHOD ANALYTE CAS No. MATRIX MDLa MRL   UNITS (LCS %Rec.) (%Rec.) (% RPD) 
200.7 Aluminum 7429-90-5 Soil 6 10   mg/kg 41-158 70-130 30 


200.7 Antimony 7440-36-0 Soil 3 10   mg/kg 50-150 70-130 30 


200.7 Arsenic 7440-38-2 Soil 4 20   mg/kg 75-125 70-130 30 


200.7 Barium 7440-39-3 Soil 0.3 2   mg/kg 81-119 70-130 30 


200.7 Beryllium 7440-41-7 Soil 0.03 1   mg/kg 83-117 70-130 30 


200.7 Boron 7440-42-8 Soil 0.4 10   mg/kg 67-133 70-130 30 


200.7 Cadmium 7440-43-9 Soil 0.2 1   mg/kg 81-119 70-130 30 


200.7 Calcium 7440-70-2 Soil 2 10   mg/kg 79-121 70-130 30 


200.7 Chromium 7440-47-3 Soil 0.4 2   mg/kg 80-119 70-130 30 


200.7 Cobalt 7440-48-4 Soil 0.3 2   mg/kg 82-118 70-130 30 


200.7 Copper 7440-50-8 Soil 0.6 2   mg/kg 83-116 70-130 30 


200.7 Iron 7439-89-6 Soil 0.7 4   mg/kg 50-149 70-130 30 


200.7 Lead 7439-92-1 Soil 3 20   mg/kg 79-121 70-130 30 


200.7 Lithium 7439-93-2 Soil 0.5 2   mg/kg 75-125 70-130 30 


200.7 Magnesium 7439-95-4 Soil 0.3 4   mg/kg 73-127 70-130 30 


200.7 Manganese 7439-96-5 Soil 0.04 2   mg/kg 81-119 70-130 30 


200.7 Molybdenum 7439-98-7 Soil 0.5 2   mg/kg 75-125 70-130 30 


200.7 Nickel 7440-02-0 Soil 0.5 4   mg/kg 81-118 70-130 30 


200.7 Phosphorus 7723-14-0 Soil 3 40   mg/kg 75-125 70-130 30 


200.7 Potassium 7440-09-7 Soil 20 80   mg/kg 73-126 70-130 30 


200.7 Selenium 7782-49-2 Soil 4 20   mg/kg 75-125 70-130 30 


200.7 Silver 7440-22-4 Soil 0.4 2   mg/kg 66-134 70-130 30 


200.7 Sodium 7440-23-5 Soil 4 40   mg/kg 74-126 70-130 30 


200.7 Strontium 7440-24-6 Soil 0.02 2   mg/kg 79-121 70-130 30 


200.7 Thallium 7440-28-0 Soil 3 20   mg/kg 75-125 70-130 30 


200.7 Tin 7440-31-5 Soil 2 10   mg/kg 75-124 70-130 30 


200.7 Titanium 7440-32-6 Soil 0.5 2   mg/kg 75-125 70-130 30 


200.7 Vanadium 7440-62-2 Soil 0.4 2   mg/kg 79-121 70-130 30 


200.7 Zinc 7440-66-6 Soil 0.3 2   mg/kg 73-121 70-130 30 


            


a Method Detection Limits are subject to change as new MDL studies are completed.       


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.







SOP NO.: MET-ICP 
Revision: 23 
Date: 9/28/11 
Page: 20 of 35 
 


Columbia Analytical Services, Inc. - Kelso 
 


 
 


CAS/KELSO DATA QUALITY OBJECTIVES         
         Accuracy Matrix Spike Precision 
METHOD ANALYTE CAS No. MATRIX MDLa MRL LODb LOQc UNITS (LCS %Rec.) (%Rec.) (% RPD) 
200.7 Aluminum 7429-90-5 Water 30 50 28 50 ug/L 85-115 70-130 20 


200.7 Antimony 7440-36-0 Water 20 50 30 50 ug/L 85-115 70-130 20 


200.7 Arsenic 7440-38-2 Water 20 100 30 100 ug/L 85-115 70-130 20 


200.7 Barium 7440-39-3 Water 1 5 1.5 5 ug/L 85-115 70-130 20 


200.7 Beryllium 7440-41-7 Water 0.2 5 0.3 5 ug/L 85-115 70-130 20 


200.7 Boron 7440-42-8 Water 3 50  50 ug/L 85-115 70-130 20 


200.7 Cadmium 7440-43-9 Water 0.8 5 2 5 ug/L 85-115 70-130 20 


200.7 Calcium 7440-70-2 Water 10 50 25 50 ug/L 85-115 70-130 20 


200.7 Chromium 7440-47-3 Water 3 5 2.5 5 ug/L 85-115 70-130 20 


200.7 Cobalt 7440-48-4 Water 2 10 2.5 10 ug/L 85-115 70-130 20 


200.7 Copper 7440-50-8 Water 5 10 4.5 10 ug/L 85-115 70-130 20 


200.7 Iron 7439-89-6 Water 2 20 4 20 ug/L 85-115 70-130 20 


200.7 Lead 7439-92-1 Water 8 50 30 50 ug/L 85-115 70-130 20 


200.7 Lithium 7439-93-2 Water 2 10 3.5 10 ug/L 85-115 70-130 20 


200.7 Magnesium 7439-95-4 Water 0.7 20 0.5 20 ug/L 85-115 70-130 20 


200.7 Manganese 7439-96-5 Water 0.4 5 0.5 5 ug/L 85-115 70-130 20 


200.7 Molybdenum 7439-98-7 Water 3 10 5 10 ug/L 85-115 70-130 20 


200.7 Nickel 7440-02-0 Water 2 20 4 20 ug/L 85-115 70-130 20 


200.7 Phosphorus 7723-14-0 Water 30 200 40 200 ug/L 85-115 70-130 20 


200.7 Potassium 7440-09-7 Water 50 400 80 400 ug/L 85-115 70-130 20 


200.7 Selenium 7782-49-2 Water 30 100 40 100 ug/L 85-115 70-130 20 


200.7 Silicon 7440-21-3 Water 10 400  400 ug/L 85-115 70-130 20 


200.7 Silver 7440-22-4 Water 5 10 5 10 ug/L 85-115 70-130 20 


200.7 Sodium 7440-23-5 Water 30 200 20 200 ug/L 85-115 70-130 20 


200.7 Strontium 7440-24-6 Water 0.06 10   ug/L 85-115 70-130 20 


200.7 Thallium 7440-28-0 Water 30 100 60 100 ug/L 85-115 70-130 20 


200.7 Tin 7440-31-5 Water 20 50 30 50 ug/L 85-115 70-130 20 


200.7 Titanium 7440-32-6 Water 5 10 5 10 ug/L 85-115 70-130 20 


200.7 Vanadium 7440-62-2 Water 5 10 5 10 ug/L 85-115 70-130 20 


200.7 Zinc 7440-66-6 Water 2 10 2.5 10 ug/L 85-115 70-130 20 
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CAS/KELSO DATA QUALITY OBJECTIVES         
         Accuracy Matrix Spike Precision 
METHOD ANALYTE CAS No. MATRIX MDLa MRL LODb LOQc UNITS (LCS %Rec.) (%Rec.) (% RPD) 
6010C Aluminum 7429-90-5 Water  40 50 40 50 ug/L 92-112 75-125 20 


6010C Antimony 7440-36-0 Water  10 50 30 50 ug/L 90-113 75-125 20 


6010C Arsenic 7440-38-2 Water  20 100 30 100 ug/L 90-112 75-125 20 


6010C Barium 7440-39-3 Water  0.5 5 1.5 5 ug/L 91-113 75-125 20 


6010C Beryllium 7440-41-7 Water  0.2 5 0.3 5 ug/L 91-113 75-125 20 


6010C Boron 7440-42-8 Water  2 50 4 50 ug/L 91-112 75-125 20 


6010C Cadmium 7440-43-9 Water  0.9 5 2 5 ug/L 93-113 75-125 20 


6010C Calcium 7440-70-2 Water  9 50 25 50 ug/L 85-116 75-125 20 


6010C Chromium 7440-47-3 Water  2 5 5 5 ug/L 93-114 75-125 20 


6010C Cobalt 7440-48-4 Water  2 10 2.5 10 ug/L 93-114 75-125 20 


6010C Copper 7440-50-8 Water  5 10 9 10 ug/L 91-111 75-125 20 


6010C Iron 7439-89-6 Water  3 20 4 20 ug/L 92-111 75-125 20 


6010C Lead 7439-92-1 Water  8 50 30 50 ug/L 92-113 75-125 20 


6010C Lithium 7439-93-2 Water  2 10 3.5 10 ug/L 80-120 75-125 20 


6010C Magnesium 7439-95-4 Water  0.4 20 0.5 20 ug/L 86-115 75-125 20 


6010C Manganese 7439-96-5 Water  0.7 5 0.5 5 ug/L 92-112 75-125 20 


6010C Molybdenum 7439-98-7 Water  2 10 5 10 ug/L 92-113 75-125 20 


6010C Nickel 7440-02-0 Water  3 20 4 20 ug/L 91-118 75-125 20 


6010C Phosphorus 7723-14-0 Water  60 200 40 200 ug/L 80-120 75-125 20 


6010C Potassium 7440-09-7 Water  40 400 80 400 ug/L 89-114 75-125 20 


6010C Selenium 7782-49-2 Water  20 100 40 100 ug/L 88-113 75-125 20 


6010C Silicon 7440-21-3 Water  6 400 8 400 ug/L 80-120 75-125 20 


6010C Silver 7440-22-4 Water  5 10 10 10 ug/L 93-110 75-125 20 


6010C Sodium 7440-23-5 Water  20 200 20 200 ug/L 80-120 75-125 20 


6010C Strontium 7440-24-6 Water  0.9 10 0.25 10 ug/L 80-120 75-125 20 


6010C Thallium 7440-28-0 Water  30 100 60 100 ug/L 80-120 75-125 20 


6010C Tin 7440-31-5 Water  9 50 30 50 ug/L 80-120 75-125 20 


6010C Titanium 7440-32-6 Water  4 10 10 10 ug/L 80-120 75-125 20 


6010C Vanadium 7440-62-2 Water  6 10 6.25 10 ug/L 92-111 75-125 20 


6010C Zinc 7440-66-6 Water  2 10 2.5 10 ug/L 92-112 75-125 20 
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CAS/KELSO DATA QUALITY OBJECTIVES       
         Accuracy Matrix Spike Precision 
METHOD ANALYTE CAS No. MATRIX MDLa MRL LODb LOQc UNITS (LCS %Rec.) (%Rec.) (% RPD) 
6010C Aluminum 7429-90-5 Soil  6 10 10 10 mg/kg 41-158 75-125 20 
6010C Antimony 7440-36-0 Soil  3 10 6 10 mg/kg 50-150 75-125 20 
6010C Arsenic 7440-38-2 Soil  4 20 8 20 mg/kg 78-122 75-125 20 
6010C Barium 7440-39-3 Soil  0.08 2 0.16 2 mg/kg 81-119 75-125 20 
6010C Beryllium 7440-41-7 Soil  0.02 1 0.04 1 mg/kg 83-117 75-125 20 
6010C Boron 7440-42-8 Soil  0.4 10 0.8 10 mg/kg 67-133 75-125 20 
6010C Cadmium 7440-43-9 Soil  0.3 1 0.6 1 mg/kg 81-119 75-125 20 
6010C Calcium 7440-70-2 Soil  2 10 4 10 mg/kg 79-121 75-125 20 
6010C Chromium 7440-47-3 Soil  0.5 2 1 2 mg/kg 80-119 75-125 20 
6010C Cobalt 7440-48-4 Soil  0.4 2 0.8 2 mg/kg 82-118 75-125 20 
6010C Copper 7440-50-8 Soil  0.7 2 1.4 2 mg/kg 83-116 75-125 20 
6010C Iron 7439-89-6 Soil  0.7 4 1.4 4 mg/kg 50-149 75-125 20 
6010C Lead 7439-92-1 Soil  3 20 6 20 mg/kg 79-121 75-125 20 
6010C Lithium 7439-93-2 Soil  0.5 2 0.8 2 mg/kg 75-125 75-125 20 
6010C Magnesium 7439-95-4 Soil  0.08 4 0.16 4 mg/kg 73-127 75-125 20 
6010C Manganese 7439-96-5 Soil  0.04 2 0.08 2 mg/kg 81-119 75-125 20 
6010C Molybdenum 7439-98-7 Soil  0.7 2 1.4 4.5 mg/kg 75-125 75-125 20 
6010C Nickel 7440-02-0 Soil  0.6 4 1.2 4 mg/kg 81-118 75-125 20 
6010C Phosphorus 7723-14-0 Soil  4 40 8 40 mg/kg 75-125 75-125 20 
6010C Potassium 7440-09-7 Soil  20 80 40 80 mg/kg 73-126 75-125 20 
6010C Selenium 7782-49-2 Soil  5 20 10 20 mg/kg 80-120 75-125 20 
6010C Silver 7440-22-4 Soil  2 2 4 4 mg/kg 66-134 75-125 20 
6010C Sodium 7440-23-5 Soil  4 40 8 40 mg/kg 74-126 75-125 20 
6010C Strontium 7440-24-6 Soil  0.02 2 0.04 2 mg/kg 79-121 75-125 20 
6010C Thallium 7440-28-0 Soil  7 20 14 20 mg/kg 79-120 75-125 20 
6010C Tin 7440-31-5 Soil  4 10 8 10 mg/kg 75-124 75-125 20 
6010C Titanium 7440-32-6 Soil  0.8 2 1.6 2 mg/kg 75-125 75-125 20 
6010C Vanadium 7440-62-2 Soil  2 2 2 2 mg/kg 79-121 75-125 20 
6010C Zinc 7440-66-6 Soil  0.3 2 0.6 2 mg/kg 73-121 75-125 20 
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CAS/KELSO DATA QUALITY OBJECTIVES        
         Accuracy Matrix Spike Precision 
METHOD ANALYTE CAS No. MATRIX MDLa MRL LODb LOQc UNITS (LCS %Rec.) (%Rec.) (% RPD) 
6010C LL Aluminum 7429-90-5 Soil 0.4 1 0.8 2 mg/kg 41-158 75-125 20 


6010C LL Antimony 7440-36-0 Soil 0.5 2 1 3 mg/kg 50-150 75-125 20 


6010C LL Arsenic 7440-38-2 Soil 0.9 2 1.8 5 mg/kg 78-122 75-125 20 


6010C LL Barium 7440-39-3 Soil 0.06 0.5 0.12 0.5 mg/kg 81-119 75-125 20 


6010C LL Beryllium 7440-41-7 Soil 0.03 0.1 0.06 0.2 mg/kg 83-117 75-125 20 


6010C LL Boron 7440-42-8 Soil 0.4 2 1.6 10 mg/kg 67-133 75-125 20 


6010C LL Cadmium 7440-43-9 Soil 0.03 0.1 0.06 0.18 mg/kg 81-119 75-125 20 


6010C LL Calcium 7440-70-2 Soil 0.6 2 1.2 3.6 mg/kg 79-121 75-125 20 


6010C LL Chromium 7440-47-3 Soil 0.2 0.5 0.4 1.2 mg/kg 80-119 75-125 20 


6010C LL Cobalt 7440-48-4 Soil 0.2 0.5 0.4 1.2 mg/kg 82-118 75-125 20 


6010C LL Copper 7440-50-8 Soil 0.3 0.6 0.6 1.8 mg/kg 83-116 75-125 20 


6010C LL Iron 7439-89-6 Soil 0.7 2 1.4 4.2 mg/kg 50-149 75-125 20 


6010C LL Lead 7439-92-1 Soil 0.4 2 0.8 2 mg/kg 79-121 75-125 20 


6010C LL Lithium 7439-93-2 Soil 0.5 2 1 3 mg/kg 80-120 75-125 20 


6010C LL Magnesium 7439-95-4 Soil 0.06 0.5 0.12 0.5 mg/kg 73-127 75-125 20 


6010C LL Manganese 7439-96-5 Soil 0.02 0.2 0.04 0.2 mg/kg 81-119 75-125 20 


6010C LL Molybdenum 7439-98-7 Soil 0.08 0.4 0.06 0.4 mg/kg 75-125 75-125 20 


6010C LL Nickel 7440-02-0 Soil 0.07 0.4 0.14 0.4 mg/kg 81-118 75-125 20 


6010C LL Phosphorus 7723-14-0 Soil 3 6 6 40 mg/kg 80-120 75-125 20 


6010C LL Potassium 7440-09-7 Soil 20 60 40 120 mg/kg 73-126 75-125 20 


6010C LL Selenium 7782-49-2 Soil 0.7 4 1.4 4.2 mg/kg 80-120 75-125 20 


6010C LL Silver 7440-22-4 Soil 0.2 0.5 0.4 1.2 mg/kg 66-134 75-125 20 


6010C LL Sodium 7440-23-5 Soil 4 40 8 40 mg/kg 74-126 75-125 20 


6010C LL Strontium 7440-24-6 Soil 0.02 2 0.06 2 mg/kg 80-120 75-125 20 


6010C LL Thallium 7440-28-0 Soil 0.4 2 0.4 20 mg/kg 79-120 75-125 20 


6010C LL Tin 7440-31-5 Soil 0.7 10 1.6 10 mg/kg 75-124 75-125 20 


6010C LL Titanium 7440-32-6 Soil 0.05 0.2 0.16 2 mg/kg 80-120 75-125 20 


6010C LL Vanadium 7440-62-2 Soil 0.3 1 0.6 2 mg/kg 79-121 75-125 20 


6010C LL Zinc 7440-66-6 Soil 0.3 1 0.6 2 mg/kg 73-121 75-125 20 
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CAS/KELSO DATA QUALITY OBJECTIVES        
         Accuracy Matrix Spike Precision 
METHOD ANALYTE CAS No. MATRIX MDLa MRL LODb LOQc UNITS (LCS %Rec.) (%Rec.) (% RPD) 
6010C LL Aluminum 7429-90-5 Water 0.5 2 6 18 ug/L 92-112 75-125 20 


6010C LL Antimony 7440-36-0 Water 3 10 6 18 ug/L 90-113 75-125 20 


6010C LL Arsenic 7440-38-2 Water 4 10 8 24 ug/L 90-112 75-125 20 


6010C LL Barium 7440-39-3 Water 0.4 2 0.8 2.4 ug/L 91-113 75-125 20 


6010C LL Beryllium 7440-41-7 Water 0.09 0.2 0.18 0.6 ug/L 91-113 75-125 20 


6010C LL Boron 7440-42-8 Water 2 10 8 50 ug/L 91-112 75-125 20 


6010C LL Cadmium 7440-43-9 Water 0.3 0.5 0.6 1.8 ug/L 93-113 75-125 20 


6010C LL Calcium 7440-70-2 Water 2 4 20 50 ug/L 85-116 75-125 20 


6010C LL Chromium 7440-47-3 Water 0.4 2 0.8 2.4 ug/L 93-114 75-125 20 


6010C LL Cobalt 7440-48-4 Water 0.4 1 0.8 2.4 ug/L 93-114 75-125 20 


6010C LL Copper 7440-50-8 Water 2 2 4 12 ug/L 91-111 75-125 20 


6010C LL Iron 7439-89-6 Water 3 10 6 18 ug/L 92-111 75-125 20 


6010C LL Lead 7439-92-1 Water 4 10 8 24 ug/L 92-113 75-125 20 


6010C LL Lithium 7439-93-2 Water 2 10 4 12 ug/L 80-120 75-125 20 


6010C LL Magnesium 7439-95-4 Water 0.4 2 6 20 ug/L 86-115 75-125 20 


6010C LL Manganese 7439-96-5 Water 0.2 0.6 0.4 2.4 ug/L 92-112 75-125 20 


6010C LL Molybdenum 7439-98-7 Water 0.6 2 1.2 3.6 ug/L 92-113 75-125 20 


6010C LL Nickel 7440-02-0 Water 0.7 2 1.4 4.2 ug/L 91-118 75-125 20 


6010C LL Phosphorus 7723-14-0 Water 7 20 7 400 ug/L 80-120 75-125 20 


6010C LL Potassium 7440-09-7 Water 50 100 100 300 ug/L 89-114 75-125 20 


6010C LL Selenium 7782-49-2 Water 5 20 10 30 ug/L 88-113 75-125 20 


6010C LL Silicon 7440-21-3 Water 10 50 10 400 ug/L 80-120 75-125 20 


6010C LL Silver 7440-22-4 Water 0.7 2 1.4 4.2 ug/L 93-110 75-125 20 


6010C LL Sodium 7440-23-5 Water 70 200 140 420 ug/L 80-120 75-125 20 


6010C LL Strontium 7440-24-6 Water 0.07 0.2 0.07 10 ug/L 80-120 75-125 20 


6010C LL Thallium 7440-28-0 Water 2 10 6 18 ug/L 80-120 75-125 20 


6010C LL Tin 7440-31-5 Water 2 10 2 10 ug/L 80-120 75-125 20 


6010C LL Titanium 7440-32-6 Water 0.2 1 0.8 10 ug/L 80-120 75-125 20 


6010C LL Vanadium 7440-62-2 Water 1 2 2 6 ug/L 92-111 75-125 20 


6010C LL Zinc 7440-66-6 Water 0.7 2 1.4 4.2 ug/L 92-112 75-125 20 
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CAS/KELSO DATA QUALITY OBJECTIVES         
         Accuracy Matrix Spike Precision 
METHOD ANALYTE CAS No. MATRIX MDLa MRL   UNITS (LCS %Rec.) (%Rec.) (% RPD) 
6010C/PSEP Aluminum 7429-90-5 Tissue 0.07 1   mg/kg 75-125 70-130 30 


6010C/PSEP Antimony 7440-36-0 Tissue 0.4 5   mg/kg 75-125 70-130 30 


6010C/PSEP Arsenic  Tissue 0.6 10   mg/kg 75-125 70-130 30 


6010C/PSEP Barium 7440-39-3 Tissue 0.04 0.5   mg/kg 75-125 70-130 30 


6010C/PSEP Beryllium  Tissue 0.02 0.5   mg/kg 75-125 70-130 30 


6010C/PSEP Boron 7440-42-8 Tissue 0.2 5   mg/kg 75-125 70-130 30 


6010C/PSEP Cadmium 7440-43-9 Tissue 3 5   mg/kg 75-125 70-130 30 


6010C/PSEP Calcium 7440-70-2 Tissue 2 5   mg/kg 75-125 70-130 30 


6010C/PSEP Chromium 7440-47-3 Tissue 0.08 0.2   mg/kg 75-125 70-130 30 


6010C/PSEP Cobalt  Tissue 0.05 1   mg/kg 75-125 70-130 30 


6010C/PSEP Copper 7440-50-8 Tissue 0.2 1   mg/kg 75-125 70-130 30 


6010C/PSEP Iron 7439-89-6 Tissue 0.4 2   mg/kg 75-125 70-130 30 


6010C/PSEP Lead  Tissue 0.2 5   mg/kg 75-125 70-130 30 


6010C/PSEP Lithium 7439-93-2 Tissue 0.3 0.5   mg/kg 75-125 70-130 30 


6010C/PSEP Magnesium 7439-95-4 Tissue 0.4 2   mg/kg 75-125 70-130 30 


6010C/PSEP Manganese 7439-96-5 Tissue 0.03 0.5   mg/kg 75-125 70-130 30 


6010C/PSEP Molybdenum 7439-98-7 Tissue 0.05 1   mg/kg 75-125 70-130 30 


6010C/PSEP Nickel 7440-02-0 Tissue 0.06 2   mg/kg 75-125 70-130 30 


6010C/PSEP Phosphorus 7723-14-0 Tissue 2 20   mg/kg 75-125 70-130 30 


6010C/PSEP Potassium 7440-09-7 Tissue 6 40   mg/kg 75-125 70-130 30 


6010C/PSEP Selenium 7782-49-2 Tissue 0.7 10   mg/kg 75-125 70-130 30 


6010C/PSEP Silver 7440-22-4 Tissue 0.1 1   mg/kg 75-125 70-130 30 


6010C/PSEP Sodium 7440-23-5 Tissue 4 20   mg/kg 75-125 70-130 30 


6010C/PSEP Strontium 7440-24-6 Tissue 0.02 1   mg/kg 75-125 70-130 30 


6010C/PSEP Thallium 7440-28-0 Tissue 0.3 10   mg/kg 75-125 70-130 30 


6010C/PSEP Tin 7440-31-5 Tissue 0.3 5   mg/kg 75-125 70-130 30 


6010C/PSEP Titanium 7440-32-6 Tissue 0.09 1   mg/kg 75-125 70-130 30 


6010C/PSEP Vanadium 7440-62-2 Tissue 0.07 1   mg/kg 75-125 70-130 30 


6010C/PSEP Zinc 7440-66-6 Tissue 0.06 1   mg/kg 75-125 70-130 30 


 
  


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.







SOP NO.: MET-ICP 
Revision: 23 
Date: 9/28/11 
Page: 26 of 35 
 


Columbia Analytical Services, Inc. - Kelso 
 


TABLE 3 
Standard A for IRIS ICP-OES 


      
  Source  Final Final 
Analyte Source Concentration Aliquot Volume Concentration 
  (ppm) (mL) (mL) (ppm) 
      
Antimony (1) 100 10 1000 1.0 
Antimony Elemental Stock 1000 4 1000 4.0 
Arsenic (1) 100 10 1000 1.0 
Arsenic Elemental Stock 1000 4 1000 4.0 
Boron (1) 100 10 1000 1.0 
Cadmium (1) 100 10 1000 1.0 
Calcium (1) 100 10 1000 1.0 
Calcium Elemental Stock 10000 0.4 1000 4.0 
Chromium (1) 100 10 1000 1.0 
Cobalt (1) 100 10 1000 1.0 
Copper (1) 100 10 1000 1.0 
Iron (1) 100 10 1000 1.0 
Lead (1) 100 10 1000 1.0 
Lead Elemental Stock 1000 4 1000 4.0 
Magnesium (1) 100 10 1000 1.0 
Magnesium Elemental Stock 1000 3 1000 3.0 
Manganese (1) 100 10 1000 1.0 
Manganese Elemental Stock 1000 1 1000 1.0 
Molybdenum (1) 100 10 1000 1.0 
Molybdenum Elemental Stock 1000 1 1000 1.0 
Nickel (1) 100 10 1000 1.0 
Selenium (1) 100 10 1000 1.0 
Selenium Elemental Stock 1000 4 1000 4.0 
Silver (1) 100 10 1000 1.0 
Tin Elemental Stock 1000 5 1000 5.0 
Thallium (1) 100 10 1000 1.0 
Thallium  Elemental Stock 1000 9 1000 9.0 
Titanium (1) 100 10 1000 1.0 
Vanadium (1) 100 10 1000 1.0 
Zinc (1) 100 10 1000 1.0 
Hydrochloric Acid - - 50 1000 5% 
Nitric Acid - - 10 1000 1% 
      
 (1) Mixed Standard, QCS-26  
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TABLE 3 continued 
Standard B for IRIS ICP-OES 


      
  Source  Final Final 
Analyte Source Concentration Aliquot Volume Concentration 
  (ppm) (mL) (mL) (ppm) 
      
Aluminum Elemental Stock 10000 1 1000 10 
Barium Elemental Stock 10000 0.5 1000 5.0 
Beryllium Elemental Stock 1000 0.1 1000 0.1 
Calcium Elemental Stock 10000 5 1000 50 
Iron Elemental Stock 10000 5 1000 50 
Lithium Elemental Stock 1000 1 1000 1.0 
Magnesium Elemental Stock 10000 5 1000 50 
Manganese Elemental Stock 1000 10 1000 10 
Phosphorus Elemental Stock 10000 2 1000 20 
Potassium Elemental Stock 10000 2 1000 20 
Silicon Elemental Stock 10000 0.5 1000 5 
Sodium Elemental Stock 10000 2 1000 20 
Strontium Elemental Stock 1000 1 1000 1.0 
HCl - - 50 1000 5% 
HNO3 - - 10 1000 1% 
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TABLE 4 
Standard A for ICAP 6500 ICP-OES 


      
  Source  Final Final 
Analyte Source Concentration Aliquot Volume Concentration 
  (ppm) (mL) (mL) (ppm) 
      
Antimony (1) 100 5 1000 0.5 
Beryllium (1) 100 5 1000 0.5 
Boron (1) 100 5 1000 0.5 
Cadmium (1) 100 5 1000 0.5 
Calcium (1) 100 5 1000 0.5 
Chromium (1) 100 5 1000 0.5 
Cobalt (1) 100 5 1000 0.5 
Copper (1) 100 5 1000 0.5 
Iron (1) 100 5 1000 0.5 
Lead (1) 100 5 1000 0.5 
Magnesium (1) 100 5 1000 0.5 
Manganese (1) 100 5 1000 0.5 
Molybdenum (1) 100 5 1000 0.5 
Nickel (1) 100 5 1000 0.5 
Selenium (1) 100 5 1000 0.5 
Silver (1) 100 5 1000 0.5 
Tin Elemental Stock 1000 0.5 1000 0.5 
Thallium (1) 100 5 1000 0.5 
Titanium (1) 100 5 1000 0.5 
Vanadium (1) 100 5 1000 0.5 
Zinc (1) 100 5 1000 0.5 
Hydrochloric Acid - - 50 1000 5% 
Nitric Acid - - 10 1000 1% 
      
 (1) Mixed Standard, QCS-26  
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TABLE 4 continued 
Standard B for ICAP 6500 ICP-OES 


      
  Source  Final Final 
Analyte Source Concentration Aliquot Volume Concentration 
  (ppm) (mL) (mL) (ppm) 
      
Aluminum Elemental Stock 10000 2 1000 20 
Arsenic Elemental Stock 1000 2 1000 2 
Barium Elemental Stock 10000 2 1000 20 
Calcium Elemental Stock 10000 2 1000 20 
Iron Elemental Stock 10000 2 1000 20 
Lithium Elemental Stock 1000 2 1000 2 
Magnesium Elemental Stock 10000 2 1000 20 
Phosphorus Elemental Stock 10000 2 1000 20 
Potassium Elemental Stock 10000 2 1000 20 
Silicon Elemental Stock 10000 2 1000 20 
Sodium Elemental Stock 10000 2 1000 20 
Strontium Elemental Stock 1000 2 1000 2 
HCl - - 50 1000 5% 
HNO3 - - 10 1000 1% 
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TABLE 5 


ICP ICV Standards 
      
ICV1 Solution      
  Source  Final Final 
Analyte Source Concentration Aliquot Volume Concentration 
  (ppm) (mL) (mL) (ppm) 
      
Aluminum QCP-CICV-1 1000 2.5 500 5.0 
Antimony QCP-CICV-2 500 2.5 500 2.5 
Arsenic QCP-CICV-3 500 2.5 500 2.5 
Barium QCP-CICV-1 1000 2.5 500 5.0 
Beryllium QCP-CICV-1 25 2.5 500 0.125 
Cadmium QCP-CICV-3 250 2.5 500 1.25 
Calcium QCP-CICV-1 2500 2.5 500 12.5 
Chromium QCP-CICV-1 100 2.5 500 0.5 
Cobalt QCP-CICV-1 250 2.5 500 1.25 
Copper QCP-CICV-1 125 2.5 500 0.625 
Iron QCP-CICV-1 500 2.5 500 2.5 
Lead QCP-CICV-3 500 2.5 500 2.5 
Magnesium QCP-CICV-1 2500 2.5 500 12.5 
Manganese QCP-CICV-1 250 2.5 500 1.25 
Molybdenum Elemental Stock 1000 1.0 500 2.0 
Nickel QCP-CICV-1 250 2.5 500 1.25 
Potassium QCP-CICV-1 2500 2.5 500 12.5 
Selenium QCP-CICV-3 500 2.5 500 2.5 
Silver QCP-CICV-1 125 2.5 500 0.625 
Sodium QCP-CICV-1 2500 2.5 500 12.5 
Thallium QCP-CICV-3 500 2.5 500 2.5 
Titanium Elemental Stock 1000 1.0 500 2.0 
Vanadium QCP-CICV-1 250 2.5 500 1.25 
Zinc QCP-CICV-1 250 2.5 500 1.25 
Hydrochloric Acid - - 25 500 5% 
Nitric Acid - - 5 500 1% 
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  TABLE 5 continued    
      
ICVB Solution      
  Source  Final Final 
Analyte Source Concentration Aliquot Volume Concentration
  (ppm) (mL) (mL) (ppm) 
      
Aluminum Elemental Stock 1000 0.5 500 1 
Boron Elemental Stock 1000 2.5 500 5 
Calcium Elemental Stock 1000 2.5 500 5 
Iron Elemental Stock 1000 5 500 10 
Lithium Elemental Stock 1000 1 500 2 
Magnesium Elemental Stock 1000 2.5 500 5 
Manganese Elemental Stock 1000 5 500 10 
Phosphorus Elemental Stock 1000 2.5 500 5 
Silicon Elemental Stock 1000 2.5 500 5 
Strontium Elemental Stock 1000 1 500 2 
Tin Elemental Stock 1000 2.5 500 5             
Hydrochloric Acid -  25 500 5% 
Nitric Acid -  5 500 1% 
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TABLE 6 


ICP Interference Check Solutions 
      
      
ICSA Solution      
  Source  Final Final 
Analyte Source Concentration Aliquot Volume Concentration 
  (ppm) (mL) (mL) (ppm) 
      
Aluminum CLPP-ICS-A 5000 50 500 500 
Calcium CLPP-ICS-A 5000 50 500 500 
Iron CLPP-ICS-A 2000 50 500 200 
Magnesium CLPP-ICS-A 5000 50 500 500 
Hydrochloric Acid - - 25 500 5% 
Nitric Acid - - 5 500 1% 
      
      
      
ICSAB Solution      
  Source  Final Final 
Analyte Source Concentration Aliquot Volume Concentration 
  (ppm) (mL) (mL) (ppm) 
      
Aluminum CLPP-ICS-A 5000 50 500 500 
Antimony Elemental Stock 1000 0.5 500 1 
Barium CLPP-ICS-B 50 5 500 0.5 
Beryllium CLPP-ICS-B 50 5 500 0.5 
Cadmium CLPP-ICS-B 100 5 500 1 
Calcium CLPP-ICS-A 5000 50 500 500 
Chromium CLPP-ICS-B 50 5 500 0.5 
Cobalt CLPP-ICS-B 50 5 500 0.5 
Copper CLPP-ICS-B 50 5 500 0.5 
Iron CLPP-ICS-A 2000 50 500 200 
Lead CLPP-ICS-B 100 5 500 1 
Magnesium CLPP-ICS-A 5000 50 500 500 
Manganese CLPP-ICS-B 50 5 500 0.5 
Nickel CLPP-ICS-B 100 5 500 1 
Silver CLPP-ICS-B 100 5 500 1 
Vanadium CLPP-ICS-B 50 5 500 0.5 
Zinc CLPP-ICS-B 100 5 500 1 
HCl - - 25 500 0.05 
HNO3 - - 5 500 0.01 
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TABLE 7 
IRIS Analytical Wavelengths 


     
     
 Analyte  Wavelength 
     
 Aluminum  237.3  
 Antimony  206.8  
 Arsenic  189.0  
 Barium  233.5  
 Beryllium  313.0  
 Boron  249.7  
 Cadmium  226.5  
 Calcium  317.9  
 Calcium  211.2 High Line 
 Chromium  267.7  
 Cobalt  228.6  
 Copper  324.7  
 Iron  259.9  
 Iron  271.4 High Line 
 Lead  220.3  
 Lithium  670.7  
 Magnesium  279.5  
 Magnesium  202.5 High Line 
 Manganese  257.6  
 Manganese  293.9 High Line 
 Molybdenum  202.0  
 Nickel  231.6  
 Phosphorus  214.9  
 Potassium  766.4  
 Selenium  196.0  
 Silicon  251.6  
 Silver  328.0  
 Sodium  589.5  
 Strontium  407.7  
 Thallium  190.8  
 Tin  189.9  
 Titanium  323.4  
 Vanadium  310.2  
 Zinc  206.2  
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TABLE 8 
ICAP 6500 Analytical Wavelengths 


     
     
 Analyte  Wavelength 
     
 Aluminum  167.0 Low Line 
 Aluminum  394.4  
 Antimony  206.8  
 Antimony  217.5 Alternate 
 Arsenic  189.0  
 Barium  455.4  
 Beryllium  234.8  
 Boron  249.6  
 Cadmium  226.5  
 Cadmium  214.4 Alternate 
 Calcium  315.8  
 Calcium  393.3 Low Line 
 Chromium  267.7  
 Cobalt  230.7  
 Cobalt  228.6 Alternate 
 Copper  327.3  
 Copper  224.7 Alternate 
 Iron  259.9  
 Lead  220.3  
 Lithium  670.7  
 Magnesium  279.0 High Line 
 Magnesium  279.5 Low Line 
 Magnesium  285.2  
 Manganese  257.6  
 Manganese  260.5 High Line 
 Molybdenum  202.0  
 Nickel  221.6  
 Nickel  231.6 Alternate 
 Phosphorus  214.9  
 Phosphorus  178.2 Alternate 
 Potassium  766.4  
 Selenium  196.0  
 Silicon  251.6  
 Silver  328.0  
 Sodium  588.9 Alternate 
 Sodium  589.5  
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 TABLE 8 
 ICAP 6500 Analytical Wavelengths 
 continued 
 Strontium  407.7  
 Thallium  190.8  
 Tin  189.9  
 Titanium  336.1  
 Vanadium  292.4  
 Zinc  206.2  
 Zinc  213.8 Alternate 
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SELENIUM BY BOROHYDRIDE REDUCTION ATOMIC ABSORPTION  
 
 
 
 
1. SCOPE AND APPLICATION 
 


1.1. This Standard Operating Procedure (SOP) describes the procedure used for the analysis of 
Selenium by borohydride reduction atomic absorption using EPA Method 7742 or 
Standard Method 3114B.  This procedure describes the analysis procedures used to 
determine the analyte concentration and reporting limits listed. The sample preparation 
procedures are described in sample preparation SOPs MET-3010A, MET-3050B, and MET-
TDIG. 


 
1.2. This procedure is used to determine Selenium in water, soil, and tissue matrices.  The 


procedure may be applied to other miscellaneous sample matrices providing that the 
analyst demonstrates the ability of the procedure to give data of acceptable quality in that 
matrix. The Method Reporting Limits (MRLs) are presented in Table 1. Method 
Detection Limits (MDLs) that have been achieved are also given. 


 
1.3. In cases where there is a project-specific quality assurance plan (QAPP), the project manager 


identifies and communicates the QAPP-specific requirements to the laboratory.  In general, 
project specific QAPP’s supersede method specified requirements.  An example of this are 
projects falling under DoD ELAP. QC requirements defined in the SOP Department of 
Defense Projects – Laboratory Practices and Project Management (ADM-DOD) may 
supersede the requirements defined in this SOP. 


 
 
2. METHOD SUMMARY  
 


2.1. Samples are prepared according to the nitric acid digestion procedure described in 
Method 3010 for aqueous and extract samples, the nitric/peroxide/hydrochloric acid 
digestion procedure described in Method 3050 for sediments, soils, and sludges, and the 
nitric/closed vessel digestion for tissues. Excess peroxide is removed by evaporating 
samples to near-dryness at the end of the digestion followed by dilution to volume and 
degassing the samples upon addition of urea. The selenium is converted to the +4 
oxidation state during digestion in HCl. Selenium is then converted to its volatile hydride 
using hydrogen produced from the reaction of the acidified sample with sodium 
borohydride in a continuous-flow hydride generator. 


 
2.2. The volatile hydrides are swept into, and decompose in, a heated quartz absorption cell 


located in the optical path of an atomic absorption spectrophotometer. The resulting 
absorption of the lamp radiation is proportional to the selenium concentration.. 
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3. DEFINITIONS 
 


3.1. Analysis Sequence - Samples are analyzed in a set referred to as an analysis sequence.  The 
sequence begins with instrument calibration (initial or continuing verification) followed by 
sample extracts interspersed with calibration standards (CCBs, CCVs, etc...) The sequence 
ends when the set of samples has been injected or when qualitative and/or quantitative QC 
criteria indicate an out-of-control situation. 


 
3.2. Independent Calibration Verification (ICV) - Initial calibration verification standards that are 


analyzed after initial calibration with newly prepared standards but prior to sample analysis, 
in order to verify the validity of the standards used in calibration. The ICV standards are 
prepared from a materials obtained from a source different from that used to prepare 
calibration standards. 


 
3.3. Matrix Spike (MS) Analysis - In the matrix spike analysis, predetermined quantities of target 


analytes are added to a sample matrix prior to sample preparation and analysis.  The purpose 
of the matrix spike is to evaluate the effects of the sample matrix on the method used for the 
analysis. 


 
3.4. Duplicate Sample (DUP) A laboratory duplicate. The duplicate sample is a separate field 


sample aliquot that is processed in an identical manner as the sample proper.  The relative 
percent difference between the samples is calculated and used to assess analytical precision. 


 
3.5. Standard Curve - A standard curve is a calibration curve that plots concentrations of a known 


analyte standard versus the instrument response to the analyte.  A linear regression 
calibration model is used.  The appropriate criteria for assessing the validity of the 
calibration curve must be followed prior to quantitation of target analytes in actual sample 
analyses. 


 
3.6. Method Blank (MB) - The method blank is an artificial sample composed of analyte-free 


water or solid matrix and is designed to monitor the introduction of artifacts into the 
analytical process.  The method blank is carried through the entire analytical procedure. 


 
3.7. Continuing Calibration Verification Standard (CCV) - A mid-level standard analyzed at 


specified intervals.  Used to verify that the initial calibration curve is still valid for 
quantitative purposes. 


 
3.8. Instrument Blank (CCB) - The instrument blank (also called continuing calibration blank) is 


a volume of clean solvent analyzed on each column and instrument used for sample analysis. 
 The purpose of the instrument blank is to determine the levels of contamination associated 
with the instrumental analysis itself, particularly with regard to the carry-over of analytes 
from standards or highly contaminated samples into subsequent sample analyses. 


 
3.9. Method of standard additions (MSA) - The standard addition technique involves adding 


known amounts of standard to one or more aliquots of the processed sample solution. 
This technique attempts to compensate for a sample constituent that enhances or 
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depresses the analyte signal, thus producing a different slope from that of the calibration 
standards. It will not correct for additive interferences which cause a baseline shift.  


 
4. INTERFERENCES  
 


4.1. Very high (>1000 mg/L) concentrations of cobalt, copper, iron, mercury, and, nickel can 
cause analytical interferences through precipitation as reduced metals and associated 
blockage of transfer lines and fittings. 


 
4.2. Traces of peroxides left following the sample work-up can result in analytical 


interferences. Peroxides must be removed by evaporating each sample to near-dryness 
followed by reacting each sample with urea and allowing sufficient time for degassing 
before analysis. 


 
4.3. Even after acid digestion, flame gases and organic compounds may remain in the sample. 


Flame gases and organic compounds can absorb at the analytical wavelengths and 
background correction should be used. 


 
5. SAFETY 
 


5.1. All appropriate safety precautions for handling solvents, reagents and samples must be 
taken when performing this procedure.  This includes the use of personnel protective 
equipment, such as, safety glasses, lab coat and the correct gloves.   


 
5.2. Chemicals, reagents and standards must be handled as described in the CAS safety 


policies, approved methods and in MSDSs where available.  Refer to the CAS 
Environmental, Health and Safety Manual and the appropriate MSDS prior to beginning 
this method. 


 
5.3. Hydrochloric and/or Nitric Acid are used in this method.  These acids are extremely 


corrosive and care must be taken while handling them. A face shield should be used 
while pouring acids.  And safety glasses should be worn while working with the 
solutions.  Lab coat and gloves should always be worn while working with these 
solutions.   


 
6. SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE 
 


6.1. Aqueous samples are typically collected in plastic containers.  Aqueous samples are 
preserved with nitric acid (pH<2), then refrigerated at 4  2°C from receipt until analysis. 


 
6.2. Non-aqueous samples may be collected in plastic or glass jars.  Non-aqueous samples are 


refrigerated at 4  2°C from receipt until analysis.  Non-aqueous samples should be 
analyzed as soon as possible following sampling.  


 
6.3. Tissue samples are typically collected in plastic or glass jars.  Prepared samples are stored 


frozen at < 10ºC until preparation. Tissue samples can be held up to one year. 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.







   SOP NO. MET-7742 
   Revision 3 
   Date:   1/28/2010 
   Page 5 of 15 


 
 
7. REAGENTS AND STANDARDS  
 


7.1. Reagents 
 


7.1.1. Reagent grade chemicals shall be used in all tests. Other grades may be used, 
provided it is first ascertained that the reagent is of sufficiently high purity to 
permit its use without lowering the accuracy of the determination. 


 
7.1.2. Concentrated Hydrochloric Acid (HCl) 
 
7.1.3. 4% Sodium Borohydride (NaBH4).  20g NaBH4 plus 2g of sodium hydroxide 


dissolved in 500mL of reagent water. 
 


7.1.4. Urea (H2NCONH2) 
 


7.1.5. Reagent and grade 
 


7.2. Standards 
 


7.2.1. Stock standard solutions may be purchased from a number of vendors.  All 
standards purchased from vendors must be traceable to NIST or A2LA certified 
reference materials.  Purchased standards are typically prepared at a concentration 
of 1000 ppm, and are prepared in 500 mL plastic bottles.  The vendor-assigned 
expiration date is used.  


 
7.2.2. A 1000 ppb intermediate stock standard is prepared by pipetting 0.100 mL of 


1000 ppm stock standard, plus 1.0 mL of concentrated HNO3, into a 100 mL 
volumetric and diluting to volume with reagent water. 


 
7.2.3. The ICV is prepared at 10 ppb as described above. The 1000 ppb intermediate 


stock used for the ICV is prepared from a source independent of the original 1000 
ppm purchased standard. 


 
8. APPARATUS AND EQUIPMENT 


 
8.1. Perkin Elmer AAnylst 200 - Atomic Absorption Spectrophotometer.  


 
8.1.1. FIAS -100 Vapor Generator 


 
8.1.2. Quartz Absorbance Cell 


 
8.1.3. Selenium Hollow Cathode Lamp 


 
8.2. Digestion Hot-Block capable of maintaining 50°C 
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8.3. 50 mL Centrifuge Tubes 
 
8.4. Hot Plates capable of maintaining 50°C 
 
8.5. 50 mL Volumetric Flasks 


 
9. PREVENTIVE MAINTENANCE 


 
9.1. All maintenance activities are recorded in a maintenance logbook kept for each instrument.  


Pertinent information (serial numbers, instrument I.D., etc.) must be in the logbook.  
Maintenance entries should include date, symptom of problem, corrective actions, 
description of maintenance, date, and name.  The log should contain a reference to return to 
analytical control.  
 


9.2. Typical preventive maintenance measures include, but are not limited to, the following 
items: 
 


 Cleaning the nebulizer and burner head 
 Cleaning the gas liquid separator 
 Inspection of the hollow cathode and deuterium lamp conditions 


 
10. RESPONSIBILITIES 


 
10.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 


complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with the 
training program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee.   
 


10.2. It is the responsibility of the department supervisor/manager to document analyst training.  
Documenting method proficiency, as described in Methods 7742 and 3114B, is also the 
responsibility of the department supervisor/manager.    


 
11. PROCEDURE 
 


11.1. Sample Preparation 
 


11.1.1. Water samples are first prepared by EPA Method 3010A (CAS SOP; MET-
3010A), soil samples by EPA Method 3050B (CAS SOP; MET-3050) with 
modifications noted below, and tissue samples by closed vessel digestion (CAS 
SOP; MET-TDIG). 


 
Note:  The 3050B soil digestion is modified as follows:  After the final peroxide 
addition (i.e. before the final reduction stage) add 5.0mL of concentrated 
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hydrochloric acid and reduce the digestate volume to less than 5.0mL, but not to 
dryness. After cooling, dilute the digestate to 100mL with reagent water. 
 


11.2. Digestate Preparation for hydride analysis 
 


11.2.1. Waters – 25 mL of the water digestate is aliquoted to a 50 mL centrifuge tube and 
20 mL of concentrated HCl is added. The centrifuge cap is loosely placed on the 
tube and the sample is heated in a digestion hot-block at 50°C for 30 minutes. 
After cooling the sample is diluted to 50 mL as needed resulting in a two fold 
dilution of the original digestate. 


 
11.2.2. Soil/Sediment - 25 mL of the soil/sediment digestate is aliquoted to a 50 mL 


centrifuge tube. 0.5 g of Urea is added followed by 20 mL of concentrated HCl. 
The centrifuge cap is loosely placed on the tube and the sample is heated in a 
digestion hot-block at 50°C for 30 minutes. After cooling the sample is diluted to 
50 mL as needed resulting in a two fold dilution of the original digestate. 


 
11.2.3. Tissues – 8.0 mL of the tissue digestate is aliquoted to a 50 mL centrifuge tube. 


0.4 g of Urea is added followed by 16 mL of concentrated HCl. The centrifuge 
cap is loosely placed on the tube and the sample is heated in a digestion hot-block 
at 50°C for 30 minutes. After cooling the sample is diluted to 40 mL as needed 
resulting in a five fold dilution of the original digestate. 


 
11.3. Standard Preparation 
 


11.3.1. Working standards are prepared in 100 mL volumetric flasks by aliquoting 0, 
0.025, 0.05, 0.25, 0.375, and 0.5 mL of 1000 ug/ L intermediate standard into 50 
mL centrifuge tube containing approximately 15 mL of reagent water. When 
analyzing tissues, an additional low point using 0.01 mL of the 1000ug/L 
intermediate is prepared. The appropriate amounts of concentrated HCl and/or 
HNO3 are added in order to replicate the matrix of the initial 3010A, 3050B, or 
tissue digests. An additional 25 mL of concentrated HCl is added and the beakers 
are covered with a watchglass and heated on a hotplate at 50°C of 30 minutes.  
After cooling the standards are quantitatively transfered to 50 mL volumetric 
flask and diluted to volume with reagent water.   


 
 


11.3.2. An Independent Calibration Verification (ICV) standard is prepared by aliquoting 
0.375 mL of a 1000 ug/L intermediate standard prepared from a different source 
than the intermediate used for the calibration standards.  This standard is then 
processed as described above. 
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11.4. Method of Standard Additions (MSA): 
 


11.4.1. For Soil and Tissue digestions the single point MSA technique is utilized by default. 
The matrix of these digests has been shown to produce a low bias of varying degrees 
when analyzed using the Perkin Elmer hydride system. This low bias is corrected for 
using the MSA procedure described in section 9.10.1 of EPA method 7000B 
Revision 2. After the sample digestate is prepared as described above in section 11.1 
of this SOP, two 10 mL aliquots are placed in separate autosampler tubes. To the 
MSA aliquot 0.05 mL of 1000 ppb standard is added. After the two sample aliquots 
are analyzed the solution concentration (CX) can be calculated using the following 
equation: 


 
 


SB*VS*CS 
Cx=


(SA - SB) Vx 
 


Where: 
 


SB = analytical signal of parent sample 
SA = analytical signal of MSA sample 
VS = volume of standard added to the MSA sample 
VX = volume of sample aliquots 
CS = concentration of spike solution 


 
Alternately, CX can be calculated with solution concentrations using the following equation: 
 


CP*VS*CS 
Cx=


(CM - CP) Vx 
 


Where: 
 


CP = measured concentration of the parent sample 
CM = measured concentration of the MSA sample 
VS = volume of standard added to the MSA sample 
VX = volume of sample aliquots 
CS = concentration of spike solution 


 
Once CX is determined the final sample concentration is calculated by the appropriate reporting 
software based on the initial sample aliquot and subsequent digestion and instrumental dilutions, 
and total solids if applicable. 
 
Note: Since the change of volume from spiking the MSA aliquot is only 0.5%, which is 
insignificant relative to the accuracy and precision of the final result, this dilution is ignored in 
the calculations above. 
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11.5. Instrument Setup 
 


A Perkin Elmer AA200 is used in conjunction with the FIAS-100 hydride generator, and 
a burner head mounted quartz cell. The sample and carrier (10% HCl) flows are set at 4.2 
mL/min and the borohydride (0.5% Sodium Borohydride) flow at 2.1 mL/min. The 
instrument is optimized to wavelength of 196.0 nm, with a slit width 1.0. The burner is 
ignited and the system is allowed to warm up for 10 minutes prior to starting the analysis.  


 
CAUTION: The hydride of selenium is very toxic. Precautions must be taken to 
avoid inhaling the gas. 


 
11.6. Calibration and Analysis 
 


11.6.1. The sampling tube is placed into the calibration blank, allowed to come to 
equilibrium, and then analyzed.  The remaining calibration standards are analyzed 
similarly in ascending order. After the calibration curve is complete the r value is 
calculated.  If the r value is not > 0.995 then the calibration is rejected and must 
be re-analyzed.   


 
11.6.2. Immediately following the calibration the ICV solution is analyzed followed in 


order by an Initial Calibration Blank (ICB), Continuing Calibration Verification 
(CCV), Continuing Calibration Blank (CCB), and the MRL check standard (i.e. 
the low calibration standard).  ICV and CCV recoveries must fall within ± 10% of 
their true value, and ICB and CCB results must be less than 3x MDL. 


 
11.6.3. Once the above calibration and QC check standards have been successfully run 


the samples are ready to be analyzed.  After a maximum of 10 samples have been 
analyzed an additional set of CCV and CCB standard must be analyzed using the 
criteria described above. If one or both of these standards are out of control the 
problem must be corrected, the instrument recalibrated, the initial QC check 
standards analyzed, and the samples following the last compliant CCV/CCB 
check re-analyzed. 


 
11.7. List any matrix modifiers or reducing agents used in the analysis on the associated raw data 


 
12. QUALITY CONTROL 


 
12.1. Initial Precision and Recovery Validation 


 
The precision of the procedure must be validated before sample analysis, or whenever 
significant changes to the procedures have been made.  To do this, four water samples are 
spiked with the LCS spike solution, then prepared and analyzed. 


 
12.2. Method Detection Limits 
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12.2.1. A method detection limit (MDL) study must be undertaken before analysis of 
samples can begin.  To establish detection limits that are precise and accurate, the 
analyst must perform the following procedure.  Spike seven blank matrix (water 
or soil) samples at a level near, or below the MRL.  Follow the analysis 
procedures in Section 11 to analyze the samples. 


 
12.2.2. Calculate the average concentration found (x) in µg/mL, and the standard 


deviation of the concentrations (s) in µg/mL for each analyte.  Calculate the MDL 
for each analyte. Refer to the CAS SOP Performing Method Detection Limit 
Studies and Establishing Limits of Detection and Limits of Quantification .  The 
MDL study must be verified annually. 


 
12.3. Limits of Quantification - LOQ 


 
12.3.1. Method 7000B requires the laboratory establish a LOQ for each analyte as the lowest 


reliable laboratory reporting concentration or in most cases the lowest point in the 
calibration curve which is less than or equal to the desired regulatory action levels, 
based on the stated project requirements. Analysis of a standard prepared at the LOQ 
concentration levels or use of the LOQs as the lowest point calibration standard 
provides confirmation of the established sensitivity of the method. The LOQ 
recoveries must be within 30% of the true values to verify the data reporting limit. 
Refer to the CAS SOP Performing Method Detection Limit Studies and Establishing 
Limits of Detection and Limits of Quantification.   


 
12.4. Ongoing QC Samples required are described in the CAS-Kelso Quality Assurance Manual 


and in the SOP for Sample Batches.  Additional QC Samples may be required in project 
specific quality assurance plans (QAPP).  For example projects managed under the DoD 
ELAP must follow requirements defined in the DoD Quality Systems Manual for 
Environmental Laboratories.  General QA requirements for DoD QSM are defined in the 
laboratory SOP, Department of Defense Projects – Laboratory Practices and Project 
Management (ADM-DOD). General QC Samples and their default control criteria are:  


 
12.4.1. Method Blank 


 
12.4.1.1.A method blank is extracted and analyzed with every batch of 20 (or 


fewer) samples to demonstrate that there are no method interferences.  If 
the method blank shows any hits above the MRL for standard 
applications, or ½ the MRL for DoD projects, corrective action must be 
taken.  Corrective action includes recalculation, reanalysis, system 
cleaning, or re-extraction and reanalysis. Reanalysis may only be done 
once. 


 
12.4.2. Lab Control Sample (LCS)  
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12.4.2.1.The laboratory control sample for water samples is composed of analyte-
free water into which Selenium is spike. The laboratory control sample for 
soils and tissues consists of an appropriate reference material (e.g. ERA 
DO65-540 for soils, NRCC TORT-3 for tissues). The LCS is designed to 
monitor the accuracy of the procedure. The concentration of the spike in the 
LCS matrix should be at 5 to 10 times the MRL or at levels specified by a 
project analysis plan. 


 
12.4.3. A lab control sample (LCS) must be prepared and analyzed with every 


batch of 20 (or fewer) samples.  Calculate the LCS recovery as follows: 
 


%R = X/TV x 100  
 


Where X = Concentration of the analyte recovered 
TV = True value of amount spiked 


 
The acceptance criterion is 80-120%.  Acceptance limits for other 
reference materials is specific to the material used.  Also, other project-
specific limits may be required.  If the LCS fails acceptance criteria, 
corrective action must be taken.  Corrective action includes recalculation, 
reanalysis, or re-extraction and reanalysis.   


 
12.4.4. Matrix Spike 


 
12.4.5. A matrix spike (MS) must be prepared and analyzed with every batch of 


20 (or fewer) samples.  The MS is prepared by adding a known volume of 
the matrix spike solution to the sample and determining the spiked sample 
concentration.  Calculate percent recovery (%R) as: 


 


%R =  
X -  X1


TV
 x 100


  
 


Where X = Concentration of the analyte recovered 
X1 = Concentration of unspiked analyte 
TV = True value of amount spiked 


 
12.4.6. The acceptance limits for the MS is 75-125% for all matrices.  Also, other 


project-specific limits may be required.  If the MS recovery is out of 
acceptance limits for reasons other than matrix effects, corrective action 
must be taken.  Corrective action includes recalculation, reanalysis, or re-
preparation and reanalysis. 


 
12.4.7. A Duplicate sample is prepared and analyzed one per batch, or per 20 samples.  


Calculate Relative Percent Difference (RPD) as: 
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RPD =  
R1 -  R2


(R1 +  R2) / 2
 x 100


| |
  


 
Where R1= result for the sample 


R2= result for the sample duplicate 
 


The RPD criterion is 20%.  If outside the limit, redigest the sample batch.  
Determine if the sample is non-homogenous and redigest if it is homogenous. 


 
12.5. Recovery test (post-digestion spike) 


12.5.1. The recovery test must be done on all water samples within a digestion batch 
were that batch’s MS fails. 


 
12.5.2. The same sample from which the MS/MSD aliquots were prepared (assuming the 


MS/MSD recoveries are unacceptable) should also be spiked with a post digestion 
spike. Otherwise another sample from the same preparation should be used as an 
alternative. An analyte spike is added to a portion of a prepared sample, or its 
dilution, and should be recovered to within 80% to 120% of the known value. 
The spike addition should produce a minimum level of 10 times and a maximum 
of 100 times the lower limit of quantitation. If both the MS/MSD and the post 
digestion spike fail, then matrix effects are confirmed. 


 
12.6. Prior to preparation of samples, blanks should be analyzed to determine possible 


interferences from sample handling steps, reagents, or glassware.  If the blanks show 
contamination, the source of the contamination should be isolated and minimized. 


 
13. DATA REDUCTION AND REPORTING 
 


13.1. The concentration of the analyte(s) in the sample digest (Cex) is calculated using the 
calibration curve.  The concentration of analytes in the original samples is computed 
using the following equations: 


 
 
  Aqueous Samples: 
 


Concentration ( g / L) =  
(Cex) (Vf) (D)


(Vs)
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Where Cex  = Concentration in digestate in µg/mL 
Vf = Final volume of extract in mL 
D = Dilution factor 
Vs = Volume of sample digested, liters 


 
 


Nonaqueous Samples: 
 


Concentration (mg / Kg) =  
(Cex) (Vf) (D)


(W)   
 


Where Cex  = Concentration in digestate in µg/mL 
Vf = Final volume of extract in mL 
D = Dilution factor 
W = Weight of sample digested in grams. The   


 wet or dry weight may be used, depending    
 upon the specific client requirements. 


 
 


13.2. Sample concentrations are reported when all QC criteria for the analysis has been met.  
Reported results not meeting QC criteria must be qualified with a standard CAS footnote. 


 
13.3. Data Review 
 


Following primary data interpretation and calculations, all data is reviewed by a secondary 
analyst.  Following generation of the report, the report is also reviewed. Refer to the SOP for 
Laboratory Data Review Process for details. 


 
13.4. Reporting 


 
13.4.1. Reports are generated in the MARRS or Harold reporting softwares by compiling the 


SMO login, sample prep database, instrument date, and client-specified report 
requirements (when specified).  The compiled data is also used to create EDDs.   


 
13.4.2. As an alternative, reports are generated using Excel© templates located in 


R:\ICP\FORMS.  The analyst should choose the appropriate form and QC pages to 
correspond to required tier level and deliverables requirements.  The results are then 
transferred, by hand or electronically, to the templates. 


 
14. CONTENGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE 


DATA 
 


Corrective action measures applicable to specific analysis steps are discussed in the applicable 
section of this (and other applicable) SOP(s).  Also, refer to the SOP for Nonconformity and 
Corrective Action for correct procedures for identifying and documenting such data.  Procedures 
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for applying data qualifiers are described in the SOP for Report Generation or in project-specific 
requirements.  


 
 
15. METHOD PERFORMANCE 
 


15.1. This method was validated through single laboratory studies of accuracy and precision.  
Refer to the reference method for additional available method performance data.   
 


15.2. The method detection limit (MDL) is established using the procedure described in the SOP 
Performing Method Detection Limit Studies and Establishing Limits of Detection 
andQuantification (ADM-MDL).  Method Reporting Limits are established for this method 
based on MDL studies and as specified in the CAS Quality Assurance Manual. 


  
16. POLLUTION PREVENTION 
 


It is the laboratory’s practice to minimize the amount of solvents, acids and reagent used to perform 
this method wherever feasible.  Standards are prepared in volumes consistent with methodology and 
only the amount needed for routine laboratory use is kept on site.  The threat to the environment 
from solvent and reagents used in this method can be minimized when recycled or disposed of 
properly. 


 
17. WASTE MANAGEMENT 


 
17.1. The laboratory will comply with all Federal, State and local regulations governing waste 


management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the CAS EH&S Manual.   


  
17.2. This method uses acid.  Waste acid is hazardous to the sewer system and to the 


environment.  All acid waste must be neutralized to a pH of 2.5-12 prior to disposal down 
the drain. The neutralization step is considered hazardous waste treatment and must be 
documented on the treatment by generator record.  See the CAS EH&S Manual for 
details.    


 
18. TRAINING OUTLINE 
 


18.1. Review literature (see references section).  Review the SOP.  Also review the applicable 
MSDS for all reagents and standards used.  Following these reviews, observe the 
procedure as performed by an experienced analyst at least three times. 


 
18.2. The next training step is to assist in the procedure under the guidance of an experienced 


analyst for a period of approximately two weeks.  During this period, the analyst is 
expected to transition from a role of assisting, to performing the procedure with minimal 
oversight from an experienced analyst.   
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18.3. Perform initial precision and recovery (IPR) study as described above for water samples. 
Summaries of the IPR are reviewed and signed by the supervisor.  Copies may be 
forwarded to the employee’s training file. 


 
19. CHANGES SINCE THE LAST REVISION 


19.1. Sec 1.3 is new. 
19.2. Updated references to include method 7000B. 
19.3. Sec 3.9 Added definitions for MSA. 
19.4. Remove old section 7.2.3. 
19.5. Sec 11.2 is new 
19.6. Sec 11.3.1 Updated range on procedure for standard prep. 
19.7. Sec 11.3.2 Changed ICV amt from 1 ml to 0.375 ml. 
19.8. Sec 11.4 MSA is new 
19.9. Sec 12.2.2 Updated MDL reference and requirement to verify annually. 
19.10. Sec 12.3 on LOQ is new. 
19.11. Sec 12.4 is new. 
19.12. Sec 12.4.1 Rewritten to include DoD criteria. 
19.13. Sec 12.4.3 and 12.4.6 Updated recovery limits to follow 7000B 
19.14. Sec 12.4.7 Updated RPD limit to follow 7000B. 
19.15. Sec 12.5 is new. 


 
20. REFERENCES 
 


20.1. EPA Method 7742, Revision 0, 1994 
 
20.2. EPA Method 7000B, Revision 2, 1998 


 
20.3. Standard Methods 3114B, 20th Edition 


 
 


TABLE 1 
 


SELENIUM  MRLs, and MDLs 
 


 
Analyte Method Reporting Limit Method Detection Limit 
Water 1.0 ug/L 0.2 ug/L 
Soil 0.1 mg/Kg (dry) 0.03 mg/Kg (dry) 
Tissue 0.1 mg/Kg  (dry) 0.05 mg/Kg (dry) 
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SULFIDES, ACIDS VOLATILE 
 
 
 
1. SCOPE AND APPLICATION 
 


1.1. This procedure describes the determination of acid volatile sulfide (AVS) in soil, sediment, 
and other solids. As a precipitant of toxic heavy metals, sulfide is important in controlling 
the bioavailability of metals in sediments. The procedure can be used to isolate those metals, 
referred to as Simultaneously Extracted Metals (SEM), solubilized during the acidification 
step. Analysis for these metals can then be done using the applicable metals determinative 
procedure.   


 
1.2. Research has established that the relative amounts of SEM and AVS are important in the 


prediction of potential metal bioavailability; if the molar ratio of SEM for bivalent metals to 
AVS exceeds one, the toxic heavy metals in that sample are potentially bioavailable.  This 
method uses the same conditions for release of both sulfide and metal from the sediment and 
thus provides a useful means of assessing the amount of metal associated with sulfide. 


 
1.3. This procedure also includes steps for determination of Chromium Reducible Sulfur. 


 
1.4. This method is capable of determining sulfides in the range of 0.5 mg/Kg to 30,000 mg/Kg 


dry weight.  The Method Reporting Limit (MRL) 0.5 mg/Kg. Method detection limits are 
0.05 mg/Kg in the sample. 


 
2. METHOD SUMMARY 
 


2.1. The AVS in the sample is first converted to hydrogen sulfide (H2S) by acidification with 
hydrochloric acid at room temperature.  The H2S is then purged from the sample and trapped 
in aqueous solution.  The amount of sulfide that has been trapped is then determined. If SEM 
is to be determined, a portion of the aqueous solution is used to perform selected metals 
analyses. 


 
2.2. The H2S released by acidifying the sample is quantified using a colorimetric procedure.  In 


the colorimetric method, the H2S is trapped in sodium hydroxide.  The sulfide reacts with N-
N dimethyl-p-phenylenediamine to form methylene blue that is measured.  This procedure is 
capable of determining AVS concentrations as low as 0.5 mg/Kg dry weight of sediment.  
By appropriate sample dilution, the maximum concentration of AVS which can be 
determined is at least 30,000 mg/Kg dry sediment. 
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3. DEFINITIONS 
 
3.1. Batch - A batch of samples is a group of environmental samples that are prepared and/or 


analyzed together as a unit with the same process and personnel using the same lot(s) of 
reagents. It is the basic unit for analytical quality control. 


 
3.1.1. Preparation Batch - A preparation batch is composed of one to twenty field 


samples, all of the same matrix, meeting the criteria in Section 3.3 and with a 
maximum time between the start of processing of the first and last samples in the 
batch to be 24 hours. 


 
3.2. Sample 


 
3.2.1. Field Sample - An environmental sample collected and delivered to the laboratory 


for analysis; a.k.a., client’s sample. 
  


3.2.2. Laboratory Sample - A representative portion, aliquot, or subsample of a field 
sample upon which laboratory analyses are made and results generated. 


 
3.3. Quality System Matrix - The matrix of an environmental sample is distinguished by its 


physical and/or chemical state and by the program for which the results are intended. The 
following sections describe the matrix distinctions. These matrices shall be used for 
purpose of batch and quality control requirements. 


 
3.4. Matrix Spike/Duplicate Matrix Spike (MS/DMS) Analysis - In the matrix spike analysis, 


predetermined quantities of target analytes are added to a sample matrix prior to sample 
preparation and analysis.  The purpose of the matrix spike is to evaluate the effects of the 
sample matrix on the method used for the analysis.  Duplicate samples are spiked, and 
analyzed as a MS/DMS pair.  Percent recoveries are calculated for each of the analytes 
detected.  The relative percent difference (RPD) between the duplicate spikes (or samples) is 
calculated and used to assess analytical precision.  The concentration of the spike should be 
at the mid point of the calibration range or at levels specified by a project analysis plan. 


 
3.5. Laboratory Duplicates (DUP) – Duplicates are additional replicates of samples that are 


subjected to the same preparation and analytical scheme as the original sample.  The relative 
percent difference (RPD) between the sample and its duplicate is calculated and used to 
assess analytical precision. 


 
3.6. Method Blank (MB) - The method blank is an artificial sample composed of analyte-free 


water or solid matrix and is designed to monitor the introduction of artifacts into the 
analytical process.  The method blank is carried through the entire analytical procedure. 


 
3.7. Laboratory Control Samples (LCS) – The LCS is an aliquot of analyte free water or analyte 


free solid to which known amounts target analytes are added.  The LCS is prepared and 
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analyzed in exactly the same manner as the samples.  The percent recovery is compared to 
established limits and assists in determining whether the batch is in control. 


 
3.8. Acid Volatile Sulfide (AVS) - AVS is defined as sulfides that form hydrogen sulfide under 


the conditions of this test.  This includes amorphous, moderately crystalline monosulfides, 
and other sulfides. 


 
3.9. Method Detection Limit (MDL) - The minimum concentration of an analyte that can be 


measured and reported with 99% confidence that the analyte concentration is greater than 
zero.  The MDL is determined as described in the SOP for The Determination of Method 
Detection Limits. 


 
3.10. Stock Standard Solution - A concentrated solution of the analyte prepared in the laboratory 


using assayed reference compounds or purchased from a reputable commercial source. 
 


3.11. Calibration Standards - Solutions prepared from the stock standard solution that is used to 
calibrate the method response with respect to analyte concentration. 


 
4. INTERFERENCES 
 


4.1. Contact with oxygen must be avoided in all stages from sampling to analysis.  Consequently, 
the samples and standards should be protected from air from the time of sampling through 
the analytical procedure.  


 
4.2. Carbonation is an interference that can occur when acid is added to the sample.  The 


carbonation can push the sulfide into the B tower or outside it.  To prevent this, acid should 
be added to the sample slowly and/or the sample weight reduced.  


 
5. SAFETY 
 


5.1. All appropriate safety precautions for handling solvents, reagents and samples must be taken 
when performing this procedure.  This includes the use of personnel protective equipment, 
such as, safety glasses, lab coat and the correct gloves.   


 
5.2. Chemicals, reagents and standards must be handled as described in the CAS safety policies, 


approved methods and in MSDSs where available.  Refer to the CAS Environmental, Health 
and Safety Manual and the appropriate MSDS prior to beginning this method. 


 
5.3. Sodium Hydroxide (NaOH) is a strong caustic and a severe health and contact hazard.  Use 


nitrile or latex gloves while handling pellets or preparing solutions.   
 
 
5.4. Hydrochloric and/or Nitric Acid are used in this method.  These acids are extremely 


corrosive and care must be taken while handling them. A face shield should be used while 
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pouring acids.  And safety glasses should be worn while working with the solutions.  Lab 
coat and gloves should always be worn while working with these solutions.   


 
5.5. Hydrogen sulfide is a highly poisonous, gaseous compound having a characteristic odor of 


rotten eggs.  It is detectable in air by humans at a concentration of approximately 0.002 ppm. 
 Handling of acid samples should be performed in a hood or well ventilated area.  If a high 
concentration of hydrogen sulfide is detected in the air by the laboratory staff, sample 
handling procedures must be corrected.  Exposure to H2S in air must not exceed guidelines 
or regulations.  The OSHA Permissible Exposure Limit (PEL) is 50ppm.   


 
5.6. If samples originate from a highly contaminated area, appropriate sample handling 


procedures to minimize worker exposure must be followed. 
 
6. SAMPLE COLLECTION, PRESERVATION AND STORAGE 


 
6.1. Sulfide ion is unstable in the presence of oxygen.  Protect sediment samples from exposure 


to oxygen during sample collection and storage. 
 
6.2. During storage, sulfide can be formed or lost due to biological activity, and sulfide can be 


lost by volatilization or oxidation.  Metal speciation can change as a result of changes in 
sulfide concentration and as a result of other changes in the sample. 


 
6.3. Samples should be collected in wide mouth jars with a minimum of air space above the 


sediment.  If possible, the headspace should be filled with oxygen free nitrogen or argon.  
The jar lids must have Teflon or polyethylene liners. 


 
6.4. Samples should be cooled to 4  2 °C as soon as possible after collection.  Samples 


maintained at 4  2 °C have been found to have no significant loss of AVS for storage 
periods up to 2 weeks.  Holding time for samples should not exceed 14 days. 


 
7. APPARATUS AND EQUIPMENT 
 


7.1. Glassware 
 


7.1.1. AVS evolution and H2S trapping - The Midi is typically used.  
 


7.1.1.1. Midi setup: For each analytical train, use one boiling tube attached to an inlet 
adapter that is topped with a 50 ml dropping funnel.  This apparatus is 
connected to a fritted bubbler (called the “A” tower) which is then connected 
by tubing to the “B” tower.  The boiling tube contains the sediment and acid 
is introduced to it by the 50 ml dropping funnel.  Because sulfide may react 
with tubing and other surfaces, minimum lengths of tubing should be used as 
sleeves to connect the glass tubing. 
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7.1.1.2. Macro setup:  For each analytical train, one 500 ml round bottom flask with a 
septum 250 ml scrubber towers with impingers with non-fritted outlets.  The 
round bottom flask contains the sediment and acid is introduced to it by a 
syringe inserted through the septum.  The flasks are connected by tubing.  
Because sulfide may react with tubing and other surfaces, minimum lengths 
of tubing should be used as sleeves to connect the glass tubing.  The analyst 
should pay particular attention to the recovery of sulfide from standards in 
evaluating the apparatus.   


 
7.1.1.3. The analyst should pay particular attention to the recovery of sulfide from 


standards in evaluating the apparatus used. 
 


7.1.1.4. In all cases, the inlets are below the liquid level and the outlets are above the 
liquid levels.  The apparatus is assembled as shown in Figure 1, and more 
than one analytical train can be connected to a single cylinder of nitrogen or 
argon if flow controllers are installed in the line. 


 
7.2. Assorted calibrated pipettes and volumetric flasks. 
 
7.3. Evergreen disposable tubes, 50 mL.  Check tubes for accuracy on a per batch basis by 


filling a tube to the 50 mL mark and measuring the water’s mass.  The measured mass must 
be accurate to ± 3%, if not obtain a new lot of tubes and retest.  Refer to the SOP for 
Checking Volumetric Labware (ADM-VOLWARE), for detailed instructions on performing 
the accuracy test. 


 
7.4. Analytical balance - capable of weighing to 0.0001 g. 
 
7.5. Magnetic stirrer, thermally insulated and Teflon-coated stirring bar. 
 
7.6. Spectrophotometer - Capable of measuring absorbance at 670 nm. 
 
7.7. Spectrophotometer cells, 1mm. 


 
8. STANDARDS, REAGENTS AND CONSUMABLE MATERIALS 
 


8.1. Reagent grade chemicals shall be used in all tests.    Other grades may be used, provided 
it is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lowering the accuracy of the determination.  The preparation for all laboratory 
prepared reagents and solutions must be documented in a laboratory logbook.  Refer to 
the SOP Reagent/Standards Login and Tracking (ADM-RTL) for the complete procedure 
and documentation requirements. 


 
8.2. All water and reagents used in this method must be free of dissolved oxygen and sulfide.  


Prepare reagents fresh for each batch and use deaerated, deionized water by removing 
dissolved oxygen from the deionized water by vigorously bubbling with oxygen-free 
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nitrogen or argon for approximately one hour.  Deaerate reagents immediately before use by 
deaerating with oxygen-free nitrogen or argon. 


 
8.3. Sulfide stock standard solution, approximately 0.05M or 50 µmoles/ml. 


 
8.3.1. Weigh about 5.25 gram of Na2S·9H2O and dissolve it in 250 ml of 0.5N NaOH.  


Store in a brown bottle.  To prevent air oxidation, the sulfide solution should be 
maintained under oxygen-free nitrogen or argon. This solution must be standardized 
daily against thiosulfate to quantitatively determine sulfide concentration.   Provided 
that the solution is standardized daily, at the time of use, the sulfide stock solution 
may be used for up to six months.  


 
8.3.2. Standardize against thiosulfate solution. 


 
8.3.2.1. Pipette 11.0 ml of 0.025N standard iodine solution into each of two 125-ml 


Erlenmeyer flask or beakers. 
 


8.3.2.2. Pipette 1.00 ml of sulfide stock standard solution into one flask.  Pipette 2.00 
ml of deionized water, as a laboratory reagent blank, into the other flask. 


 
8.3.2.3. Add 5.00mL of 6M HCl into each flask, swirl slightly. 


 
8.3.2.4. Titrate each with 0.025N thiosulfate until the yellow iodine color fades to a 


pale straw.  Just before all the iodine has been titrated, add starch indicator 
dropwise to form a pale blue color.  Continue the titration with the 
thiosulfate.  The end point is reached when the blue color first disappears. 


 
8.3.2.5. Calculate the sulfide concentration as follows: 


 
    


stdofVolume


xtitrantofNxtitrantofmLIofN xIofmL
 = (mg/L) Sulfide


1603022 
 


 
8.4. Iodine Solution (approximately 0.025N) 


 
8.4.1. Dissolve 25 g potassium iodine, KI, in 700 ml of reagent water in a 1 liter volumetric 


flask.  Add 3.2 g iodine, I2. and allow to dissolve.  Add 2 ml of 6N HCl and dilute to 
1.0L with reagent water.  Standardize against sodium thiosulfate as follows. 


 
8.4.2. Titrate until amber color fades to yellow.  Add starch indicator solution.  Continue 


titration drop by drop until the blue color disappears. 
 


8.4.3. Run in duplicate 
 


8.4.4. Calculate the normality as follows: 
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mls) (5 titrated Iodine mls


N)(0.02 OS ofNormality  x OS mls 3232 5
  


 
 


8.5. Standard sodium thiosulfate solution (0.025N): Dissolve 6.205 ± 0.005 g Na2S2O3 · 5H2O in 
500 ml reagent water.  Add 18 ml of 0.5N NaOH, and dilute to 1 liter. 


 
8.6. Starch indicator - Dissolve 1.0 gram soluble starch in 100 ml boiling deionized water. 


 
8.7. Sulfide working standards - Prepare sulfide working standards using the sulfide stock 


standard solution in Section 8.3.1.  The concentrations of the following standards will 
depend on the exact concentration of the sulfide stock standard determined in Section 
8.3.2.5. 


 
Prepare the sulfide working standard by diluting 1.00mL of sulfide stock standard to 100mL 
0.5N NaOH. This solution contains 28.0 mg sulfide/L, if the concentration of the sulfide 
stock standard is exactly 2800 mg/L.  This working solution must be prepared daily from 
standardized stock solution. 


 
8.8. AVS Evolution reagents 


 
8.8.1. Hydrochloric acid 6M - Dilute 500 ml of concentrated hydrochloric acid to 1.0 L de-


aerated reagent water. 
 
8.8.2. Nitrogen gas, oxygen free, with regulator and flow controller. 
 
8.8.3. Plastic hypodermic syringe, 30 ml, and needle. 


 
8.9. Colorimetric reagents 


 
8.9.1. Sodium Hydroxide solution, 0.5N - Dissolve 20 g sodium hydroxide per 1000 ml 


reagent water.  Generally make 4.0 L at one time.  (80 g NaOH to 4.0 L) 
 
8.9.2. Mixed diamine reagent, MDR 


 
8.9.2.1. Component A - Add 1320 ml concentrated sulfuric acid to 680 ml of reagent 


water after solution cools, dissolve 4.50 g  N-N-dimethyl-p-
phenylenediamine oxalate in it. 


 
8.9.2.2. Component B - Dissolve 10.87 g ferric chloride hexahydrate (FeCl3 · 6 H2O) 


in 200 ml concentrated hydrochloric acid and dilute to 400 ml with reagent 
water. 
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8.9.2.3. Mixed diamine reagent, MDR – Slowly mix 2 L component A and 400 mL 


component B the components A and B (prepared above) and allow to cool. 
 


8.10. Sulfuric acid solution, 1.0M – Dilute 56 mL concentrated H2SO4 to 1L reagent water. 
 
8.11. Reagent required for Chromium Reducible Sulfur (Fossing & Jorgensen) 


 
8.11.1. Ethanol, purchased commercially at >95% purity. 
 
8.11.2. Concentrated hydrochloric acid (HCl) 


 
8.11.3. Hydrochloric acid, 1N, purchased.  


 
8.11.4. Cr+2 solution:  Prepare from Cr+3 by dissolving 133.2g of Chromium (III) chloride 


hexahydrate in 500mL of 0.5N HCl.  The Cr+3 solution is poured over 1N HCl 
washed mossy zinc in a nitrogen glove box and let sit until the solution turns a deep 
blue color.  At this time the solution can be filtered into glass jars and nitrogen 
capped until ready to use.  The solution will remain blue for a number of days.  
Remake standard if color fades or after one month, which ever comes first.    


 
9. RESPONSIBILITIES 


 
9.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 


complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with the 
training program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee.  


 
9.2. It is the responsibility of the department supervisor/manager to document analyst training. 


Documenting method proficiency, as described in the SOP for Documentation of Technical 
Personnel Training is also the responsibility of the department supervisor/manager.    


 
10. PREVENTIVE MAINTENANCE 
 


10.1. No specific maintenance steps are needed other than normal cleaning and inspection of 
apparatus.  


 
10.2. Wipe down the Midi unit after use to remove any residual acid. 


 
11. PROCEDURE 
 


Note:  Refer to Appendix A if Chromium Reducible Sulfur is to be determined. 
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11.1. Macro distillation procedure 
 


11.1.1. Place two neck flasks on stir plates and clamp into place. 
 
11.1.2. Add one stir bar and 100 ml of reagent water to each flask.  The amount of water 


added and the water present in the wet sediment should not exceed 120 mls. 
 


11.1.3. Add 80 mls of 0.5N NaOH to each of the two towers for each flask.  Label the first 
tower A, the second tower B. 


 
11.1.4. Place septum stopper and impinger in two-neck flask.  Place tower scrubbers in 


towers and connect the glassware with the tubing. 
 
11.1.5. Purge the system with N2 gas for approximately 10 minutes. 


 
11.1.6. Weigh 10 g of wet sediment onto a 2x2 inch piece of parafilm.  Remove the septum 


stopper and place the parafilm with sample into the flask.  Do not rinse sample into 
flask.  Purge the system for another 10 minutes. 


 
Stop the flow of gas.  Using the 30 ml hypodermic syringe, add 20 ml of 6M HCl to 
the flask via septum.  Bubble nitrogen through the system for one hour while 
constantly stirring.  For the LCS and spike, add the appropriate amount of sulfide 
standard before adding the acid. 


 
11.1.7. Calibration and Standardization 


 
11.1.7.1.Prepare a sulfide curve as follows: 


 
11.1.7.1.1.Add 80 mls of 0.5N NaOH to each of 7 - 100 ml volumetric flask. 
 
11.1.7.1.2.Using working standard A, add 0.0 ml, 1.0 ml, 2.0 ml, 1.0 ml, 3.0 


ml, 4.0 ml and 5.0 ml to flask.   Bring to 100 mL final volume using 
0.5 N NaOH. 


 
11.1.7.1.3.Calculate concentration of standards as follows: 


 
 


(mls STD added) x (Conc. Of  STD) = ____mg/L 
           Final volume (100ml) 
 


 
Example: 4.0ml x 28.0 mg/L = 1.12 mg/L 
              100ml   


 
11.1.7.1.4.Use the 0 ml STD for the CCB and the 4 ml STD for the CCV. 
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11.1.8. After one hour has elapsed, remove the scrubber from tower B and transfer to a 250 


ml plastic container.  Repeat for tower A.  Leave N2 gas flowing through scrubbers 
so that the NaOH does not go back up into the scrubber. 


 
11.1.9. Disconnect tubing from flow meter at the flask impinger and then turn off the N2 at 


the flow meter.  This prevents liquid from backing up into the flow meter and 
destroying it. 


 
11.1.10. Proceed to section 11.3. 


 
11.2. Midi distillation procedure 


 
11.2.1. Soak the scrubbers in 10% nitric acid and then rinse scrubbers with 10% nitric acid 


followed by a rinse with deionized water. 
 


11.2.2. Place analytical train, consisting of the boiling tube, inlet adapter and 50 ml dropping 
funnel, into the midi apparatus.   


 
11.2.3. Add 40mL of 0.5N NaOH to each bubbler vessel and clamp scrubber to bubbler 


vessel.  Connect scrubber, with bubbler vessel attached, to the analytical train.   
 


11.2.4.  Purge the system for approximately 10 minutes. 
 


11.2.5. Add 10.0g of sample (or less depending on expected sulfide concentration) to the 
boiling tube.  Rinse sample to the bottom of the boiling tube with 40mL of reagent 
water.  Make sure no sample remains above the reagent water level.  Clamp the 
impinger to the boiling tube.   


 
11.2.6. Calibration and Standardization 


 
11.2.6.1.Prepare a sulfide curve as follows: 


 
11.2.6.1.1.Add 35 mls of 0.5N NaOH to each of 7- 50 ml centrifuge tubes. 
 
11.2.6.1.2.Using working standard A, add 0 ml, 0.05 ml, 0.5 ml, 1.0 ml, 1.5 


ml, 2.0 ml and 2.5 ml to each tube.   Bring to 50 mL final volume 
using 0.5 N NaOH. 


 
11.2.6.1.3.Calculate concentration of standards as follows: 


 
 


(mls STD added) x (Conc. Of  STD) = ____mg/L 
           Final volume (40ml) 
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Example: 2.5ml x 28.0 mg/L = 1.75 mg/L 
              40ml   


 
11.2.6.1.4.Use the 0 ml STD for the CCB and the 1.5 ml STD Check for the 


CCV. 
 


11.2.7. Purge system for 10 minutes. 
 


11.2.8. Connect scrubber tube with a disposable pipet to scrubber extension.  Place the pipet 
into 50mL centrifuge tube filled with 40mL of 0.5N NaOH.  (These are the “B” 
towers.) 


 
11.2.9. Purge for 10 minutes.  


 
11.2.10.Add the LCS and the Spike(s). 


 
11.2.10.1.For aqueous blank spikes, add 2mL of the sulfide working standard to 


50mL of purged reagent water. 
 
11.2.10.2.For soils and solids, weigh 10g of analyte-free glass beads and add 50mL 


of reagent water.  Purge for 10 minutes, then add 2mL of the sulfide working 
standard. 


 
11.2.10.3.For matrix spikes, spike the sample with 1mL of the sulfide stock standard. 


 
11.2.11.Add 10.0 mL of 6N HCl to each boiling tube through the 50 ml dropping funnel. 


 
11.2.12.Let system react for 1 hour. 


 
11.2.13.Place scrubber solution from bubbler vessels into separate containers.  Before 


screwing on the cap, cover each solution with nitrogen.  The same procedure is used 
for B towers except that the scrubber solution is left in the original centrifuge tube. 


 
11.2.14.After complete, take down the apparatus and rinse all parts with water.  Use a damp 


paper towel to wipe down midi still and surrounding area. 
 
Note:  If Simultaneously Extracted Metals are to be determined, decant bubbler tube to 100 
ml graduated cylinder, dilute to volume with water and pour into an acid cleaned plastic 
storage container for metals analysis. 
 


11.3. Color development and analysis 
 


11.3.1. If the sample is known or suspected to fall within the range of the curve, transfer the 
entire volume of tower A to a 50 ml centrifuge tube.  Transfer 20 ml of the solution 
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to a 30 ml centrifuge tube, add 2.5 ml of MDR and dilute to 25 ml with reagent 
water.  For the six standards for the curve, add 5 ml MDR to 40 ml standard and 
dilute to 50 ml with reagent water in 50 ml centrifuge tubes.    


 
If the samples are known or are suspected to be high in concentration, 
dilutions may be performed in 0.5N NaOH.  Add 5 ml MDR to 40 ml diluted 
sample and dilute to 50 ml with reagent water.  


 
11.3.2. If blue color change develops in the sample, the scrubber solution of tower B for that 


sample must also be analyzed.  If no color change occurs for tower A, then tower B 
does not have to be analyzed. 


 
11.3.3. For tower B add 5 ml MDR and dilute to 50 ml with reagent water.    


 
11.3.4. After adding the MDR, allow a full thirty minutes for color development, but read 


the samples before 2 hours have elapsed. 
 


11.3.5. Allow a thirty minute warm-up of the spectrophotometer.  Zero the instrument with 
D.I. water at 670.0 nm. 


 
11.3.6. Calibrate the instrument with the prepared curve starting with the low standard. A 


calibration with a correlation coefficient (r) of ≥ 0.995 must be obtained.  Corrective 
action for a correlation coefficient < 0.995 is to discard existing curve, obtain new 
volumetrics and make a new curve.  Verify concentration of stock sulfide standard.   


 
11.3.7. Analyze samples in the following order: 


 
Analysis Sample    
1  CCV-1    
2  CCB-1    
3  LCS-1     
4  MB-1    
5  Sample-1   
6  Sample-1D   
7  Sample-1S   
8  Sample-1SD   
9-11  Sample 2 - 4   
12  CCV-2    
13  CCB-2    
14 -23  Sample 5 - 14 
24  CCV-3  
25   CCB-3 


 
11.3.8. Analyze a continuing calibration verification standard (CCV) and continuing 


calibration blank (CCB) every 10 sample or QC analyses.  The CCV is the fifth point 
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on the curve. The CCV must be ± 10% of the expected value.  If the CCV fails, then 
the curve is not correct.  The correlation coefficient may be ≥ 0.995, but if the slope 
is to high or too low, then the CCV will not pass.  Notify supervisor, re-make the 
curve and re-calibrate. 


 
11.3.9. The CCB must be < 0.05 ppm - The CCB is the first point of the curve.  
  
11.3.10.Calculate AVS concentration as follows: 


 
 


 
%solids. x wtInitial


volume Final x (DF) curve) from (Conc.
 = mg/Kg AVS 


 
11.3.11.Final volume when doing this procedure is 40 mL using the Midi apparatus and 100 


mL using the Macro distillation procedure. 
 
12. QA/QC REQUIREMENTS 
 


12.1. Initial Precision and Recovery Validation 
 


12.1.1. The accuracy and precision of the procedure must be validated before analyses of 
samples begin, or whenever significant changes to the procedures have been 
made.  To do this four analyte free glass beads are spiked with the LCS spike 
solution, then prepared and analyzed.  For each analyte the mean recovery of the 
true value should be 60-130%, and the RSD should be ≤ 20%. 


  
12.2. Method Detection Limits and Method Reporting Limits 


 
12.2.1. A method detection limit (MDL) study must be undertaken before analysis of 


samples can begin.  To establish detection limits that are precise and accurate, the 
analyst must perform the following procedure.  Spike seven blank matrix (water 
or soil) samples with MDL spiking solution at a level below the MRL.  Follow 
the analysis procedures in Section 11 to analyze the samples. 


 
12.2.2. Calculate the average concentration found in mg/Kg AVS, and the standard 


deviation of the concentrations (s) in mg/Kg AVS.  Calculate the MDL for each 
analyte. Refer to the CAS SOP Performing Method Detection Limit Studies and 
Establishing Limits of Detection and Quantification (ADM-MDL).  The MDL 
study must be verified annually. 


 
12.2.3. Limits of Quantification (LOQ) 
 


12.2.3.1.The laboratory establishes a LOQ for each analyte as the lowest reliable 
laboratory reporting concentration or in most cases the lowest point in the 
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calibration curve which is less than or equal to the desired regulatory 
action levels, based on the stated project requirements. Analysis of a 
standard or extract prepared at the lowest point calibration standard 
provides confirmation of the established sensitivity of the method. The 
LOQ recoveries should be within 50-150% of the true values to verify the 
data reporting limit. Refer to the CAS SOP Performing Method Detection 
Limit Studies and Establishing Limits of Detection and Quantification 
(ADM-MDL) 


 
12.2.4. The Method Reporting Limits (MRLs) used at CAS are the routinely reported 


lower limits of quantitation which take into account day-to-day fluctuations in 
instrument sensitivity as well as other factors.  These MRLs are the levels to 
which CAS routinely reports results in order to minimize false positive or false 
negative results.   The MRL is normally two to ten times the method detection 
limit. 


 
12.3. Ongoing QC Samples required are described in the CAS-Kelso Quality Assurance Manual 


and in the SOP for Sample Batches.  Additional QC Samples may be required in project 
specific quality assurance plans (QAPP).  General QC Samples are:  


 
12.3.1. A method blank (MB) for every 20 samples analyzed. 
 
12.3.2. One LCS for every 20 samples analyzed.  Due to the time requirements for set-up 


and distillation, it is best to distill 2 LCS's for every 20 samples.  Sulfides are very 
unstable and easily degraded and therefore it is not uncommon to have low sample 
recoveries. 


 
12.3.3. Analyze one matrix spike and one matrix spike duplicate per 20 samples minimum.  


 
12.3.4. Analyze one sample duplicate for every 20 samples minimum. 
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12.4. Acceptance Criteria 
 


12.4.1. The method blank (MB) must be < MRL.  If  MB > MRL, reanalyze MB and all 
samples associated with the MB.  If problems persist, attempt to determine source of 
contamination and perform reanalyses as necessary. 


 
12.4.2. The MRL is calculated as follows: 


 


 
%solids xkg wt.Initial


Lvolume Final x mg/L 0.0


)(


)(5
  


 
12.4.3. The LCS must be 60-130% of the expected value.  If the LCS recovery is outside of 


the criteria, sulfides were lost at some point during distillation, or sample was spiked 
at the improper level.  Re-analyze LCS and all samples associated with that LCS.  
(Note - LCS's generally only fail high if the sample was spiked too high). 


 
12.4.4. Matrix Spike recovery criteria is 30-160% recovery.  If the recovery is outside the 


criteria, re-analyze spike.  If two spikes were analyzed initially, then matrix 
interferences caused low spike recoveries.  No need to reanalyze at that point.   


 
12.4.5. The relative percent difference (RPD) for duplicates should be < 20% RPD. If the 


RPD is > 20%, verify homogeneity of sample.  Reanalyze the duplicate.   Calculate 
RPD as follows: 


 
 


RPD =  
High value -  Low value


Average
 x 100   


 
 
13. DATA REDUCTION, REVIEW, AND REPORTING 
 


13.1. It is the analyst’s responsibility to review analytical data to ensure that all quality control 
requirements have been met for each analytical run.  Calculate samples results as described 
in section 11.6.12.  Results for QC analyses are calculated and recorded as specified in 
section 12.  Average, RPD, spike level and spike recovery are entered on benchsheet for 
corresponding samples.  All data will be initialed, dated and attached to required data quality 
worksheet. 


 
13.2. The appropriate benchsheets, located in Attachment A, should be in use at all times during 


AVS analysis. 
 
13.3. The data packet for the sequence is submitted for review by supervisor or designee.  The 


results are transferred to the appropriate report form located in the CAS network directory 
R:\WET\WIP.  These forms are made from templates located in R:\WET\FORMS. 
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13.4. Data Review and Assessment 


 
13.4.1. Following primary data interpretation and calculations, all data is reviewed by a 


secondary analyst.  Following generation of the report, the report is also reviewed. 
Refer to the SOP for Laboratory Data Review Process (ADM-DREV) for details.  
The person responsible for final review of the data report and/or data package should 
assess the overall validity and quality of the results and provide any appropriate 
comments and information to the Project Chemist to inclusion in the report narrative.  


 
13.5. Reporting  


 
13.5.1. Soils, sediments, and other solid matrices are reported as µmol/g, either dry weight 


or as received, according to the project requirements. 
 


AVS, µmol/g = (mg/Kg AVS in sample)/ [(32 g/mol S) (dry weight ratio) (sample weight g)] 
 


13.5.2. The MRL is calculated as follows: 
 


 
%solids xkg wt.Initial


Lvolume Final x mg/L 0.0


)(


)(5
  


 
13.5.3. The MRL will vary depending on % solids content.  For samples reported as 


received, the MRL = 0.05 mg/Kg. 
 


13.5.4. For samples that did not require a dilution, 3 significant figures will be reported.  For 
samples that required a dilution, report only 2 significant figures. 


 
 
14. CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE DATA  


 
14.1. Refer to the SOP for Corrective Action (ADM-CA) for procedures for corrective action.  


Personnel at all levels and positions in the laboratory are to be alert to identifying problems 
and nonconformities when errors, deficiencies, or out-of-control situations are detected.   


 
14.2. Handling out-of-control or unacceptable data 


 
14.2.1. On-the-spot corrective actions that are routinely made by analysts and result in 


acceptable analyses should be documented as normal operating procedures, and no 
specific documentation need be made other than notations in laboratory maintenance 
log books, run logs, for example. 


 
14.2.2. Documentation of a nonconformity must be done using a Nonconformity and 


Corrective Action Report (NCAR) when:  
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 Corrective action is not taken or not possible  
 Corrective action fails to correct an out-of-control problem on a laboratory QC or 


calibration analysis.  
 Reanalysis corrects the nonconformity but is not a procedurally compliant 


analysis.  
 
15. METHOD PERFORMANCE 
 


15.1. Available method performance data is given in the reference method.  In addition, this 
procedure was validated through single laboratory studies of accuracy and precision as 
specified in Section 12.1.  The method detection limit(s) and method reporting limit(s) 
were established for this method as specified in Section 12.2. 


 
16. POLLUTION PREVENTION 
 


It is the laboratory’s practice to minimize the amount of solvents and reagents used to perform 
this method wherever technically sound, feasibly possible, and within method requirements.  
Standards are prepared in volumes consistent with laboratory use in order to minimize the 
volume of expired standards to be disposed of. The threat to the environment from solvents 
and/or reagents used in this method may be minimized when recycled or disposed of properly. 


 
17. WASTE MANAGEMENT 


 
17.1. The laboratory will comply with all Federal, State, and local regulations governing waste 


management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the CAS EH&S Manual. 


 
17.2. This method uses acid.  Waste acid is hazardous to the sewer system and to the 


environment.  All acid waste must be neutralized to a pH of 5-9 prior to disposal down 
the drain. The neutralization step is considered hazardous waste treatment and must be 
documented on the treatment by generator record.  See the CAS EH&S Manual for 
details.    


 
17.3. This method uses a base.  Waste base is hazardous to the sewer system and to the 


environment.  All waste must be neutralized to a pH of 5-9 prior to disposal down the 
drain. The neutralization step is considered hazardous waste treatment and must be 
documented on the treatment by generator record.  See the CAS EH&S Manual for 
details 


 
18. TRAINING OUTLINE 
 


18.1. Training outline – Training Plan 
 


18.1.1. Review literature (see references section).  Read and understand the SOP.  Also 
review the applicable MSDS for all reagents and standards used.  Following these 
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reviews, observe the procedure as performed by an experienced analyst at least 
three times. 


 
18.1.2. The next training step is to assist in the procedure under the guidance of an 


experienced analyst for a period of two months.  During this period, the analyst is 
expected to transition from a role of assisting, to performing the procedure with 
minimal oversight from an experienced analyst.   


 
18.1.3. Perform an Initial Demonstration of Capability (IDOC) as described above. 


Summaries of the IDOC are reviewed and signed by the departments Technical 
Services Manager.  Copies of the IDOC and Training Plan are forwarded to QA 
for record keeping.  For applicable tests, IPR studies are performed in order to be 
equivalent to NELAC’s Initial Demonstration of Capability. 


 
18.1.4. Training is documented following the SOP for Documentation of Training.   


 
18.1.4.1.When the analyst training is documented by the supervisor on internal 


training documentation forms, the supervisor is acknowledging that the 
analyst has read and understands this SOP and that adequate training has 
been given to the analyst to competently perform the analysis 
independently. 


 
19. METHOD MODIFICATIONS 


 
19.1. No method modification noted for Revision 6 of this SOP. 
 


20. REFERENCES 
 


20.1. Draft Analytical Method for Determination of Acid Volatile Sulfide in Sediment, June, 1997 
; 
EPA Method 1629. 


 
20.2. Measurement of Bacterial Sulfate Reduction in Sediments: Evaluation of a Single-step 


Chromium Reduction Method, Henrik Fossing and Bo Barker Jorgensen, 1989, 
Biochemistry.  


 
 
 
21. CHANGES SINCE THE LAST REVISION 


21.1. Sec 1.4 - Removed the third sentence that was in previous revision 
21.2. Sec 3.1 – 3.7 is new 
21.3. Sec 7.1.1.1 – corrected and updated how to set up Midi still 
21.4. Sec 7.3 is new 
21.5. Sec 8.1 is new 
21.6. Sec 8.3.2.1 changed 10 mL to 11 mL and added or beakers 
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21.7. Sec 8.4.4 – corrected equation 
21.8. Sec 8.9.2.2 – changed 10.8 to 10.87 
21.9. Sec 11.2.1 replaced 6 N HCL with 10% HNO3 
21.10. Sec 11.2.2 – replaced the word system with apparatus 
21.11. Sec 11.2.6 is new 
21.12. Sec 11.2.10.2 – replace sand with glass beads 
21.13. Sec 11.2.14 – NOTE updated 
21.14. Sec 11.3.3-removed transfer to 30 mL centrifuge tube, changed 2.5 mL to 5.0 and 25 to 50 


mL 
21.15. Sec 11.3.11 – re-wrote for clarity 
21.16. Sec 12.1 – 12.2 is new 
21.17. Sec 14 - updated 
21.18. Sec 19 and 21 are new 


 


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP  is accessed electronically, it is an uncontrolled copy and will not be updated.







   Date:  1/6/12  
   Page 21 of 22 
 


Columbia Analytical Service, Inc. - Kelso 


 
 


APPENDIX A 
 


Procedure for Chromium Reducible Sulfur 
 


1. After removing A-tower scrubbers and B-towers from the AVS distillation, replace them with 
new A and B towers described in Sections 11.2.3 and 11.2.8. 


 
2. Using a syringe and needle, add 5mL of ethanol to each sample tube through the septum. 


 
3. Purge system for 15 minutes with nitrogen gas. 


 
4. Add 16mL of Cr+2 solution to each sample tube through the septum using syringes and needles 


prepared in the nitrogen glove box. 
 


Note:  The aliquots (in the syringes) of the Cr+2 solution must be prepared in the nitrogen 
glove box to prevent the solution from reducing back to Cr+3. 
 


5. Add 8mL of concentrated HCl using syringes and needles. 
 
6. Distill at room temperature for 15 minutes, then increase the temperature of midi to 90°C.  Distill 


for an additional 45 minutes. 
 


7. The concentration of the A and B towers are determined as for AVS using the procedure in 
Section 11.3. 


 


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP  is accessed electronically, it is an uncontrolled copy and will not be updated.







   SOP NO. GEN-AVS 
   Revision: 6 
   Date:  1/6/12  
   Page 22 of 22 
 


Columbia Analytical Service, Inc. - Kelso 
  


 
 
 


ATTACHMENT A 
 
 


Benchsheet PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP  is accessed electronically, it is an uncontrolled copy and will not be updated.
















BR-0002 
Revision 010d 


Page 2 of 36 


All Brooks Rand Labs (BRL) SOPs are Proprietary Information and protected by WA state law. 
Proprietary Information shall be kept in the strictest confidence & shall not be used or 


appropriated to benefit any party without prior written consent from BRL. 
 


BRL Procedure for EPA Method 1631, Appendix to (1/01): Total Mercury in 
Tissue, Sludge, Sediment, and Soil by Acid Digestion and BrCl Oxidation by 


Cold Vapor Atomic Fluorescence Spectrophotometry (CVAFS) 
 
1.0 SCOPE AND APPLICATION 
 


1.1. Method BR-0002 is modification of Appendix to EPA Method 1631 and is based on 
peer-reviewed, published articles for the determination of total mercury in a wide 
range of biological and geological matrices. All samples must be subject to an 
appropriate digestion step prior to analysis. 


 
2.0 SUMMARY OF METHOD 
 


2.1. Prior to analysis, the solid samples must be acid digested to break down the sample 
matrix and oxidized to convert all mercury species to mercuric ions. 


 
2.2. Method BR-0002 is a cold vapor atomic fluorescence technique, based upon the 


fluorescence of 253.7 nm radiation by excited elemental mercury (Hg0) atoms in an 
inert gas stream. Mercuric ions in the oxidized sample are reduced to Hg0 using 
stannous chloride (SnCl2), and then purged onto gold amalgamation traps using 
nitrogen gas as a means of preconcentration. Mercury vapor is thermally desorbed into 
the fluorescence cell. Fluorescence intensity is measured as a function of total mercury 
collected, which is converted to concentration by the size of the aliquot purged. 


 
2.3. The actual detection limits for this method will be dependent upon the specific 


techniques used to prepare the samples. Current detection limits as determined by 
Brooks Rand Labs (BRL) are found in Table 1 of this document. 


 
3.0 DEFINITIONS 
 


3.1. A partial list of definitions is presented below. Most definitions can be found for 
specific terms in the sections where they are first mentioned. Many of the definitions 
mentioned in this method are based on those found in the glossary for EPA Method 
1631e. Please refer directly to this method for a more detailed list.  


 
3.2. May: This action is allowed, but not required. 
 
3.3. May Not: This action is prohibited. 
 
3.4. Must: This action is required. 
 
3.5. Shall: This action is required. 
 
3.6. Should: This action is suggested, but is not required. 
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4.0 INTERFERENCES 
 


4.1. Due to the strong oxidation step there are no observed interferences with this method. 
 
4.2. The potential exists for destruction of the gold traps (and consequently, low 


recoveries) if free halogens are purged onto them. When these instructions are 
followed accurately, this outcome is unlikely. 


 
4.3. Water vapor may collect in the gold traps, and be released into the fluorescence cell 


where it condenses, giving a false peak due to scattering of the excitation radiation. 
This can be minimized with the use of a soda lime pre-trap. 


 
4.4. As always with atomic fluorescence, the fluorescent intensity is strongly dependent 


upon the inertness of the carrier gas. Using only ultrapure gases minimizes the 
possibility of quenching due to trace gases, but it still remains the analyst's 
responsibility to ensure high purity inert carrier gas is used and that the analytical train 
is leak-free. 


 
5.0 SAFETY 
 


5.1. Refer to EPA Method 1631E, section 5.0, for safety issues associated with the use of 
this method. 


 
5.2. Chronic mercury exposure may cause kidney damage, muscle tremors, spasms, 


personality changes, depression, irritability, and nervousness. Organo-mercurials may 
cause permanent brain damage. Because of this, only highly trained personnel familiar 
with the dangers and precautions to take when working with mercury compounds 
should ever handle standards and/or high level samples. 


 
5.3. Material safety data sheets (MSDSs) are maintained for all chemicals used in this 


method. The MSDS sheets are stored in the mercury laboratory in appropriately 
marked binders. 


 
5.4. Refer to the latest revision of the Chemical Hygiene Plan (CHP) for additional safety 


precautions and required protective equipment. 
 


6.0 APPARATUS AND MATERIALS 
 


6.1. Routine preventative maintenance for the equipment used in this procedure is 
described in detail in the standard operating procedure BR-1205 (Preventative 
Maintenance). 


 
6.2. Specific equipment used at BRL is listed below. Any modifications to EPA Method 


1631E are described and explained. 
 
6.2.1. Equipment needed for analysis of mercury using BRL manual system 
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6.2.1.1. Brooks Rand Labs Amalgamation Control Module (BRL part #02100): 


Controls the heating of the gold-coated sand traps to 450 ºC and then the 
cooling of the traps following desorption of Hg from the trap. 


 
6.2.1.2. Nichrome wire coil (BRL part #08300) with plug (#08301):  Used for 


heating the gold trap to thermally desorb the mercury. 
 


6.2.1.3. Brooks Rand Labs flow meter/needle valve (BRL part #08510): Capable of 
controlling and measuring gas flow to the purge vessel at 200-500 mL.min-1. 


 
6.2.1.4. Teflon® adapters (BRL part #08401 through #08404) and tubing (BRL part 


#08405 through #08407): Connections between components and traps are 
made using 3.2 mm O.D. pre-cleaned Teflon® FEP tubing, and Teflon® 


friction-fit or threaded tubing connectors. 
 


6.2.1.5. Soda lime pre-trap (BRL part #03410): For preventing acid-fumes and 
moisture from degrading the gold-coated sand or gold wire traps. A 10 cm x 
0.9 cm (diameter) Teflon® tube containing 2-3 grams of commercially 
available reagent grade, non-indicating 6-12 mesh soda lime chunks, packed 
in between plugs of silanized glass wool. This trap is purged of Hg by 
placing it on the output port of a clean cold vapor generator, partially filled 
with deionized water (DIW) and 500 µL stannous chloride (SnCl2), and 
purging for at minimum of 15 minutes with nitrogen (N2) at 400 mL.min-1. 
Bubbler blanks are analyzed first so that any indication of unclean pre-traps 
would be evident immediately. 


 
6.2.1.6. Cold vapor generator (BRL part #03200):  A 220-mL flask with standard 


taper 24/40 neck, fitted with a sparging stopper having a coarse glass frit 
which extends to within 0.2 cm of the flask bottom. 


 
6.2.1.7. Teflon® split bottle:  Used for measurement and pre-reduction of original 


oxidized samples prior to analysis. A 125-mL blank tested Teflon® bottle 
with a unique identifier is permanently associated with a corresponding cold 
vapor generator. 


 
6.2.1.8. Gold wire traps or gold-coated sand traps (BRL part #03010 or #03020): 


Used for trapping gaseous elemental mercury (Hg0). Gold-coated sand traps 
made with gold-coated 40/100 mesh quartz sand are used for analyze solid 
samples. Both gold-coated sand traps and gold wire traps are used to 
analyze air samples. Gold wire traps are made by forming 300mg of 0.001 
inch diameter gold wire into a plug that is inserted into quartz tubing. Figure 
1 of this document shows the setup of the single-trap amalgamation system 
used at BRL. 
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Ar


 
 


6.2.2. General equipment needed for analysis for either the manual or the automated MERX-
T system. 


6.2.2.1. Brooks Rand Labs Model III Atomic Fluorescence Spectrophotometer (BRL 
part #07002): To achieve the low detection levels a very sensitive CVAFS 
detector is required. Such systems are built at BRL (BRL Model III) based 
on the principles discussed in the literature. Refer to the “Brooks Rand, LLC 
Model III Operation Manual” for instrument operating instructions. 


 
6.2.2.2. Recorder:  BRL uses direct data acquisition with the BRL Guru integration 


software instead of a chart recorder or integrator as described in EPA 
Method 1631E, section 6.6. The BRL Model III comes complete with the 
Hg Guru™ integrating software. Refer to the “Brooks Rand LLC Model III 
Operations Manual” for Hg Guru™ software/integrator operating 
instructions. Hg Guru™ software requires an IBM compatible computer 
(minimum requirements are a Pentium II® processor running at 400 MHz, a 
CD-ROM Drive, 128 MB RAM, and 50 MB free space on the hard-drive) 
and runs MS Windows® 98 or higher. Use of this integration software is 
faster, eliminates the expense of chart recorders and/or integrators, allows 
for storage of data in diskette form, and eliminates possible transcription 
errors. 


 
6.2.2.3. Pipettes: All plastic pneumatic fixed volume and variable pipettes in the 


range of 10 μL to 5.0 mL. 
 
6.2.2.4. Bottle-top dispenser: Fixed volume pipettor in the range of 1.0 mL to 10 


mL. 







BR-0002 
Revision 010d 


Page 6 of 36 


All Brooks Rand Labs (BRL) SOPs are Proprietary Information and protected by WA state law. 
Proprietary Information shall be kept in the strictest confidence & shall not be used or 


appropriated to benefit any party without prior written consent from BRL. 
 


 
6.2.2.5. Refluxing digestion flask:  20.5 mL (small mass) or 40 mL glass VOA vials 


with fluoropolymer lined lids. Acid-cleaned 1-inch diameter glass marbles 
are used over the vial mouth as pressure relief valves.  
 


6.2.2.6. Cold digestion vials:  40 mL glass VOA vials with fluoropolymer lined lids. 
 
6.2.2.7. Nichrome wire coil (BRL part #08300) with plug (BRL part (#08301):  


Used for heating the gold trap to thermally desorb the mercury. 
 
7.0 REAGENTS 


 
Document standard or reagent preparation in the standards and reagents log in the LIMS. 
Record the standard or reagent type, identification number, preparation date, lot number, 
expiration date, and analyst name in the appropriate fields. Record the standard or reagent 
type, identification number, preparation date, analyst’s initials and expiration date on the 
container.   


 
7.1. Water:   Reagent water is monitored for Hg on a daily basis when calibration blanks 


are analyzed. A minimum of four 100 mL aliquot of fresh reagent water, each with 0.5 
mL NH2OH•HCl and 0.5 mL of SnCl2, are analyzed at the beginning of the run 
sequence. The average results must be < 20 pg Hg with a standard deviation < 7.5 pg 
Hg. A high level of mercury detected in the reagent water analysis may also be 
attributed to the bubbler itself, NH2OH•HCl, SnCl2, or the soda lime pre-traps. 
Regardless of the source, all analysis is stopped until the source of contamination is 
determined and the problem is corrected. The results are stored with each batch. 


 
7.2. Air:  It is vital that the laboratory air be low in both particulate and gaseous mercury in 


order to reduce the risk of contamination. The BRL sample preparation lab clean room 
is equipped with a laminar flow hood that provides incoming air to the lab. Outside 
air, which is very low in Hg, is filtered through a particulate filter and then through 
HEPA filters before entering the mercury lab. Positive pressure is maintained to 
ensure that there is no incoming air through routes other than the laminar flow hoods. 
Sticky mats are located at the entrance as an additional precautionary measure. The 
mercury lab, the sample preparation lab, and the shipping and receiving area are 
monitored monthly for atmospheric mercury levels to ensure that these levels are 
sufficiently low for ultra-trace level mercury analysis. Air from each lab is pumped 
through a soda lime pre-trap and onto either a gold wire or gold-coated sand trap at a 
flow rate of 1 L/min until at least 20 L of air have been collected per trap. A warning 
level has been established at 15 ng Hg/m3 with a shutdown control level at 25 ng 
Hg/m3. Results from the monthly air tests are stored electronically on the BRL 
computer server. 


 
7.3. Nitric acid (HNO3): Trace-metal reagent grade is purchased and analyzed for Hg 


before use. In general, it is possible to obtain acid containing less than 5 pg/mL Hg. 
When a lot number meeting this specification is found, several cases are purchased. 
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Generally, lower values can be obtained in this manner than by re-distilling acid in the 
laboratory. Only “trace-metal’ grade acid should be used. Acids labeled as “ULTRA-
PURIFIED” have historically had higher concentrations of mercury and should be 
avoided. All open cases of acids for trace metal work are stored in the locked storage 
area located in the north mezzanine level of the building.  


 
7.4. Sulfuric acid (H2SO4):  Trace-metal reagent grade is purchased and analyzed for Hg 


before use. In general, it is possible to obtain acid containing less than 5 pg/mL Hg. 
When a lot number meeting this specification is found, several cases are purchased. 
Generally, lower values can be obtained in this manner than by re-distilling acid in the 
laboratory. Only “trace-metal’ grade acid should be used. Acids labeled as “ULTRA-
PURIFIED” have historically had higher concentrations of mercury and should be 
avoided. All open cases of acids for trace metal work are stored in the locked storage 
area located in the north mezzanine level of the building.  


 
7.5. Hydrochloric acid (HCl):  Trace-metal reagent grade is purchased and analyzed for Hg 


before use. In general, it is possible to obtain acid containing less than 5 pg/mL Hg. 
When a lot number meeting this specification is found, several cases are purchased. 
Generally, lower values can be obtained in this manner than by re-distilling acid in the 
laboratory. Only “trace-metal’ grade acid should be used. Acids labeled as “ULTRA-
PURIFIED” have historically had higher concentrations of mercury and should be 
avoided. All open cases of acids for trace metal work are stored in the locked storage 
area located in the north mezzanine level of the building.  


 
7.6. Hydroxylamine hydrochloride (NH2OH•HCl), stannous chloride (SnCl2), and bromine 


monochloride (BrCl):  Each of these reagents is prepared according to instructions 
listed in section 7.0 of Method 1631E. Reagent blanks must be analyzed each time that 
BrCl is made anew. The SnCl2 and NH2OH•HCl are tested daily whenever calibration 
blanks are analyzed. 


 
Note: BrCl is tested whenever a new bottle is prepared prior to use with samples. 


During initial testing, reagent blanks are prepared in fluorinated 
polyethylene (FLPE) bottles at five different concentrations of BrCl (1.0%, 
2.0%, 5.0%, and 10%). The BrCl is prereduced in the split bottle and then 
added to the bubbler with stannous chloride. A linear regression is 
performed to determine the level of contamination due to the bottles (b = y 
intercept) and the true concentration of Hg in the reagents. The acceptance 
criterion for the linear regression is an r2 value ≤ 0.9 (If 2 or more of the 
points are less than the low standard, 25 pg Hg, then r2 criteria may not be 
relevant and the lot of BrCl must be approved by QA). The amount of Hg per 
reagent unit (reagents used in a 1.0% BrCl method blank) must be ≤ 20 pg. If 
BrCl is prepared using the same lot of KBr and KBrO3 as a lot of BrCl 
already tested for linearity, then only two reagent blanks need be made at 
10% BrCl to ensure the continued purity of the reagents. All lots of HCl are 
pretested and must already be shown to be pure prior to any use in reagents. 
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As such, linearity testing of new BrCl is not required if only the HCl lot has 
changed. 


 
7.7. Stock mercury standard:  A commercially available 1000 mg.L-1 mercury atomic 


absorption standard that is traceable to NIST is used. This stock standard should be 
replaced by the manufacturer’s expiration date. Store this standard in an appropriate 
location separate from the working standards such as the “high level standards and 
samples” cabinet located on the south wall of the shop. 


 
7.8. Intermediate mercury standard solution:  0.250 mL of the stock solution is diluted to 


250.0 mL with ultrapure deionized water and 5.0 mL of BrCl. This solution contains 
1000 ng/mL Hg, and must be kept refrigerated in a tightly closed Teflon® bottle. This 
solution should be replaced annually. 


 
7.9. Mercury working standards:  2.50 mL of the intermediate mercury standard solution is 


diluted to 250 mL with high purity water containing 2.50 mL BrCl solution, to make a 
10.0 ng/mL working solution (as discussed in EPA Method 1631E, section 7.9). A 
1.00 ng/mL working standard should be made by diluting 0.250 mL of the 
intermediate mercury standard to 250 mL with DIW containing 2.50 mL BrCl 
solution. These working standards of 10.0 ng/mL and 1.00 ng/mL are added in 
appropriate aliquots to reagent water and analyzed to create the calibration curve and 
CCV samples. These solutions should be replaced monthly. 


 
7.10. Independent Calibration Verification (ICV) Standard:  0.250 mL of the standard 


reference material (SRM) NIST 1641d (mercury in water) is added 247.25 mL DIW 
and 2.5 mL BrCl for a final volume of 250 mL. After adjusting for the density of the 
SRM, the final value for this standard is 15.68 ng/L. NIST 1641d is purchased directly 
from the National Institute of Standards and Technology. 


 
 


7.11. Nitrogen:  Grade 4.8 (99.999% purity) nitrogen that has been further purified by the 
removal of Hg using a gold-coated sand trap. 


 
7.12. Argon or Helium:  Grade 4.8 (99.999% purity) inert gas that has been further purified 


by the removal of Hg using a gold-coated sand trap. 
 


7.13. Soda Lime: for soda lime canister. 4-8 mesh. Fisher AA36596A4 or equivalent. 
 
7.14. Silanized Glass Wool: for soda lime canister. Supelco 2-0410 or equivalent. 


8.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
 


8.1. Samples should be collected into glass, polyethylene, or fluoropolymer jars. 
Polyethylene bags are also acceptable for all but very low level and/or very wet solid 
samples. Dry samples such as coal and ores may be collected and stored in heavy 
gauge paper pouches. 


 







BR-0002 
Revision 010d 


Page 9 of 36 


All Brooks Rand Labs (BRL) SOPs are Proprietary Information and protected by WA state law. 
Proprietary Information shall be kept in the strictest confidence & shall not be used or 


appropriated to benefit any party without prior written consent from BRL. 
 


8.2. Samples containing biota (i.e. wet or dry sludge), and all wet sediment samples are 
shipped to the laboratory at 0-4 ºC and stored at < 4 ºC for up to 1 year. Dry samples 
such as ores, paper, and wood may be shipped unrefrigerated and stored indefinitely in 
a cool, dry location low in mercury. 


 
8.3. Biota samples are to be frozen at < -15 °C (standard freezer on coldest setting) until 


use. Samples may be stored for a maximum holding time of 1 year. 
 
8.4. Freezing and thawing of sediment samples may adversely affect their homogeneity. 


Ideally, sediment samples will not be frozen, however, projects often require multiple 
analyses on the same sample including speciation analysis which requires the samples 
to stay frozen until analysis. To reduce the impact of freezing on the sample, aliquots 
for all analyses are taken at the same time to reduce the freeze/thaw cycles. If the 
client requests it, the sediment samples can be aliquoted and weighed at the laboratory 
prior to freezing to further negate the impact of freezing on homogeneity. If wet 
sediment samples have been frozen prior to preparation, they must be sequentially 
homogenized into smaller aliquots as follows. First the whole sample must be emptied 
into a clean weigh boat and thoroughly homogenized. Then half of the sample is 
transferred back into the original container. The sample remaining in the weigh boat is 
thoroughly homogenized before half is transferred back into the original container 
again. The procedure is continued until the appropriate sample preparation weight is 
left and is then placed the sample preparation vial. Refer to SOP BR-0106 for further 
discussion of sample homogenization. Additionally, any other associated sample 
preparations to be performed with the sample (such as percent solids analysis) should 
homogenized and aliquoted at the same time to ensure that the aliquots are similar in 
sample characteristic. All remaining sample is stored in the original sample container 
at < -15 ºC for up to 1 year. 


 
8.5. To better assure homogeneity, large particles such as rocks and sticks can be removed 


by screening the samples through a 2.0 mm sieve. Though to prevent contamination as 
much as possible, the typical practice at BRL is to pick out large particles prior to 
aliquoting for sample prep. 


 
8.6. All dissection, homogenization, and other handling of the samples are to occur by 


clean room gloved personnel in an environment free of mercury contamination. 
 
 
 
9.0 CALIBRATION AND STANDARDIZATION 


 
9.1. Refer to EPA Method 1631E, section 10.0, for a detailed description of instrument 


calibration. 
9.2. Instrument Calibration:  BRL has adopted the following procedure. There are two 


different analytical systems that may be used for analysis of samples. They can be 
analyzed by manual analysis or by using the MERX-T automated total mercury system. 
Both systems use analogous techniques with some minor changes at sample analysis. 
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The AFS detectors used are the same for either instrument. The AFS detectors built by 
BRL are capable of achieving extremely low detection limits. 
 


9.3. It is required that a calibration curve of at least 5 points be prepared prior to the analysis 
of samples to verify linearity and quantify sample concentrations. Sections 9.0 and 10.0 
of EPA Method 1631E do not state a frequency requirement for calibration. BRL 
performs a new calibration each day and when it is observed that the instrument is no 
longer in control. Additionally, analysis of the ICV standard must also meet the 
criterion in Table 2 for the calibration to be validated.  


 
9.3.1. For manual analysis, the instrument is calibrated down to 25 pg. The standards 


typically used to calibrate the instruments for total mercury at BRL are 25 pg, 100 
pg, 500 pg, 2500 pg, and 10,000 pg. The standards are added to the split bottle 
that contains approximately 100 mL of DI water, pre-reduced with NH2OH·HCl, 
and then poured into the bubbler. The calibration is based on the measured 
picograms of mercury in the bubbler and not on concentration. 
 


9.3.2. For automated analysis on the MERX-T, the instrument is calibrated down to 10 
pg. The standards typically used to calibrate the instruments for total mercury are 
10 pg, 25 pg, 100 pg, 500 pg, 2,500 pg and 10,000 pg. The standards are added to 
a 40 mL septa top vial that contains approximately 25 mL of DI water, pre-
reduced with NH2OH·HCl. Stannous chloride is added to the vial which is then 
capped and placed on the autosampler. 


 
 
9.3.3. Section 9.4.1.3 of EPA Method 1631E suggests that the mean peak area for all 


bubbler blanks (including those analyzed during the analytical sequence to ensure 
that no carryover occurs from high-level samples) should be subtracted from all 
raw data before results are calculated. This does not allow for the continuous 
determination of whether QA results are in control, thereby forcing the analyst to 
analyze all samples prior to determining if all QA criteria are met. BRL subtracts 
the average peak area measurement of the first four bubbler blanks (or one blank 
for each split bottle and bubbler used in the analysis of samples) analyzed at the 
beginning of the analytical run from all raw data for result calculations. The 
acceptance criterion for the initial bubbler blanks for manual analysis (referred to 
as calibration blanks) is each ≤ 40 pg, average ≤ 20 pg, and standard deviation ≤ 
7.5 pg. The criterion for subsequent bubbler blank checks is that each blank must 
be ≤ 40 pg and ± 20 pg from the calibration blank mean. For automated analysis, 
the acceptance criterion for the initial bubbler blanks is each ≤10 pg, average ≤ 5 
pg and standard deviation ≤ 3.3 pg. The criterion for subsequent bubbler blank 
checks is that each blank must be ≤10 pg and ± 5 pg from the calibration blank 
mean. 
 


9.3.4. BRL uses the following equation to calculate the calibration factor (CFx) for Hg 
in each of the standards: 
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CFx = (Cx) / (Ax – ACB)   
                         


Where: 
    Cx = mass of Hg in standard analyzed (pg) 
    Ax = peak area for Hg in standard 
  ACB = mean peak area for Hg in calibration blanks 
 


This calculation differs from the calculation given in 1631E in that the numerator 
and denominator are reversed. 


 
10.0 PROCEDURE 
 


10.1. Sample Preparation 
 
10.1.1. General considerations: Dissect and/or homogenize the sample with clean 


stainless steel tools. Clean the stainless steel tools with ultrapure deionized water 
and a mild detergent (such as Alconox®) between sample aliquots. Refer to SOP 
BR-0106 for instructions in the homogenization of various sample matrices.   


 
10.1.2. Hot re-fluxing HNO3/H2SO4 digestion: This procedure is used for biota, wood, 


paper, tissue, sludge, or other soils high in organic content. An aliquot of 
homogenized sample of 0.8 to 1.2 g (0.2 to 0.4 g for dry material such as wood, 
paper, freeze dried samples, etc.) is weighed directly into a 40 mL glass vial with 
a fluoropolymer-lined lid. To prep homogenization blanks, pipette 10 mL of the 
homogenization blank water into a vial then prep as normal. 
 
Glass vials are tested by lot number prior to use to ensure that they are not a 
potential source of mercury contamination. Glass vials are triple rinsed with 
DIW prior to use in the preparation of samples. Cleaned and tested 
fluoropolymer vials may also be used. If necessary, up to 2-3 mL of DIW may be 
used to rinse the sample down to the bottom. 3.0 mL of H2SO4 and 7.0 mL of 
HNO3 are pipetted into the sample, and the preparation is swirled.   


 
Caution:  This mixture gets hot and emits caustic fumes! 


 
Acid washed fluoropolymer cones or glass marbles are placed on each glass vial 
to allow refluxing of the preparation. Samples are next placed on a hotplate, and 
brought up to a refluxing boil in temperature increments to avoid excessive 
foaming, especially common with tissue samples. At BRL a hotplate is used, the 
samples are digested at a temperature of 70 ºC for 1 hour and then refluxed at a 
hotplate temperature of 90-100 ºC for 3 hours. The samples are allowed to cool 
prior to removal from the hotplate. 0.50 mL of BrCl is added to each sample, and 
then the samples are diluted to the 40 mL mark with deionized water. Experience 
and numerous intercalibration studies show that undigested rock material or 
animal fat does not affect the accuracy of this digestion for Hg, because these 
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fractions are both very low in initial Hg content, and are effectively leached by 
the boiling acid.   
 


Alternative method: If fluoropolymer vials are used, the caps should be 
tightened so that the threads make good contact. If a sand bath is used, 
then samples are digested at 100 °C for 1 hour and then refluxed at a 
sand bath temperature of 150 °C for 2 hours, or until all organic matter 
is dissolved, the solution looks substantially colorless or light yellow, and 
the brown gas above the liquid has almost disappeared.   


 
As a substitute, 100 mL volumetric flasks may be used. After addition of 
the HNO3/H2SO4 mixture, a clean glass marble is placed over the mouth, 
and the samples are allowed to predigest at room temperature for 1 hour. 
Samples are then heated in the same manner as previously described. 
After digestion the flasks should be allowed to cool, and 1.0 mL of BrCl 
is added and the volume brought up to the 100 mL mark with ultrapure 
deionized water. A section of parafilm is secured over the flask opening, 
and the samples are thoroughly homogenized by gentle agitation prior to 
analysis. 


 
10.1.3. Alternative cold aqua regia digestion: This procedure is for geological media 


such as coal, ores, sediments, and soils. Since the matrix is leached rather than 
dissolved, the sample must be pulverized prior to digestion if the total mercury 
content is desired. 


 
Weigh to the nearest mg approximately 1.0 g (~0.5 g for dry material such as 
dust, coal, etc.) into a 40 mL vial. In a fume hood, add 8.0 mL of concentrated 
HCl, swirl, and add 2.0 mL of concentrated HNO3. The vial may be loosely 
capped (tightening the lid may cause the vial to explode). The preparation should 
then be allowed to digest at room temperature overnight.  


 
For all samples other than those high in elemental carbon (i.e. coal), add 0.5 mL 
BrCl and dilute the digestate to 40 mL with deionized water, shake vigorously, 
and allow to fully settle prior to analysis. For coal samples, and other samples 
high in elemental carbon, dilute the digestate to 40 mL with up to 0.07 N (35%) 
BrCl solution to prevent any mercury from re-adsorbing to the carbon particles. 
Shake the preparation vigorously and allow it to settle overnight. 


 
Note: More organic samples may require higher levels of BrCl. BRL 


typically adds 0.5 mL of BrCl to most aqua regia preparations, 
but more organic samples may require higher levels of BrCl 
(levels between 1.25% and 35% BrCl). Additionally, reagent 
water without BrCl may be used if the samples are appropriate 
to such preparation and very low method blanks are required. 
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10.1.4. Preparation of Capillary Collected Blood Samples at Micro Volumes: The 
following method is for blood that is collected in capillary tubes only. If the 
blood is collected in a vial with adequate volume, the standard biota prep should 
be used unless otherwise specified.  
 


10.1.4.1. Pipette 1 mL of DIW into a 20.5 mL glass vial. If the blood is not already 
in a capillary tube, use a pre-cleaned capillary tube to draw up an aliquot of 
the blood sample. Weigh the tube with the blood aliquot to the nearest 0.1 
mg. Place one end of the capillary tube just below the surface of the DIW 
and using a modified pipette tip, force the blood into the water. Due to the 
high viscosity of the blood, it may be necessary to rinse out the capillary 
tube several times. Each time ensure that all of the liquid has been forced 
out of the capillary tube by observing bubbles in the solution. It is important 
to remove the capillary tube from the liquid while bubbles are still forming 
to prevent any sample being drawn back into the tube. The tube is then 
reweighed and the sample mass is calculated by difference. A final sample 
mass of ~20 mg is typical. 


 
10.1.4.2. Then 1.0 mL of a 7:3 HNO3:H2SO4 mixture is added to each vial, the vial 


is covered with a clean marble or fluoropolymer cone, and the samples are 
heated at 100 ºC for an hour. Then the temperature is raised to 150 ºC and 
the samples are heated for an additional two hours. The samples are then 
removed from the heat and allowed to cool to room temperature. 250 µL of 
BrCl is added and each sample preparation is made up to 20.5 mL with 
deionized water. 


 
Additional Notes: The SRM used for blood analysis (SRM-966) 
comes in two levels of trace metals. Only Level 2 is certified for 
mercury. Only Level 2 should be used as an SRM for this 
analysis. The level of mercury in this SRM is high enough that 20 
mg of the SRM is sufficient. The SRM should be weighed out in 
the same manner as the samples.   


 
10.2. Instrumental Analysis:   


 
10.2.1. BRL has adopted the following modifications from EPA Method 1631E for 


manual analysis of mercury. 
 


10.2.1.1. Samples and standards are purged for 15 minutes at 400 mL/min. However, 
longer purge times may be necessary if the lab and/or sample temperature 
is < 16 °C. Lab temperature is maintained between 20 ºC to 25 ºC, so 
longer purging times are not generally necessary. 


 
10.2.1.2. Four 100-mL aliquots of water are poured into each of the bubblers prior to 


calibration. 0.5 mL of SnCl2 is added to each bubbler and the aliquots are 
used to condition the soda-lime pre-traps for a minimum of 15 minutes, as 
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noted in 6.2.1.5 of this SOP. Following this pre-trap conditioning step, the 
purged water is discarded and 100 mL aliquots of DIW along with 0.5 mL 
NH2OH•HCl are poured from the four split bottles into their associated 
bubblers. 0.5 mL SnCl2 is added to this water, which is then purged for 15 
minutes onto a gold amalgamation trap and analyzed for Hg. A high level 
of mercury in the calibration blanks may be attributed to the split bottle, the 
bubbler, the reagents, or the soda lime pre-traps. Regardless of the source, 
all analysis using the contaminated bubbler/split bottle/trap combination is 
stopped until the source of contamination is determined and the problem is 
corrected. Use of all uncontaminated bubblers, split bottles, and traps may 
continue during this process. 


 
10.2.1.3. All calibration standards and QC samples are added to 100 mL aliquots of 


DIW in a thoroughly rinsed split bottle prior to transfer to a bubbler for 
analysis. 


 
10.2.1.4. Aliquots of the digestate, usually in the range of 0.10-1.0 mL (maximum of 


10 mL due to trap degradation by acid fumes), is added to 70-100 mL of 
deionized water in a split bottle. 0.5 mL of NH2OH•HCl is added directly 
to the split bottle and allowed to react for at least 5 minutes to ensure that 
no trace halogens remain prior to transfer to the bubbler for purging onto a 
gold amalgamation trap for analysis. PURGING OF FREE HALOGENS 
ONTO THE GOLD TRAPS WILL RESULT IN DAMAGE, AND LOW 
IRREPRODUCIBLE RESULTS THEREAFTER. Split bottles and 
bubblers are rinsed a minimum of three times with DIW in between sample 
aliquots. The contents of the split bottle are poured into a bubbler and 0.5 
mL of SnCl2 is pipetted into the bubbler. The caps are replaced and secured 
to the vessel with a bubbler clamp, and the sample is purged for 15 
minutes. The instant that SnCl2 and the sample aliquot are combined, 
reduction of mercuric ions to volatile Hg0 begins. The analyst should 
minimize the time between sample reduction and the start of sample 
collection. In order to best minimize potential loss of the volatile Hg0, the 
analyst must have the gold trap in place prior to adding SnCl2 to the purge 
vessel and connects the N2 purge gas after the bubbler top is clamped in 
place.    


 
10.2.1.5. As discussed in Method 1631E and in section 12.6 of this SOP, follow the 


attached analytical sequence (Table 2). Generally, analysts should follow 
the suggestion in Method 1631E that samples suspected to contain the 
lowest concentration of mercury (i.e., known blank samples) should be 
analyzed first followed by samples containing potentially higher levels 
(i.e., known influent samples).  


 
10.2.1.6. As discussed in section 12.6 of this SOP, the analyst may choose to analyze 


CCV samples more frequently than required by Method 1631E. A CCV 
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must be analyzed after every 10 client samples (not counting quality 
control samples) to verify ongoing control of the system.  


 
10.2.1.7. The PMT and offset are recorded on the bench sheet at the beginning of 


each day after auto zeroing the instrument previous to measuring the noise. 
When the baseline shifts more than 200-300 units, the systems should be 
adjusted in the following manner. Auto zero the Model III. Compare the 
offset to the original offset for the day. If it is more than 100 units different 
than the original reading, adjust the PMT to obtain an offset that is within 
100 units of the original reading. The PMT and offset must be recorded 
every time the instrument is auto zeroed regardless of if the PMT was 
adjusted. 


 
10.2.1.8. BRL has found that checking for mercury carryover in a bubbler by 


analyzing a bubbler blank is not necessary unless an unusually high level 
sample has been purged. Carryover tests, performed using spikes of 10,000 
pg, 20,000 pg, 40,000 pg, and 100,000 pg, resulted in carryover of less than 
50 pg Hg from the bubbler and trap. To avoid carryover from the bubbler 
or split bottle, the analyst should rinse each bubbler and split bottle three 
times with DIW between all samples. To avoid carryover from the trap, the 
analyst should heat the mid- and downstream sections of any traps 
associated with a higher-level sample (such as any sample above the 
calibration range) for an additional 3 minutes following sample desorption. 
If a purged sample contains > 20,000 pg Hg, the analyst must follow the 
above corrective actions and analyze a bubbler blank and split bottle blank 
check using fresh DIW and the associated bubbler, split bottle and trap. 
The analysis of the split bottle blank should be performed on a different 
bubbler to facilitate proper contamination identification. Using previously 
purged DIW is not necessary for the bubbler blank. If any bubbler or split 
bottle blank fails (> 40 pg Hg and/or > ± 20 pg from average calibration 
blank on associated bubbler and trap), the analyst must identify and correct 
the source of contamination, and demonstrate that the bubbler and trap pass 
the blank criterion before sample analysis can continue using that bubbler, 
split bottle, and trap.   


10.2.1.9. Any samples run in a bubbler, split bottle and/or on a trap associated with a 
carryover sample (e.g., a sample with > 20,000 pg Hg) must be reanalyzed, 
if sufficient sample volume exists. 


10.2.1.10. After analysis is complete, split bottles and bubblers are rinsed with DIW 
three times and filled with DIW. Split bottles are stored tightly capped until 
further use. During the workweek, all bubblers are filled with DIW 
overnight and thoroughly rinsed prior to use in the morning. At the end of 
each week, the bubblers are purged with 10% (w/v) KOH in DIW for 
approximately 30 minutes or until all visible residue is removed and are 
then triple rinsed and filled with 10% HCl. This procedure should be done 
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more frequently if the bubbler starts to appear dirty before the end of the 
week. 


10.2.2. BRL has adopted the following modifications from EPA Method 1631E for the 
automated analysis of mercury using the MERX-T. 


10.2.2.1. Samples and standards are purged for 6 minutes at 400 mL/min. However, 
longer purge times may be necessary if the lab and/or sample temperature 
is < 16 °C. Lab temperature is maintained between 20 ºC to 25 ºC, so 
longer purging times are not generally necessary. 


 
10.2.2.2. For the MERX-T, each 40-mL septa top vial becomes the samples’ 


bubbler. See the MERX-T Manual for an instrument description and 
overview of how it functions. Approximately 25 mL of DI water is added 
to each vial that is for blanks or standards. For samples, the appropriate 
amount of sample (max 10 mL) is added to each vial and the vial is brought 
up to approximately 25 mL with DI water. If spikes are needed, the correct 
amount of standard is pipetted into the appropriate vial and 0.200 mL of 
hydroxylamine-HCl solution is added to each vial for pre-reduction of the 
BrCl. 0.200 mL of stannous chloride solution is added to each vial shortly 
after which the vial is capped and shaken before being placed on the 
autosampler.  


 
10.2.2.3. All calibration standards and QC samples are added to 25 mL aliquots of 


DIW in a 40-mL setpa top vial for analysis. 
 
10.2.2.4. Aliquots of the digestate, usually in the range of 0.10-1.0 mL (maximum of 


10 mL due to trap degradation by acid fumes), is added to 15-25 mL of 
deionized water in a 40-mL septa top vials. 0.2 mL of NH2OH•HCl is 
added directly to the vial and allowed to react for at least 5 minutes prior 
addition of 0.2 mL of SnCl2, capping, and placing on the autosampler for 
purging onto a gold amalgamation trap for analysis.  


10.2.2.5. As discussed in Method 1631E and in section 12.6 of this SOP, follow the 
attached analytical sequence (Table 4). Generally, analysts should follow 
the suggestion in Method 1631E that samples suspected to contain the 
lowest concentration of mercury (i.e., known blank samples) should be 
analyzed first followed by samples containing potentially higher levels 
(i.e., known influent samples).  


 
10.2.2.6. As discussed in section 12.6 of this SOP, the analyst may choose to analyze 


CCV samples more frequently than required by Method 1631E. A CCV 
must be analyzed after every 10 client samples (not counting quality 
control samples) to verify ongoing control of the system.  
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10.2.2.7. The PMT and offset are recorded on the bench sheet at the beginning of 
each day after auto zeroing the instrument previous to measuring the noise. 
Since the analysis is automated and may take place while the analyst is not 
present, the PMT is not adjusted during an analytical run. 


10.2.2.8. Since the MERX-T utilizes the individual vials as bubblers, “bubbler” 
carryover is not a concern. Carryover can occur on the run just after a high 
sample (subsequent run carryover) and/or on the second run after a high 
sample (trap carryover).  


BRL has found that checking for mercury carryover by analyzing a 
carryover blank is not necessary unless an unusually high level sample has 
been purged. Carryover tests, performed using spikes of 10,000 pg, 20,000 
pg, 40,000 pg, and 100,000 pg, resulted in carryover of less than 12.5 pg 
Hg. If a purged sample contains > 20,000 pg Hg, the analyst must 
reanalyze the high sample (at an appropriate dilution) and the two samples 
that immediately follow it to check that the samples are not biased high due 
to carryover.  


10.2.2.9. New vials are used for every analysis to reduce the possibility of cross 
contamination. If the autosampler needle needs cleaning, it can be placed in 
a vial containing 15% HNO3 and sonicated for 15 minutes.  


10.2.3. Gold traps should be tracked by unique identifiers so that any trap producing 
poor results can be quickly recognized and discarded. Occasionally due to 
inadvertent contact with halogen fumes, bubbler solution, organic fumes, or 
overheating, a sampling trap will become damaged, giving low and/or 
irreproducible results. Suspect traps should be checked with at least two 
consecutive standard runs before continued use. Traps should be replaced 
quarterly or as soon as possible after quality control results indicate their 
degradation. Additionally, traps should be replaced whenever integration peaks 
become abnormally shaped (no longer symmetrical with steep slopes). 


10.2.3.1. The MERX-T uses dual amalgamation and contains only 2 sample 
collection traps and 1 analytical trap. Guru automatically records the 
sample collection trap used for analysis (X or Y). The agreement between 
the two traps should be assessed during the calibration. If significant 
inconsistencies are noted between the X and Y trap, then the problem 
should be addressed and fixed and the system should be recalibrated before 
analyzing client samples. When replacing traps, all three should be 
replaced at the same time. 


 
10.2.4. Section 11.3.2 of Method 1631E states that before each trap is analyzed, argon 


should be passed through the trap for approximately two minutes to drive off 
condensed water vapor prior to heating and desorbing for three minutes. 
Historically, BRL has not experienced significant analytical problems associated 
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with water vapor on traps. However, if the analyst observes peaks that desorb 
prior to the mercury peak, this technique may be employed. 
 


11.0. DATA ANALYSIS AND CALCULATIONS 
 


11.1. The following equations are used at BRL to calculate sample results. 
 


11.2. To calculate the amount of mercury measured during an analytical run (P), employ the 
following formula: 


 
PS = measured Hg (in pg) = CFm(AS - ABB) 


 
Where: 
 CFm = mean calibration factor 
 AS    = measured peak area for the analyzed sample 
 ABB  = mean peak area for Hg in calibration bubbler blanks 


 
11.3. To determine the amount of total mercury from the preparation of the method blanks 


(PMB), use the following formula for each method blank: 
 
 PMB = [(AMB - ABB) CFM ·VD]/ VA 


 
Where: 
 AMB = peak area of the method blank 
 ABB  = mean peak area for Hg in calibration bubbler blanks 
 CFm = mean calibration factor 
 VD   = final dilution volume of the method blank  
 VA   = volume of the method blank analyzed 
 


11.4. To determine the concentration of total mercury in a sample, the calculation is 
performed as follows: 


 
Hg (in ng/g or ppb) = [(PS/VA)VD - PMB]/M 
 
Where: 
 PS  = Hg (pg) from equation in section 11.2 
 VA = volume of digestate analyzed in mL 
 VD = final dilution volume (mL) of the sample preparation  
 M  = digested sample mass in mg 
PMB = the mean total Hg (pg) from the preparation of the method blanks 
Note: If a customer does not desire blank correction, then PMB is not 


subtracted. 
 


11.5. It is BRL’s policy to method blank correct sample results unless specifically requested 
not to do so by the client.  
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11.6. Method 1631E states that results below the ML should be reported as less than the 
level of the ML or as required by the regulatory authority, and that field blank results 
below the ML but above the MDL should be reported to 2 significant digits. Because 
BRL is not always aware of the original source of a sample or the specific needs or 
requirements of our clients, all results above the BRL determined MDL are reported to 
3 significant digits.  


 
12.0. QUALITY CONTROL 
 


12.1. Refer to EPA Method 1631E, section 9.0, for a detailed description of the quality 
control procedures employed at BRL for this method. Consult Section 17, Table 1 of 
this SOP for the current MDL (method detection limit) and ML (minimum limit) 
determined at BRL for the analysis of mercury using Method 1631E (Table 1). The 
ML is sometimes referred to as the method reporting limit (MRL). Acceptance criteria 
and corrective action procedures are listed in Table 2. 


 
12.2. For easy reference for QC criteria refer to Table 2, which outline typical run sequences 


and required QA samples and Table 3, which describes all required QA frequency 
requirements and QA acceptance criteria along with corrective actions for failed QA. 


 
12.3. All quality control data should be maintained and available for easy reference and/or 


inspection. 
 


12.4. Samples containing high analyte concentrations should be analyzed at a reduced 
volume. For all quantified results, peak areas obtained for samples must ultimately fall 
below the peak area obtained from the highest standard analyzed and above the peak 
area obtained from the lowest standard analyzed in the calibration curve. 


 
12.5. Analysts who have not performed EPA Method 1631E previously at BRL must 


complete an initial demonstration of capability (IDOC) study, which includes the 
analysis of samples for MDL determination. Refer to Table 3 in Section 18 of this 
SOP for the general analytical sequence for the IDOC.   


 
12.6. When analyzing client samples, BRL will follow the general analytical sequence 


found in Table 2 of Section 17 of this SOP. Note that in order to avoid potential 
carryover from high-level samples, samples projected to have only low levels of 
mercury (field blanks, method blanks, and samples otherwise expected to be low based 
on historical data or small amounts of particulate matter) should be analyzed at the 
beginning of the run sequence. Although EPA Method 1631E suggests (in section 
9.1.7) that method blanks may be analyzed intermittently throughout the analysis, 
BRL analysts should analyze all method blanks at the beginning to avoid potential 
carryover and to verify that all method blanks meet criteria before proceeding with 
sample analysis. In addition, whereas Method 1631E only requires analysis of two 
CCV samples (at the start and at the end of the run sequence), it is BRL policy to run 
additional CCV samples (one after every 10 client samples) to ensure ongoing control 
of the system.   
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12.7. Matrix spike (MS) and matrix spike duplicate (MSD) recoveries are analyzed at a 


minimal frequency of one per every 10 client samples. At least one matrix spike 
sample and matrix spike duplicate sample set must be analyzed per batch and at least 
two must be analyzed if more than 10 client samples are in a batch. Criterion for 
MS/MSD analysis is recoveries of 70-130% with a relative percent difference ≤ 30% 
for sediment and biota and 65-135% with a relative percent difference of ≤ 35% for 
blood or other samples using the micro method. The target spiking concentration is 2 – 
5 times the level of the native sample. If there is no historic data on which to base the 
spike concentration, then the following default spiking levels should be used: 


  
   Sediment Samples: 1000 ng/g  
   Biota Samples: 1000 ng/g 
   Other Biota Samples: 1000 ng/g 


 
12.8. A minimum of 3 method blanks per batch must be run. The criterion for the method 


blank is average method blank less than two times the MDL and standard deviation 
less than 0.67 times the MDL or less than 1/10th of the associated client samples. 
Brooks Rand routinely prepares and analyzes 4 method blanks to allow for the 
possible outlier. 


 
13.0. METHOD PERFORMANCE 
 


13.1. Refer to the Appendix to EPA Method, section 13.0, for information regarding the 
verification of this method.  


 
13.2. The detection limits reported in Table 1 were achieved by performing a full MDL 


study as described in 40 CFR 136, Appendix B. The quality control acceptance limits 
reported in Table 3 are developed from the EPA methods and are validated as 
achievable at BRL in the control charts maintained for the method. 
 


14.0. POLLUTION PREVENTION 
 


14.1. Refer to EPA Method 1631E, section 14.0, for EPA recommendations regarding 
pollution prevention techniques.  


 
14.2. Whenever feasible, lab personnel should use pollution prevention techniques to limit 


waste generation. The cost involved in purifying acids makes such recycling 
unpractical at BRL. Instead, every effort is made to reduce volumes necessary to still 
produce the best possible results. When making standards, they should be prepared in 
volumes consistent with their use in the laboratory to minimize the volume of expired 
standards to be disposed. 


 
15.0 WASTE MANAGEMENT 
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15.1. Refer to EPA Method 1631E, section 15.0, for information and references related to 
managing waste produced by application of this method. 


 
15.2. All waste is disposed of in accordance with state and federal regulations either by 


sewer disposal (only if concentrations are below the King County sewer limits) or 
through a licensed and bonded hazardous waste disposal facility such as Philips 
Services. 


 
16.0. REFERENCES 
 


16.1. Bloom, N.S. and Crecelius, E.A. (1983). "Determination of Mercury in Seawater 
at Subnanogram per Liter Levels.” Mar. Chem.  14:49. 


 
16.2. Bloom, N.S. and Fitzgerald, W.F. (1988). “Determination of Volatile Mercury 


Species at the Picogram Level by Low-Temperature Gas Chromatography with 
Cold-Vapour Atomic Fluorescence Detection.” Anal. Chim. Acta. 208:151. 


 
16.3. EPA Appendix to Method 1631. (2001). “Total Mercury in Tissue, Sludge, 


Sediment, and Soil by Acid Digestion and BrCl Oxidation.” 
 
16.4. EPA Method 1631.E. (8/02). “Mercury in Water by Oxidation, Purge and Trap, 


and Cold Vapor Atomic Fluorescence Spectrometry.” 
 
16.5. Fitzgerald, W.F., and Gill, G.A. (1979). "Sub-Nanogram Determination of 


Mercury by Two-Stage Gold Amalgamation and Gas Phase Detection Applied to 
Atmospheric Analysis.” Anal. Chem. 15:1714. 


 
16.6. Liang, L., and Bloom, N.S. (1992). “Determination of Total Hg by Single-Stage 


Gold Amalgamation with Cold Vapor Atomic Spectrometric Detection.” JAAS. 
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17.0. TABLES AND BENCHSHEETS 
 
Table 1. Current Method Detection Limits and Minimum Levels Determined at BRL for the 


Analysis of Total Mercury in Solids Using EPA Method 1631, Appendix 


Matrix 
 


Preparation Method 
Method Detection 


Limit (MDL)1,2 
Minimum Level 


(ML) 


Sediment/Sludge Aqua regia cold digestion 
(1.25% BrCl) 0.05 ng/g 0.15 ng/g 


Coal (samples high in 
elemental carbon) 


Aqua regia cold digestion 
(diluted w/35% BrCl) 0.20 ng/g  0.50 ng/g 


Biota/Sediment HNO3/H2SO4 hot digestion 
(1.25% BrCl) 0.04 ng/g 0.10 ng/g 


Biota – Blood in 
Capillary tubes 


HNO3/H2SO4 hot digestion 
(1.25% BrCl) 1.5 ng/g 4.5 ng/g 


Hair (w/washing step) HNO3/H2SO4 hot digestion 
(1.25% BrCl) 0.80 ng/g 2.50 ng/g 


 
  NOTES: 
 


1. MDL as determined by the procedure 40 CFR Part 136, Appendix B. 
2. All MDLs are calculated using a default mass of 1000 mg (wet weight) 
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Table 2a. Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Analysis of Total Mercury on the manual system. 


Run Run Name Section Name Analyze Requirements 
     


01 
02 
03 
04 


Calib. Blank 
Calib. Blank 
Calib. Blank 
Calib. Blank 


Calibration Blanks 


IBL 
IBL 
IBL 
IBL 


each CB <40 pg 
Ave. <20 pg 


StDev <7.5 pg 


05 
06 
07 
08 
09 


25 pg std 
100 pg std 
500 pg std 


2500 pg std 
10000 pg std 


Calibration* 


25 pg Hg 
100 pg Hg 
500 pg Hg 
2500 pg Hg 
10000 pg std 


RSD<15% 
Rec. Low Std. = 75-125% 


10 ICV (1568 pg std) Independent Calibration 
Verification 


1568 pg std, 
NIST 1641d Recovery 85-115% 


11 
12 


Method Blank 
Method Blank Method Blank BLK 


BLK See Below 


13 Cont. Calib. Blank Carryover Check for High Std CCB < 40 pg, ± 20 pg from ave. 
 


14 
15 


 


 
Method Blank 
Method Blank 


 


Method Blanks 


 
BLK 
BLK 


 


Average < 2 x MDL and 
St. Dev. < 2/3rd of MDL or 
High MB < 1/10th sample 


16 SRM-1 Certified Reference Materials CRM Recovery = 75-125% 
Blood CRM Rec. = 65-135% 


17 BS Laboratory Fortified Blank Blank Matrix Spiked at 
4.0 ng 


Recovery = 70-130% 
(use only if no CRM available) 


18 
19 


Sample 01 
Sample 01DUP1 


Sample Analysis 
Duplicate Analysis 


Sample 01 Native 
Sample 01 Duplicate 


RPD≤30% or ±2xMRL if results 
≤5xMRL 


20 
21 


Sample 01MS1 
Sample 01MSD1 


Matrix Spike Analysis  Spike 
Duplicate Analysis 


01 + Spike 
01 + Spike 


Recovery = 70-130% 
RPD≤30%** 


22 
23 
24 
25 
26 
27 
28 
29 
30 


Sample 02 
Sample 03 
Sample 04 
Sample 05 
Sample 06 
Sample 07 
Sample 08 
Sample 09 
Sample 10 


Sample Analysis 


Sample 02 
Sample 03 
Sample 04 
Sample 05 
Sample 06 
Sample 07 
Sample 08 
Sample 09 
Sample 10 


 


32 CCV (500 pg std) Continuing Calibration 
Verification 5.0 ng.L-1 std Recovery 77-123% 


33 
34 


Sample 11 
Sample 11DUP2 


Sample Analysis 
Duplicate Analysis 


Sample 11 Native 
Sample 11 Duplicate 


RPD≤30% or ±2xMRL if results 
≤5xMRL 


35 
36 


Sample 11MS2 
Sample 11MSD2 


Matrix Spike Analysis  Spike 
Duplicate Analysis 


11 + Spike 
11 + Spike 


Recovery = 70-130% 
RPD≤30%** 


37 
38 
39 
40 
41 
42 
43 
44 
45 


Sample 12 
Sample 13 
Sample 14 
Sample 15 
Sample 16 
Sample 17 
Sample 18 
Sample 19 
Sample 20 


Sample Analysis 


Sample 12 
Sample13 
Sample 14 
Sample 15 
Sample 16 
Sample 17 
Sample 18 
Sample 19 
Sample 20 


 


46 CCV (500 pg std) Continuing Calibration 
Verification 5.0 ng.L-1 std Recovery 77-123% 
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Table 2b. Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Analysis of Total Mercury on the automated MERX-T system 


Run Run Name Section Name Analyze Requirements 
     


1 
2 


Rinse 
Rinse Blanking Equipment DIW + analytical 


reagents n/a 


3 
4 
5 
6 


IBL1 
IBL2 
IBL3 
IBL4 


Calibration Blank Analytical Blanks < 10 pg; ave. < 5 pg; stdev < 2.5 pg 


7 
8 
9 


10 
11 
12 
13 


CAL1 
CAL2 
CAL3 
CAL4 
CAL5 
CAL6 
CAL7 


Calibration 


5 pg Hg 
10 pg Hg 
25 pg Hg 


100 pg Hg 
500 pg Hg 
2500 pg Hg 


10000 pg Hg 


RSD of CF < 15%; 
recovery of low 


standard = 75-125% 


14 ICV1 Initial Calibration Verification 1568 pg Hg 
 Recovery 85-115%,  


15 
16 
17 


CCB1 
CCB2 
CCB3 


Carryover Blank DIW + analytical 
reagents < 10 pg; ave. < 5 pg; stdev < 2.5 pg 


18 
19 
20 
21 


BLK1 
BLK2 
BLK3 
BLK4 


 


Method Blank BLK 
 


Average < 2 x MDL and 
St. Dev. < 2/3rd of MDL or 
High MB < 1/10th sample 


22 SRM-1 Certified Reference Materials CRM Recovery = 75-125% 
Blood CRM Rec. = 65-135% 


23 BS Laboratory Fortified Blank Blank Matrix 
Spiked at 4.0 ng 


Recovery = 70-130% 
(use only if no CRM available) 


24 
25 


Sample 01 
Sample 01DUP1 


Sample Analysis 
Duplicate Analysis 


Sample 01 Native 
Sample 01 
Duplicate 


RPD≤30% or ±2xMRL if results ≤5xMRL 


26 
27 


Sample 01MS1 
Sample 01MSD1 


Matrix Spike Analysis  Spike 
Duplicate Analysis 


01 + Spike 
01 + Spike 


Recovery = 70-130% 
RPD≤30%** 


28 CCV (500 pg std) Continuing Calibration 
Verification 5.0 ng.L-1 std Recovery 77-123% 


29 CCB Carryover Blank DIW + analytical 
reagents < 10 pg; ave. < 5 pg; stdev < 2.5 pg 


Next 10 Injections Sample Analysis 
 


Samples 
 


 


Last CCV (500 pg std) Continuing Calibration 
Verification 5.0 ng.L-1 std Recovery 77-123% 


Next CCB Carryover Blank DIW + analytical 
reagents < 10 pg; ave. < 5 pg; stdev < 2.5 pg 


 
 
* Calibration Curve may be adjusted depending on expected concentration range of samples and on the linear range due to 


instrumentation. 
** Matrix spike / spike duplicate acceptance criteria for blood and small mass samples is recovery = 65-135% with an         


RPD ≤ 35%. 
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Table 3a. Quality Control Criteria and Corrective Action Procedures for the Manual Analysis 
of Total Mercury by CVAFS 


 
QC Sample 


 
Measure 


Minimum 
Frequency 


 
Criteria 


 
Corrective Action 


Bubbler Blank 
(IBL) 


Contamination 
from bubblers 


1 per bubbler used 
prior to analysis 


each ≤ 40 pg 
avg ≤ 20 pg 
std ≤7.5 pg 


Clean and test bubblers until 
criteria met prior to any 


analysis 


Calibration 
Standards       


(CAL) 


Acceptability of 
the Calibration 


Curve 


Each day prior to 
analyzing samples and 
whenever CCV/CRM 


analysis fails 


RSD of response 
factors ≤ 15%; 


Recovery of Low 
Standard 


= 75 – 125% 


Reanalyze suspect calibration 
standard. If criteria still not 
met, then remake standards 


and recalibrate the instrument 


Independent 
Calibration 
Verification 


 (ICV) 


Test of the entire 
analytical 


system 


1 per batch following 
the calibration 


(following calibration 
blanks if verifying 
past calibration) 


Recovery = 
85 – 115% 


Correct problem prior to 
continuing analysis, 


recalibrate system if required 


Continuing 
Calibration 
Verification      


(CCV) 
Accuracy 


2 per batch  (one at the 
beginning and one at 
the end of each batch) 


Recovery = 
77 – 123% 


Correct problem and reanalyze 
CCV. If criteria met, reanalyze 


samples backwards until 2 
consecutive results w/RPD ≤ 


20% 


Carryover Check 
Bubbler Blank 


(CCB) 


Contamination 
due to carryover 


in the 
bubbler/trap 


On same bubbler/trap 
following any result 


exceeding ½ the 
carryover threshold of 


20,000 pg 


≤ 40 pg and 
within ± 20 pg of 
avg bubbler blank 


Clean and continue to test 
bubbler/trap combo until 


criteria met prior to further 
use. Samples analyzed 


following a result ≥ ½ the 
carryover threshold must be 


reanalyzed 


Method Blank 
(BLK) 


Contamination 
from reagents, 
lab ware, etc. 


3 per batch 


Avg < 2 x MDL 
StDev < 2/3rd of 


MDL or High MB 
< 1/10th of 
associated 
samples 


Correct problem until criteria 
met. All samples associated 
with a contaminated method 
blank must be reanalyzed. 


Certified Reference 
Material         
(CRM) 


Accuracy 1 per batch 


Recovery = 
75 – 125%;  


Capillary Blood 
CRM Rec. = 
65 – 135% 


Correct problem prior to 
continuing analysis 


Matrix Spike/Spike 
Duplicate 


(MS/MSD) 


Accuracy and 
Precision within 
a given matrix 


1 per 10 client samples 


Recovery = 
70 – 130%; 
RPD ≤ 30% 


Blood and Small 
Mass Criteria 
Recovery = 
65 – 135%; 
RPD ≤ 35% 


If recoveries similar but fail 
recovery criteria, interference 


may be present in the sample and 
the result must be qualified. 


If RPD criteria not met, then the 
system is not in control. Correct 


problem and reanalyze all 
associated samples. 


Method Duplicate 
(DUP) 


Precision within 
a given matrix 


In conjunction with 
MS/MSD samples and 


when deemed 
necessary 


RPD ≤ 30% 
Blood and Small 


Mass Criteria 
RPD ≤ 35% 


If RPD criteria not met, then the 
system is not in control. Correct 


problem and reanalyze all 
associated samples. 
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Table 3b. Quality Control Criteria and Corrective Action Procedures for the Automated 
Analysis of Total Mercury by CVAFS using the MERX-T. 


 
QC Sample 


 
Measure 


Minimum 
Frequency 


 
Criteria 


 
Corrective Action 


Calibration Blanks / 
Bubbler Blank 


Contamination 
from instrument, 
vials, or reagents 


4 – 2 per trap 
each ≤ 10 pg 
avg ≤ 5 pg 
std ≤ 2 pg 


Clean reanalyze until criteria 
met prior to any further 


analysis. Clean instrument 
and/or remake reagents if 


needed. 


Calibration 
Standards 


Acceptability of 
the calibration 


curve 


Daily (first 
batch of the 
day) or if 


CCV/ICV fail. 


RSD of response 
factors ≤ 15%; 


Recovery of Low 
Standard 


= 75 – 125% 


Reanalyze suspect calib 
stand. If criteria still not met, 
then remake standards and 
recalibrate the instrument. 


Continuing 
Calibration 


Verification (CCV) 
Accuracy 


1 immediately 
after calibration 
followed by 1 


every 10 
samples and 1 
at the end of 
each batch) 


Recovery = 
77 – 123% 


Correct problem and 
reanalyze CCV. If criteria 


met, reanalyze samples 
backwards until 2 


consecutive results w/RPD ≤ 
20%. Otherwise, recalibrate 


system. 


Carryover Check 
Bubbler Blank 


Contamination 
due to carryover 


in the 
instrument/trap 


Perform 2 
following any 


measured result 
≥ 20,000 pg  


≤ 10 pg 
(within ± 5 pg of 
avg bubbler blank 


before used for 
additional 
analyses) 


Remake and condition the 
soda-lime trap. Clean and 


continue to test blanks until 
criteria met prior to further 


use. The two samples 
analyzed following a result ≥ 


20,000 pg must be 
reanalyzed. 


Method Blank 
(1% BrCl in reagent 


water) 


Contamination 
from reagents, lab 


ware, etc. 


3 per batch 
(BRL usually 


does 4) 


Each MB ≤ 0.5 
ng/L and StDev ≤ 
2/3 the MDL or 


highest MB < 0.1 
times the lowest 
reported result.  


Correct problem until criteria 
met. All samples affected by 
high method blanks (sample 
< 10x the highest MB) must 


be qualified accordingly. 


Independent 
Calibration 


Verification (ICV) 


Independent 
check of system 


performance 
1 per batch Recovery = 


85 – 115% 


Correct problem prior to 
continuing analysis. 


Otherwise, recalibrate 
system. 


Matrix Spike / 
Matrix Spike 


Duplicate 


Accuracy and 
Precision within a 


given matrix 


1 per 10 client 
samples 


Recovery = 
70 – 130%; 
RPD ≤ 30% 


 
Blood and Small 


Mass Criteria 
Recovery = 
65 – 135%; 
RPD ≤ 35%


If recoveries similar but fail 
recovery criteria, interference 
may be present in the sample 


and the result must be qualified. 
If RPD criteria not met, then the 
system is not in control. Correct 


problem and reanalyze all 
associated samples. 


Method Duplicate Precision within a 
given matrix 


In conjunction 
with MS/MSD 


samples and 
when deemed 


necessary 


RPD ≤ 30% 
 


Blood and Small 
Mass Criteria 
RPD ≤ 35% 


If RPD criteria not met, then the 
system is not in control. Correct 


problem and reanalyze all 
associated samples. 
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Table 4. Certified Reference Materials Applicable to this SOP and in Stock at BRL 
     
   
 Agency Name (ID) Matrix Certified Level of Hg 
  
 National Institute of Standards and Technology  
 NIST 966 (Level 2) Bovine Blood 31.4 µg.L-1 (29.8 µg.kg-1) 
  2976 Mussel Tissue 0.061 mg.kg-1 
 NIST 1946 Lake Fish Tissue 0.433 mg.kg-1 
   
 Institute for Reference Materials and Measurements 
 IRMM BCR-580 Marine Sediment 132 mg.kg-1 
     
 National Resource Council of Canada    
 NRCC DORM-3 Fish Homogenate 0.382 mg.kg-1 
  DOLT-4 Fish Liver 2.58 mg.kg-1 
  TORT-2 Lobster Hepatopancreas 0.270 mg.kg-1 
  PACS-2 Marine Sediment 3.04 mg.kg-1 
  MESS-3 Marine Sediment 0.091 mg.kg-1 
  
 GBW GBW 07604 Poplar Leaves 0.026 mg.kg-1 
 
 International Atomic Energy Agency 
 IAEA IAEA-085 Human Hair 23.2 mg.kg-1 
  IAEA-086 Human Hair 0.573 mg.kg-1 
  IAEA-407 Fish Tissue 0.222 mg.kg-1 
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Prepped By: Batch: 
Preparation Start Date/Time*: Preparation End Date/Time**:


* Time is when the first reagents are added. ** Time is when the last sample is brought upto volume


Sample ID
Sample 
Mass (g) Sample ID


Sample 
Mass (g) Sample ID


Sample 
Mass (g)


Batch QC ID
Sample 
Source


Spike vol 
(uL)


Spike conc 
(ng/mL) Spike/CRM ID


Reagent 0.5 mL BrCl


8 mL HCl Final Dilution Vol


2 mL HNO3
Balance ID


ID


Brooks Rand Labs
THg Sed/Soil Prep Benchsheet                 Page 


SOP / Rev #: BR-0002 Rev _____


Spike Witness
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Prepped By: Batch: 
Preparation Start Date/Time*: Preparation End Date/Time**:


* Time is when the first reagents are added. ** Time is when the last sample is brought upto volume


Sample ID
Sample 
Mass (g) Sample ID


Sample 
Mass (g) Sample ID


Sample 
Mass (g)


Batch QC ID
Sample 
Source


Spike 
vol (uL)


Spike conc 
(ng/mL) Spike/CRM ID


Spike 
Wit-
ness


Target Temp/Time 
1: 70 C/1 hour


Target Temp/Time 
2: 90-100 C/3 hrs


Temp/Time 1 
(measured /  co rrected):        /


Temp/Time 2 
(measured /  co rrected):        /


Balance ID:


Thermometer ID:


Final Dilution Vol:


Reagent Comments:


7 mL HNO3


3 mL H2SO4


0.5 mL BrCl


Brooks Rand Labs
THg Biota Prep Benchsheet


ID


SOP / Revision #: BR-0002 Rev _____


(Example Log) (Example Log) 
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(Example Log) Hg Analysis Sheet: T-Hg / Other: _____ Page 1 of ___ 
 


Sequence:                  Batch(es):                                         
  
   Analyst:                             Date:                       Instrument ID:     
 
     


           


  10ng/mL std ID:                               1ng/mL std ID:                  ICV std ID:     


     NH2OH·HCl #:                                          SnCl2 #:                 


        Initial offset:       Initial PMT:                           


 
Run 


# 
Split 


Bottle  Trap Bubb. 
Brooks Rand  
Sample ID 


Analy. Vol.
(mL)


Dilution 
Factor


Analysis comments / For spiked QC: Source sample, 
standard ID, and spiked volume (mL)


1     SEQ-IBL1 ---   
2     SEQ-IBL2 ---   
3     SEQ-IBL3 ---   
4     SEQ-IBL4 ---   
5     SEQ-CAL1    0.025     1ng/mL 
6     SEQ-CAL2    0.100     1ng/mL 
7     SEQ-CAL3    0.050     10ng/mL 
8     SEQ-CAL4    0.250     10ng/mL  


9     SEQ-CAL5    1.00     10ng/mL 
10     SEQ-ICV1    1.00     NIST 1641d 


        
        
    SEQ-CCB1       ---   
        
        
        
        
        
        
        
        
        
        
        


 
Comments:  
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(Example Log) Hg Analysis Sheet: T-Hg / Other: ____ Page ____ of ____ 
 


Sequence:                                           Analyst:                    Date:                     


 
Run 


# 
Split 


Bottle  Trap Bubb. 
Brooks Rand 
 Sample ID 


Analy. Vol.
(mL)


Dilution 
Factor


Analysis comments / For spiked QC: Source sample, 
standard ID, and spiked volume (mL)


        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        


Comments:  
  


(Example Log) 
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              Hg Analysis Sheet : T-Hg MERX-T:_____                       Page  1  of____ 
 


Sequence:                  Batch(es):                                          
   Analyst:                             Date:                       Instrument ID:     
 
     


           


  10ng/mL std  ID:                               1ng/mL std ID:                  ICV std ID:     


     NH2OH·HCl #:                                          SnCl2 #:                 


        Initial offset:       Initial PMT:                 asdfa           


 


 
Run #/ 
Pos # 


Brooks Rand  
Sample ID 


Analy. Vol.
(mL)


Dilution 
Factor 


Analysis comments / For spiked QC: Source sample, 
standard ID, and spiked volume (mL)


 1  Rinse ---   
 2  Rinse ---   
 3 SEQ-IBL1 ---   
 4 SEQ-IBL2 ---   
 5 SEQ-IBL3 ---   
 6 SEQ-IBL4 ---   
 7 SEQ-CAL1    0.010     1ng/mL 
 8 SEQ-CAL2    0.025     1ng/mL 


 9 SEQ-CAL3    0.100     1ng/mL 
 10 SEQ-CAL4    0.050     10ng/mL  
 11 SEQ-CAL5    0.250     10ng/mL 
 12 SEQ-CAL6    1.000     10ng/mL 


 13 SEQ-ICV1    1.000    NIST 1641d 
 14 SEQ-CCB ---   
 15 SEQ-CCB ---   
 16  SEQ-CCB ---     
        
      
      
      
      
      
      
      


 
Comments:  


  


Balance ID:   
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(Example Log) 
          Hg Analysis Sheet : T-Hg / Other:____                     Page____of____ 


 


Sequence:                                           Analyst:                    Date:                     


 


 
Run #/ 
Pos # 


Brooks Rand 
 Sample ID 


Analy. Vol.
(mL)


Dilution 
Factor 


Analysis comments / For spiked QC: Source sample, 
standard ID, and spiked volume (mL)


      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      


 


Comments:  
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Appendix A to BR-0002: Modifications to EPA Method 1631, Appendix 
 


EPA Method 1631 BRL SOP BR-0002  
SECTION      DESCRIPTION SECTION       DESCRIPTION 


A1.2 These conditions allow determination of Hg at 
concentrations ranging from 1.0 to 5000 ng/g in 
solid and semi-solid matrices. 


10.2 These conditions allow measurements of Hg 
concentrations in the range of 0.03 – 16,000 ng/g. 
Dilutions can be made at the time of analysis to 
extend the range if necessary. 


A1.3 The MDL for Hg has been determined to be in the 
range of 0.24 to 0.48 ng/g when no interferences 
present. The MRL has been established as 1.0 ng/g. 
These levels assume a sample size of 0.5 g. 


10.1 & 
17, Table 
1 


Sample size is ~1 g, MDL=0.03-1.5, MRL=0.1 – 4.5 
ng/g depending on matrix and prep type. 


A4.4 The use of hydroxylamine hydrochloride to remove 
free halogens is not needed for solid sample 
digestates. 


10.2 0.5 mL of hydroxylamine hydrochloride is added to 
the samples at analysis.  


A8.3.3 Wet sediment samples must be aliquotted and 
weighed at the laboratory and prior to freezing. Wet 
sediment samples may be held for 1 year if frozen at 
<-15 C. 


8.2, 8.4 Wet sediment samples are refrigerated at <4 C until 
analysis. If speciation is needed on the same sample, 
the sample is stored frozen until analysis then thawed 
and homogenized prior to analysis. 


A9.4.2 Method blank—For each batch of 20 samples 
(Section 9.1.7 of Method 1631B), digest and 
analyze a method blank using the most appropriate 
reference matrix (Appendix Section A7.1). The 
laboratory may process a greater number of method 
blanks, if 
desired, and average the results. The method blank 
must include all sample processing steps; e.g., 
homogenization (Appendix Section A8.3.2.1). 


12.8 4 Method Blanks are prepped with each batch of 
samples; a minimum of three should be used to 
calculate the average. Homogenization blanks are 
prepared separately if the sample needs more 
homogenization than stirring with a spatula. 


A9.5.1 Analyze an aliquot of the appropriate reference 
matrix (see Appendix Section A7.1), spiked at the 
concentration in the IPR. 


12 Blank spikes at the MRL are prepared and analyzed, 
but there is no matrix added to them. 


A11.2.2 Cap the vessel with a clean glass marble or inverted 
fluoropolymer cone. 


10.1.3 For sediments, the vial caps are loosely placed on top 
of the vials during digestion. 


A12.1 Pipette a 0.01- to 5.0-mL volume of diluted 
digestate (Appendix Section A11.1.4, A11.2.3, or 
A11.2.4) directly into a bubbler containing 
approximately 100 mL of pre-purged SnCl2- 
containing water. 


10.2 The maximum aliquot is 10 mL. The digestate is 
added to ~100 mL of DIW in a split bottle with 0.5 
mL hydroxylamine hydrochloride. The entire contents 
of the split bottle are added to the bubbler then 0.5 mL 
stannous chloride is added. 


A12.2 Purge the solution onto a gold trap for 20 minutes. 
These conditions allow measurement of Hg 
concentrations in the range of 1 – 5,000 ng/g (parts 
per billion). 


10.2 The samples are purged in the bubblers for 15 
minutes. These conditions allow measurements of Hg 
concentrations in the range of 0.03 – 16,000 ng/g. 


A12.3 Change the SnCl2-containing water in the bubbler 
after a total of 10 mL of digestate has been added. 
Water must be placed in the bubbler and purged for 
a minimum of 10 minutes prior to addition of 
another digestate aliquot. 


10.2 The bubblers are emptied, rinsed and filled with fresh 
DIW between every sample.  The DIW used is 
sufficiently low in ambient Hg and does not need to 
be purged prior to use. 


 
[See Appendix B: Differences between EPA Method 1631e and BR-0006 for any analysis modifications, as they 


may also be applicable to BRL-0002.] 
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Appendix B: Brooks Rand Labs Procedure for EPA Method 1631, Revision E (02/05) 
 


Differences between EPA Method 1631, Revision E, and Brooks Rand Labs SOP #BR-0006 
 
The following differences exist between EPA Method 1631, Revision E (with relevant sections 
marked in boldface), and the practices employed by Brooks Rand Labs (SOP #BR-0006): 
 
●    Figures 1 (referenced within sections 6.2.1.8) give schematic diagrams of the bubbler, 
purge and trap, CVAFS analytical system. In contrast, Brooks Rand Labs (BRL) purges 
samples with nitrogen in bubblers onto sample traps. After samples are purged, the sample traps 
are disconnected from the bubbler system and desorbed using argon, as shown below: 


Ar


 
 
●   Section 6.4.3 specifies the use of acid fume pretraps consisting of 8-14 mesh soda lime 
chunks and which are purged for 1 hour with nitrogen. BRL uses pretraps consisting of 6-12 
mesh soda lime chunks and which are purged for 15 minutes with nitrogen. 
 
●   Section 6.5 discusses the use of a dual-trap Hg(0) pre-concentration system. In contrast, 
BRL uses a single trap pre-concentration system. This allows for shorter analysis times without 
masking of potential problems on the sample collection trap. 
 
●   BRL uses direct data acquisition with the BRL “Hg Guru” integration software instead of a 
chart recorder or integrator as described in section 6.6. 
 
●   Method 1631E identifies two working standards at 10.0 ng Hg/mL and 0.10 ng Hg/mL 
(sections 7.9 and 7.10) used for instrument calibration. Instead of the 0.10 ng Hg/mL working 
standard, BRL uses a 1.0 ng Hg/mL standard, along with the 10 ng Hg/mL standard, for 
calibration.   
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●   Section 9.3.1 states that the concentration of the spike for matrix spike (MS) and matrix 
spike duplicate (MSD) samples shall be at 1-5 times the background level of the native sample. 
After the determination of the concentration of the native sample, appropriate spike volumes 
will be added to an aliquot of the native sample in the Teflon split bottle prior to pre-reduction.   
 
●   Section 9.4.1.3 specifies that the mean result for all bubbler blanks analyzed during an 
analytical batch should be subtracted from all raw data before results are calculated. Instead, 
BRL subtracts the average peak area measurement of the first four split bottle blanks analyzed 
prior to the calibration from all raw data. Split bottles are used for the measurement and/or 
transfer of all standards, client samples, and quality control samples to the bubblers.   
 
●   Section 9.4.7 specifies that 5% of any lot of bottles should be tested. BRL has found that 
there is little variation within any given lot of FLPE bottles, glass bottles, or glass vials. 
Therefore, BRL randomly tests only 10% of the bottles or vials from the first opened case from 
each lot before accepting or rejecting the lot, up to a maximum of 10 cases per lot number. A 
minimum of 10% of the cases of any given lot number are tested. BRL uses the tighter 
acceptance criterion of THg ≤ 0.2 ng/L, as opposed to ≤ 0.5 ng/L, for passing a lot number of 
bottles. In addition, four method blanks are prepared with every batch (> 10% of any given 
batch) using the same bottles that the samples are collected and prepared in, which serves as a 
further indicator of any potential contamination due to the bottles. 
 
●   Section 10.1 does not state a frequency requirement for calibration. BRL performs a new 
calibration at the beginning of each analytical day and whenever CCV recovery fails to meet the 
acceptance criteria as outlined in 1631E, Table 2.  
 
●   Section 10.2.2.1 lists calibration points of 50 pg, 500 pg, 2500 pg, 5000 pg, and 10000 pg 
Hg created from aliquots of working standards discussed above. BRL uses a calibration curve 
with points of 25 pg, 100 pg, 500 pg, 2500 pg, and 10000 pg. These points are produced by 
adding 0.025 mL and 0.100 mL of a 1.0 ng Hg/mL standard (50 pg and 100 pg respectively) 
and by adding 0.050 mL, 0.250 mL, and 1.0 mL of a 10.0 ng Hg/mL standard (500 pg, 2500 pg, 
and 10000 pg respectively). BRL does not add aliquots of the working standard directly to the 
bubblers; instead aliquots of standards are added to approximately 100 mL of DI water in a split 
bottle prior to transfer to the bubbler.   
 
●   Section 11.2.1.2 states that samples are purged with nitrogen for 20 minutes at gas flow rate 
of 300-400 mL/min. BRL purges all samples for 15 minutes at 400 mL/min. High-level 
standard recoveries and subsequent bubbler blanks indicate that 15 minutes is an adequate 
purge time to volatilize and collect mercury. 
 
●   BRL has not found the step described in section 11.3.2 (passing argon through the sample 
trap prior to desorption) to be necessary to eliminate condensed water vapor prior to trap 
desorption.  
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Procedure for EPA Method 1631, Revision E:  Mercury in Water by 
Oxidation, Purge and Trap, and Cold Vapor Atomic Fluorescence 


Spectrometry 
 
 
1.0. SCOPE AND APPLICATION 
 


1.1. Method BR-0006 is the performance-based procedure followed at Brooks Rand 
Labs (BRL) as a modification of EPA Method 1631E. BRL has been performing mercury 
analysis by cold vapor atomic fluorescence since 1989, and during this time has identified 
several modifications to EPA Method 1631E that improve the quality of the data and the 
efficiency of the analytical process. These improvements and specific information about 
the equipment and forms used are detailed within this SOP, following the organizational 
format of Method 1631E. Unless specifically stated otherwise in this document, all 
apparatus, materials, reagents, standards, and procedures as stated in EPA Method 1631E 
are used at BRL. 
 
1.2. Though EPA Method 1631E was written specifically for water samples, this 
method may be modified, as described in this SOP, for the analysis of many types of 
aqueous samples, including (but not limited to) chemicals, wastes, and biomonitoring 
samples (urine and plasma). 
 


2.0. SUMMARY OF METHOD 
 
2.1. Prior to instrumental analysis, the aqueous samples must be prepared according to 
the procedure discussed in EPA Method 1631E. 
 
2.2. Refer to EPA Method 1631E, section 2.0, for the summary of the method employed 
at Brooks Rand Labs.  


 
2.3. Refer to the Appendix at the end of this document for a summary of differences 
between EPA Method 1631, Revision E, and BRL SOP #BR-0006. 


 
 
3.0. DEFINITIONS 
 


3.1. A partial list of definitions is presented below. Most definitions can be found for 
specific terms in the sections where they are first mentioned. Many of the definitions 
mentioned in this method are based on those found in the glossary for EPA Method 
1631E. Please refer directly to this method for a more detailed list. 
 
3.2. May: This action is allowed, but not required. 
 
3.3. May Not: This action is prohibited. 
 
3.4. Must: This action is required. 
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3.5. Shall: This action is required. 
 
3.6. Should: This action is suggested, but is not required. 
 
 


4.0. CONTAMINATION AND INTERFERENCES 
 


4.1. Refer to EPA Method 1631E, section 4.0, for a detailed account of possible 
contamination routes and interferences that may be encountered during the analysis, and 
descriptions of how these may be avoided or minimized at BRL. 


 
 
5.0. SAFETY 
 


5.1. Refer to EPA Method 1631E, section 5.0, for safety issues associated with the use 
of this method. 
 
5.2. Chronic mercury exposure may cause kidney damage, muscle tremors, spasms, 
personality changes, depression, irritability, and nervousness. Organo-mercurials may 
cause permanent brain damage. Because of this, only highly trained personnel familiar 
with the dangers and precautions to take when working with mercury compounds should 
ever handle standards and/or high level samples. 
 
5.3. Material safety data sheets (MSDSs) are maintained for all chemicals used in this 
method. The MSDS sheets are stored in the sample receiving laboratory in appropriately 
marked binders. 
 
5.4. Refer to the latest revision of the Chemical Hygiene Plan (CHP) for additional 
safety precautions and required protective equipment. 


 
 
6.0. APPARATUS AND MATERIALS  
 


6.1. Refer to EPA Method 1631E, section 6.0, for a list of materials used in this method.  
 
6.2. Routine preventative maintenance for the equipment used in this procedure is 
described in detail in the standard operating procedure BR-1205 (Preventative 
Maintenance). 
 
6.3. Detailed instructions for the decontamination of bottles and other equipment are 
described in BRL SOPs #BR-0400 (Decontamination of Sampling Containers) and #BR-
0404 (Preventing Mercury Contamination of Samples). 


 
6.4. Specific equipment used at BRL is listed below. Any modifications to EPA Method 
1631E are described and explained. 
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6.4.1. Brooks Rand Labs Model III Atomic Fluorescence Spectrophotometer 
(BRL part #07002):  To achieve the low detection levels and small, interference-
free sample aliquots claimed by this method, a very sensitive CVAFS detector is 
required. Such systems are built at BRL (Model III) based on the principals 
discussed in the literature. Refer to the “Brooks Rand LLC Model III Operations 
Manual” for instrument operating instructions. The initial setup of the instrument 
is governed by the range of the display of the signal height (0-2 million). The 
offset is set such that the peak area generated by the 500 pg standard is 
approximately 5000 to 7000. 
 
6.4.2. Brooks Rand Labs Amalgamation Control Module (BRL part #02100): 
Controls the heating of the gold-coated sand traps to 450 ºC and then the cooling 
of the traps following desorption of Hg from the trap. 


 
6.4.3. Brooks Rand Labs flow meter/needle valve (BRL part #08510):  Capable 
of controlling and measuring gas flow to the purge vessel at 200-500 mL⋅min-1. 


 
6.4.4. Teflon® adapters (BRL part #08401 through #08404) and tubing (BRL 
part #08405 through #08407):  Connections between components and traps are 
made using 3.2-mm OD pre-cleaned Teflon® FEP tubing and Teflon® friction-fit 
or threaded tubing connectors. 


 
6.4.5. Soda lime pre-trap (BRL part #03410):  For preventing acid-fumes and 
moisture from degrading the gold-coated sand or gold wire traps. A 10 cm x 0.9 
cm (diameter) Teflon® tube containing 2-3 grams of commercially available 
reagent grade, non-indicating, 6-12 mesh soda lime chunks, packed in between 
plugs of silanized glass wool. This trap is purged of Hg by placing it on the output 
of a clean cold vapor generator, partially filled with deionized water (DIW) and 
500 µL stannous chloride (SnCl2), and purging for a minimum of 15 minutes with 
nitrogen (N2) at 400 mL/min. Bubbler blanks are analyzed first so that any 
indication of unclean pre-traps would be evident immediately. 


 
6.4.6. Cold vapor generator (BRL part #03200):  A 220-mL flask with a standard 
taper 24/40 neck, fitted with a sparging stopper having a coarse glass frit that 
extends to within 0.2 cm of the flask bottom. 
 
6.4.7. Teflon® split bottle:  Used for measurement and pre-reduction of original 
oxidized samples prior to analysis. A 125-mL blank tested Teflon® bottle with a 
unique identifier is permanently associated with a corresponding cold vapor 
generator. 


 
6.4.8. Gold wire traps or gold-coated sand traps (BRL part #03010 or #03020):  
Used for trapping gaseous elemental mercury. Gold-coated sand traps made with 
gold-coated 40/100 mesh quartz sand are used to analyze water samples. Both 
gold-coated sand traps and gold wire traps are used to analyze air samples. Gold 
wire traps are made by forming 300 mg of 0.001 inch diameter gold wire into a 
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plug that is inserted into quartz tubing. Figure 1 of this document shows the setup 
of the single-trap amalgamation system used at BRL. 
 
 
 


Ar


 
 


6.4.9. Recorder:  BRL uses direct data acquisition with the BRL Guru 
integration software instead of a chart recorder or integrator as described in EPA 
Method 1631E, section 6.6. The BRL Model III comes complete with the Hg 
Guru™ integrating software. Refer to the “Brooks Rand LLC Model III 
Operations Manual” for Hg Guru™ software/integrator operating instructions. Hg 
Guru™ software requires an IBM compatible computer (minimum requirements 
are a Pentium II® processor running at 400 MHz, a CD-ROM Drive, 128 MB 
RAM, and 50 MB free space on the hard-drive) and runs MS Windows® 98 or 
higher. Use of this integration software is faster, eliminates the expense of chart 
recorders and/or integrators, allows for storage of data in diskette form, and 
eliminates possible transcription errors. 


 
6.4.10. Pipettes:  All plastic pneumatic fixed volume and variable pipettes in the 
range of 10 μL to 5.0 mL. 


 
6.4.11. Sampling Bottles:  BRL uses clean and blank tested glass and 
fluoropolymer lined (FLPE) bottles for sample collection and preparation. For 
further information on the cleaning (or decontamination) and testing of bottles 
refer to SOP #BR-0400. 


 
6.4.12. Nichrome wire coil (BRL part #08300) with plug (#08301):  Used for 
heating the gold trap to thermally desorb the mercury. 
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7.0. REAGENTS AND STANDARDS 
 


7.1. Water:  Reagent water is monitored for Hg on a daily basis when calibration blanks 
are analyzed. A minimum of four 100 mL aliquot of fresh reagent water, each with 0.5 
mL NH2OH•HCl and 0.5 mL of SnCl2, are analyzed at the beginning of the run sequence. 
The average results must be < 20 pg Hg with a standard deviation < 7.5 pg Hg. A high 
level of mercury detected in the reagent water analysis may also be attributed to the 
bubbler itself, the SnCl2, or the soda lime pre-traps. Regardless of the source, all analysis 
is stopped until the source of contamination is determined and the problem is corrected. 
The results are stored with each batch. 
 
7.2. Air:  It is vital that the laboratory air be low in both particulate and gaseous mercury 
in order to reduce the risk of contamination. The BRL sample preparation lab clean room 
is equipped with a laminar flow hood that provides incoming air to the lab. Outside air, 
which is very low in Hg, is filtered through a particulate filter and then through HEPA 
filters before entering the mercury lab. Positive pressure is maintained to ensure that there 
is no incoming air through routes other than the laminar flow hoods. Sticky mats are 
located at the entrance as an additional precautionary measure. The mercury lab, the 
sample preparation lab, and the shipping and receiving area are monitored monthly for 
atmospheric mercury levels to ensure that these levels are sufficiently low for ultra-trace 
level mercury analysis. Air from each lab is pumped through a soda lime pre-trap and 
onto either a gold wire or gold-coated sand trap at a flow rate of 1 L/min until at least 20 
L of air have been collected per trap. A warning level has been established at 15 ng 
Hg/m3 with a shutdown control level at 25 ng Hg/m3. Results from the monthly air tests 
are stored electronically on the BRL computer server. 
 
7.3. Hydrochloric acid:  Trace-metal purified reagent HCl is purchased and analyzed for 
Hg before use. In general, it is possible to obtain acid containing less than 5 pg/mL Hg. 
When a lot number meeting this specification is found, several cases are purchased. 
Generally, lower values can be obtained in this manner than by re-distilling acid in the 
laboratory. Only “trace-metal’ grade acid should be used. Acids labeled as “ULTRA-
PURIFIED” have historically had higher concentrations of mercury and should be 
avoided. All open cases of acids for trace metal work are stored in the locked storage area 
located in the north mezzanine level of the building. 
 
7.4. Hydroxylamine hydrochloride (NH2OH•HCl), stannous chloride (SnCl2), and 
bromine monochloride (BrCl):  Each of these reagents is prepared according to 
instructions listed in section 7.0 of Method 1631E. Reagent blanks must be analyzed each 
time that BrCl is made anew. The SnCl2 and NH2OH•HCl are tested daily whenever 
calibration blanks are analyzed. 


 
Note: BrCl is tested whenever a new bottle is prepared prior to use with samples. 


During initial testing, reagent blanks are prepared in fluorinated polyethylene 
(FLPE) bottles at five different concentrations of BrCl (1.0%, 2.0%, 5.0%, 
and 10%). The BrCl is prereduced in the split bottle and then added to the 
bubbler with stannous chloride. A linear regression is performed to determine 
the level of contamination due to the bottles (b = y intercept) and the true 
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concentration of Hg in the reagents. The acceptance criterion for the linear 
regression is an r2 value ≤ 0.9 (If 2 or more of the points are less than the low 
standard, 25 pg Hg, then r2 criteria may not be relevant and the lot of BrCl 
must be approved by QA). The amount of Hg per reagent unit (reagents used 
in a 1.0% BrCl method blank) must be ≤ 20 pg. If BrCl is prepared using the 
same lot of KBr and KBrO3 as a lot of BrCl already tested for linearity, then 
only two reagent blanks need be made at 10% BrCl to ensure the continued 
purity of the reagents. All lots of HCl are pretested and must already be 
shown to be pure prior to any use in reagents. As such, linearity testing of new 
BrCl is not required if only the HCl lot has changed. 


 
7.5. Stock mercury standard:  A commercially available 1000 µg/mL mercury standard 
that is traceable to NIST is used. This stock standard should be replaced by the 
manufacturer’s expiration date. 
 
7.6. Intermediate mercury standard solution:  0.100 mL of the stock solution is diluted 
to 100.0 mL with DIW containing 2.0 mL of BrCl. This solution contains 1000 ng/mL 
Hg, and must be kept refrigerated in a tightly closed Teflon® bottle. This solution should 
be replaced annually. 
 
7.7. Mercury working standards:  2.50 mL of the intermediate mercury standard solution 
is diluted to 250 mL with high purity water containing 2.50 mL BrCl solution, to make a 
10.0 ng/mL working solution (as discussed in EPA Method 1631E, section 7.9). A 1.00 
ng/mL working standard should be made by diluting 0.250 mL of the intermediate 
mercury standard to 250 mL with DIW containing 2.50 mL BrCl solution. These working 
standards of 10.0 ng/mL and 1.00 ng/mL are added in appropriate aliquots to reagent 
water and analyzed to create the calibration curve and CCV samples. 
 
7.8. Independent Calibration Verification (ICV) Standard:  0.250 mL of the standard 
reference material (SRM) NIST 1641d (mercury in water) is added 247.25 mL DIW and 
2.5 mL BrCl for a final volume of 250 mL. After adjusting for the density of the SRM, 
the final value for this standard is 16.01 ng/L. NIST 1641d is purchased directly from the 
National Institute of Standards and Technology. 
 
7.9. Nitrogen:  Grade 4.8 (99.999% purity) minimum nitrogen that has been further 
purified by the removal of Hg using a gold coated sand trap. 
 
7.10. Helium or Argon:  Grade 4.8 (99.999% purity) minimum inert gas which has been 
further purified by the removal of Hg using a gold-coated sand trap. 


 
 
8.0. SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
 


8.1. Refer to EPA Method 1631E, section 8.0, and EPA Method 1669 (Sampling 
Ambient Water for Determination of Trace Metals at EPA Water Quality Criteria Levels) 
for a detailed description of sample collection, preservation, and storage methods. 
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9.0. QUALITY CONTROL 
 


9.1. Refer to EPA Method 1631E, section 9.0, for a detailed description of the quality 
control procedures employed at BRL for this method. Consult Section 18 of this SOP for 
the current MDL (method detection limit) and ML (minimum limit) determined at BRL 
for the analysis of mercury using Method 1631E (Table 1). The ML is sometimes 
referred to as the method reporting limit (MRL). Acceptance criteria and corrective 
action procedures are listed in Table 2. 
 
9.2. All quality control data should be maintained and available for easy reference 
and/or inspection. 
 
9.3. Samples containing high analyte concentrations should be analyzed at a reduced 
volume. For all quantified results, peak areas obtained for samples must ultimately fall 
below the peak area obtained from the highest standard analyzed and above the peak area 
obtained from the lowest standard analyzed in the calibration curve. 
 
9.4. Analysts who have not performed EPA Method 1631E previously at BRL must 
complete an initial demonstration of capability (IDOC) study, which includes the analysis 
of samples for MDL determination. Refer to Table 3 in Section 18 of this SOP for the 
general analytical sequence for the IDOC.   
 
9.5. When analyzing client samples, BRL will follow the general analytical sequence 
found in Table 4 of Section 18 of this SOP. Note that in order to avoid potential carryover 
from high-level samples, samples projected to have only low levels of mercury (field 
blanks, method blanks, and samples otherwise expected to be low based on historical data 
or small amounts of particulate matter) should be analyzed at the beginning of the run 
sequence. Although EPA Method 1631E suggests (in section 9.1.7) that method blanks 
may be analyzed intermittently throughout the analysis, BRL analysts should analyze all 
method blanks at the beginning to avoid potential carryover and to verify that all method 
blanks meet criteria before proceeding with sample analysis. In addition, whereas Method 
1631E only requires analysis of two CCV samples (at the start and at the end of the run 
sequence), it is BRL policy to run additional CCV samples (one after every 10 client 
samples) to ensure ongoing control of the system.   


 
9.6. EPA Method 1631E states that spiking levels of the MS/MSD shall be equal to the 
regulatory compliance limit or 1-5 times the background concentration of the sample, 
whichever is greater. This is achieved in aqueous samples at BRL by analyzing the 
sample to be spiked prior to the addition of the spiking solution.   
 
9.7. A minimum of 3 method blanks per batch of 20 client samples must be run. Method 
blanks must be prepared with the same lot of BrCl used to prepare the samples. Section 
12.3 describes how the method blanks are used to correct results for samples prepared at 
BrCl concentrations other than 1.0%. Brooks Rand routinely prepares and analyzes 4 
method blanks to allow for the possible outlier. 
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10.0. CALIBRATION AND STANDARDIZATION 


 
10.1. Refer to EPA Method 1631E, section 10.0, for a detailed description of instrument 
calibration. 
 
10.2. Instrument Calibration:  BRL has adopted the following procedure. 


 
10.1.1. The mercury analyzers built and used at BRL are capable of achieving 
extremely low detection limits. As such, BRL calibrates its instruments down to 
25 pg. The standards typically used to calibrate the instruments for total mercury 
at BRL are 25 pg, 100 pg, 500 pg, 2500 pg, and 10,000 pg. The standards are 
added to the split bottle, pre-reduced with NH2OH·HCl, and then poured into the 
bubbler. The calibration is based on the measured picograms of mercury in the 
bubbler and not on concentration. 
 
10.2.2. Sections 9.0 and 10.0 of EPA Method 1631E do not state a frequency 
requirement for calibration. BRL performs a new calibration each day and 
whenever CCV recovery fails to meet the acceptance criteria as outlined in 
Method 1631E, Table 2. Additionally, analysis of the ICV standard must also 
meet the criterion in Table 2 for the calibration to be validated.  
 
10.2.3. Section 9.4.1.3 of EPA Method 1631E suggests that the mean peak area 
for all bubbler blanks (including those analyzed during the analytical sequence to 
ensure that no carryover occurs from high-level samples) should be subtracted 
from all raw data before results are calculated. This does not allow for the 
continuous determination of whether QA results are in control, thereby forcing the 
analyst to analyze all samples prior to determining if all QA criteria are met. BRL 
subtracts the average peak area measurement of the first four bubbler blanks (or 
one blank for each split bottle and bubbler used in the analysis of samples) 
analyzed at the beginning of the analytical run from all raw data for result 
calculations. The acceptance criterion for the initial bubbler blanks (referred to as 
calibration blanks) is each ≤ 40 pg, average ≤ 20 pg, and standard deviation ≤ 7.5 
pg. The criterion for subsequent bubbler blank checks is that each blank must be ≤ 
40 pg and ± 20 pg from the calibration blank mean. 


 
10.2.4. BRL uses the following equation to calculate the calibration factor (CFx) 
for Hg in each of the standards: 


                                                       
CFx = (Cx) / (Ax – ACB)   
                         
Where: 
    Cx = mass of Hg in standard analyzed (pg) 
    Ax = peak area for Hg in standard 
  ACB = mean peak area for Hg in calibration blanks 
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This calculation differs from the calculation given in 1631E in that the numerator 
and denominator are reversed. 


 
 
11.0. PROCEDURE 


 
11.1. Sample Preparation: Refer to EPA Method 1631E, section 11.0, for more detailed 
guidelines regarding sample preparation and analysis. Practices employed specifically by 
BRL are outlined below and in the appendix to this SOP. 
 


11.1.1. Four method blanks are prepared with each batch of samples. All method 
blanks are preserved to 1% BrCl. This is allowable because BRL tests each new 
batch of BrCl made to prove that it maintains linearity with increased 
concentration.   
 
11.1.2. The samples are then preserved to a percentage of BrCl that is dependant 
upon amount of particulate in sample. A clear sample would get 1% BrCl; a fairly 
clear sample with some particulate would get 2% BrCl; a sample with lots of 
particulate would get 5%. If a sample has a yellow tinge to it, an amber sticker is 
placed on top of the bottle to indicate that the coloration is due to the matrix and 
not necessarily due to any BrCl added to the sample during preparation. After the 
addition of BrCl, the samples are left to oxidize for at least 24 hours.  
 


NOTE: When calculating the % BrCl in a sample, the amount of BrCl added 
to the sample must be accounted for in the total volume for any 
percentage of BrCl above 5%. 


 
11.1.3. After a minimum of 24 hours, a 24 hour check is performed. The 24 hour 
check consists of looking at each sample individually to check that the sample is 
still yellow, which indicates the BrCl was added in excess. Any sample that is 
suspected of not having excess BrCl, or a sample with an amber sticker on top is 
tested with starch iodide indicator paper. If the paper turns purple, then the sample 
is presumed to be adequately preserved. If the paper stays white, more BrCl is 
added to the sample. If additional BrCl was added to any of the samples in a 
batch, a subsequent 24 hour check is required. If a batch is to be analyzed within 
less than 24 hours from prep, it should be heated for 4 hours at 65 ºC and the “24 
hour” check should be performed prior to analysis. 
 
11.1.4. Urine samples should be oxidized with 5% BrCl by default. They must be 
checked for excess BrCl using starch iodide paper as the BrCl color will be 
indistinguishable from the color of the urine itself. 
 


11.2. Instrumental Analysis:  BRL has adopted the following modifications from EPA 
Method 1631E. 


 
11.2.1. Samples and standards are purged for 15 minutes at 400 mL/min. 
However, longer purge times may be necessary if the lab and/or sample 
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temperature is < 16 °C. Lab temperature is maintained between 20 ºC to 25 ºC, so 
longer purging times are not generally necessary. 
 
11.2.2. Four 100-mL aliquots of water are poured into each of the bubblers prior 
to calibration. 0.5 mL of SnCl2 is added to each bubbler and the aliquots are used 
to condition the soda-lime pre-traps for a minimum of 15 minutes, as noted in 
6.4.4 of this SOP. Following this pre-trap conditioning step, the purged water is 
discarded and 100 mL aliquots of DIW along with 0.5 mL NH2OH•HCl are 
poured from the four split bottles into their associated bubblers. 0.5 mL SnCl2 is 
added to this water, which is then purged for 15 minutes onto a gold 
amalgamation trap and analyzed for Hg. A high level of mercury in the calibration 
blanks may be attributed to the split bottle, the bubbler, the reagents, or the soda 
lime pre-traps. Regardless of the source, all analysis using the contaminated 
bubbler/split bottle/trap combination is stopped until the source of contamination 
is determined and the problem is corrected. Use of all uncontaminated bubblers, 
split bottles, and traps may continue during this process. 


 
11.2.3. All calibration standards and QC samples are added to 100 mL aliquots of 
DIW in a thoroughly rinsed split bottle prior to transfer to a bubbler for analysis. 


 
11.2.4. Aliquots of the original oxidized sample of approximately 100 mL are 
weighed into split bottles. 0.5 mL of NH2OH•HCl is added directly to the split 
bottle and allowed to react for at least 5 minutes prior to transfer to the bubbler for 
purging onto a gold amalgamation trap for analysis. Split bottles and bubblers are 
rinsed a minimum of three times with DIW in between sample aliquots. 
 
11.2.5. Urine samples should be pipetted into split bottles, as the density of urine 
is not equivalent to the density of water. A maximum of 25 mL will be used 
(giving an MRL/MDL 4x higher than for water samples). Urine samples can be 
analyzed in the same batch as water samples but must have QC performed on at 
least 1 urine sample. 
 
11.2.6. As discussed in Method 1631E and in section 9.4 of this SOP, follow the 
attached analytical sequence (Table 4). Generally, analysts should follow the 
suggestion in Method 1631E that samples suspected to contain the lowest 
concentration of mercury (i.e., known blank samples) should be analyzed first 
followed by samples containing potentially higher levels (i.e., known influent 
samples).  
 
11.2.7. As discussed in section 9.4 of this SOP, the analyst may choose to analyze 
CCV samples more frequently than required by Method 1631E. A CCV must be 
analyzed after every 10 client samples (not counting quality control samples) to 
verify ongoing control of the system.  


 
11.2.8.  The PMT and offset are recorded on the bench sheet at the beginning of 
each day after auto zeroing the instrument previous to measuring the noise. When 
the baseline shifts more than 100 units, the systems should be adjusted in the 
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following manner. Auto zero the Model III. Compare the offset to the original 
offset for the day. If it is more than 100 units different than the original reading, 
adjust the PMT to obtain an offset that is within 100 units of the original reading. 
The PMT and offset must be recorded every time the instrument is auto zeroed 
regardless of if the PMT was adjusted. 
 
11.2.9. BRL has found that checking for mercury carryover in a bubbler by 
analyzing a bubbler blank is not necessary unless an unusually high level sample 
has been purged. Carryover tests, performed using spikes of 10,000 pg, 20,000 pg, 
40,000 pg, and 100,000 pg, resulted in carryover of less than 50 pg Hg from the 
bubbler and trap. To avoid carryover from the bubbler or split bottle, the analyst 
should rinse each bubbler and split bottle three times with DIW between all 
samples. To avoid carryover from the trap, the analyst should heat the mid- and 
downstream sections of any traps associated with a higher-level sample (such as 
any sample above the calibration range) for an additional 3 minutes following 
sample desorption. If a purged sample contains > 20,000 pg Hg, the analyst must 
follow the above corrective actions and analyze a bubbler blank and split bottle 
blank check using fresh DIW and the associated bubbler, split bottle and trap. The 
analysis of the split bottle blank should be performed on a different bubbler to 
facilitate proper contamination identification. Using previously purged DIW is not 
necessary for the bubbler blank. If any bubbler or split bottle blank fails (> 40 pg 
Hg and/or > ± 20 pg from average calibration blank on associated bubbler and 
trap), the analyst must identify and correct the source of contamination, and 
demonstrate that the bubbler and trap pass the blank criterion before sample 
analysis can continue using that bubbler, split bottle, and trap.   


 
11.2.10. Any samples run in a bubbler, split bottle and/or on a trap 
associated with a carryover sample (e.g., a sample with > 20,000 pg Hg) must be 
reanalyzed, if sufficient sample volume exists. 


  
11.2.11. After analysis is complete, split bottles and bubblers are rinsed with 
DIW three times and filled with DIW. Split bottles are stored tightly capped until 
further use. During the workweek, all bubblers are filled with DIW overnight and 
thoroughly rinsed prior to use in the morning. At the end of each week, the 
bubblers are filled with 10% (w/v) NaOH in DIW for approximately 1 hour or 
until all visible residue is removed and are then triple rinsed and filled with DIW. 
Purging the bubblers while soaking them with the 10% NaOH solution can help to 
expedite the process. This procedure should be done more frequently if the 
bubbler starts to appear dirty before the end of the week. 


 
11.3. Gold traps should be tracked by unique identifiers so that any trap producing poor 
results can be quickly recognized and discarded. Occasionally due to inadvertent contact 
with halogen fumes, bubbler solution, organic fumes, or overheating, a sampling trap will 
become damaged, giving low and/or irreproducible results. Suspect traps should be 
checked with at least two consecutive standard runs before continued use. Traps should 
be replaced quarterly or as soon as possible after quality control results indicate their 
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degradation. Additionally, traps should be replaced whenever integration peaks become 
abnormally shaped (no longer symmetrical with steep slopes). 
 
11.4. Section 11.3.2 of Method 1631E states that before each trap is analyzed, argon 
should be passed through the trap for approximately two minutes to drive off condensed 
water vapor prior to heating and desorbing for three minutes. Historically, BRL has not 
experienced significant analytical problems associated with water vapor on traps. 
However, if the analyst observes peaks that desorb prior to the mercury peak, this 
technique may be employed. 


 
 
12.0. DATA ANALYSIS AND CALCULATIONS 
 


12.1. The following equations are used at BRL to calculate sample results. 
  


12.2. To calculate the amount of mercury measured during an analytical run (P), 
employ the following formula: 


 
P = Hg (pg) = CFm (AS – ACB) 
 
 
Where: 
 CFm = mean calibration factor 
 AS    = gross peak area measured in sample analysis 
 ACB = mean peak area for Hg in calibration bubbler blanks 


            
12.3. To determine the concentration of total mercury in a sample, the calculation is 
performed as follows: 
 


Hg (in ng/L or ppt) = {[(P/VA)*VD]-MB}/ VO 
 
Where: 
 P   = Hg (pg) from equation in section 12.2 
 VA = volume (mL) of the sample preparation that was analyzed  
 VD = final dilution volume (mL) of the sample preparation  
 VO = volume (mL) of the original sample used in the preparation 
MB = multiple of the average result (in total pg Hg) for the 0.5% BrCl 


method blanks.   
 


Note: The multiplier of the average 1.0% BrCl method blank result is based on 
the concentration of BrCl in the prepared sample. A multiplier of 1 is 
applied if the sample was prepared at 1.0% BrCl, 2 if the sample was 
prepared at 2.0% BrCl, 5 if the sample was prepared at 5.0% BrCl, etc. 
This is only allowed if the linear regression yielded by the initial reagent 
blank testing as described in Section 7.4 of this SOP yields the following: 


 r2 ≥ 0.9 and b ≤ 0.2 ng/L. Otherwise, method blanks must be prepared at 
each of the BrCl concentrations used to prepare the samples. (These 
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criteria do not apply if the reagent blank units are less than 1 pg since all 
of the method blank testing results for the different BrCl concentrations 
would be below the MDL.) 


 
12.4.  It is BRL’s policy to method blank correct sample results unless specifically 
requested not to do so by the client.  
 
12.5. Method 1631E states that results below the ML should be reported as less than the 
level of the ML or as required by the regulatory authority, and that field blank results 
below the ML but above the MDL should be reported to 2 significant digits. Because 
BRL is not always aware of the original source of a sample or the specific needs or 
requirements of our clients, all results above the BRL determined MDL are reported to 3 
significant digits.  


 
 


13.0. METHOD PERFORMANCE 
 


13.1. Refer to EPA Method 1631E, section 13.0, for information regarding the 
verification of this method.  
 
13.2. The detection limits reported in Table 1 were achieved by performing a full MDL 
study as described in 40 CFR 136, Appendix B. The quality control acceptance limits 
reported in Table 2 are developed from the EPA methods and are validated as achievable 
at BRL in the control charts maintained for the method. 
 


 
14.0. POLLUTION PREVENTION  
 


14.1 Refer to EPA Method 1631E, section 14.0, for EPA recommendations regarding 
pollution prevention techniques.  
 
14.2 Whenever feasible, lab personnel should use pollution prevention techniques to 
limit waste generation. The cost involved in purifying acids makes such recycling 
unpractical at BRL. Instead, every effort is made to reduce volumes necessary to still 
produce the best possible results. This analysis requires small amounts of acid to be used 
in the preparation of the samples (typically ~2.5 mL of BrCl per sample). When making 
standards, they should be prepared in volumes consistent with their use in the laboratory 
to minimize the volume of expired standards to be disposed. 


 
 
15.0. WASTE MANAGEMENT 
 


15.1. Refer to EPA Method 1631E, section 15.0, for information and references related 
to managing waste produced by application of this method. 
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15.2. All waste is disposed of in accordance with state and federal regulations either by 
sewer disposal (only if concentrations are below the King County sewer limits) or 
through a licensed and bonded hazardous waste disposal facility such as Philips Services. 


 
 
16.0. REFERENCES 
 


16.1. EPA Method 1631, Revision E:  Mercury in Water by Oxidation, Purge and Trap, 
and Cold Vapor Atomic Fluorescence Spectrometry, August 2002 (including 
references cited in section 16.0). 


 
16.2. Model III (CVAFS Mercury Analyzer) Operating Manual, September 2004. 


Brooks Rand LLC, 3958 6th Ave NW, Seattle, WA. 
 
16.3. EPA Method 1669:  Sampling Ambient Water for Trace Metals at EPA Water 


Quality Criteria Levels, July 1996. 
 
 


17.0. GLOSSARY 
 


17.1. Refer to EPA Method 1631E, section 17.0, for additional definitions of terms 
used throughout the text of 1631E.    
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18.0. FIGURES (1631E), TABLES, AND BENCHSHEETS 
 


18.1. BRL has adopted the following modifications to the figures illustrated in EPA 
Method 1631E, section 18.0. 


 
18.1.1. Figure 1: Schematic Diagram of Bubbler Setup and Figure 2: Schematic 
Diagram of the Bubbler, Purge and Trap, Cold Vapor Atomic Fluorescence 
Spectrometer (CVAFS) System. Instead of the setup shown in these figures, BRL 
uses the setup illustrated in Figure 1 of this document, BR-0006, Section 6.3.6. 
  
18.1.2. Figure 3: Schematic Diagram of the Flow-Injection, Cold Vapor Atomic 
Fluorescence Spectrometer (CVAFS) System. This system is not employed by 
BRL. 


   
 
Table 1. Current Method Detection Limits and Minimum Levels Determined at Brooks Rand 


Labs for the Analysis of Total Mercury in Water Using EPA Method 1631 
 


Matrix 
 


Preparation Method 
Method Detection 


Limit (MDL)1 
Minimum Level 


(ML) 2 
Water Digestion 0.15 ng/L 0.40 ng/L 


 
   NOTES: 


1. MDL as determined by the procedure 40 CFR Part 136, Appendix B. 
 MDL and ML reported here are for method blank corrected results. 
2. At BRL the ML is often referred to as the method reporting limit (MRL). 
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Table 2. Quality Control Criteria and Corrective Action Procedures for the Analysis of Total 
Mercury by CVAFS 


 
QC Sample 


 
Measure 


Minimum 
Frequency 


 
Criteria 


 
Corrective Action 


Calibration Blanks / 
Bubbler Blank 


Contamination 
from split bottles / 


bubblers 


1 per split bottle 
/ bubbler used 


each ≤ 40 pg 
avg ≤ 20 pg 
std ≤ 7.5 pg 


Clean and test split bottles / 
bubblers until criteria met 


prior to any further analysis 


Calibration 
Standards 


Acceptability of 
the calibration 


curve 


Daily (first 
batch of the 


day) or when 
ICV/CCV fail 


RSD of response 
factors ≤ 15%; 


Recovery of Low 
Standard 


= 80 – 120% 


Reanalyze suspect calib stand 
w/diff trap/bubbler. If criteria 


still not met, then remake 
standards and recalibrate the 


instrument. 


Continuing 
Calibration 


Verification (CCV) 
Accuracy 


1 immediately 
after calibration 
followed by 1 


every 10 
samples and 1 
at the end of 
each batch) 


Recovery = 
77 – 123% 


Correct problem and 
reanalyze CCV. If criteria 


met, reanalyze samples 
backwards until 2 


consecutive results w/RPD ≤ 
20%. Otherwise, recalibrate 


system. 


Carryover Check 
Bubbler Blank 


Contamination 
due to carryover 


in the bubbler/trap 


Perform on 
same 


bubbler/trap 
combination 


following any 
measured result 
≥ 20,000 pg  


≤ 40 pg 
(within ± 20 pg of 
avg bubbler blank 


before used for 
additional 
analyses) 


Remake and condition the 
soda-lime trap. Clean and 


continue to test bubbler/trap 
combo until criteria met prior 


to further use. Samples 
analyzed using same bubbler 
and/or trap following a result 


≥ 20,000 pg must be 
reanalyzed. 


Method Blank 
(1% BrCl in reagent 


water) 


Contamination 
from reagents, lab 


ware, etc. 
3 per batch 


Each MB ≤ 0.5 
ng/L and StDev ≤ 
2/3 the MDL or 


highest MB < 0.1 
times the lowest 
reported result.  


Correct problem until criteria 
met. All samples affected by 
high method blanks (sample 
< 10x the highest MB) must 


be qualified accordingly. 


Independent 
Calibration 


Verification (ICV) 


Independent 
check of system 


performance 
1 per batch Recovery = 


85 – 115% 


Correct problem prior to 
continuing analysis. 


Otherwise, recalibrate 
system. 


Matrix Spike / 
Matrix Spike 


Duplicate 


Accuracy and 
Precision within a 


given matrix 


1 per 10 client 
samples 


Recovery = 
71 – 125%; 
RPD ≤ 24% 


If recoveries similar but fail 
recovery criteria, an 


interference is present in the 
sample and the result must be 


qualified. 
If RPD criteria not met, then 
the system is not in control. 


Correct problem and 
reanalyze all associated 


samples. 


Method Duplicate Precision within a 
given matrix 


As per client 
request 


RPD ≤ 24% or  if 
results < 5x the 
MRL then ± the 


MRL of one 
another 


If RPD criteria not met, then 
the system is not in control. 


Correct problem and 
reanalyze all associated 


samples. 
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Table 3. Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Initial Demonstration of Capability for the Analysis of Total Mercury. 


Run Run Name Section Name Analyze Requirements 
     


1 
2 
3 
4 


CB 
CB 
CB 
CB 


Calibration 


Split bottle blank 
Split bottle blank 
Split bottle blank 
Split bottle blank 


< 40 pg; ave. < 20 pg; stdev < 7.5 pg 


5 
6 
7 
8 
9 


25 pg std 
100 pg std 
500 pg std 


2500 pg std 
10000 pg std 


Calibration 


25 pg Hg 
100 pg Hg 
500 pg Hg 


2500 pg Hg 
10000 pg Hg 


RSD of CF < 15%; 
recovery of low 


standard = 80-120% 


10 
11 
12 
13 


IPR std (500 pg) 
IPR std (500 pg) 
IPR std (500 pg) 
IPR std (500 pg) 


Initial Precision and 
Recovery 


500 pg Hg 
500 pg Hg 
500 pg Hg 
500 pg Hg 


Ave. recovery 79-121%, RSD < 21% 


14 
  15 
16 
17 


Method Blank 
Method Blank 
Method Blank 
Method Blank 


Method Blanks for MDL 


Method blanks 
prepared at same 


BrCl level as MDL 
samples 


Each ≤ 0.5 ng/L 
StDev ≤ 0.07 ng/L 


18 
19 
20 
21 
22 
23 
24 


MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 


Method Detection Limit 


DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 
DIW + 0.1-0.5 ng/L 


MDL ≤ 0.1 ng/L 


25 CCV (500pg std) Continuing Calibration 
Verification 500 pg Hg Recovery 77-123% 


 
Notes 


1. All standards and samples are corrected for mean calibration blank. 
2. All samples are corrected for mean method blank. 
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Table 4. Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Analysis of Total Mercury.  


Run Run Name Section Name Analyze Requirements 
     


1 
2 
3 
4 


CB 
CB 
CB 
CB  


Calibration Blanks 


Split bottle blank 
Split bottle blank 
Split bottle blank 
Split bottle blank 


Each < 40 pg; Ave. < 20 pg; StDev < 7.5 pg 


5 
6 
7 
8 
9 


25 pg std 
100 pg std 
500 pg std 


2500 pg std 
10000 pg std 


Calibration 


25 pg Hg 
100 pg Hg 
500 pg Hg 


2500 pg Hg 
10000 pg Hg 


StDev < 15% of Ave. RF 
 


Recovery of 25 pg std = 80-120% 


10 ICV (1000pg std)  Independent Calibration 
Verification 


1000 pg (different 
standard) Recovery 85-115% 


11 CCV (500pg std) Continuing Calibration 
Verification 500 pg Hg Recovery 77-123% 


12 Method Blank 01 Method Blank 1.0% BrCl MB All MB ≤ 0.5 ng/L 


13 CCB Continuing Calibration Blank 


Same split bottle 
and bubbler 


associated w/the 
10000 pg std. 


< 40 pg and within ± 20 pg 
 of the average CB 


14 
15 
16 


Method Blank 02 
Method Blank 03 
Method Blank 04 


Method Blank 
1.0% BrCl MB 
1.0% BrCl MB 
1.0% BrCl MB 


Each ≤ 0.5 ng/L 
StDev ≤ 0.07 ng/L 


Next Field, Equipment, 
or Bottle Blanks 


Field, Equipment, or Bottle 
Blanks 


Field, Equipment, 
or Bottle Blanks < ML or < 1/5th of associated sample conc. 


Next 


1st Half of 
Samples 


(including MS1 
and MSD1) 


Sample Analyses 
Matrix Spike 


Matrix Spike Duplicate 


Sample X 
X + spike 


X + dup. Spike 
Other Samples 


Recovery 71-125%; RPD < 24% 
Recovery 71-125%; RPD < 24% 


Next CCV (500pg std) Continuing Calibration 
Verification 5.0 ng/L Recovery 77-123% 


Next 


2nd Half of 
Samples 


(including MS2 
and MSD2) 


Sample Analyses 
Matrix Spike 


Matrix Spike Duplicate 


Sample Y 
Y + spike 


Y + dup. Spike 
Other Samples 


Recovery 71-125%; RPD < 24% 
Recovery 71-125%; RPD < 24% 


Last CCV (500pg std) Continuing Calibration 
Verification 500 pg Hg Recovery 77-123% 


 


Notes 
1. All standards and samples are corrected for mean calibration blank. 
2. All samples prepared with one level of BrCl are corrected by multiplication of the 1.0% BrCl MB result by the factor 


required to produce a result equivalent to that of the BrCl level used to oxidize the sample.   
3. Field and equipment blanks are only analyzed if provided by clients. Bottle blanks are analyzed for the bottles provided 


by Brooks Rand Labs. 
4. A carry-over blank is run following any high-level sample (≥20,000 pg measured). The carry-over blank is analyzed 


using the same split bottle, bubbler, and trap associated with the high-level sample. 
5. Field blanks and other potentially low-level samples should be analyzed at the beginning of the analytical run; samples 


suspected to contain comparatively high levels of mercury should be run at the end of the sequence. 
6. Reagent blanks must be analyzed when new BrCl is made and must average less than 20 pg of Hg per blank unit. 
7. Equipment blanks are analyzed only on a project-specific basis. 
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  Brooks Rand Labs  (Example Log) 


THg Water Prep Benchsheet 
 


Prepped By:    Batch: 1st ‐ 24 hr Check Date/Time


Prep Date:    BrCl ID: 2nd ‐ 24 hr Check Date/Time


Prep Time:         
 


          only fill out if additional BrCl is added 


Sample ID 
Sample 


Aliquot (mL) 


BrCl 
added 
(mL)  %BrCl 


1st ‐ 24 hr
Check  
(initials) 


Additional 
BrCl Added 


(mL) 


2nd ‐ 24 hr 
Check 
(initials) 


Adjusted 
%BrCl 


               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               
               


Comments: 







BR-0006 
Revision 004e 
Page 21 of 24 


All Brooks Rand Labs (BRL) SOPs are Proprietary Information and protected by WA state law. 
Proprietary Information shall be kept in the strictest confidence & shall not be used or 


appropriated to benefit any party without prior written consent from BRL. 
 


(Example Log) Hg Analysis Sheet: T-Hg / Other: _____ Page 1 of____ 
 


Sequence:                  Batch(es):                                        
  
   Analyst:                             Date:                       Instrument ID:    
 
     


           


   10ng/mL std ID:                                  1ng/mL std ID:        ICV std ID:     


      NH2OH·HCl #:                                             SnCl2 #:    


         Initial offset:        Initial PMT:   


 
Run 


# 
Split 


Bottle  Trap Bubb. 
BRL 


Sample ID 
Analy. Vol.


(mL)
Dilution 
Factor


Analysis comments / For spiked QC: Source sample, 
standard ID, and spiked volume (mL)


1     SEQ-IBL1 ---   
2     SEQ-IBL2 ---   
3     SEQ-IBL3 ---   
4     SEQ-IBL4 ---   
5     SEQ-CAL1    0.025     1ng/mL 
6     SEQ-CAL2    0.100     1ng/mL 
7     SEQ-CAL3    0.050     10ng/mL 
8     SEQ-CAL4    0.250     10ng/mL  


9     SEQ-CAL5    1.00     10ng/mL 
10     SEQ-ICV1    1.00     NIST 1641d 
        
        
    SEQ-CCB1       ---   
        
        
        
        
        
        
        
        
        
        
        


 
Comments:  
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(Example Log) Hg Analysis Sheet: T-Hg / Other: ____ Page ____ of ____ 
 


Sequence:                                           Analyst:                    Date:                     


 
Run 


# 
Split 


Bottle  Trap Bubb. 
BRL 


 Sample ID 
Analy. Vol.


(mL)
Dilution 
Factor


Analysis comments / For spiked QC: Source sample, 
standard ID, and spiked volume (mL)


        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        


Comments:  
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Appendix to Brooks Rand Labs Procedure for EPA Method 1631, Revision E 
(02/05) 
 


Differences between EPA Method 1631, Revision E, and Brooks Rand Labs SOP #BR-0006 
 
The following differences exist between EPA Method 1631, Revision E (with relevant sections 
marked in boldface), and the practices employed by Brooks Rand Labs (SOP #BR-0006): 
 
●    Figures 1 and 2 (referenced within sections 2.6 and 2.7) give schematic diagrams of the 
bubbler, purge and trap, CVAFS analytical system. In contrast, Brooks Rand Labs (BRL) purges 
samples with nitrogen in bubblers onto sample traps. After samples are purged, the sample traps 
are disconnected from the bubbler system and desorbed using argon, as shown below: 


Ar


 
 
●   Section 6.4.3 specifies the use of acid fume pretraps consisting of 8-14 mesh soda lime 
chunks and which are purged for 1 hour with nitrogen. BRL uses pretraps consisting of 6-12 
mesh soda lime chunks and which are purged for 15 minutes with nitrogen. 
 
●   Section 6.5 discusses the use of a dual-trap Hg(0) pre-concentration system. In contrast, BRL 
uses a single trap pre-concentration system. This allows for shorter analysis times without 
masking of potential problems on the sample collection trap. 
 
●   BRL uses direct data acquisition with the BRL “Hg Guru” integration software instead of a 
chart recorder or integrator as described in section 6.6. 
 
●   Method 1631E identifies two working standards at 10.0 ng Hg/mL and 0.10 ng Hg/mL 
(sections 7.9 and 7.10) used for instrument calibration. Instead of the 0.10 ng Hg/mL working 
standard, BRL uses a 1.0 ng Hg/mL standard, along with the 10 ng Hg/mL standard, for 
calibration.   
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●   Section 9.3.1 states that the concentration of the spike for matrix spike (MS) and matrix spike 
duplicate (MSD) samples shall be at 1-5 times the background level of the native sample. After 
the determination of the concentration of the native sample, appropriate spike volumes will be 
added to an aliquot of the native sample in the Teflon split bottle prior to pre-reduction.   
 
●   Section 9.4.1.3 specifies that the mean result for all bubbler blanks analyzed during an 
analytical batch should be subtracted from all raw data before results are calculated. Instead, 
BRL subtracts the average peak area measurement of the first four split bottle blanks analyzed 
prior to the calibration from all raw data. Split bottles are used for the measurement and/or 
transfer of all standards, client samples, and quality control samples to the bubblers.   
 
●   Section 9.4.7 specifies that 5% of any lot of bottles should be tested. BRL has found that 
there is little variation within any given lot of FLPE bottles, glass bottles, or glass vials. 
Therefore, BRL randomly tests only 10% of the bottles or vials from the first opened case from 
each lot before accepting or rejecting the lot, up to a maximum of 10 cases per lot number. A 
minimum of 10% of the cases of any given lot number are tested. BRL uses the tighter 
acceptance criterion of THg ≤ 0.2 ng/L, as opposed to ≤ 0.5 ng/L, for passing a lot number of 
bottles. In addition, four method blanks are prepared with every batch (> 10% of any given 
batch) using the same bottles that the samples are collected and prepared in, which serves as a 
further indicator of any potential contamination due to the bottles. 
 
●   Section 10.1 does not state a frequency requirement for calibration. BRL performs a new 
calibration at the beginning of each analytical day and whenever CCV recovery fails to meet the 
acceptance criteria as outlined in 1631E, Table 2.  
 
●   Section 10.2.2.1 lists calibration points of 50 pg, 500 pg, 2500 pg, 5000 pg, and 10000 pg Hg 
created from aliquots of working standards discussed above. BRL uses a calibration curve with 
points of 25 pg, 100 pg, 500 pg, 2500 pg, and 10000 pg. These points are produced by adding 
0.025 mL and 0.100 mL of a 1.0 ng Hg/mL standard (50 pg and 100 pg respectively) and by 
adding 0.050 mL, 0.250 mL, and 1.0 mL of a 10.0 ng Hg/mL standard (500 pg, 2500 pg, and 
10000 pg respectively). BRL does not add aliquots of the working standard directly to the 
bubblers; instead aliquots of standards are added to approximately 100 mL of DI water in a split 
bottle prior to transfer to the bubbler.   
 
●   Section 11.2.1.2 states that samples are purged with nitrogen for 20 minutes at gas flow rate 
of 300-400 mL/min. BRL purges all samples for 15 minutes at 400 mL/min. High-level standard 
recoveries and subsequent bubbler blanks indicate that 15 minutes is an adequate purge time to 
volatilize and collect mercury. 
 
●   BRL has not found the step described in section 11.3.2 (passing argon through the sample 
trap prior to desorption) to be necessary to eliminate condensed water vapor prior to trap 
desorption.   
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Determination of Monomethylmercury by Aqueous Phase Ethylation, Pre-
Concentration, Isothermal GC Separation, and CVAFS Detection:  


BRL Procedure for EPA Method 1630 (Waters) and EPA Method 1630, Modified 
(Solids) 


 


1.0 Scope and Applications 


1.1 Method BR-0011 is the performance based procedure followed at Brooks Rand 
Labs (BRL) as EPA Draft Method 1630. Unless specifically stated otherwise in this 
document, all apparatus, materials, reagents, standards and procedures as stated in EPA 
Method 1630 are used at BRL.  


1.2 EPA Draft Method 1630 is for the determination of methyl mercury only in filtered 
and unfiltered aqueous samples. BRL Method BR-0011 is additionally used for the 
determination of methyl mercury in sediment, biota, and biomonitoring samples. BRL 
has developed specific sample preparation methods for these matrices. With the 
exception of the maximum volumes analyzed, the procedures followed for the analysis of 
sediment and biota preparations are identical to the procedures followed for aqueous 
preparations. 


1.3 EPA Draft Method 1630 describes manual analysis of samples for 
monomethylmercury (MeHg) determination. Since its publication, Brooks Rand Labs has 
developed MERX, an automated system for the determination of MeHg. The analytical 
method in this SOP will refer to use of MERX unless otherwise stated. The manual 
methodology is retained as an addendum. 


2.0 Summary of Method 


2.1 Prior to instrumental analysis, all samples are prepared in a way to reduce matrix 
interference and preserve the MeHg that is present. 


2.1.1 Aqueous samples are prepared by distillation at 138 °C under N2 
according to the procedure discussed in EPA Draft Method 1630, section 11.  


2.1.1.1 An alternative to distillation, direct ethylation, has been developed 
and validated. For direct ethylation, aqueous samples are preserved as 
normal then analyzed as specified in EPA Draft Method 1630 after being 
buffered with citrate or acetate buffer to achieve the correct pH. 


2.1.2 Sediment samples are prepared by dichloromethane (DCM) extraction.  


2.1.3 Biota samples are prepared by alkaline digestion in 25% KOH in methanol 
and oven digestion at 65 °C for 3-4 hours, which can then be followed with 
distillation if a lower detection limit is required. 
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2.2 MeHg is determined by an improved method (Liang, Bloom, and Horvat 1994). The 
prepared sample is buffered to pH 4.5-5 using acetate or citrate buffer, the MeHg is then 
ethylated with sodium tetraethylborate (NaBEt4, the ethylation reagent). The ethylation 
reagent adds an ethyl group to the methyl mercury compound (CH3Hg+ -C2H5) making 
volatile methylethyl mercury, it also adds two ethyl groups to the Hg2+ making volatile 
diethyl mercury. The volatile mercury species are liberated from the liquid and collected 
by purging with dry, Hg free nitrogen into a pyrex tube filled with Tenax™. The ethyl 
mercury derivatives are then thermally desorbed with Hg free argon and transferred to a 
GC column held in an oven at 36 °C, which separates the species chromatographically by 
mass. The ethylated Hg compounds are pyrolized at 900°C to Hg (0), then quantified by a 
cold vapor atomic fluorescence spectrophotometer (CVAFS). This method can by applied 
for the determination of MeHg in a variety of sample matrices and has been demonstrated 
as being very sensitive, precise, and accurate. Good agreement was obtained for the 
determination of MeHg in standards, CRMs and real samples in comparison to the 
manual system used at Brooks Rand Labs and less variability was seen in the automated 
system. 


3.0 Definitions 


3.1 A partial list of definitions is presented below. Most definitions can be found for 
specific terms in the sections where they are first mentioned. Many of the definitions 
mentioned in this method are based on those found in the glossary for EPA Method 1630. 
Please refer directly to this method for a more detailed list. 


3.1.1 May: This action is allowed but not required. 


3.1.2 May Not: This action is prohibited. 


3.1.3 Must: This action is required. 


3.1.4 Shall: This action is required. 


3.1.5 Should: This action is suggested, but is not required. 


4.0 Interferences 


4.1 If properly applied, the distillation procedure will remove most if not all of the 
significant interferences. However, the concentration of hydrochloric acid (HCl) in the 
solution will affect the distillation of methyl mercury from the solution. Too little HCl 
will cause the distillation of methyl mercury to not be quantitative while too much HCl 
will cause the co-distillation of HCl fumes, which according to EPA Method 1630 can 
interfere with the ethylation process. This interference was investigated at BRL, see 
section 9.5.1.1 for more details.  
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4.1.1 It has been found that there are few interferences in most aqueous samples 
and the direct ethylation technique can be used. 


4.1.2 EPA Method 1630 dictates that fresh water samples must be preserved 
with between 0.3% to 0.5% (v/v) 11.6 M HCl (BRL preserves fresh water 
samples with 0.4% (v/v) 11.6 M HCl) and that salt water samples must be 
preserved with between 0.1% to 0.2% (v/v) 18 M sulfuric acid (H2SO4) (BRL 
preserves salt water samples with 0.2% (v/v) 18 M H2SO4). 


4.2 Samples must not be preserved with nitric acid as it may cause partial 
decomposition of the analyte during distillation. 


4.3 Positive artifact is possible with the distillation of samples that are high in inorganic 
mercury. Ambient organic matter may methylate 0.01% to 0.05% of the ambient 
inorganic mercury during distillation. In inorganic mercury contaminated waters this can 
significantly affect the results for methyl mercury. Solvent extraction may be preferable 
to distillation in samples that are high in divalent mercury (Hg(II)). 


4.4 Residual DCM in sediment extractions has been shown to interfere with the 
recovery of methyl mercury. All DCM must be evaporated from the final back extraction 
to ensure that suppression does not occur. Strict adherence to the instructions found in 
Section 9.4.1 of this SOP should ensure that all DCM is removed from sample 
preparations.  


4.5 Presence of the aqueous phase of the sediment prep after phase separation to isolate 
the organic phase can also cause interference. Strict adherence to the instructions found in 
Section 9.4.1 of this SOP should ensure that all DCM is removed from sample 
preparations. 


4.6 Care must be taken when making the 1% sodium tetraethylborate solution as wax 
from the outside of the vial can cause reduced efficiency of the ethylation reagent. If wax 
gets in the solution, the solution must be discarded and remade.  


4.7 Refer to EPA Method 1630, Section 4.0, for a detailed account of possible 
contamination routes, interferences to the analysis, and how these are avoided or 
minimized at BRL. 


5.0 Safety 


5.1 Refer to EPA Method 1630, section 5.0, for safety issues associated with the use of 
this method. 


5.2 Chronic mercury exposure may cause kidney damage, muscle tremors, spasms, 
personality changes, depression, irritability, and nervousness. Organo-mercurials may 
cause permanent brain damage. Because of this, only highly trained personnel familiar 
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with the dangers and precautions to take when working with mercury compounds should 
ever handle standards and/or high level samples. 


5.3 Material safety data sheets (MSDSs) are maintained for all chemicals used in this 
method. Scanned MSDS sheets are stored on the server and can be located by either 
chemical name or by CAS number. 


5.4 Refer to the latest revision of the Chemical Hygiene Plan (CHP) for additional 
safety precautions and required protective equipment. 


6.0 Apparatus and Materials Used at BRL 


6.1 Refer to EPA Method 1630, Section 6.0 for a list of materials used in the method 
employed at BRL. 


6.2  Routine preventative maintenance for the equipment used in this procedure is 
described in detail in the standard operating procedure BR-1205 (Preventative 
Maintenance). 


6.3 Detailed instructions for the decontamination of bottles and other equipment are 
described in BRL SOPs BR-0400 and BR-0404. 


6.4 Specific equipment used at BRL is listed below. Any modifications to EPA Method 
1630 are described and explained. 


6.4.1 Autosampler: An AI Scientific septum piercing autosampler with 168 slots 
is used at BRL. Other autosamplers may be used if they are compatible with the 
Guru software, have septum piercing capabilities, and can hold the 40 mL glass 
vials. 


6.4.1.1 Reaction vessels:  A 40 mL flat bottomed amber glass vial with a 
Teflon lined septum cap is used as the reaction vessel. Vials similar to I-
Chem SB46-0040 or EP Scientific 341-40A are used. 


6.4.2 MERX Methylmercury Autoanalyzer: The MERX methylmercury 
autoanalyzer is designed and manufactured by BRL.  For a diagram, see Figure 1. 


6.4.2.1 The Purge and Trap Module:  


6.4.2.1.1 A purge vessel, a 50 mL glass tube with a port coming 
out of the top and another port coming off the base is used as the 
purge vessel. Mercury free nitrogen is purged into the reaction 
vessel forcing the sample into purge vessel from the port at the 
bottom. The nitrogen continues to pass through both the reaction 
vessel and the purge vessel during the entire purge time. As the 
sample is purged, the volatile mercury species are swept from the 
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sample onto the preconcetration trap via the port at the top of the 
purge vessel. 


6.4.2.1.2 The preconcentration trap is a Tenax trap measuring 10 
cm long, 6.4 mm outside diameter x 4.0 mm inside diameter that is 
kinked at both ends and used for the collection of purged 
organomercury species. 


6.4.2.2 The GC and Pyro Module: Isothermal gas chromatography 
system consisting of a GC column, GC oven, and pyrolitic column.  For a 
diagram of the system see Figure 2.   


6.4.2.2.1 Gas Chromatography (GC) Column: A GC column 
approximately 10 inches long with an ID of 1/8 inch packed with 
OV-3 and held at a constant 36 ºC temperature is used. Under a 
flow of high purity argon, organomercury species desorbed from 
the preconcetraion trap are carried by argon gas through the GC 
column where they are separated by mass.  


6.4.2.2.2 Pyrolitic Column: The pyrolitic column is a quartz tube 
that is heated to 900 ºC. After GC separation, species pass through 
the pyrolitic column where they are thermally decomposed to 
elemental mercury before going through the detector. 


6.4.3 Atomic fluorescence spectrophotometer (BRL part #AF-03):  CVAFS 
systems are built by BRL (BRL Model III). Refer to the “Brooks Rand, LLC 
Model III Operations Manual” for instrument operating instructions. 


6.4.4 Recorder: BRL uses direct data acquisition with the BRL Guru™ 
integration software instead of a chart recorder or integrator as described in EPA 
Method 1631E, section 6.6. Refer to the “Brooks Rand LLC Model III Operations 
Manual” for Guru™ software/integrator operating instructions and system 
requirements. Use of this integration software is faster, eliminates the expense of 
chart recorders and/or integrators, allows for storage of data in electronic form, 
and eliminates possible transcription errors. 
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Figure 1. Diagram of sample flow path and connections for MERX MeHg analytical system. 
 


7.0 Standards and Reagents 


7.1 Refer to EPA Method 1630, Section 7.0 for a list of standards and reagents 
employed at BRL. 


7.2 Water:  Deionized water (DIW) is monitored on a daily basis during calibration of 
the instrument as part of the calibration blanks and the recoveries of the calibration 
standards. 


7.3 MeHg Standard Solutions: Since MeHg is susceptible to photo oxidation, all 
standards should be stored in dark areas and minimally exposed to direct light during the 
working day. 


7.3.1 Standard stock solution:  1 mg/mL MeHg is purchased from a known, 
accredited vendor. This standard is used to prepare the calibration standards. It is 
verified by in-house testing before being put into use and annually there-after. 
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7.3.2 Intermediate stock solution:  1 µg/mL MeHg. Dilute 0.10 mL of 1 mg/mL 
stock solution, 0.2 mL of HCl, and 0.5 mL of HOAc with DIW to a final volume 
of 100 mL. This solution should be kept refrigerated and expires after one year. 


7.3.3 Working standard: 10 ng/mL MeHg. Dilute 1.00 mL of 1 µg/mL 
intermediate stock solution, 0.2 mL of HCl, and 0.5 mL of HOAc with DIW to a 
final volume of 100 mL. This solution may be kept at room temperature and 
expires after one month. 


7.3.4 Working standard: 1 ng/mL MeHg. Dilute 0.10 mL of 1 µg/mL 
intermediate stock solution, 0.2 mL of HCl, and 0.5 mL of HOAc with DIW to a 
final volume of 100 mL. This solution may be kept at room temperature and 
expires after one month. 
 
7.3.5 Daily standard: 0.01 ng/mL MeHg. Dilute 0.05 mL of 1ng/mL working 
standard to 5 mL with DIW. This solution expires at the end of the day. 
 
7.3.6 Independent calibration verification (ICV) solution:  The ICV solution is 
made up monthly from an aliquot of the certified reference material NIST 1946 
(fish tissue). Approximately 100 mg of NIST 1946 is accurately weighed into a 40 
mL pre-tested glass vial. The reference material is digested with 10 mL of 25% 
KOH methanol solution at an oven temperature of 65 ºC for 3-4 hours (refer to 
section 9.3.1 for the alkaline digestion of biological materials). The digestate is 
then diluted to 40 mL with methanol. The final concentration of methyl mercury 
in this solution will be about 1 ng/mL. If NIST 1946 is no longer available, then a 
similar CRM certified for MeHg will be used in its place. 


 
7.4 n-propylmercury (n-prHg) standard solutions 
 


7.4.1 Standard stock solution: A 10,000 ng/mL n-propyl mercury standard is 
purchased from a known, accredited vendor. 
 


7.4.2 Working standard: 100 ng/mL n-prHg. Dilute 1.00 mL of 10,000 ng/mL 
stock solution, 0.2 mL of HCl, and 0.5 mL of HOAc with DIW to a final 
volume of 100 mL. This solution may be kept at room temperature and 
expires after one month. 
 


7.4.3 Daily standard: 1.0 ng/mL n-prHg. Dilute 0.05 mL of 100 ng/mL working 
standard to 5 mL with DIW. This solution expires at the end of the day. 
 


7.5 Sodium tetraethylborate (NaBEt4) solution:  Dissolve 1.0 g of NaBEt4 (stored in 
freezer) in 100 mL of 2.0% potassium hydroxide (KOH) solution that has been chilled to 
0 ºC to produce a 1.0% working solution. This solution is aliquoted into individual 5.0 
mL fluoropolymer vials. This reagent is stored at < -10 ºC and is thawed prior to use. The 
solution expires three hours after being thawed. A new batch of the ethylating reagent 
should be made as soon as there are any doubts about its quality (i.e. low recovery of 
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matrix spikes). NaBEt4 solids and solutions must not be used if they show any 
discoloration. The frozen NaBEt4 solution has proven to be stable for at least one month 
if not thawed.   
 
7.6 Sodium acetate buffer:  A 2M acetate buffer is prepared by dissolving 136 g of 
reagent grade sodium acetate and 59 mL of glacial acetic acid in DIW to a final volume 
of 500 mL. 500 µL of 1% NaBEt4 is added to this solution and it is then purged with N2 
gas overnight. The solution is stored in a fluoropolymer bottle and is tested for residual 
methyl mercury prior to use by analyzing the daily calibration blanks and standards. 
 
7.7 Citrate buffer: Dissolve 100 g citric acid and 300 g sodium citrate in DIW. Bring to 
a final volume of 1 L with DIW. 


 
7.8 Methanolic potassium hydroxide solution:  Dissolve 250 g of reagent grade KOH 
pellets in high purity methanol to a final volume of 1 L. The solution is stored in a 
fluoropolymer bottle. 
 
7.9 Gases: All gasses are passed through a gold-coated sand trap to remove traces of 
mercury prior to use. 
 


7.9.1 Argon used as the carrier gas from trap desoption, through the GC and 
pyrolitic column to the detector and is from cryogenic bleed off.  


7.9.2 Nitrogen used as a purge gas for sweeping derivatives from a bubbler is 
plumbed from cryogenic bleed-off.  


7.10 20 % potassium chloride (KCl) / 0.2% L-Cysteine solution:  Dissolve 10.0 g KCl 
and 0.1 g L-Cysteine in 50 mL of DIW. This solution must be discarded and replaced 
every 6 months or if crystals begin to form. 
 
7.11 11.6 M hydrochloric acid (HCl):  Used for the preservation of freshwater samples.  
 
7.12 18 M sulfuric acid (H2SO4):  Concentrated form used to preserve saltwater samples. 
This acid is also used to prepare 9 M H2SO4.  
 


7.12.1 9M H2SO4: Mix equal parts DIW and pre-tested, concentrated H2SO4. 
Introduce the reagents slowly as this procedure generates a great deal of heat. 
Allow complete cooling before capping tightly. This solution can be stored 
indefinitely. 


 
7.13 Potassium bromide/sulfuric acid solution (KBr/H2SO4):  18% (w/v) KBr  + 5% 
(v/v) H2SO4. Dissolve 18.0 g of KBr into 100 mL of 5% H2SO4. This solution is stable 
for up to one year. 


 
7.14 1 M copper sulfate solution (CuSO4):  Dissolve 24.97 g of copper (II) sulfate 
pentahydrate into 100 mL DIW. This solution is stable for up to one year. 
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7.15 DCM (methylene chloride): DCM (HPLC Grade) may be purchased from an 
authorized vendor.  
 


8.0 Sample Collection, Preservation, and Handling 


8.1 Refer to EPA Method 1630, Section 8.0 and EPA Method 1669 (Sampling Ambient 
Water for Determination of Trace Metals at EPA Water Quality Criteria Levels) for a 
detailed description of sample collection, preservation, and storage methods. 


8.2 Aqueous samples may be collected in fluoropolymer, FLPE, or glass containers 
with fluoropolymer lined lids. Aqueous samples should be maintained at 0 – 4 ºC from 
the time of collection until preservation. Aqueous samples must be preserved within 2 
days of collection. Freshwater samples are preserved with 4 mL/L of pre-tested 
concentrated HCl. Saline samples (salinity > 10 ppt) and urine samples are preserved 
with 2 mL/L of pre-tested 18 M H2SO4. Preserved samples are stable for up to 6 months 
if kept in the dark and cool. BRL defines “cool” as ≤ 12 °C. As long as a sample is field 
preserved and received by BRL ≤ 12 °C, then no qualification of the data is necessary. 
Once received by BRL, the policy is to store all aqueous MeHg samples from 0 – 4 °C. 


8.3 Biota and sediment samples may be collected in glass or HDPE containers. Solid 
samples must be maintained at 0 – 4 °C from the time of collection until receipt by BRL. 
Upon receipt, solid samples are moved to freezers for storage. Solid samples may be held 
for at least 1 year if kept in the dark at < -15 °C.  


NOTE: Due to uncertainty inherent in accurately measuring sample temperatures, it is 
understood that the measured temperature may be as much as ±2 °C from the actual 
temperature. Therefore, as long as water samples remain unfrozen, ±2 °C are allowed 
beyond the above ranges without requiring qualification of the data. 
 


9.0 Sample Preparation 


9.1 Refer to EPA Method 1630, Section 11.0 for a detailed description of the 
preparation of samples. Depending on the purposes and definitions of investigations of 
mercury biogeochemistry cycling, samples are prepared in the following methods prior to 
analysis. 


9.2 Preparation of aqueous samples for MeHg analysis: Two isolation methods, 
distillation and solvent extraction, have been used at BRL for the determination of MeHg 
in aqueous samples. Good agreement was obtained in the comparison of the two methods 
for most water samples studied:  For organic rich and/or high level sulfide containing 
samples, the distillation showed some advantages over the solvent extraction method with 
higher recoveries (85 ± 4%, Horvat, Bloom, and Liang, 1993). In addition, extraction 
consumes large quantities of organic solvent, which can result in environmental 
contamination. Therefore, if preparation of aqueous samples in needed, distillation is the 
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preferred preparation method for aqueous samples at BRL. Direct ethylation has shown 
recoveries equivalent to distillation and may also be used. 
 


9.2.1 Distillation of aqueous samples: 
 
Reagents: 20% KCl in 0.2% L-Cysteine, 9 M H2SO4 
 
Distillation devices:  Vials and caps for distillation and distillate collection are 
made of fluoropolymer obtained by Savillex Corporation, USA. Caps have 1/8" 
ports for friction fit 1/8" fluoropolymer tubing.  
 
Distillation procedures:  An aliquot of water sample, typically 50 ml ± 1 mL, is 
transferred into a 60 mL fluoropolymer vial (for high MeHg concentration 
samples, smaller sample sizes should be used, but bring the final volumes to a 
known volume near 50 mL with 0.4% HCl solution). A maximum volume of 10 
mL should be used for distilling urine samples, and they should then be diluted to 
50 mL with unpreserved DIW. Urine samples can be batched with other water 
samples but at least one urine sample should have QC performed. 
 
All blanks, including blank spikes (BS), should be prepared by weighing out 50 
mL of a 0.4% HCl solution then spiked if appropriate. Add 0.2 mL of the 20% 
KCl/0.2% L-Cysteine solution and 0.5 mL of 9 M H2SO4 (9 M H2SO4 is not added 
to samples preserved with H2SO4). Start the distillation immediately after addition 
of reagents at a nitrogen flow rate of approximately 60-70 mL⋅min-1 (Note: all 
rotometers must be within ± 3 mL⋅min-1 of one another) and at a heating block 
temperature of 138 °C.   
 
The distillate is collected in a 60 mL fluoropolymer vial containing 15 mL of 
chilled DIW, which must be cooled in an ice-water bath prior to the beginning of 
the distillation. The distillation is finished when the final distillate volume is 40 
mL (total of 55 mL in each receiving vial), as measured against a reference vial. 
This typically takes from approximately 3 hours. Bring the final volume of the 
receiving vial to the 58 mL mark with DIW. Depending on its MeHg 
concentration, transfer an aliquot of the distillate into the methylation reaction 
vessel for analysis as described in section 10.3.   
 
NOTE:  Open the flow of nitrogen for up to one hour before beginning the 
distillation to purge the lines of room air and other possible contaminants. 
 
Special considerations to take when distilling samples: 


• Turn on the nitrogen gas and begin heating up the distillation blocks.   
• Check all of the rotometers to ensure that they are set at 50. If any are off, 


then continue to check all of them to ensure that they are correctly set. 
• Rinse vials, caps, and tubing thoroughly with deionized water. 
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• Be especially careful to not touch the rinsed tubing nor let any potentially 
contaminated object touch the tubing that is to be inserted into the 
receiving vial. 


• Use Teflon® tape to secure any tubing that is not tight fitting. 
• Once cap sets have been secured to the N2 lines, they must be placed on 


and completely covered by clean bench liners. 
• When measuring out the sample aliquot, it is acceptable to weigh out      


50 mL (± 1 mL). 
• Measure out the 15 mL of DIW for the receiving vial by pouring into a 


pre-cleaned 15-mL centrifuge tube. 
• Chill the water in the receiving vial by placing them in the chill blocks for 


a short amount of time while adding reagents to the sample vials. The 
receiving vial water should not freeze. To this end, if the ice blocks have 
not been used for > 3 days, they should be allowed to sit out on the 
counter for ½ hour prior to use. 


• Do not add reagents to more than 10 samples at a time. 
• Leave all sample vials in the heating block until the entire block is done. 


Place the tubing from the receiving vials into the ice water while waiting 
for the completion of all distillations in the block. 


• Only use deionized water when making ice to chill the receiving blocks. 
Always rinse the chill blocks and their containers with DI water before 
filling the container to freeze. 


 
Besides the typical distillation of aqueous samples, BRL also offers “ultra low-
level” distillation. To achieve the lower detection limits associated with the ultra 
low-level method, the vials and tubing used in the distillation must be rigorously 
cleaned with BrCl followed by heating in the oven with 0.8% NH2OH·HCl and 
triple rinsing. Refer to the bottle washing SOP (BR-0400) for a full description of 
the cleaning procedures for equipment used in this method. 
 
9.2.2 For direct ethylation, samples are preserved within 48 hours of collection 


as normal. There is no further sample preparation necessary. N-prHg is 
used as a surrogate to monitor the efficiency of the method.  


 
9.3 Preparation of biological materials for MeHg. 


 
9.3.1 Alkaline digestion of biota samples:  Weigh about 0.1 gram of biological 
material (wet, homogenous) into a 2.5 mL fluoropolymer vial. Add 1.0 mL of 
25% KOH methanol solution and cap the vial tightly. Digest the sample in an 
oven at 65 °C for 3-4 hours. At some point during the digestion (30 minutes to 1.5 
hours into the digestion), shake the samples to re-suspend the material. After 
digestion, bring the final volume to 2.5 mL with methanol prior to analysis. A 
maximum of 30 µL of the sample preparation may be analyzed due to the 
methanol content. The digestion may be scaled up if larger volumes are required. 
One gram may be weighed into a 20 mL vial, and 10 mL of 25% KOH methanol 
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solution added prior to digestion. Sample preparations must be held for a 
minimum of 5 days prior to analysis to allow for full digestion of the samples. On 
the day of analysis, samples should be shaken thoroughly and allowed to resettle 
prior to analysis. Special care must be exhibited with biota certified reference 
materials as the fine particulate material can interfere with the analysis causing 
low recoveries. Sufficient time must be given for the fine particulate material to 
settle prior to analyzing the sample preparation.   
 
9.3.2 Distillation (following alkaline digestion):  If there is matrix interference 
or if a lower detection limit is desired, the alkaline digestate can be distilled 
(Horvat, Bloom, and Liang, 1993). Distillation allows for up to 2.0 mL of the 
digestate to be analyzed as opposed to only 30 µL if the digestate is directly 
analyzed, thereby significantly reducing the detection limits for the analysis of 
MeHg in biota samples. 
 
Distill the alkaline digestion by transferring 0.5-2.0 mL of alkaline digestate into a 
60 mL fluoropolymer vial, diluting up to 50 mL with 0.4% HCl solution and 
following the procedure outlined in section 9.2.1 for the distillation of aqueous 
samples. 
 


Note: Brooks Rand Labs routinely uses 0.5 mL of the alkaline digestate unless 
otherwise specified on the Sample Processing Form. 


 
9.3.3 Digestions:  Biological digestates are more stable than distillates and may 
be stored up to 30 days prior to analysis. As previously stated in Section 9.3.1, 
biological digestates must be held for a minimum of 5 days prior to analysis. 
 


9.4 Preparation of sediments and soils for MeHg. 
 
9.4.1 Solvent extraction for sediments: Sediment samples should be extracted to 


avoid the potential for artifact formation of MeHg during distillation. 
Approximately 2.5 g of sediment sample is accurately weighed into a 
clean 30 mL fluoropolymer vial. Only for surrogate correction, each 
sample is spiked with 0.050 mL of a 100 ng/mL n-propyl mercury 
standard. 10 mL of the KBr/H2SO4 solution (Section 7.13) and 2 mL of 
the 1M CuSO4 solution (Section 7.14) are added to the sample. 18-20 g of 
DCM are accurately weighed and added. The sample is intermittently 
shaken by hand over the next hour or placed on a shaker for an hour. After 
shaking for one hour, the samples are centrifuged for 15 minutes at 3200 
rpm to assist in the separation of the aqueous layer from the organic layer. 
The sample is then passed through phase separating filter paper so that 
only the organic layer is collected. The organic layer is collected directly 
to a triple rinsed, pre-weighed 125 mL Teflon® bottle. The weight of the 
collected organic layer is measured and approximately 50 mL of DIW is 
added to the bottle along with a couple of Teflon® boiling chips to help 
prevent the DCM from “bumping” during the back extraction. The sample 
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is then heated to 70 ºC until the dichloromethane layer has evaporated off. 
After the organic layer is no longer visible in the sample, the sample is 
heated for an additional 3 hours to ensure that all traces of DCM have 
been removed.   


 
NOTE:  Heating the sample for a minimum of 6 hours at 70 ºC has yielded good 
results for spike and CRM recoveries. Samples may be loosely capped for the 
final 3 hours and left overnight on the hotplate if a timer is used to turn off the 
heating element after 6 hours total time. 
 
The sample is then diluted to 100 mL with additional DIW. No more than 5 mL of 
the back extraction is analyzed. The extracted sample is analyzed following the 
same procedure used for the analysis of water distillations.  
 
MeHg Sediment Prep step by step instructions 


  
• Take samples out the night before to give it time to thaw.  (On the weekends, 


put it in the sediment fridge, not in the prep lab) 
• Rinse funnels and vials from the acid vat A (4BLK, 1SRM (0.500g) per every 


20 samples, 1BS @ MRL, Samples+ 1 sets of DUP, MS&MSD per 10 
samples) 


• Turn on the hot plate to 65°C with the thermometer in water (not in sand) 
• Decant the samples-if needed and not previously decanted. 
• Weigh out approximately 2.50g of samples. 
• Spike and add reagents 


*2mL 1M CuSO4, 10mL 18% KBr/ 5% H2SO4 


• Weigh your vials (with cap on) and record it in the Original column.   
• Add approximately 20g of DCM (methylene chloride).  (Next to DCM bottle, 


there’s 20mL vial with green tape.  Top of the tape is approximately 20g for 
DCM.) Crank the tops on so they won’t leak during the next step. Shake the 
vials. 


• Weigh the vials and record on the 2nd column of your Prep vials.  As you 
weigh, shake the vials! 


• Shake vials vigorously once and put it on the shaker table for 1 hour. (Best 
time to grab some lunch!) 


• While shaker is going for an hour, fold the phase separator paper, wash and 
label the 125mL bottles being careful to line up top of the tape to the faint 
line on the bottle.  This will be used later on as a guide to bring samples up 
to final volume.  With the caps on and label on, weigh the bottles and record 
on the prep sheet. 


• centrifuge for 15 min at 3200rpm.  
• Grab all the equipment and set it up in the hood. (Styrofoam bottle holder, 


125mL bottles, funnels, filters, garbage can, dirty bin, waste bucket with no 
soda ash!) 
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• Put the bottles in the holder, funnel on, and filter paper on. Filter the 
samples.  DCM can eat up the filters so as soon as it’s done dripping, take 
the funnel out.  Dispose the waste into the waste bucket, throw the filter 
paper into the garbage can and put the funnel into dirty bin with the vials.  
Close caps to 125mL bottle, reweigh and record. 


• Add a couple of boiling stones and 50mL of preheated DIW. (There’s EE 
tubes used to measure out 50mL)  Put the caps on lightly and at an angle 
(~45 degrees) and put it on the hot plate at 65°C with the water thermometer 
for 6 hours. 


• Bring it up to 100mL final volume.  Bottom of labeling tape is where 100mL 
is.  (Measured and proved that bottom of the tape is 100mL!) 
 
 
**The green waste goes into Satellite waste container in the Prep Lab on the 
left side of the fume hood** 


 
9.5 Holding times for sample preparations. 


9.5.1 Distillations:  Water and sediment distillates and distillates of biota 
digestates are stable for up to 48 hours if stored at room temperature and in the 
dark. Distillates must not be refrigerated or frozen. 


9.5.1.1 EPA Method 1630 specifies that distillates with a pH <3.5 must 
be discarded. BRL has found that good recoveries can still be obtained for 
these samples if an adequate pH is obtained prior to ethylation. This is 
done by adding extra buffer to the samples prior to analysis. The following 
procedure was instated to ensure proper pH is attained before analysis. 


9.5.1.1.1 The pH of all samples is tested using pH strips after 
prep. The pH of each distillate is recorded on the prep log. 


9.5.1.1.2 If the pH is 2.5 or less, 0.600 mL of acetate buffer 
should be added to the sample after it is weighed out into the 
analytical reaction vial. 


9.5.1.1.3 The buffered sample should be capped and shaken then 
0.050 mL removed for pH testing (via 4-6 pH strip). 


9.5.1.1.3.1 If the pH is 4 or higher, no further buffering is 
needed 


9.5.1.1.3.2 If the pH is less than 4, add 0.300 mL of 
acetate buffer and retest the pH. Repeat this step until pH 4 
is acquired. 


9.5.1.1.4 The analyst must record on the bench sheet the amount 
of acetate buffer added to the sample if it is more than 0.300 mL. 
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9.5.2 Extractions: Water and sediment extractions (once back extracted into 
water) are stable for up to 48 hours if stored at room temperature in the dark.  


9.5.2.1 The holding time limit for intermediate organic extraction (prior 
to back extraction) has been examined and was shown to be stable for up 
to one week. Currently, Brooks Rand Labs performs the entire extraction 
procedure within one day unless explicit approval is given in advance by 
the Lab Manager. 


10.0 Instrument Calibration and Sample Analysis 


10.1 Refer to EPA Method 1630, Sections 10.0, 11.0, and 12.0 for a detailed description 
of the analysis of samples and the calculation of results. 


10.2 Instrument Calibration:  BRL follows EPA method 1630, Section 10.0 for the 
instrument calibration with the same exceptions as for sample analysis. Standards, 
typically 0.5, 1, 2, 10, 50, 250, and 1000 pg MeHg are added into reaction vessels 
containing 40 mL of DIW and buffer. Two different buffer types are used, 300 µL of 2 M 
acetate buffer or 2 mL of citrate buffer. Only the ethylation blanks analyzed prior to the 
calibration standards are used for blank correcting the calibration and sample results. Any 
other ethylation blanks analyzed following the calibration standards are used only to 
check for carryover or other potential system contamination. 
 
10.3 Instrumental Analysis:  BRL has adopted the following modifications. 


 
For samples, add appropriate sample volumes plus DIW as necessary for a final volume 
of 40 mL (for sample preparation see Section 9 of this SOP). Some acid can be carried 
over during distillation causing some distillates may have low pH (< 4). In that event, 
follow instructions in section 9.5.1.1 to bring the final pH to 4 – 5.5, which is the 
optimum pH for ethylation. An aliquot of 50 μl of NaBEt4 is added, a squirt bottle of 
DIW is used to fill the vial until there is a convex meniscus, the sample is tightly capped, 
shaken, then placed in the appropriate position on the autoanalyzer.  
 


Note: Based on a study conducted at BRL, it has been determined that samples can be 
analyzed up to 4 days after ethylation and yield acceptable recoveries. Details 
of this study are saved on the server at  Curie\Lab\R&D\MeHg Autoanalyzer 
R&D\Ethylation Holding Time Study 


 
Place the samples in the autosampler. Under the “Automation” tab in Guru, make sure all 
settings are correct then press “Start Batch”. It will commence a 10 minute trap blanking 
cycle then begin to take up sample. 
 
Peak integration is begun in conjunction with the heating of the Tenax trap. The typical 
heating time for the MERX system is between 9 and 9.9 seconds. The organomercury 
species are desorbed and carried through the GC column that is held in an oven at 36 °C.  
The species elute in order of increasing molecular weight, pass through the pyrolitic 
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column, held at approximately 900 ºC at which point all organomercury species are 
converted into Hg(0), and detected by CVAFS.  The reaction vessels are used only once 
then discarded. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  A schematic diagram of the isothermal Gas chromatograph system 
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Quick MeHg MERX Analysis Guide 
 
Setting Up MERX before Analysis 


− Open Guru Template – It is suggested a template is created with the typical setting as 
well as the typical calibration curve entered in. 


− Save as Data (File   Save As Data) 
− Ensure purge and trap, GC and pyro, AFS, and autosampler are powered on. 


o NOTE: the detector should stay on all of the time or be turned on 24‐48 hours 
before using the instrument. 


− Connect  instruments to computer (Instrument   Connect;  then press Accept) 
− Turn gases on at regulator to 17 psi 


o In the Automation tab, there is a set of 3 check boxes to turn the gases on, click 
those boxes and check the gas flows at the rotometers. It should be at typical 
settings of: 


 Purge: 50 
 Dry: 30 
 GC: 35 


 
− Auto Zero the detector 
− Measure Noise (Instrument   Measure Noise) 
− Check run duration (5 min), purge duration(5 min), drying duration (3 min) and heating 


time (9.9 seconds) to make sure they are at the desired settings. (In the Batch 
Information tab, times listed) 


o For samples with surrogate n‐prHg spikes, a run duration of 7 minutes and a 
purge duration of 6 minutes should be used. 


− Set the number of vials to be analyzed (this can be adjusted while the system is 
analyzing). Also ensure that the first vial position number is correct (default is position 
1). 


− Put your prepared vials on the autosampler. **see instructions below. 
− Press Start Batch. 
− At this point you can continue to prepare samples to put on the autosampler or update 


the Run Information in Guru. 
 
Preparing vials for MeHg analysis on MERX 
Water samples prepared via Distillation 


• Add sample to vial (record exact amount of sample added, max volume of 30mL) 


• Add 0.300 mL of Acetate Buffer or appropriate amount for samples 


• Add 0.050 mL of NaBEt4 


• Bring up to volume with Reagent Water (use a squirt bottle) 


• Cap tightly 


• Invert rapidly to mix contents 
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Water samples for direct ethylation 


• Pipette 10 mL of sample into vial 


• Add 2 mL of citrate buffer 


• Add 50 pg of n‐propylmercury (0.050 mL of 1 ng/mL n‐prHg standard) 


• Dilute to ~40 mL with DIW 


• Add 0.050 mL NaBEt4 


• Bring up to volume with Reagent Water (use a squirt bottle) 


• Cap tightly 


• Invert rapidly to mix contents 


 
Biota or sediment samples 


• Add approximately 40 mL of Reagent Water to vial (exact amount doesn’t 
matter) 


• Add sample to vial (record exact amount of sample added) 


• Add 0.300 mL of Acetate Buffer or appropriate amount for samples 


• Add 0.050 mL of NaBEt4 


• Bring up to volume with Reagent Water (use a squirt bottle) 


• Cap tightly 


• Invert rapidly to mix contents 
 
 


11.0 Calculations 
 


BRL uses the following formulas for the calculation of monomethyl mercury in a given 
sample.  
 
11.1 Mean Calibration Coefficient: 
 


A calibration coefficient (CF) is calculated for each standard used in the calibration as 
follows: 
 


CF = CSpgMeHg / (CSPH – EBPH) 
 
Where CSpgMeHg is the calibration standard measured in picograms of methyl mercury, 
CSPH is the peak height obtained during the analysis of the standard, and EBPH is the 
mean peak height obtained during the analyses of all of the ethylation blanks that were 
analyzed prior to the calibration standards. The mean calibration coefficient (CFavg) is 
then calculated for all of the standards used in the calibration. 


 
11.2 Measured methyl mercury in the sample preparation: 
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The amount of methyl mercury present in the analyzed volume of the sample 
preparation is calculated using the equation: 
 


MeHgmeasured pg = (APH - EBPH) • CFavg 
 
Where APH is the peak height obtained during the analysis of the sample preparation. 


 
11.3 Total methyl mercury in the sample preparation: 
 


The total amount of methyl mercury present in the sample preparation is calculated 
using the equation: 


MeHgtotal pg = [(MeHgmeasured pg) / VA] •VD 
 
Where VD is the final dilution volume of the sample preparation in mL and VA is the 
volume analyzed of the sample preparation in mL. 


 
11.4 Concentration of methyl mercury in the sample: 


 
The final concentration of methyl mercury in the sample is calculated using the 
equation: 
 


MeHgconc = (MeHgtotal pg - MBtotal pg) / Vo 
 
Where MBtotal pg is the average total picograms of methyl mercury present in the 
method blanks and Vo is either the volume of the prepared sample measured in mL 
(aqueous samples) or the weight of the prepared sample measured in mg (solid 
samples). Therefore, the final concentration of methyl mercury in the sample is 
reported in units of ng/L for aqueous samples and in units of ng/g for solid samples. 
 


NOTE: The total picograms of methylmercury present in each method blank is 
calculated using the same formula used to calculate the total picograms of 
methyl mercury in the sample preparation. 


 
Sediment and soil results are typically dry weight corrected by dividing the wet weight 
result by the percent total solids result. Biota results are typically reported on a wet 
weight basis, but can be reported dry weight corrected upon request. 


 
11.5 Empirically derived correction factor 
 


BRL routinely recovery corrects results for distilled samples, as per EPA Draft Method 
1630, to account for the fact that the distillation procedure is not 100% efficient in 
recovering methyl mercury. Results are multiplied by an empirically derived correction 
factor that is based on the average recovery of the appropriate quality control sample 
(Laboratory Fortified Blanks for aqueous distillates and the certified reference material 
(CRM) BCR 580 (Marine Sediment) for sediment distillates). If an appropriate QCS 
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sample is not available, the correction factor is based on the average recovery of the 
spikes made to samples with a similar matrix to the sample of concern.   
 
The correction factor is calculated using the following equation: 
 


F = 100 / R 
 


Where F is the empirically derived correction factor and R is the running mean of the 
recoveries of the last 30 quality control samples or matrix spikes. The empirically 
derived correction factor is updated quarterly or any time that there is a significant 
change in performance. 


 
BRL does not use the IPR and CCV samples to calculate the correction factor since, 
unlike the client samples and quality control samples, these samples are not distilled.  
 
No correction factor is necessary for samples that are analyzed by direct ethylation. 


 
11.6 Surrogate spike correction 


 
11.6.1 Sample preps can be spiked with n-propylmercury that is used as surrogate 


spike. 
 


11.6.2 N-prHg concentrations are calculated in the same way as the MeHg in the 
samples. 
 


11.6.3 Soil and sediment samples can be corrected by the surrogate concentration 
by the following equation: 
 


Final MeHgconc f = MeHgconc i / Rn-prHg 
 


Where MeHgconc f  is the surrogate recovery corrected concentration. MeHgconc I is the 
initial concentration of MeHg before recovery correction. Rn-prHg is the percent recovery 
of the n-propylmercury expressed as a decimal.  
 
Percent recovery of n-prHg is determined by the following equation: 
 


    Percent Recovery = (spiked sample result (conc.)) / (amount spiked) 
 
 


12.0 Quality Control 
 


12.1 Refer to EPA Method 1630, Section 9.0 for a detailed description of the quality 
control procedures employed at BRL for this method. 
 
12.2 All quality control data should be maintained and available for easy reference 
and/or inspection. 
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12.3 Each analyst must perform an initial demonstration of capability (IDOC) for the 
analysis of methyl mercury prior to the analysis of any client samples. The IDOC consists 
of an initial precision and recovery (IPR) study following the procedure in EPA Draft 
Method 1630, Section 9.2.2. The acceptance criteria and run sequence for the IDOC can 
be found in Table 3 in Section 17 of this SOP.  
 
12.4 Calibration data must be composed of a minimum of 1 ethylation blank (BRL 
analyzes 3 ethylation blanks prior to analyzing the calibration standards) and a minimum 
of 5, preferably 7, standards (See Section 7.3 and 10.2 of this SOP for the standards used 
to calibrate instruments at BRL). Such a calibration should be run daily, prior to analysis, 
or whenever stock standards have been remade, conditions have changed, or initial 
calibration check (ICV) or ongoing precision and recovery (CCV) as defined in Section 
12.5 do not yield acceptable recoveries. 
 
12.5 The CCV solution prepared by spiking the reaction vessel with 25 pg methyl 
mercury using the calibration standard and followed by an ethylation blank must be 
analyzed after every 10 client samples and at the end of the analysis of each analytical 
batch. Additionally, BRL analyzes an independent calibration check (ICV) solution 
prepared by performing a KOH/Methanol digest of the certified reference material NIST 
1946 (Refer to Section 7.3.6) and spiking this solution directly into the reaction vessel 
prior to the analysis of each analytical batch. The criterion for the recovery of the CCV 
solution is 67-133% and the recovery criterion for the recovery of the ICV solution is 80-
120%. All ethylation blanks must contain no more than the level of methyl mercury 
found in the low calibration standard. 
 
12.6 Matrix spike/matrix spike duplicate (MS/MSD) analysis should be performed once 
per every 10 client samples or once per batch, whichever is greater. A matrix spike 
sample is defined as an aliquot of homogenized sample that has a known amount of 
analyte added to it. The target spiking concentration is 2 – 5 times the level of the native 
sample. If there is no historic data on which to base the spike concentration, then the 
following default spiking levels should be used: 
 
  Aqueous Samples: 1 ng/L  
  Sediment Samples: 2 ng/g  
  Fish Samples:  750 ng/g  
  Other Biota:  200  ng/g 
 
The matrix spike sample is processed through the entire preparation and analytical 
procedure. Bias is then determined by calculating the percent recovery of the known 
amount using the following formula: 


   
  Percent Recovery = 100 ∗ (spiked sample result (conc.) - sample result (conc.)) / (amount spiked) 
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The criterion for spike recovery is determined by control charts and is different for each 
matrix type. The specific matrix spike recovery criteria for each matrix type and 
preparation procedure can be found in Tables 5 and 6 in Section 17 of this SOP. 
 
The relative percent difference between the MS and the MSD is calculated using the 
following formula: 
 


RPD = 200 • (│MS-MSD│) / (MS + MSD) 
 
The RPD for the MS/MSD pair must meet the criterion for each of the matrix types found 
in Tables 5 and 6 in Section 17 of this SOP. 
 
12.7 Method duplicates are prepared and analyzed upon client request. For solid matrices 
method duplicates should be performed in conjunction with the MS/MSD samples and 
whenever the heterogeneity of a sample is deemed great enough that it may cause 
problems with the analysis of the sample. The relative percent difference (RPD) between 
duplicate samples is calculated using the same formula as used to calculate the RPD 
between the MS and MSD samples. The specific RPD criteria for each matrix type and 
preparation procedure can be found in Tables 5 and 6 in Section 17 of this SOP. If the 
acceptance criterion for duplicate analysis is not met for either samples or matrix spike 
samples, then the system performance is unacceptable. Associated samples must be 
qualified or the problem must be corrected and the samples reanalyzed. 
 
12.8 Field duplicates are analyzed at the client’s discretion. The acceptance criterion for 
field duplicate analysis is the same as that used for method duplicate analysis. The client 
must be notified immediately anytime that the acceptance criterion for field duplicates is 
not met. 
 
12.9 Four method blanks (MB) should be prepared and analyzed with each batch. For 
water distillation batches, the method blanks are prepared using reagent water acidified to 
0.4% HCl in order to simulate the preservation of the samples. For sediment and biota 
batches, the method blanks are prepared just using the reagents. All method blank results 
must meet the acceptance criteria set forth in Tables 5 and 6 of Section 17. 
 
12.10 Blank spikes (BS) are prepared and analyzed with each distillation batch at a 
minimum frequency of one per batch. BSs are prepared by spiking a method blank 
sample with the calibration standard at a concentration of approximately 1.0 ng/L. The 
BS is then distilled as per an aqueous sample. The acceptance criterion for the recovery 
of the BS (recovery corrected) is identical to the acceptance criterion for the recovery of 
CCV samples.   
 
12.11 Appropriate certified reference materials (CRM) for MeHg are prepared for all 
batches containing tissue or sediment samples. It is BRL policy to prepare one CRM with 
every solid batch. Two entirely different CRMs may be prepared if different matrix types 
are analyzed together. Criteria for CRM recoveries are determined by control charts. If 
control charts are not available then CRM results should be within 35% of the certified 
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value (following recovery correction) for the analysis to be considered valid. CRM 
accuracy results not meeting this criterion shall be reprepared and reanalyzed or qualified 
at the discretion of the Laboratory Director. Currently, there are not any water based 
CRMs available. 
 
12.12 Surrogate spikes are used to evaluate the efficiency of the procedure. Surrogates 
must be performed in every sample if direct ethylation is performed. They also may be 
used with sediment batches to efficiency correct the data. Refer to Tables 5 and 6 for 
acceptance criteria regarding surrogate spike recoveries. 


 
 


13.0 Method Performance 
 


13.1 Refer to EPA Method 1630, section 13.0, for information regarding the verification 
of this method.  
 
13.2 The detection limits reported in Table 1 were achieved by performing a full MDL 
study as described in 40 CFR 136, Appendix B. The warning and control limits listed in 
Table 2 show the limits achievable at BRL. 


 
 
14.0 Pollution Prevention  
 


14.1 Refer to EPA Method 1630, section 14.0, for EPA recommendations regarding 
pollution prevention techniques.  
 
14.2 Whenever feasible, lab personnel should use pollution prevention techniques to 
limit waste generation. The cost involved in purifying acids makes such recycling 
unpractical at BRL. Instead, every effort is made to reduce volumes necessary to still 
produce the best possible results. When making standards, they should be prepared in 
volumes consistent with their use in the laboratory to minimize the volume of expired 
standards to be disposed. 


 
 
15.0 Waste Management 
 


15.1 Refer to EPA Method 1630, section 15.0, for information and references related to 
managing waste produced by application of this method. 
 
15.2 All waste is disposed of in accordance with state and federal regulations either by 
sewer disposal (only if concentrations are below the King County sewer limits) or 
through a licensed and bonded hazardous waste disposal facility such as Philips Services. 
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17.0 Tables and Benchsheets 
 
Table 1 Current method detection limits and minimum levels determined at BRL for the 


analysis of methyl mercury using EPA Method 1630 
 


Matrix 
 


Preparation Method 
Method Detection 


Limit (MDL)1 
Minimum Level 


(ML) 
Water Distillation 0.020 ng/L 0.050 ng/L 


Water (ultra-low) Distillation 0.010 ng/L 0.025 ng/L 
Sediment/Sludge Extraction 0.008 ng/g 0.025 ng/g 


Biota Digestion 1.0 ng/g 3.0 ng/g 
Biota Digestion/Distillation 0.07 ng/g 0.20 ng/g 


   NOTES: 
1. MDL as determined by the procedure 40 CFR Part 136, Appendix B. 
 MDL and ML reported here for distillations are for recovery corrected results. 
2. The ultra-low method requires rigorously cleaned distillation vials and a lower calibration 


achievable only on the auto-analyzer system. 
 
 


Table 2 Summary of recent control chart data ending December 2010 (minimum of 30 data 
points) for the analysis of methyl mercury using EPA Method 1630 


QA 
Sample 


 
Matrix 


Mean1 
Recovery (%) 


Warning Limit (%) 
Mean ± 2 StDev  


Control Limit (%) 
Mean ± 3 StDev 


     


ICV ALL 98 80 - 116 70 - 125 
CCV ALL 102 87 - 118 79 - 125 


     


Matrix Spikes Water 106 84 - 128 73 - 139 
Matrix Spikes2 Sed/Sludge 93 67 - 119 54 - 132 
Matrix Spike Biota 115 96 - 133 87 - 143 


     


BS Water 97 70 - 125 56 - 138 
CRM2,3 Sed/Sludge 92 73 - 111 64 - 121 
CRM5 Biota 89 73 - 105 65 - 113 


     


QA 
Sample 


 
Matrix 


Mean 
RPD 


Warning Limit (%) 
Mean ± 2 StDev  


Control Limit (%) 
Mean ± 3 StDev 


     


Duplicates Water 6 20 26 
Duplicates2 Sed/Sludge 9 25 32 
Duplicates Biota 10 23 30 


     


NOTES: 
1. Recoveries for distillations (water samples) have been recovery corrected using an empirically 


derived correction factor. 
2. Control limits for sediments prepared by DCM extraction. 
3. SQC-1238 (Sediment) is the CRM used for sediments. Use of this SRM began in August 


2010. Control charts were generated from that time up to April 2011. 
4. DORM-3 (Dogfish Muscle) is the CRM used for most biota samples. 
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Table 3  Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Initial Demonstration of Capability for the Analysis of Methyl Mercury 


Run Run Name Section Name Analyze Requirements 
     


1 
2 
3 


Rinse 
Rinse 
Rinse 


Blanking Equipment 
DIW + analytical 


reagents n/a 


4 
5 
6 


IBL 
IBL 
IBL 


Calibration 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 


≤ the MRL 


7 
8 
9 


10 
11 
12 
13 


0.5 pg std 
1 pg std 
2 pg std 


10 pg std 
50 pg std 
250 pg std 


1000 pg std 


Calibration1 


0.5 pg std 
1 pg std 
2 pg std 


10 pg std 
50 pg std 
250 pg std 


1000 pg std 


RSD of Avg. CF ≤ 15% 
Recovery of Low Standard 65-135% 


14 ICV Independent Calibration 
Verification ~30 pg Recovery 80-120% 


15 
16 
17 
18 
19 
20 


Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 


 
 
 


Contamination Check 


Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 


≤ the MRL 


21 
22 
23 
24 
25 
26 
27 


MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 
MDL sample 


Method Detection Limit2,3 


Appropriate 
matrix spiked at a 


level of 1 – 5 
times the 


expected MDL 


Calculated MDL no greater  
than 5 times the spike level  


28 CCV std (25pg) Continuing Calibration 
Verification 25 pg Recovery 67-133% 


29 Ethylation Blank Contamination Check Ethylation Blank ≤ the MRL 
30 
31 
32 
33 


IPR std  
IPR std  
IPR std  
IPR std  


Initial Precision and 
Recovery 


 
ICV solution 


Ave. recovery 69-131%, RSD ≤ 31% 


34 CCV std (25pg) Continuing Calibration 
Verification 


25 pg Recovery 67-133% 


35 Ethylation Blank Contamination Check Ethylation Blank ≤ the MRL 
 


NOTES: 
1. All standards and samples are corrected for mean ethylation blank. Lower calibrations 


can be achieved as long as ethylation blank criteria are still met. 
2. All samples are corrected for mean method blank. 
3. Distilled samples are recovery corrected prior to calculating the MDL. 
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Table 4  Quality Control Acceptance Criteria and General Analytical Run Sequence for the 
Analysis of Methyl Mercury 


RUN Analyze Description Requirements 
1 
2 
3 


Rinse 
Rinse 
Rinse 


DIW + analytical reagents n/a 


4 
5 
6 


IBL 
IBL 
IBL 


Contamination Check ≤ the MRL 


7 
8 
9 
10 
11 
12 
13 


0.5 pg std 
1 pg std 
2 pg std 


10 pg std 
50 pg std 
250 pg std 
1000 pg std 


Calibration 
Curve1 


RSD of Avg. CF ≤ 15% 
Recovery of Low Standard 65-135% 


14 
ICV (independent calib. verific.)  


(prepared with NIST 1946; around 30 pg 
MeHg) 


Precision and Recovery 80 – 120% recovery 


15 
16 
17 
18 
19 
20 


Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 
Ethylation Blank 


Contamination Check ≤ the MRL 


21 
22 
23 
24 


Method Blank 1 (MB-1) 
Method Blank 2 (MB-2) 
Method Blank 3 (MB-3) 
Method Blank 4 (MB-4) 


Contamination Check Refer to specific water and solid 
criteria found in Tables 5 and 6. 


Next Known Blanks Trip, Field, or Equipment Blanks Result < ML or < 1/5th associated sample results 


Next BS or CRM Precision and Recovery 
Rec = 70 – 130%3 for aqueous, 


Rec = 65 – 135% for sediment samples, and  
Rec = 65-135% for biota samples 


Next Sample 012 
Sample 01MD 


Native Sample 
Duplicate Sample 


RPD ≤ 35% or ±MRL for aqueous samples and ±2xMRL 
for solids if results are ≤5xMRL 


Next Sample 01MS 
Sample 01MSD 


Matrix Spike 
Matrix Spike Duplicate 


Rec = 65 – 135%3 for aqueous; 
Rec = 65 – 135% for sediment and biota samples;  


RPD ≤ 35% 


Next 


Sample 02 
 


through 
 


Sample 10 


Client Sample  


Next CCV std (25 pg) Continuing Calibration Check 67 – 133% recovery 


Next Ethylation Blank Contamination Check ≤ the MRL 


Next Sample 11MS 
Sample 11MSD 


Matrix Spike 
Matrix Spike Duplicate 


Rec = 65 – 135%3 for aqueous; 
Rec = 65 – 135% for sediment and biota samples;  


RPD ≤ 35% 


Next 


Sample 12 
 


through 
 


Sample 20 


Client Sample  


Last CCV std (25 pg) Continuing Calibration Check 67 – 133% recovery 


Next Ethylation Blank Contamination Check ≤ the MRL 
NOTES: 
1. The calibration curve may be adjusted depending on the expected range of samples (i.e. seds and biota 10pg-5000pg). Lower 


calibrations can be achieved as long as ethylation blank criteria are still met. 
2. Any known field or equipment blanks should not be spiked and should be analyzed prior to other samples. The acceptance criterion 


for these samples is a result < the ML. 
3. Recovery corrected. 
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Table 5 Quality Control Acceptance Criteria and Corrective Action Guidelines for the Analysis 
of Methyl Mercury in Aqueous Samples by Distillation or Direct Ethylation 
 


QC Sample 
 


Measure 
Minimum 
Frequency 


 
Criteria 


 
Corrective Action 


Ethylation Blank Contamination 
from bubblers 


4 prior to calib.; 
following calib. 


and end of 
batch 


≤ the MRL 
Clean and test bubblers until 


criteria met prior to any 
analysis 


Calibration 
Standards 


Acceptability of 
the Calibration 


Curve 


Daily, prior to 
analysis of 
samples or 


whenever the 
CCV fails 


RSD of response 
factors ≤ 15%; 


Recovery of Low 
Standard = 
65 – 135% 


Reanalyze suspect calibration 
standard. If criteria still not 
met, then remake standards 


and recalibrate the instrument 


Independent Calib. 
Ver. (ICV) 


 
Continuing Calib. 


Ver. (CCV) 


Accuracy 


Following Cal.; 
Beginning and 


end and 
1 per 10 sample 


preparations 


ICV 
Rec. = 80-120% 


 
CCV 


Rec. = 67-133% 


Correct problem (recalibrate, 
remake standard, etc.) and 


reanalyze ICV/CCV. If criteria 
met, reanalyze samples 


backwards (if possible) until 2 
consecutive results with RPD 


≤ 20% 


Carryover Check 
Ethylation Blank 


Contamination 
due to carryover 


in the bubbler/trap 


Following any 
unusually high 


result and CCV. 
Currently 


≥ 2x the high 
standard 


≤ the MRL 


Clean and continue to test 
bubbler/trap combo until 


criteria met prior to further 
use. Reanalyze samples that 


were analyzed in same 
bubbler/trap following high 


result 


Method Blank 
Contamination 


from reagents, lab 
ware, etc. 


4 per batch 


Avg ≤ 0.045 ng/L 
StDev ≤ 0.015 


ng/L or < 1/10th of 
associated samples 


Correct problem. All samples 
associated with a 


contaminated method blank 
must be reanalyzed. 


Blank Spike 
(BS) Accuracy 1 per 20 


samples 


Recovery = 
70 – 130%*; 
RPD ≤ 30% 


Reanalyze remaining volume. 
Correct problem prior to 


continuing analysis 


Matrix Spike/Spike 
Duplicate 


Accuracy and 
Precision within a 


given matrix 


1 per 10 client 
samples 


Recovery = 
65 – 135%*; 
RPD ≤ 35% 


If recoveries similar but fail 
recovery criteria, an 


interference is present in the 
sample and the result must be 


qualified. 
If RPD criteria not met, then 
the system is not in control. 


Correct problem and reanalyze 
all associated samples. 


Method Duplicates Precision Per client 
request 


RPD ≤ 35% or      
± MRL if sample     


< 5x MRL 


Correct problem and reanalyze 
all associated samples. 


Surrogate Spike  Efficiency 
Every sample 
analyzed via 


direct ethylation 
Recovery 70-130% 


Reanalyze at the same or less 
volume; do perform an MS on 


the sample. 
* Recovery Criteria for Matrix Spikes and BS samples are based on recovery corrected results. 
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 Table 6 Quality Control Acceptance Criteria and Corrective Action Guidelines for the Analysis 
of Methyl Mercury in Solid Samples by Distillation, Extraction, and/or Digestion 


 
QC Sample 


 
Measure 


Minimum 
Frequency 


 
Criteria 


 
Corrective Action 


Ethylation Blank Contamination 
from bubblers 


4 prior to calib.; 
following calib. 


and end of 
batch 


≤ the MRL Clean and test bubblers until 
criteria met prior to any analysis 


Calibration 
Standards 


Acceptability of 
the Calibration 


Curve 


Daily, prior to 
analysis of 
samples or 


whenever the 
CCV fails 


RSD of response 
factors ≤ 15%; 


Recovery of Low 
Standard = 
65 – 135% 


Reanalyze suspect calibration 
standard. If criteria still not met, 


then remake standards and 
recalibrate the instrument 


Independent Calib. 
Ver. (ICV) 


 
Continuing Calib. 


Ver. (CCV) 


Accuracy 


Following Cal.; 
Beginning and 


end and 
1 per 10 sample 


preparations 


ICV 
Rec. = 80-120% 


 
CCV 


Rec. = 67-133% 


Correct problem (recalibrate, 
remake standard, etc.) and 


reanalyze ICV/CCV. If criteria 
met, reanalyze samples 


backwards (if possible) until 2 
consecutive results with RPD ≤ 


20% 


Carryover Check 
Ethylation Blank 


Contamination due 
to carryover in the 


bubbler/trap 


Following any 
unusually high 


result. 
Currently 


≥ 2x the high 
standard 


≤ the MRL before 
further analysis of 
samples on same 


bubbler/trap 


Clean and continue to test 
bubbler/trap combo until criteria 


met prior to further use. 
Reanalyze samples that were 
analyzed in same bubbler/trap 


following high result 


Method Blank 
Contamination 


from reagents, lab 
ware, etc. 


4 per batch 


Avg ≤ 2 x MDL 
StD ≤ 2/3rd MDL 


or < 1/10th of 
associated samples 


Correct problem. All samples 
associated with a contaminated 


method blank must be reanalyzed. 


Certified Reference 
Material (CRM) Accuracy 1 per 20 


samples 


Soil 
Rec=65-135% 


Biota 
Rec=65-135%* 


Correct problem prior to 
continuing analysis 


Matrix Spike/Spike 
Duplicate 


Accuracy and 
Precision within a 


given matrix 


1 per 10 client 
samples 


Soil 
Rec=65-135%; 


RPD ≤ 35% 
 


Biota 
Rec=65-135%*; 


RPD ≤ 35% 


If recoveries similar but fail 
recovery criteria, an interference 
is present in the sample and the 


result must be qualified. 
If RPD criteria not met, then the 
system is not in control. Correct 


problem and reanalyze all 
associated samples. 


Method Duplicate Precision within a 
given matrix 


In association 
with MS/MSD 


RPD ≤ 35% or      
± 2x MRL if 


sample < 5x MRL 


If RPD criteria not met, then the 
system is not in control. Correct 


problem and reanalyze all 
associated samples. 


Surrogate Spike**  Efficiency 


Every sample 
analyzed via 


direct 
ethylation 


If recovery 50-
150%, then sample 


results are 
corrected for the 


surrogate 
recovery. 


Reanalyze at the same or less 
volume; perform an MS on the 


sample. 


* Recovery Criteria for Distilled Matrix Spikes and CRM samples are based on recovery corrected results. 
** If surrogate spikes are performed, then the following criteria is applied. 
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Figure 3 Examples of Typical Chromatograms Generated by the Mercury Guru Software 


During the Analysis of Methyl Mercury Using EPA Method 1630 
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Prepped By: SOP/Rev #: 
Prep Date: Batch: 


Sample ID
Sample Mass 


(g) Slot # Time On Time Off pH Sample ID
Sample Mass 


(g) Slot # Time On Time Off pH


Batch QC ID Source


Spike 
vol 
(uL)


Spike 
Witness


Comments:


ID


Brooks Rand Labs
MMHg Water Prep Benchsheet


Reagent


0.2 mL KCL/      
L-cysteine


BR-0011 / _____


0.5 mL  H2SO4


Balance ID


Hot Block Temp


Final Dilution Vol


Spike IDSpike conc (ng/mL)


HCl
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Brooks Rand Labs
MMHg Biota Prep Benchsheet


SOP/Rev
Prepped By: Batch: 
Preparation Start Date/Time*: Preparation End Date/Time**:
* Time is when the first reagents are added. ** Time is when the last sample is brought upto volume


Sample ID
Sample 
Mass (g) Sample ID


Sample 
Mass (g) Sample ID


Sample 
Mass (g)


Batch QC ID
Sample 
Source


Spike 
vol (uL)


Spike conc 
(ng/mL) Spike/CRM ID


Spike 
Wit-
ness Target Temp/Time: 65 C/4 hours


Oven ID:
Oven Temp  


(measured / corrected):                 /
time on:


time off:


Balance ID:


Thermometer ID:Final Dilution 
Volume:


Reagent Comments:
1 mL KOH/Me


Methanol


ID


BR-0011 Rev _____
Example Log 
Example Log 
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MMHg Sed/Soil Prep Benchsheet SOP / Revision #: BR-0011 Rev __________
Prepped By: Batch:
Preparation Start Date/Time*: Preparation End Date/Time**:
* Time is when the first reagents are added. ** Time is when the last sample is brought upto volume


Sample ID Sample mass (g) Original vial (g) vial plus DCM (g)
EXINFO 1 EXTRACT. 


DCM (g)
EXINFO 2 Empty 


Bottle (g)
EXINFO 3    Bottle + 


DCM (g)
Recovered DCM (for 


LIMS calcs) Rec. DCM/ext. DCM


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!


0.000 0.000 #DIV/0!
Reagent ID


Batch QC ID Sample Source Spike vol (uL)
Spike conc 


(ng/mL) Spike/CRM ID Spike Witness CuSO4


BS1 63 1.0 KBr/H2SO4


MS/MSD1 DCM


MS/MSD2 Balance ID:                      


MS/MSD3 Thermometer ID:


SRM1/2 SQC-1238
(measured / 


corrected):                      /
Date/Time On:


Date/Time Off:


Final Dilution Vol:


Brooks Rand Labs


 
 
 
 
 
 
 
 


Example Log 
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(Example Log) MeHg-Autoanalyzer Analysis Sheet Page 1 of ____ 
 


Sequence:  Batch:  Analyst:  
 


Instrument ID#:  Standards:1 ng/mL:  0.01 ng/mL:  
 


Date:  Buffer:  NaBEt4:  
 


    ICV:  
 


 
 


Run/ 
Vial 


Position 


 
Sample ID 


Analyzed 
volume 
(mL) 


 
Dilution 
Factor 


 
Comments 


NaBEt4 ID and time out 


 1 EB-1 ---   
 2 EB-2 ---   
 3 EB-3 ---   
 4 CB-1 ---   
 5 CB-2 ---   
 6 CB-3 ---   
 7 0.5 pg 0.050  0.01 ng/mL 
 8 1 pg 0.100  0.01 ng/mL 
 9 2 pg 0.200  0.01 ng/mL 
 10 10 pg 1.00  0.01 ng/mL 
 11 50 pg 0.050  1.0 ng/mL 
 12 250 pg 0.250  1.0 ng/mL 
 13 1000 pg 1.00  1.0 ng/mL 
 14 ICV 0.030  NIST 1946 
 15 CCB-1 ---   
 16 CCB-2 ---   
 17 CCB-3 ---   
      
      
      
      
      
      
      


 
Comments:  
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(Example Log) MeHg Analysis Sheet Page ____ of ____ 
 


Sequence:  Analyst:  Date:  
 


 
 


Run/ 
Vial 


Position 


 
Sample ID 


Analyzed 
volume 
(mL) 


 
Dilution 
Factor 


 
Comments 


NaBEt4 ID and time out 


      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
 
Comments:  
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Appendix A: Brooks Rand Labs’ Procedure for EPA Draft Method 1630 (01/01) 
 


Differences Between EPA Method 1630 and Brooks Rand Labs SOP #BR-0011 
 
The following differences exist between EPA Method 1630 (with relevant sections marked in 
boldface) and the practices employed by Brooks Rand Labs (SOP #BR-0011): 
 
 
• Section 1.1 of EPA Draft Method 1630 (hitherto referred to as simply 1630) states that the 


scope of the method is for the determination of methyl mercury in aqueous samples. Brooks 
Rand Labs has made use of several peer reviewed papers to expand the scope of the method 
to include sediment and biota. Therefore, any description of the preparation or analysis of 
sediment or biota samples found in this SOP will NOT be found in 1630 and should be 
considered a difference. 


 
• According to 1630, Carbotraps® are heated for 45 seconds at a temperature of 450-500 ºC 


(Section 6.5.4). Brooks Rand Labs uses Tenax traps instead of Carbotraps®. The Tenax traps 
are heated for 30 seconds at a temperature of 200 ºC. 


 
• 1630 describes the GC column as being 1 meter long (Section 6.5.6.1); whereas, the GC 


column used at Brooks Rand Labs is 50 cm long. 
 
• Section 6.5.6.4 of 1630 states that the GC column should be heated to a temperature of 110 


ºC (± 2 ºC). At Brooks Rand Labs the GC column is set at a temperature of 90-105 ºC. 
 
• Section 7.8 of 1630 states that frozen ethylation reagent (NaBEt4) is good for one week. 


Brooks Rand Labs has found frozen NaBEt4 to be stable for up to one month as long as it has 
not been thawed.   


 
• Sections 9.4.1, 10.1.1.2, 11.2.1, and 11.2.2 of 1630 state that the bubblers with ethylation 


blanks, standards, and samples should have 300 µL of acetate buffer and 40 µL of NaBEt4 
added to them prior to purging. Brooks Rand Labs adds the 300 µL of acetate buffer, but 
adds 50 µL of NaBEt4. 


 
• The calibration standards used in 1630 are listed, in order of analysis, as 5 pg, 50 pg, 100 pg, 


200 pg, and 1000 pg (Section 10.1.1.2). Brooks Rand Labs calibrates the instrument using 
the following standards: 2 pg, 10 pg, 50 pg, 250 pg, and 1000 pg. 


 
• Section 11.1.1 of 1630 makes no mention of adding additional H2SO4 to the sample prior to 


distillation. Brooks Rand Labs routinely adds 0.5 mL of 9M H2SO4 to each distillation vial 
prior to beginning the distillation. 


 
• Section 11.1.1 of 1630 states that 200 µL of 1% APDC solution is used as the chelator and is 


added to the distillation vial just prior to beginning the distillation. Brooks Rand Labs uses a 
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20% KCl / 0.2% L-Cysteine solution as the chelator and adds 200 µL of this solution to the 
distillation vial. 


 
• 1630 states that once the sample preparation and all of the reagents have been added to the 


reaction vessel (bubbler), they should be allowed to react for 17 minutes so that all of the 
methyl mercury is converted to volatile methylethyl mercury prior to purging (Sections 
10.1.1.2 and 11.2.4). Brooks Rand Labs has found that 15 minutes are sufficient for this 
process. 


 
• 1630 states that the bubbler contents should be purged onto the trap for 17 minutes (Section 


11.2.5). Brooks Rand Labs has found that 15 minutes are sufficient for this process. 
 
• Following purging, 1630 states that any adsorbed water should be removed from the 


Carbotraps® by drying the trap for 7 minutes with N2 gas (Section 11.2.6). Brooks Rand Labs 
has found that 5 minutes is sufficient for drying the Tenax traps. 
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Appendix B: Manual MeHg Analysis 
 
INSTRUMENT CALIBRATION AND SAMPLE ANALYSIS 


 
Instrument Calibration:  BRL follows EPA method 1630, Section 10.0 for the instrument 
calibration with the same exceptions as for sample analysis. Standards, typically 2, 10, 
50, 250, and 1000 pg MeHg are added into reaction vessels containing 50-75 mL of DIW 
and 300 µL of 2M acetate buffer. 


 
Instrumental Analysis:  BRL has adopted the following modifications. 


 
For samples, add appropriate sample volumes plus DIW as necessary for a final bubbler 
volume of 50 mL to 75 mL (for sample preparation see Section 7 of this SOP). Some acid 
can be carried over during distillation causing some distillates may have low pH (< 4). In 
that event, up to 1 mL of acetate buffer should be added to bring the final pH to 4 – 5.5, 
which is the optimum pH for ethylation. An aliquot of 50 μl of NaBEt4 is added, the 4-
way valve-cap inserted and clamped, and the vessel swirled to wash any droplets back 
into solution. Allow the mixture to react without purging for 15 minutes.   
 
Place a trapping column on the bubbler with the kinked side toward the bubbler. It is best 
to load the kinked side then reverse the flow into the GC column so the trapped species 
do not have to flow all the way through the Tenax trap.  The bubbler is then purged with 
N2 at a flow rate of 250 mL⋅min-1 (rotometer set at 35) for 15 minutes. The 
organomercury compounds are swept from solution and collected onto the trapping 
column. Then the trap is taken off and hooked directly to the gas-line for 5 minutes, to 
remove water condensation from the trap. Afterwards, connect the trapping column in-
line with the GC column with the kinked side toward the GC. 
 
When using a Tenax trap, special attention must be paid to the orientation of the trap. The 
trap is placed so that the end facing the bubbler output is now facing the GC column 
input to avoid the organomercury species passing through the entire length of the heating 
trap column and decomposing to Hg(0) (Liang, Bloom, and Bloom 1994). Under a argon 
flow rate of 45 mL⋅min-1 (rotometer set at 45), apply appropriate voltage to the coil 
around the column so that the column reaches 200 °C from room temperature within 30 
seconds. Peak integration is begun in conjunction with the heating of the trap. The 
organomercury species are desorbed and carried through the GC column that is held in an 
oven at 90-105 °C. The species elute in order of increasing molecular weight, pass 
through the pyrolitic column, held at approximately 900 °C at which point all 
organomercury species are converted into Hg(0), and detected by CVAFS. The 
sparging/reaction vessels must be triple rinsed with DIW after each use to flush out 
reaction by-products that can interfere with subsequent purgings. 
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Microscale Solvent Extraction (MSE) 


 
References:  EPA Method 3570, Test Methods for Evaluating Solid Waste, SW-846, November 2002, 


Revision 0, (USEPA, Office of Solid Waste and Emergency Response, Washington, DC). 
 
  Method 3500B, Test Methods for Evaluating Solid Waste, SW-846, Third Edition, Final 


Update III, December 1996, Revision 2, (USEPA, Office of Solid Waste and Emergency 
Response, Washington, DC) 


 
Method 8081B, Reference: SW-846, Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods, EPA SW-846, Update IV, February 2007. 


Method 8082A, Reference: SW-846, Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods, EPA SW-846, Update IV, February 2007. 


Method 8270D, Reference: SW-846, Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods, EPA SW-846, Update IV, February 2007 


 
 


1. Scope and Application 


Matrices: This method is applicable to solid samples (soils, sludges, tissues, sediments, and 
solids). 


Definitions:  Refer to Alpha Analytical Quality Manual. 


This method is recommended for the extraction of the organic compound classes in solids. This 
method may be used on a project specific basis as determined by the Project Manager and the 
Laboratory Director. This method is appropriate when the sample size maybe limited due to 
uncontrollable factors. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of trained analysts.  Each analyst must 
demonstrate the ability to generate acceptable results with this method by performing an initial 
demonstration of capability, analyzing a proficiency test sample and completing the record of 
training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


 


2. Summary of Method 


Samples are weighed on an appropriate balance (analytical or top loading), spiked with surrogate, 
and prepared by shake or spin extraction with an organic solvent in a sealed vessel. Sample extracts 







Alpha Analytical, Inc.  ID No.:2172   
Facility: Mansfield                                            Revision 2 
Department: Organic Extractions  Published Date:3/2/2012 4:46:18 PM  
Title:  Microscale Solvent Extraction  Page 2 of 10  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: OP-016 Issue 5 Rev 1 


are dried and concentrated using either the Kuderna-Danish (K-D) or TurboVap method, and brought 
to the appropriate analytical final volume. 


2.1 Method Modifications from Reference 


2.1.1 Acetone is used as the first extraction solvent. 


2.1.2 Extraction time is reduced from three 4 hour extractions, to one 30 minute, one 4 hour 
and one 1 hour extraction. 


 


3. Reporting Limits 


Refer to analytical SOPs for Reporting Limit information. 


 


4. Interferences 


4.1 Solvents, reagents and glassware may introduce interferences. These must be 
demonstrated to be free of interferences by the analysis of a method blank. See the 
Reagent, Solvent and Standard Control SOP (G-008) and Laboratory Glassware Cleaning 
SOP (G-002), for additional details. 


4.2 Many interferences can be removed by sample cleanup. Other cleanup methods performed 
include the following: Alumina Column Cleanup of Organic Extracts (OP-009), Sulfur 
Cleanup (OP-007), Sulfuric Acid (OP-010), and GPC Cleanup (OP-006). Only appropriate 
cleanup techniques must be performed based on the suspected interference and the 
compounds of interest.  For example, sulfuric acid cleanup is not applicable to samples 
requiring pesticide analysis because this rigorous cleanup will destroy the majority of 
pesticides.   


4.3 Soapy residue may result in basic conditions on glassware and may cause degradation of 
the pesticides Aldrin and Heptachlor, and some organophosphorous pesticides. All 
glassware must be rinsed thoroughly with deionized water and solvent to remove soapy 
residue. See the Laboratory Glassware Cleaning SOP (G-002), for additional details. 


4.4 Phthalate esters can be a major source of contamination if any material containing 
plasticizers (phthalates) comes in contact with the sample during the extraction process. 
Use of plastic or any material containing plasticizers (phthalates) should be avoided during 
extraction, cleanup, or analysis. 


 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


5.1 Lab coats, safety glasses, and gloves must be worn when handling samples, extracts, 
standards or solvents and when washing glassware. 
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5.2 All extract concentration steps must be performed in the extraction hoods. All solvent and 
extract transfers must also be handled in the hood. 


5.3 All expired stock standards, working standards, and spent sample extracts must be placed into 
the waste bucket in the lab, for future disposal by the Hazardous Waste Manager.  The 
container must be properly labeled with hazard warning labels indicating the container 
contents.  


5.4 Bottles containing flammable solvents must be stored in the flammables cabinet or in the 
vented cabinets found under the hoods. 


5.5 All waste solvents must be transferred to the satellite waste storage containers located in the 
extraction lab.  Separate containers are provided for chlorinated and non-chlorinated solvents 
and must be used accordingly. Under no circumstances are solvents to be poured down the 
sink drains. 


5.6 Inspect all glassware prior to use.  Do not use any glassware that is chipped, cracked or etched 
if it could present a safety hazard.  Damaged glassware is put aside for repair, otherwise 
discard the piece.   


 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Sample collection and preservation requirements are described in the various analytical 
method SOPs. 


6.2 Sample Preservation 


None. 


6.3 Sample Shipping 


No specific requirements. 


6.4 Sample Handling 


The samples must be refrigerated and maintained at 4°C +2°C until extraction and analysis. All 
solid/tissue samples must be extracted within 14 days from the date of collection.  Alternatively, 
samples may be stored frozen at -15°C+5°C for up to one year if the project specifies. This 
effectively arrests the hold time until samples are thawed for extraction. Sample extracts must 
be refrigerated and maintained at 4°C +2°C until analysis.  Sample extracts must be analyzed 
within 40 days from date of extraction. 


 


7. Equipment and Supplies 


7.1 Vials: 40, 60mL, pre-cleaned, open-top screw cap with PTFE-lined silicone septum. 


7.2 Balances 


7.2.1 Top-loading: Capable of weighing to 0.01g 


7.2.2 Analytical: Capable of weighing to 0.0001g. 


7.3 Spatulas: Stainless steel and Teflon 


7.4 Syringes: 1-5 mL, varying volumes. 
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7.5 Custom Tumbler Set-up 


7.6 Brady Labeling System 


7.7 Kuderna-Danish (KD) Apparatus: 


7.7.1 Evaporation Flask: 250 and 500mL KD flasks. 


7.7.2 Concentrator Tube: 10mL, graduated. 


7.7.3 3-Ball Macro Snyder Column 


7.7.4 Plastic clips. 


7.8 Boiling Chips: Solvent rinsed, approximately 10/40 mesh (silicon carbide, or 


equivalent). 


7.9 N-EVAP:  Organomation; utilized for micro blow down. 


7.10 Glass vials and Screw caps:  2, 4, 10mL volume 


7.11 Powder Funnels: Glass or stainless steel 


7.12 Glass wool: Purified by heating to 400°C for 4 hours. 


7.13 Disposable Glass Transfer Pipets. 


 


8. Reagents and Standards 


Pesticide or reagent grade chemicals are used in all tests.  All reagents conform to the 
specifications of the Committee on Analytical Reagents of the American Chemical Society, where 
such specifications are available.  Other grades may be used, provided it is first ascertained that the 
reagent is of sufficiently high purity to permit its use without lessening the accuracy of the 
determination. 


8.1 Reagent Water: All references to water in this method refer to reagent water from 


Alpha’s DI water treatment system. 


8.2 Methylene Chloride (DCM): Pesticide quality or equivalent. 


8.3 Acetone: Pesticide quality or equivalent. 


8.4 Hexane: Pesticide quality or equivalent. 


8.5 Sodium Sulfate (Na2SO4): Granular anhydrous; purified by baking at 400ºC for 4 
hours in a shallow tray.  Store in closed glass containers. All references to sodium sulfate in 
this method refer to this prepared reagent. 


8.6 Copper: Granular, 20-30 mesh 


8.7 Spiking Solutions: There are various surrogate and LCS/MS spiking solutions used in 


the extraction steps.  The preparation of these solutions is described in the analytical 
SOPs. 


 


 


 







Alpha Analytical, Inc.  ID No.:2172   
Facility: Mansfield                                            Revision 2 
Department: Organic Extractions  Published Date:3/2/2012 4:46:18 PM  
Title:  Microscale Solvent Extraction  Page 5 of 10  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: OP-016 Issue 5 Rev 1 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


Each extraction batch contains various QC samples used to ensure the validity of the sample 
results.  The particular QC elements performed for a given extraction batch are determined by the 
requirements of the determinative method. The purpose and definition of the QC samples 
performed are listed below. 


9.1 Blank 


A method blank must be prepared in sodium sulfate once per every 20 samples or per 
extraction batch, whichever is more frequent.  If samples will be extracted for a variety of 
determinative analyses (i.e., PAH, Pesticide and PCBs within the same extraction batch) a 
method blank for each analysis must be prepared and carried through the same extraction 
procedures as the samples. 


9.2 Laboratory Control Sample / Laboratory Control Sample Duplicate 
(LCS/LCSD) 


Laboratory control samples (LCS/LCSD) must be prepared once per every 20 samples or per 
extraction batch, whichever is more frequent, in sodium sulfate and spiked with a solution 
prepared from a second source or lot number, other than the source used to verify the accuracy 
of the standard curve for the determinative analytical method. The LCS/LCSD contains all 
target compounds of interest, and is extracted along with the samples as verification of the 
accuracy of the entire extraction procedure. If samples will be extracted for a variety of 
determinative analyses (i.e., PAH, Pesticide and PCBs within the same extraction batch) a 
LCS/LCSD for each analysis must be prepared and carried through the same procedures as 
the samples. 


9.3    Initial Calibration Verification (ICV)  


Not Applicable. 


9.4 Continuing Calibration Verification (CCV) 


Not Applicable. 


9.5 Matrix Spike 


Matrix spike / matrix spike duplicate (MS/MSD) samples are performed once per 20 samples 
(5% frequency) per client request. If samples will be extracted for a variety of determinative 
analyses (i.e., PAH, Pesticide and PCBs within the same extraction batch) a MS/MSD pair for 
each analysis must be prepared and carried through the same procedures as the samples. If 
less than 20 samples are prepared in a one-week time frame, a MS/MSD pair will be extracted 
at the beginning of each week. 


9.6 Laboratory Duplicate 


Duplicate analyses (matrix or sample duplicate) are performed once per 20 samples (5% 
frequency) per client request.  For Organic analyses, the matrix duplicate is usually in the form 
of the matrix spike duplicate, see Section 9.5. 
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9.7 Method-specific Quality Control Samples 


9.7.1 Surrogates 


Surrogates are compounds specified by the analytical method that are added to all 
samples and QC samples prior to beginning the extraction process.  Surrogate 
recoveries are calculated and serve as a sample specific quantitative check of the 
extraction. The various spiking solutions are prepared according to the directions 
found in the analytical SOPs. 


9.8 Method Sequence 


See Section 10. 


 


10. Procedure 


Samples are prioritized by the Organic Department Manager or Preparation Group Leader for 
extraction based on hold time and client due date. If tissue samples will be extracted, refer to the 
Tissue Preparation and Homogenization SOP (OP-003) for initial sample processing details that 
must be employed prior to MSE extraction. 


10.1 Sample Preparation and Extraction 


10.1.1 Using a solvent cleaned spatula, weigh approximately 3 to 10 grams of homogenized 
sample into a pre-labeled 40mL VOA vial.  For QC samples use sodium sulfate.  Smaller 
sample weights may be used, depending upon the sample volume received. Sample 
weights of less than 1.0g must be weighed on the Analytical balance.  See MSE 
Extraction Method Notes (Form No.: 102-21) for additional details as needed. 


10.1.2 Spike all samples with the appropriate volume of surrogate solution, and spike all QC 
samples with the appropriate MS and/or LCS solution. See Organic Prep Lab Spiking 
Solutions (Form 102-19) for specific spiking details.  All sample spiking must be 
“witnessed” for validity by a second analyst.  Add 7mLs of Acetone to each sample.  For 
sediment samples, add approximately 5g of activated copper with the acetone.  If the 
sample turns the copper black add more copper until is the sample no longer turns 
black.This copper addition will aid in the reduction of sulfur in the sediment samples. For 
the preparation, storage, and expiration of activated copper, see the Sulfur Cleanup SOP 
(OP-007 


10.1.3 Samples spin the vials for 30 minutes on the automated tumbler, and then allow them to 
settle. 


10.1.4 Decant the Acetone layer directly into a pre-labeled 60mL VOA vial, and cap the vial. 
Centrifuge the VOA vials if there is a suspension and the Acetone cannot be decanted. 


10.1.5 Add 7mLs of Methylene Chloride to the samples. The volume may vary, however the 
samples must be completely covered with Methylene Chloride. 


10.1.6 Tumble the samples on the automated tumbler for at least 4 hours, then let the samples 
and Methylene Chloride settle.  Alternatively, samples can be tumbled for at least 1 hour 
(Section 10.1.8). 


10.1.7 Decant the Methylene Chloride layer into the pre-labeled 60mL VOA vial, adding this 
Methylene Chloride aliquot to the Acetone aliquots from 10.1.4 and cap. Centrifuge the 
VOA vials if there is a suspension and the Methylene Chloride cannot be decanted. 
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10.1.8 Repeat steps 10.1.5 thru 10.1.7, this time tumbling the samples for at least 1 hour.  If 
samples were tumbled for only 1 hour in section 10.1.6, then the samples are to tumble 
for at least 4 hours. 


10.1.9 Samples are now ready for concentration by KD.  Samples are not concentrated 
immediately are stored in a refrigerator. 


10.2 Initial Concentration: KD Technique 


10.2.1 Assemble the Kuderna-Danish (KD) apparatus (Section 7.8) by attaching a 10mL KD 
tube to a 250 or 500mL KD flask. Rinse the apparatus completely.  Add 5mL DCM to the 
assembled apparatus to check for leaks or cracks prior to transferring the sample. If the 
apparatus is leak free, discard the DCM. 


10.2.2 Place a DCM rinsed filter funnel containing glass wool and sodium sulfate on top of the 
KD apparatus. Transfer the sample extract from the collection flask through the filter 
funnel and into the 250 or 500-mL K-D flask with the 10mL concentrator tube clipped to 
the bottom. Rinse the filter funnel three times with 20mL of DCM. Place the K-D flask on 
the water bath with 1-2 boiling chips in the bottom of the tube and the macro Snyder 


column on top. The bath temperature should be 80 + 5°C. Macro-concentrate the sample 
to less than 10mL. This will take approximately 35-40 minutes. At the proper rate of 
distillation, the balls of the column will chatter, but the column should not flood with 
condensed solvent. 


10.2.3 If the extract appears extremely viscous and reduces in volume very slowly, a final 
volume of greater than 10mL may be used to ensure that there is no loss of surrogates or 
the compounds of interest. See the Section Supervisor or Laboratory Director for 
additional guidance on troublesome matrices. See Organic Prep Lab Final Volumes 
(Form No.:102-20) for guidance on sample final volumes. 


10.2.4 Remove the sample from the bath and allow it to drain and cool for approximately 10 
minutes, unless the sample requires solvent exchange. See Table I, Section 16 for 
solvent exchange information. 


10.2.5 Move the cooled sample, still in the 10mL concentrator tube, to the N-EVAP unit for 
micro-concentration, and bring the extract to the final volume required before cleanup. 
The extract must be concentrated under a gentle steady stream of nitrogen. The internal 
walls of the concentrator tube must be rinsed periodically with the appropriate solvent 
during evaporation.  The solvent level of the sample must be positioned to prevent water 
from condensing into the sample (i.e., the solvent level should be below the level of the 
water in the bath). If the sample requires solvent exchange, add 10mL of the exchange 
solvent to the concentrator tube. Move samples to a 67C N-evap to finish the solvent 
exchange.  Concentrate the solvent exchanged sample to less than 2mL, repeat the 
exchange for a second time. Re-concentrate to the final volume according to the Organic 
Prep Lab Final Volumes (Form No.:102-20).  


10.2.6 If the extract appears extremely viscous and reduces in volume very slowly then a final 
volume of 5-10 mL should be used to ensure that there is no loss of surrogates or the 
compounds of interest.  Note: Micro-concentration may not be needed depending upon 
the determinative analytical method.  Client specifications may be different than this SOP. 
Always see the Section Supervisor or Laboratory Director for additional guidance when 
needed.  See Organic Prep Lab Final Volumes (Form No.: 102-20) for guidance on 
sample final volumes. 


10.2.7 If the sample in the 10mL concentrator tube is dark and viscous, an “auto-vial”, pre-fitted 
with a filtration disk, can be employed to remove particulate material. This is particularly 
evident in heavily contaminated petroleum samples. Reduce the extract to just less than 
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10mL. Remove it from the concentrator tube with an appropriate size syringe. Pass it 
through the auto-vial, and back into the concentrator tube. Rinse the syringe, tube and 
auto-vial as needed to ensure a thorough transfer. The extract may now concentrate 
more easily with the majority of the particulate matter removed. However, do not force the 
concentration as this may jeopardize the surrogate and the compounds of interest 
recoveries. 


10.2.8 In some heavily contaminated petroleum extracts, it is possible to perform an extra step 
of hexane exchange to remove the asphaltene material that precipitates out in hexane. 
This decision must be made with the Department Supervisor approval. This may 
preserve the integrity of surrogates and the compounds of interest. This extract can also 
be auto-vialed to further remove any unwanted particulate materials. Micro-concentration 
may then continue. 


10.2.9 Transfer the sample extract from the concentrator tube to a vial of the appropriate final 
volume size.  The sample may now undergo any necessary cleanup that may be required 
prior to analysis.  If the sample does not require cleanup, it may be directly transferred at 
the correct final volume, with copies of the sample preparation extraction log. 


10.3 Preventive Maintenance 


10.3.1 Water Bath 


10.3.1.1 The water bath should be kept full at all times.  Add reagent water as necessary. 


10.3.1.2 Keep unit clean.  Avoid solvent spills on or around unit.  Clean periodically with a 
damp cloth. 


 


 


11. Data Evaluation, Calculations and Reporting 


Not Applicable. 
 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


Holding time exceedence, improper preservation and observed sample headspace are noted on the 
nonconformance report form. 


When analysis of samples indicates possible extraction problems, such as poor surrogate 
recoveries, poor LCS/MS/MSD recoveries, or suspected contamination in blanks or samples, re-
extractions are required.  Depending on the particular failure, the re-extraction may be of a specific 
sample or the entire extraction batch. 


The analyst that determines the need for re-extraction must fill out a sample re-extract request 
form.  This form notes the reason for the re-extraction request along with any special requirements, 
and the date and time that the re-extract is needed.  Re-extraction request forms are maintained on 
file to help track the cause for re-extractions, and to be used as a tool in improving systems to 
minimize the need for re-extractions. 


Depending on the results of the re-extraction, the first, second, or both sets of results may be 
reported to the client, along with a narrative report detailing the problems encountered and the 
resolution. 
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13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


15. Referenced Documents 


  Chemical Hygiene Plan 


 SOP/01-01 Sample Receipt & Log-In 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


SOP/G-006 Hazardous Waste and Sample Disposal 


SOP/G-008 Reagent, Solvent and Standard Control  


SOP/G-002 Laboratory Glassware Cleaning 


SOP/OP-003 Tissue Preparation and Homogenization  


SOP/OP-006 GPC Cleanup  


SOP/OP-007 Sulfur Cleanup  


SOP/OP-009 Alumina Column Cleanup of Organic Extracts  


SOP/OP-010 Sulfuric Acid  


Form/102-19 Organic Prep Lab Spiking Samples 


Form/102-20 Organic Prep Lab Final Volumes 


Form/102-21 MSE Extraction Method Notes 


 


16. Attachments 


Table 1: Solvent Exchange per Method 
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Table 1 


 
Solvent Exchange per Method 


 


Method Exchange Solvent 


8081A HEXANE 


8081A-low HEXANE 


8082 HEXANE 


8082-low HEXANE 


Congener HEXANE 


Homolog HEXANE 


209 PCB HEXANE 


8270C NONE 


PAH-SIM NONE 
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Gel Permeation Chromatography 


 
References:  Method 3640A, Test Methods for Evaluating Solid Waste, SW-846, Third 


Edition, Final Update III, December 1996 (USEPA, Office of Solid Waste and 
Emergency Response, Washington, DC). 


 NOAA 1993. Sampling and Analytical Methods of the National Status and Trends 
Program National Benthic Surveillance and Mussel Watch Projects, 1984-1992.  
NOAA Technical Memorandum NOS ORCA 71. 


 "USEPA Contract Laboratory Program Statement of Work for Organics Analysis; 
Multi-Media, Multi-Concentration" August 1991. Document Number OLM03.1. 


 
 


1. Scope and Application 


Matrices: This method is applicable to the cleanup of solid samples (generally tissues and 
sediments) for lipids, polymers, proteins, natural resins, cellular components, and dispersed high 
molecular weight compounds. 


Definitions:  Refer to Alpha Analytical Quality Manual. 


This method is recommended for the cleanup of samples from lipids, polymers, proteins, natural 
resins, cellular components, and dispersed high molecular weight compounds.  


This procedure is a size exclusion cleanup using methylene chloride and hydrophobic synthetic 
gels on a HPLC.  In the choice of gels the exclusion range must be larger than the molecular size 
of the molecules to be separated. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts.  Each analyst must 
demonstrate the ability to generate acceptable results with this method by performing an initial 
demonstration of capability, analyzing a proficiency test sample and completing the record of 
training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance 
of at least a quarterly laboratory control sample or acceptable performance from an annual 
proficiency test sample. A major modification to this procedure requires demonstration of 
performance.  The identification of major method modification requiring performance demonstration 
is directed by the Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


 


2. Summary of Method 


Samples are extracted using the appropriate extraction protocol based on the matrix and required 
analytical parameters. 


The sample extract is concentrated to a 4mL final volume in methylene chloride and vialed 
accordingly. 
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Between 1mL and 2mL of the sample extract are injected on the HPLC system and 2mL to 3mL are 
left in the vial for archive. The injection is carried by a mobile phase of methylene chloride through a 
calibrated GPC column.  A fraction of the sample extract is collected for a designated time window 
(based on analysis parameters). The solvent before and after that time frame is discarded. 


The extract collected during the specified time window is concentrated to an appropriate final volume, 
and submitted for the analysis determined based on project specifics. 


2.1 Method Modifications from Reference 


 None. 


 


3. Reporting Limits 


Not Applicable 


 


4. Interferences 


4.1 Solvents, reagents and glassware may introduce interferences. These must be demonstrated 
to be free of interferences by the analysis of a method blank.  See the Reagent, Solvent and 
Standard Control (G-008) SOP and Laboratory Glassware Cleaning (G-002) SOP, for additional 
details. 


4.2 Many interferences can be removed by sample cleanup. Other cleanup methods performed 
include the following: Alumina Column Cleanup of Organic Extracts (OP-009), Sulfur Cleanup 
(OP-007), Sulfuric Acid (OP-010), Silica Gel Cleanup Procedure (OP-014 or NF02-001). Only 
appropriate cleanup techniques must be performed based on the suspected interference and 
the compounds of interest. For example, sulfuric acid cleanup is not applicable to samples 
requiring pesticide analysis because this rigorous cleanup will destroy the majority of 
pesticides. 


4.3 Soapy residue may result in basic conditions on glassware and may cause degradation of the 
pesticides Aldrin and Heptachlor, and some organophosphorous pesticides. All glassware must 
be rinsed thoroughly with deionized water and solvent to remove soapy residue.  See SOP (G-
002) Laboratory Glassware Cleaning, for additional details. 


4.4 Phthalate esters can be a major source of contamination if any material containing plasticizers 
(phthalates) comes in contact with the sample during the extraction process.  Use of plastic or 
any material containing plasticizers (phthalates) should be avoided during extraction, cleanup, 
or analysis. 


 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 
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6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Refer to applicable extraction SOPs. 


6.2 Sample Preservation 


Refer to applicable extraction SOPs. 


6.3 Sample Shipping 


Refer to SOP/01-01 Sample Receipt and Login for sample shipping requirements 


6.4 Sample Handling 


Refer to applicable extraction SOPs. 


 


7. Equipment and Supplies 


 


7.1 Column: Waters Envirogel GPC 19x150mm Guard Column (WAT036555) and Envirogel 


GPC 19x300mm Cleanup Column (WAT036554) attached. 
 


7.2 Column: J2 21.2 x 300mm Cleanup Column (CO100-1049-1.1) 


 


7.3    Syringe: Luer Lock Gastight; 5mL, 10 mL or 20mL size. 


 


7.4    J2 Scientific AccuPrep MPS 
 


7.5    J2 Scientific Prep Linc GPC 
 


7.6    Computer: Dell Optiplex GX 260  
 


7.7    Vials: 4mL, caps, and PTFE Septa replacement cap inserts (WAT073005) 
 


7.8    Vials: 60mL glass collection and 180 ml glass collection vails by J2 Scientific 


 
 


8. Reagents and Standards 


8.1 Methylene Chloride: Pesticide grade 


8.2 Hexane: Pesticide grade 


8.3 Methanol: Optima grade for HPLC 


8.4 Toluene: Optima grade for HPLC 


8.5 Xylene: Lab Grade. 
8.6 Tetrahydrafuran (THF): HPLC Grade 


8.7 Sodium Sulfate: granular, anhydrous. Purified by heating to 400°C for 4 hours. 
8.8 Glass wool: purified by heating to 400°C for 4 hours 
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8.9 GPC Calibration STD: This Standard is prepared by diluting 5mL of the RESTEK Revised 


GPC Calibration Mix with 195mL of methylene chloride. Expires 6 months from the date of 
preparation. The Revised GPC Calibration Mix contains: 


Corn Oil 250mg/mL 
Bis (2-ethylhexyl) phthalate 5.0mg/mL 
Methoxychlor 1.0mg/mL 
Perylene 0.2mg/mL 


    Sulfur 0.8mg/mL 


8.10 Spiking solutions: See the appropriate analytical SOP for details on the correct spike 
concentrations and spike volumes. 


8.10.1 Surrogate spiking solution 


8.10.2 Laboratory Control Sample (LCS) solution 


 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank   


9.1.1 DCM Blank – Typically required for environmental forensic programs.   


9.1.1.1 A DCM (methylene chloride blank) is run through the GPC and collected 
at the proper window depending on which test is being run. 


9.1.1.2 The DCM will be concentrated down to 1mL and transferred for analysis. 


9.1.1.3 When the results of the DCM check blank are evaluated as “clean” and 
acceptable for the determinative analytical analysis, samples then can be 
run on the GPC. 


9.2 Laboratory Control Sample (LCS) 


Refer to the appropriate extraction/preparation and determinative method SOPs. 


9.3 Initial Calibration Verification (ICV)  


Not applicable to this method. 


9.4 Continuing Calibration Verification (CCV) 


Not applicable to this method. 


9.5 Matrix Spike 


Refer to the appropriate extraction/preparation and determinative method SOPs. 


9.6 Laboratory Duplicate 


Refer to the appropriate extraction/preparation and determinative method SOPs. 
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9.7 Method-specific Quality Control Samples 


9.7.1 GPC Calibration Standard 


9.7.1.1 A GPC calibration standard must be run on the HPLC prior to running any 
samples for cleanup The frequency is once weekly, or sooner if there has 
been system maintenance. The GPC calibration standard acts as a 
retention time marker to check the condition of the GPC Column. The 
elution order for the GPC calibration standard compounds is: Corn Oil, 
bis(2-ethylhexyl)phthalate, Methoxychlor, Perylene, and Sulfur. The peaks 
should be resolved to at least 85% and 95% for the Perylene and Sulfur 
compounds. Two GPC calibration standards should be run sequentially to 
be sure there is no shift in retention time between the two. The GPC 
calibration standard can also be used to determine if there is air in the 
HPLC system. Air in the system would cause either a shift in the run or a 
loss of resolution. 


9.7.1.2 Corrective Action: If the GPC calibration standard does not produce the 
same retention time on two consecutive standard runs the GPC Column 
must undergo maintenance. Likewise if the Perylene and Sulfur peaks do 
not produce resolution at 85% and 95%, the GPC Column must undergo 
maintenance.  Refer to section 10.5 for a description of column 
maintenance. 


 
9.7.2 GPC Standard Review 


9.7.2.1 GPC standards need to be reviewed for 4 peak to valley resolution ratios 
to pass QC. Bis(2)ethylhexylphthalate is related to both it’s preceeding 
and following valley and Methoxychlor just it’s preceeding valley.  All three 
need to pass for resolution criteria by at least 85%. 


9.7.2.2 Perylene is related to its following valley and needs to have 95% 
resolution to be viable. 


9.7.2.3 J2 Scientific GPC 


9.7.2.3.1 To produce these percentages in the J2 Scientific GPC, open up 
the J2 AccuChrom program on the desktop. Click on “File”, then 
“Import”. Click on the run name that you are looking to analyze. 
After a minute wait, click on the button right below “Edit” in the 
menu bar. Then click on the box to the left of it, and a list of data 
sets appear. Click on the proper date, then the sequence name 
drops down, then the GPC STD, Method, and finally Data Plot. A 
chromatogram will appear. Click “Find Peaks”. If the resolution 
check passes, print the chromatogram and place it into the GPC 
run log binder with the run sequence. If the resolution checks do 
not pass, column maintenance may be required. From this 
chromatogram you can calculate the collection times. Refer to 
section 16 Diagram 2 to see collection time windows for specific 
test.  


9.7.2.4 To set a collection window go to Prep Linc program. Go to the GPC tab 
and go under Methods and pick the correct analysis that is being 
performed  (i.e. 8270, PCB, PAH). Set the collection start time in Fraction 
1, length of collection time in Fraction 2, and the remaining time in 
Fraction 3. Total time should add up to 27 minutes on GPC 3 with the 
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Waters Column, and 56 minutes on GPC 4 and 5 (J2 Cleanup Column). 
Make sure Fraction 2 box is checked.   Click Save. 


9.7.3 8270 Standard – Evaluated for 8270, 8081 and 8082 analyses 


9.7.3.1 The 8270 standard is prepped by combining 100uL of 8270 LCS and 
3900ul of Methylene chloride.  2mL of the standard are run on the 
instrument and collected via an 8270 window. The elution is then 
concentrated, transferred, and analyzed by GC/MS to ensure the 
compounds of interest are found in the collection window and to ensure 
there is no contamination from the HPLC itself. 


9.7.3.2 The 8270 STD is run once a week, or sooner if system maintenance has 
been performed. This check is also required after the instrument has been 
shut down for an extended period of time.  If for some reason a GPC 
column has gone dry an 8270 Standard must be run and checked before 
samples can be cleaned again. 


9.7.3.3 Corrective Action: Recovery of the LCS solution is 70%-130% recovery. 
10%, or up to seven compounds may be 60%-140%. Typical poor 
performing compounds are Benzaldehyde, Benzoic acid and Benzidine 
which historically recover at 40%-60%. If all compounds of importance are 
not recovered in the 8270 standard, either the collection windows on the 
fraction collector need to be adjusted or the GPC Column must undergo 
maintenance.  Refer to section 10.5 for a description of column 
maintenance. 


9.7.4 PAH Standard – Evaluated for environmental forensic programs 


9.7.4.1 The PAH standard is prepped by combining 100uL of PAH LCS and 
3900uL of Methylene chloride.  2mL of the standard are run on the 
instrument and collected via a PAH window. The elution is then 
concentrated, transferred, and analyzed by GC to ensure the compounds 
of interest are found in the collection window and to ensure there is no 
contamination from the HPLC itself. 


9.7.4.2 The PAH STD should be run once a week or after the instrument has 
been shut down for an extended period of time.  If for some reason a 
GPC column has gone dry a PAH Standard must be run and checked 
before samples can be cleaned again. 


Corrective Action: If all compounds of importance are not recovered in the 
PAH standard, either the collection windows on the fraction collector need 
to be adjusted or the GPC Column must undergo maintenance.  Refer to 
section 10.5 for a description of column maintenance. 


9.8 Method Sequence 


9.8.1 GPC Preparation 


9.8.2 Sample cleanup 


9.8.2.1 Load sample onto GPC 


9.8.2.2 Ensure correct collection times, flow rate sample position, collection vial 
position, computer sequence, and enough eluent and process samples. 


9.8.2.3 Concentrate samples 


9.8.2.4 Final volume 
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10. Procedure 


10.1 Equipment Set-up 


10.1.1 J2 Scientific Setup 


10.1.1.1 First make sure that the J2 Scientific instrument is turned on. There are 2 
switches, one on the front and another located on the back. 


10.1.1.2 Make sure that the Dell Optiplex GX 260 computer is turned on. 


10.1.1.3 GPC Startup Procedure 


10.1.1.3.1 On the computer desktop open the Prep Linc program. The program will 
open the program 1.00.25 and will bring up the start up page. 


10.1.1.3.2 Make sure that there is enough methylene chloride in the HPLC solvent 
reservoir and enough room in the waste container. 


10.1.1.3.3 Click the “Prime” button located in the AS4 tab.Make sure to put A:DCM in 
the line under the Prime option.  Press Resey Syringe Pump and press Set.   
The instrument will now pull 15mL of DCM into the syringe and then expel it 
to the waste. If there is air in the syringe repeat until no air is present. 


10.1.1.3.4 Next check the flow rate of the instrument. Using a 10mL graduated cylinder, 
pull the thinnest waste line that runs to the waste container. Put the waste 
line into the graduated cylinder and time for 1 minute. You should get a 
measurement of 5.0ml of flow. 


10.1.1.3.5 Once the flow rate is established, it is time to run a GPC Standard. Fill one 
4mL vial with the GPC Calibration Solution and cap with PTFE septa and 
place the standards in sample tray positions 2 . Fill a 


2nd
 and 4


th
 4mL vial with 


DCM and place in positions 1 and 3 .  


10.1.1.3.6 Place a 60mL VOA vials or the J2 collection vials in the collection rack in the 
corresponding positions. 


10.1.1.3.7 Under the GPC tab go under the sequence editor and type the sequence in 
the correct window. 


10.1.1.3.8 Start the sequence by clicking the start button and saving the sequence as 
GPCxmmddyyz where z= the Run of the day and x = the GPC number. 


10.1.1.3.9 2mL of the GPC calibration mix will be run through the column in replicate 
and the chromatograms are evaluated to ensure proper separation as 
described in Section 9.7.2. 


10.1.1.3.10 Client Specified: If the GPC standard passes criteria, (refer to Sections 9.7.2) 
save the collection times and run a DCM Blank. Concentrate the collected 
DCM Blank and submit for the appropriate determinative analysis. If the DCM 
meets the analytical method for cleanliness, the rest of the sequence can be 
setup to run. 


10.1.1.3.11 If either the GPC Calibration Standard or the DCM Blank (client specified) 
does not meet the criteria specified by the determinative analytical method 
for cleanliness or separation/resolution, refer to Section 10.5 for GPC column 
maintenance. 
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10.1.1.3.12 Double check that the samples in the sample tray, match the labels on the 
60mL vial or the J2 collection vialsin the collection tray, and match the 
sequence written in the computer. Also make sure that the proper method is 
loaded for each sample. 


10.1.1.3.13 After the sequence has been double checked, start the run. 


10.1.1.3.14 All collection vials should be capped promptly after the cleanup is complete.  
Extraction vials must also be re-capped.  Since the HPLC only injects 2mL of 
the 4mL extract there will 2mL remaining in the re-capped vial.    The 2mL 
archive is placed in the archive freezer in case of future need. 


 


10.2 Initial Calibration 


Not Applicable 


10.3 Equipment Operation and Sample Processing 


10.3.1 Extraction 


10.3.1.1 Samples are extracted based on the client/project specifications. Sediment 
samples are extracted by Shaker Table (SOP OP-013) or MSE (SOP OP-016) 
and tissue samples are extracted by Tissuemizer Extraction (SOP OP-018) or 
MSE (SOP OP-016). 


10.3.1.2 Extracts are generally concentrated to a Final Volume of 4mL in Methylene 
chloride. Extracts are placed into a 4mL vial for GPC cleanup. Some special 
projects require a greater final volume. In such cases, the sample extract is 
concentrated in Methylene chloride to the necessary volume and 4mL are 
removed and placed in a 4mL vial to be GPC cleaned. Any remaining pre-GPC 
extract is saved as an archive. 


10.3.2 Cleanup 


10.3.2.1 Replace the existing caps on the 4mL extract vials with PTFE septum 
replacement cap inserts. Place in the vials in the order to be cleaned starting with 
the lightest colored to the darkest colored sample on the HPLC vial tray. Refer to 
the procedures in Section 10.1 to begin the sample cleanup. 


10.3.2.2 All collection vials must be capped promptly after the cleanup is complete.  
Extraction vials must also be re-capped. Since the HPLC only injects 2mL of the 
4mL extract there will be 2mL remaining in the re-capped vial. The 2mL archive 
is placed in the archive freezer in case of future need. 


10.4 Continuing Calibration 


 Not Applicable 


10.5 Preventive Maintenance 


10.5.1 If the GPC calibration standard does not produce the same retention time on two 
consecutive standard runs, the GPC Column must undergo maintenance.  Likewise if the 
Perylene and Sulfur peaks do not produce resolution of 95% and Methoxychlor and 
Bis(2)ethylhexylphthalate do not produce resolution of 85% then the GPC column  must 
undergo maintenance. 


10.5.2 The first step is to reverse the flow of the column by disconnecting the lines coming into 
the column and reversing them. 


10.5.3 Turn the flow on the instrument to 5mL/minute. 
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10.5.4 Next setup the sample tray with fifteen 4mL vials. Fill the vials 1 – 5 with Xylene. Fill vials 
6 - 10 with Tetrahydrofuran. Fill vials 11 – 15 with Toluene. 


10.5.5 Program the HPLC instrument to run the 15 samples. (Refer to Section 10.1 for 
instructions to setup and program the HPLC). 


10.5.6 When the maintenance run is completed, stop the flow and reverse the column, (refer to 
Section 10.5.2). Restart the flow at 5mL/minute. It usually takes approximately 3 hours of 
flushing the newly cleaned column to flush out any residual cleanup solvent and to 
restore the baseline. 


10.5.7 Setup GPC Calibration Standards and check for resolution issues. (Refer to section 9.7.1 
and 9.7.2). Follow this with a DCM Blank check. 


10.5.8 If this process does correct the issue, consult with the Preparation Team Leader, as 
outside service may be warranted to resolve difficult HPLC issues. 


 


11. Data Evaluation, Calculations and Reporting 


11.1 Procedures for data and record management for organic extraction must adhere to the Quality 
Systems Manual, other subordinate documents covering record keeping, and the Document 
Control SOP (08-01).  All records must be stored in such a manner as to be safe and 
accessible for at least 10 years. 


11.2 The extraction bench sheets and other relevant laboratory notebooks must follow the 
specifications in the Laboratory Notebook Usage Work Instruction (WI 108-01), and all record 
keeping and document control practices. 


11.3 See the appropriate analytical SOPs for details on sample analysis, data evaluation, 
calculations and data reporting. 


 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


Section 9.0, Quality Control, defines the corrective actions that must be taken in instances where 
QC outliers exist.   


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 
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13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


 


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


 


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/01-01 Sample Receipt and Login 


SOP/08-01 Document Control.   


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


SOP/G-006 Hazardous Waste and Sample Disposal  


SOP/G-008 Reagent, Solvent and Standard Control 


SOP/G-002 Laboratory Glassware Cleaning 


SOP/OP-007 Sulfur Cleanup 


SOP/OP-009 Alumina Column Cleanup of Organic Extracts 


SOP/OP-010 Sulfuric Acid  


SOP/OP-013 Shaker Table Extraction 


SOP/OP-014 Silica Fractionation Cleanup by HPLC  


SOP/OP-016 Microscale Solvent Extraction (MSE) 


SOP/OP-018 Tissue Extraction 


SOP/NF02-001 NewFields Silica Gel Cleanup Preparation (Manual) 


 


16. Attachments 


Diagram 1: Determination of GPC Standard Resolution 


Diagram 2: Determination of GPC Collection Window 
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Diagram 1 - Determination of GPC Standard Resolution 
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Diagram 2 - Determination of GPC Collection Window 


 
PEST WINDOW (BASED ON GPC STD CHROMATOGRAM) 
COLLECT APPROXIMATELY 12.6 MINUTES TO 20.5 MINUTES (THIS WILL VARY SLIGHTLY BASED 
ON THE RETENTION TIMES OF THE GPC STD CHROMATOGRAM). COLLECT APRROXIMATELY 
FROM THE END OF THE BIS(2-ETHYLHEXYL)PHTHALATE PEAK TILL BEFORE THE SULFUR PEAK. 
 
8270 WINDOW (BASED ON GPC STD CHROMATOGRAM) 
COLLECT APPROXIMATELY 11.0 MINUTES TO 20.0 MINUTES.  
THIS COLLECTS FROM THE BEGINNING OF THE BIS(2-ETHYLHEXYL)PHTHALATE TO JUST 
BEFORE THE SULFUR PEAK 
 
FOR EITHER PCB, DDT SERIES ISOMERS OR PAH (BASED ON GPC STD) 
COLLECT APPROXIMATELY 15.0-20.0 


 


 


 





		Diagram 1 - Determination of GPC Standard Resolution

		Diagram 2 - Determination of GPC Collection Window
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Silica Gel Cleanup Procedure 


 
References:  EPA 3630C, Test Methods for Evaluating Solid Waste, SW-846, Third 


Edition, Final Update III, December 1996 (USEPA, Office of Solid Waste 
and Emergency Response, Washington, 


 


1. Scope and Application 


Matrices: Solid samples for lipids, polymers, proteins, natural resins, cellular components, and 
fractionation of petroleum 


Definitions:  Refer to Alpha Analytical Quality Manual. 


 


This method is recommended for the cleanup of samples from lipids, polymers, proteins, natural 
resins, cellular components and fractionation of petroleum. 


This method can be used to cleanup sample extracts to be analyzed for extractable petroleum 
hydrocarbons, polynuclear hydrocarbons, derivatized phenolic compounds, organochlorine 
pesticides, and polychlorinated biphenyls. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of an experienced analyst.  Each analyst 
must demonstrate the ability to generate acceptable results with this method by performing an initial 
demonstration of capability, analyzing a proficiency test sample and completing the record of 
training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


 


2.  Summary of Method 


Samples are extracted using the appropriate extraction protocol based on the matrix and required 
analysis parameters.  The sample extract is concentrated to an appropriate final volume and vialed 
accordingly. 


2.1 Method Modifications from Reference 


None. 


 


3. Reporting Limits 


Refer to individual analytical SOPs. 
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4. Interferences 


4.1 Solvents, reagents and glassware may introduce interferences.  These must be 
demonstrated to be free of interferences by the analysis of a method blank.  See the 
Reagent, Solvent and Standard Control (G-008) and Laboratory Glassware Cleaning (G-
002) SOPs for additional details.   


4.2 Many interferences can be removed by sample cleanup.  Other cleanup methods 
performed include the following: Alumina Column Cleanup of Organic Extracts (OP-009), 
Sulfur Cleanup (OP-007), Sulfuric Acid (OP-010), GPC Cleanup (OP-006), and Amino-
propyl Cleanup of Tissues and Sediments (OP-008).  Only appropriate cleanup techniques 
must be performed based on the suspected interference and the compounds of interest.  
For example, sulfuric acid cleanup is not applicable to samples requiring pesticide analysis 
because this rigorous cleanup will destroy the majority of pesticides.  Amino-propyl cleanup 
cannot be used when Endrin aldehyde is a compound of interest as this pesticide is lost 
during this cleanup. 


4.3 Soapy residue may result in basic conditions on glassware and may cause degradation of 
the pesticides Aldrin and Heptachlor, and some organophosphorous pesticides.  All 
glassware must be rinsed thoroughly with deionized water and solvent to remove soapy 
residue.  See SOP (G-002) Laboratory Glassware Cleaning, for additional details. 


4.4 Phthalate esters can be a major source of contamination if any material containing 
plasticizers (phthalates) comes in contact with the sample during the extraction process.  
Use of plastic or any material containing plasticizers (phthalates) should be avoided during 
extraction, cleanup, or analysis. 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


 


5.1 Approved PPE, which includes Safety Glasses, Gloves and Lab Coats, must be worn at all 
times when handling samples, reagents, chemicals, or when in the vicinity of others 
handling these items, so that dermal contact is avoided.  All standards, reagents and 
solvents shall be handled under a hood using the proper PPE.  All flammable solvents must 
be kept in the flammable storage cabinet, and returned to the cabinet immediately after 
use. When transporting chemicals, use a secure transporting devise and/or secondary 
outer container.  Chemical storage is properly segregated and adequately ventilated to 
reduce the possibility of hazardous reactions.  Chemical storage in work areas shall be kept 
to a minimum.  Storage on bench tops or other work surfaces, except temporary, is not 
permitted. 


5.2 Spilled samples, solvents, reagents, and water must be cleaned up from bench tops, 
instruments and autosampler surfaces immediately.  A spill is considered a quantity of 
hazardous material if it is two times greater than the normal working volume.  Concentrated 
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solvents, acids or bases present a moderate to extreme hazard to the skin and mucous 
membranes.  If contact with the skin occurs, immediately flush with large volumes of water.  
In the case of acidic/basic spills, the Spill Kit located in each laboratory shall be utilized 
before attempting to cleanup the spill.  Although procedures are designed to minimize the 
possibility of an accident, all injuries or accidents, regardless of the nature or severity, are 
to be reported to the Department Supervisor immediately.  If an employee discovers a 
potentially unsafe condition, this must be reported to the Department Supervisor 
immediately.  No employee should feel compelled to work in a situation where they do not 
feel entirely informed, trained, or safe. 


5.3 Analytical instrumentation poses the unique possibility of exposure to high voltages. Other 
than the routine instrument maintenance, as listed in the front of every Instrument 
Maintenance Logbook, at no time shall an instrument operator attempt to maintenance an 
instrument alone, or without the proper training, supervision or instruction.  Caution must 
always be used in the presence of moving parts (autosamplers) and hot surfaces (injection 
ports). 


5.4 Compressed gas cylinders shall only be moved with the dolly supplied for this specific 
purpose.  The cap must be on the cylinder while it is being moved.  The tank must be 
secured when in its final position.  All spent tanks are to be returned in the same manner, 
and secured until removed by the vendor.  Liquid argon or nitrogen represents a potential 
cryogenic hazard and safe-handling procedures must be used at all times. 


 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Not applicable. 


6.2 Sample Preservation 


Not applicable. 


6.3 Sample Shipping 


Not applicable. 


6.4 Sample Handling 


Samples are stored at 4ºC +/- 2ºC.  Extracts expire after 40 days. 


 


7. Equipment and Supplies 


7.1 Syringes: 1mL to 5mL 


7.2 Manifold with vacuum pump for silica cartridge cleanup 


7.3 Dispensette: 50mL volumetric cylinder to calibrate automatic pipette at 28mL 


7.4 VOA vials: 40mL 


7.5 Squeeze bottles of solvent: to condition cartridges 


7.6 Graduated Cylinder: 50mL 


7.7 Teflon lined silica cartridge 
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7.8 Glass Wool:  Baked 


 


8. Reagents and Standards 


8.1 Methylene Chloride: Pesticide grade 


8.2 Hexane: Pesticide grade 


8.3 Silica Gel: 60-200 mesh. Baked at 110ºC for 24 hours. 


8.4 Acetone: Pesticide grade 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank 


Not applicable. 


9.2 Laboratory Control Sample (LCS) 


Not applicable. 


9.3 Initial Calibration Verification (ICV)  


Not Applicable 


9.4 Continuing Calibration Verification (CCV) 


Not Applicable 


9.5 Matrix Spike 


Not applicable. 


9.6 Laboratory Duplicate 


Not applicable 


9.7 Method-specific Quality Control Samples 


None 


9.8 Method Sequence 


See Section 10. 


10. Procedure 


10.1 Equipment Set-up 


10.1.1 Assembling the silica cartridge for the manifold 


10.1.1.1 Put one 25 ml Teflon frit at the bottom of the Teflon coated silica cartridge. Pack 
down the frit with Teflon rod.  Add 5.0g of silica to the cartridge.  Continue for 
each cartridge.   


10.1.1.2 Assembling the silica for glass columns 
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10.1.1.2.1 Take a silica glass column and rinse with Acetone and DCM.  Cut a pea size 
piece of baked glass wool and push to the bottom with a DCM rinsed glass 
rod.  Add 5.0 grams of baked silica gel (from a drying oven).  Continue for 
each glass column. 


10.1.2 Condition the silica cartridges 


10.1.2.1 Setup 6 cartridges on the manifold.  Use disposable valve liners in the manifold 
and put the cartridge on top. Six rinsed vials are then put into the chamber to 
collect the dirty solvent.  The cartridges and reservoirs are then filled with 60mls 
of methylene chloride, the stopper is opened and the solvent is allowed to draw 
into the cartridge until it dries.  The stopper is then shut. The cartridges and 
reservoirs are then filled with 60mls of Hexane and the procedure is repeated.  
At this time the cartridge is NOT allowed to go completely dry. Upon 
completion, 6 more cartridges are loaded onto the back 6 ports of the manifold 
and process repeats.  Once all 12 cartridges are conditioned, you are ready to 
silica clean the samples. 


10.1.2.2 Condition for the silica glass columns 


   Condition as above for Silica Cartridges in section 10.1.2.1. 


10.2 Initial Calibration 


Not Applicable 


10.3 Equipment Operation and Sample Processing 


10.3.1 Once the cartridges are conditioned (Section 10.1.1) a 50 mL graduated cylinder can be 
cleaned and filled with 28mL of methylene chloride.  Insert a clean, labeled VOA vial into 
the collection slot in the manifold for each sample. 


10.3.2 Next, transfer 1mL of sample into the first cartridge.  Release the stop valve on the 
manifold and drain the sample down until it is even with the top layer of the silica, and 
then close it.  Add 1mL of DCM into the same cartridge and allow to draw in until it is also 
even with the top of the silica.  Now that the sample and the initial DCM are safely in the 
cartridge add 28mL of methylene chloride to the cartridge.  The cartridge can now be 
allowed to drain into the VOA vial and cleanup is complete when the cartridge goes 
completely dry. 


10.3.3 Repeat section 10.3.1 and 10.3.2 for the remaining samples.  If the batch is larger than 
12 samples, condition more cartridges as described in section 10.1.1. 


10.3.4 It is critical that the silica cartridge does not go dry until the very last step.  If the cartridge 
goes dry at any time during the process, a new cartridge needs to be setup and a new 
cleanup needs to be started for that sample.  This is due to the fact that compounds of 
interest may be lost or the silica might not work correctly once it goes dry. 


10.3.5 Glass Column Procedure 


10.3.5.1 Once the glass column is conditioned (Section 10.1.2.2.1) take a 50ml graduated 
cylinder and add 28mls of DCM to the cylinder. 


10.3.5.2 Next, transfer 1ml of sample the first glass column.  Release the stop cock and 
drain the sample until it is even with the top of the silica and close the stopcock.  
Add 1ml of DCM into the same glass column and allow to draw in until it is even 
with the silica gel.  Once done with that add your 28 mls of DCM to the column.  
The column can now be allowed the drain into the VOA vial and the cleanup is 
done when the column is dry thoroughly. 
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10.3.5.3 Repeat section 10.3.5.1 and 10.3.5.2 for all the remaining samples. 


 


10.4 Continuing Calibration 


Not Applicable 


10.5 Preventive Maintenance 


Not Applicable 


 


11. Data Evaluation, Calculations and Reporting 


11.1 Procedures for data and record management for organic extraction must adhere to the Quality 
Systems Manual, other subordinate documents covering record keeping, and the Document 
Control SOP (G-016).  All records must be stored in such a manner as to be safe and 
accessible for at least 10 years. 


11.2 The extraction bench sheets and other relevant laboratory notebooks must follow the 
specifications in the Laboratory Notebook Usage Work Instruction (WI/108-01), and all record 
keeping and document control practices.   


11.3 See the appropriate analytical SOPs, for details on sample analysis, data evaluation, 
calculations and data reporting. 


 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


Not applicable. 


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


These studies are not applicable to this cleanup method. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


These studies are not applicable to this cleanup method. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 
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13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


 


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-07 Control Limit Generation 


SOP/08-12 IDC/DOC Generation 


SOP/G-006 Hazardous Waste and Sample Disposal 


SOP/G-016 Document Control 


WI/108-01 Laboratory Notebook Usage 


16. Attachments 


None. 
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Semivolatile Organic Compounds By 


Gas Chromatography / Mass Spectrometry (GC/MS) 


 
References:   EPA 8270D, SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical 


Methods, EPA SW-846, Revision IV, February 2007. 
 
EPA 8000C, SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical 
Methods, EPA SW-846, Revision III, March 2003. 


 
 


1. Scope and Application 


Matrices: Solid, waste and waste water, soil, sediment, tissue and ground water. 


Definitions:  Refer to Alpha Analytical Quality Manual. 


This method is applicable to the quantification of acidic, neutral and basic organic compounds 
soluble in methylene chloride. The extraction and cleanup methods that are typically used for this 
method are listed in Section 10.3.1.  Please see the appropriate extraction SOP(s) for further 
information. The individual target compounds are found in Section 16, Table D, and include 
polynuclear aromatic hydrocarbons, chlorinated hydrocarbons, pesticides, phthalate esters, 
nitrosamines, aldehydes, ethers, anilines, pyridines, aromatic nitro compounds and phenols, 
including nitro phenols.  


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the 
operation of the GC/MS and in the interpretation of GC/MS data. Each analyst must demonstrate 
the ability to generate acceptable results with this method by performing an initial demonstration of 
capability, analyzing a proficiency test sample and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance 
of at least a quarterly laboratory control sample or acceptable performance from an annual 
proficiency test sample. A major modification to this procedure requires demonstration of 
performance.  The identification of major method modification requiring performance demonstration 
is directed by the Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


2. Summary of Method 


Aqueous samples are extracted with methylene chloride in a 2 Liter Separatory Funnel (Method 
3510) at the required pH. Soil samples are generally extracted by Microscale Solvent Extraction 
(Method 3570), however other extraction methods can be applied. The extract is concentrated to its 
final volume in preparation for analysis, or may now undergo cleanups. 


 
Analytes are introduced into the GC/MS by injecting a known volume of the calibration standards, 
quality control samples, and sample extracts into the GC equipped with a narrow-bore capillary 
column. The GC column is temperature programmed to separate the analytes, which are then 
detected with a mass spectrometer (MS). Identification of target analytes is accomplished by 
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comparing their mass spectra with the electron impact spectra of the calibration standards. 
Concentrations are determined using mean relative response factors from a multi-level calibration 
curve. Response factors for target analytes and surrogate compounds are determined relative to 
the internal standards. 


2.1 Method Modifications from Reference 


None. 


3. Reporting Limits 


Analytes determined are measured in the range of 0.5 to 25ug/L for water samples, and 33.3 to 
1667ug/Kg for soils, sediments, and solids. Tissue samples are measured in the range of 100 to 
5000ug/Kg. Detection limits will vary with the individual sample matrix, sample preparation 
procedures, instrument calibration range, and volume of sample analyzed. Analytes detected over 
these concentration ranges will be diluted and re-analyzed for accurate quantification. 


4. Interferences 


4.1 Phthalate esters can be a major source of contamination if any material containing 
plasticizers (phthalates) comes in contact with the sample during the extraction process.  
Use of plastic or any material containing plasticizers (phthalates) should be avoided during 
extraction or analysis.  


4.2 The injection port of the gas chromatograph can become contaminated with high boiling 
compounds resulting in the loss of sensitivity of Pentachlorophenol, 2,4-Dinitrophenol, 4-
Nitrophenol, Benzoic Acid, Benzaldehyde, 4,6-dinitro-2-methylphenol, 4-chloro-3-
methylphenol, 4-chloroaniline, benzyl alcohol, 2,4-Dinitrotoluene and 2, 3, and 4-
Nitroaniline. It may be necessary to replace the injection port liner routinely to prevent this 
loss of sensitivity. Clipping off approximately four inches of the column at the injection end 
may also increase sensitivity of the phenolic compounds. Low instrument response can be 
detected during the daily tuning procedure by including pentachlorophenol and benzidine in 
the daily tuning mix. 


4.3 Raw GC/MS data from all blanks, samples, and spikes must be evaluated for interferences 
or carryover. Contamination by carryover can occur whenever high-concentration and low-
concentration samples are sequentially analyzed.  


4.4 Solvents, reagents and glassware may introduce interferences. These must be 
demonstrated to be free of interferences by the analysis of a method blank.  See the 
Reagent, Solvent and Standard Control SOP (G-008) and Laboratory Glassware Cleaning 
SOP (G-002), for additional details.   


4.5 Many interferences can be removed by sample cleanup. The cleanup methods performed 
include those listed in Section 10.3.1. Only appropriate cleanup techniques must be 
performed based on the suspected interference and the compounds of interest. 


4.6 Benzidine and pyridine may be subject to oxidative losses during solvent concentration and 
demonstrate poor chromatographic behavior. 


4.7 Hexachlorocyclopentadiene and pyridine are subject to thermal decomposition in the 
injection inlet, and hexachlorocyclopentadiene is subject to chemical reaction with acetone, 
and photochemical decomposition. 


4.8 N-nitrosodimethylamine is difficult to separate from the solvent front under the 
chromatographic conditions described within. 
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N-nitrosodiphenylamine decomposes in the GC inlet and cannot be separated from 
diphenylamine.     


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


 Solid samples: A minimum of 100 grams of sample must be collected in a glass jar with a 
Teflon lined screw cap. 


 Water samples: A minimum of 2 liters of sample must be collected in amber glass bottles. 


 Tissue samples: A minimum of 20 grams of sample must be collected in a glass jar with a 
Teflon lined screw cap. 


6.2 Sample Preservation 


 Solid samples: The samples must be refrigerated and maintained at 4+2°C until extraction 
and analysis. Sediment samples can be frozen at -20+5°C until extraction to extend hold 
time. The extracts must be refrigerated and maintained at 4+2°C until analysis. 


 Water samples: The samples must not be preserved except by refrigeration at 4+2°C until 
extraction and analysis. The extracts must be refrigerated and maintained at 4+2°C until 
analysis. 


 Tissue samples: The samples must be stored frozen at -20+5°C until extraction. The 
extracts must be refrigerated and maintained at 4+2°C until analysis. 


6.3 Sample Shipping 


 No special shipping requirements. 


6.4 Sample Handling 


Solid samples: All solid samples must be extracted within 14 days from the date of 
collection. Frozen sample hold times are monitored up to 14 days from the date removed 
from the freezer. The extracts must be refrigerated and maintained at 4+2°C until analysis. 
Sample extracts must be analyzed within 40 days from date of extraction. 


Water samples: All water samples must be extracted within 7 days from the date of 
collection. Sample extracts must be analyzed within 40 days from date of extraction. 
Sediment samples can be frozen to extend hold time. 


Tissue samples: Frozen sample hold times are monitored up to 14 days from the date 
removed from the freezer. The extracts must be refrigerated and maintained at 4+2°C until 
analysis. Sample extracts must be analyzed within 40 days from date of extraction. 
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7. Equipment and Supplies 


7.1 Gas chromatograph: Programmable, heating range from 40C to 350C; split-splitless-


type inlet system, (Agilent 6890); mass selective detector (Agilent 5973); automatic injector 
(Agilent 7683 or similar). 


 


7.2  Chromatography Column: Fused silica capillary column, 0.25mm ID x 30m length, 


.25um film thickness (Zebron ZB-SemiVolatiles, Phenomenex Corporation, 5% 
Polysilarylene - 95% Polydimethylsiloxane , or equivalent). 


 


7.3 Data Acquisition System: Computerized system for collecting, storing, and 


processing detector output (Hewlett Packard Enviroquant target software) or equivalent. 
 


7.4 Gases: Ultra high purity BIP helium (99.9995%); Compressed nitrogen for N-Evap.   


 


7.5 Syringes: 10uL to 1.0mL. 


 


7.6 Glass: Class A volumetric glass with varying volumes 


 


7.7 GC Injection Port Liner:  Phenomenex Direct Connect Top Hole or Phenomenex 


Focus Liner 


 


8. Reagents and Standards 


Use reagent grade chemicals for all reagents.  Deionized (DI) water is ASTM Type II laboratory 
reagent grade water.  


 


8.1 Methylene Chloride: ACS approved, Pesticide grade, see Reagent, Solvent and        


Standard Control SOP (G-008) for additional details regarding solvent purity. 
 


8.2 Acetone: ACS approved, Pesticide grade, see Reagent, Solvent and Standard Control 


SOP (G-008) for additional details regarding solvent purity. 
 


8.3 Hexane: ACS approved, Pesticide grade, see Reagent, Solvent and Standard Control 


SOP (G-008) for additional details regarding solvent purity. 
 


8.4 Methanol: ACS approved, Pesticide grade, see Reagent, Solvent and Standard Control 


SOP (G-008) for additional details regarding solvent purity. 
 


8.5 Analytical Standards: Standards should be stored at –10°C or less, away from light 


when not in use.  They should be discarded after 1 year unless the vendor expiration date 
states otherwise or if breakdown is observed.  Stock standards are given an 1 year 
expiration from the date or the expiration of the primary vendor solution, whichever occurs 
first. Working standards are given a 6 months expiration from the preparation date or the 
expiration of the primary solution whichever occurs first.    


 
8.5.1 Surrogates: Base/Neutral stock surrogate (5000ug/mL) – includes 


Nitrobenzene-d5, 2-Fluorobiphenyl, and Terphenyl-d14.  Acid stock surrogate 
(10000 ug/mL) - includes Phenol-d5, 2-Fluorophenol, and 2,4,6-Tribromophenol. 
Restek, Ultra Scientific, or equivalent. 
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8.5.1.1 To prepare the surrogate spiking solution mix for 8270: Add 2mL of the base 
neutral mix (5000 ug/mL) and 1.0mL of the acid surrogate mix (10000 ug/mL) 
to a 500mL volumetric flask.  Dilute to volume with Acetone to provide a 20 
ug/mL surrogate solution. 


 
8.5.2 Field Surrogates: Fluoranthene-d10 (2000ug/mL), and Benzo(a)pyrene D12 


(200ug/mL) is commercially obtained from Chem Service.   
NOTE: These surrogates are not for use with “routine” 8270 analyses, but are a 
project specific requirement for the analysis of SVOC in a PUF matrix. 
 


8.5.2.1 To prepare the Field surrogate spiking solution, add 5mL of Benzo(a)pyrene-
d12 (200ug/mL), and 0.5mL of Fluoranthene-d10 (2000ug/mL) to a 1mL 
volumetric flask.  Dilute with methylene chloride to provide a 100ug/mL spiking 
solution. 


 
8.5.3 Stock Calibration Mix Standards:  Pre-made, commercially available solutions.  


 


• PAH Mix - ECS-A-032 (2000ug/mL) 


• EPA 8270 Add-ons - ECS-A-031 (2000ug/mL) 


• EPA 625 B/N Mix#1 - ECS-A-030 (2000ug/mL) 


• Benzidines Mix - ECS-A-007 (2000ug/mL) 


• Phenols Mix - ECS-A-006 (2000ug/mL) 


• Custom Semivolatiles Mix (containing acetophenone, atrazine, 
benzaldehyde, biphenyl, and caprolactam) – Restek – cat # 57685 
(2000ug/mL) 


• 1,2,4,5-Tetrachlorobenzene – Accustandard (1000ug/mL) 


• 2,3,4,6-Tetrachlorophenol – UltraScientific (2000ug/mL) 


• Pentachloronitrobenzene – Ultra Scientific (1000ug/mL) 


• 2-Chloroaniline – Ultra Scientific (NEAT) 


� ~20mg of NEAT standard is diluted to 10mL in DCM to create a 
stock solution ~2000ug/mL for use in preparing the ICAL stock 


• Benzo(a)pyrene-D12 – Cambridge Isotope Laboratory 


 
� ~20mg of NEAT standard is diluted to 10mL of DCM to create a 


stock solution ~2000ug/mL for use in preparing the ICAL stock 
 


 The above surrogate stock mixes are also added to the standard mixture. Solutions 
equivalent to Environmental Consulting & Supplies (ECS) are acceptable. Due to the highly 
reactive nature of Benzidine and Benzaldehyde and their tendency to degrade when mixed 
with all other target analytes found in this method, two separate ICAL solutions are 
prepared. 


 
8.5.3.1 Preparation of the first stock standard (100ug/mL) to 10mL stock solution in 


methylene chloride is as follows: 
 


8.5.3.1.1 EPA 8270 Add-ons (2000ug/mL): 0.5mL 
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8.5.3.1.2 EPA 625 B/N Mix #1 (2000ug/mL): 0.5mL 


8.5.3.1.3 Phenols Mix (2000ug/mL): 0.5mL 


8.5.3.1.4 PAH Mix (2000ug/mL): 0.5mL 


8.5.3.1.5 Acid Surrogate (10000ug/mL): 100uL 


8.5.3.1.6 B/N Surrogate (5000ug/mL): 200uL 


8.5.3.1.7 1,2,4,5-Tetrachlorobenzene (1000ug/mL): 1.0mL 


8.5.3.1.8 2,3,4,6-Tetrachlorophenol (2000ug/mL): 0.5mL 


8.5.3.1.9 2-chloroaniline Stock (~2000ug/mL): ~0.5mL 


8.5.3.1.10  Benzo(a)pyrene-d12 Stock (~2000ug/mL): ~0.5mL 


8.5.3.1.11 Fluoranthene-d10 (2000ug/mL): 0.5mL 


8.5.3.1.12 Pentachloronitrobenzene (1000ug/mL) : 1.0mL 


 


8.5.3.2 Preparation of the second stock standard (100ug/mL) to 10mL in 
methylene chloride is as follows: 


8.5.3.2.1 Benzidines Mix (2000ug/mL): 0.5mL 


8.5.3.2.2 Custom Semivolatiles Mix (2000ug/mL): 0.5mL 


 
8.5.3.3 Preparation of calibration levels using the above stock solutions.  


All eight levels are prepared using the first stock solution.  Only 
levels 1-7 are prepared using the second stock solution.   
 


8.5.3.3.1 Level 8 (50ug/mL): 0.5mL of Calibration Stock diluted to a 
final volume of 1.0mL in methylene chloride. 


8.5.3.3.2 Level 7 (25ug/mL): 2.5mL of Calibration Stock diluted to a 
final volume of 10mL in methylene chloride 


8.5.3.3.3 Level 6 (15ug/mL): 1.5mL of Calibration Stock diluted to a 
final volume of 10mL in methylene chloride. 


8.5.3.3.4 Level 5 (10ug/mL): 1.0mL of Calibration Stock diluted to a 
final volume of 10mL in methylene chloride. 


8.5.3.3.5 Level 4 (5.0ug/mL): 0.5mL of Calibration Stock diluted to a 
final volume of 10mL in methylene chloride. 


8.5.3.3.6 Level 3 (2.0ug/mL): 0.20mL of Calibration   Stock diluted to 
a final volume of 10mL in methylene chloride. 


8.5.3.3.7 Level 2 (1.0ug/mL): 0.1mL of Calibration Stock diluted to a 
final volume of 10mL in Methylene chloride. 


8.5.3.3.8 Level 1 (0.5ug/mL): 0.05mL of  Calibration stock diluted 
to a final volume of 10mL in methylene chloride. 


8.5.4 Initial Calibration Verification (ICV): 
 
Initial Calibration Verification primary solutions (200ug/mL):   
Custom BNA Spike – Commercially available NSI – PN Q3461. 
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1,2,4,5-Tetrachlorobenzene solution (2000ug/mL): Ultra Scientific 
Pentachloronitrobenzene solution (5000ug/mL): Supelco 
2-Chloroaniline solution (2000ug/mL): Supelco 
Benzoic Acid Solution (2000ug/mL): Restek 
Benzaldehyde Solution (2000ug/mL): Restek 
Benzidine solution (1000ug/mL): Restek 


 
8.5.4.1 Initial Calibration Verification solution (10ug/mL): 0.50mL of Custom 


BNA Spike diluted to a final volume of 10mL in methylene chloride.   
8.5.4.2 Initial Calibration Verification solution for 1,2,4,5-Tetrachlorobenzene, 


2-Chloroaniline, Pentachloronitrobenzene, and Benzoic Acid (10ug/mL): 
0.5mL of 8270 LCS2 diluted to a final volume of 10mL in Methylene 
chloride. 


8.5.4.3 Initial Calibration Verification solution for Benzidine, and 
Benzaldehyde (10ug/mL): 0.5mL of 8270 LCS3 diluted to a final volume 
of 10ml in Methylene Chloride.    


 
8.5.5 Continuing Calibration Verification (CCV) solution (10ug/mL): 


0.50mL of Calibration Stock diluted to a final volume of 10mL in methylene 
chloride. 


  .  
8.5.6 LCS1/Matrix Spike Spiking Solution (200ug/mL): Multi component 


standard commercially available from NSI Environmental Solutions – PN 
Q3461.  


 
8.5.7 LCS2/Matrix Spike Spiking Solution (200ug/mL): this solution is 


prepared by dilution the following solutions to 10mL in methanol:  
 


8.5.7.1 1,2,4,5-tetrachlorobenzene (2000ug/mL): 1.0mL 
8.5.7.2 Benzoic Acid (2000ug/mL): 1.0mL 
8.5.7.3 Pentachloronitrobenzene (5000ug/mL): 0.4mL 
8.5.7.4 2-Chloroaniline (2000ug/mL): 1.0mL 


 
8.5.8 LCS3/Matrix Spike Spiking Solution (200ug/mL): This solution is 


prepared by diluting the following solutions to 10mL in methanol: 
 
8.5.8.1 Benzaldehyde Standard (2000ug/mL): 1.0mL 
8.5.8.2 Benzidine Standard (1000ug/mL): 2.0mL 


 
8.5.9 Internal Standard Primary Standard: Six component standard 


commercially available from Restek – PN 31206-510. 2000ug/mL solution 
containing 1,4-Dichlorobenzene-d4, Naphthalene-d8, Acenaphthene-d10, 
Phenanthrene-d10, Chrysene-d12, and Perylene-d12. 


 
8.5.9.1 8270 IS working solution (250ug/mL): 1.25mL of Internal 


Standard Primary Standard diluted to a final volume of 10mL in 
methylene chloride. 20uL of the solution is spiked into 1mL 
sample and standard vials.  The final concentration on column is 
5.0ug/mL. 


 
8.5.10 DFTPP Primary Standard:  Four component standard commercially 


available from UltraScientific – PN GCM-150. 1000ug/mL solution 
containing Decafluorotriphenylphosphine, Benzidine, Pentachlorophenol, 
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and 4,4’-DDT. 
 


8.5.10.1 8270 GC/MS Tuning Solution (50ug/mL): 1.25mL of DFTPP 
Primary Standard diluted to a final volume of 25mL in methylene 
chloride. 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank(s)  


9.1.1 Method Blank:  A method blank must be prepared once per every 20 samples or 
per extraction batch, whichever is more frequent.   


  
Organic compounds of interest must not be detectable in the method blank at a 
concentration greater than the reporting limit.  


 
Corrective Action: Extraction of the method blank and all associated samples 
must be performed until the blank is in control.  Samples cannot be analyzed until 
an acceptable method blank analysis is obtained.  Exceptions may be made with 
approval of the Semivolatile Organics Department Manager, Laboratory Director 
or QA Officer, if the samples associated with the out of control method blank are 
non-detect for the compound of interest, or if sample concentrations are greater 
than 5x the blank levels.  Common laboratory contaminants such as phthalates 
may be allowed provided that they are at concentration less than five times the 
reporting limit.  In such cases, the sample results are accepted without corrective 
action and the client is notified in a project narrative associated with the sample 
results. 


 


9.2 Laboratory Control Sample (LCS)/ Laboratory Control Sample Duplicate 
(LCSD) 


Laboratory control sample (LCS) and laboratory control duplicate (LCSD) must be prepared 
once per every 20 samples or per extraction batch, whichever is more frequent. The LCS and 
LCSD are spiked with a solution prepared from a second source or lot number, other than the 
initial calibration standard used to prepare the curve for the determinative analytical method.  
The LCS/D may contain all target compounds of interest, or a smaller subset may be analyzed, 
and is extracted along with the samples as verification of the accuracy of the entire extraction 
procedure. 
 
Project specific requirements, QAPPs, and/or other DQOs may supersede general limits and 
QC requirements. 
 
Corrective Action: Analysis must be repeated once to see if an analytical error has occurred.  If 
the LCS recovery is still out of control, re-extract and re-analyze the LCS and all associated 
samples.  Samples cannot be reported until an acceptable LCS is obtained.  Exceptions may 
be made with approval of the Semivolatile Organics Department Manager, Laboratory Director 
or QA Officer, if the samples associated with the out of control LCS are also associated with a 
matrix spike or matrix spike duplicate pair that is in control.  This is an acceptable measure of 
accuracy of the extraction and analytical procedures. In addition, sporadic marginal failure 
criteria may be employed in some cases. An explanation of this out of control LCS recovery 
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must be included in the project narrative to the client and the sample data reported with the 
acceptable MS results as batch QC. 


9.3 Initial Calibration Verification (ICV) 


The initial calibration for each compound of interest must be verified prior to sample analysis.  
This is accomplished by analyzing a second source calibration standard (Section 8.5.3). 


Calculate the percent recovery for each analyte. If the percent recovery for each analyte is 
within 70-130%, then the calibration is assumed to be valid.  Sporadic Marginal Exceedences 
apply, and in general, “difficult” analytes should be recovered at 40-160% (this is based on 
MADEP MCP criterion). If this criterion is not met, the standard is reanalyzed once. If the 
standard failure continues, corrective action must be taken prior to sample analysis. 


A new initial calibration must be performed and acceptable ICV results obtained prior to any 
sample analysis. 


 
9.4 Continuing Calibration Verification (CCV) 


On a daily basis after the DFTPP has passed, a mid-level (10ug/mL) continuing calibration 
standard which contains all of the analytes of interest is analyzed. 


Refer to Section 10.4 for further information. 


 


9.5 Matrix Spike/ Matrix Spike Duplicate (MS/MSD) 


Matrix spike / matrix spike duplicate (MS/MSD) samples will be performed per batch of 20 
samples of the same matrix processed together in those cases where the client does not 
specify omitting the MS/MSD for the analyses of their samples.  
 
See Section 16 Table E for MS/MSD recovery limits and %RPD limits. Calculate the %RPD as 
described in Section 9.6. 
 
Corrective Action: Analysis must be repeated once to see if an analytical error has occurred. If 
the % recovery and/or %RPD still exceeds the control limits and the LCS is compliant; include a 
project narrative with the results to client noting that there may be potential matrix effects on the 
accuracy or precision of the reported results as evidenced by MS/MSD recoveries and/or 
%RPD outside of QC limits. 


9.6 Laboratory Duplicate 


Duplicate analyses are performed upon client and/or QAPP request. For Organic analyses, the 
matrix duplicate is usually in the form of the matrix spike duplicate, see Section 9.5.  
 
Acceptable relative percent differences (RPD) of duplicates is listed in Section12.  Acceptance 
criterion is not applicable to sample concentrations less than 5 times the reporting limit.  
Calculate the RPD as follows: 
  
 


RPD  =   R1  -  R2         x  100 
          [R1  +  R2] 


2 
     
    where: 
    R1 = sample Replicate #1 
    R2 = sample Replicate #2 
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Corrective Action: Analysis must be repeated once to see if an analytical error has occurred.  If 
the % RPD still exceeds the control limits; include a project narrative with the results to client 
noting that there may be potential matrix effects on the precision of the reported organic results 
as evidenced by the matrix duplicate % RPD exceedance. 


 


9.7 Method-specific Quality Control Samples 


9.7.1 Surrogate Spikes: Surrogate spikes must be added to QC and field samples to 
evaluate the extraction method performance. 


 
See Section 12 for surrogate recovery acceptance criteria.  
 
Corrective Action: Up to one surrogate can be out in each fraction (Acid and 
Base/Neutral) but not less than 10% recovery, before any corrective action is 
necessary. Otherwise, analysis must be repeated once to see if an analytical 
error has occurred.  If the % recovery still exceeds the control limits the sample 
must be re-extracted and re-analyzed to confirm the sample matrix.  If obvious 
matrix interferences are noted, consultation with the Semivolatiles Department 
Manager, Laboratory Director or QA Officer may be necessary to confirm the 
need for sample re-extraction. If no re-extraction occurs, the surrogate results 
and reasons for the no re-extract decision must be discussed in the project 
narrative to the client. 


9.7.2 Internal Standards: Internal standards must be added to all sample extracts, QC 
samples and standards for quantitation purposes. 


 
The internal standards in the samples should remain at constant area counts with 
respect to the continuing calibration analyzed at the beginning of the run. Sample 
IS areas must be 50% to 200% of the Internal Standards in the Continuing 
Calibration.  Additionally, the RRT of the detected sample compounds must be 
within 0.06RRT units of the retention times of the associated continuing 
calibration standard. 


 
Corrective Action:  Analysis must be repeated once unless there are obvious 
samples matrix interferences, e.g. If the sample extract was very colored and 
viscous, or there are obvious chromatographic interferences. If obvious matrix 
interferences are noted, consultation with the Semivolatiles Department 
Manager, Laboratory Director or QA Officer may be necessary to confirm the 
need for sample re-analysis. 


9.8 Method Sequence 


o Tune 


o CCV 


o Method Blank 


o LCS 


o LCSD 


o Samples 
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10. Procedure 


10.1 Equipment Set-up 


10.1.1 The basic GC parameters are as follows: 
 


Injection Port Temp: 260°C 
Oven Equib Time: 0.50 min 
Oven Max: 350°C  
Oven: On 
Cryo: Off 
Ambient: 45°C 
Cryo Blast: Off 
 
Initial Temp.: 42°C 
Initial Time: 2.00 min 
 
Level    Rate (°C /min)            Final Temp. (°C)            Final Time (min) 
1  25.00   250    0 
2  10.00   320    2 
                 19.32 
 
 
Final Time:  19.32 
Please note that this may differ slightly from one instrument to another. 
 


The basic injection port parameters are as follows: 
Pulsed Splitless “Split” mode 


 Equilibrium Time: 0.50 minute 
 Temp: 260°C 
 Pressure:  9.2752 psi 
 Total Flow: 34.2mL/min 
 Split:  NA 
 Split Flow:  NA 
 Septum Purge Flow: 3mL/min 
 Injection Pulse Pressure: 30psi Until 0.2min 
 Purge Flow to Split Vent: 30mL/min at 0.6 min 
 Injection volume: 1uL 
 


Please note that this may differ slightly from one instrument to another. 
 
10.1.2 Column conditions parameters are as follows: 


 Constant Pressure: 9.2752 psi  
 Column flow: 1.2mL/min 


Linear Velocity:  39.763 cm/sec 
 


Please note that this may differ slightly from one instrument to another. 
 


10.1.3 Mass Spectrometer Scan Parameters 
Scan from mass 35.0 amu to 450 amu 
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10.1.4 Tuning 


Tune acceptance should be verified at the beginning of every 12 hour analytical 
shift. The DFTPP may be combined with the calibration verification standard as 
long as both tuning and calibration acceptance criteria are met. 


Before the analytical standards are analyzed the mass spectrometer must be 
adjusted to meet the proper ion criteria for DFTPP. This is demonstrated by 
injecting into the GC/MS system 1 uL of a 50 ug/mL DFTPP solution.  


Note: Within the Enviroquant software, Autofind is used first to evaluate Tune. 
Three scans (the peak apex scan and the scans immediately preceding and 
following the apex) are acquired and averaged. 
 
Background subtraction is required, and must be accomplished using a single 
scan acquired within 20 scans of the elution of DFTPP. The background 
subtraction should be designed only to eliminate column bleed or instrument 
background ions. Do not subtract part of the DFTPP peak or any other discrete 
peak that does not coelute with DFTPP. 
 
Average or single scan may be used, if Autofind does not pass, but caution 
should be used in tuning on a single scan too close to the front or back of the 
DFTPP peak. If the system will not tune under ideal conditions, injection port 
maintenance and/or a source clean should be performed.  


The response of Benzidine and Pentachlorophenol, when monitored on a daily 
basis, will indicate the efficiency of the chromatography system. Benzidine and 
Pentachlorophenol should be present at their normal responses and no peak 
tailing should be visible. The tailing factor of Benzidine and Pentachlorophenol 
must not exceed 2. DDT breakdown must be <20%.  Although moderate tailing 
may indicate maintenance on the instrument will be required soon, these 
additional compounds in the DFTPP standard are included as an aid in 
instrument performance evaluation.  


  The following DFTPP mass intensity criteria should be used: 


 


DFTPP KEY MASSES AND ABUNDANCE CRITERIA 
    Mass      m/z Abundance criteria 
    ----------------------------------------------------------------------- 
    51 10-80% of Base Peak. 
    68 Less than 2% of mass 69. 
    70 Less than 2% of mass 69. 
    127 10-80% of Base Peak. 
    197 Less than 2%of mass 198. 
    198 Base peak, or > 50% of Mass 442. 
    199 5-9% of mass 198. 
    275 10-60% of Base Peak. 
    365 Greater than 1% of mass 198. 
    441 Present but less than 24% of mass 442. 
    442 Base Peak, or > 50% of mass 198. 
    443 15-24% of mass 442. 
    ----------------------------------------------------------------------- 
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10.2 Initial Calibration 


10.2.1 After the DFTPP passes criteria, a set of multi-level calibration standards listed in 
Section 8.5.3.3 are analyzed, from low concentration to high.  A minimum of five 
calibration levels are analyzed. The calibration standards are stored in the 
standards freezer. When the Initial Calibration is typed into a sequence, the 
standard ID for each of the levels must be noted in the “comments” of the 
sequence.  (Refer to the Reagent Solvent and Standard Control SOP (G-008) for 
further information regarding standard labeling convention.) 


10.2.2 Once the standards have been analyzed, they are reduced by the search 
software of the Enviroquant data system. Once all the components are identified, 
a linear curve is calculated for the components.  The criteria for evaluation are as 
follows: 


 
The RSD of each target analyte, for each level in the ICAL, must meet the 
minimum response factor criteria found in Table C.  The %RSD for each target 
analyte must not exceed 20%. If the %RSD for any target exceeds 20%, then the 
linear calibration model must be employed. A linear fit is acceptable if the 
correlation coefficient is greater than 0.99. When calculating calibration curves 
using the linear regression model, a minimum quatitiation check must be performed 
on the lowest calibration point. The recalculated concentration of the lowest 
calibration point should be within 30% of the true value. If this criteria is not met 
then the RL must be raised to the concentration of the next calibration standard 
that exhibits acceptable recoveries when recalculating using the final calibration 
curve. Up to 10% of the target analytes may have a %RSD greater than 20%, or a 
correlation coefficient less than 0.99, but these compounds must be reported as 
estimated values. 
 


10.2.3 Once the calibration curve is accepted, the Initial Calibration Verification (ICV) 
must be analyzed.  


Reference standards from a separate source or different lot are analyzed after 
every initial calibration for evaluation against calibration standard solutions. The 
percent difference shall not be greater than 30% for all target compounds.  The 
response factors for all compounds must meet the minimum RF listed in table C. 
Allowances are made for limited %D failures for the number of compounds 
analyzed. Through historical data Benzaldehyde, Benzoic Acid, and Benzidine 
are problematic compounds and are not included within the Tolerated Failures 
listed below. Based on the current literature, Benzidine and Benzaldehyde are 
subject to oxidative losses and exhibit erratic and non-reproducible 
chromatographic behavior. As such, these compounds are evaluated only when 
client specified based on the following: a %D exhibiting a low bias should not be 
below 40%D, however in a high bias situation the %D may be greater than 40%. 
If associated samples are non-detect for these compounds and the %D is a high 
bias, no corrective action is needed and the ICV and/or CCV can be accepted. 
Alpha Analytical – Mansfield Lab reports these compounds by default unless the 
client specifies they do not require them. 


    
Number of Target Analytes   Number of Tolerated Failures  


  11-30     1 
    31-50     2 
    51-70     3 
    71-90     4 


>90     5 
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10.3 Equipment Operation and Sample Processing 


10.3.1 Sample Extraction and Cleanup 
 


Samples for 8270 are generally extracted using one of the following SOPs: 
  


• Shaker Table Extraction (OP-013) 


• Separatory Funnel Extraction 3510C (OP-001) 


• Microscale Solvent Extraction 3570 (OP-016) 
  
Samples for 8270 may be cleaned up before transfer to the instrument laboratory 
using one of the following SOPs: 
 


• Gel Permeation Column Cleanup SOP (OP-006) 


• Silica Gel Clean-up SOP (OP-014) – limited target compounds only. 


10.3.2 The preparation lab staff will transfer the samples to the instrument laboratory. 
The samples are generally brought to a 1.0 to 5.0mL final volume; 1.0mL is 
transferred and any remaining sample is put into archive. One aliquot of each 
sample is then logged into the Internal Chain of Custody book and placed in the 
sample extract holding refrigerator located in the instrument laboratory. 


10.3.3 All samples and standards are spiked with the six Internal Standards (IS) before 
analysis, Section 8.5.9.1. The internal standard is intended to be used for both 
quantitation and the establishment of relative retention times. 


10.3.4 The analyst may determine to screen any samples for needed dilution.  A sample 
that will need a dilution either for target analytes that are over calibration, or 
samples may need to be diluted solely for matrix issues when the GC/MS 
chromatogram shows a large UCM or other non-target interferences, or when the 
extract itself is very colored and viscous.  All of the samples at 1mL (including the 
QC samples of a method blank and LCS) are spiked with 20uL of internal 
standard for a concentration of 5ug/mL. The samples are shaken briefly after the 
internal standard is added to ensure mixing.   


10.3.5 After the samples have been analyzed, the data files from the 5973 MS are 
transferred to the server. The samples are quantitated versus the proper method.  
The QCPRN1.MAC macro creates a form with which to easily check internal 
standard and surrogate criteria.  The istdrpt macro may, also, be utilized to check 
the internal standard and surrogate criteria. The following should be reviewed  
initially: 


10.3.5.1 Are all the surrogates within QC criteria? Please see Section 12 for 
surrogate information. 


 
10.3.5.2 Are all the internal standards within 50-200% and within +0.06 RRT of 


the daily CCAL? If not, the samples should be checked for matrix 
interferences that may be causing these issues. The IS peaks should 
also be evaluated for peak splitting or incorrect integration by the 
software. A sample may not need to be reanalyzed if it can be 
determined (with guidance from a supervisor) that the QC is exceeded 
due to matrix interference.   
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10.3.5.3 Are all target analytes within calibration range? If not, the sample 
should be diluted and re-analyzed. Samples may still be outside 
calibration range even though they were screened and it appeared that 
they did not need a dilution, or the sample may need additional dilution 
to put target analytes within calibration range. If a dilution is performed 
after the internal standard has already been added, it will be necessary 
to add additional IS in order to provide a concentration of 5ug/mL. 
Conversely, if a sample has been over-diluted, it may need to be 
analyzed at less of a dilution to detect target analytes that may have 
been diluted out. 


 
10.3.5.4 Are all analyses within 12 hour tune time?  If a sample is analyzed 


outside tune time, it will need to be re-analyzed in another tune clock.  
 


10.3.6 The sequence should also be printed out from Chemstation, initialed and dated, 
placed in the working logbook. 


 
10.3.7 If anything in the initial review of the data indicates that there should be a re-


analysis or a re-extract, the reason for re-analysis or re-extract should be noted 
on the sequence. 


 
10.3.8 If a re-extract is required, the “Request for Reanalysis/Repreparation” book 


should be filled out and a photocopy of the appropriate page should be given to 
the Preparation Group leader or the Semivolatile Organics Department Manager. 


 
10.3.9 A standard sequence (saved as S8073001;”S” for semivolatile;”8” for BNA8; 


0730 for July 30, and 01 is the first sequence that day) would appear as follows: 
 


Tune: WG#-1, -4, etc. This is the Analytical working group number generated 
by the Alpha LIMS that denotes the Tune. 


 
CCV: WG#-2, -3, etc. This is the Analytical working group number generated 
by the Alpha LIMS that denotes the calibration verification. 
 


 


10.4 Continuing Calibration Verification (CCV) 


10.4.1 On a daily basis after the DFTPP has passed, a mid-level (10ug/mL) continuing 
calibration standard which contains all of the analytes of interest is analyzed. The 
criteria for acceptance are: 


  
10.4.1.1 The RFs observed for all targets must mee the minimum RFs listed in 


Table C.  The %D for all targets must be ≤20%. Up to 20% of all 
targets are allowed to be > 20%.  All target compounds exhibiting a 
%D greater than 20% must be reported as estimated if present.  ND 
results for compounds in which the CCV exhibits a high bias are 
acceptable. The retention times of the internal standards must be 
within 0.5min of the mid-level in the previous ICAL.   


 
10.4.1.2 The area counts of the internal standards must be within 50 to 200% of 


the mid-level in previous ICAL. 
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10.5 Preventative Maintenance 


All repair and non-routine maintenance records including outside service visits are maintained 
in the instrument maintenance logbooks. 


Injection Port Maintenance:  Maintenance should be done when the daily CCAL starts to 
demonstrate degradation. The type of samples analyzed will have an effect on how soon 
maintenance should be performed.  


Septum Maintenance: The septum needs to be changed approximately every two-hundred 
injections. Unscrew the top septum nut, remove the pierced septum, and replace with a new 
11mm Thermolite green septum (Restek) or equivalent.  Screw the top septum nut back on.  


Column Maintenance:  Maintenance should be done when the daily CCAL starts to 
demonstrate degradation. The type of samples analyzed will have an effect on how soon 
maintenance should be performed. Generally maintenance is performed by trimming 6 cm off 
the front of the column. The column is then installed into the injection port liner, and the inlet nut 
is tightened.   


11. Data Evaluation, Calculations and Reporting 


11.1 Qualitative Analysis 


 
11.1.1 The qualitative identification of compounds determined by this method is based 


on retention time and on comparison of mass spectrum, after background 
correction, with characteristic ions in a reference mass spectrum.  The reference 
mass spectrum must be generated by the laboratory using the conditions of this 
method. The characteristic ions from the reference mass spectrum are defined 
as three ions of greatest relative intensity, or any ions over 30% relative intensity, 
if less than three such ions occur in the reference spectrum. Compounds are 
identified when the following criteria are met. 


 
11.1.2 The intensities of the characteristic ions of a compound must maximize in the 


same scan or within one scan of each other. A peak selected by the data system, 
based on the presence of target specific ions at a target specific retention time 
will be accepted as meeting this criteria. 


 
11.1.3 The relative retention time of the sample component is within + 0.06 RRT units of 


the RRT of the standard component, taking into consideration matrix effects 
which may cause retention time shifts. 


 
11.1.4 The relative intensities of the characteristic ions agree within 30% of the relative 


intensities of these ions in the reference spectrum.  (Example: For an ion with an 
abundance of 50% in the reference spectrum, the corresponding abundance in a 
sample spectrum can range between 20% and 80%). Outlying abundances 
maybe included due to the presence of non-target interference. 


 
11.1.5 Structural isomers that produce very similar mass spectra should be identified as 


individual isomers if they have sufficiently different GC retention times. Sufficient 
GC resolution is achieved if the height of the valley between two isomer peaks is 
less than 50% the average of the two peak heights.  Otherwise, structural 
isomers are identified as isomeric pairs. 
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11.1.6 Identification is hampered when sample components are not resolved 
chromatographically and produce mass spectra containing ions contributed by 
more than one analyte. When gas chromatographic peaks obviously represent 
more than one sample component (i.e. a broadened peak with shoulder(s) or a 
valley between two or more maxima), appropriate selection of analyte spectra 
and background spectra is important.   


 
11.1.7 Examination of extracted ion current profiles of appropriate ions can aid in the 


selection of spectra and in qualitative identification of compounds.  When 
analytes coelute, (i.e. only one chromatographic peak is apparent), the 
identification criteria may be met, but each analyte spectrum may contain 
extraneous ions contributed by the coeluting compound. 


 
11.1.8 For samples containing components not associated with the calibration 


standards, a library search may be made for the purpose of tentative 
identification.  The necessity to perform this type of identification (TICs) will be 
determined by the purpose of the analyses being conducted.  Data system library 
searches must not use normalization routines that would misrepresent the library 
or unknown spectra when compared to each other. 


 
11.1.8.1 For example, the RCRA permit or waste delisting requirements may 


require the reporting of non target analytes. Only after a visual 
comparison of sample spectra with the nearest library searches may 
the analyst assign a tentative identification. Guidelines for tentative 
identification are: 


 
11.1.8.1.1 Relative intensities of major ions in the reference spectrum 


(ions >10% of the most abundant ion) should be present in 
the sample spectrum. 


 
11.1.8.1.2 The relative intensities of the major ions should agree within 


+ 20%. (Example: For an ion with an abundance of 50% in 
the standard spectrum, the corresponding sample ion 
abundance must be between 30-70%). 


 
11.1.8.1.3 Molecular ions in the reference spectrum should be present 


in the sample spectrum. 
 


11.1.8.1.4 Ions present in the sample spectrum but not in the reference 
spectrum should be reviewed for background contamination 
or presence of co-eluting compounds. 


11.1.8.1.5 Ions present in the reference spectrum but not in the sample 
spectrum should be reviewed for possible subtraction from 
the sample spectrum because of background contamination 
or co-eluting peaks.  Data system library reduction programs 
can sometimes create these discrepancies.  
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11.2 Quantitative Analysis 
 
11.2.1   Response factors and % RSD to evaluate Initial Calibration acceptability. 


 


Calculate RF by:   RF
area


area


conc


conc


cmp


is


is


cmp


= ×  


where: 
 
area cmp = Area of the characteristic ion for the compound being measured. 
area is = Area of the characteristic ion for the specific internal standard. 
conc. is = Concentration of the specific internal standard. 
conc. cmp = Concentration of the compound being measured. 


Calculate %RSD by:  %RSD
SD


x
= ×100        SD


x x


N


i


i


N


=
−


−=


∑
( )2


1 1
 


where: 
 
%RSD = Percent Relative Standard Deviation 
x = Average of RF's 
SD = Standard Deviation 
xi = Analytical results of each level in the final reporting units 
N=Number of results (levels) 


 
11.2.2   For compounds in the initial calibration in which the Average of Response 


Factors calibration model is used: 
 


   Calculate %Difference (%D):  %D
RF RF


RF


i c


i


=
−


×100  


 
where:  
 
RFi - Initial Calibration average RF 
RFc = Continuing Calibration RF 
 


 
 


11.2.3   For compounds in the Initial Calibration for which the Linear Regression 
calibration model is used: 


 
 % Drift = Calculated [ ] –Theoretical [ ]    x 100 
   Theoretical [ ] 
 
 
 


11.2.4   Results of Water Analysis- calculation as performed in report form: 
 


Concentration (ug/L)  =     (Conc) (Vf) (DF) x 1000   
    (Vi) 


   where: 
Conc =Raw on-column concentration obtained from the quantitation report using 
Initial Calibration results. 
Vf = Final volume of extract (mL) 







Alpha Analytical, Inc.  ID No.:2155   
Facility: Mansfield                                            Revision 4 
Department:GC/MS-Semivolatiles  Published Date:8/10/2012 1:05:39 PM  
Title:  EPA 8270D  Page 19 of 25  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-006 


Vi = Volume of sample extracted (mL) 
DF = Dilution factor, for manually prepared dilutions 
 
 


11.2.5   Results of Sediment/Soil and Sludge Analysis- calculation as performed in report 
form: 


 
Concentration (ug/Kg)  =     (Conc) (Vf) (DF) x 1000 


       (W) (%S) 
   where: 
 


Conc =Raw on-column concentration obtained from the quantitation report using 
Initial Calibration results. 
DF = Dilution factor, for manually prepared dilutions, not instrumental 
“dilutions”. 
Vf =  Extract final volume (mL) 
W = Aliquot of sample (wet), g 
%S = Sample % solid (in decimal form) 


 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


All results for the organic compounds of interests are reportable without qualification if extraction 
and analytical holding times are met, preservation (including cooler temperatures) are met, all QC 
criteria are met, and matrix interference is not suspected during extraction or analysis of the 
samples. If any of the below QC parameters are not met, all associated samples must be evaluated 
for re-extraction and/or re-analysis.  
 
If non-compliant organic compound results are to be reported, the Semivolatile Organics 
Department Manager, the Laboratory Director, and/or the QA Officer must approve the reporting of 
these results.  The laboratory Project Manager shall be notified, and may chose to relay the non-
compliance to the client, for approval, or other corrective action, such as re-sampling and re-
analysis.  The analyst or Department Manager performing the secondary review initiates the project 
narrative, and the narrative must clearly document the non-compliance and provide a reason for 
acceptance of these results. 


   


QC Parameter Acceptance Criteria 


Initial Calibration Curve 


≤20%RSD or ≥0.99 linear for all targets.  Up to 10% of compounds can fail to 
meet this criteria, but must be reported as estimated. If linear regession is 


used, recalculation of the lowest calibration standard is required to be within 
30% of the true value.  All RFs must meet the minimum RFs listed in Table C. 


Independent Check Verification 
+/- 30%D for all compounds 


Up to 5 sporadic marginal failure accepted 


Continuing Calibration Verification 
Analyzed every 12hr or at the minimum of every 20 samples;  


< 20%D for all compounds.  Minumum RFs listed in Table C must be met.  
Up to 5 sporadic marginal failure criteria accepted 


Method Blank 


No analyte detected at or above the reporting limit,  
“B” qualify analyte if detected concentration is less than 5X the concentration found in 


the associated sample(s)  
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Laboratory Control Sample  
And LCSD 


40-140% (Base/Neutral compounds) and 30-130% (Acid compounds)  for all 
matrices; target specific 


30% RPD 
Matrix Spike / Matrix Spike 


Duplicate 
Same as for LCS/D; 30% RPD between the duplicates. 


Sample / Sample Duplicate 30% RPD between the duplicates. 


Surrogates 
Soil:  30-130% 


Waters:  30-130% for BN and 15-115% for Acid 
 


Internal Standards 50% - 200% of the daily CCV area for the Internal Standards 


Project specific QAPP and DQOs supersede the above limits. 


  


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


 


14. Pollution Prevention and Waste Management 


  Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOPs for further 
pollution prevention and waste management information.  


 


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


Waste Management and Disposal SOP 


SOP/08-03 Manual Integration 
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16. Attachments 


Table A:  Surrogate Recovery Acceptance Criteria 
 
Water: 15-115% for Acid compounds and 30-130% for Base/Neutral Compounds 
Soils: 30-130%  
 
Note:  The above limits will be replaced by laboratory limits, when available.  Limits are determined 
by sample DQO and matrix.  The limits above may also vary with project specific requirements, 
QAPP, or DQOs. 


 
 


Table B:  Target Compounds and Quantitation Ions 
            Quantitation Ions    
Compound       Primary       Secondary   
 
Aniline*     93  39, 93 
Acenaphthene  (CCC)   153  154, 152    
Acenaphthene-d10  (IS)   164  162, 160    
Acenaphthylene    152  151, 153 
Acetophenone    105  77, 51    
Anthracene    178  176, 179    
Azobenzene *    182  77 
Atrazine    200  173, 215 
Benzaldehyde     77  105, 106 
Benzo(a)Anthracene   228  229, 226 
Benzo(a)pyrene D12  (SURR)  264  132    
Benzidine*    184  183,92 
Benzo(b)fluoranthene   252  253, 125    
Benzo(k)fluoranthene   252  253, 125    
Benzo(g,h,i)perylene   276  138, 277    
Benzo(a)pyrene    252  253, 125    
Benzoic Acid*    105  122, 77 
Biphenyl    154  153,  76 
Benzyl Alcohol    108  79, 77 
Bis(2-chloroethoxy)methane  93  95, 123    
Bis(2-chloroethyl)ether   93  63, 95    
Bis(2-chloroisopropyl)ether  45  77, 79    
Bis(2-ethylhexyl)phthalate  149  167, 279    
4-Bromophenylphenylether  248  250, 141    
Butylbenzylphthalate   149  91, 206    
Carbazole*    167  139,166 
Caprolactam    113  55,  56 
2-Chloroaniline    127  129 
4-Chloroaniline    127  129 
4-Chloro-3-methylphenol  (CCC)  107  144, 142    
2-Chloronaphthalene   162  127, 164    
2-Chlorophenol    128  64, 130    
4-Chlorophenylphenylether  204  206, 141    
Hexachlorobenzene   284  142, 249   
Chrysene    228  226, 229    
Chrysene-d12  (IS)   240  120, 236 
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Table B, continued:  Target Compounds and Quantitation Ions 
 
            Quantitation Ions    
Compound       Primary       Secondary   
 
Dibenz(a,h)anthracene   278  139, 279    
Dibenzofuran    168  139    
Di-n-butylphthalate   149  150, 104    
1,2-Dichlorobenzene   146  148, 113    
1,3-Dichlorobenzene   146  148, 113   
1,4-Dichlorobenzene  (CCC)  146  148, 113   
1,4-Dichlorobenzene-d4  (IS)  152  115 
3,3’-Dichlorobenzidine*   252  254, 126    
2,4-Dichlorophenol  (CCC)  162  164, 98 
Diethylphthalate    149  177, 150    
2,4-Dimethylphenol   107  122, 121  
Dimethylphthalate   163  194, 164         
4,6-Dinitro-2-methylphenol  198  182,77    
2,4-Dinitrophenol  (SPCC)  184  63, 154 
2,4-Dinitrotoluene   165  63, 182    
2,6-Dinitrotoluene   165  63, 121   
Di-n-octylphthalate  (CCC)  149  167, 150 
Fluoranthene  (CCC)   202  101, 100 
Fluoranthene D10  (SURR)  212  106   
Fluorene    166  165, 167    
2-Fluorobiphenyl  (SURR)  172  171,173 
2-Fluorophenol  (SURR)   112  64,91  
Hexachlorobutadiene  (CCC)  225  223, 227    
Hexachlorocyclopentadiene  (SPCC)  237  235, 272   
Hexachloroethane   117  201, 199    
Isophorone    82  95, 138    
Indeno(1,2,3-cd)pyrene   276  138, 227    
2-Methylnaphthalene   142  141 
2-Methylphenol    108  107 
4-Methylphenol    108  107 
Naphthalene    128  129, 127    
Naphthalene-d8  (IS)   136  68 
2-Nitroaniline    65  92, 138    
3-Nitroaniline    138  108, 92 
4-Nitroaniline    138  108, 92  
Nitrobenzene    77  123, 65    
Nitrobenzene-d5  (SURR)  82  128, 54 
2-Nitrophenol  (CCC)   139  109, 65    
4-Nitrophenol  (SPCC)   109  139, 65    
N-Nitrosodiphenylamine  (CCC)  69  168, 167 
N-Nitroso-di-n-propylamine (SPCC) 169  42, 101, 130   
N-Nitrosodimethylamine*  74  42, 44 
Pentachlorophenol  (CCC)  266  264, 268 
Pentachloronitrobenzene  237  214, 249  
Perylene-d12  (IS)   264  260, 265 
Phenanthrene    178  179, 176    
Phenanthrene-d10  (IS)   188  94, 80 
Phenol  (CCC)    94  65, 66  
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Table B, continued:  Target Compounds and Quantitation Ions 
 
            Quantitation Ions    
Compound       Primary       Secondary   
 
Phenol-d5  (SURR)   99  42,71 
Pyrene     202  200, 203 
Pyridine    79  52    
Terphenyl-d14  (SURR)   244  122. 212 
1,2,4,5-Tetrachlorobenzene  216  214, 179 
2,3,4,6-Tetrachlorophenol  232  131, 230 
2,4,6-Tribromophenol  (SURR)  330  332, 141  
1,2,4-Trichlorobenzene   180  182, 145    
2,4,5-Trichlorophenol   196  198, 97, 132, 99 
2,4,6-Trichlorophenol  (CCC)  196  198, 200    
 


*   Indicates compound is not part of standard reporting list. 
Note: Target list will vary based on project specific requirements. 
 


  Table C: Recommended Minimum Response Factor Initial and 
Continuing Calibration 
 


Semivolatile Compounds  Minimum Response  


Factor (RF)  


Benzaldehyde  0.01 


Phenol  0.8 


Bis(2-chloroethyl)ether  0.7 


2-Chlorophenol  0.8 


2-Methylphenol  0.7 


2,2'-Oxybis-(1-chloropropane)  0.01 


Acetophenone  0.01 


4-Methylphenol  0.6 


N-Nitroso-di-n-propylamine  0.5 


Hexachloroethane  0.3 


Nitrobenzene  0.2 


Isophorone  0.4 


2-Nitrophenol  0.1 


2,4-Dimethylphenol  0.2 


Bis(2-chloroethoxy)methane  0.3 


2,4-Dichlorophenol  0.2 


Naphthalene  0.7 


4-Chloroaniline  0.01 


Hexachlorobutadiene  0.01 


Caprolactam  0.01 
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Table C Continued: Recommended 
Minimum Response Factor Initial and 
Continuing Calibration 
 
Semivolatile Compounds  Minimum Response  


Factor (RF)  


Hexachlorocyclopentadiene  0.05 


1,1'-Biphenyl  0.01 


2-Chloronaphthalene  0.8 


2-Nitroaniline 0.01 


 Dimethyl phthalate   0.01 


 2,6-Dinitrotoluene   0.2 


 Acenaphthylene   0.9 


 3-Nitroaniline   0.01 


 Acenaphthene   0.9 


 2,4-Dinitrophenol   0.01 


 4-Nitrophenol   0.01 


 Dibenzofuran   0.8 


 2,4-Dinitrotoluene   0.2 


 Diethyl phthalate   0.01 


 1,2,4,5-Tetrachlorobenzene   0.01 


 4-Chlorophenyl-phenyl ether   0.4 


 Fluorene   0.9 


 4-Nitroaniline   0.01 


 4,6-Dinitro-2-methylphenol   0.01 


 4-Bromophenyl-phenyl ether   0.1 


 N-Nitrosodiphenylamine   0.01 


 Hexachlorobenzene   0.1 


 Atrazine   0.01 


 Pentachlorophenol   0.05 


 Phenanthrene   0.7 


 Anthracene   0.7 


 Carbazole   0.01 


 Di-n-butyl phthalate   0.01 


 Fluoranthene   0.6 


 Pyrene   0.6 


 Butyl benzyl phthalate   0.01 


 3,3'-Dichlorobenzidine   0.01 


 Benzo(a)anthracene   0.8 


Chrysene  0.7 


Bis-(2-ethylhexyl)phthalate  0.01 


Di-n-octyl phthalate  0.01 
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Table C Continued: Recommended 
Minimum Response Factor Initial and 
Continuing Calibration 
 
Semivolatile Compounds  Minimum Response  


Factor (RF)  
 
Benzo(b)fluoranthene  0.7 


Indeno(1,2,3-cd)pyrene  0.5 


Dibenz(a,h)anthracene  0.4 


Benzo(g,h,i)perylene  0.5 


2,3,4,6-Tetrachlorophenol  0.01 
 





		Semivolatile Organic Compounds By
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 EXTRACTION OF ORGANOTINS IN  
 SEDIMENT, WATER, AND TISSUE MATRICES 
 
 
1. SCOPE AND APPLICATION 
 


This procedure is used to extract selected butyltins from sediments, water and tissues.  The 
procedure is a preparative step for determination of butyltins by gas chromatography (SOP SOC-
BUTYL).  The procedure can also be applied to porewater samples. 


 
2. SUMMARY OF METHOD 
 


Butyltin compounds are extracted with an organic solvent using the technique suitable for the 
sample matrix.  Sediment and tissue samples are extracted by tumbling.  Water samples are 
extracted by liquid-liquid extraction.  Extracts are then derivitized to their hexyl form using 
hexylmagnesiumbromide.  After derivitization, extracts from sediment and water samples are 
cleaned up with silica and alumina; tissue sample extracts are cleaned up with Florisil.  Extracts 
are then taken to final volume and analyzed by GC/FPD. 


 
3. DEFINITIONS 
 


Refer to the determinative procedure SOP (SOC-BUTYL) for applicable definitions. 
 
4. INTERFERENCES 
 


4.1. Solvents, reagents, glassware, and other sample processing hardware may yield discrete 
artifacts and/or elevated baselines, causing misinterpretation of the chromatograms.  All 
of these materials must be demonstrated to be free from interferences, under the 
conditions of the analysis, by running blanks. 


 
4.2. In sediment samples, sulfur compounds cause the most direct interference with this 


procedure.  Dimethyldioxirane may be used to help remove the sulfur that might 
otherwise interfere with the flame photometric detector. 


 
5. SAFETY 
 


5.1. The toxicity or carcinogenicity of each compound or reagent used in this method has not 
been precisely determined; however, each chemical compound should be treated as a 
potential health hazard.  Exposure to these compounds should be reduced to the lowest 
possible level.  A reference file of material safety data sheets is available to all personnel 
involved in these analyses. CAS also maintains a file of OSHA regulations regarding the 
safe handling of the chemicals specified in this method. Appropriate precautions must be 
taken when preparing, handling, and storing Grignard reagent. 
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5.2. All samples should be treated as a potential hazard. Appropriate personal protective 


equipment must be worn when performing the procedure. 
 
6. SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE 
 


Refer to the determinative procedure SOP (SOC-BUTYL). 
 
7. APPARATUS AND MATERIALS 
 


7.1. Materials used in sediment, tissue and water extractions. 
 


7.1.1. pH paper, 0 - 14 range 
 
7.1.2. 16x150mm and 25x150mm disposable glass culture tubes with Teflon lined screw 


caps 
 
7.1.3. 0.5 ml, 1ml, 2 ml, 5 ml, and 10 ml serological pipettes 
 
7.1.4. Pastuer pipets 
 
7.1.5. 2 ml glass vials with Teflon lined crimp-top caps 


 
7.1.6. Nitrogen evaporator 


 
7.1.7. Centrifuge - capable of handling glassware in 7.1.2. 


 
7.1.8. Vacuum pump and manifold 


 
7.1.9. Kuderna-Danish (K-D) apparatus 


 
7.1.9.1.Concentrator tube - 10 ml, graduated. 


 
7.1.9.2.Evaporation flask - 250 ml.  Attach to concentrator tube with springs, 


clamps or equivalent. 
 


7.1.9.3.Three-ball Snyder column. 
 


7.1.9.4.Springs - 1/2 inch. 
 


7.1.10. Boiling chips - Pre-cleaned via Soxhlet extraction, approximately 10/40 mesh 
(silicon carbide or equivalent). 
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7.1.11. Water bath - Heated, with concentric ring cover, capable of temperature control 
(± 5C).  The bath should be used in a hood. 


 
7.2. Materials for extraction of sediments 


 
7.2.1. 250 mL Teflon bottles with Teflon screw caps 


 
7.2.2. Tumbler, capable of holding twelve 250 mL Teflon bottles 
 
7.2.3. Modified vacuum filtration funnel 
 
7.2.4. Whatman No. 41 filter paper 
 
7.2.5. Polypropylene funnels 


 
7.2.6. Scoopulas 


 
7.2.7. 400 ml beakers 


 
7.3. Materials for extraction of waters 


 
7.3.1. Continuous liquid/liquid extraction body 


 
7.3.2. 500 ml round bottom flask, with green Keck clip 


 
7.3.3. 1000 ml graduated cylinder 


 
7.3.4. Stir rod and pH paper 


 
7.3.5. Allihn condensor 


 
7.3.6. Pore water sample preparation 


 
7.3.6.1. Polycarbonate centrifuge bottles, 1L. 


 
7.3.6.2. Water-from-sand apparatus 


 
7.3.6.3. Large spoon 


 
7.3.6.4. Nitrogen Hood 


 
7.3.6.5. Refrigerated Centrifuge capable of handling 1 liter bottles 
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7.4. Materials for extraction of tissues 
 


7.4.1. Vortex for VOA vials 
 


7.4.2. Tumbler for VOA vials 
 


7.4.3. 40 ml and 60 ml VOA vials with Teflon lined septa and screw caps 
 


7.5. Materials for Grignard preparation 
 


7.5.1. 500 ml round bottom three necked flask with glass stoppers 
 


7.5.2. 30 cm condenser 
 


7.5.3. 125 ml addition funnel 
 


7.5.4. Two drying tubes filled with drierite and plugged with glass wool 
 
7.5.5. Glass rod 
 
7.5.6. Hot water bath 
 
7.5.7. 100 ml graduated cylinders 


 
7.5.8. 150 ml glass beaker 


 
8. REAGENTS 
 


8.1. Solvents:  Dichloromethane (DCM), hexane, pentane, methanol, and anhydrous diethyl 
ether (J.T. Baker). 


 
8.2. Tropolone in dichloromethane (DCM) - 0.1% (w/v) solution is prepared by adding 1 g 


tropolone per liter of DCM. 
 
8.3. Tropolone in hexane - 0.1% (w/v) solution is prepared by adding 1g tropolone per liter of 


hexane. 
 
8.4. Tropolone in water - 0.01% (w/v) solution is prepared by adding 0.4 g tropolone and 40 


mL concentrated HCl to 4 L of reagent water. 
 


8.5. Reagent water    
 
8.6. D.I. Water 
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8.7. Sodium sulfate powder. 
 
8.8. Concentrated HCl. 
 
8.9. Fisher PrepSepR 1 g silica cartridges, or equivalent. 
 
8.10. Fisher PrepSepR 1 g alumina cartridges, or equivalent. 
 
8.11. Magnesium turnings (from Fisher).  It is recommended to investigate the use of 


semiconductor grade magnesium if blank contamination (tin) is exhibited. 
 
8.12. Bromohexane (from Fluka). 


 
8.13. Florisil cartridges (Supelco). 
 
8.14. Surrogate and spiking solutions--see SOP SOC-BUTYL. 
 
8.15. Hexylmagnesiumbromide - CH3(CH2)5MgBr (Grignard).  Prepare as follows: 
 


8.15.1. All glassware used in Grignard preparation is baked at least 4 hours at > 100oC to 
remove water.  Glassware is assembled while still warm. 


 
8.15.2. Add 14 g of magnesium to the three necked flask during assembly.  The 


condenser is placed in the middle neck of the flask with a drying tube at the top of 
the condenser.  A glass stopper is put in one neck of the flask, with the 125 ml 
addition funnel in the last flask opening.  The addition funnel contains 38 ml 
bromohexane in 95 ml anhydrous ether, and is topped with a drying tube. 


 
8.15.3. Add 4 ml bromohexane and 10 ml ether to the flask.  A glass rod is used to crush 


2 or 3 Mg chips.  A hot water bath may be used to help reaction start.  After 
reaction has started, hot water bath is removed. 


 
8.15.4. Once reaction is started, the bromohexane solution in the addition funnel is added 


at a rate of about 3 drops per second.  Once nearly all of the bromohexane/ether 
solution has been added, an additional 95ml of anhydrous ether and 38ml of 
bromohexane are added to the addition funnel (in that order). Once all 
bromohexane solution has been added, the hot water bath is returned and reaction 
is refluxed for at least one hour. Grignard solution is now ready to use. 


 
8.15.5. Laboratory records show Grignard lasts up to 2 months after preparation. Due to 


the reactive nature of Grignard reagent, it should be checked for reactiveness 
prior to continued use. After 2 months, test weekly prior to use.  A derivatization 
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blank, a 1 ppm standard, and a 10 ppm standard are typically prepared ahead of 
sample derivatization to assure the purity and reactiveness of each batch of 
Grignard. 


 
8.16. Dimethyldioxirane (DMD) – see SOP SOC-DMD DMD Synthesis 


 
9. PREVENTIVE MAINTENANCE 
 


Routine cleaning of the extraction glassware is necessary.  Refer to the SOP for Organic Extractions 
Glassware Cleaning.   


 
10. RESPONSIBILITIES 
 


10.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with the 
training program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee.   


 
10.2. It is the responsibility of the department supervisor/manager to document analyst training.  


Documenting method proficiency is also the responsibility of the department 
supervisor/manager.    


 
11. PROCEDURE 
 


11.1. Extraction of Organotins From Sediments 
 


11.1.1. Mix sample thoroughly and weigh approximately 20g into a beaker.  Record 
weight to nearest 0.01g. If possible, dry the sample overnight in a hood. Acidify 
with 2mL concentrated HCl. Mix samples with adequate sodium sulfate to dry 
sample.  The method blank and laboratory control sample are made from an equal 
amount of sodium sulfate.  Add sample to a 250 mL Teflon bottle and add 
appropriate surrogate and spike.  Check pH to ensure pH <2.  Add more acid if 
necessary.  Add enough 0.1% tropolone/DCM solution to cover sample with at 
least 1/2" of solvent (approximately 150 ml). Cap tube, shake and vent to release 
pressure.  Place bottles on tumbler, and tumble for at least 16 hours. 


 
11.1.2. Pour sample into modified funnel with glass wool, and filter by vacuum into a 


250mL KD flask.  Evaporate the extract on a water bath (<75C) to 
approximately 10 ml and transfer to a culture tube.  Add 20 ml hexane  
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11.1.3. Using the N-Evap, solvent exchange to hexane.  Concentrate the extract to 
approximately 3 ml.  Add 2 ml of reagent water and vortex.  Centrifuge to 
separate precipitates.  Using a Pastuer pipet and pentane, quantitatively transfer 
the extract (solvent) layer to a 2nd culture tube.  Evaporate extract down to 
approximately 2 ml. 


 
11.1.4. Add 2 ml of Grignard reagent and vortex every 5 minutes over a 45-minute period 


(or 45 minutes on a shaker).  Add concentrated HCL slowly, vortexing as needed, 
until there is no reaction and the hexane layer is clear. 


 
11.1.5. Transfer hexane layer to a new test tube.  Take to 4.0mL final volume, remove 


1mL for cleanup.  Add 1mL DMD to this aliquot, vortex 3 minutes.  Solvent 
exchange to hexane and proceed with cleanup. 


 
11.1.6. Using the vacuum or positive pressure manifold, set up alumina/silica cartridges 


and condition with 5 ml hexane.  Discard hexane.  Place samples in cartridges and 
bring down to almost dry, and elute with 6 ml of pentane, allowing this to go dry. 
 Take extracts to a 1.0 ml final volume in hexane, and place in a 2 ml vial. 


 
11.2. Extraction of Porewater from sediments 


 
11.2.1. All labware must be rinsed with 10% HCl followed by DI water prior to use. 


Labware must be dry prior to further rinsing.  Air drying is best for polycarbonate 
labware; methanol may be used if time is limited.  All polycarbonate labware 
must be rinsed with 0.1% w/v tropolone in hexane followed by hexane; all other 
labware must be rinsed with 0.1% w/v tropolone in Dichloromethane followed by 
Dichloromethane. 


  
11.2.2. All transferring of samples must be carried out in an isolated environment under 


at least 2 atmospheres of positive N2 pressure (15 psi).  Sample centrifugation 
must be carried out at or below 10 C. 


 
11.2.3. In the Nitrogen hood, transfer sediment with all standing water to two centrifuge 


bottles.  Balance the bottles to within 1 gram before centrifugation. 
 


11.2.4. Very sandy sediments often do not yield sufficient volumes of water.  For the 
samples, it will be necessary to employ at least two water-from-sand recovery 
apparatuses; make a note of this as these samples will be exposed to the 
atmosphere. 


 
11.2.5. Use 1000 mL of reagent water for the method blank and centrifuge along with the 


samples. 
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11.2.6. Centrifuge the balanced bottles opposite each other for 30 minutes at 1000 -
3000G.  (1100-3250 RPM for a 10 inch rotor radius). 


 
11.2.7. Decant the water into clean polycarbonate centrifuge bottles and balance as 


above. 
 


11.2.8. Centrifuge the samples a second time at 3000 G. 
 


11.2.9. Decant the water from the centrifuge bottles into polycarbonate sample bottles. If 
the sediment is resuspended during the decantation, the samples must be 
centrifuged again before decanting. 


 
11.2.10.Add 0.5-1 mL of concentrated HCl to each sample bottle to preserve them and 


store at or below 4 C. 
 


11.2.11.Some projects may require samples to be filtered prior to preservation and 
storage.  Check project specific requirements to see when filtration is necessary. 
Samples must be filtered using 0.4 m polycarbonate filters in porcelain Buchner 
funnels.  The samples are filtered into polycarbonate Erlenmeyer flasks. 


 
11.2.12.Extract the recovered porewater following the procedure in section 11.3. 
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11.3. Extraction of Organotins In Water 
 


11.3.1. Refer to the SOP for Continuous Liquid-Liquid Extraction (SOP EXT-3520). Add 
500 mL of DCM to the extractor.  Measure and transfer 500 mL of sample to the 
extractor.  Set up the method blank, laboratory control sample, and spike samples. 
 Add surrogate and matrix spikes as appropriate.   


 
11.3.2. Add 500 mL of 100ppm tropolone in 0.1% HCl in reagent water.  Follow the 


instructions for continuous liquid-liquid extraction. 
 
Note:   For porewater samples, the available sample volume is typically limited to 500 ml or less.  
Determine the amount of sample available and adjust the volume extracted accordingly. Adjust the 
amount of reagents and surrogate and matrix spike amounts accordingly.     
 


11.3.3. Make sure that the continuous liquid - liquid extractor is receiving adequate flow for 
cooling, and that the units are cycling properly.  Check the chiller for proper 
temperature and operation.  (Condensers should be cold to the touch before 
extraction begins). 


 
11.3.4. Cycle the unit for 18 hours.   


 
11.3.5. Transfer the extract (DCM) to a 250 mL KD flask.  Evaporate the extract on a 


water bath (<75C) to approximately 5 mL.  Add approximately 10 ml hexane 
and continue to solvent exchange to hexane. 


 
11.3.6. Transfer the extract to a culture tube and, using the N-Evap, blow down the extract 


to approximately 2 ml.   
 


11.3.7. Add 2 ml Grignard, and vortex every 5 minutes over a 45 minute period.  Add 
concentrated HCl slowly, vortexing as needed, until there is no reaction and 
hexane layer is clear. 


 
11.3.8. Clean up using alumina and silica cartridge as described in section 11.1.6 and 


take to 1.0mL (nominal) final volume. 
 


11.4. Extraction of Organotins In Tissue 
 


11.4.1. Mix sample thoroughly and weigh approximately 10 g into a 40 ml VOA vial.  
Add surrogate and matrix spikes.  Acidify with 10mL of 1.5M HCl.  Add 10mL 
of 0.1% tropolone/DCM, vent to release pressure.  Tumble for 1 hour.  Centrifuge 
the extract and transfer tropolone/DCM layer to a culture tube.  Repeat two more 
times with addition of tropolone/DCM each time.  
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11.4.2. Evaporate the extract to 5 ml on the N-evap.  Add 10 ml of hexane, evaporate to 2 
ml, add 10 ml more hexane, evaporate to 2 ml again and take to 5 ml in hexane. 


 
11.4.3. Continue with Grignard derivitization (11.1.4) and take to final volume as in 


section 11.1.6, using a Florisil cartridge instead of Alumina and silica gel 
cartridges. 


 
12. QUALITY CONTROL 
 


12.1. The QC samples required for the extraction batch is described in the Butyltins SOP 
(SOC-BUTYL) and the SOP for Sample Batches (ADM-BATCH).  Any method blanks 
or laboratory control samples should be subjected to exactly the same procedures as those 
used in actual samples. 


 
12.2. Follow the applicable quality control guidelines outlined in Butyltins SOP (SOC-


BUTYL). 
 


12.3. The laboratory must follow all quality control requirements outlined in Table F-1 of the 
DoD Quality Systems Manual for Environmental Laboratories, Version 4.1, 4/22/2009 
for samples submitted for DoD ELAP projects.  See the SOP Department of Defense 
Projects Laboratory Practices and Project Management (ADM-DOD). 


 
 
13. DATA REDUCTION AND REPORTING  
 


Use the appropriate benchsheet to record all sample preparation information.  The benchsheet 
must be completed in full and reviewed by a 2nd analyst or supervisor.  Sample preparation 
information recorded on the benchsheet is used to perform data reduction following GC analysis.  


 
14. CORRECTIVE ACTION 
 


14.1. Refer to the SOP for Corrective Action (ADM-CA) for procedures for corrective action.  
Personnel at all levels and positions in the laboratory are to be alert to identifying problems 
and nonconformities when errors, deficiencies, or out-of-control situations are detected.   
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14.2. Handling out-of-control or unacceptable data 
 


14.2.1. On-the-spot corrective actions that are routinely made by analysts and result in 
acceptable analyses should be documented as normal operating procedures, and no 
specific documentation need be made other than notations in laboratory maintenance 
logbooks, runlogs, for example. 


 
14.2.2. Documentation of a nonconformity must be done using a Nonconformity and 


Corrective Action Report (NCAR) when: a) corrective action is not taken or not 
possible b) corrective action fails to correct an out-of-control problem on a 
laboratory QC or calibration analysis c) reanalysis corrects the nonconformity but is 
not a procedurally compliant analysis.  


 
15. POLLUTION PREVENTION AND WASTE MANAGEMENT 
 


15.1. It is the laboratory’s practice to minimize the amount of solvents, acids, and reagents used to 
perform this method wherever feasibly possible.  Standards are prepared in volumes 
consistent with methodology and only the amount needed for routine laboratory use is kept 
on site.  The threat to the environment from solvents and/or reagents used in this method can 
be minimized when recycled or disposed of properly. 


 
15.2. The laboratory will comply with all Federal, State, and local regulations governing waste 


management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the CAS Environmental Health and Safety Manual. 


 
16. METHOD PERFORMANCE 
 


Available method performance data is given in the reference method and determinative method.  In 
addition, this procedure was validated through single laboratory studies of accuracy and precision as 
specified in the determinative procedures.   


 
17. TRAINING  
 


17.1. Training outline 
 


17.1.1. Review literature (see references section).  Read and understand the SOP.  Also 
review the applicable MSDS for all reagents and standards used.  Following these 
reviews, observe the procedure as performed by an experienced analyst at least 
three times. 


 
17.1.2. The next training step is to assist in the procedure under the guidance of an 


experienced analyst.  During this period, the analyst is expected to transition from 
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a role of assisting, to performing the procedure with minimal oversight from an 
experienced analyst.   


 
17.1.3. Perform initial precision and recovery (IPR) study as described above for water 


samples. Summaries of the IPR are reviewed and signed by the supervisor.  
Copies may be forwarded to the employee’s training file.  For applicable tests, 
IPR studies should be performed in order to be equivalent to NELAC’s Initial 
Demonstration of Capability. 


 
17.2. Training is documented following the SOP for Documentation of Technical Personnel 


Training.   
 


NOTE: When the analyst training is documented by the supervisor on internal training 
documentation forms, the supervisor is acknowledging that the analyst has read and 
understands this SOP and that adequate training has been given to the analyst to competently 
perform the analysis independently. 
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19. CHANGES SINCE THE LAST REVISION 


19.1. Sec 8.5 removed ‘tap water’ 
19.2. Sec 8.15.1 Added 4 hours. 
19.3. Sec 11.1.1 Changed drying sample from after addition of HCL and sulfate to before 


additions. 
19.4. Sec 11.1.3 Changed D.I. water to reagent water. 
19.5. Sec 12.1 Updated SOP references 
19.6. Sec 12.3 is new. 
19.7. Changed file name from SOC-OSWT to EXT-OSWT 
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ATTACHMENT A 
 


Preparation Forms 
Benchsheets 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 







If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 







If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 







If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 







If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 







If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 







If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 







If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 







If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


ALS-CAS 
 


PROPRIETARY 
 


AND 
 


CONFIDENTIAL 












If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 







  SOP NO. SOC-BUTYL 
  Revision 11 
  Date: 12/22/11 
  Page 2 of 18 
 


BUTYLTINS 
  
 
1. SCOPE AND APPLICATION 
 


This Standard Operating Procedure (SOP) describes the procedure used for the analysis of butyltins 
by GC-FPD. Concentrations of Tributyltin chloride (Bu3SnCl) as well as butyltin trichloride 
(BuSnCl3), dibutyltin dichloride (Bu2SnCl2), and tetrabutyltin (Bu4Sn) in water, sediment and tissue 
can be determined by this method.  The butyltin chloride salts of tributyltin, dibutyltin and 
monobutyltin are reported as butyltin cations.  The current Method Reporting Limit (MRL) for each 
of these analytes is listed in Table 3.  The Method Detection Limit (MDL) that has been obtained is 
also listed, and is subject to change as studies are repeated. 


 
2. METHOD SUMMARY 
 


This procedure is based on techniques described in various papers (Unger, et. al; Krone, et.al.) for 
performing the extraction, derivitization, and analysis of mono-, di-, tri-, and tetrabutyltin chloride, 
with use of certain modifications.  This procedure involves a 0.1% tropolone in methylene chloride 
extraction of the analytes of interest from an acidified sample, followed by a Grignard reaction of the 
hexane extract with Hexylmagnesium bromide (HxMgBr).  The extract is then eluted through silica 
and alumina cartridge columns for cleanup of soil extracts, or Florisil columns for cleanup of tissue 
and water extracts.  Extracts are then analyzed by GC/FPD with a 610nm bandwidth filter.  The 
extraction procedure used is outlined in the CAS SOP SOC-OSWT. 


 
3. DEFINITIONS 
 


Analysis Sequence - Samples are analyzed in a set referred to as an analysis sequence.  The 
sequence begins with instrument calibration followed by sample extracts interspersed with 
calibration standards.  The sequence ends when the set of samples has been injected or when 
qualitative and/or quantitative QC criteria are exceeded. 


 
Independent Calibration Verification (ICV) - Verification of the ratio of instrument response to 
analyte amount as established during initial calibration.  The verification is done by analyzing for 
target analytes in standards in an appropriate solvent.  ICV solutions are made from neat standards 
whose source is different from that used to prepare calibration standards. 


 
Matrix Spike/Duplicate Matrix Spike Analysis - In the matrix spike analysis, predetermined 
quantities of stock solutions of certain analytes are added to a sample matrix prior to sample 
extraction and analysis.  The purpose of the matrix spike is to evaluate the effects of the sample 
matrix on the methods used for the analyses.  Samples are split into duplicates, spiked, and analyzed. 
 Percent recoveries are calculated for each of the analytes detected.  The relative percent difference 
between the samples is calculated and used to assess analytical precision.  The concentration of the 
spike should be at 5 to 10 times the MRL or at levels specified by a project analysis plan. 
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Standard (Calibration) Curve - A standard curve is a curve which plots concentrations of a known 
analyte standard versus the instrument response to the analyte. 
 
Surrogate - Surrogates are organic compounds which are similar to analytes of interest in chemical 
composition, extraction, and chromatography, but which are not normally found in environmental 
samples.  The purpose of the surrogates is to evaluate the preparation and analysis of samples.  These 
compounds are spiked into all blanks, standards, samples, and spiked samples prior to analysis.  
Percent recoveries are calculated for each surrogate. 
 
Method Blank - The method blank is an artificial sample designed to monitor introduction of 
artifacts into the process.  The method blank is carried through the entire analytical procedure. 
 
Continuing Calibration Verification Standard (CCV) - A mid-level standard injected into the 
instrument at specified intervals and is used to verify the ongoing accuracy of the initial calibration. 
 
Instrument Blank (CCB) - The instrument blank (also called continuing calibration blank) is a 
volume of clean solvent analyzed on each GC column and instrument used for sample analysis.  The 
purpose of the instrument blank is to determine the levels of contamination associated with the 
instrumental analysis itself, particularly with regard to the carry-over of analytes from standards or 
highly contaminated samples into other analyses. 
 
Laboratory Control Samples (LCS) – The LCS is an aliquot of analyte free water or analyte free 
solid to which known amounts target analytes are added.  The LCS is prepared and analyzed in 
exactly the same manner as the samples.  The percent recovery is compared to established limits and 
assists in determining whether the batch is in control. 
 


 
4. INTERFERENCES 
 


4.1. Solvents, reagents, glassware, and other sample processing hardware may yield discrete 
artifacts and/or elevated baselines, causing misinterpretation of the chromatograms.  All of 
these materials must be demonstrated to be free from interferences, under the conditions of 
the analysis, by running method blanks. 


 
4.2. Since this procedure is often applied to “trace level” analyses, particular attention should be 


paid to ensuring that standards are of acceptable quality and purity.   
 


5. SAFETY 
 


5.1. All appropriate safety precautions for handling solvents, reagents and samples must be taken 
when performing this procedure.  This includes the use of personnel protective equipment, 
such as, safety glasses, lab coat and the correct gloves.   
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5.2. Chemicals, reagents and standards must be handled as described in the CAS safety policies, 
approved methods and in MSDSs where available.  Refer to the CAS Environmental, Health 
and Safety Manual and the appropriate MSDS prior to beginning this method. 


 
6. SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE 
 


6.1. Containers used to collect samples for the determination of semivolatile organic compounds 
should be soap and water washed followed by methanol (or isopropanol) rinsing.  The 
sample containers should be of glass or polycarbonate and have screw-top covers with teflon 
liners.  Where teflon is not available, solvent-rinsed aluminum foil may be used as a liner.  
Highly acidic or basic samples may react with the aluminum foil, causing eventual 
contamination of the sample.  Plastic containers or lids may not be used for the storage of 
samples due to the possibility of sample contamination from the phthalate esters and other 
hydrocarbons within the plastic. 


 
6.2. Sample containers should be filled with care so as to prevent any portion of the collected 


sample coming in contact with the sampler's gloves, thus causing contamination.  Samples 
should not be collected or stored in the presence of exhaust fumes.  If the sample comes in 
contact with the sampler (e.g., if an automatic sampler is used), run reagent water through 
the sampler and use the rinsate as a field blank. 


 
6.3. Water and soil samples must be iced or refrigerated at 4  2�C from time of collection until 


extraction. Water samples should be extracted within 7 days and soil/sediment samples 
should be extracted within 14 days of collection. Tissue samples should be extracted within 
1 year when stored frozen (< -10oC) until extraction.  Studies have not been done to 
determine sample or extract stability, however extracts should be analyzed within 40 days 
after extraction. 


 
7. STANDARDS AND REAGENTS 


 
7.1. Stock standard solutions may be purchased from a number of vendors.  All reference 


standards, where possible, must be traceable to SI units or NIST certified reference 
materials.  The preparation for all laboratory prepared reagents and solutions must be 
documented in a laboratory logbook.  Refer to the SOP Reagent/Standards Login and 
Tracking (ADM-RTL) for the complete procedure and documentation requirements. 


 
7.2. Stock Solutions - 2000 µg/mL  


 
7.2.1. A certified butyltins stock solution containing Tetrabutyltin, Tributyltin, Dibutyltin, 


and Monobutyltin cations is purchased from Restek or equivalent at 2000ppm in 
methylene chloride. 


 
7.2.2. Alternatively, a stock solution may be prepared from neat materials. Neat standards 


may be purchased from an approved vendor such as Aldrich, Alfa, or Acros.  Prepare 
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by weighing out the following amounts of the neat standards and diluting to 10 mL 
in DCM. Replace stock solutions yearly, or sooner if there are signs of degradation.   


Tetrabutyltin    20.0 mg 
Tributyltin chloride   22.4 mg 
Dibutyltin dichloride  26.1 mg 
Butyltin trichloride   32.1 mg 


 
   


 
7.2.3. The surrogate stock solution, tripropyltin chloride, is purchased as certified stock 


solution at 2000ppm (Restek or equivalent). Alternatively, the solution may be 
prepared by weighing 20 mg of the neat standard and diluting to 10 mL in DCM. The 
solution is good for 1 year, or as specified by the manufacturer. Tripentyltin chloride 
and tricyclohexyltin chloride may be used as alternate surrogates. 


 
7.2.4. An ICV stock standard is purchased from a source different from the calibration 


standards (Accustandard or equivalent), and prepared at 2000ppm in DCM.  
 


7.3. Spiking Standards 
 


7.3.1. Butyltin Spike Standard - Prepare a 5 ug/mL solution by diluting the stock butyltin 
standard in acetone (2000 µg/mL x .125 mL/50 mL).  Replace every 2 months.   


 
7.3.2. Butyltin Surrogate Spike - Prepare a 5 ug/mL solution by diluting the stock butyltin 


standard in acetone (2000 µg/mL x .125 mL/50 mL).  Replace every 2 months. 
 


7.4. Calibration Standards 
 


7.4.1. A 5ppm calibration intermediate standard mix is prepared by diluting .125 mL of the 
2000ppm butyltins stock solution and .125 mL of 2000ppm surrogate stock solution 
into 5 mL hexane and derivitizing with Grignard reagent.  The standard is brought to 
50 mL final volume following alumina and silica gel cleanups.  This standard can be 
prepared at the same time that a sample set is derivatized.  Replace every 12 months. 


 
7.4.2. Calibration standards are prepared by diluting the calibration intermediate mix into 


hexane at appropriate levels.   A minimum of five concentrations are used to 
calibrate the instrument.  Recommended concentrations are: 2, 5, 20, 50, 200, 500, 
and 1000 µg/L as cations. Replace every 6 months. To convert the butyltin cation 
concentration to the corresponding chloride salt concentration, divide the cation 
conc. by the following correction factors: 


 
Tributyltin  = 0.8910 
Dibutyltin  = 0.7665 
Monobutyltin  = 0.6230 
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7.5. ICV Standard Solution – Using the ICV stock standard, prepare the same as for the 
calibration intermediate standard (7.3.1).  Replace every 12 months.  From that solution, 
make an appropriate dilution to give an ICV concentration that is mid-range in the 
calibration.      


 
7.6. Store all standards in a refrigerator or freezer (<4�C). 


 
8. EQUIPMENT AND OPERATING CONDITIONS 
 


8.1. Gas Chromatograph (GC) equipped with a flame photometric detector (FPD) and 
autosampler, HP 6890 with Enviroquant.  A 610nm center wavelength, 10nm bandwidth 
filter for the FPD is required (purchased from Oriel, Stratford, Conn., Part No. 53295).  The 
recommended GC columns and operating conditions are as follows: 


 
8.1.1. Columns:   
 


 Restek RTX-1, 30m x 0.32mm I.D., 1.0 µm film thickness, or equivalent.  
 Restek RTX-35, 30m x 0.32mm I.D., 1.0 µm film thickness, or equivalent. 


 
8.1.2. GC conditions: 


 
   Carrier flow (column) 2-5 mL/min. 


 Carrier + Makeup flow 25 ml/min. 
 Hydrogen flow (detector) 175 ml/min. 
 Air flow (detector)  100 ml/min. 
 Temperature program (both columns): 
  Injector Temp  30�C, hold for .6 min., 250C/min. to 325C 
  Detector Temp 250C 
  Oven Temp   120�C, hold for 1 minute, 20�C/minute to 280�C, 


hold for 3 minutes 
   


8.2. Data system - A computer system must be interfaced to the GC.  The system must allow the 
continuous acquisition and storage on machine-readable media of all chromatographic data 
obtained throughout the duration of the chromatographic program.  The computer must have 
software that can search any GC data file and plot such response versus time.  The data 
system must be capable of performing calibrations and quantitation calculations.  HP 
Enviroquant is the current software in use. 


 
8.3. Analytical balance (0.0001 g). 
 
8.4. Volumetric flasks, syringes, vials, and bottles for standards preparation. 


 
9. PREVENTIVE MAINTENANCE 
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9.1. All maintenance activities are recorded in a maintenance logbook kept for each instrument.  
Pertinent information (serial numbers, instrument I.D., etc.) must be in the logbook.  This 
includes the routine maintenance described in section 9.  The entry in the log must include: 
date of event, the initials of who performed the work, and a reference to analytical control.  


 
9.2. Carrier gas - Inline purifiers or scrubbers should be in place for all sources of carrier gas.  


These are selected to remove water, oxygen, and hydrocarbons.  Purifiers should be changed 
as recommended by the supplier.   


 
9.3. Gas Chromatograph 


 
9.3.1. Whenever GC maintenance is performed, care should be taken to minimize the 


introduction of air or oxygen into the column.  Injection port maintenance includes 
changing the injection port liner, seal, washer, o-ring, septum, column ferrule, and 
autosampler syringe as needed.  Liners and seals should be changed when recent 
sample analyses predict a problem with chromatographic performance.  In some 
cases liners and seals may be cleaned and re-used. 


 
9.3.2. Clipping off a small portion of the head of the column often improves 


chromatographic performance.  When cutting off any portion of the column, make 
sure the cut is straight and “clean” (uniform, without fragmentation) by using the 
proper column cutting tool.   


 
9.3.3. Over time, the column will exhibit poorer overall performance, as contaminated 


sample matrices are analyzed.   The length of time for this to occur will depend on 
the samples analyzed.  When a noticeable decrease in column performance is evident 
and other maintenance options do not result in improvement, the column should be 
replaced.  This is especially true when evident in conjunction with calibration 
difficulties.   


 
9.4. The autosampler should be cleaned periodically.  This includes turret cleaning and cleaning 


or replacing the syringe.  Refer to manufacturer’s instructions for autosampler restarting.   
 


9.5. The detector should be cleaned and serviced as specified by the manufacturer. 
 
 
10. RESPONSIBILITIES 
 


10.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with the 
training program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee.   
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10.2. It is the responsibility of the department supervisor/manager to document method 
proficiency and analyst training.      


 
11. PROCEDURE 


 
11.1. Refer to the SOP Sample Batches (ADM-BATCH) for guidance on analytical calibration and 


sample batches. 
 


Note:  Refer to the SOP for Calibration of Instruments for Organics Chromatographic Analyses 
(SOC-CAL), where calibration procedures and policies are described.  The calibration 
procedure(s) and options chosen must follow the SOP SOC-CAL. Any criteria described in 
the following sections takes precedence over the SOP SOC-CAL.  


.  
11.2. Initial Calibration 


 
11.2.1. Calibrate the GC immediately prior to conducting any analyses, using the external 


standard technique.  Starting with the standard of lowest concentration, analyze each 
calibration standard and tabulate response (peak area) versus the concentration in the 
standard.  The ratio of the response to the amount injected, defined as the calibration 
factor (CF), is calculated for each analyte at each standard concentration.  


 
11.2.2. If the percent relative standard deviation (%RSD) of the calibration factor is less than 


or equal to 20% over the working range, linearity through the origin can be assumed, 
and the average calibration factor may be used in place of a calibration curve.  Other 
options for establishing the calibration are given in the SOP for Calibration of 
Instruments for Organics Chromatographic Analyses (SOC-CAL). 
  


11.3. Prior to sample analysis; verify the calibration by analyzing the ICV standard immediately 
after the initial calibration.  The acceptance criteria for the ICV are 75-125% of the true 
value.  Values exceeding  20 %D should be scrutinized for possible error.     


 
11.4. Calibration Verification 


 
11.4.1. The start of any sequence must include a CCV checked against the Initial Calibration 


(curve or average calibration factors). For any analyte to “pass”, the response 
(calculated concentration or calibration factor) must be within ± 25%D of the 
expected response. For this specific “passing” analyte, this CCV is valid for 12 hours 
and is considered an “Opening CCV”.  An Opening CCV must be run prior to 
(within 8 hours of the commencement of) any analytical sequence. 


 
11.4.2. CCV standards must be analyzed at the start of each analytical sequence (except 


when the sequence is initiated with an ICAL and ICV). 
 


11.4.3. CCV standards are analyzed at the following frequency: 
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11.4.3.1.CCV standards should be analyzed after every 10 injections of field and QC 
samples or every 12 hours, which ever is more frequent. 


 
11.4.3.2.Samples with confirmed detections must be bracketed by acceptable CCV 


standards. 
 


11.4.3.3.When a closing CCV standard is not acceptable, corrective action must be 
taken. A new CCV standard may be prepared and analyzed to demonstrate 
degradation of the standard as the cause of a CCV outlier. In this case, 
instrument stability will be verified and samples analyzed prior to this CCV 
can be reported. CCV standards that are reinjected after minor instrument 
maintenance (e.g., injection port maintenance, column bake-out, installation 
of a new trap, etc.) do not verify instrument stability. Samples analyzed prior 
to this CCV must be reanalyzed. 


 
11.4.4. Any samples following a failing CCV must be rerun. 


 
11.5. Retention Time Windows 


 
11.5.1. The width of the retention time window used to make identifications should be based 


upon measurements of actual retention time variations of standards over the course 
of 72 hours.  Three times the standard deviation of a retention time is used to 
calculate a suggested window size for a compound. However, the experience of the 
analyst should weigh heavily in the interpretation of chromatograms. 


 
11.5.2. Use the mid-level standards (CCVs) interspersed throughout the analysis sequence to 


evaluate the qualitative performance of the GC system.  If any standard falls outside 
of their daily retention time window, evaluate the chromatogram for possible causes 
such as carryover from a highly contaminated sample.  If a problem related to GC 
system has been determined to be the cause of retention time shift, perform whatever 
maintenance is necessary before reinjecting a CCV or recalibrating and proceeding 
with sample analysis. 


 
11.6. Sample Analysis 
 


11.6.1. Following calibration analyses, analyze samples in a set referred to as an analytical 
sequence.  The sequence includes field samples and QC samples bracketed by CCVs. 
 Using the data system, setup the data acquisition to acquire data for each analysis 
into a distinct folder.  Refer to the SOP Sample Batches for guidance on setting up an 
analytical sequence.   


 
11.6.2. Identification of Analytes 


 
11.6.2.1.Identify a sample component by comparison of its retention time to the 


retention time of the daily standard chromatogram. 
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11.6.2.2.Tentative identification of an analyte occurs when a peak from a sample 
extract falls within the daily retention time window.  A tentatively identified 
compound is confirmed when the retention time for the compound on the 
confirmatory detector is within the retention time window on that system.  
Confirmation is routinely done using secondary column and/or GCMS 
techniques. 


 
12. QA/QC REQUIREMENTS 
 


12.1. The ability of each analyst/instrument to generate acceptable accuracy and precision must be 
documented prior to sample analysis (IPR study). This must be validated before analysis of 
samples, or whenever significant changes to the procedures have been made.  To do this, 
four reagent water samples are spiked with each target analyte, extracted, and analyzed. 
Calculate the average percent recovery and standard deviation.  Since no specific criteria are 
defined for this analysis, the section supervisor/manager should review this data for 
reasonableness. 


 
12.2. Method Detection Limits 


 
12.2.1. A method detection limit (MDL) study must be undertaken before analysis of 


samples can begin.  To establish detection limits that are precise and accurate, the 
analyst must perform the following procedure.  Spike a minimum of seven blank 
replicates with a MDL spiking solution (at a level below the MRL) for each target 
analyte, extract, and analyze.  The MDL studies should be done for each matrix, prep 
method, and instrument.  Refer to the CAS SOP Performing Method Detection Limit 
Studies and Establishing Limits of Detection and Quantification. 


 
12.2.2. Calculate the average concentration found (x) in the sample concentration, and the 


standard deviation of the concentrations for each analyte.  Calculate the MDL for 
each analyte using the correct T value for the number of replicates.  The MDL must 
be verified annually (LOD) for each sample matrix or the MDL study repeated. 


 
12.3. Limit of Quantitation (LOQ) 


 
12.3.1. The LOQ must be verified annually for each quality system matrix.  Any established 


LOQ must be above the LOD.  Alternatively, the annual LOQ verification is not 
required if the LOD successfully meets the laboratory established acceptance limits.  


 
12.4. Ongoing QC Samples required are described in the CAS-Kelso Quality Assurance Manual 


and in the SOP for Sample Batches.  Routinely, these include:  
 


12.4.1. Method blank - A method blank is extracted and analyzed with every batch of 20 or 
fewer samples to demonstrate that there are no method interferences.  The method 
blank must demonstrate that interferences from the analytical and preparation steps 
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minimized. No target analytes should be detected above the MRL in the method 
blank. 


 
Note: For DoD projects, no target analytes should be detected in the Method Blank above ½ 
the MRL.  If this criterion is exceeded, the source of the contamination is investigated and 
steps are taken to correct, minimize, or eliminate the problem.  The laboratory shall evaluate 
whether reprocessing of the samples is necessary. 


 
12.4.2. A lab control sample (LCS) must be extracted and analyzed with every batch of 20 


or fewer samples.  The LCS is prepared by spiking a blank with the matrix spike 
solution, and going through the entire extraction and analysis.  Calculate percent 
recovery (%R) as follows: 


 
%R = X/TV x 100  


 
Where X = Concentration of the analyte recovered 
 TV = True value of amount spiked 


 
Acceptance criteria for lab control samples are listed in Attachment A.  If the lab 
control sample (LCS) fails acceptance limits for any of the compounds, the analyst 
must evaluate the system and calibration.  If no problems are found, corrective action 
must be taken.  


 
12.4.3. A matrix spike/duplicate matrix spike (MS/DMS) must be extracted and analyzed 


with every batch of 20 or fewer samples.  The MS is prepared by spiking a sample 
aliquot with the matrix spike solution, and going through the entire extraction and 
analysis.  Calculate percent recovery (%R) as follows: 


 


%R =  
X -  X1


TV
 x 100


  
 


Where X = Concentration of the analyte recovered 
 X1 = Concentration of unspiked analyte 
 TV = True value of amount spiked 


 
Calculate Relative Percent Difference (RPD) as:    


 


RPD =  
R1 -  R2


(R1 +  R2) / 2
 x 100


  
 


Where  R1 = % recovery of the MS  
R2 = % recovery of the DMS 
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The acceptance limits for the MS/DMS are given in Attachment A.  If the MS/DMS 
recovery is out of acceptance limits for reasons other than matrix effects, corrective 
action must be taken.   


 
12.4.4. The acceptance limits for the surrogates are given in Attachment A.  If surrogate 


recovery is outside acceptance criteria, the sample data must be closely evaluated for 
possible matrix interferences.  If none are present, then corrective action must be 
identified. 


 
12.5. Current acceptance criteria for matrix spikes, LCSs and surrogates are listed in Attachment 


A.  The acceptance criteria listed are current criteria, but are subject to change as control 
limits are updated.  


 
12.6. Additional QA/QC measures include control charting of QC sample results. 


 
13. DATA REDUCTION AND REPORTING 
 


13.1. Calculations   
 


Sample results are calculated by the external standard method.  If there are no interferences, 
results may also be calculated by the internal standard method, using Pe3SnCl as the internal 
standard, if the associated internal calibration is established.  For external standard, use the 
following equations, for internal standard, use techniques described in EPA Method 8000B 
for quantification. 


 
Aqueous Samples: 


 


Conentration ( g / L) =  
(Cex) (vf) (D)


Vs
 x C


  
 


Where   Cex = Concentration in extract in µg/ml 
     VF   = Final volume of extract in ml 
 D = Dilution factor 
 Vs = Volume of sample extracted, liters 
 C = Appropriate chloride-to-cation correction factor (Table 2) 


 
Nonaqueous Samples: 


 


Concentration (mg / Kg) =  
(Cex) (Vf) (D) x 1000


(W) x 1000
 x C


  
 


Cex   = Concentration in extract in µg/ml 
VF    = Final volume of extract in ml 
D      = Dilution factor 
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W   = Weight of sample extracted.  The wet or dry weight may  
 be used, depending upon the specific client requirements. 


C   = Appropriate chloride-to-cation correction factor (Table 2) 
 
 


13.2. Data Review 
 


Following primary data interpretation and calculations, all data is reviewed by a secondary 
analyst.  Following generation of the report, the report is also reviewed. Refer to the SOP for 
Laboratory Data Review Process (ADM-DREV) for details. 


 
13.3. Reporting 


 
13.3.1. Reports are generated in the CAS LIMS by compiling the SMO login, sample prep 


database, instrument, date, and client-specified report requirements (when specified). 
 This compilation is then transferred to a file that the Stealth reporting system uses to 
generate a report.  The forms generated may be CAS standard reports, DOD, or 
client-specific reports.  The compiled data from LIMS is also used to create EDDs.   


 
13.3.2. As an alternative, reports are generated using Excel© templates located in 


R:\SVG\forms.  The analyst should choose the appropriate form and QC pages to 
correspond to required tier level and deliverables requirements.  The sample and QC 
results are then transferred, by hand or electronically, to the templates. 


 
13.3.3. Sample concentrations are reported when all QC criteria for the analysis has been 


met or the results are qualified with an appropriate footnote. 
 
14. CORRECTIVE ACTION 
 


14.1. Refer to the SOP for Nonconformity and Corrective Action for procedures for corrective 
action.  Personnel at all levels and positions in the laboratory are to be alert to identifying 
problems and nonconformities when errors, deficiencies, or out-of-control situations are 
detected.   


 
14.2. Handling out-of-control or unacceptable data – see Table 2 


 
14.2.1. On-the-spot corrective actions that are routinely made by analysts and result in 


acceptable analyses should be documented as normal operating procedures, and no 
specific documentation need be made other than notations in laboratory maintenance 
logbooks, runlogs, for example. 


 
14.2.2. Documentation of a nonconformity must be done using a Nonconformity and 


Corrective Action Report (NCAR) when: 
 


 corrective action is not taken or not possible  
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 corrective action fails to correct an out-of-control problem on a laboratory QC or 
calibration analysis  


 reanalysis corrects the nonconformity but is not a procedurally compliant analysis. 
See the SOP Corrective Action (ADM-CA) for corrective action procedures. 


 
15. METHOD PERFORMANCE 
 


Available method performance data is given in the reference method and determinative method.  In 
addition, this procedure was validated through single laboratory studies of accuracy and precision as 
specified in the determinative procedures.   


 
16. POLLUTION PREVENTION 


 
It is the laboratory’s practice to minimize the amount of solvents and reagents used to perform 
this method wherever technically sound, feasibly possible, and within method requirements.  
Standards are prepared in volumes consistent with laboratory use in order to minimize the 
volume of expired standards to be disposed of. The threat to the environment from solvents 
and/or reagents used in this method may be minimized when recycled or disposed of properly. 
 


17. WASTE MANAGEMENT 
 
17.1. The laboratory will comply with all Federal, State and local regulations governing waste 


management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the CAS EH&S Manual.   


  
17.2. This method uses non-halogenated solvents and any waste generated from this solvent must 


be placed in the collection cans in the lab.  The solvent will then be added to the hazardous 
waste storage area and disposed of in accordance with Federal and State regulations 


 
18. TRAINING  
 


18.1. Training outline 
 


18.1.1. Review literature (see references section).  Read and understand the SOP.  Also 
review the applicable MSDS for all reagents and standards used.  Following these 
reviews, observe the procedure as performed by an experienced analyst at least three 
times. 


 
18.1.2. The next training step is to assist in the procedure under the guidance of an 


experienced analyst.  During this period, the analyst is expected to transition from a 
role of assisting, to performing the procedure with minimal oversight from an 
experienced analyst.   


 
18.1.3. Perform initial precision and recovery (IPR) study as described above for water 


samples. Summaries of the IPR are reviewed and signed by the supervisor.  Copies 
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may be forwarded to the employee’s training file.  For applicable tests, IPR studies 
should be performed in order to be equivalent to NELAC’s Initial Demonstration of 
Capability. 


 
18.2. Training is documented following the SOP for Documentation of Training.   


 
NOTE: When the analyst training is documented by the supervisor on internal training 
documentation forms, the supervisor is acknowledging that the analyst has read and 
understands this SOP and that adequate training has been given to the analyst to competently 
perform the analysis independently. 


 
19. REFERENCES 


 
19.1. Unger, M.A.; MacIntyre, W.G. Greaves, J.; Huggett, R.J., GC Determination of Butyltins in 


Natural Waters by Flame Photometric Detection of Hexane Derivatives with Mass 
Spectrometric Confirmation, Chemosphere, 1986, 16 (4): 461-470. 


 
19.2. Krone, C.A.; Brown, D.W.; Burrows, D.G.; Bogar, R.G.; Chan, S.; Varanasi, U., A Method 


for Analysis of Butyltin Species and Measurement of Butyltins in Sediment and English Sole 
Livers from Puget Sound, Environmental Conservation Division, Northwest and Alaska 
Fisheries Center, National Marine Fisheries Service, NOAA, November, 1988. 
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20. METHOD MODIFICATIONS 
 
20.1. This procedure is based upon procedures published in literature referenced in section 19.  
20.2. Krone uses GC/MS for analysis, this procedure uses GC/FPD as described in the Unger 


reference. 
20.3. The procedure in Krone addressed tissue and sediment matrices.  This procedure applies 


to all matrices.  
 
 
21. CHANGES SINCE THE LAST REVISION 
 


21.1. Sec 1 – added water to third sentence and rewrote the first two sentences for clarity 
21.2. Sec 6.3 – replaced -18 C with < -10C 
21.3. Sec 7.1 updated 
21.4. Sec 7.2.4 – remove the word ‘Independent Calibration Verification Stock Standard’ 
21.5. Sec 9.1 updated 
21.6. Sec 20 is new 
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TABLE 1 CONVERSION FACTORS 
 


Compound Salt Cation Cation - Sn 
Tetrabutyltin 1 0.3419 
Tributyltin 0.8911 0.4092 
Dibutyltin 0.7666 0.5095 
Monobutyltin 0.6230 0.6751 


 
 


TABLE 2 
 


 Summary of Corrective Actions 


Method 
Reference 


Control Specification and 
Frequency 


Acceptance 
Criteria 


Corrective Action 


SOC-Butyl ICAL Prior to sample 
analysis 


% RSD ≤ 25% or 
see SOC-CAL 


Correct problem then repeat ICAL 


SOC-Butyl ICV After ICAL ± 25% Correct problem and verify second 
source standard; rerun second source 
verification. If fails, correct problem and 
repeat initial calibration. 


SOC-Butyl Method Blank Include with each 
analysis batch (up to 


20 samples) 


<MRL  If target < 20x MB re-extract and re-
analyze. 


SOC-Butyl Matrix Spike Include with each 
analysis batch (up to 


20 samples) 


See Table3 Evaluate data to determine if the there is 
a matrix effect or analytical error 


SOC-Butyl Lab Control 
Sample 


Include with each 
analysis batch (up to 


20 samples) 


See Table 3 Re-extract and re-analyze. 
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TABLE 3 
 


CAS/KELSO DATA QUALITY OBJECTIVES     
         Accuracy Matrix Spike Precision 
METHOD ANALYTE CAS No. MATRIX MDLa MRL LODb LOQc UNITS (LCS %Rec.) (%Rec.) (% RPD) 
SOC-Butyl Di-n-butyltin 14488-53-0 Soil 0.19 1 0.6 1 ug/kg 12-136 10-133 40 
SOC-Butyl n-Butyltin 78763-54-9 Soil 0.26 1 0.5 1 ug/kg 10-150 10-124 40 
SOC-Butyl Tetra-n-butyltin 1461-25-2 Soil 0.44 1 0.8 1 ug/kg 19-130 16-126 40 
SOC-Butyl Tri-n-butyltin 36643-28-4 Soil 0.43 1 0.7 1 ug/kg 10-122 10-115 40 
SOC-Butyl Tripropyltin (Surr.)  Soil NA NA NA NA % 10-120 NA NA 
SOC-Butyl Di-n-butyltin 14488-53-0 Tissue 0.11 1 0.4 1 ug/kg 24-155 10-154 40 
SOC-Butyl n-Butyltin 78763-54-9 Tissue 0.18 1 0.3 1 ug/kg 27-141 10-152 40 
SOC-Butyl Tetra-n-butyltin 1461-25-2 Tissue 0.15 1 0.5 1 ug/kg 26-136 10-123 40 
SOC-Butyl Tri-n-butyltin 36643-28-4 Tissue 0.11 1 0.4 1 ug/kg 25-124 10-128 40 
SOC-Butyl Tripropyltin (Surr.)  Tissue NA NA NA NA % 23-145 NA NA 
SOC-Butyl Di-n-butyltin 14488-53-0 Water 0.0073 0.05   ug/L 17-140 18-148 30 
SOC-Butyl n-Butyltin 78763-54-9 Water 0.029 0.05   ug/L 32-177 24-180 30 
SOC-Butyl Tetra-n-butyltin 1461-25-2 Water 0.038 0.05   ug/L 26-110 10-121 30 
SOC-Butyl Tri-n-butyltin 36643-28-4 Water 0.012 0.05   ug/L 32-122 17-142 30 
SOC-Butyl Tripropyltin (Surr.)  Water NA NA NA NA % 31-137 NA NA 
            
            


a Method Detection Limits are subject to change as new MDL studies are completed.       
a MDL is the smallest analyte concentration that can be demonstrated to be different from zero with 99% confidence    
b The LOD is the smallest amount of a substance that must be present in a sample in order to be detected with 99% 
confidence.     
Verification is acceptable if the response is > 3x instrument noise &  2nd column confirmed or pattern.      
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PERCENT LIPIDS IN TISSUE 
 
 
 
1. SCOPE AND APPLICATION 
 


1.1. This procedure is used to determine the lipid content in biological tissue.  The 
procedures used are based on the procedure described in the Puget Sound Protocols, 
Bligh & Dyer, and the EPA Guidance for Assessing Chemical Contaminant Data for 
Use in Fish Advisories.   


 
1.2. This procedure is typically applied to marine tissues.  In some cases, the procedure can 


be used to determine lipids in other biological tissue.  
 
2. METHOD SUMMARY 
 


2.1. A homogenized portion of the tissue sample is extracted with organic solvent.  The extract 
is evaporated using moderate heat and the lipid weight is determined.  Percent lipids is 
calculated from the weight measured.  


 
2.2. The extraction may either be performed independently of the extraction done for other 


organics analyses or a portion of the extract from another extraction may be used for the 
percent lipids determination 


 
3. DEFINITION 
 


Lipids - Naturally occurring compounds that are soluble in such organic solvents as 
dichloromethane, hydrocarbons, chloroform, benzene, and alcohols. This includes a diverse 
range of compounds, like fatty acids and their derivatives, carotenoids, terpenes, steroids, 
cholesterols, and bile acids 


 
4. INTERFERENCES 
 


4.1. Since the procedure is used to provide an estimation of lipid content based on non-volatile 
extracted material, interferences from co-extracted components that are not considered 
lipids may occur.   


 
4.2. Due to the nature of the procedure, interferences attributed to laboratory procedures are 


not typically encountered.   
 
 
 
5. SAFETY 
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Personal protective equipment will include safety glasses (with side shields), gloves, and a lab 
coat.  Follow normal precautions as per the CAS Safety Manual. 


 
6. SAMPLE HANDLING AND PRESERVATION 
 


Tissue samples should stored at -20  4°C until analysis.  When frozen, samples should be 
analyzed within 1 year of sampling.  Project-specific protocols may apply to sample storage and 
holding time requirements. 


 
7. APPARATUS 
 


7.1. Evaporating pans: Aluminum weighing pans. 
 


7.2. VOA vials, 40mL, precleaned. 
 


7.3. Tissuemizer. 
 


7.4. Drying oven, capable of maintaining a temperature of 70C. 
 


7.5. Hotplate, capable of maintaining a temperature of 70C. 
 


7.6. Analytical balance, capable of weighing to 0.1mg. 
 
8. REAGENTS 


 
8.1. Sodium sulfate (granular, anhydrous), Na2SO4. Purify by heating at 400ºC for 4 hours in 


a shallow tray or crucible, or by pre-cleaning the sodium sulfate with dichloromethane.   
 


8.2. Extraction solvents:   
 


8.2.1. Dichloromethane 
 


8.2.2. Chloroform/Methanol (1:1) 
  
9. PREVENTIVE MAINTENANCE 
 


9.1. Balance calibration checks are performed daily for each day analyses are performed.  
The results of these checks are recorded in the designated logbook for balance 
calibration verification located in the extractions lab. 


   
9.2. Periodic balance servicing is performed by an outside qualified vendor. 


10. RESPONSIBILITIES 
 


It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for data review.  Analysis and interpretation of the results 
are performed by personnel in the laboratory who have demonstrated the ability to generate 
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acceptable results utilizing this SOP.  This demonstration is in accordance with the training 
program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee. 
 


11. PROCEDURE 
 
Note: If samples are suspected to be high in lipids (i.e. whole fish), the % lipids must be done 
before samples are run on GPC to prevent overloading of GPC column. The maximum amount 
of lipid that can be loaded on the GPC column is 2 g. If lipid is over 2g see the extraction 
supervisor for assistance. 


 
11.1. PSEP Option: 
 


11.1.1. Homogenize the tissue sample using the CAS SOP Tissue Sample Preparation 
(MET-TISP).  If using a portion of extract from an analytical extraction, use 2 ml 
of extract from the 10 ml intermediate volume before GPC cleanup and skip to 
section 11.1.6. 


 
11.1.2. Weigh 2 grams of tissue into a VOA vial.  Dry the sample with sodium sulfate.   


 
11.1.3. Add 10mL dichloromethane. 


 
11.1.4. Using a tissuemizer, homogenize the tissue/solvent mixture until sample is 


thoroughly mixed. 
 


11.1.5. Vortex and centrifuge at 100xG for 10 minutes. 
 


11.1.6. Heat sample pans in oven at 70ºC for one hour.  Remove from oven and weigh 
as soon as pans are no longer warm (less than 5 minutes).  Weigh the pans to the 
nearest 0.0001 gram. 


 
11.1.7. Pipet 2mL of the extract into a DCM-rinsed glass syringe with a new filter.  


Filter the extract into a pan and evaporate to dryness. Using a hot plate with 
temperature <70ºC.  Place pans in oven at 70ºC for one hour.   


 
11.1.8. Remove from oven and weigh as soon as pans are no longer warm (less than 5 


minutes). Weigh the pans to the nearest 0.0001 gram. 
 


11.1.9. Calculate percent (%) lipids and GPC loading. 
 
 


11.2. Bligh & Dyer Option: 
 


11.2.1. Prepare pans:  Heat aluminum sample pans in oven at 70 C for a minimum of 
one hour. Cool pans in a desiccator for a minimum of 30 minutes.  Weigh pans 
to the nearest 0.0001 gram. 
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11.2.2. Homogenize tissue in accordance with CAS SOP Tissue Sample Preparation 


(MET-TISP). 
 
11.2.3. Weigh the appropriate amount of tissue into a scintillation vial for samples  3 


grams, into a 40 mL VOA vial for samples  3 - 6 grams, or into a 250 mL beaker 
for large sample 6 - 30 grams. 


 
11.2.4. Add the appropriate amount of 1:1 Chloroform/Methanol (v/v): 
 
  2 grams, add 10 mL 
 > 2 - 5 grams, add 25 mL 
 5 - 10 grams, add 50 mL 
 10 - 30 grams, add 100 mL 
 
11.2.5. Using a tissumizer, homogenize the sample/solvent mixture for approximately 1 


minute or until sample is thoroughly dessimated.  Rinse the tissuemizer with 
solvent.  Collect the rinsate with the sample extract.  Centrifuge the sample 
extract at 1000xG for 10 minutes.  Transfer extract to a clean VOA vial, leaving 
the tissue behind.  Rinse the tissue portion by adding 1-2 mL of solvent to the 
tissue.  Vortex, centrifuge, and combine with the extract in the VOA vial.  
Examine the extract to verify that a single phase is present.  High water content 
can result in phase separation.  In these cases, add solvent in 1 mL increments  
until a single phase is achieved. 


 
11.2.6. Low Volume Extractions:  Back extract by adding 7 mL of  sodium sulfate/DI 


water (25g sulfate/1000mL H2O) to the extract).  Vortex extract and centrifuge 
at 1000xG for 10 minutes.  Lipids will be retained in bottom chloroform layer. 
Pipette the top water layer off the bottom chloroform solvent layer and discard.  
If colloidal proteinaceous material is observed, add 0.5 mL of sodium sulfate/DI 
water, vortex, and centrifuge for another 10 minutes.  Discard the top water 
layer. 


 
11.2.7. High Volume Extractions:  Transfer the extract with rinses into a 250 mL 


separatory funnel.  Back extract 2 times with 100 mL sodium sulfate/DI water, 
discarding the top water layer each time (lipids will be retained in the bottom 
layer).  Filter the bottom layer through muffled anhydrous sodium sulfate into a 
KD.  Rinse the funnel with 10 - 20 mL of dichloromethane.  Concentrate to 
approximately 5 mL on the S-evap, keeping the temperature  80C.  The 
extract may need to be centrifuged or filtered at this point. 


 
11.2.8. Concentrate the extract to approximately 2mL using nitrogen. 
 
11.2.9. Place pans on a hot plate at a setting of 3.  Filter the extracts through 3mL 


syringes into the pans and evaporate to dryness.  DO NOT LET EXTRACTS 
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BOIL.  Heat sample pans in oven at 70 C for a minimum of one hour.  Cool 
pans in a desiccator for a minimum of 30 minutes.  Weigh pans to the nearest 
0.0001 gram and record the weight. 


 
12. QA/QC REQUIREMENTS 
 


12.1. QC Samples Required 
 


12.1.1. Analyze one sample in triplicate per 20 samples. 
 


12.1.2. Analyze one blank, an empty aluminum pan, per twenty samples. 
 


12.2. Acceptance Criteria 
 


12.2.1. RPD for duplicates should be <20%. 
 


12.2.2. Method blank weight should be less than the absolute value of 0.5mg. 
 


12.3. Calculations 
 


12.3.1. Calculate percent (%) lipids 
 


PSEP Option: 
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Bligh & Dyer Option: 
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12.3.2. Calculate number of (g) loaded on GPC (5 ml): 


 


).(
200


%
gWtSample


Lipid
     


 
12.4. Reporting 


 
12.4.1. Fill out the Excel report for % lipids found at R:\SVG\Forms\lipids.  
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12.4.2. Samples are weighed to the nearest 0.1mg and report to the nearest 0.1%. 
 


12.4.3. Report results using no more than 3 significant figures.  
 


12.5. Data review 
 


12.5.1. It is the analyst’s responsibility to review analytical data to ensure that all quality 
control requirements have been met for each analytical run.  Results for QC 
analyses are calculated and recorded as specified.  All data will be initialed, dated 
and attached to required data quality worksheet. 


 
12.5.2. The data packet for the sequence is submitted for review by supervisor or designee. 


 The results are transferred to the appropriate report form located in the CAS 
network directory R:\SVG\WIP.   


 
12.5.3. Refer to the SOP for Laboratory Data Review Process for general instructions for 


data review. 
 
13. CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE 


DATA 
 


Corrective action measures applicable to specific analysis steps are discussed in the applicable 
section of this (and other applicable) SOP(s).  Also, refer to the SOP for Corrective Action for 
correct procedures for identifying and documenting such data.  Procedures for applying data 
qualifiers are described in the SOP for Report Generation or in project-specific requirements.  


 
 
14. METHOD PERFORMANCE 
 


This method was validated through single laboratory studies of accuracy and precision.  Refer 
to the reference method for additional method performance data available.  
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15. POLLUTION PREVENTION 
 


It is the laboratory’s practice to minimize the amount of solvents and reagents used to perform 
this method wherever technically sound, feasibly possible, and within method requirements.  
Standards are prepared in volumes consistent with laboratory use in order to minimize the 
volume of expired standards to be disposed of. The threat to the environment from solvents 
and/or reagents used in this method may be minimized when recycled or disposed of properly. 


 
16. WASTE MANAGEMENT 


 
The laboratory will comply with all Federal, State, and local regulations governing waste 
management, particularly the hazardous waste identification rules and land disposal restrictions 
as specified in the laboratory Safety Manual, Sections 6 and 7. 


 
17. TRAINING 
 


17.1. Training outline 
 


17.1.1. Review literature (see references section).  Read and understand this SOP.  Also 
review the applicable MSDS for all solvents used.  Following these reviews, 
observe the procedure as performed by an experienced analyst at least three 
times. 


 
17.1.2. The next training step is to assist in the procedure under the guidance of an 


experienced analyst.  During this period, the analyst is expected to transition 
from a role of assisting, to performing the procedure with minimal oversight 
from an experienced analyst.   


 
17.1.3. Training is documented following the SOP for Documentation of Training.   


 
17.1.4. NOTE: When the analyst training is documented by the supervisor on internal 


training documentation forms, the supervisor is acknowledging that the analyst 
has read and understands this SOP and that adequate training has been given to 
the analyst to competently perform the analysis independently. 
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18. REFERENCES 
 


18.1. USEPA Guidance for Assessing Chemical Contaminant Data for Use in Fish 
Advisories, Volume 1 - Fish Sampling and Analysis, Third Edition, November, 2000. 


 
18.2. Recommended Protocols for Measuring Selected Environmental Variables in Puget 


Sound, January 1996 and subsequent chapter revisions. 
 
18.3. Bligh & Dyer, Canadian J. Biochemistry and Physiology, Aug. 1959         
 
18.4. NOAA (National Oceanic and Atmospheric Administration). 1993a. Sampling and 


Analytical Methods of the National Status and Trends Program, National Benthic 
Surveillance and Mussel Watch Projects 1984-1992 Volume 11.Comprehensive 
Descriptions of Complementary Measurements. NOAA Technical Memorandum NOS 
ORCA 71. Coastal Monitoring and Bioeffects Assessment Division, Office of Ocean 
Resources Conservation and Assessment, National Ocean Service, Silver Spring, MD. 
July. 


 
18.5. NOAA (National Oceanic and Atmospheric Administration). 1993c. Sampling and 


Analytical Methods of the National Status and Trends Program, National Benthic 
surveillance and Mussel Watch Projects 1984-1992. Volume IV. Comprehensive 
Descriptions of Trance Organic Analytical Methods. NOAA Technical Memorandum 
NOS ORCA 71. Coastal Monitoring and Bioeffects Assessment Division, Office of 
Ocean Resources Conservation and Assessment, National Ocean Service, Silver Spring, 
MD. July. 


 
19. CHANGES SINCE THE LAST REVISION 
 


19.1. Changed SOP No from SOC-LIPID to EXT-LIPID 
19.2. Updated references to Corporate SOPs through-out the document. 
19.3. Changed methylene chloride to dichloromethane. 
19.4. Sec 12.2.1 Re-worded to clarify 
19.5. Added new NOAA references (18) 
19.6. Added standard training section 17 to the SOP. 
19.7. Removed reference to MDL study (14) 
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		1. SCOPE AND APPLICATION

		1.1. This procedure is used to determine the lipid content in biological tissue.  The procedures used are based on the procedure described in the Puget Sound Protocols, Bligh & Dyer, and the EPA Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories.  

		1.2. This procedure is typically applied to marine tissues.  In some cases, the procedure can be used to determine lipids in other biological tissue. 



		2. METHOD SUMMARY

		2.1. A homogenized portion of the tissue sample is extracted with organic solvent.  The extract is evaporated using moderate heat and the lipid weight is determined.  Percent lipids is calculated from the weight measured. 

		2.2. The extraction may either be performed independently of the extraction done for other organics analyses or a portion of the extract from another extraction may be used for the percent lipids determination



		4. INTERFERENCES

		4.1. Since the procedure is used to provide an estimation of lipid content based on non-volatile extracted material, interferences from co-extracted components that are not considered lipids may occur.  

		4.2. Due to the nature of the procedure, interferences attributed to laboratory procedures are not typically encountered.  



		5. SAFETY

		6. SAMPLE HANDLING AND PRESERVATION

		Tissue samples should stored at -20 ( 4°C until analysis.  When frozen, samples should be analyzed within 1 year of sampling.  Project-specific protocols may apply to sample storage and holding time requirements.



		7. APPARATUS

		7.1. Evaporating pans: Aluminum weighing pans.

		7.2. VOA vials, 40mL, precleaned.

		7.3. Tissuemizer.

		7.4. Drying oven, capable of maintaining a temperature of 70C.

		7.5. Hotplate, capable of maintaining a temperature of 70C.

		7.6. Analytical balance, capable of weighing to 0.1mg.



		8. REAGENTS

		8.1. Sodium sulfate (granular, anhydrous), Na2SO4. Purify by heating at 400ºC for 4 hours in a shallow tray or crucible, or by pre-cleaning the sodium sulfate with dichloromethane.  

		8.2. Extraction solvents:  

		8.2.1. Dichloromethane

		8.2.2. Chloroform/Methanol (1:1)

		10. RESPONSIBILITIES



		11. PROCEDURE

		Note: If samples are suspected to be high in lipids (i.e. whole fish), the % lipids must be done before samples are run on GPC to prevent overloading of GPC column. The maximum amount of lipid that can be loaded on the GPC column is 2 g. If lipid is over 2g see the extraction supervisor for assistance.

		11.1. PSEP Option:

		11.1.1. Homogenize the tissue sample using the CAS SOP Tissue Sample Preparation (MET-TISP).  If using a portion of extract from an analytical extraction, use 2 ml of extract from the 10 ml intermediate volume before GPC cleanup and skip to section 11.1.6.

		11.1.2. Weigh 2 grams of tissue into a VOA vial.  Dry the sample with sodium sulfate.  

		11.1.3. Add 10mL dichloromethane.

		11.1.4. Using a tissuemizer, homogenize the tissue/solvent mixture until sample is thoroughly mixed.

		11.1.5. Vortex and centrifuge at 100xG for 10 minutes.

		11.1.6. Heat sample pans in oven at 70ºC for one hour.  Remove from oven and weigh as soon as pans are no longer warm (less than 5 minutes).  Weigh the pans to the nearest 0.0001 gram.

		11.1.7. Pipet 2mL of the extract into a DCM-rinsed glass syringe with a new filter.  Filter the extract into a pan and evaporate to dryness. Using a hot plate with temperature <70ºC.  Place pans in oven at 70ºC for one hour.  

		11.1.8. Remove from oven and weigh as soon as pans are no longer warm (less than 5 minutes). Weigh the pans to the nearest 0.0001 gram.

		11.1.9. Calculate percent (%) lipids and GPC loading.

		11.2.1. Prepare pans:  Heat aluminum sample pans in oven at 70( C for a minimum of one hour. Cool pans in a desiccator for a minimum of 30 minutes.  Weigh pans to the nearest 0.0001 gram.

		11.2.2. Homogenize tissue in accordance with CAS SOP Tissue Sample Preparation (MET-TISP).

		11.2.3. Weigh the appropriate amount of tissue into a scintillation vial for samples ( 3 grams, into a 40 mL VOA vial for samples  3 - 6 grams, or into a 250 mL beaker for large sample 6 - 30 grams.

		11.2.4. Add the appropriate amount of 1:1 Chloroform/Methanol (v/v):

		( 2 grams, add 10 mL

		> 2 - 5 grams, add 25 mL

		5 - 10 grams, add 50 mL

		10 - 30 grams, add 100 mL

		11.2.5. Using a tissumizer, homogenize the sample/solvent mixture for approximately 1 minute or until sample is thoroughly dessimated.  Rinse the tissuemizer with solvent.  Collect the rinsate with the sample extract.  Centrifuge the sample extract at 1000xG for 10 minutes.  Transfer extract to a clean VOA vial, leaving the tissue behind.  Rinse the tissue portion by adding 1-2 mL of solvent to the tissue.  Vortex, centrifuge, and combine with the extract in the VOA vial.  Examine the extract to verify that a single phase is present.  High water content can result in phase separation.  In these cases, add solvent in 1 mL increments  until a single phase is achieved.

		11.2.6. Low Volume Extractions:  Back extract by adding 7 mL of  sodium sulfate/DI water (25g sulfate/1000mL H2O) to the extract).  Vortex extract and centrifuge at 1000xG for 10 minutes.  Lipids will be retained in bottom chloroform layer. Pipette the top water layer off the bottom chloroform solvent layer and discard.  If colloidal proteinaceous material is observed, add 0.5 mL of sodium sulfate/DI water, vortex, and centrifuge for another 10 minutes.  Discard the top water layer.

		11.2.7. High Volume Extractions:  Transfer the extract with rinses into a 250 mL separatory funnel.  Back extract 2 times with 100 mL sodium sulfate/DI water, discarding the top water layer each time (lipids will be retained in the bottom layer).  Filter the bottom layer through muffled anhydrous sodium sulfate into a KD.  Rinse the funnel with 10 - 20 mL of dichloromethane.  Concentrate to approximately 5 mL on the S-evap, keeping the temperature ( 80(C.  The extract may need to be centrifuged or filtered at this point.

		11.2.8. Concentrate the extract to approximately 2mL using nitrogen.

		11.2.9. Place pans on a hot plate at a setting of 3.  Filter the extracts through 3mL syringes into the pans and evaporate to dryness.  DO NOT LET EXTRACTS BOIL.  Heat sample pans in oven at 70( C for a minimum of one hour.  Cool pans in a desiccator for a minimum of 30 minutes.  Weigh pans to the nearest 0.0001 gram and record the weight.



		12. QA/QC REQUIREMENTS

		12.1. QC Samples Required

		12.1.1. Analyze one sample in triplicate per 20 samples.

		12.1.2. Analyze one blank, an empty aluminum pan, per twenty samples.



		12.2. Acceptance Criteria

		12.2.1. RPD for duplicates should be <20%.

		12.2.2. Method blank weight should be less than the absolute value of 0.5mg.





		12.3. Calculations

		12.3.1. Calculate percent (%) lipids

		12.3.2. Calculate number of (g) loaded on GPC (5 ml):



		12.4. Reporting

		12.4.1. Fill out the Excel report for % lipids found at R:\SVG\Forms\lipids. 

		12.4.2. Samples are weighed to the nearest 0.1mg and report to the nearest 0.1%.

		12.4.3. Report results using no more than 3 significant figures. 



		13. CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE DATA

		Corrective action measures applicable to specific analysis steps are discussed in the applicable section of this (and other applicable) SOP(s).  Also, refer to the SOP for Corrective Action for correct procedures for identifying and documenting such data.  Procedures for applying data qualifiers are described in the SOP for Report Generation or in project-specific requirements. 

		14. METHOD PERFORMANCE

		This method was validated through single laboratory studies of accuracy and precision.  Refer to the reference method for additional method performance data available. 



		15. POLLUTION PREVENTION

		It is the laboratory’s practice to minimize the amount of solvents and reagents used to perform this method wherever technically sound, feasibly possible, and within method requirements.  Standards are prepared in volumes consistent with laboratory use in order to minimize the volume of expired standards to be disposed of. The threat to the environment from solvents and/or reagents used in this method may be minimized when recycled or disposed of properly.



		16. WASTE MANAGEMENT

		The laboratory will comply with all Federal, State, and local regulations governing waste management, particularly the hazardous waste identification rules and land disposal restrictions as specified in the laboratory Safety Manual, Sections 6 and 7.



		17. TRAINING

		18. REFERENCES

		18.1. USEPA Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories, Volume 1 - Fish Sampling and Analysis, Third Edition, November, 2000.

		18.2. Recommended Protocols for Measuring Selected Environmental Variables in Puget Sound, January 1996 and subsequent chapter revisions.

		18.3. Bligh & Dyer, Canadian J. Biochemistry and Physiology, Aug. 1959        

		18.4. NOAA (National Oceanic and Atmospheric Administration). 1993a. Sampling and Analytical Methods of the National Status and Trends Program, National Benthic Surveillance and Mussel Watch Projects 1984-1992 Volume 11.Comprehensive Descriptions of Complementary Measurements. NOAA Technical Memorandum NOS ORCA 71. Coastal Monitoring and Bioeffects Assessment Division, Office of Ocean Resources Conservation and Assessment, National Ocean Service, Silver Spring, MD. July.

		18.5. NOAA (National Oceanic and Atmospheric Administration). 1993c. Sampling and Analytical Methods of the National Status and Trends Program, National Benthic surveillance and Mussel Watch Projects 1984-1992. Volume IV. Comprehensive Descriptions of Trance Organic Analytical Methods. NOAA Technical Memorandum NOS ORCA 71. Coastal Monitoring and Bioeffects Assessment Division, Office of Ocean Resources Conservation and Assessment, National Ocean Service, Silver Spring, MD. July.
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Percent Solids Determination 
 


  References:  Method 2540G, Standard Methods For the Examination of  Water 
and Wastewater, APHA 18


th
 edition, 1992. 


 
 


1. Scope and Application 


Matrices:  This method is applicable to samples such as soils, sediments, sludges separated from 
water and wastewater treatment processes, sludge cakes, and any tissue. 


Definitions:  Refer to Alpha Analytical Quality Manual. 


 


Percent solids are the total amount of solid material remaining in the weighing tin, after sample 
drying at a defined temperature, expressed as a percent. This measurement is used in the 
calculation of analytical results, both organic and inorganic, to express these results on a “dry” 
weight basis. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of experienced analysts and in the 
interpretation of data. Each analyst must demonstrate the ability to generate acceptable results with 
this method by performing an initial demonstration of capability, analyzing a proficiency test sample 
and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance 
of at least a quarterly laboratory control sample or acceptable performance from an annual 
proficiency test sample. A major modification to this procedure requires demonstration of 
performance.  The identification of major method modification requiring performance demonstration 
is directed by the Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


 


2. Summary of Method 


A well-mixed aliquot of solid sample is placed into an aluminum weighing tin. The aliquot dried to a 
constant weight, generally overnight, in an oven at 103°C - 105°C. The aliquot is then re-weighed, 
and calculations are applied (Section 11) to determine the percent of solid material. 


2.1 Method Modifications from Reference 


None.   


 


3. Reporting Limits 


Method Detection Limit (MDL) studies for the determination of quantitation limits, do not apply to 
this method or SOP.  
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4. Interferences 


4.1    The temperature at which the sample is dried has an important bearing on the results because 
weight losses due to volatilization of organic matter, water crystallization, gases from heat 
induced chemical decomposition, as well as weight gains due to oxidation, are dependant on 
temperature and the time of heating. Oven temperature and time must be recorded at the time 
the samples are placed into the oven and at the time they are removed from the oven. 


4.2    It is important that all weighing, pre- and post-sample drying, be performed quickly and at 
ambient temperatures. Sample cooling must take place in a dessicator, to avoid loss or gain of 
weight with temperature fluctuations and the re-introduction of moisture to the samples. Tongs 
must be used when handling weighing tins, as oil residue from hands may contribute to the 
sample weights. Small differences in weights can significantly affect the final calculation. 


4.3    All weights must be recorded on the Top loading balance to the nearest 0.01g or on the 
Analytical balance to 0.0001g. The balance to be used depends upon the amount of sample 
being dried. If less than 1g is to be dried, smaller weighing tins, and the Analytical balance, 
must be used. 


 


4.4    Decanting Standing Water from Sediments Samples  
 


The practice of decanting standing water from sediments and soil samples is only performed 
upon Client Request.  The Project Manager must be consulted prior to initiating the following 
protocol. 


• Samples will be inspected upon arrival by the Sample Custodian for standing water. 


• If the samples do not have standing water, or have 0.0 - 0.25 inches, or 0.0 – 1.0 centimeters 
of standing water, this will be considered to be pore water that has settled out of the sample 
during shipping. This water will be mixed back into the sample prior to the removal of any 
aliquot for percent solids determination. 


• If the sample has more than 0.0 - 0.25 inches, or 0.0 – 1.0 centimeters of standing water, the 
Project Manager will be contacted by the Sample Custodian to inspect the samples. The 
Project Manager will give the instruction to decant the water, or to mix the water into the 
sample. The Project Manager must make this decision either through prior knowledge of the 
site and the client requirements, or must contact the client for instructions. 


• If instructed to decant the water, all samples will be decanted at this time by the Sample 
Custodian or designee. An “X” will be marked on the top of the sample jar in indelible ink and 
a notation that the standing water has been decanted from the sample will made in the 
Percent Solids logbook. The Project Manager will also note this in the project narrative to the 
client. 


• If instructed to mix the standing water back into the sample, this will be done at the time the 
aliquot for percent solids is removed, and no further notations are needed. 


• At no time are any analysts, other than the Sample Custodian or designee, to decant 
standing water from samples. If samples are removed from refrigerators or freezers and the 
analyst notes that there is standing water on the sample, this is to be mixed back into the 
sample, as this water is to be assumed to be due to further settling of the pore water.   
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5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound must be treated as a potential health hazard. From 
this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material data handling sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan. 


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


5.1    The use of laboratory equipment and chemicals exposes the analyst to several potential 
hazards.  Good laboratory techniques and safety practices shall be followed at all times.  
Eating, drinking, smoking, or the application of cosmetics is not permitted in the laboratory 
area.  Horseplay of any kind is prohibited.  Pipetting by mouth is not permitted.  All Personal 
Protective Equipment (PPE) must be removed before leaving the laboratory area and before 
entering the employee lounge or eating area.  Always wash your hands before leaving the 
laboratory.  All relevant Material Safety Data Sheets (MSDSs) are kept alphabetically in the 
centrally located file storage, in the common area outside of the Information Technology (IT) 
offices. 


5.2    Approved PPE, which includes Safety Glasses, Gloves and Lab Coats, must be worn at all 
times when handling samples, reagents, chemicals, or when in the vicinity of others handling 
these items, so that dermal contact is avoided.  All standards, reagents and solvents shall be 
handled under a hood.  All flammable solvents must be kept in the flammable storage cabinet, 
and returned to the cabinet immediately after use.  When transporting chemicals, use a secure 
transporting devise and/or secondary outer container.  Chemical storage is properly segregated 
and adequately ventilated to reduce the possibility of hazardous reactions.  Chemical storage in 
work areas shall be kept to a minimum.  Storage on bench tops or other work surfaces, except 
temporary, is not permitted. 


5.3    The toxicity or carcinogenicity of each compound or reagent used in this method has not been 
precisely defined; however, each chemical compound shall be treated as a potential health 
hazard.  From this viewpoint, exposure to chemicals must be reduced to the lowest possible 
level by whatever means available.  All standards and reagents shall be prepared in a hood 
while using the proper PPE. 


5.4    Spilled samples, solvents, reagents, and water must be cleaned up from bench tops, 
instruments and autosampler surfaces immediately.  A spill is considered a quantity of 
hazardous material if it is two times greater than the normal working volume.  Concentrated 
solvents, acids or bases present a moderate to extreme hazard to the skin and mucous 
membranes.  If contact with the skin occurs, immediately flush with large volumes of water.  In 
the case of acidic/basic spills, the Spill Kit located in each laboratory shall be utilized before 
attempting to cleanup the spill.  Although procedures are designed to minimize the possibility of 
an accident, all injuries or accidents, regardless of the nature or severity, are to be reported to 
the Department Manager immediately.  If an employee discovers a potentially unsafe condition, 
this must be reported to the Department Manager immediately.  No employee should feel 
compelled to work in a situation where they do not feel entirely informed, trained, or safe. 


5.5    Tongs must always be used when removing hot aluminum weighing tins from the oven and 
transferring them to the dessicator to avoid burning the skin. 
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6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Samples are typically collected in 4oz or 8oz glass jars.   


6.2 Sample Preservation 


No preservatives are used.  See Section 6.4. 


6.3 Sample Shipping 


No special sample shipping requirements.  Typical shipping procedures may be found in the 
Sample Receipt and Login SOP (SOP/01-01). 


6.4 Sample Handling 


Samples are stored at 4°C + 2°C.  Sediment and tissue samples are stored at -20°C + 10°C.   


Refer to the Sample Receipt and Login SOP (SOP/01-01) and the Sample Custody SOP 
(SOP/01-02).  


 


7. Equipment and Supplies 


7.1 Analytical balance: Capable of weighing to the nearest 0.0001g, and Top loading balance 
capable of weighing to the nearest 0.01g.   


The balances used for each weighing (both Top loading and Analytical) for this method are 
checked daily before use with Class S-1 weights, in the weight range of use, by a designated 
analyst, or appointed alternate. These daily checks are documented in the “Balance 
Calibration” logbook. All balances are serviced annually by an outside service technician. 


 


7.2 Aluminum weighing tins: “Standard” size from Fisher Scientific (No.: 08-732), or 


equivalent. “Small” size for weighing less than 1g of material from Perkin-Elmer (No.: N241-
1362), or equivalent. 


 


7.3 Drying oven: Set at 103°C – 105°C, vented and/or placed under a fume hood if possible. 


 


7.4 Clean stainless steel spatulas: One for each sample to be weighed. 


 


7.5 Dessicator: With a desiccant containing a color indicator for moisture content. 


 


7.6 Indelible ink Sharpie 
 


7.7 Tongs and tweezers 


 


8. Reagents and Standards 


No standards or reagents are required for this method. 
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9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank(s) 


Not applicable to this method. 


9.2 Laboratory Control Sample (LCS) 


Not applicable to this method. 


9.3 Initial Calibration Verification (ICV) 


Not applicable to this method. 


9.4 Continuing Calibration Verification (CCV) 


Not applicable to this method. 


9.5 Matrix Spike 


Not applicable to this method. 


9.6 Laboratory Duplicate 


Duplicate analyses are performed 1 per 20 samples, or at least 1 per batch, whichever is more 
frequent.  The RPD between the duplicates must be less than 10%.  If the RPD between the 
duplicates exceeds 10% the analyst shall check the calculations for errors.  If no calculation 
errors are found, repeat the analysis for the batch. 


9.7 Method-specific Quality Control Samples 


None. 


9.8 Method Sequence 


 


• Samples 1-20 


• Sample Duplicate 


 


10. Procedure 


10.1 Equipment Set-up 


Samples are obtained from the Sample Custodian. Note removal of the samples in the Internal 
Tracking COC in the Sample Management office. If samples are removed from the freezer, 
note the date of removal from, and return to, the freezer, in the freezer logbook for hold time 
tracking purposes. 
 


10.1.1 If a sample has been selected by the client for the Duplicate analysis, this sample must 
be weighed in duplicate. Otherwise, select the sample that appears to have the greatest 
total sample mass for the duplicate. 
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10.1.2 If samples are those that have been selected for re-extraction, the % Solids are not 
reset.  The original % Solids data is used throughout the sample set. 


 


10.2 Initial Calibration 


Not applicable to this method. 


 


10.3 Equipment Operation and Sample Processing 


 
10.3.1 Sample aliquots: 
 


NOTE: If there is ever any question about the amount of sample that can be taken for the 
percent solid determination, see the Department Supervisor for guidance. 


 
10.3.1.1 Soils, Sediments, Sludges and Tissue (homogenized tissue samples that 


yield greater than 20g of total weight):  
 


• Mix the sample well. See Section 4.4 regarding Client requests for standing 
water and sediment samples. 


• Use the Top loading balance and the standard size aluminum weighing tin.  


• Label the tins with the dish number for each sample to be weighed using an 
indelible ink Sharpie.  


• Tare the balance to read zero. 


• Place the tin on the balance and allow the balance to stabilize. Record the 
weight of the empty tin in the “mass of dish” column “A” in the Percent Solids 
logbook to the nearest 0.01g. 


• Aliquot approximately 5-10g of sample into the tin.  


• Allow the balance to stabilize and record the weight of the sample plus the tin 
to the nearest 0.01g, in the “mass of dish & wet sample” column “B” in the 
Percent Solids logbook.  


 
10.3.1.2 Tissue (homogenized tissue samples that yield between 5-20g of total 


weight) and other low weight solid samples: 
 


• Mix the sample well. See Section 4.4 regarding Client requests for standing 
water and sediment samples. If weighing a homogenized tissue, use caution 
to preserve as much tissue sample as possible for future analyses. 


• Use the Top loading balance and the standard size aluminum weighing tin.  


• Label the tins with the dish number for each sample to be weighed using an 
indelible ink Sharpie.  


• Tare the balance to read zero. 


• Place the tin on the balance and allow the balance to stabilize. Record the 
weight of the empty tin in the “mass of dish” column “A” in the Percent Solids 
logbook to the nearest 0.01g. 


• Aliquot approximately 1-2g of sample into the tin.  
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• Allow the balance to stabilize and record the weight of the sample plus the tin 
to the nearest 0.01g, in the “mass of dish & wet sample” column “B” in the 
Percent Solids logbook.  


 
10.3.1.3 Tissue (homogenized tissue samples that yield less than 5g of total 


weight): 
 


• Carefully mix the homogenate, if possible, using caution to preserve the 
tissue sample for future analyses. 


• Use the Analytical balance and either the standard or small size aluminum 
weighing tins.  


• Label the tins with the dish number for each sample to be weighed using an 
indelible ink Sharpie.  


• Tare the balance to read zero. 


• Place the tin on the balance and allow the balance to stabilize. Record the 
weight of the empty tin in the “mass of dish” column “A” in the Percent Solids 
logbook to the nearest 0.0001g. 


• Aliquot approximately 200-500mg of sample into the tin.  


• Allow the balance to stabilize and record the weight of the sample plus the tin 
to the nearest 0.0001g, in the “mass of dish & wet sample” column “B” in the 
Percent Solids logbook.  


 
10.3.2 Place the tins in the drying oven overnight, until a constant weight is achieved (see 


Section 10.3.5, 10.3.6). Record the oven temperature when samples are put into the 
oven. 


 
10.3.3 Using tongs or tweezers, quickly and carefully, remove the samples from the oven and 


place them into the dessicator to cool to room temperature. The samples must stay in the 
dessicator for at least 20 minutes. 


 
10.3.4 Tare the balance to zero. 


 
10.3.5 Remove the samples one at a time from the dessicator and place the dried sample, in the 


tin, on the balance and allow the balance to stabilize. Record the weight to the 
appropriate decimal place in the “mass of dish & dry sample” column “C” of the Percent 
Solids logbook. All post-drying weighing must be performed as quickly as possible, 
preferably within 2 minutes, of removing the samples from the dessicator, to prevent any 
atmospheric moisture from returning to the dried samples. 


 
10.3.6 If a constant weight is not achieved, the sample must be placed back into the oven for 


approximately one hour. Repeat the cooling and desiccating cycle after this hour. This 
cycle should be repeated until the weight change is less than 4% or 50mg of the previous 
weight, whichever is less. 


 


10.4 Continuing Calibration 


                Not applicable to this method. 
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10.5    Preventive Maintenance 


Ovens are calibrated on an annual basis by an instrument service company. Certificates are 
kept on file.  
 
Analytical balances are calibrated on a semi-annual basis by an instrument service company.  
Certificates are kept on file.  The calibration of the balances is verified on a daily basis and 
records are kept in a Logbook. 


 


11. Data Evaluation, Calculations and Reporting 


11.1 Calculations 


11.1.1 Go to the Excel spreadsheet labeled “Percent” on the server. 
 


11.1.2 Transcribe the logbook entries into the correct columns on the spreadsheet template. Save 
this template as the date the samples were initially weighted (i.e., 081302.xls). The 
spreadsheet will calculate the % Solid and the RPD for the duplicate analysis, using the 
following formulas: 


 
 
 % Solid    =    Mass of dish & dry sample “C”   –    Mass of dish “A”       x    100 
             Mass of dish & wet sample “B”   –    Mass of dish “A” 
 
 
    RPD    =     R1 - R2         x    100 
           [R1  +  R2] 
        2 


where: 
 
R1 = result of sample  
R2 = result of the duplicate sample 


 
 If percent moisture is requested, as opposed to percent solid, apply the following formula: 
 
   % Moisture  =  100   -   % Solid 
 
 


11.1.3 Go to the LIMS and “batch” and “associate” all samples in this analytical batch.  
 


11.1.4 Enter the results obtained from the Excel spreadsheet. 
 


11.1.5 Forward the hand recorded raw data from the Percent Solid logbook, the Excel spreadsheet 
and the LIMS batch printout to the Department Manager for secondary review. 


 
11.1.6 Procedures for data and record management must adhere to the Quality Systems Manual, 


other subordinate documents covering record keeping, and the Document Control SOP, G-
016.  All records shall be stored in such a manner as to be safe and accessible for at least 10 
years. 


 
11.1.7 Notebooks: Laboratory notebooks are designed to accommodate the specific analysis. If a 


sample requires re-analysis or re-extraction for any reason, a notation is made next to the 
sample entry in that log. Such logbooks shall be archived so as to remain available for at 
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least 10 years.  All laboratory notebooks must follow the specifications in the Logbook 
Useage Work Instructions (WI 108-01), and all record keeping and document control 
practices. 


 
 


11.2 Data Evaluation and Reporting 


All results are reportable without qualification if the QC criteria defined in Section 9 are met. If 
any QC parameters are not met, all associated samples must be evaluated for re-analysis. See 
Sections 9 for discussion, including corrective action, for any QC outlier.  


 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


Refer to Section 11.2. 


 


13. Method Performance 


13.1  Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


MDL/LOD/LOQ Studies are not applicable to this method. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation.   


IDC/DOC are not applicable to this method. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method. 


 


14. Pollution Prevention and Waste Management 


 The Alpha Hazardous Waste and Sample Disposal SOP (G-006), must be referenced for disposal 
of used standards, solvents, acids, reagents or other chemicals. 


 
All solid waste generated during this analysis must be stored in satellite containers in the 
preparation laboratory labeled “Soil/Solid Waste”.  


 
Once the solid waste satellite containers are full, they must be emptied into a 55-gallon drum 
marked “Soil/Solid Waste”. 
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15. Referenced Documents 


Sample Receipt and Login SOP (SOP/01-01) 


Sample Custody SOP (SOP/01-02) 


Hazardous Waste and Sample Disposal SOP (G-006) 


Logbook Useage Work Instructions (WI 108-01) 


 


16. Attachments 


None.  
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Total Organic Carbon and Soot in Soil, Sediment 
 


References:  USEPA, “Method 9060 Total Organic Carbon,” in Test Methods for Evaluating Solid Waste, 
SW846, Third Edition, Final Update, December 1996. 


 
 Perkin Elmer, “PE 2400 Series II CHNS/O Analyzer User’s Manual,” The Perkin-Elmer 


Corporation, April 1998.  
 


USEPA, Region II, Lloyd Kahn, “Determination of Total Organic Carbon in Sediment”, July 
27, 1988. 
 
“Quantification of the Dilute Sedimentary Soot Phase: Implications for PAH Speciation and 
Bioavailability” published in Environmental Science and Technology, Vol. 31, No. 1, 1997 
by Gustafsson, Haghseta, Chan, McFarlane and Gschwend. 
 
“Reinterpreting Literature Sorption Data Considering Both Absorption into Organic Carbon 
and Adsorption onto Black Carbon” published in Environmental Science and Technology, 
Vol. 37, No. 1, 2003 by Accadi-Dey and Gschwend 


 
 


1. Scope and Application 


Matrices:  This method is applicable for solid samples (soils, sediments, sludges). 


Definitions:  Refer to Alpha Analytical Quality Manual. 


The organic carbon in a sample consists of a variety of organic compounds in various oxidation 
states.  Some of these compounds may be oxidized by biological or chemical processes and can 
be measured by the Biochemical Oxygen Demand or Chemical Oxygen Demand tests. To measure 
the amount of organically bound carbon, the organic carbon molecules are broken down into single 
carbon units, and converted into a form that can be measured quantitatively. 
 
The PE 2400 Series II CHNS/O Analyzer can simultaneously determine carbon (C), hydrogen (H), 
nitrogen (N), sulfur (S), and oxygen (O) in organic material. In the CHN mode, the PE 2400 Series II 
CHNS/O Analyzer uses a combustion method to convert the sample elements to simple gases 
(CO2, H2O, and N2). The resulting gases are homogenized and controlled to exact conditions of 
pressure, temperature, and volume. The homogenized gases are allowed to de-pressurize through 
a column where they are separated in a stepwise steady-state manner and detected as a function 
of their thermal conductivity and reported as a percentage for solid samples. Treated with 
phosphoric acid prior to analysis, the Total Organic Carbon (TOC) content is determined by the 
amount of CO2 in the sample. If the sample is analyzed without pretreatment, the Total Carbon (TC) 
content is determined. Total Inorganic Carbon can be determined by subtraction of the TOC from 
the TC values. 
 
This method is applicable to the measurement of TOC and Soot in solid samples > 100mg/Kg or > 
0.01%, dry weight. According to the instrument manufacturer, a sample of up to 70% carbon can be 
analyzed without dilution. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  
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This method is restricted to use by or under the supervision of analysts experienced in the 
operation of the TOC Analyzer and in the interpretation of the data. Each analyst must demonstrate 
the ability to generate acceptable results with this method by performing an initial demonstration of 
capability and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance 
of at least a quarterly laboratory control sample or acceptable performance from an annual 
proficiency test sample. A major modification to this procedure requires demonstration of 
performance.  The identification of major method modification requiring performance demonstration 
is directed by the Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


 


2. Summary of Method 


An aliquot of solid sample is homogenized, dried at 103 - 105°C, re-homogenized, and the particle 
size is reduced by mortar and pestle. The sample is pre-treated with phosphoric acid to convert the 
inorganic carbon (i.e., carbonate and bicarbonate in the form of CO2) prior to analysis. The sample 


is re-dried at 103 - 105°C and another aliquot is removed for analysis, by weighing on the 
Microbalance, which is linked to the TOC analyzer. 
 
Organic carbon is measured using combustion and a carbonaceous analyzer. The sample is 
oxidized in a pure oxygen environment, introduced into a furnace by a 60-slot Autosampler, then 
combusted. The carrier gas (O2) is combined with the carbon content of the combusted sample to 
form CO2. Elements, such as halogens and sulfur, are removed by scrubbing reagents in the 
combustion zone. A thermoconductivity detector then measures the CO2. The amount of CO2 
derived from a sample is directly proportional to the concentration of organic carbonaceous material 
in the sample. 


For Soot, the dried sample will be reduced to a powder by grinding it with a mortar and pestle. An 
aliquot of sample, approximately 2-5 gm, will be transferred into an aluminum tin. The tins will be 
placed in an oven or muffle furnace for 24 hours at 375


o
C. After sample is in the muffle furnace for 


24hrs sample is treated with phosphoric acid then re-dried and reduced to a powder with a mortar 
and pestle.  At the end of this time they will be cooled to room temperature, and are ready for 
analysis on the TOC Analyzer. 


2.1 Method Modifications from Reference 


None. 


3. Reporting Limits 


The Practical Quantitation Limit (PQL) or Reporting Limit (RL) is 0.01% (or 100mg/Kg) for solid 
samples. 


4. Interferences 


4.1 To determine the TOC/Soot content, the inorganic fractions (carbonate and bicarbonate) must 
be removed prior to analysis by lowering the pH of the sample to < 2. When removing the 
inorganic carbon, care must be taken in sample pretreatment to minimize the potential of loss of 
volatile organic carbon present in the sample. 


 


4.2 Maintaining the samples at 4±2°C, and analyzing within the specified holding time minimizes 
bacterial decomposition and volatilization of the organic material. 


 


4.3 Elements, such as halogens and sulfur, are removed by scrubbing reagents in the combustion 
zone.  Large and/or complex organic molecules such as tannins, lignins, or humic acids may be 
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oxidized slowly.  If these compounds are suspected to be present, it is advisable to check the 
efficiency of the oxidation procedure with a selected representative sample, and adjust the 
analysis (sample size) as needed. 
 


4.4    Chlorides at a concentration of greater than 0.1% may completely inhibit the oxidation of 
organic matter. The sample size may need to be adjusted to compensate for this interference. 


 


4.5 Oils from skin, or contact with any organic material, such as plastic containers and rubber 
tubing, can contaminate samples.  Handle the weighing tins with tweezers. 


 


4.6 Sample heterogeneity can be a major source of imprecision in TOC/Soot results.  Recommend 
to clients to perform a client-specific duplicate, to evaluate precision and representativeness of 
the TOC/Soot results to the site.   


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound must be treated as a potential health hazard. From 
this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material data handling sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan. 


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 
 
The use of laboratory equipment and chemicals exposes the analyst to several potential hazards.  
Good laboratory techniques and safety practices shall be followed at all times.  All relevant Material 
Safety Data Sheets (MSDSs) are kept on file. 
 
Approved PPE, which includes Safety Glasses, Gloves and Lab Coats, must be worn at all times 
when handling samples, reagents, chemicals, or when in the vicinity of others handling these items, 
so that dermal contact is avoided.  All standards, reagents and solvents shall be handled under a 
hood using the proper PPE.  All flammable solvents must be kept in the flammable storage cabinet, 
and returned to the cabinet immediately after use. When transporting chemicals, use a secure 
transporting device and/or secondary outer container.  Chemical storage is properly segregated 
and adequately ventilated to reduce the possibility of hazardous reactions.  Chemical storage in 
work areas shall be kept to a minimum.  Storage on bench tops or other work surfaces, except 
temporary, is not permitted. 
 
All standards and reagents shall be prepared in a hood while using the proper PPE. 
 
Analytical instrumentation poses the unique possibility of exposure to high voltages. Other than the 
routine instrument maintenance, as listed in the front of every Instrument Maintenance Logbook, at 
no time shall an instrument operator attempt to maintenance an instrument alone, or without the 
proper training, supervision or instruction.  Caution must always be used in the presence of moving 
parts (autosamplers) and hot surfaces (injection ports). 
 
All additional company safety practices shall be followed at all times as written in the Chemical 
Hygiene Plan. 


 


All TOC standard solutions must be handled with caution. See pages 5-3 through 5-5 of the PE 
2400 Series II CHNS/O Analyzer User’s Manual for additional and specific Warnings and 
Precautions. 
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6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


A minimum of 5 grams of sample must be collected in a glass jar. 


6.2 Sample Preservation 


Soil samples must be refrigerated and maintained at 4°+2°C until drying and analysis.  


Sediment samples are either processed within 28 days (or 14 days for Lloyd Kahn) or can be 
frozen at -15C to -20C until processing. 


6.3 Sample Shipping 


The Sample Receipt & Login SOP (01-01) describes how samples are normally shipped or 
obtained by the laboratory, precautions to be used in opening sample shipments, and sample 
storage conditions. 


6.4 Sample Handling 


Soil samples must be refrigerated and maintained at 4°+2°C until drying and analysis.  
 


Sediment samples are either processed within 28 days (or 14 days for Lloyd Kahn) or can be 
frozen at -15C to -20C until processing. 
 
All solid samples (NOT requiring the Lloyd Kahn Calibration method) must be analyzed within 
28 days from the date of collection. Note: If samples require the Lloyd Kahn Calibration 
method, the hold time is 14 days. 
 
The Sample Receipt & Login SOP (01-01) describes the responsibilities of sample custody 
including all proper documentation, verification, and tracking procedures, following Chain of 
Custody (COC) protocols and sample receipt procedures using the Sample Receipt Checklist, 
which includes the check for proper sample preservation and cooler temperature verification. 
 
Internal COC procedures for sample tracking include the use of sample tracking logbooks.  
These procedures are also described in the Sample Receipt & Login SOP (01-01).  


 


7. Equipment and Supplies 


7.1 Instrument: Perkin Elmer 2400 Series II CHNS/O Analyzer with computer and PE software 


 


7.2 Detector: Thermal Conductivity 


 


7.3 Mortar and pestle 
 


7.4 Oven:  103° - 105°C 
 


7.5 Dessicator 
 


7.6 Volumetric Flasks: Class-A, various volumes 


 


7.7 Microbalance: Perkin-Elmer, Model AD-6, linked to the instrument. See the Manufacturer 


User’s Manual, Section 1.2, pages 3-4, for Microbalance and weighing instructions.  The 
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Microbalance calibration is verified every day using 2.0mg - 200mg weights, in the range of 
daily use, and be accurate within +/1%. If the balance needs to be re-calibrated, see the 
Manufacturer User’s Manual SOP, Section 1.1, page 3, for details.  
 


7.8 Tweezers: Anti-Magnetic 
7.9 Tin Boats: Small and Large; Baked at 180˚C for 30 minutes prior to use     


 


7.10 Glass Beads:  Filter Aid 400, High-density; from Perkin Elmer or 3M. Used as the 


CCB/Method Blank media.    
 


7.11 Gas-tight syringes: Various measuring sizes, including 10µL for direct sample spiking 


 


7.12 Printer : OKIDATA Microline 320 Turbo-9 Pin 


 
Note: All maintenance records including routine upkeep and outside service visits are 
maintained in the instrument maintenance logbooks.  See the Manufacturers User’s Manual for 
detailed troubleshooting instructions and routine maintenance, as needed.  
 


8. Reagents and Standards 


Use reagent grade chemicals for all reagents.  All reagents and standards must be stored at 4±2°C 
and expire 6 months from preparation, unless otherwise indicated below.  
 


8.1 Deionized (DI) water:  All references to DI water refer to ASTM Type II reagent grade 
water which has been boiled, cooled and capped to eliminate CO2. 


 


8.2 Phosphoric Acid solution: Add 20mL of H3PO4 to 400mL of DI water. Mix thoroughly 


and cool to room temperature before use. Store in a glass bottle and keep at room 
temperature. This solution is stable for 6 months.  


 


8.3 Potassium Hydrogen Phthalate (KHP), Calibration Solution/CCV or K-
Factor for TOC: 10,000mg/L equivalent to 10,000mg/Kg Carbon, or 1.0 % TOC. NIST 


SRM 185h 
 


Dissolve 2.128g of potassium hydrogen phthalate (primary standard grade) in ASTM DI water, 
and dilute to 100mL in a volumetric flask. This standard is good for 6 months, stored at room 
temperature. Discard solution if discoloration or any signs of bacterial growth are observed.  
 
Note: When preparing this solution for the Lloyd Kahn Calibration method, double the weight 
(4.256g) to 100mL in a volumetric flask for a 2% TOC solution. This will be the stock for the 
highest point of the calibration curve. Appropriate dilutions can then be made from this stock for 
the rest of the calibration curve outlined in Section 10.2.4. 


 


8.4 Potassium Hydrogen Phthalate (KHP) Spiking Solution/MS: 10,000mg/L 


equivalent to 10,000mg/Kg Carbon, or 1.0 % TOC. From a separate source than the solution in 
Section 8.3, Sigma Aldrich or equivalent.  


 
Dissolve 2.128g of potassium hydrogen phthalate (primary standard grade) in ASTM DI water, 
and dilute to 100mL in a volumetric flask. Use a separate source or different lot of KHP from 
that used to prepare the calibration standard.  
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This stock may be stored up to six months at room temperature. Discard solution if 
discoloration or any signs of bacterial growth are observed. Use at 1.0 % TOC concentration for 
solid samples, and at 10,000mg/L for aqueous samples. 
 


8.5 Reporting Limit Standard: An appropriate dilution is made from the stock standard 


(Section 8.3), which is prepared and analyzed to confirm the reporting limit for the given matrix 
(Section 3). 
 


8.6 Acetanilide – LCS/SRM for Total Carbon: NIST SRM 141d with certified 


concentration of Carbon = 71.089%. 
 


8.7 Cystine – CCV for Total Carbon: From Perkin Elmer with value of carbon = 29.99% 


 


8.8 Solid Laboratory Control Sample / Independent Calibration Verification 
(LCS/ICV): Standard Reference Material (SRM) NIST 1944, a separate source from the 


calibration standard that is certified at the concentration of 4.4% TOC for solid samples. SRM 
1649 for Total Carbon or Soot certified at the concentration of 17.68% Total Carbon. 


 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank(s) 


9.1.1 Method Blank: A method blank must be analyzed once per every 20 samples or 
per TOC/Soot batch, whichever is more frequent. The Blank consists of 30mg of 
Filter Aid (Section 7.10). 


 
TOC must not be detectable in the method blank at a concentration greater than 
the reporting limit for the given matrix (Section 3). 


 
Corrective Action: Analysis of the method blank and all associated samples must 
be performed until the blank is in control.  Samples cannot be analyzed until an 
acceptable method blank analysis is obtained.  Exceptions may be made with 
approval of the Department Manager, if the samples associated with the out of 
control method blank are non-detect for TOC/Soot, or if sample TOC/Soot 
concentrations are greater than 5X the blank levels.  In such cases, the sample 
results are accepted without corrective action for the high method blank and the 
client is notified in a project narrative associated with the sample results. 


9.1.2 Continuing Calibration Blank:  A CCB must be analyzed immediately after every 
CCV. The CCB is 30mg of Filter Aid (Section 7.10). 


 
The CCB concentration must not be greater than the reporting limit for the given 
matrix (Section 3). 


 
Corrective Action: Repeat analysis once to see if an analytical error occurred.  If 
the CCB still exceeds the control limits, re-calibrate and/or re-analyze a fresh 
blank.  All samples associated with the out of control CCB must be re-analyzed 
(since the last acceptable CCB).  Exceptions may be made with approval of the 
Department Manager if the samples associated with the out of control method 
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blank are non-detect for TOC/Soot or if sample TOC/Soot concentrations are 
greater than 5X the blank levels. In such cases, the sample results are accepted 
without corrective action for the high CCB and the client is notified in a project 
narrative associated with the sample results. 


9.1.3 Instrument Blank:  An Instrument Blank must be analyzed during 
Calibration.run2.  The Instrument Blank consists of 30mg of Filter Aid (Section 
7.10). 


9.2    Laboratory Control Sample (LCS) 


Laboratory control sample (LCS or ICV) must be from a second source or lot number to verify 
the accuracy of the standard curve.  The LCS/ICV is analyzed along with the samples. A 
LCS/ICV must be analyzed once per every 20 burns or per TOC batch, whichever is more 
frequent. For solid samples, the LCS is the NIST SRM at 4.4% TOC.  
 
ICV/LCS consists of approximately 3.0-5.0mg of SRM 1944 with a true value of 4.4% TOC 
(Section 8.6). This SRM is NOT evaluated for Soot since no certified concentration for Soot is 
published. 
 
The acceptable recovery QC range is 75%-125% for the LCS/ICV.   
 
Corrective Action: Repeat analysis once to see if an analytical error has occurred. If the 
LCS/ICV recovery is still out of control, re-calibrate and re-analyze the LCS/ICV and all 
associated samples.  Samples cannot be analyzed until an acceptable LCS/ICV is obtained.  
Exceptions may be made with approval of the Department Manager if the samples associated 
with the out of control LCS/ICV are also associated with a matrix spike that is in control. This is 
an acceptable measure of accuracy of the analytical procedures. An explanation of this out of 
control LCS/ICV recovery must be included in the project narrative to the client and the sample 
data reported with the acceptable MS results as batch QC. 


9.3 Initial Calibration Verification (ICV) 


Refer to Section 9.2 above. 


9.4 Continuing Calibration Verification (CCV) 


A CCV must be analyzed at a minimum of every 10 burns and at the close of an analytical 
sequence. This standard monitors instrument performance throughout the duration of the 
analytical run. 
 


The CCV is approximately 10.0mg of Filter Aid tared to zero and spiked with 10µL of 
Calibration Solution (Section 8.3), with a 1% TOC true value. The weight recorded is the 


Calibration Solution only. (10µL of solution should weigh approximately 10mg). 
 
The acceptable recovery QC range for the CCV is 80-120%. 
 
Corrective Action: Repeat analysis once to see if an analytical error occurred.  If the CCV still 
exceeds the control limits, re-calibrate and re-analyze all samples since last acceptable CCV. 


9.5 Matrix Spike 


A matrix spike must be performed once per 20 samples (5% frequency).  When project 
specifications dictate, a Matrix Spike Duplicate (MSD) may also need to be performed at the 
same frequency as the MS. Prepare the MS according to Section 8.4 for the given matrix. 
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A Matrix Spike sample is spiked with 10µL of Spiking Solution (Section 8.4), at a 1.0 % TOC 
true value.  The weight recorded is the sample weight prior to spiking. 
 
The acceptable recovery QC range is 75%-125% for the MS/MSD.  Calculate the %RPD as in 
Section 9.6 when analyzing a MS/MSD pair.  The acceptable %RPD is < 25% for solid 
samples.  
 
Corrective Action: Repeat analysis once to see if an analytical error has occurred. If the % 
recovery or %RPD still exceeds the criteria and the LCS is compliant; include a project 
narrative with the results to the client noting that there may be potential matrix effects on the 
accuracy or precision of the TOC/Soot results as evidenced by matrix spike recovery or %RPD 
outside of QC limits. 


9.6 Laboratory Duplicate 


Duplicate analyses (matrix duplicate) must be performed once per 20 burns (5% frequency). 
 
A Matrix Duplicate sample is weighed to represent the sample in consistency, and weight. 
 


Acceptable relative percent difference (RPD) of duplicates is ≤ 25% for solid duplicates and ≤ 
20% for aqueous duplicates. Acceptance criterion is not applicable to sample concentrations 
less than 5X the reporting limit. Calculate RPD as follows: 


  
%RPD  =  R1  -  R2         x   100 


           [R1  +  R2] 
 2 


    where:   
     R1 = highest result 
     R2 = lower result 
 


 
Corrective Action: Repeat analysis once to see if an analytical error has occurred. If the % RPD 
still exceeds the control limits; include a project narrative with the results to the client noting that 
there may be potential matrix effects on the precision of the TOC/Soot results as evidenced by 
the matrix duplicate RPD exceedance.  


 


9.7 Method-specific Quality Control Samples 


None. 


 


9.8 Method Sequence 


• Calibration Curve generation 


• Method Blank 


• LCS/ICV 


• Laboratory Duplicate 


• Matrix Spike 


• Samples 1 – 8  


• CCV 
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• CCB 


• Samples 9 – 18  


• CCV 


• CCB 


 


10. Procedure 


10.1 Equipment Set-up 


Samples are prioritized by the Department Manager for analysis based on hold time and client 
due date. Section 15.5 outlines the steps for final TOC reporting that will contain the sample 
analysis final results.  
 
The analyst initials, date, sample ID #’s, sample weights (solids), or volumes (aqueous), of all 
Standards, QC samples and field samples, are entered into the TOC logbook. Include the 
standard, LCS and MS IDs and concentrations. 
 


10.1.1 Pretreatment for Total Organic Carbon:  
 


This procedure is used to remove the inorganic compounds in the sample prior to the 
determination of Total Organic Carbon.  If Total Carbon is to be determined, addition of 
the phosphoric acid solution is omitted. 


 


10.1.1.1 Aliquot 2-5g of pre-dried (103°-105°C) solid sample into an aluminum weigh dish. 
(This aliquot may be taken from the Percent Solids Determination aliquot, 
assuming Percent Solids have already been performed). Note: Any sample to be 
analyzed for Total Organic Carbon must be dried and acidified and dried again 
before analysis on the TOC instrument. 
 


10.1.1.1.1 If samples are received that do not require percent solids, the samples must 
be dried and then acidified and dried again. 
 


10.1.1.1.2 Sample aliquots that have already been dried for percent solids analysis may 
be acidified and redried for TOC. 
 


10.1.1.1.3 If Soot analysis is required, take a portion of the dried sample aliquot, 
approximately 2-5 gm, and place into a muffle furnace at 375°C for 24 hours. 
Once the sample aliquot is cooled to room temperature, proceed to the acid 
addition step, Section 10.1.1.2. Samples for Soot are read analytically in the 
same way as Routine TOC. 


 
10.1.1.2 Add Phosphoric Acid Solution (Section 8.2) drop wise to the solid sample in the 


tin dish and check for effervescence.  If effervescence is observed, continue 
adding drop wise until the effervescence stops to ensure removal of inorganic 
carbon compounds (carbonate and bicarbonate). Report any excessive 
effervescence or change in sample consistency to the client in the project 
narrative. 


 


10.1.1.3 Place the tin dish containing the treated sample into the drying oven at 103°-


105°C until dry. Remove the tin and place in a dessicator to cool. The sample is 







Alpha Analytical, Inc.  ID No.:2182   
Facility: Mansfield                                            Revision 3 
Department: Wet Chemistry  Published Date:8/3/2012 11:36:59 AM  
Title:  TOC  Page 10 of 17  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: W-028 


considered dry when the weight change is less than 4%, or 50mg of a previous 
weight, whichever is less. Samples may need to dry overnight in the oven. 


  
 


10.2 Initial Calibration 


On the accompanying computer, or “PC”, Perkin Elmer software has been loaded to collect and 
save sample and standard analysis data. Create a file to store the data from each day’s 
analytical sequence by clicking on the PE 2400 icon, go to “new” and “save” the file “as” the 
name of the date of the analysis (i.e., 060503.chn). Data from each standard or sample 
analysis will be automatically stored in this file for future reference 


10.2.1 Follow the instrument Manufacturers User’s Manual for instrument set up and see 
Sections below for an outline of the initial, daily calibration procedure. 
 
See the Manufacturers User’s Manual, page 5-69, for the default instrument conditions 
when in the CHN operating mode. 


10.2.2 Routine TOC/Soot Calibration Method: 


TOC analyses use K-Factors (3 repeat analyses of a 1.0% TOC standard, Section 8.3) 
and Blanks, calculated and averaged by the instrument when the calibration is being 
performed. Follow the instrument Manufacturer’s User’s Manual, page 4-67. Calibration 
of the instrument using K-Factors and Blanks is performed once per day of analysis. 


Load the Autosampler (Section 10.3.2) for combustion to analyze Blanks and Standards 
in the order listed below.  All “Blanks” and “K-Factors” are prepared in the same way. 
Analyze the standards following the procedure in Section 10.3. 


 


• Instrument “Primer” (~20.0mg of SRM 1944, with true value of 4.4% TOC) only if 
new column. 


 


• Blank 1 (30.0mg of Filter Aid) only if new column 
 


• K-Factor 1 (10µl of Calibration Solution, Section 10.3,)  
The weight recorded is the Calibration Solution, only. 


 


• Blank 2 (30.0mg of Filter Aid) 
 


• K-Factor 2 (10µl of Calibration Solution, Section 10.3,) 
The weight recorded is the Calibration Solution, only. 


 


• K-Factor 3 (10µl of Calibration Solution, Section 10.3,)  
The weight recorded is the Calibration Solution, only. 


   
The K-Factors must reproduce from the mean value within +/-0.15% for carbon. The 
calculation involves the comparison among the latest K-Factor run, the prior K-Factor run, 
and the current running average K-Factor. An “out of tolerance” message will be 
displayed if this criterion is not met. 
 
The ICV/LCS and Method Blank are prepared to run immediately following the third K-
Factor, given the instrument is “in tolerance”.  
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Corrective Action: If, at any time during the 6–step process of calibration, one of the K-
Factors or Blanks fail, the calibration must be re-prepared and re-analyzed until the 
instrument accepts all factors as “in tolerance”.   


 


10.2.3 Lloyd Kahn Calibration Method: Note: The Routine instrument calibration procedure 
(Section 10.2.2) must be established before the Linear Regression method is used, 
otherwise, the best results will not be obtained. 


Prepare a curve for Lloyd Kahn calibration as outlined below. Additionally, see page 5-82 
and 5-83 of the Manufacturers User’s Manual for proper set-up of this calibration method. 


Analyze each point of the calibration curve following Section 10.3. On an Excel 
spreadsheet, plot Carbon (mg) vs. Instrument Response, using five standards and a 
blank covering the analytical range of interest. See Section 8.3 for Calibration Standard 
preparation. 


 


Blank = 10 ul of DI water from Barnstead 


Point 1 = 0.1% (1,000mg/Kg) Standard  


Point 2 = 0.5% (5,000mg/Kg) Standard Point 3 = 1.0% (10,000mg/Kg) Standard Point 4 = 
2.0% (20,000mg/Kg) Standard  


Point 5 = 4.0% (40,000 mg/Kg) Standard added to 30mg Filter Aid 


 


This is the calibration curve for Linear Regression analysis.  


The correlation coefficient (r) of the initial calibration curve must be ≥0.995. The slope of 
the line must be + 10% of historical curves.  


Corrective Action: If the correlation coefficient or slope QC criteria are not met, the 
standard curve must be re-prepared and re-analyzed until the correlation coefficient 
and/or slope are acceptable.  


 


10.3 Equipment Operation and Sample Processing 


Prepare a Calibration Curve per Section 10.2.  
 
An ICV/LCS and Method Blank are analyzed immediately following the third K-Factor of the 
Routine Calibration, provided the instrument is “in tolerance”.  
 
Remove all pretreated samples from the oven, and allow to cool in a dessicator.  Confirm that a 
constant weight has been achieved as in Sections 10.1.1.1 and 10.1.1.2. Record the weights in 
the TOC logbook. 
 


10.3.1 Soil Samples: The solid samples must be ground using a mortar and pestle into a fine 
powder, without grinding shells, rocks or other large non-representative material. 
Carefully pick these materials from the sample with tweezers. Transfer the ground, pre-
treated solid sample to a 5.0mL glass vial labeled with the sample ID. Fill the vial to 
approximately 2/3 full and discard the remainder. 


 
Weigh approximately 2-10mg of sample into a tin boat using the Perkin-Elmer 
Microbalance, Model AD-6, which is linked to the instrument. Samples that are known to 
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be high in TOC may use a lesser sample aliquot. Each sample must be weighed in 
duplicate. (NOTE: Check the paperwork carefully as often 3 replicate analyses are 
specified by the client.)  Record the weights in the TOC/Soot logbook. Matrix Duplicate 
and Matrix Spike samples are weighed as separate samples, with their own replicates or 
triplicates. 


 
Analyze a CCV/CCB (Section 9.4 and 9.1.3) after every 10 “burns”, and at the end of the 
analytical sequence. 


 
If following the Lloyd Kahn Calibration method,  analyze the first set of batch QC 
samples, the ICV/LCS and Method Blank, followed by field samples with a CCV/CCB 
analyzed every 10 “burns”, and at the end of the analytical sequence. 


 
10.3.2 Multiple Sample Instrument Loading: 
 


10.3.2.1 Each tin boat is carefully folded with anti-magnetic tweezers, and placed into its 
respective holding tray position. (See the Manufacturer User’s Manual SOP, 
Section 1.2, page 4, for tin boat folding details.)  Weights, sample tray position 
and Autosampler location are recorded in the TOC/Soot logbook. The analyst 
must be very careful when transferring samples. Documentation of sample 
consistency is very important. See Figure 1 for an example logbook page. 


 
10.3.2.2 Adjust the Autosampler tray to begin sampling at auto-slot #1 and carefully 


transfer the folded tins containing the samples to the correct auto-slot, using 
tweezers. All Instrument Calibration Standards (Blanks, K-Factors and/or Lloyd 
Kahn Calibration Standards) are loaded first.  Immediately following will be the 
first batch QC samples, the ICV/LCS and Method Blank for the run, followed by 
field samples. Rotate the Autosampler in a counter clockwise manner. 


 
10.3.2.3 A maximum of 60 tins can be held on the Autosampler at one time. The 


instrument only allows for 100 total samples (including calibration/blank samples) 
to be programmed for any given run. 


 
10.3.3 Sample Analysis 
 


10.3.3.1 Select the Auto Run option on the keypad on the instrument. The following menu 
appears: 


 
AUTO RUN NO. 1 
1B    2K    3S 


 
   where: B = Blank 
                                               K = K-Factor 
                                               S = Sample 
 


Assuming the Instrument Standardization occupies auto-slots 1-6, Enter “3” for 
Sample, then select “Enter”. Enter the weight of the “Primer” Standard (position 
1) and select “Enter”. 


 
10.3.3.2 You will be prompted for AUTO RUN NO. 2 as in Section 10.3.3.1, except now 


there is a function “4NP” which allows the analyst to stop/erase everything by 
selecting this feature.  
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• Enter “1” for the Blank. The weight will not be asked for. 
 


• Enter “2” for the first K-Factor, then select “Enter”. Enter the weight of your K-
Factor (the standard weight should be ~ 10mg). Select “Enter”. 


 


• Enter “1” for the second Blank, then “Enter”. 
 


• Enter “2” for the second K-Factor, then “Enter”. Enter the weight, then 
“Enter”. 


 


• Enter “2” for the third K-Factor, then “Enter”. Enter the weight, then “Enter”. 
 


10.3.3.3 All remaining sample weights are added by entering “3” for Sample, and then by 
entering the sample weight.  Continue adding all information to the run sequence, 
using the keypad. When entering sample identification, and letters are 
necessary, refer to the Manufacturer’s User’s Manual, page 3-4, for instructions 
for converting numbers to letters. 


 
10.3.3.4 When all sequence information is entered and complete, select “Start”. The 


analyses will begin. The computer will continue to display the “AUTO RUN” menu 
during sample analysis. 


 
10.3.3.5 The Standard and Sample data prints out as it is collected on the line printer, and 


is also collected on the linked computer using the PE 2400 software. The data on 
the computer is saved in a file named as the date of the analysis (i.e., 
060503.chn) for future reference, as noted in 10.2. 


 
10.3.3.6 When all analyses are complete, refer to the Manufacturers User’s Manual SOP, 


Section 3.1, page 7, for instructions to “Shut Down” the instrument. 
 


10.3.3.7 Evaluate all batch QC samples first, to confirm or exclude the need for re-
analyses. The ICV/LCS, Method Blank, CCB/CCV samples must meet the 
acceptance criteria in Section 9. Follow the corrective action for any QC failures. 


 
10.3.3.8 Evaluate the field samples next. If duplicate or triplicate “burns” of the same 


sample appear inconsistent, or vary by more than 30%, re-weigh a sample 
aliquot similar to the initial weight used, and re-analyze the sample. If 
inconsistencies persist, report this observation in the project narrative to the 
client. 


 
 


10.4 Continuing Calibration 


A CCV must be analyzed as outlined in Section 10.3.3 at a minimum of every 10 burns and at 
the close of an analytical sequence. 


 


10.5 Preventive Maintenance 


The column is changed after every 100-200 runs.  Other maintenance is performed by a service 
provider. 
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11. Data Evaluation, Calculations and Reporting 


11.1 Procedures for data and record management for TOC/Soot analysis must adhere to the Quality 
Systems Manual, other subordinate documents covering record keeping, and the Document 
Control SOP, 08-01.  All records are stored in such a manner as to be safe and accessible for 
at least 10 years. 


 


11.2 The relevant TOC/Soot laboratory notebooks must follow the specifications in the Laboratory 
Notebook Usage Work Instruction 108-01, and all record keeping and document control 
practices.   


 


11.3 Sample results for TOC/Soot are directly reported from the instrument printout. 
 


11.4 Calculations: The following calculations are applied by the instrument when determining 


the percentage of Total Organic Carbon or Soot: 
 


Carbon Blank (CB): Used to make all other determinations, namely, K-Factor and weight 
percent calculations.  When run alternately with samples, the instrument averages the blank 
values.    
   
Carbon Blank (CB)  =  Carbon Read  –  Nitrogen Read 
 
Carbon K-Factor (C KF): K-Factor, or detector calibration factor, is determined when a known 
standard is analyzed to calibrate the analyzer in terms of micrograms of carbon.  This 
calibration factor is then used to determine unknowns.  
 
C  KF  =  ( (CR  –  NR)  –  CB  x  100) / (SW   x   C Theory Wt. %) 
 
where: CR = Carbon Read 
  NR = Nitrogen Read 
  CB = Carbon Blank 
  SW= Sample Weight (mg) 


C Theory Wt % = 1% (based on the concentration of the K-Factor standard) 
 
Carbon Weight Percent: 
 
Carbon Weight Percent  =  ( ( (CR  –  NR )  –  CB)  x   100)  /  (SW   x  C KF) 
 
 
where: CR = Carbon Read 
    NR = Nitrogen Read 
    CB = Carbon Blank 
                    SW = Sample Weight (mg) 
           C KF = Carbon K-Factor 


 
Example Calculation of Percent TOC/Soot from the instrument, converted to mg of 
TOC/Soot: 
 
If the result from the instrument is 1.083% and the sample weight is 10.76mg: 
 


1.083%  =  100   x   [X   /  10.76mg]  (to solve for X, divide each side by 100) 
 0.01083  =  X   /  10.76mg  (multiply each side by 10.76mg) 
 0.116mg  =  X 
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11.5 Reporting Results 
 


The following procedures must be followed for reporting of TOC/Soot results: 
 


Go to the next page in the bound TOC/Soot logbook.  


Retain all computer printouts for the standard and sample analyses of this sequence. 


Print the sequence from the computer and review it to make sure that no weight or 
sample ID transcription errors were made.  


Calculate the recoveries for the QC samples (IVC/LCS, CCV, MS and RPD between the 
duplicate samples) and ensure the Method Blank and CCB meet the criteria. Remember 
any “QC Failures” require corrective action. See Section 9.0 or 12.0. 


After reviewing the final logbook entries, make a copy of the logbook page for secondary 
review. 


Go to the LIMS and “batch” and “associate” the set of QC samples and field samples that 
were just analyzed. 


Enter the Final Results into the LIMS report sheet and check for transcription errors. 


Transfer all associated sample paperwork to the Department Manager for the second 
level review and approval.  


All TOC/Soot results are reportable without qualification if analytical holding times are 
met, preservation (including pH and cooler temperatures) are met, all QC criteria defined 
in the table below are met, and matrix interference was not suspected during analysis of 
the TOC/Soot samples.  If any of the below QC parameters are not met, all associated 
samples must be evaluated for re-analysis. 


  


QC Parameter Acceptance Criteria 


Initial Calibration Curve, Lloyd Kahn r > 0.995 and slope ± 10% the historical curves 


Initial Standardization (K-Factor) ±0.15% from average of previous K-Factors  


Method Blank < reporting limit for matrix 


Laboratory Control Sample 75-125% R  


Matrix Duplicate  25%RPD  for results <5x reporting limit 


Matrix Spike 75-125% R  


Matrix Spike Duplicate if requested  75-125%R/25%RPD 


Continuing Calibration Verification 80-120% of True Value 


Continuing Calibration Blank < reporting limit for matrix 


 


 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


Section 9 outlines sample batch QC acceptance criteria.  If non-compliant TOC/Soot results are to be 
reported, the Department Manager and/or the Laboratory Director, and the QA Manager must 
approve the reporting of these results.  The laboratory Project Manager is notified, and may chose to 
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relay the non-compliance to the client, for approval, or other corrective action, such as re-sampling 
and re-analysis.  The analyst or Department Manager performing the secondary review initiates the 
project narrative, and the narrative must clearly document the non-compliance and provide a reason 
for acceptance of these results.  


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study 
(LOD) / Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


14. Pollution Prevention and Waste Management 


The Hazardous Waste and Sample Disposal SOP (G-006) must be referenced for disposal of used 
standards, solvents, acids, reagents or other chemicals. 
 


 Once satisfactory TOC results have been generated, the sample containers must be scanned back 
into LIMS and returned to the appropriate sample refrigerator and held for 30 days. 
 
All waste generated must be transferred to the waste disposal area. Dispose all solid samples in 
solid waste container. Aqueous samples must be poured into a 55-gallon drum marked acidic/non-
chlorinated waste.   


Refer to the Chemical Hygiene Plan and the Hazardous Waste & Sample Disposal SOP (G-006) 
for further pollution prevention and waste management information. 


15. Referenced Documents 


Chemical Hygiene Plan 


PE 2400 Series II CHNS/O Analyzer User’s Manual 


Sample Receipt & Login SOP (01-01) 


Perkin-Elmer, Model AD-6 Manufacturer User’s Manual 


Document Control SOP 08-01 


Laboratory Notebook Usage Work Instruction (WI 108-01) 


SOP/08-05 MDL Generation 


SOP/08-12 IDC Generation 


Hazardous Waste & Sample Disposal SOP (G-006) 
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16. Attachments 


None. 
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Particle Size Analysis of Soils – With / Without Hydrometer  


 
References: ASTM D422-63 (Re-approved 1998), Standard Test Method for Particle-Size Analysis of 


Soils, pp.10-17. 


ASTM D2487-00 (Re-approved 2000), Standard Practice for Classification of Soils for 
Engineering Purposes (Unified Soil Classification System), pp.246-257. 


ASTM D2216-90 (Re-approved 1990), Standard Test Method for Laboratory Determination 
of Water (Moisture) Content of Soil, Rock, and Soil-Aggregate Mixtures, pp.278-281. 


ASTM D2217-66 (Re-approved 1978), Standard Method for Wet Preparation of Soil 
Samples for Particle Size Analysis and Determination of Soil Constants. 


The American Association of State Highway and Transportation Officials, Standard 
Specifications for Transportation Materials and Methods of Sampling and Testing, July 1978, 
12


th
 edition, pp.250-276. 


Department of the Army, E M 1110-2-1906, Laboratory Soils Testing, November 1970, pp. 
V-1 – V-28. 


GEOSYSTEM Von Gunten Engineering Software, Inc. Copyright 2005. 


 


1. Scope and Application 


Matrices: Soil and sediment samples, as received from the field. 


Definitions:  Refer to Alpha Analytical Quality Manual. 


This analytical method covers the quantitative determination of the distribution of particle size in 


soils and sediments.  The distribution of particle sizes larger than 75µm (retained on the No.200 


sieve) is determined by sieving. The distribution of particle sizes smaller than 75µm (not retained on 
the No.200 sieve) is determined by a sedimentation process, using a hydrometer. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the 
operation of the equipment and in the interpretation of data. Each analyst must demonstrate the 
ability to generate acceptable results with this method by performing an initial demonstration of 
capability and completing the record of training. 


A major modification to this procedure requires demonstration of performance.  The identification of 
major method modification requiring performance demonstration is directed by the Quality 
Assurance Officer and/or Laboratory Director on a case-by-case basis. 


 


2. Summary of Method 


 Particle Size without Hydrometer (often referred to as Wet Sieve or Grain Size Analysis) is 
determined by drying a homogenized soil sample. The dried homogenate is placed onto a 
number 200 sieve, washed with tap water, re-dried, and re-homogenized. The dried soil is 
mechanically sieved with an array of sieve sizes. The distribution of soil sample remaining in each 







Alpha Analytical, Inc.  ID No.:2183   
Facility: Mansfield                                            Revision 3 
Department: Wet Chemistry  Published Date:8/3/2012 11:35:37 AM  
Title:  Particle Size  Page 2 of 9  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: W-029 


of the sieves is determined by weight and represents various classes of soil including cobble, 
gravel, course and fine sand, silt and clay. 


 Particle Size with Hydrometer is determined by drying a homogenized soil sample and immersing 
it in a sodium hexametaphosphate solution.  A hydrometer test is then performed which defines 
the fraction of sample that is silt and clay. The sample from the hydrometer test is transferred to a 


number 200 sieve and washed with tap water to remove all particles less than 75 µm.  The 
sample remaining on the number 200 sieve is then re-dried and re-homogenized and is 
mechanically sieved with an array of sieve sizes, that define the medium and fine sands present 
in the sample. 


 When receiving limited amount of sample (e.g. 75-100gm), the test can be performed on a wet 
sample.  % solids must be analyzed and the dry weight used for final calculations.  Then proceed 
as in Section 5.2. 


2.1  Method Modifications from Reference 


  A 10,000rpm mixer is only used in the case of clay-like samples. 


3. Reporting Limits 


Not Applicable 


4. Interferences 


Special consideration should be given to soils from a marine environment or other sources where 
high soluble salt concentrations may be present.  The degree to which the salts present in these 
soils are diluted or concentrated must be given consideration if meaningful results are to be 
obtained. 
 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


   A minimum of 500-grams of sample must be collected in a ziploc bag. 


6.2 Sample Preservation 


None. 


6.3 Sample Shipping 


No special shipping requirements. 
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6.4 Sample Handling 


The samples must be immediately aliquoted and dried in an oven or air dried in a hood. 
Remaining sample can be stored at room temperature. Hold times are not applicable to 
particle-size determination. 


7. Equipment and Supplies 


7.1 Analytical balance: Capable of weighing to the nearest 0.01g with auto enter for weights 
directly to the GEOSYSTEM program. 


7.2 Aluminum pie tins, plastic 250-mL beakers, Parafilm 


7.3 Fume hood, sink with tap water 
 
7.4 Mechanical stirring apparatus, malt mixer (at least 10,000 rpm) 
 
7.5 Stainless steel spatulas, spoons, and mixing bowls 
 
7.6 Drying ovens: Maintained at 110±5°C , 40°C±5°C 
 
7.7 Hydrometer: 151H, per ASTM specifications E 100 
 
7.8 Sedimentation cylinder: 1000mL glass with large rubber stoppers to fit  
 
7.9 Thermometer: Accurate to 0.5°C (able to read 20°C) 
 
7.10 Timing device: With a second hand 
 


7.11 Constant room-temperature, 20°°°°C 
 
7.12 Mechanical sieve shakers: Models RX-29, Type:110V, 60HZ and Cl-305A-1, Type: 


120V, 60HZ 
 
7.13 Sieves: Square-mesh, woven-wire cloth per ASTM specifications E11: 3in., 2in., 1.5in., 


1.0in., 0.75in., 0.375in., #4, #10, #20, #40, #60, #100, #140, #200,#230,#270 Pan 
 
7.14 Paint brushes: For sieve cleaning  
 
7.15 Mortar and Rubber-Covered Pestle  
 
 


8. Reagents and Standards 


8.1 Deionized (DI) water: ASTM Type II laboratory reagent grade water.  
 


8.2 Sodium Hexametaphosphate Solution: Dissolve 40g into 500-mL DI water, dilute to 


1-L with DI water.  (Solution expires monthly, and must be kept at a pH of 8-9, using sodium 
carbonate.)  Store at room temperature. 
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8.3 Sodium Carbonate, 0.5M: Thoroughly dissolve 26.49g of Na2CO3 in 400-mL DI water, 


dilute to 500-mL. Store at room temperature. 
 


8.4 Wide-Range pH paper. 
 
 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank(s) 


Not applicable. 


9.2 Laboratory Control Sample (LCS) 


Not applicable. 


9.3 Initial Calibration Verification (ICV)  


Not applicable. 


9.4 Continuing Calibration Verification (CCV) 


Not applicable. 


9.5 Matrix Spike 


Not applicable. 


9.6 Laboratory Duplicate 


Not applicable. 


9.7 Method-specific Quality Control Samples 


Not applicable. 


9.8 Method Sequence 


    Refer to Section 10 


 


10. Procedure 


10.1 Equipment Set-up 


Not applicable. 


10.2 Initial Calibration 


Not applicable. 


10.3 Equipment Operation and Sample Processing 


10.3.1 Sample Preparation – Particle Size with/without Hydrometer  


Samples are prepared immediately upon arrival. 
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10.3.1.1 Homogenize the sample using a stainless steel mixing bowl, spatula, and/or 
spoon Transfer a sample aliquot into a properly labeled aluminum pie tin and dry 
in an oven or set to air-dry in a hood. (It is recommended that entire sample is set 
to dry, since dry weight is unknown.)  A matrix duplicate, if not already specified 
by the client, is chosen and set to dry in its own tin.  Note: Samples can be dried 


overnight in an oven set at 110 °C, with the exception of claylike samples. Claylike 
samples are partially dried in an oven or in the hood and broken up as they are 
drying to help prevent solidifying of samples. Note in the case of limited sample, a 
smaller aliquot may be taken upon approval of the Project Manager. 


10.3.1.2 Carefully grind dried sample using a mortar and pestle.  Do not grind any shells, 
wood, rocks, or large particles.  Remove any matter that does not properly 
represent the sample. 


10.3.1.3 If only a limited amount of sample is available, see Section 5.2.1 regarding 
Hydrometer analysis. 


10.3.2 Particle Size (without Hydrometer) Analysis 


10.3.2.1 Weigh approximately 100g to 500g of the sample, as prepared in Sec.14.1, and 
record this weight as the original sample weight.  A sample consisting of heavy 
materials, such as large rocks, requires a greater original sample weight for 
proper sample representation.  


 
10.3.2.2 Transfer entire sample to a No. 200 sieve and wash with tap water until the wash 


water is clear. (Be very careful not to damage the sieve or to lose any soil by 
splashing the material out of the sieve.  Do not force material through sieve with 
fingers.) Transfer washed material on the No. 200 sieve to aluminum tin.  Dry the 


residue in an oven at 105°C, overnight, or until completely dry.  
 


10.3.2.3 Remove dried sample residue from oven. Gently grind and weigh the residue.  
Record this weight as the post-wash weight.   
 


10.3.2.4 Refer to Section 9.13 for list of sieves. Record the tare weights of each client-
specified empty sieve (including pan). Add sample residue to the stack of sieves.  
Place lid on stack of sieves. Shake sieves containing sample for 30 minutes. 
Note:  Seven sieves and pan will fit on each mechanical shaker at one time, but 
up to thirteen sieves may be required.  Consult the Section Supervisor for proper 
guidance. 


 
10.3.2.5 Remove the stack of sieves from the shaker and record the final weight of each 


sieve. A brush is used to remove excess sample dust/rocks from sieves, after 
final weights have been recorded.  


 
10.3.2.6 When finished with the sieves, you must clean them. Soak in soapy hot water 


and use the wire (coarse) sieve brush to remove particulate, taking care not to 
damage the wire mesh.  Brush the sieve on both sides, paying attention to fine 
matter. Once there are no particles left on the sieve mesh, and the sieve rinses 
clean, it is ready for reuse. 


10.3.3 Particle Size with Hydrometer Analysis 


10.3.3.1 Weigh approximately 50g of the sample, as prepared in Section 14.1, into a 
plastic beaker. Record this weight as original sample weight or hydrometer 
weight.  Add 125-mL of sodium hexametaphosphate solution, cover with 
Parafilm, and let sit for at least 16 hours at room temperature. 
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10.3.3.1.1 If a limited amount of wet sample is available, refer to Section 5.2.1. 


10.3.3.2 Take the wet sample and homogenize using electric mixer only if needed.  Pour 
entire sample into 1000-mL glass sedimentation cylinder.  Bring up to 1000-mL 
mark with DI water.  Cap with rubber stopper. 


10.3.3.3 At a constant room temperature of 20°C, mix the contents of the capped cylinder 
for one minute by inverting until all contents are suspended (residue on bottom of 
cylinder has loosened completely).  At this point, immediately begin timing 
analysis.  Note: Small variations of temperature do not introduce differences that 
are of practical significance. 


10.3.3.4 Immerse the 151H hydrometer into the sample 30 seconds prior to the time a 
reading should be taken in order to assure that the hydrometer comes to rest 
before the appointed reading time. Record each reading when bobbing 
hydrometer stabilizes. Take readings at 2, 5, 15, 30, 60, 250, and 1440 minutes 
(total elapsed time).  Carefully remove the hydrometer from the soil suspension 
after each reading, rinse hydrometer with DI, and place it beside the cylinder until 
the following reading.  


10.3.3.5   Follow steps 10.3.4.2 through 10.3.4.5 for each sample. 


10.4 Continuing Calibration 


Not applicable. 


10.5 Preventive Maintenance 


Not applicable. 
 


11. Data Evaluation, Calculations and Reporting 


11.1     Particle size with/without hydrometer is calculated by entering raw data, recorded in the 
laboratory notebook, into the LIMS.  Using the particle percent retained, calculated in LIMS, 
the analyst calculates the particle percent passing for each sample. This is calculated as 
follows: 


 
Percent Passing (%) = 100 – Percent Retained (%) 


 
The analyst transfers this data, along with sample identification, into, GEOSYSTEM. This 
program performs all necessary calculations. It determines the particle size distribution ratios 
and illustrates them graphically. 


 


11.2 To report Particle Size With/Without Hydrometer, first go to the LIMS and “batch” all samples in this 
analytical batch. Then enter the results from the laboratory notebook into GEOSYSTEM. Finally, 
use the results to create a graph in GEOSYSTEM. 


11.2.1 Enter “GEOSYSTEM”  


 


11.2.2 To create a New Project 
11.5.2.1 Type name of project in bottom left hand box that reads "Name" 


11.5.2.2 Click "Open." A box will come up that reads "The Project (name of the 
project just created) can't be found. Would you like to create it?" Click 
"Create." This will open a new window 


11.5.3 To Set up Project Data 
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11.5.3.1 Click "Project Data" in left hand column 


11.5.3.2 Type full client name, project name, and project number (ETR number) 


11.5.4 To Set up Samples 


11.5.4.1 Click first button on left hand side of the screen (green "+") to create a 
new source. Each new source is a sample - create one for each sample 
in the ETR. 


11.5.4.2 Type Sample ID on the "Source" line in the right hand screen and Lab ID 
where it says "Sample No." in the first card.  


11.5.4.3 Repeat for each sample. 


11.5.5 To Enter Data 


11.5.5.1 Click link for USCS in sample card  


11.5.5.2 Click link for Grain Size at the top of the screen 


11.5.5.3 Click tab for Sieve Test 


11.5.5.4 Chose a 'sieve nest' from the drop down list, (i.e., Army Corps Sieve). If 
your group of sieves does not match any of these, create a new nest. 


11.5.5.4.1 Type sieve sizes in Sieve opening size column, using enter to 
move between columns, and click "save current sieve nest" at 
the top of the screen - it will ask you to name the nest. 


11.5.5.5 For samples with hydrometer, enter sample weight post wash into box 
for "Dry sample and tare weight." Type 0 in box for "Tare weight." (For 
samples with sieve only, skip to 15.5.1.5.6)  


11.5.5.6 Type sample weight into "Dry Sample and Tare" column in line 1 and 0 in 
"Tare" column. 


11.5.5.7 Enter "Weight retained" (our Sieve - sample Weight) and "Sieve weight" 
for each sieve. Use enter to move from column to column. Do not enter 
pan. Click disk icon to save.  


11.5.5.8 Click hydrometer test tab. (For samples with sieve only, skip to 
15.5.1.5.14) 


11.5.5.9 Hydrometer sample box: Enter sample weight as post-wash weight. 
Specific gravity = 2.65 


11.5.5.10 Corrections box: Hydrometer correction @ 20°C = -.04, Meniscus 
correction = -3 


11.5.5.11 Hydrometer box: Select 151H 


11.5.5.12 Enter hydrometer data starting with 2 minutes; enter reading as whole 
numbers (i.e. 14 rather than 1.014). Use enter to move through columns; 
do not need to reenter temperature with every hydrometer reading. 


11.5.5.13 Click disk icon to save. 


11.5.5.14 Click on reports tab. 


11.5.5.15 Click box with check marks at the top of the page - two before "support" 
this will open a new box, which reads "settings" at the top. 


11.5.5.15.1 Click general settings. 
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11.5.5.15.2 Check off "include a disclaimer" and check on "Drop 'tested by' 
from report if a name is not entered" and "Drop 'checked by' from 
reports if a name is not entered" 


11.5.5.15.3 Click "ok" 


11.5.5.16 Select "Similar to the Corps of Engineers report form (GSGEOSYS)" 
from the drop down box. 


11.5.5.17 Click printer icon. 


11.5.5.18 Click "Test 1" tab from right side of the screen. 


11.5.5.19 Click disk for save. 


11.6 Forward all hand recorded raw data from the laboratory notebook, Excel spreadsheets, 
LIMS batch printouts, and GEOSYSTEM graphs for secondary review. 


 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


All results are reportable without qualification if the QC criteria defined in Section 12.0 are met. If 
any QC parameters are not met, all associated samples must be evaluated for re-extraction and/or 
re-analysis.  See Sections 12.0 for discussion, including corrective action, for any QC outlier. 


Corrective action for non-compliant data is discussed in Section 12.0. If a situation arises (such as 
loss of sample, or the inability for re-extraction or re-analysis) that requires additional action, the 
Project Manager and QA Officer will be immediately notified and will contact the client for 
discussion and/or instruction for any further action. The situation and the agreed upon actions will 
be discussed in the project narrative that accompanies the data package. 


13. Method Performance 


13.1 Detection Limit Study (MDL) / Limit of Detection Study (LOD) / Limit of 
Quantitation (LOQ) 


The laboratory follows the procedure to determine the DL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


These studies are not applicable to this method. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


These studies are not applicable to this method. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   
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14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


 


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/08-05 DL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


SOP/G-008 Hazardous Waste and Sample Disposal  


16. Attachments 


None. 
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AMMONIA BY FLOW INJECTION ANALYSIS 


 
 


1. SCOPE AND APPLICATION 
 


1.1. This procedure is used to determine the concentration of Ammonia in aqueous samples 
including water, wastewater, and groundwater using EPA Method 350.1 and Standard 
Methods 4500 NH3 G.  Ammonia in soil samples can be determined following extraction 
in a potassium chloride solution. 


 
1.2. This method is applicable for the determination of ammonia concentrations in a range of 


0.01 mg/L to 5.0 mg/L. The MRL for this test is 0.05 mg/L and the MDL as been 
determined at 0.02 mg/L.  The MRL and MDL for low level ammonia analysis have been 
determined as 0.01 mg/L and 0.003 mg/L respectively.    


 
1.3. In cases where there is a project-specific quality assurance plan (QAPP), the project manager 


identifies and communicates the QAPP-specific requirements to the laboratory.  In general, 
project specific QAPP’s supersede method specified requirements.   


 
2. METHOD SUMMARY  
 


2.1. For EPA 350.1, water samples are distilled into a solution of boric acid or 0.04N sulfuric 
acid, using the procedure described in and 350.2 and SM 4500 NH3 B.  Standard 
Methods 4500 NH3 G may be performed with or without sample distillation. 


 
2.2. Soil and sediment samples are extracted with 2M KCL using a wrist action shaker and 


extracts analyzed using the water procedure (based on the Plumb extraction procedure).   
 
2.3. Ammonia reacts with alkaline phenol, then with sodium hypochlorite to form indophenol 


blue.  Sodium nitroprusside (nitroferricyanide) is added to enhance sensitivity.  The 
absorbance of the reaction product is measured at 660 nm, and is directly proportional to 
the original ammonia concentration in the sample. 


 
3. DEFINITIONS 
 


3.1. Stock standard solution - a concentrated solution containing a single certified standard 
that is a method analyte. Stock solutions are used to prepare calibration standards. 


 
3.2. Calibration standards - a solution of analytes prepared in the laboratory from stock 


standard solutions, diluted as needed, and used to calibrate the instrument response with 
respect to analytical concentration. 


 
3.3. Independent Calibration Verification (ICV) - Initial calibration verification standards which 


are analyzed after initial calibration with newly prepared standards but prior to sample 
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analysis, in order to verify the validity of the standards used in calibration. The ICV 
standards are prepared from a materials obtained from a source different from that used to 
prepare calibration standards.  If the LCS is obtained from a independent source, it may be 
used as the ICV. 


 
3.4. Laboratory Control Standards (LCS) - The LCS is an aliquot of analyte free water or 


analyte free solid to which known amounts target analytes are added.  The LCS is prepared 
and analyzed in exactly the same manner as the samples.  The percent recovery is compared 
to established limits and assists in determining whether the batch is in control.  If the LCS is 
prepared using a solution independent from the calibration standards, then it may be also 
used as an ICV. 


 
3.5. Method Blank (MB) - a solution of the laboratory prepared deionized water that is carried 


through analysis like a sample, to serve as a measure of contamination associated with 
laboratory storage, preparation, or instrumentation. 


 
3.6. Continuing calibration verification standard (CCV) - a solution of analytes prepared in 


the laboratory from stock standards to be at approximately the midpoint of calibration 
curves. CCV’s are analyzed every 10 injections to verify that the instrument system 
performance has not changed during the course of the analytical run. 


 
3.7. Continuing calibration blank (CCB) - a blank solution of deionized water. CCB’s are 


analyzed every 10 injections to verify that the instrument system has not become 
contaminated during the course of the analytical run. 


 
3.8. Sample Duplicate - two aliquots of the same sample that are treated exactly the same 


throughout laboratory analytical procedures. The purpose is to verify the precision 
associated with the laboratory procedures.  


 
3.9. Matrix Spike - aliquots of sample to which known amounts of an analyte of interest has 


been added. These are treated exactly the same throughout laboratory analytical 
procedures. The purpose of a matrix spike is to determine whether the sample matrix 
contributes bias to the analytical results.  


 
3.10. Analytical Run Sequence - Samples are analyzed in a set referred to as an analysis 


sequence.  The sequence begins with the instrument calibration or calibration verification 
followed by samples interspersed with calibration standards.  The sequence ends when 
the set of samples has been injected or when qualitative and/or quantitative QC criteria 
are exceeded. 


 
3.11. Linear calibration Range (LCR) – The concentration range over which the instrument 


response is linear. 
 


PROPRIETARY 
 


CAS 
CONFIDENTIAL 


 
UNCONTROLLED 


COPY 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.







  Page: 4 of 20 
 


Columbia Analytical Services, Inc.  - Kelso 


4. INTERFERENCES 
 


4.1. Calcium and magnesium ions may precipitate if present in sufficient concentration.  
Tartrate or EDTA is added to the sample in-line in order to prevent this problem. 


  
4.2. Color, turbidity and certain organic species may interfere.  Turbidity is removed through 


manual filtration. 
 


4.3. Over-acidic samples create a negative interference resulting in an inverted peak with 
samples that are at or near the method reporting limit. 


 
4.4. Ensure that the pH of the dilution water and standard NH3 solution approximates that of 


the sample. 
 
5. SAFETY 
 


5.1. All appropriate safety precautions for handling solvents, reagents and samples must be 
taken when performing this procedure.  This includes the use of personnel protective 
equipment, such as, safety glasses, lab coat and the correct gloves.   


 
5.2. Chemicals, reagents and standards must be handled as described in the CAS safety 


policies, approved methods and in MSDSs where available.  Refer to the CAS 
Environmental, Health and Safety Manual and the appropriate MSDS prior to beginning 
this method. 


 
5.3. Sodium Hydroxide (NaOH) is a strong caustic and a severe health and contact hazard.  


Use nitrile or latex gloves while handling pellets or preparing solutions.   
 


5.4. Phenol causes severe burns and is an extreme health hazard through skin absorption.  
Wear proper protective laboratory clothing including gloves and rinse any exposed skin 
IMMEDIATELY with copious amounts of water. 


 
6. SAMPLE HANDLING AND PRESERVATION 
 


6.1. Water samples 
 


6.1.1. Samples should be collected in plastic or glass bottles. Bottles must be purchased 
as pre-cleaned containers or thoroughly cleaned and rinsed with reagent water.  
The volume collected should be sufficient to insure a representative sample, allow 
for replicate analysis.   


 
6.1.2. Water samples are preserved immediately upon sampling or as soon as possible 


with H2SO4 to pH <2 and stored at 4±2o C until time of analysis. Analysis is to be 
performed within 28 days of sampling. 
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6.2. Soils/sediment samples 
 


6.2.1. Samples should be collected in glass jars and stored in a field-moist condition.  
Ammonia may be lost by volatilization due to drying or thawing. 


 
6.2.2. Extraction is to be performed within 7 days of sampling.  Extracts may be 


preserved with 9N sulfuric acid and stored for up to 28 days until analysis. 
  


7. APPARATUS 
 


7.1. Easy-Still Ammonia Distillation Apparatus.  Components are boiling tubes, sloped T-joints, 
glass stoppers, Allihn condensers, and condenser stems. 


 
7.2. Flow Injection Analyzer with associated software and computer system.  The two 


systems currently in use are listed below. 
 


7.2.1. Lachat QuikChem AE 
 
7.2.2. Bran & Luebbe AutoAnalyzer 


 
7.3. Heating unit associated with the FIA. 


 
7.4. Wrist Action Shaker 


 
7.5. Filter Funnel and Whatman 934-AH or equivalent 
 
7.6. Glassware 


 
7.6.1. Standard laboratory glassware. 


 
7.6.2. Class A volumetric flasks and pipettes. 


 
8. REAGENTS 


 
8.1. Reagent grade chemicals shall be used in all tests.    Other grades may be used, provided 


it is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lowering the accuracy of the determination.  The preparation for all laboratory 
prepared reagents and solutions must be documented in a laboratory logbook.  Refer to 
the SOP Reagent/Standards Login and Tracking (ADM-RTL) for the complete procedure 
and documentation requirements. 


 
8.2. Dechlorinating reagents 
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8.2.1. Sodium thiosulfate: Dissolve 3.5 g Na2S2O3C5·H2O in reagent water and dilute to 
1L. One mL of this solution will remove 1 mg/L of residual chlorine in 500 mL of 
sample.  


 
8.2.2. Sodium sulfite: Dissolve 0.9 g Na2SO3 in reagent water and dilute to 1L. One mL 


removes 1 mg/L Cl per 500 mL of sample. 
 
8.3. Sodium Hydroxide Solution, 6N, dissolve 48 g of NaOH pellets in 150 ml deionized water.  


Dilute to 200 ml, cool and store in plastic container. 
 
8.4. KCl, 2M, dissolve 150g of  KCl in 1L deionized water. 


 
8.5. Boric Acid Solution, 2% (w/v), dissolve 20.0 g of H3BO3 in deionized   water.  Dilute to 


final volume of 1,000 ml. 
 


8.6. Sulfuric acid, 0.04N, 1.1 mL of concentrated sulfuric acid to 1L DI water. 
 


8.7. Sulfuric acid, 9N. 
 


8.8. Lachat analyses: 
 


8.8.1. Sodium Phenolate:  Add 83.0g phenol crystals to a 1L volumetric flask containing 
approximately 500mL of deionized water (DIW).  Slowly add 32.0 g NaOH to the 
stirring phenolate mixture.  Cool, dilute to the mark with DIW, and invert several 
times to mix.  Do not allow solution to stand in hood for excessive amount of 
time.  Refrigerate after use.  Do not degas this reagent. 


 
CAUTION:  Phenol causes severe burns and is an extreme health hazard through 
skin absorption.  Wear proper protective laboratory clothing including gloves and 
rinse any exposed skin IMMEDIATELY with copious amounts of water. 


 
8.8.2. Sodium Hypochlorite:  Mix 200 mL of Ultra Clorox Bleach (only this brand is       


recommended) to 250 mL of DIW.  Make fresh daily. 
 


8.8.3. Buffer:   In a 1 L volumetric flask dissolve 50.0 g disodium ethylenediamine 
tetraacetate (Na2 EDTA) and 5.5 g NaOH in approximately 900mL of DIW.  
Dilute to the mark and invert several times to mix.  Make monthly. 


 
8.8.4. Sodium Nitroprusside (nitroferricyanide):   Dissolve 3.50 g sodium nitroprusside 


in a 1L volumetric containing DIW.  Dilute to mark and invert to mix.  Do not 
degas this reagent. 


 
8.8.5. 2M Potassium Chloride (KCl):  Dissolve 597 g of potassium chloride in DIW and 


take to a 4 L final volume. 
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8.9. Bran & Luebbe analyses - For analysis performed on the Bran & Luebbe analyzer, refer 
to the Bran & Luebbe method attachment for reagents used and preparation instructions. 


 
8.10. Stock Standard 10,000 mg/L:  In a 1L volumetric flask containing approximately 800 mL 


of DIW dissolve 38.19 g of ammonium chloride (NH4Cl) that has been dried for two 
hours at 110o C.  Dilute to the mark and invert to mix.  The stock standard is stored at 
room temperature and is good for six months from the date of preparation. 


 
8.11. Working Standard 100 mg/L:  To a 100 mL volumetric flask containing DIW add 1 mL 


of 10,000 ppm stock standard.  Dilute to the 100 mL mark.  The working standard is 
stored at room temperature and is good for seven days from the date of preparation.  


 
8.12. Prepare a series of at least three standards and a blank by diluting a known amount into 


100 ml volumetric flask.  See Table 1 and Table 2 for preparation amounts and 
concentrations.  The calibration standards are stored at room temperature and are good 
for seven days from the date of preparation. 
 
Note:  Standards for soil extracts are prepared as in Table 1, except that the standards are 
diluted into 2M KCL INSTEAD of DIW. 


 
8.13. Since the intensity of the color used to quantify the concentration is pH dependent, the 


acid concentration of the wash water and the standard ammonia solutions should 
approximate that of the samples. 


 
9. RESPONSIBILITIES 
 


9.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with 
the training program of the laboratory.  Final review and sign-off of the data is performed 
by the department supervisor/manager or designee.   


 
9.2. It is the responsibility of the department supervisor/manager to document analyst 


training. Training and proficiency is documented in accordance with the SOP for 
Documentation of Training (ADM-TRANDOC). 


 
10. PREVENTIVE MAINTENANCE 


 
10.1. All maintenance activities are recorded in a maintenance logbook kept for each instrument.  


Pertinent information (serial numbers, instrument I.D., etc.) must be in the logbook.  This 
includes the routine maintenance described in section 10.  The entry in the log must include: 
date of event, the initials of who performed the work, and a reference to analytical control.  


 
10.2. Change reagent and sampling lines when they are flat.   
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10.3. For problems encountered with the analyzer operation, refer to the applicable 
manufacturer’s operating and/or troubleshooting information (Lachat troubleshooting 
guide, Bran&Luebbe manual). 


 
11. PROCEDURE 
 


11.1. Sample preparation – water samples 
  


Note:  NPDES final effluent samples must be distilled unless otherwise allowed or 
approved by the client.  The distilled results are compared to non-distilled results.  If the 
results are considered equivalent, distillation of subsequent samples of the same effluent 
is not required.  All comparative studies are performed on a client basis and all associated 
data is kept on file in the General Chemistry lab. 


  
11.1.1. Sample Dechlorination - If the water sample contains residual chlorine, add a 


dechlorination agent, such as sodium thiosulfate or ascorbic acid, to the sample.  
Check for residual chlorine by placing a drop of sample on potassium-iodide test 
paper.  Samples should be dechlorinated at the time of collection. 
 


11.1.2. Adjust the pH of a 50-ml sample aliquot to pH 9.5.  Add 6 N NaOH dropwise, 
with mixing, to the sample to adjust the sample pH to 9.5.  Check the sample pH 
with a narrow range pH paper.  Add 2.5 ml borate buffer solution; mix sample.  
Check pH and re-adjust sample to final pH of 9.5 if necessary. 


 
11.1.3. Place the pH adjusted sample in a boiling tube.  Add 2-3 micro-porous boiling 


stones.  Assemble the distillation apparatus in the heater block. 
 


11.1.4. Place 5.0 ml of receiving solution in 50-ml centrifuge tube.  Place the centrifuge 
tube in the base slot of the heating block.  Select the receiver solution according 
to analysis method to be used on distillate. 
       


11.1.5. Place the condenser stem in the centrifuge tube, slide cylinder and stem under 
condenser, and connect stem to condenser with WestClip.  When assembled, the 
condenser tip of the distillation apparatus will be submerged in the receiving 
solution contained in the centrifuge tube. 
 


11.1.6. Heat the distillation apparatus -  Set heater block temperature controls to the 
following settings:   
 
RATE1:  15 °C/min  RATE2: 0 
TEMP1: 210 °C   TEMP2: 210°C 
TIME1: 2.0 Hour (max)  TIME2: 0 
 
Timing Configuration: CONF1 
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11.1.7. Collect a minimum of 20 ml if distillate. 
 


11.1.8. Discontinue heating.  Remove the stopper from the top of the “T”-joint.  The 
stopper removal is needed to prevent the collected distillate from being sucked 
back into the apparatus during cooling. 
 


11.1.9. Disconnect the stem from the condenser.  Remove the graduated cylinder from 
the apparatus and dilute the collected distillate to final volume of 50 ml with 
deionized water. 


 
11.2. Soil sample extraction 


 
11.2.1.1.Weigh out 10 g of sample into a 50 mL centrifuge tube. 


   
11.2.1.2.Spike appropriate QC sample with 0.5 mL of 10,000 ppm NH3 stock 


solution. 
 


11.2.1.3.Bring to 50mL volume with 2M KCl.  The Method blank contains only 
KCl.   


 
11.2.1.4.Shake samples for 30 minutes on the wrist-action shaker. 


 
11.2.1.5.Centrifuge samples for 10-20 minutes. 


 
11.2.1.6.Filter supernatant with 0.45m filter.  Samples are now ready for 


analysis. 
 


11.3. Soil and sediment extraction - Plumb extraction procedure: 
 


11.3.1.1.Weigh 20g of sample into a 50mL centrifuge tube.   
 
11.3.1.2.Spike appropriate QC sample with 1.0 mL of 10,000 ppm NH3 stock 


solution. 
 


11.3.1.3.Bring to 50mL volume with 2M KCl.  The Method blank contains only 
KCl.   


 
11.3.1.4.Shake samples for 30 minutes on the wrist-action shaker. 


 
11.3.1.5.Centrifuge samples for 10-20 minutes. 


 
11.3.1.6.Filter supernatant with 0.45m filter into a 100mL volumetric flask. 
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11.3.1.7.Wash the remaining solids with an additional 50mL of 2M KCl and filter 
into the volumetric flask. Bring to volume with 2M KCl.  Samples are 
now ready for analysis. 


 
11.4. Sample analysis - Lachat system 
 


11.4.1. Set up instrument according to the Lachat QuikChem method 10-107-06-1-B (See 
Attachments). 


 
Note:  2M KCl may be used for a sample carrier when running extracts instead of DIW.   


 
11.4.2. The Linear Calibration Range (LCR) must be determined initially and verified every 


six months or whenever a significant change in instrument response is observed or 
expected. The initial demonstration of linearity must use sufficient standards to 
insure that the resulting curve falls in the linear range of the instrument. The 
verification of linearity must use a minimum of a blank and three standards. If any 
verification data exceeds the initial values by ±10%, linearity must be reestablished. 
If any portion of the range is shown to be nonlinear, sufficient standards must be 
used to clearly define the nonlinear portion. 


 
11.4.3. Analyze the calibration standards listed in Table 1.  The calibration curve is fitted 


to a linear, least squares model.  See Appendix A.  The correlation coefficient 
must be > 0.995.  If the calibration criteria are met, continue with the analysis 
sequence in Table 2.  If the LCS/ICV recovery is within ± 10% of the true value, 
proceed with analysis of samples.  If not, determine the cause of the problem, 
correct it, and then recalibrate. 


 
11.4.4. Place samples and QC aliquots in sampler vials and arrange on autosampler 


according to Table 3. 
 
11.4.5. Repeat sequence bracketing every 10 samples with CCV and CCB.  End the 


sample tray (sequence) with CCV and CCB. 
 


11.5. Calibration and Sample Analysis– Bran&Luebbe System 
 


11.5.1. Set up instrument according to the Bran&Luebbe method US-696D-82X (See 
Attachments). 


 
Note:  2M KCl may be used for a sample carrier when running extracts instead of DIW.   
 
11.5.2. Analyze the calibration standards listed in Table 1 (regular level) or Table 2 (low 


level).  The calibration curve is fitted to a linear, least squares model.  See 
Appendix A.  The correlation coefficient must be > 0.995.  
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11.5.3. After the calibration is established, it must be verified by the analysis of an ICV 
or a LCS if prepared from an independent source.  If the ICV is within ± 10% of 
the true value, then analysis may proceed (see Table 3).  If not, determine the 
cause of the problem, correct it, and then recalibrate. 


 
11.5.4. Ensure that the pH of the dilution water and standard NH3 solution approximates 


that of the samples.  Place samples and QC aliquots in sampler vials and arrange 
on autosampler according to Table 3. 


 
11.5.5. Repeat sequence bracketing every 10 samples with CCV and CCB.  End the 


sample tray (sequence) with CCV and CCB. 
 
12. QUALITY CONTROL 
 


12.1. Initial Precision and Recovery Validation 
 


12.1.1. The accuracy and precision of the procedure must be validated before analyses of 
samples begin, or whenever significant changes to the procedures have been 
made.  To do this, four water samples are spiked with the LCS spike solution, 
then prepared and analyzed. 


 
12.2. Method Detection Limits and Method Reporting Limits 


 
12.2.1. A method detection limit (MDL) study must be undertaken before analysis of 


samples can begin.  To establish detection limits that are precise and accurate, the 
analyst must perform the following procedure.  Spike seven blank matrix (water 
or soil) samples with MDL spiking solution at a level below the MRL.  Follow 
the analysis procedures in Section 11 to analyze the samples. 


 
12.2.2. Calculate the average concentration found (x) in µg/mL, and the standard 


deviation of the concentrations (s) in µg/mL for each analyte.  Calculate the MDL 
for each analyte. Refer to the CAS SOP Performing Method Detection Limit 
Studies and Establishing Limits of detection and Quantification (ADM-MDL).  
The MDL study must be verified annually. 


 
12.2.3. The Method Reporting Limits (MRLs) used at CAS are the routinely reported 


lower limits of quantitation which take into account day-to-day fluctuations in 
instrument sensitivity as well as other factors.  These MRLs are the levels to 
which CAS routinely reports results in order to minimize false positive or false 
negative results.   The MRL is normally two to ten times the method detection 
limit. 


 
12.3. Ongoing QC Samples required are described in the CAS-Kelso Quality Assurance Manual and 


in the SOP for Sample Batches.  Additional QC Samples may be required in project specific 
quality assurance plans (QAPP).    General QC Samples are:  
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12.3.1. The Linear Calibration Range (LCR) must be determined initially and verified 


every six months or whenever a significant change in instrument response is 
observed or expected. The initial demonstration of linearity must use sufficient 
standards to insure that the resulting curve falls in the linear range of the 
instrument. The verification of linearity must use a minimum of a blank and three 
standards. If any verification data exceeds the initial values by ±10%, linearity 
must be reestablished. If any portion of the range is shown to be nonlinear, 
sufficient standards must be used to clearly define the nonlinear portion. 


 
12.3.2. CCV (Continuing Calibration Verification):  A CCV is analyzed every 10 


samples using 2.0 mg/L NH3 standard (from curve).  Recovery must fall within 
90-110% or 1.8-2.2 mg/L. 


 
12.3.3. CCB (Continuing Calibration Blank):  A blank consisting of the carrier solution 


(DIW or KCl).  The result must be less than the absolute value of the Method 
Reporting Limit - MRL. 


 
12.3.4. MB (Method Blank):  Deionized water or KCl depending upon samples being 


analyzed, run every 20 or fewer samples. The result must be less than the absolute 
value of the Method Reporting Limit - MRL. 


 
12.3.5. LCS (Laboratory Control Spike):  Analyzed with each batch of 20 or fewer 


samples.  An LCS must be run each day samples are analyzed. Reference current 
data quality objective table (DQO) for current recovery limit (Table 4). 


 
12.3.6. Sample Duplicates:  One sample per batch of 20 or fewer samples must be 


analyzed in duplicate. Relative Percent Difference must be < 20%. 
 


Calculate Relative Percent Difference (RPD) as: 
 


% RPD =  
R1 -  R2


(R1 +  R2) / 2
 x 100


| |
 


Where R1= result for the sample 
R2= result for the sample duplicate 


 
 
12.3.7. Matrix Spike:  One spiked sample must be analyzed every 10 samples or less for 


350.1 and every 20 samples or less for SM 4500 NH3 G.  The spiked sample may 
be the same sample used for the duplicate.  Reference current data quality 
objective table (DQO) for current recovery limits (Table 4). 


 
12.3.8. Sample Duplicates - One sample per batch of 20 or fewer samples must be 


analyzed in duplicate. Relative Percent Difference must be < 20%. 
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Calculate Relative Percent Difference (RPD) as: 
 


   % RPD    =  
R1 -  R2


(R1
 x 100


| |


 +  R2) / 2
 


Where R1= Higher Result 
R2= Lower Result 


 
  


13. DATA REDUCTION, REVIEW, AND REPORTING 
 


Comment [c1]: Julie, I can’t fix the 
formatting problem here… 


13.1. Data Reduction 
 


13.1.1. At the end of the analysis sequence, the calibration data is printed including the 
calculated standards concentrations, calibration statistics, and slope and intercept 
of the calibration curve. 


 
13.1.2. The runtime report printed during the sampling run is turned in with a final report 


and calibration report. 
 


13.1.3. For water samples the postrun report is saved to disk and prepared on EXCEL.   
 


13.1.4. The postrun report for soils is printed at the Lachat, and the numbers transposed 
to the appropriate bench sheet.  Results are calculated on the bench sheet with dry 
weights. 


 
13.2. Reporting 


 
13.2.1. Refer to the SOP for Data Reporting and Report Generation for reporting guidelines. 
 
13.2.2. Reports are generated in the CAS LIMS by compiling the SMO login, sample prep 


database, instrument date, and client-specified report requirements (when specified).  
This compilation is then transferred to a file which Excel© uses to generate a report.  
The forms generated may be CAS standard reports, DOD, or client-specific reports.  
The compiled data from LIMS is also used to create EDDs.   


 
13.2.3. As an alternative, reports are generated using Excel© templates located in 


R:\WET\Forms.  The analyst should choose the appropriate form and QC pages to 
correspond to required tier level and deliverables requirements.  The results are then 
transferred, by hand or electronically, to the templates and saved at R:\WET\WIP. 


 
13.2.4. Report results to three significant figures.  If sample was diluted report two 


significant figures. 
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13.2.5. Soil/sediment samples and undistilled water samples should be reported as method 
350.1 Modified. 


 
13.3. Data Review and Assessment 
 


13.3.1. Following primary data interpretation and calculations, all data is reviewed by a 
secondary analyst.  Following generation of the report, the report is also reviewed. 
Refer to the SOP for Laboratory Data Review Process for details.  The person 
responsible for final review of the data report and/or data package should assess the 
overall validity and quality of the results and provide any appropriate comments and 
information to the Project Chemist to inclusion in the report narrative.  


 
 
14. CONTENGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE DATA 
 


14.1. Refer to the SOP for Corrective Action (ADM-CA) for procedures for corrective action.  
Personnel at all levels and positions in the laboratory are to be alert to identifying problems 
and nonconformities when errors, deficiencies, or out-of-control situations are detected.   


 
14.2. Handling out-of-control or unacceptable data 


 
14.2.1. On-the-spot corrective actions that are routinely made by analysts and result in 


acceptable analyses should be documented as normal operating procedures, and no 
specific documentation need be made other than notations in laboratory maintenance 
logbooks, runlogs, for example. 


 
14.2.2. Documentation of a nonconformity must be done using a Nonconformity and 


Corrective Action Report (NCAR) when:  
 


 Corrective action is not taken or not possible  
 Corrective action fails to correct an out-of-control problem on a laboratory QC or 


calibration analysis.  
 Reanalysis corrects the nonconformity but is not a procedurally compliant 


analysis.  
 
15. METHOD PERFORMANCE 
 


15.1. This method was validated through single laboratory studies of accuracy and precision.  
Refer to the reference method for additional method performance data available.  


 
16. POLLUTION PREVENTION 
 


16.1. It is the laboratory’s practice to minimize the amount of solvents, acids and reagent used to 
perform this method wherever feasible.  Standards are prepared in volumes consistent 
with methodology and only the amount needed for routine laboratory use is kept on site.  
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The threat to the environment from solvent and reagents used in this method can be 
minimized when recycled or disposed of properly. 


 
17. WASTE MANAGEMENT 


 
17.1. The laboratory will comply with all Federal, State and local regulations governing waste 


management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the CAS EH&S Manual.   


 
17.2. This method uses acid.  Waste acid is hazardous to the sewer system and to the 


environment.  All acid waste must be neutralized to a pH of 2.5-12 prior to disposal down 
the drain. The neutralization step is considered hazardous waste treatment and must be 
documented on the treatment by generator record.  See the CAS EH&S Manual for 
details.    


 
17.3. This method uses a base.  Waste base is hazardous to the sewer system and to the 


environment.  All waste must be neutralized to a pH of 2.5-12 prior to disposal down the 
drain. The neutralization step is considered hazardous waste treatment and must be 
documented on the treatment by generator record.  See the CAS EH&S Manual for 
details 


 
18. TRAINING  


 
18.1. Training outline 


 
18.1.1. Review literature (see references section).  Read and understand the SOP.  Also 


review the applicable MSDS for all reagents and standards used.  Following these 
reviews, observe the procedure as performed by an experienced analyst at least 
three times. 


 
18.1.2. The next training step is to assist in the procedure under the guidance of an 


experienced analyst for a period of 2 weeks.  During this period, the analyst is 
expected to transition from a role of assisting, to performing the procedure with 
minimal oversight from an experienced analyst.   


 
18.1.3. Perform initial precision and recovery (IPR) study as described above for water 


samples. Summaries of the IPR are reviewed and signed by the supervisor.  
Copies may be forwarded to the employee’s training file.  For applicable tests, 
IPR studies should be performed in order to be equivalent to NELAC’s Initial 
Demonstration of Capability. 


 
18.1.4. Training is documented following the SOP for Documentation of Technical 


Personnel Training.   
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18.1.5. NOTE: When the analyst training is documented by the supervisor on internal 
training documentation forms, the supervisor is acknowledging that the analyst 
has read and understands this SOP and that adequate training has been given to 
the analyst to competently perform the analysis independently. 


 
19. METHOD MODIFICATIONS 


 
19.1. There are no known modifications in this laboratory standard operating procedure from the 


reference method. 
 
20. REFERENCES 
 


20.1. Method 350.1 Determination of Ammonia Nitrogen by Semi-Automated Colorimetry, U.S. 
Environmental Protection Agency, Environmental Monitoring Systems Laboratory, 
Chemistry Research Division, Revision 2.0, August 1993 


 
20.2. Methods 4500-NH3 B,G, Standard Methods for the Examination of Water and Wastewater, 


approved by SM Committee in 1997 
 
20.3. Lachat QuikChem Method 10-107-06-1-B. 
 
20.4. Bran & Luebbe Method US-696D-82X. 
 
20.5. Recommended Protocols for Measuring Selected Environmental Variables in Puget Sound, 


January, 1996.  
 
20.6. Procedures for Handling and Chemical Analysis of Sediment and Water Samples, Russell 


S. Plumb, U.S. EPA/Corps of Engineers Technical Committee on Criteria for Dredged 
Fill Material, May 1981. 


 
19. CHANGES SINCE THE LAST REVISION 


19.1. Sec 1.2 – updated MDL and last sentence is new 
19.2. Sec 3.3 – last sentence is new 
19.3. Sec 8.1 is new 
19.4. Sec 10.1 is new 
19.5. Sec 12.3.7 added clarification on method MS requirements 
19.6. Sec 19 is new 
19.7. Table 1 updated 
19.8. Table 4 DQO is new 
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TABLE 1 


Calibration Standards Preparation 
Regular Level Ammonia 


 
Routine Calibration Standards 


Volume of   100 µg/ml 
Solution (ml) 


Final Volume (ml) 
Standard 


Concentration (mg/L) 


0 100 0.00 


0.05 100 0.05 


0.50 100 0.50 


2.00 100 2.00 


5.00 100 5.00 


 
 
 


 TABLE 2 
Calibration Standards Preparation 


Low Level Ammonia 
 


Low Level Calibration Standards 


Volume of     10 µg/ml 
Solution (ml) 


 
Final Volume (ml) 


Standard 
Concentration (mg/L) 


0 100 0.00 


0.10 100 0.01 


0.50 100 0.05 


2.50 100 0.25 


5.00 100 0.50 


  Note:  For low level analysis, change sample tubing from 0.16”ID 
  (orn/yel) to 0.42”ID (orn/orn). 
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TABLE3 
Analytical Run Scheme 


  
Step Sample 


1 CCV-1 
2 CCB-1 
3 Method Blank 
4 LCS 
5 Sample 
6 Sample Dup 
7 Sample Spike 
8 Sample 
9 Sample 
10 Sample 
11 Sample 
12 Rinse Blank 
13 CCV-2 
14 CCB-2 
15 9 more Samples 
16 CCV-3 
17-26 CCB-3 Repeat steps 5-28 for remainder of 


samples. 


   
 


CAS/KELSO DATA QUALITY OBJECTIVES – Table  4 Accuracy Matrix Spike Precision 


METHOD ANALYTE 
MATRI
X MDLa MRL LODb LOQc UNITS (LCS %Rec.) (%Rec.) (% RPD) 


350.1 Ammonia as Nitrogen Water 0.02 0.05 0.04 0.05 mg/L 90-110 90-110 20 
350.1 LL Ammonia as Nitrogen Water 0.003 0.01 0.006 0.01 mg/L 90-110 90-110 20 
350.1 Mod Ammonia as Nitrogen Soil 0.04 0.5 0.1 0.5 mg/Kg 90-110 55-135 32 
SM4500 NH3 G Ammonia as Nitrogen Water 0.02 0.05 0.04 0.05 mg/L 90-110 90-110 20 
SM4500 NH3 G LL Ammonia as Nitrogen Water 0.003 0.01 0.006 0.01 mg/L 90-110 90-110 20 


a Method Detection Limits are subject to change as new MDL studies are completed. 
a MDL is the smallest analyte concentration that can be demonstrated to be different from zero with 99% confidence 
b The LOD is the smallest amount of a substance that must be present in a sample in order to be detected with 99% confidence. Verification is acceptable if the response is > 
3x instrument noise. 
c The LOQ is the lowest concentration of a substance that produces a quantitative result within specified limits of precision and bias. 
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APPENDIX A 
 
 
The calibration is determined using a linear regression that best fits the line of the X:Y pairs. The quality 
of the fit is determined by calculating the coefficient of determination (R2), also called the correlation 
coefficient. 
 
 The line of regression is calculated as follows: 
 


Start with the equation for a line, y = mx + b. From here the line of regression can be 
determined. 
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  Where: 


x  = the values of the x variables.    
    = the values of the y variables. y
    n  = the number of data points. 


 
Once the line of regression has been determined then the coefficient of determination can be 
calculated. 
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ATTACHMENTS 
 


Lachat and Bran & Luebbe Methods 
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TOTAL CYANIDES AND CYANIDES AMENABLE TO CHLORINAITON 


 
 
 
1. SCOPE AND APPLICATION 
 


1.1. This procedure is applicable to cyanides, either as free cyanide, in simple soluble salts or in 
metal complexes, as well as cyanides amenable to chlorination.  This procedure is applicable 
to EPA methods 335.4, 9012B and Standard Methods 4500CN¯ E which are applicable to 
drinking, surface, and saline waters and industrial wastes. Cyanide amenable to chlorination 
is analyzed using Standard Methods 4500-CN- G.  


  
1.2. Oils, solids and multi-phase samples are extracted by EPA method 9013 and analyzed by 


method 335.4 or SM 4500CN¯ E.  Method 9013 is not applicable to samples containing 
insoluble cyanide compounds. 


 
1.3. The working range is 0.005 mg/L to 0.30 mg/L and dilutions can be made to extend this range 


for higher level samples.  The Method Detection Limit (MDL) has been experimentally 
determined to be 0.003 mg/L in water for total CN and 0.003 mg/L for CN amenable to 
chlorination.  The routine Method Reporting Limit (MRL) is 0.01 mg/L in water and 0.2 
mg/kg in soil.  


 
1.4. If total cyanide is detected below 250 mg/kg in waste, reactive cyanide is therefore considered < 


250 mg/kg, and the reactive cyanide analysis is not necessary.  Otherwise, use the distillation 
method for reactive cyanide found in section 7.3.3, Chapter 7, SW-846 to determine actual 
reactive cyanide. 


 
2. METHOD SUMMARY 
 


2.1. Total/Amenable Cyanide - Cyanide is released from cyanide complexes and converted to 
hydrocyanic acid (HCN) during reflux - distillation with sulfuric acid and magnesium 
chloride (MgC12) and absorbed in a scrubber containing a sodium hydroxide solution. 


 
2.2. Total/Amenable Cyanide - The cyanide ion is then converted to cyanogen chloride (CNCl) by 


reaction with chloramine-T at a pH less than eight without hydrolyzing to the cyanate.  After 
the reaction is complete, color is formed with the addition of pyridine barbituric acid reagent.  
The absorbance is read at 570 nm on the Lachat Automated Ion Analyzer.   


 
2.3. Amenable Cyanide – A portion of the sample is chlorinated at a pH >11 to decompose the 


cyanide. Cyanide levels in the chlorinated sample are then determined by the method for 
Total Cyanide. Cyanides amenable to chlorination are then calculated by the difference. 


 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.
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3. DEFINITIONS 
3.1. Analysis Sequence - Samples are analyzed in a set referred to as an analysis sequence.  The 


sequence begins with instrument calibration (initial or continuing verification) followed by 
sample extracts interspersed with calibration standards (CCBs, CCVs, etc...) The sequence 
ends when the set of samples has been injected or when qualitative and/or quantitative QC 
criteria indicate an out-of-control situation. 


 
3.2. Independent Calibration Verification (ICV) - Initial calibration verification standards which are 


analyzed after initial calibration with newly prepared standards but prior to sample analysis, 
in order to verify the validity of the standards used in calibration. The ICV standards are 
prepared from a materials obtained from a source different from that used to prepare 
calibration standards.  The ICV is equivalent to the Quality Control Sample (QCS) in 
method 335.4. 


 
3.3. Matrix Spike/Duplicate Matrix Spike (MS/DMS) Analysis - In the matrix spike analysis, 


predetermined quantities of target analytes are added to a sample matrix prior to sample 
preparation and analysis.  The purpose of the matrix spike is to evaluate the effects of the 
sample matrix on the method used for the analysis.  Samples are split into duplicates, spiked, 
and analyzed as a MS/DMS pair.  Percent recoveries are calculated for each of the analytes 
detected.  The relative percent difference (RPD) between the duplicate spikes (or samples) is 
calculated and used to assess analytical precision.  The concentration of the spike should be 
at 0.10 mg/L or at levels specified by a project analysis plan. 


 
3.4. Laboratory Duplicates (DUP) – Duplicates are additional replicates of samples that are 


subjected to the same preparation and analytical scheme as the original sample.  The relative 
percent difference (RPD) between the sample and its duplicate is calculated and used to 
assess analytical precision. 


 
3.5. Standard Curve - A standard curve is a calibration curve which plots concentrations of a known 


analyte standard versus the instrument response to the analyte.  A linear calibration model is 
used.  (Elaborate if needed).  The appropriate criteria for assessing the validity of the 
calibration curve must be followed prior to quantitation of target analytes in actual sample 
analyses. 


 
3.6. Method Blank (MB) - The method blank is an artificial sample composed of analyte-free water 


or solid matrix and is designed to monitor the introduction of artifacts into the analytical 
process.  The method blank is carried through the entire analytical procedure. 


 
3.7. Laboratory Control Samples (LCS) – The LCS is an aliquot of analyte free water or analyte free 


solid to which known amounts target analytes are added.  The LCS is prepared and analyzed 
in exactly the same manner as the samples.  The percent recovery is compared to established 
limits and assists in determining whether the batch is in control. 


 
3.8. Continuing Calibration Verification Standard (CCV) - A mid-level standard analyzed at 


specified intervals.  Used to verify that the initial calibration curve is still valid for 
quantitative purposes. 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.
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3.9. Instrument Blank (CCB) - The instrument blank (also called continuing calibration blank) is a 


volume of clean solvent analyzed on each column and instrument used for sample analysis.  
The purpose of the instrument blank is to determine the levels of contamination associated 
with the instrumental analysis itself, particularly with regard to the carry-over of analytes 
from standards or highly contaminated samples into subsequent sample analyses. 


 
3.10. Cyanide is defined as cyanide ion and complex cyanides converted to hydrocyanic acid by 


reaction in a reflux system of a mineral acid in the presence of magnesium ion. 
 


4. INTERFERENCES 
 


4.1. A number of interferences will be eliminated or reduced by using the distillation procedure in 
section 11. 


 
4.2. Oxidizing agents such as chlorine decompose most cyanides.  These should be removed, if 


possible, prior to preservation described in 6.2.  If they were not removed before, they can be 
removed prior to distillation.  Test by placing a drop of sample onto potassium iodide (KI) - 
starch paper wetted with 10% nitric acid.  A purple color indicates the presence of oxidizing 
agents. Treat by adding ascorbic acid crystals, a few at a time, until a drop of sample no 
longer turns the KI - starch paper blue.  Then add an additional 0.03 g of ascorbic acid for 
each 500 ml of sample. 


 
4.3. Nitrates and nitrites can lead to high results as they can form nitrous acid during distillation, 


which will react with some organic compounds to form oximes.  Ultimately these can 
decompose to generate HCN.  Sulfamic acid, approximately 2 g, is added prior to addition of 
sulfuric acid. 


 
4.4. Sulfides interfere with the colorimetric determination and titration procedure.  Samples that 


contain hydrogen sulfide, metal sulfides or other compounds that may produce hydrogen 
sulfide during the distillation should be distilled by the optional procedure 11.4.2.  Test by 
wetting a lead acetate test strip (8.6) in lead acetate (8.2.6).  Squirt sample with 10% HNO3 
and hold wetted lead acetate test strip above sample.  A brown color indicates the presence 
of sulfides. 


 
4.5. The presence of surfactants may cause the sample to foam during refluxing.  If this occurs the 


addition of an anti-foam agent should be added to the distillation flask to prevent the sample 
from foaming up into the condenser. 


 
4.6. Some unidentified organic chemicals may oxidize or form breakdown products during 


chlorination, giving higher results for cyanide after chlorination than before chlorination. 
This may lead to a negative value for cyanides amenable to chlorination after distillation for 
wastes from, for example, the steel industry, petroleum refining, and pulp and paper 
processing. Where such interferences are encountered Method Section 4500-CN-.I for 
determining dissociable cyanide should be used.  The Project Chemist and the client will be 
notified regarding this interference and the CN-WAD will be analyzed if chosen to do so. 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.
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5. SAFETY 
 


5.1. All appropriate safety precautions for handling solvents, reagents and samples must be taken 
when performing this procedure.  This includes the use of personnel protective equipment, 
such as, safety glasses, lab coat and the correct gloves.   


 
5.2. Chemicals, reagents and standards must be handled as described in the CAS safety policies, 


approved methods and in MSDSs where available.  Refer to the CAS Environmental, Health 
and Safety Manual and the appropriate MSDS prior to beginning this method. 


 
5.3. Sodium Hydroxide (NaOH) is a strong caustic and a severe health and contact hazard.  Use 


nitrile or latex gloves while handling pellets or preparing solutions.   
 
5.4. This procedure involves the evolution of hydrocyanic acid (HCN), a highly poisonous gas.  Care 


must be taken during distillation to prevent the release of this gas.  A cyanide dosimeter is 
recommended for the lab bench near the distillation units. 


 
5.5. Caution should be used when preparing and using stock standard solutions and other reagents.  


The MSDS for each of these should be read before handling.  Specific care is listed below: 
 


5.5.1. Potassium cyanide (KCN) and sodium cyanide (NaCN) are highly toxic and a severe 
health and contact hazard.  Upon contact with acid they will liberate HCN, a highly 
poisonous gas.  Use caution when preparing standards. 


 
5.5.2. Sulfuric acid (H2SO4) is a severe health, reactivity, and contact hazard. Always wear 


gloves and use caution when handling. 
 
5.5.3. Chloramine - T is a mutagen, avoid breathing dust and do not purge for an excessive 


period of time. 
 
5.5.4. Pyridine is also a health hazard and its odor is very pervasive.  Always prepare in a 


hood, wearing gloves, and keep capped tightly when transporting. 
 
6. SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE 
 


6.1. Sample bottles can both be glass or plastic and must be thoroughly cleaned and rinsed prior to 
use.  For macro distillation, a minimum of 250 mL of sample should be collected or 75 mL if 
the midi distillation is used. 


 
6.2. Oxidizing agents such as chlorine decompose most cyanides and should be removed prior to 


preservation with sodium hydroxide, if possible, by the procedure described in 4.2. 
 
6.3. Samples are to be preserved with 2 ml of a 10 N sodium hydroxide solution per liter of sample 


(to a pH  12) at time of collection. 
 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.
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6.4. Samples must be stored refrigerated at 4 ± 2C and analyzed within the specified maximum 
holding time of 14 days from date of sample collection.    


 
7. APPARATUS AND EQUIPMENT 
 


7.1. For midi distillation, reflux distillation apparatus as shown in Figure 1.  The Easy-Still unit will 
accommodate up to 20 distillations at one time with the following equipment. 


 
 Boiling tube 
 Reagent inlet adapter 
 Cold-finger condenser and jacket 
 Fritted bubbler, bubbler vessel, and clip 
 Vacuum source and cooling water supply 


 
7.2. Laboratory glassware including: graduated cylinders, 25, 50, 250, and 500 ml sizes, volumetric 


flasks, 10, 25, 50, 100, 250, 500, and 1000 ml sizes with stoppers, a range of volumetric 
pipettes, class A, and calibrated eppendorf pipettes in a range of volumes. 


 
7.3. Lachat brand Quick Chem, Automated Ion Analyzer, and related equipment including: 
 


7.3.1. Autosampler. 
7.3.2. Peristaltic pump. 
7.3.3. Six-way valve and cyanide manifold. 
7.3.4. Flow cell with 570 nm filter. 
7.3.5. Printer, Panasonic, KX-P2123. 
7.3.6. Data system, IBM personal System/2 with keyboard. 
7.3.7. Borosilicate glass sample tubes. 
7.3.8. Reagents, sample, and manifold tubing. 
7.3.9. Tumbler. 
7.3.10. Buchner funnels with vacuum flask. 
7.3.11. Glass fiber filters to fit the Buchner funnel. 
7.3.12. Balance 
7.3.13. Separatory funnel. 
 


 


If this SOP is accessed electronically, it is an uncontrolled copy and will not be updated.
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8. STANDARDS, REAGENTS, AND CONSUMABLE MATERIALS 
 
8.1. Reagent grade chemicals shall be used in all tests. Other grades may be used, provided it is 


first ascertained that the reagent is of sufficiently high purity to permit its use without 
lowering the accuracy of the determination. 


 
8.2. The preparation of all reagents and standards are recorded in a logbook following the 


procedures defined in the SOP Reagent Login and Tracking (ADM-RTL). 
 
8.3. Reagents 


 
8.3.1. Sodium hydroxide solution, 0.5N: dissolve 20 g of NaOH pellets in distilled water, 


dilute to one liter.  (See safety section 5).  
8.3.2. Sulfuric acid: Concentrated H2SO4.  (See safety section 5). 
8.3.3. Magnesium chloride solution: Dissolve 510 g of MgCl2  6H2O into distilled water and 


dilute to one liter. 
8.3.4. Sulfamic acid, crystals from macro distillation.  Dissolve 20g in deionized water and 


dilute to 500mL for midi distillation. 
8.3.5. Ascorbic acid: crystals. 
8.3.6. Lead acetate: Dissolve 30 g of Pb (C2H3O2).3H2O in 950 ml of distilled water.  Adjust 


the pH to 4.5 with acetic acid.  Dilute to 1 liter. 
8.3.7. Calcium Hypochlorite solution: Dissolve 5 g of calcium hypochlorite (Ca (OCl)2) in 


100 ml of distilled water. 
8.3.8. Sodium Hydroxide solution (1.25N): Dissolve 50 g of sodium hydroxide (NaOH) in 


distilled water and dilute to 1 L. 
8.3.9. Potassium Iodide-starch test paper. 
8.3.10. Lead acetate test paper 
8.3.11. Reagent water :  Laboratory DI Water  
8.3.12. Sodium Hydroxide, 10N: Dissolve 400g of reagent grade sodium hydroxide in 


reagent water and take to a 100mL final volume with reagent water. 
8.3.13. n-Hexane, C6H14. 
 


 
8.4. Standards and QC Samples: 
 


8.4.1. Stock cyanide solution: A 1000mg/L stock standard is purchased from Inorganic 
Ventures.  Keep refrigerated (See safety section 5).  The vendor-assigned expiration 
date is used. 


 
8.4.2. Working standard cyanide solution: Dilute 1 ml of stock cyanide solution and 20 ml of 


1.25 NaOH to 100 ml final volume with distilled water, 1 ml = 10 g (10 mg/L).  
Prepare fresh monthly. 
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8.4.3. Stock NaCN solution: Carefully weigh 0.189g NaCN (dried in a desiccator) and 0.16g 
NaOH.  Dissolve in distilled water and dilute to 100 ml.  This standard is verified 
against an independently purchased second source. 


 
8.4.4. Working NaCN solution: Dilute 1 ml of stock NaCN solution and 20 ml of 1.25N 


NaOH to a 100 ml final volume with distilled 1 ml = 10 g (10 mg/L).  Prepare fresh 
monthly.  


 
8.4.5. Standard silver nitrate solution, 0.0192 N: 1 ml = 1 mg CN¯ for standardization of 


cyanide standard solutions. 
 


8.4.5.1. Purchased as a prepared 0.0192 N AgNO3 standard. 
 


8.4.5.2. Prepare by crushing approximately 5 g AgNO3 crystals and drying to 
constant weight at 40C.  Allow to cool in a desiccator and carefully weigh 
out exactly 3.2647 g of dried AgNO3 and dissolve in one liter. 


 
8.4.6.  LCS Standard Water: Purchased from Inorganic Ventures.  Preserve with NaOH and 


make according to manufacturer's directions.  Equivalent LCS standards may be 
purchased from other vendors.   


 
8.4.7. LCS Standard Soils: Purchased from ERA, Certified Reference Material 
 


8.5. Semi-Automated Spectrophotometer Reagents: 
 


8.5.1. Sodium hydroxide solution, 0.25 N: dissolve 10 g of NaOH pellets in distilled water 
and dilute to one liter. 


 
8.5.2. Phosphate Buffer Solution: Dissolve 97g KH2PO4  H2O in distilled water and dilute to 


one liter. 
 
8.5.3. Chloramine-T solution: dissolve 1.0 g chloramine -T in distilled water and dilute to 


250 ml.  Prepare fresh daily.  (See safety section 5). 
 
8.5.4. Pyridine - barbituric acid solution: ALWAYS IN A HOOD, dissolve 15 g barbituric 


acid in 100 ml distilled water and 75 ml pyridine in a one liter volumetric flask.  Add 
15 ml concentrated HCl and mix, dilute to one liter with distilled water.  Transfer to 
an amber, one liter, stopper bottle.  (See safety section 5). 


 
8.5.5. In HCl Rinse solution: Dilute 62.5 ml concentrated HCl to one liter with distilled 


water. 
 


8.6. Consumables: 
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 Other equipment includes: Lead acetate and KI - starch test strips, funnels, tygon tubing and 
vacuum hosing for distillation, pipette bulbs, eppendorf pipette tips, stir bars, stir plates, 
gloves, and screw type clamps. 


 
9. RESPONSIBILITIES 


 
9.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 


complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with the 
training program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee.   
 


9.2. It is the responsibility of the department supervisor/manager to document analyst training.  
Documenting method proficiency, as described in the SOP Documentation of Training 
(ADM-TRANDOC).    


 
 
10. PREVENTIVE MAINTENANCE 
 


10.1. No specific maintenance steps are needed other than normal cleaning and inspection of 
apparatus.  


 
10.2. In case of problems encountered with distillation, check vacuum pump performance, apparatus 


connections, and plugs in tubing.  Record any maintenance performed in CN logbook. 
 
10.3. For problems encountered with Lachat operation, see Lachat troubleshooting guide. 


 
10.4. The timers on the Easy Still are verified each quarter by timing the start and end times of a 


distillation.  The verified times are recorded in the maintenance log book. 
 
11. PROCEDURE 
 


11.1. Drinking Water, Surface Water and Aqueous Waste Sample Preparation: Method 335.4 and 
SM 4500 CN- E 
 
11.1.1. Measure 50 ml of aqueous sample or an aliquot diluted to 50 ml into the MIDI 


distillation boiling flask. The pH of samples should be taken and noted if other than 
12. 


 
11.1.2. Interference should be tested and treated for as described in Section 4. 


 
11.1.3. Proceed to section 11.4 


 
11.2. Sample Preparation for cyanides amenable to chlorination: SM 4500 CN- G 
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11.2.1. Two sample aliquots are required to determine cyanides amenable to chlorination. To 
one 50 ml aliquot or a volume diluted to 50 ml, add calcium hypochlorite dropwise 
while agitating and maintaining the pH between 11 and 12 with sodium hydroxide. 
CAUTION: The initial reaction product of alkaline chlorination is the production of 
very toxic gas, cyanogen chloride. This reaction MUST be performed in a hood. 


 
Note:  If analysis of total cyanide on the untreated sample gives a value less than the 
MRL/MDL then a treated sample need not be analyzed in order to determine cyanide 
amenable to chlorination.  In this case, when using the equation for cyanide 
amenable to chlorination (section 13.1.2) and the unchlorinated result is a ND value, 
the amenable cyanide must also be ND. 


   
11.2.2. Test for residual chlorine with KI-starch paper and maintain this excess for one hour, 


continuing agitation. A distinct blue color on the test paper indicates a sufficient 
chlorine level. If necessary, add additional hypochlorite solution. 


 
11.2.3. After one hour, add 0.5 g portions of ascorbic acid until the KI-starch paper shows no 


residual chlorine. Add an additional 0.5 g of ascorbic acid to insure the presence of 
excess reducing agent. 


 
11.2.4. Test for total cyanide in both the chlorinated and unchlorinated aliquots.  The 


difference in the CN- concentrations found in the chlorinated and unchlorinated 
aliquots is expresses as cyanides amenable to chlorination.       


 
11.2.5. Proceed to section 11.4 


 
 


11.3. Solids, Tissue and Multi-Phase Samples Procedure: Method 9013 
 
11.3.1. Weight approximately 2.5 g of sample and add to the distillation flask.  Add 50 


ml of DI water.  Analyte free matrix sand is used for the method blank.  A 
certified reference material is used for the LCS. 


 
11.3.2. If  the sample does not separate or settle in the distillation flask using a Teflon 


coated magnetic stirring bar but mixes so that the solids are entirely suspended, 
then proceed to (without an extraction step) Section 11.4. 


 
11.3.3. If the sample contains a free aqueous phase, filter the sample through a Buchner 


funnel using a pre-weighed glass fiber filter to remove the liquid layer from the 
solid portion of the sample.  Determine the volume and analyze separately. 


 
11.3.4. The solid portion along with the filter is weighed to determine the weight of the 


sample, subtracting the weight of the pre-weighed filter from the total weight of 
solid sample and filter. 
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11.3.5. Place the solid sample and filter in a 1-liter bottle suitable for tumbling.   
 


11.3.6. Add 500mL reagent water and 5mL 10N NaOH to the bottle.  Also, if heavy oil is 
present, add 50mL n-hexane.  Cap the bottle. 


 
11.3.7. The pH of the extract must be maintained above 10 throughout the extraction 


procedure.  After initial addition of the extraction fluids, shake the bottle for one 
minute.  Check the pH using test strips.  If the pH is below 12 add 10N NaOH in 
5mL increments until the pH is at least 12.  Recap the bottle and repeat the 
procedure until the pH no longer drops.  Record total volume of NaOH used along 
with the 500 mL of reagent water. 


 
11.3.8. Place bottles on the tumbler and tumble for 16 hours. 


 
11.3.9. Filter the extract through a glass fiber filter and Buchner funnel.  The entire 


volume of extract does not need to be filtered.  
 


11.3.10. If the extract contains an oil phase, transfer extract to a separatory funnel, allow 
the water and oil phases to separate and draw off the water phase for extraction.  
Discard the oil phase. 


 
11.3.11. Results for both the solid portion and free aqueous portions are analyzed and 


reported separately. 
 
11.4. Midi Distillation Procedure: 


 
11.4.1. The reflux - distillation apparatus should be assembled as in Figure 1.  Up to 20 


stills can be setup with cooling water flow through six condensers in a train. 
 
11.4.2. A vacuum trap flask, to which tubing is connected, again in a train of six, each 


tube fitted with a screw-down clamp to connect to each absorber.  The absorbers 
are not yet connected to the condenser, vacuum should be closed. 


 
11.4.3. When preparing standards, treat the standards the same as the samples, adding all of 


the same reagents.  Do not adjust volumes for distilled standards to match sample 
volumes.  Sample volumes are accounted for in data calculations and reporting (see 
Sec13.2). 
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11.4.4.  For samples without sulfides 


 
11.4.4.1.   Place 25 mL of 0.25N NaOH (8.4.1) in bubbler vessel.  Place boiling tube 


in midi distillation unit, insert inlet adapter, install condenser.  Install bubbler 
in vessel and secure with clip.  Attach vacuum hose to scrubber and install 
onto condenser. 


 
11.4.5. For samples containing sulfides, place lead acetate scrubber apparatus in series, 


similar to the arrangement for macro distillation. 
 
11.4.6.  For waste reactivity samples, run as Total CN-. 


 
11.4.7. Low and high verification standards (0.05 and 0.15 mg/L) must be distilled in the 


same manner as the samples. 
 


11.4.8. Set operating parameters on the Easy Still for automatic operation. 
Settings for CN- 


Rate1:  15.00C/min. Rate2: 0 
Temp1:  190oC  Temp2: 190oC 
Time1:  1.5 hr  Time2: 0 


 
Press button for the desired parameters.  The LED will flash corresponding to the 
chosen parameter. Enter the desired value using the keypad and press “enter”.  
Repeat for each value given above. 


 
11.4.9. Turn on the cooling water supply to condensers and open vacuum valves to give a 


bubble rate of approximately 2 bubbles/sec at the inlet adapter. 
 


Note:  If bubble rate is too low, the sample may boil out the inlet tube.  If the bubble rate is 
too high, the sample becomes carbonated, causing interference with the Lachat 
analysis. 


 
11.4.10. Add reagents at inlet adapter as follows: 5 mL sulfamic acid solution, 2.5 mL 


H2SO4 (conc.) slowly, and 2.0 mL MgCl2 solution.  Rinse inlet adapter with DI 
water. 


 
11.4.11. Press “start” button.   The Easy Still will automatically go through the distillation 


cycle set above. 
 


Note:  Periodic check of boiling and vacuum rate is necessary to avoid possible sample loss. 
 


11.4.12. When the distillation cycle is complete, wait for block temperature to fall below 
100oC to remove samples.   
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11.4.13. Remove scrubber and vessel from condenser as a unit with vacuum hose attached.  
Remove clip and separate vessel from scrubber.  Empty vessel contents into 30 mL 
centrifuge tube.  No further dilution is required prior to initial Lachat analysis.    


 
11.4.14. Record all samples, duplicates, spikes, and QC samples distilled volumes, spike 


level and any other pertinent information on bench sheet. 
 


11.5. Semi-Automated Spectrophotometric Determination 
 


11.5.1. Set up Lachat system and cyanide manifold as described by manufacturer and 
download the cyanide method.  To remove carbon dioxide that has been absorbed by 
stored solutions, purge carrier (0.25N NaOH) and phosphate buffer with Helium for 
approximately two minutes. 


 
NOTE:  Do not purge pyridine barbituric acid solution.  (See safety section 5). 


 
11.5.2. For all analyses, enter analyst name, service request, and current LCS information in 


the comments section for tray being run.  Next enter sample identification numbers 
for tray in order being run, including all QC samples being run (see section 10) into 
identification location. 


 
11.5.3. Pour calibration standards, blanks, control standards and samples in tray in order 


being run.   An analyses sequence could appear as follows. 
 


Calibration Standards   


    ICV/QCS   
    ICB   
    CCV-1   
    CCB-1   
    MB   
    LCS   
    0.15mg/L dist. std.   
    0.05 mg/L dist. std.   
    Sample 1   
    Sample 1Dup.  
    Sample 1Spk.  
    Sample 2 
    Sample 3  
    Sample 4  
    CCV-2     
    CCB-2  
    Sample 5  
    Sample 6  
    Sample 7  
    Sample 8  
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    Sample 9  
    Sample 10  
    Sample 11  
    Sample 12  
    CCV-3 
    CCB-3 
 


11.5.4. Calibration 
 


11.5.4.1. The Linear Calibration Range (LCR) must be determined initially and 
verified every six months or whenever a significant change in instrument 
response is observed or expected. The initial demonstration of linearity must 
use sufficient standards to insure that the resulting curve falls in the linear 
range of the instrument. The verification of linearity must use a minimum of 
a blank and three standards. If any verification data exceeds the initial values 
by ±10%, linearity must be reestablished. If any portion of the range is shown 
to be nonlinear, sufficient standards must be used to clearly define the 
nonlinear portion. 


 
11.5.4.2. Calibration standards: When prepared as follows, the calibration standards 


are valid for 7 days.  Prepare a blank and seven calibration standards at the 
following concentrations by adding 20 ml of 1.25N NaOH solution and the 
following amount of standard solution and making up to 100 ml with distilled 
water: 


 
 ml Standard Cyanide     Concentration 
 Solution (8.3.2) 10 mg/L   mg CN¯/L 


0     0 
0.1     0.01 
0.2     0.02 
0.5     0.05 
1.0     0.1 
1.5     0.15 
2.0     0.2 
3.0     0.3 


 
11.5.4.3. Analyze the standards using the Lachat system as set up in Section 11.8.    


 
11.5.4.4. The data system which accompanies the instrument uses specific 


functions for calibration and quantitation.  The algorithm used is a linear 
regression calibration curve (see Appendix A).  The system software 
calculates the calibration equation using the response or signal from the 
analysis of the standard to establish the calibration. No other calibration 
options are available to the analyst. 
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11.5.4.5. The correlation coefficient for each calibration is checked by the analyst to 
determine that the coefficient is ≥0.995.  The data system will reject a 
calibration with a value <0.995 and will not process subsequent samples. If 
the criterion is not met, repeat the calibration. 


 
11.5.4.6. An Independent Calibration Verification (ICV standard should be run as 


first injection of the sample tray immediately after running the calibration.  
The ICV is at level mid range in the calibration.  The ICV is prepared from 
NaCN. This is a second source (source other than calibration standards), 
undistilled standard. The measured amount must be within 90-110% of the 
true value.  If not, remake the standards and recalibrate. 


 
Note: The DoD acceptance criteria for the ICV is 85- 115%. 


 
11.5.4.7. Continuing Calibration Verification (CCV): A 0.100 mg CN¯/L. standard 


is analyzed after every ten samples including duplicates, spikes, MB's, etc. 
and at the end of the tray, at the level of the mid-range standard. The 
measured amount must be 90-110% of the true value.  If not, remake the 
standards and recalibrate. Reanalyze any sample associated with a failing 
CCV. 


 
11.5.4.8. Calibration blanks (ICB, CCB) are analyzed after every calibration 


verification (i.e., ICB after every ICV and CCB after every CCV).  The 
measured amount must be less than the MRL or CRDL. If not, recalibrate 
and reanalyze any sample associated with the failing CCB. 


 
11.5.4.9. As a check on the distillation, undistilled and distilled standards at 0.05 mg 


CN¯/L and 0.15mg CN¯/L are analyzed (one distilled/undistilled set at each 
level).  The measured values of the distilled standards should be 90-110% of 
the measured values in the undistilled standards.  If not, re-make and 
reanalyze the undistilled standard and apply the criteria.    


 
Note: DoD acceptance criteria for distilled standards are 85-115%. 


 
11.5.5. Sample Analysis 


 
11.5.5.1. Analyze the samples as described in section 11.7.  Observe progress of the 


run noting anything noteworthy about peak shapes etc. onto post run report.   
 


11.5.5.2. Reportable sample concentrations can be no higher than the highest 
standard. Make dilutions as necessary and include these on the end of the tray 
with the proper calibration verification and QC (e.g. CCV/CCB bracket) and 
record these on post run report also.  For dilutions, ensure normality of final 
solution is 0.25N, using NaOH solution. 
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11.6. If problems occur due to instrument malfunction, stop the run and perform any necessary 
service or maintenance, recording what was done in the Lachat Maintenance Log. 
 


11.7. When run is complete, pump in HCl rinse solution and then distilled water through all reagent 
lines, including carrier, for approximately ten minutes.  Clean up sample tubes etc..  Drain 
lines of liquid. 
 


11.8. Print out the following forms: Post-run report, calibration report, and calibration statistics.  
Record the slope and intercept of the calibration curve.  Date and initial post run report.   
 


12. QA/QC REQUIREMENTS  
 


Note: When performing work on samples from DoD project, refer to the SOP ADM-DoD for 
general DoD QC requirements. 


 
12.1. Initial Precision and Recovery Validation 
 


12.1.1. Initial demonstration of capability must be validated before analysis of samples, or 
whenever significant changes to the procedures have been made. The ability of each 
analyst/instrument to generate acceptable accuracy and precision must be 
documented prior to sample analysis by performing 4 replicate LCS analyses and 
calculating average recovery and %RSD.  Method criteria must be met for these 
results.  This must be completed before analysis of samples, or whenever significant 
changes to the procedures have been made.   


 
12.2 Method Detection Limits, LOD and LOQ 


 
12.2.1 Method detection limit (MDL), Limits of Detection (LOD) and Limits of 


Quantification (LOQ) must be determined before analysis of samples can begin.  
Refer to the SOP for the Performing Method Detection Limit Studies and 
Estimation of Limits of Detection and Quantitation (ADM-MDL).   


 
   MDL MRL
335.4 Cyanide, Total Water 0.003 0.01 mg/L
SM4500 CN-E Cyanide, Total Water 0.003 0.01 mg/L
9010B/9012B Cyanide, Total and Amenable Soil 0.06 0.2 mg/Kg
9010B/9012B Cyanide, Total and Amenable Water 0.002 0.01 mg/L


SM4500 CN G 
Cyanides Amenable to 
Chlorination Water 0.002 0.01 mg/L


SM4500 CN I Cyanides, Weak Acid Dissociable Water 0.003 0.01 mg/L
  


12.3 Ongoing QC Samples required are described in the CAS-Kelso Quality Assurance Manual 
and in the SOP for Sample Batches.  Additional QC Samples may be required in project 
specific quality assurance plans (QAPP).  For example projects managed under the DoD 
ELAP must follow requirements defined in the DoD Quality Systems Manual for 
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Environmental Laboratories.  General QA requirements for DoD QSM are defined in the 
laboratory SOP, Department of Defense Projects – Laboratory Practices and Project 
Management (ADM-DOD).  General QC Samples are:  


 
12.4 Method Blanks  


 
12.4.1 A method blank is extracted and analyzed with every batch of 20 (or fewer) 


samples to demonstrate that there are no method interferences.  If the method 
blank shows any hits above the reporting limit, corrective action must be 
taken.  Corrective action includes recalculation, reanalysis, system cleaning, or 
re-extraction and reanalysis.  


 
12.4.2 DoD QSM Method Blank Requirements– The Method Blank will be considered 


contaminated if: 
 The concentration of any target analyte in the blank exceeds ½ the reporting limit and 


is greater than 1/10 the amount measured in any sample or 1/10 the regulatory limit 
(whichever is greater).  


 The concentration of any common laboratory contaminant in the blank exceeds the 
reporting limit and is greater than 1/10 the amount measured in any sample or 1/10 
the regulatory limit (whichever is greater). 


 The blank result otherwise affects the samples results as per the test method 
requirements or the project-specific objectives. 


 
12.5 Sample Duplicates 


 
12.5.1 One duplicate sample should be distilled for every twenty samples or less of a 


particular matrix (i.e. water, soil, etc.) and concentration if known (i.e. low, high).  
The first sample on a service request should be chosen sample QC unless another 
is specifically designated.  Samples designated as field blanks are not to be used. 
The acceptance criteria is < 20% RPD (for sample and duplicate results  5x 
MRL.  If either or both sample replicate is < 5x MRL, then RPD is not 
applicable). 


 
12.6 Laboratory Control Sample  


 
12.6.1 The LCS, or laboratory control sample, is a purchased standard used to check the 


performance of the analytical system.  LCS recovery must be acceptable before 
samples can be analyzed.  Method 335.4 requires LCS recoveries between 90-
110%.  Control limits for methods SM 4500 CN and 9012B are statistical limits 
based upon laboratory results.   See the following table for QC limits. 


 
12.7 Matrix Spike (MS) 


 
12.7.1 One matrix spike should be performed for every twenty samples or less of a 


particular matrix (i.e. water, soil, etc.).  Spike should also be the first sample on a 
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service request, and preferably the same sample chosen for the duplicate unless 
another is designated.  Field blanks should not be used, if designated as such. 
Method 335.4 requires MS recoveries between 90-110%.  Control limits for 
methods SM 4500 CN and 9012B are statistical limits based upon laboratory 
results. See the following table for QC limits.   


 
12.7.2 If the recovery falls outside the recovery range and the laboratory performance for 


that analyte is shown to be in control (LCS acceptable), the recovery problem 
with the MS is judged to be either matrix or solution related, not system related.  
No reanalysis is necessary.   


 
Note:  For method 9012B analyses, the method of standard additions shall be used for the analysis of all 
samples that suffer from matrix interferences such as samples which contain sulfides. 
 
 
Note:  Duplicate samples are routinely analyzed, however all DoD projects require a MSD with every 
preparation batch. The MSD sample is prepare as described above. The RPD criterion for duplicates is 
20% RPD.  For DoD QSM work, MS recoveries are assessed using the QSM LCS control limits. 
 
 


Method LCS Water 
(%Rec) 


LCS Soil 
(%Rec) 


MS Water 
(%Rec) 


MS Soil 
(%Rec) 


     
335.4 90-110 NA 90-110 NA 
9012B 82-116 62-128 38-145 10-171 
SM 4500 CN E 84-115 NA 23-148 NA 
SM 4500 CN G 53-147 NA 10-180 NA 


   
    
13. DATA REDUCTION, REVIEW AND REPORTING 
 


13.1. Calculations 
 
13.1.1. Calculate the concentrations of samples and standards from distillate concentrations 


taking into account any dilutions made at the instrument and the initial sample 
volume and final distillate volume. 


 


D


AxBxC
LmgCNge  /..  


 
Where  A = mg CN¯/L read from Lachat Report 
 B = dilutions made 
 C = final distillate volume (e.g. 100 ml) 


  D = sample size (e.g. 200 ml) 
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13.1.2. Calculate the cyanide amenable to chlorination as follows: 
 


 CN, mg/L = A – B 
 
 Where: 
 


A = mg/L total cyanide in unchlorinated aliquot. 
 B = mg/L total cyanide in chlorinated aliquot.  


 
Note:  If analysis of total cyanide on the untreated sample gives a value less than the MRL/MDL then a 
treated sample need not be analyzed in order to determine cyanide amenable to chlorination.  In this case, 
when using the equation for cyanide amenable to chlorination and the unchlorinated result is a ND value, the 
amenable cyanide must also be ND. 


 
13.2. Data Review and Reporting 


 
13.2.1. It is the analyst’s responsibility to review analytical data to ensure that all quality 


control requirements have been met for each analytical run.  Results for QC analyses 
are calculated and recorded as specified in this SOP.  All data will be initialed, dated 
and attached to required data quality worksheet. 


 
13.2.2. Following primary data interpretation and calculations, all data is reviewed by a 


secondary analyst.  Following generation of the report, the report is also reviewed. 
Refer to the SOP (ADM-DREV) LABORATORY DATA REVIEW PROCESS. 


 
13.2.3.  Reports are generated in the CAS LIMS by compiling the SMO login, sample prep 


database, instrument date, and client-specified report requirements (when specified).  
This compilation is then transferred to a file which LIMs uses to generate a report.  
The forms generated may be CAS standard reports, DOD, or client-specific reports.  
The compiled data from LIMS is also used to create EDDs deliverables. 


 
13.2.4. As an alternative, reports are generated using Excel© templates located in 


R:\WET\FORMS.  The analyst should choose the appropriate form and QC pages to 
correspond to required tier level and deliverables requirements.   


 
13.2.5. Reporting units are mg CN¯/L for liquids and mg CN¯ /Kg for solids. 
 
13.2.6. Include copy of the cyanide bench sheet and instrument reports (run time, post run, 


calibration report and calibration stats) with the report forms. 
 


14. CORRECTIVE ACTION 
 


14.1. Refer to the SOP for Corrective Action (ADM-CA) for procedures for corrective action.  
Personnel at all levels and positions in the laboratory are to be alert to identifying 
problems and nonconformities when errors, deficiencies, or out-of-control situations are 
detected.   
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14.2. Handling out-of-control or unacceptable data 


 
14.2.1. On-the-spot corrective actions that are routinely made by analysts and result in 


acceptable analyses should be documented as normal operating procedures, and no 
specific documentation need be made other than notations in laboratory maintenance 
logbooks, runlogs, for example. 


 
14.2.2. Documentation of a nonconformity must be done using a Nonconformity and 


Corrective Action Report (NCAR) when:  
 


 Corrective action is not taken or not possible  
 Corrective action fails to correct an out-of-control problem on a laboratory QC or 


calibration analysis.  
 Reanalysis corrects the nonconformity but is not a procedurally compliant 


analysis.  
 
 
15. METHOD PERFORMANCE 
 


15.1. This method was validated through single laboratory studies of accuracy and precision.  
Refer to the reference method for additional method performance data available.  


 
15.2. The method detection limit (MDL) is established using the procedure described in the SOP 


for Performing Method Detection Limit Studies and Limits of Detection and Quantitation 
(ADM-MDL).  Method Reporting Limits are established for this method based on MDL 
studies and as specified in the SOP ADM-MDL.   


 
16. POLLUTION PREVENTION 
 


16.1. It is the laboratory’s practice to minimize the amount of solvents, acids and reagent used to 
perform this method wherever feasible.  Standards are prepared in volumes consistent 
with methodology and only the amount needed for routine laboratory use is kept on site.  
The threat to the environment from solvent and reagents used in this method can be 
minimized when recycled or disposed of properly. 


 
17. WASTE MANAGEMENT 
 


17.1. The laboratory will comply with all Federal, State and local regulations governing waste 
management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the CAS EH&S Manual. 


  
17.2. This method uses acid.  Waste acid is hazardous to the sewer system and to the 


environment.  All acid waste must be neutralized to a pH of 2.5-12 prior to disposal down 
the drain. The neutralization step is considered hazardous waste treatment and must be 
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documented on the treatment by generator record.  See the CAS EH&S Manual for 
details.    


 
17.3. This method uses a base.  Waste base is hazardous to the sewer system and to the 


environment.  All waste must be neutralized to a pH of 2.5-12 prior to disposal down the 
drain. The neutralization step is considered hazardous waste treatment and must be 
documented on the treatment by generator record.  See the CAS EH&S Manual for 
details. 


 
18. TRAINING  
 


18.1. Refer to the SOP for Documentation of Training for standard procedures. 
 


18.2. Training outline 
 


18.2.1. Review literature (see references section).  Read and understand the SOP.  Also 
review the applicable MSDS for all reagents and standards used.  Following these 
reviews, observe the procedure as performed by an experienced analyst at least three 
times. 


 
18.2.2. The next training step is to assist in the procedure under the guidance of an 


experienced analyst.  During this period, the analyst is expected to transition from a 
role of assisting, to performing the procedure with minimal oversight from an 
experienced analyst.   


 
18.2.3. Perform initial precision and recovery (IPR) study as described above for water 


samples. Summaries of the IPR are reviewed and signed by the supervisor.  Copies 
may be forwarded to the employee’s training file.  For applicable tests, IPR studies 
should be performed in order to be equivalent to NELAC’s Initial Demonstration of 
Capability. 


 
18.3. Training is documented following the SOP for Documentation of Training.   


 
NOTE: When the analyst training is documented by the supervisor on internal training 
documentation forms, the supervisor is acknowledging that the analyst has read and 
understands this SOP and that adequate training has been given to the analyst to competently 
perform the analysis independently. 


 
19. METHOD MODIFICATIONS 


 
19.1. There are no known modifications in this laboratory standard operating procedure from the 


reference method. 
 


20. REFERENCES 
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20.1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. EPA SW-846, 3rd 
Edition, Final Update IV, 9012B, November 2004. 


20.2. Determination of Total Cyanide by Semi-Automated Colorimetry, Rev 1.0 August 1993, 
Environmental Monitoring Systems Laboratory, Office of Research and Development, 
Environmental Protection Agency, Method 335.4 


20.3. Cyanide Extraction Procedure for Solids and Oils , EPA method 9013, Rev 0, July 1, 1992. 
20.4. USEPA Contract Laboratory Program, document Number ILMO 4.0, Method for Total 


Cyanide Analysis by MIDI Distillation #335.4 CLP-M. 
20.5. Methods 4500C,E, 4500-CN- G Standard Methods for the Examination of Water and 


Wastewater, 20th Edition. 
20.6. DoD Quality Systems Manual for Environmental Laboratories Version 4.2  
20.7. Operation Manual - Lachat 
20.8. Quick Chem Methods 
20.9. Troubleshooting guide - Lachat 
20.10. Easy-Still Environmental Methods Manual 


 
 


21. CHANGES SINCE THE LAST REVISION 
21.1. Sec 6.4 – remove the word distilled.  HT is 14 days from collection not distillation 
21.2. Sec 8.4.5 – added purpose of silver nitrate solution 
21.3. Sec 11.5.1 –removed chloramine and edited second sentence 
21.4. Sec 12.7 – removed LCS  from MS section 
21.5. Sec 12.7.2 – updated table 
21.6. Sec 19 is new 
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FIGURE 1 
 
 


CYANIDE DISTILLATION APPARATUS (MIDI) 
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APPENDIX A 
 
 
The calibration is determined using a linear regression that best fits the line of the X:Y pairs. The quality 
of the fit is determined by calculating the coefficient of determination (R2), also called the correlation 
coefficient. 
 
 The line of regression is calculated as follows: 
 


Start with the equation for a line, y = mx + b. From here the line of regression can be determined. 
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  Where: 
   x  = the values of the x variables. 
   y  = the values of the y variables. 


    n  = the number of data points. 
 


Once the line of regression has been determined then the coefficient of determination can be 
calculated. 
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1.      PURPOSE  


1.      This procedure describes the analytical techniques used for extraction and analysis of aqueous, solid, oil, wipe, waste, air and tissue samples for 
polychlorinated biphenyls (PCBs) by EPA Methods 1668A, 1668B, and 1668C. 


2.      APPLICABLE MATRICES 


1.       This method is applicable to all matrices.  . 


2.       The limits of detection and quantitation in various matrices are available in the Performance Commitment document. 


3.      SCOPE AND APPLICATION 


4.1  This method is for the determination of coplanar polychlorinated biphenyls (PCBs), mono-ortho substituted PCB congeners, the 10 PCB homologue groups as well 
as the 209 PCB congeners at the quantitation limits listed in Table 1 for water, soil, sediment, sludge, ash, tissue, and other sample matrices such as air by gas 
chromatography/high-resolution mass spectrometry/selective ion monitoring (GC/HRMS/SIM). The method is based upon the combined features of EPA Method 
1668B to extract, cleanup sample extracts, and measure toxic PCB congener target compounds. 


4.2  Twenty-seven 13C12-PCB congeners, including the 12 WHO congeners, are added to each sample as Extraction Standards. Following a matrix-specific extraction, 


the extracts are fortified with a group of three 13C12-PCB congeners as Cleanup Standards. Once cleaned up, the residue is fortified with a mixture of five 13C12-


PCB congeners as Injection Standards. For air samples, the role of the CS is modified so that they can be used as Sampling Standards; i.e., they are added to the 
sampling module before the sampling session. A five-point ICAL is used to derived the analytes and labeled compounds RRFs. For assays requiring an OPR, a 
front-end CS3 is analyzed while the BCS3 system – developed for Method 8290B – is applied for assays not mandating an OPR (e.g., air samples, R&D, SW…). 


4.      SUMMARY OF THE TEST METHOD 


1.    AQUEOUS SAMPLES (<1% solids) - Stable isotopically labeled analogs of PCB target congeners are spiked into a one-liter sample and either vacuum-filtered (if 
particulates are present) through a glass-fiber filter, toluene-SDS the filter and liquid-liquid extract the filtrate with methylene chloride. If the sample does not show 
visible particulates, a liquid-liquid partitioning is carried out with methylene chloride.   


2.    SOLID, SEMI-SOLID, AND MULTI-PHASE SAMPLES (except tissue) - The labeled compounds are spiked into the sample containing 10 g dry-weight 
equivalent.    Samples containing multiple phases are filtered and any aqueous liquid discarded.  Coarse solids are ground or homogenized.  Any non-aqueous 
liquid from multi-phase samples is combined with the solids and extracted in a Soxhlet/Dean Stark (SDS) extractor. The extract is concentrated for cleanup. 
Results are reported on a dry-weight basis. 


3.    FISH AND TISSUE- A 25-g aliquot of sample is homogenized, and spiked with the labeled isotope compounds.  The sample is mixed with HydromatrixTM and 
extracted for 16 hours using hexane in a Soxhlet Dean-Stark extractor over acid-coated silica gel (see Method 8290 for tissue for details). The extract is evaporated 
to dryness. The lipid content is determined using a separate aliquot of the tissue as per the procedure described for Method 8290. 


4.    AIR SAMPLES – For Modified Method Five and ambient air samples, the sampling sorbent is fortified with a mixture of Sampling Standards before sampling. 
Upon return to the laboratory, the various components of the train are processed as per the M23 diagram (see Method 23). The extraction starts with hexane SDS 
for 16 hours followed by toluene for 16 hours. This approach is applicable to PCBs whether in conjunction with PCDD/Fs or not, whether in conjunction with 
PAHs or not, and whether selected PCB congeners are assayed or not. The combination of solvent is necessary to ensure the recovery of low- and high-molecular 
weight congeners as well as coplanar and mono-ortho congeners. Alternatively, it is permitted to perform an 8-H hexane SDS followed by an 8-H toluene SDS. 


5.    The extract is fortified with Cleanup Standards and fractionated using the ASECS procedure (see Method 8290 or Fractionation SOP). For air samples, do not add 
the CS because the Cleanup Standards are actually playing the role of Sampling Standards and were introduced inside the sampling module before the sampling 
session. Collect the PCB fraction. After cleanup, the extract is concentrated to near dryness. Injection Standards are added to each extract and an aliquot of the 
extract is injected. The analytes are separated by the GC and detected by gas chromatography/high resolution mass spectrometry/selective ion monitoring 
(GC/HRMS/SIM) to achieve the required quantitation limits of the method. Two exact m/z’s are monitored for each homologue. 


            A.       For the measurement of the 209 PCB congeners, the GC/MS system is calibrated using the native and labeled PCB congeners listed in Table 1.  
6.      An individual PCB congener is identified by comparing the GC retention time and ion abundance ratio of two exact m/z’s with the corresponding retention time of 


an authentic standard and the theoretical ion-abundance ratio of the two exact m/z's.  Isomer specificity for the toxic PCBs is achieved using GC columns that 
resolve these congeners from the other PCBs. For this SOP, the SB Octyl 60-m column is used as described in Method 1668B. A 60-m DB-5MS is also used for 
WHO 29 target analytes where the SB-Octyl co-eluting pair of iso-TEF isomers PCB-156/157 can be resolved. Data validating such isomer-specificity were 
supplied to NELAC by comparing the analyses of a mixture containing all 209 congeners for the two co-eluting isomers on the SB-Octyl column and the DB-5MS 
column (click here for details). 


7.   Quantitative analysis is performed using selected ion current profile (SICP) areas, in one of two ways: 
A.           For PCB congeners with labeled analogs, the GC/MS system is calibrated, and the concentration of each compound is determined using the isotope 


dilution technique. 
B.           For PCB congeners without labeled isotopes, and for PCB homologues, the GC/MS system shall be calibrated and the concentration of each 


compound determined using internal standard technique. 
C.          Note that different relationships are used as permitted by the method (Table 3).  The selection is based on the rationale discussed in the attachment, 


which can be viewed by clicking here. 
D.          The effects from quantitative interferences, a common occurrence observed with PCB analyses targeting such a wide range of compounds, are 


mitigated by the use of a custom-developed and validated program known under the name of “Equalizer”. The program is considered intellectual 
property and no written details will be provided until a peer-reviewed publication of the concept and the demonstration of its benefits for this type of 
assays is completed. The concept is also considered proprietary, and we request any third parties made aware of this unique, innovative and powerful 
tool to respect the confidential aspects until the paper is accepted for publication. The raw data shows the file name appended with the letters “EQ” to 
indicate that the data underwent the special treatment with the ©Equalizer. 


E.           For dichlorinated congeners, a single ion corresponding to the M+. is used for the quantitations and to determine S/N. Indeed, the M+2 ion is 
interfered by background ions originating from the reference compound PFK. The latter increases the chemical noise and leads to unrealistically high 
detection limits. The letters “SI” appear on the raw data to indicate when such feature is turned on at the data generation stage. Retention time 
matching, detection of the molecular ion and other aspects associated with the number of possible dichlorinated congeners are considered sufficient to 
provide reliable data.  


8.         The quality of the analysis is assured through reproducible calibration and testing of the extraction, cleanup, and GC/MS systems. Under the BCS3 system, 


such performance assessment can be obtained. However, under the OPR system, we cannot make the same statement. 
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5.      DEFINITIONS 


1.      Definitions (and more thorough explanations) of concepts introduced by Analytical Perspectives may be found in the Performance Commitment document. 


6.      INTERFERENCES 


1.       All materials used in the analysis shall be demonstrated to be free from interferences by running reference matrix method blanks with each sample batch. Note 
that with PCBs, background contributions are very common in a laboratory environment. Method 1668B introduced the EML concept in recognition of this 
fact. However, AAP has adopted a policy to “beat” these EMLs as much as possible by investigating the sources of PCB background contributions and 
ultimately achieve the same results as currently achieved with PCDD/Fs (i.e., no detectable signals). This effort might take some time to achieve. EMLs 
constitute a “nice” protection that should not take away our determination to succeed in this endeavor.  
A.          The reference matrix should simulate, as closely as possible, the sample matrix under test. For IPAs/OPRs, reagent water can be used to simulate water 


samples; playground sand or white quartz sand can be used to simulate soils; filter paper can be used to simulate papers or similar materials; and corn 
oil or cod fish can be used to simulate tissues. However, for Method Blanks, use only the materials that are part of the field samples processing. For 
instance, if HydromatrixTM is used to prepare a serum sample, than, the same amount of HydromatrixTM from the same lot number should be used for 
the Method Blank. Adding to the MB some oil, which is not added to the field samples, is an action that ignores the purpose and function of the MB.   


2.       Interferences co-extracted from samples will vary from source to source, depending on the site being sampled. The cleanup steps can be used to reduce or 
eliminate such interferences. It is worth mentioning that assaying for such a broad range of target compounds, complications will results. Indeed, certain types 
of interferences (a.k.a. quantitative interferences, QI) cannot be removed without removing the target analytes. Appropriate actions will be taken and 
considered on a case-by-case basis. These can range from additional cleanup, dilutions, to using the ©Equalizer and the application of adequate data qualifiers 
and interpretation/discussion in the case narrative. 


7.      SAFETY 


1.      Standard sample preparation laboratory safety precautions apply, as outlined in AP's Health and Safety SOPs.   


8.      EQUIPMENT AND SUPPLIES 


1.       CTC Autosampler 
2.          Alpha Station 
3.          Water Cooler. 
4.       Magnetic Sector High Resolution Mass Spectrometer. 
5.       Food Slicer. 
6.       Pipets, disposable, serological, 10 mL. 
7.       Pipets, Pasteur. 
8.       Amber glass bottles, 1 liter (Teflon-lined screw cap). 
9.       Two-liter separatory funnels. 
10.    Teflon boiling chips. 
11.     glass chromatographic column (see ASECS in Method 8290) 
12.     N-Evaporator 
13.     Conical vials, 2 mL. 
14.     Pyrex fiber glass, 8μm sliver (glass wool plug). 
15 .    Funnels, 100 mL. 
16.     Dean-Stark Trap, condenser and flask. 
19.     Rotary Evaporator. 
20.     Round-bottom flasks, 500 mL. 
21.     Top-Loader Balance. 
22.     Injection vials. 
23     Electrothermal electromantles. 
24.     Drying oven. 
25.       Whatman glass microfibre filters. 


9.      REAGENTS, STANDARDS AND SOLVENTS  


1.      Reagents  


1.      Sulfuric acid, concentrated.  


2.      Silica gel. Highest purity grade. 


3.      Sodium Thiosulfate, 80 mg/L 


4.      Water, distilled. 


5.      Florisil.  


6.      Prepurified nitrogen gas. 


7.      Anhydrous sodium sulfate. 


2.      Solvents  


1.      Methylene chloride. Highest available purity. 


2.      Hexane. Highest available purity. 


3.      Tetradecane. Highest available purity. 


4.      Toluene. Highest available purity. 


5.      Methanol. Highest available purity. 


3.      Standards  
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1.      PCB Analytical standards (Cambridge Isotope Laboratory, Wooburn, MA). 


2.      2.   For details on the preparation and independent verification, see Standards SOP in the Preparation of Supplies Section. 


3.      3.   The NS (native spike) solution used for the BCS3 must originate from an independent source
 


  


10.  COLLECTION, PRESERVATION, AND HANDLING  


1.       Aqueous Samples  
A.    At minimum, collect one liter of sample. If residual chlorine is present, add 80mg/L of sodium thiosulfate. 
B.    Adjust sample pH 2-3 with sulfuric acid. 
C.    Store aqueous samples in the dark at 2-6°C. 


7.2       Solid Samples 
A.    Solid samples are collected as grab samples using wide-mouth jars. 
B.    Store solid, semi-solid, oily, and mixed-phase samples in the dark at 2-6°C. 


7.3       Fish and Tissue Samples 
A.    Fish may be cleaned, filleted, or processed in other ways such that the sample is received as whole fish, fish fillets or other tissues for analysis. 
B.    Samples must be frozen and maintained in the dark at <-18-20°C. 


7.4       Holding Times 
A.    If stored in the dark at 2-6°C and preserved as described in Section 7.3, aqueous samples may be stored for up to one year. 
B.    If stored in the dark at <-10°C, solid, semi-solid, oily, multi-phase, fish and tissue samples may be stored for up to one year. If stored at 2-4oC, the holding 


time for the extraction becomes 30 days from collection. 
C.    Sample extracts should be stored at 4°C until analyzed. If stored in the dark at <-10°C, sample extracts may be stored for up to one year 


11.  QUALITY CONTROL  


             Quality control is demonstrated by an initial demonstration of laboratory capability, analysis of spiked samples with labeled compounds to evaluate and document 
data quality, and the analyses of standards and blanks as a test of continued performance. 
1,       Initial Precision and Recovery (IPA): Four aliquots of the diluted precision and recovery standard are analyzed to establish the ability to generate acceptable 


precision and accuracy in reference matrix.  Alternatively, AAP’s initial demonstration is performed while conducting the MDL studies using a spike level that 
is 20 times lower than what the method’s calls for. Recently, AAP has adopted a policy to use a mixture containing the 209 congeners for IPAs and future 
MDLs. 
A.    An IPA is performed prior to the first time this method is used and any time the method or instrumentation is modified. 
B.    Using the results of the set of four analyses, calculate the average concentration (x) and the standard deviation (s) for each compound. 
C.    Compare x and s for each native and labeled compound with the limits for IPA in Table 6 of method 1668B. If any individual s exceeds the precision limit 


or any individual x fall outside the range for accuracy, the test must be repeated. For congeners that are not listed in the method table, refer to the limits 
posted in the spreadsheet summarizing the data. 


2.       Method Blank (MB): Method Blank is a sand, distilled water or other appropriate matrix preparation that is free from native analyte that has been prepared and 
analyzed using the same procedures followed for the rest of the sample batch. 
A.    A MB is run with every analytical batch or 20 samples, whichever is less, per matrix type. 
B.    Analytical data is accepted (with a data qualifier) if the amount found in the MB is less than one tenth of the level found in the associated samples. 


Otherwise, the samples are re-extracted and analyzed. Use the EMLs in Method 1668B for guidance only. Use the “B” data qualifier when a specific 
congener is found at a level above the RL or when at a level that is not “significantly” different then the one found in the field sample even if below the 
RL. 


3.       Ongoing Precision and Recovery (OPR): An ongoing precision and recovery sample is prepared by adding a known quantity of native standard to an interferant-
free matrix and used to assess method performance (precision and recovery). 
A.    Spike the native compounds into the sample at a level corresponding to the CS3. 
B.    An OPR is analyzed with every analytical batch or 20 samples (whichever is less) per matrix type. 
C.    For each native and labeled compound, compare the concentration with the limits for ongoing accuracy in Table 6 in Method 1668B. 


4.       Matrix Spike (MS/MSD): A matrix spike sample is prepared by adding a known quantity of native standard to a sample matrix prior to extraction. The MS/MSD 
are only prepared when requested by the clientele. Although, it is customarily to use only the unlabeled compounds present in the ICAL, AAP might consider 
using the 209 congeners once every other year to assess its ability to determine the full list of congeners. 
A.    Spike the native compounds into the sample at a level corresponding to the CS3. 
B.      The relative percent difference between MS/MSD samples should be ≤50%. 


5          Batch CS3: For air samples and other sample projects not requiring an OPR and/or MS/MSD, a Batch CS3 is prepared and analyzed at the beginning and at the 


end of each 12-H analytical sequence according to the descriptions provided in Method 8290. The concentrations of the Batch CS3 are the same as the CS3 of 


the ICAL.  As indicated earlier, a database of Batch CS3’s will become the basis for developing control limits. Until such time, the control limits currently 


proposed for Method 8290 will be considered. For more details on the BCS3 concept, refer to the Performance Commitment document. 


6          Solvent Blank Spike (SBS): To ensure that no carry-overs are operating, an SBS injection is performed right after the analysis of the BCS3 (or CS3, or OPR). The 


goal is to verify that no peaks from the previous run are found with a S/N>2.5. However, in order to distinguish the absence of carry-overs from a “miss-
injection”, the SBS is used instead of just nonane by itself. The SBS contains a number of PCB congeners ranging from Cl3 to Cl7 (see list below).  A second 


function fulfilled by the SBS is verification of the overall instrument sensitivity. The various PCB congeners present in the SBS are present at a concentration 
that is ½ the lowest point on the calibration curve (or ML; 0.5 pg/μL). 


PCB Congeners in the SBS 
Tri-CB:                        36 
TCB:                72, 79, 78 
PeCB:             96, 98, 89, 107, 106 
HxCB:              152, 166 
HpCB:             184, 182 
OCB:               204 


12.  CALIBRATION AND STANDARDIZATION 


1.       Initial Calibration 
A.        Inject the reference compound perfluorokerosene (PFK). PFK provides the required lock masses and is used for tuning the mass spectrometer. 
B.       Using a PFK molecular leak, tune the instrument to meet the minimum required resolving power of 10,000. For each mass descriptor, monitor and 


record the resolution and exact m/z of three to five reference peaks covering the range of the descriptor. 
C.       An appropriate lock mass will be monitored for each descriptor and shall not vary by more than ± 220% throughout the respective retention time 


window. 
D.       For the measurement of PCBs, the exact m/z’s to be monitored in each descriptor are listed in Table 6 of the method. 
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E.       Inject 1 μL of the Window Defining Mix (CPSM) or Batch CS3. 


i.    The first and last eluters are verified to be within the appropriate retention time windows for each chlorination level. 
F.       Under the same conditions, inject 1 μLL of each of the five calibration solutions containing all PCB isomers. Calibration standard solutions are presented 


in Table 2. 
i.    The signal to noise ratio (S/N) must exceed 10:1 for all ions monitored, 
ii.      The ion abundance ratio measurements must be within ± 15% of the theoretical ratio. 


G.       Calibration by Isotope Dilution: Isotope dilution calibration is used for the native PCBs for which labeled compounds are added to samples prior to 
extraction. 
i.    If the relative response for any compound is less than 20% coefficient of variation over the 5 point calibration range, an averaged relative response 


is used for that compound; otherwise, the complete calibration curve for that compound is used over the 5 point range. 
H.       Calibration by Internal Standard: Internal standard method is used for the determination of native PCBs for which a labeled compound is not available. 


i.    If the response factor for any compound is less than 35% coefficient of variation over the 5 point calibration range, an averaged response factor may 
be used for that compound; otherwise, the complete calibration curve for that compound shall be used over the 5 point range. 


1.      Continuing Calibration  


1.      Follow the BCS3 requirements. Using the same operating conditions as established for the ICAL, inject 1 mL of the batch control spike (BCS3)) at the 


beginning and end of each 12-hour period during which samples are analyzed in order to demonstrate adequate GC resolution and sensitivity, response 
factor reproducibility, to establish the PCB retention time windows and isomer-specificities, and to validate the standards and the spiking technique. 
When true 1668 requirements are required, follow the procedures below.  


2.      Inject a column performance standard mix (CPSM) to verify retention time windows.  


1.      The first and last PCB eluters are verified to be within the homologue retention time windows. 


1.      Inject a mid-range standard from the initial calibration curve (CS3) at the beginning and end of every 12 hours. The following criteria must be met:  


1.      The relative response factors for the mid-range standard are within the limits established in Method 1668. That is, the percent RSD for the mean 
response factors must be within the method’s tolerances. 


2.      The ion ratios are within 15 percent of the theoretical. 


3.      The signal to noise ratio (S/N) exceeds 10:1 for all ions monitored.  


4.      The retention times must be within the criteria established in Method 1668. 


13.  EXTRACTION AND CLEANUP PROCEDURES  


1.     Determine the percent solids on all samples. Weigh 2-10g of sample, dry overnight in 110°C oven and re-weigh. 
2.     AQUEOUS OR SAMPLES WITH <1% SOLIDS: Extract sample using one of the following two extraction procedures: 


Using 1 L of the sample, spike 2 ng of the Extraction Standards into the sample. Into the OPR, spike the native compounds at a level consistent with the 
CS3 concentration. If particulates are present, filter (0.45 μm) and perform a dual extraction (liq-liq with MC on the filtrate and toluene SDS on the 
filter/solid).  SDS Soxhlet extract the filter with toluene for 16 hours. Combine the extracts and solvent exchange into hexane. Proceed with cleanup 
procedures.  In the absence of particulates, liquid-liquid partition with MC (3x60 mL in separatory funnel or using the CLL). Allow the organic layer to 
separate and collect by passing through a funnel with cleaned Na2SO4 into a 500mL round bottom. Concentrate and solvent-exchange into hexane. 


Proceed with appropriate cleanup procedures. 
3.     SOIL, SEDIMENT, SLUDGE OR SAMPLES WITH >1% SOLIDS: Spike 2 ng of the Extraction Standards into the thimble containing 10-20 g 


equivalent dry weight of sample mixed with HydromatrixTM .. SDS Soxhlet extract for 16 hours hexane followed by 16 H with toluene. Concentrate, 
combine and solvent-exchange into hexane. Proceed with cleanup procedures. It is permitted to perform an 8-H hexane SDS followed by an 8-H 
toluene SDS extraction. 


4.     MULTI-PHASE SAMPLES: Using the percent solids, determine the volume of sample that will provide 10-20 g of solids, up to 1L of sample. Pressure 
filter the amount of sample determined through glass-fiber filter paper. If necessary, separate the phases and/or settle the solids, centrifuge the aliquots 
before filtration. Discard any aqueous phase, if present. Remove any non-aqueous liquid present and reserve the maximum amount filtered from the 
sample or 10 g, whichever is less, for combination with the solid phase. 


5.       ASH SAMPLES: Spike 2 ng of the Extraction Standards into the thimble containing 5 g of sample mixed with HydromatrixTM..  SDS Soxhlet extract for 
16 hours with hexane, followed by 16 H with toluene. Concentrate, combine and solvent-exchange into hexane. Proceed with cleanup procedures. For 
ash matrices, do not use the two 8-H SDS extraction option. 


6.       AIR SAMPLES: See Methods 23/8290B for procedural details. Depending on whether or not PCBs are analyzed in conjunction with PCDD/Fs and/or 
PAHs, the spike amount ranges from 2 ng to 4 ng. Custom-made charts are used to help with the description of the spike profiles, the sample handling 
and extractions. Because these charts are designed on a per project basis, see the project folder for the charts. The resin/PUF sorbents are pre-spiked 
with three Sampling Standards (i.e., the CS in 1668B).  


7.     FISH AND TISSUE SAMPLES: Mix 25 g of well ground fish with HydromatrixTM.. Stir frequently to remove any lumps. Transfer the mixture to a 
thimble containing 50 g of acid-coated silica gel. Spike 2 ng of the Extraction Standards. Soxhlet extract for 16 hours with hexane. Proceed with 
cleanup procedures. Calculate the % lipids on a separate aliquot. 
A.  % Lipids 


i.           Using a 5-to-10-g separate aliquot, extract inside a VOA vial using MC and sonication. 
ii.           Filter through a glasswool plug containing sodium sulfate. 
iii.           Allow the extract to air dry completely and then place in a vacuum oven overnight at room temperature. 
iv.           Weigh the residue on the balance and record the weight. Calculate the % lipids using the following equation: 


% lipids = lipid residue wt.      x 100 
        sample wt. 


1.      Cleanups (note: refer to specific SOPs for the latest version; this Core Method SOP may not contain the same level of details).  


1.      If not done, add the Cleanup Standards. Rotovap to C14. Proceed to first cleanup. 
 


2.      ABP-Acid/base partitioning ("dirty" samples only)  


1.      CAcid/Base Silica Column (see SOP AP-SP-CU1 current revision)  


2.      DFlorisil Column (see SOP AP-SP-CU1 current revision) 
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14.  GC/MS Analysis  


A.   Establish the necessary operating conditions. The GC conditions may be optimized for compound separation and sensitivity. Once optimized, the same 
GC conditions must be used for the analysis of all standards, blanks, OPR aliquots, BCS3 and samples. Use the SB-Octyl GC column described in 


Method 1668B. For isomer specific determination of the PCB-156 and PCB-157, use the WHO 2 SOP. 
B.     The reference perfluorokerosene (PFK) provides the required lock masses and is used for tuning the mass spectrometer. 


i.  An appropriate lock mass will be monitored for each descriptor and shall not vary by more than ± 20% throughout the respective retention time 
window. 


ii.  Using a PFK molecular leak, tune the instrument to meet the minimum required resolving power of 10,000. For each descriptor, monitor and 
record the resolution and exact m/z of three to five reference peaks covering the range of the descriptor. The mass resolution check is achieved 
before any analysis is performed and at the end of each 12-hour shift. 


C     Set up the analytical run following this sequential injection pattern: Window Defining Mix or CPSM, CS3, OPR, BCS3, Solvent Blank, Method Blank, 


Samples, closing BCS3. Note that under the BCS3 system, no CS3 or OPR are required. And similarly, under the OPR system, no BCS3 are required. 


However, it is important to emphasize that AAP has been operating in dual mode for many months before adopting this policy. 
D.  Inject 1μL of the Window Defining Mix. 


i.           The first and last eluters are verified to be within the appropriate retention time windows for each chlorination level. 
E.  Inject either a mid-range standard from the initial calibration curve (CS3), or a BCS3 created for the samples to be analyzed. The following criteria must 


be met: 
i.           Calculate the concentration of each native compound either by isotope dilution or internal standard technique. Each compound must be 


within the verification limits established in Method 1668B. 
ii.    The ion ratios must be within 15% of theoretical. 
iii.           The signal to noise ratio (s/n) must exceed 10:1 for all ions monitored.  
iv.               Criteria for BCS3 are available from M8290B SOP (i.e., in addition to the RT, S/N, ion-abundance ratio, a PD of <20 percent for Ax, 


PD<50 percent for ES/CS/SS; RPD <10 percent for Ax; RPD <20 percent for ES/CS/SS). 


1.      Qualitative Determination  


1.      To identify a chromatographic peak as a PCB (either an unlabeled or a labeled compound). It must meet the following criteria:  


1.      The signals for the two exact m/z being monitored must be present and must maximize within ±2 seconds of one another. 


2.      The signal-to-noise ratio (S/N) of each of the two exact m/z must be greater than or equal to 2.5:1 for a sample extract, and greater than 
or equal to 10:1 for a calibration standard. 


3.      The ion abundance ratios must have a ratio within the limits established for the homologous series. 


4.      The relative retention times of the peak for a toxic PCB must be within 5% of the relative retention times listed in Method 1668. The 
retention times of peaks representing PCBs other than the toxic PCBs must be within the retention time windows established 


2.      Quantitative Determination  


1.      For peaks that meet the criteria listed above, quantitate the PCB peaks from the mean RRF relative to the appropriate Extraction Standard 
established in BCS3 or the initial calibration, as appropriate. 


2.      Any peaks representing the other congeners are quantitated using the response factors from specified labeled PCBs isomers at the same level of 
chlorination (Table 3) 


3.      Report results in picogram per gram, picogram per liter or picogram per sample. 


15.  DATA ANALYSIS AND CALCULATIONS  


1.      The concentrations for the PCB compounds are calculated by using the formula:  


2.      The detection limits for each absent PCB can be calculated using the following formula:  


Where 


= Concentration of unlabeled PCB congeners (or group of coeluting isomers within an 
homologous series) in pg/g. 


= Sum of the integrated ion abundances of the quantitation ions 


= Sum of the integrated ion abundances of the quantitation ion  


= Quantity, in pg, of the Extraction Standard added to the sample before extraction. 


= Weight of the sample (solid or liquid). 


= Calculated relative response factor for the analyte.  
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16.  METHOD PERFORMANCE 


1.      The method performance is thoroughly documented in our Statement of Performance, which includes the results of performance testing studies, audit samples, 
and international interlaboratory calibration studies.   


17.  POLLUTION PREVENTION 


1.      See Pollution Prevention Basics 


18.  DATA ASSESSMENT AND ACCEPTANCE CRITERIA 


1.      This method is performance-based.  Thus, the acceptance criteria are ideally determined by the project needs through a process of negotiation with the client 
and any other ultimate end-user of the data.  These criteria should ensure that the performance of the method is adequate for the purposes for which it is 
intended.  The criteria will likely not resemble those used in the past.  In the absence of such criteria, those outlined elsewhere within this SOP and within the 
published methods may be used.   


2.      2.   A failure to meet all criteria does not necessarily result in a particular course of action (see next section for details).  Data assessment includes a thinking 
process that assesses the impact of a particular analytical problem and develops the most appropriate response, in the context of the data users needs (when 
known).  Data that do not meet all criteria for all target analytes may still be reported with relevant qualifiers and notes in the case narrative, if appropriate.   


19.  CORRECTIVE ACTIONS 


1.      Corrective actions are taken whenever needed, regardless of acceptance criteria.  It is not always the case that data meeting all acceptance criteria should be 
accepted nor that data not meeting all criteria should be rejected.   


2.      2.   When the BCS3 fails, it is important to discern the following: 


1.      The fundamental objective of the BCS3 is to “validate” the standard solutions and spiking technique and the RRFs used to quantitatively 


characterize the analytes in the samples at the time the standards are used to prepare and analyze the samples. They are four types of 
standards involved in the preparation of the BCS3 that provide various probes into assessing this “validation” procedure. They are the NS 


(symbolized as Ax in expressions or tables), ES, SS or CS, and JS. The question becomes how can one “extract” the information needed 


to complete the validation, or how does one “filter” out the irrelevant information to help with the distinction between a critical error and 
a minor one. A critical error means erroneous data resulting from a seriously flawed spiking technique (e.g., wrong amount of ES added 
under the OPR/LCS/ICAL system, or the NS under the BCS3 system) while other minor errors can provide useful information or 


feedback on the measurement step (e.g., instrumentation variation). The interpretation of the information obtained from the analysis of 
the BCS3 is best handled when done contextually. This analytical protocol does not claim that it offers a comprehensive analysis but 


merely puts forward guidelines to help the analyst in assessing the quality and reliability of the data.  


2.      A failure on the “PD” requirements may be indicative of an instrumentation difficulty or spiking error. The latter can be of Level PD-1 
(i.e., at the standard solution level) or Level PD-2 (i.e., at the spiking operation level). A third Level PD-3 is associated with 
instrumentation. An error at the NS standard solution level (Level PD-1) constitutes, under the BCS3 system, the most serious failure and 


requires that a new set of standard solutions be prepared and independently validated before repeating the sample extraction and analysis, 
if called for by the decision flow chart (“Thinking Method”). Note that the decision flow charts make a distinction between short- and 
long-term actions. When appropriate, a new initial calibration may be required before analyzing the BCS3 and the samples. However, if 


the error is a Level PD-2 error, a re-extraction and analysis is the most suitable action after correcting the flawed spiking technique. As 
customarily done, a new BCS3 is prepared with a Level PD-2 error. Here again, the decision flow charts should be used since the text 


herein is only for illustration purposes. Distinction between Levels PD-1 and PD-2 can be accomplished contextually by examination of 
the initial independent validation study and control charts (showing for instance a trend suggesting a degradation of the ES solution), 
behavior over time charts, and/or using the matrices shown in Table Inserts 3 or 4. The Level PD-3 error is associated with 
instrumentation when an out-of-calibration situation is present or a temporary or localized instrumentation variation is operative. 
Depending on the severity of the Level PD-3 error, a new calibration (either ICAL or rerunning the BCS3 and all the affected samples) 


following a new “tuning” of the instrumentation may be required (see Decision Flow Charts for “Thinking Method”).  


3.      A failure on the “RPD” requirements may be indicative of instrumentation instability or inability to sustain the instrumentation’s 
performance over a 12-H period. Again, two levels are possible. Level RPD-1 is strictly associated with instrumentation difficulties that 
are unrelated to the samples under analysis. A re-analysis (i.e., re-injection) of the BCS3 and of the samples can be considered as a 


corrective action after correction of the source of the instrumentation’s shortfall (see Decision Flow Charts for “Thinking Method”). If 


= Estimated detection limit for homologous PCBs. 


= Noise height (peak to peak). 


= Peak height of the Extraction Standard. 


= Quantity, in pg, of the Extraction Standard added to the sample before extraction. 


= Weight of the sample (solid or liquid). 


= Calculated relative response factor for the analyte. 
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however, the re-analysis of the BCS3 fails again, and there are indications that the spiking procedure is questionable (Level PD-1 or PD-2), 


the associated extraction batch may need to undergo re-extraction and analysis with the preparation of a new associated BCS3 as 
discussed above for the BCS3 PD deviations. A Level RPD-2 BCS3 failure may be found with the analysis of samples presenting special 


challenges (i.e., highly complex matrices that do not cleanup well under the various options offered by this protocol). Depending on the 
severity of the deviation, additional cleanup or other appropriate actions may be required before re-analysis of the samples and 
associated BCS3. If such action proves to be ineffective, the data should be qualified accordingly.  


4.      The BCS3 “PD Requirements” are summarized in the four table inserts below. In addition to the traditional RRFs, another set of 


“pseudo-RRFs” is computed from the BCS3 data to help with the validation of the ES and RRFs used to report the sample analytes. The 
pseudo-RRFs are used to further differentiate the various “A” to “C” types PD Requirements. Use Table Insert 3 (non air) or Table Insert 
4 (air) for departing-from-the-norm groups of analytes (e.g., all 17 A x or the five SS show a deviation similar in “sign” and 
“amplitude”). It is also recommended to examine the data contextually (e.g., using QC charts)  


3.        


  


  


Table Insert 1:


Batch CS3 PD Requirements 


 


Based on Traditional RRFs  


(“A” to “C”Types)  


Type  Analytes  Requirement Failure Possible Causea,b  Failure Level Suggested  


Corrective Action  
A  AX vs ES + 30% 1. Calibration out 


2. Spiking error  


1.      PD-3  
2.      PD-1/PD-2  


3.      New Calibration  
4.      New Standards/New 


Extraction  
     


B  ES vs JS + 50% non air 


+ 50% for air c 


 
1. Calibration out 


2. Spiking error  


5.      PD-3  
6.      PD-1/PD-2  


7.      New Calibration  
8.      New Standards/New 


Extraction  
     


C1 CS vs JS  + 50% 1. Calibration out 


2. Spiking error 


9.      PD-3  
10.  PD-1/PD-2 


11.  New Calibration  
12.  Affects other Types  


     
C2 SS vs ES  


(air)  


+ 50% 1. Calibration out 


2. Spiking error  


13.  PD-3  
14.  PD-1/PD-2  


15.  New Calibration  
16.  New Standards/New 


Extraction/New 
Samplingd 


a.    Calibration out = usually when one (localized) or several/all analytes are affected; 
instrumental source.  
b.   Spiking error = when all analytes are affected with the same “sign” and “amplitude”; 
must be considered contextually; i.e., using historical data or other information on the 
set of standards such as the “pseudo-RRFs”. Situations when selected analytes degrade 
are rare but should not be excluded from consideration.  
c.   By design for air matrices, the amounts of ES and JS added during the preparation of 
the Batch CS 3 are different. Thus, an additional error is introduced, which can deceive 
the analyst’s interpretation. In this case, the QC emphasis is shifted towards the “C2” 
type PD requirement.  
d.   Because of the nature of an “air” sample, there is no additional sample volume 
available to repeat the extraction. The laboratory is required to qualify the data by 
estimating and documenting accordingly the “error” associated with the reported 
measurements. If such documentation is not possible, and/or the information points 
toward a seriously flawed ES addition (as opposed to a spiking error associated with the 
SS), the data can be rejected and re-sampling efforts may be necessary. See the “Air 
Spiking Related Error Matrix” tables for an alternative approach whereby the Ax vs SS 


RRFs are used to determine the analyte’s concentrations (Table Insert 4).  
  


  


Table Insert 2 : 


Batch CS3 PD Requirements 


 


Based on Pseudo-RRFs  


(“D” to “G”Types)  


Type Analytesa Requirement 


D Ax vs CS/SS +/- 25% 
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a.   Pseudo-RRFs are limited to analytes, for which an analogous/homologous standard 
is available:  


E1  Ax vs JS  


(non air) 


+/- 35% 


E2  Ax vs JS  


(air)


+/- 35% 


F1  ES vs CS 


(non air) 


+/- 20% 


G2  SS vs JS 


(air)


+/- 50% 


“PD Requirements Decision Matrix” – Normal Configuration  
(use BCS3 RRFs)  


“PD Requirements Decision Matrix” – Defective Ax Spiking = Fatal


 


(If Ax spiking is shown to be in error, and if no additional or replacement sample is available, use ICAL RRFs 


if CS3 is acceptable)  


“PD Requirements Decision Matrix” – Defective JS Spiking  
(use BCS3 RRFs)  


percent recovery measurements for CS & ES affected, not the analytes  


“PD Requirements Decision Matrix” – Defective CS Spiking  
(use BCS3 RRFs)  


percent recovery measurements for CS affected, not the analytes  


“PD Requirements Decision Matrix” – Defective ES Spiking  
(use BSC3 RRFs; see Levels PD-1 or PD-2)  


Table Insert 3: 


“Non-Air” Spiking Related PD Errors  


(departing-from-the-norm group of analytes) 


  Ax ES CS JS 


Ax - Y Y Y 
ES - - Y Y 
CS - - - Y 


  Ax ES CS JS 


Ax - N N N 
ES - - Y Y 
CS - - - Y 


  Ax ES CS JS 


Ax - Y Y N 
ES - - Y N 
CS - - - N 


  Ax ES CS JS 


Ax - Y N Y 
ES - - N Y 
CS - - - N 


  Ax ES CS JS 


Ax - N Y Y 
ES - - N N 
CS - - - Y 
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“PD Requirements Decision Matrix” – Normal Configuration  
(use BCS3 RRFs)  


“PD Requirements Decision Matrix” – Defective Ax Spiking = Fatal


 


(If Ax spiking is shown to be in error, and if no additional or replacement)  


“PD Requirements Decision Matrix” – Defective JS Spiking  
(use BCS3 RRFs)  


percent recovery measurements for ES affected, not the analytes or the SS  


“PD Requirements Decision Matrix” – Defective SS Spiking  
(use BCS3 RRFs)  


percent recovery measurements for SS affected, not the analytes  


“PD Requirements Decision Matrix” – Defective ES Spiking  
(use BCS3 RRFs; see Levels PD-1 or PD-2; for air samples only, consider using the Ax vs SS 


RRFs)  


  


Table Insert 4: 


“Air” Spiking Related PD Errors  


(departing-from-the-norm group of analytes) 


  Ax ES SS JS 


Ax - Y Y Y 
ES - - Y Y 
SS - - - Y 


  Ax ES SS JS 


Ax - N N N 
ES - - Y Y 
SS - - - Y 


  Ax ES SS JS 


Ax - Y Y N 
ES - - Y N 
SS - - - N 


  Ax ES SS JS 


Ax - Y N Y 
ES - - N Y 
SS - - - N 


  Ax ES SS JS 


Ax - N Y Y 
ES - - N N 
SS - - - Y 


Decision Flow Charts for “Thinking Method”  
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20.  CONTINGENCIES FOR HANDLING OUT -OF-CONTROL OR UNACCEPTABLE DATA 


1.      Should data be found unacceptable after a thorough assessment, the appropriate corrective action will be taken.  In the case that the appropriate corrective 
action requires reextraction of exhausted samples, the client will be contacted for consultation with regard to the next steps to be taken. 


21.  WASTE MANAGEMENT 


1.      The storage and disposal of wastes generated by this method is covered in our Health and Safety SOPs. 


22.  REFERENCES 


Method 1668A.  Measurement of Toxic PCB Congeners By Isotope Dilution HRGC/HRMS, Prepared by Analytical Methods Staff, Engineering and Analysis 
Division, Office of Science and Technology, Office of Water, U. S. Environmental Protection Agency, Washington, DC, December, 1999. 


Method 1668B.  Measurement of Toxic PCB Congeners By Isotope Dilution HRGC/HRMS, Prepared by Analytical Methods Staff, Engineering and Analysis 
Division, Office of Science and Technology, Office of Water, U. S. Environmental Protection Agency, Washington, DC, November 2008. 


Method 1668C.  Measurement of Toxic PCB Congeners By Isotope Dilution HRGC/HRMS, Prepared by Analytical Methods Staff, Engineering and Analysis 
Division, Office of Science and Technology, Office of Water, U.S. Environmental Protection Agency, Washington, DC, April 2010. 


23.  TABLES AND NOTES 


1. Table 1. Concentration of PCBs in Calibration and Calibration Verification Solutions  
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Table 2. Theoretical Ion Abundance Ratios and QC Limits 


  


  
(1)    Represents  ± 15% windows around the theoretical ion abundance ratios. 


(Initial Calibration used for High-Level Samples Requiring 20-Fold Dilution of the Extract)  


Table 3: Quantitation Relationships (Ax vs ES)


Number of 
Chlorine 


Ion Type Theoretical  Ratio Control Limits(1) 


Atoms     Lower Upper 


1 M/M+2 3.13 2.66 3.60 


2 M/M+2 1.57 1.33 1.81 


3 M/M+2 1.04 0.88 1.20 


4 M/M+2 0.77 0.65 0.89 


5 M+2/M+4 1.56 1.32 1.78 


6 M/M+2 0.51 0.43 0.59 


6 M+2/M+4 1.25 1.05 1.43 


7 M/M+2 0.45 0.37 0.51 


7 M+2/M+4 1.04 0.88 1.20 


8 M+2/M+4 0.89 0.76 1.02 


9 M/M+2 1.34 1.14 1.54 


9 M/M-2 0.78 0.66 0.90 


10 M/M+2 1.17 0.99 1.35 
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Table 4: Quantitation Relationships (ES vs JS ; CS vs JS) 


  


Table 5A-C:  QC Criteria for EPA Methods 1668A,B,C 


The following criteria are used for the purpose of qualifying data when it is processed as having been run with Method 1668A. 


Congener 
IUPAC 


number2  
Test conc 
(ng/mL)3  VER4 (%)  


IPR  


OPR (%)  


Labeled compound 
recovery in samples  


RSD (%) X (%)  (%)  


2-MoCB 1  50  70-130  40  60-140  50-150  


4-MoCB 3  50  70-130  40  60-140  50-150  


2,2'-DiCB 4  50  70-130  40  60-140  50-150  


4,4'-DiCB 15  50  70-130  40  60-140  50-150  


2,2'6-TrCB 19  50  70-130  40  60-140  50-150  


3,4,4'-TrCB 37  50  70-130  40  60-140  50-150  


2,2'6,6'TeCB 54  50  70-130  40  60-140  50-150  


3,3',4,4'-TeCB 77  50  70-130  40  60-140  50-150  


3,4,4',5-TeCB 81  50  70-130  40  60-140  50-150  


2,2',4,6,6'-PeCB 104  50  70-130  40  60-140  50-150  
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1.                  QC acceptance criteria for IPR, OPR, and samples based on a 20 FL extract final volume  
2.                  Suffix "L" indicates labeled compound.  
3.                  See Table 5.  
4.                  Section 15.3.  
5.                  PCBs 156 and 157 are tested as the sum of two concentrations  


  
Table 4B: 


The following criteria are used for the purpose of qualifying data when it is processed as having been run with Method 1668B. 


2,3,3',4,4'-PeCB 105  50  70-130  40  60-140  50-150  


2,3,4,4',5-PeCB 114  50  70-130  40  60-140  50-150  


2,3',4,4',5-PeCB 118  50  70-130  40  60-140  50-150  


2',3,4,4',5-PeCB 123  50  70-130  40  60-140  50-150  


3,3',4,4',5-PeCB 126  50  70-130  40  60-140  50-150  


2,2',4,4',6,6'-HxCB 155  50  70-130  40  60-140  50-150  


2,3,3',4,4',5-HxCB5  156  50  70-130  40  60-140  50-150  


2,3,3',4,4',5'-HxCB5  157  50  70-130  40  60-140  50-150  


2,3',4,4',5,5'-HxCB 167  50  70-130  40  60-140  50-150  


3,3',4,4',5,5'-HxCB 169  50  70-130  40  60-140  50-150  


2,2',3,4',5,6,6'-HpCB 188  50  70-130  40  60-140  50-150  


2,3,3',4,4',5,5'-HpCB 189  50  70-130  40  60-140  50-150  


2,2',3,3',5,5',6,6'-OcCB 202  50  70-130  40  60-140  50-150  


2,3,3',4,4',5,5',6-OcCB 205  50  70-130  40  60-140  50-150  


2,2',3,3',4,4',5,5',6-NoCB 206  50  70-130  40  60-140  50-150  


2,2',3,3,'4,5,5',6,6'-NoCB 208  50  70-130  40  60-140  50-150  


DeCB 209  50  70-130  40  60-140  50-150  


13C12-2-MoCB 1L  100  50-150  50  35-135  30-140  25-150  


13C12-4-MoCB 3L  100  50-150  50  35-135  30-140  25-150  


13C12-2,2'-DiCB 4L  100  50-150  50  35-135  30-140  25-150  


13C12-4,4'-DiCB 15L  100  50-150  50  35-135  30-140  25-150  


13C12-2,2',6-TrCB 19L  100  50-150  50  35-135  30-140  25-150  


13C12-3,4,4'-TrCB 37L  100  50-150  50  35-135  30-140  25-150  


13C12-2,2',6,6'-TeCB 54L  100  50-150  50  35-135  30-140  25-150  


13C12-3,3',4,4'-TCB 77L  100  50-150  50  35-135  30-140  25-150  


13C12-3,4,4',5-TeCB 81L  100  50-150  50  35-135  30-140  25-150  


Congener 
IUPAC 


number2  
Test conc 
(ng/mL)3  VER4 (%)  


IPR  


OPR (%)  


Labeled compound 
recovery in samples  


RSD (%) X (%)  (%)  


13C12-2,2',4,6,6'-PeCB 104L  100  50-150  50  35-135  30-140  25-150  


13C12-2,3,3',4,4'-PeCB 105L  100  50-150  50  35-135  30-140  25-150  


13C12-2,3,4,4',5-PeCB 114L  100  50-150  50  35-135  30-140  25-150  


13C12-2,3',4,4',5-PeCB 118L  100  50-150  50  35-135  30-140  25-150  


13C12-2',3,4,4',5-PeCB 123L  100  50-150  50  35-135  30-140  25-150  


13C12-3,3',4,4',5-PeCB 126L  100  50-150  50  35-135  30-140  25-150  


13C12-2,2',4,4',6,6'-HxCB 155L  100  50-150  50  35-135  30-140  25-150  


13C12-2,3,3',4,4',5 -HxCB5  156L  100  50-150  50  35-135  30-140  25-150  


13C12-2,3,3',4,4',5'-HxCB5  157L  100  50-150  50  35-135  30-140  25-150  


13C12-2,3',4,4',5,5'-HxCB 167L  100  50-150  50  35-135  30-140  25-150  


13C12-3,3',4,4',5,5'-HxCB 169L  100  50-150 50  35-135  30-140  25-150  


13C12-2,2',3,4',5,6,6'-HpCB 188L  100  50-150  50  35-135  30-140  25-150  


13C12-2',3,3',4,4',5,5'-HpCB 189L  100  50-150  50  35-135  30-140  25-150  


13C12-2,2',3,3',5,5',6,6'-OcCB 202L  100  50-150  50  35-135  30-140  25-150  


13C12-2,3,3',4,4',5,5',6-OcCB 205L  100  50-150  50  35-135  30-140  25-150  


13C12-2,2',3,3',4,4',5,5',6-NoCB 206L  100  50-150  50  35-135  30-140  25-150  


13C12-2,2',3,3',4,5,5',6,6'-NoCB 208L  100  50-150  50  35-135  30-140  25-150  


13C12-2,2',3,3',4,4',5,5',6,6'-DeCB 209L  100  50-150  50  35-135  30-140  25-150  


Cleanup standard  


13C12-2,4,4'-TrCB 28L  100  60-130  45  45-120  40-125  30-135  


13C12-2,3,3',5,5'-PeCB 111L  100  60-130  45  45-120  40-125  30-135  


13C12-2,2',3,3',5,5',6-HpCB 178L  100  60-130  45  45-120  40-125  30-135  
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Table 4C 


The following criteria are used for the purpose of qualifying data when it is processed as having been run with Method 1668C. 


  
 QC Acceptance Criteria for VER, IPR, OPR, and Labeled Compounds in Samples1,2  


Congener Name 


Congener 
No.3  Test Conc. (ng/mL)4  VER (%)5 


IPR  


OPR Recovery (%)  
Labeled Compound Recovery 


in Samples (%)  RSD (%) Mean Recovery (%)  


2-MoCB 1  50  75 - 125  25  70 - 130  60 - 135  


NA  


4-MoCB 3  50  75 - 125  25  70 - 130  60 - 135  


2,2'-DiCB 4  50  75 - 125  25  70 - 130  60 - 135  


4,4'-DiCB 15  50  75 - 125  25  70 - 130  60 - 135  


2,2'6-TrCB 19  50  75 - 125  25  70 - 130  60 - 135  


3,4,4'-TrCB 37  50  75 - 125  25  70 - 130  60 - 135  


2,2'6,6'TeCB 54  50  75 - 125  25  70 - 130  60 - 135  


3,3',4,4'-TeCB 77  50  75 - 125  25  70 - 130  60 - 135  


3,4,4',5-TeCB 81  50  75 - 125  25  70 - 130  60 - 135  


2,2',4,6,6'-PeCB 104  50  75 - 125  25  70 - 130  60 - 135  


2,3,3',4,4'-PeCB 105  50  75 - 125  25  70 - 130  60 - 135  


2,3,4,4',5-PeCB 114  50  75 - 125  25  70 - 130  60 - 135  


2,3',4,4',5-PeCB 118  50  75 - 125  25  70 - 130  60 - 135  


2',3,4,4',5-PeCB 123  50  75 - 125  25  70 - 130  60 - 135  


3,3',4,4',5-PeCB 126  50  75 - 125  25  70 - 130  60 - 135  


2,2',4,4',6,6'-HxCB 155  50  75 - 125  25  70 - 130  60 - 135  


2,3,3',4,4',5-HxCB 6  156  50  75 - 125  25  70 - 130  60 - 135 


2,3,3',4,4',5'-HxCB 6  157  50  75 - 125  25  70 - 130  60 - 135  


2,3',4,4',5,5'-HxCB 167  50  75 - 125  25  70 - 130  60 - 135  


3,3',4,4',5,5'-HxCB 169  50  75 - 125  25  70 - 130  60 - 135  


2,2',3,4',5,6,6'-HpCB 188  50  75 - 125  25  70 - 130  60 - 135  


2,3,3',4,4',5,5'-HpCB 189  50  75 - 125  25  70 - 130  60 - 135  


2,2',3,3',5,5',6,6'-OcCB 202  50  75 - 125  25  70 - 130  60 - 135  
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EPA Method 1668C 80 April 2010  
QC Acceptance Criteria for VER, IPR, OPR, and Labeled Compounds in Samples1,2  


1. Reference 22 describes how interlaboratory results were pooled from analyses of wastewater, biosolids, and fish tissue samples.  
2. QC acceptance criteria for IPR, OPR, and samples based on a 20-µL extract final volume  
3. Suffix “L” indicates labeled compound.  
4. See Table 5.  
5. Section 15.3.  
6. CBs 156/157 and 156L/157L are tested as the sum of the two congeners NA = Not applicable 


  
Additional Notes: EPA Method 1668A has different retention times for PCB’s 107, 108, and 109 versus EPA Method 1668B and 1668C.  The appropriate 
retention times are used when processing data as per the method version being used.  


  


Appendix  
List of Abbreviations &Acronyms


2,3,3',4,4',5,5',6-OcCB 205  50  75 - 125  25  70 - 130  60 - 135  


2,2',3,3',4,4',5,5',6-NoCB 206  50  75 - 125  25  70 - 130  60 - 135  


2,2',3,3,'4,5,5',6,6'-NoCB 208  50  75 - 125  25  70 - 130  60 - 135  


DeCB 209  50  75 - 125  25  70 - 130  60 - 135  


13C12-2-MoCB 1L  100  50 - 145  70  20 - 135  15 - 145  5 - 145  


13C12-4-MoCB 3L  100  50 - 145  70  20 - 135  15 - 145  5 - 145  


13C12-2,2'-DiCB 4L  100  50 - 145  70  20 - 135  15 - 145  5 - 145  


13C12-4,4'-DiCB 15L  100  50 - 145  70  20 - 135  15 - 145  5 - 145  


13C12-2,2',6-TrCB 19L  100  50 - 145  70  20 - 135  15 - 145  5 - 145  


13C12-3,4,4'-TrCB 37L  100  50 - 145  70  20 - 135  15 - 145  5 - 145  
13C12-2,2',6,6'-TeCB 54L  100  50 - 145 70 20 - 135 15 - 145 5 - 145  


Congener Name 


Congener 
No.3  Test Conc. (ng/mL)4  VER (%)5 


IPR  


OPR Recovery (%)  
Labeled Compound Recovery 


in Samples (%)  RSD (%) Mean Recovery (%)  


13C12-3,3',4,4'-TeCB 77L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-3,4,4',5-TeCB 81L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,2',4,6,6'-PeCB 104L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,3,3',4,4'-PeCB 105L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,3,4,4',5-PeCB 114L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,3',4,4',5-PeCB 118L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2',3,4,4',5-PeCB 123L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-3,3',4,4',5-PeCB 126L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,2',4,4',6,6'-HxCB 155L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,3,3',4,4',5 -HxCB 6  156L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,3,3',4,4',5'-HxCB 6  157L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,3',4,4',5,5'-HxCB 167L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-3,3',4,4',5,5'-HxCB 169L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,2',3,4',5,6,6'-HpCB 188L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2',3,3',4,4',5,5'-HpCB 189L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,2',3,3',5,5',6,6'-OcCB 202L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,3,3',4,4',5,5',6-OcCB 205L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,2',3,3',4,4',5,5',6-NoCB 206L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,2',3,3',4,5,5',6,6'-NoCB 208L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


13C12-2,2',3,3',4,4',5,5',6,6'-DeCB 209L  100  50 - 145  50  45 - 135  40 - 145  10 - 145  


Cleanup standards 


13C12-2,4,4'-TrCB 28L  100  65 - 135  70  20 - 135  15 - 145  5 - 145  


13C12-2,3,3',5,5'-PeCB 111L  100  75 - 125  50  45 - 135  40 - 145  10 - 145  


13C12-2,2',3,3',5,5',6-HpCB 178L  100  75 - 125 50 45 - 135 40 - 145 10 - 145  
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New Jersey Extractable Petroleum Hydrocarbons (NJ EPH) 


Reference Method No.:  Analysis of Extractable Petroleum Hydrocarbons (EPH) in 
Aqueous and Soil/Sediment/Sludge Matrices, New Jersey 
Department of Environmental Protection Site Remediation 
Program, Extractable Petroleum Hydrocarbons 
Methodology Version 3.0, August 2010 Revision 3.  


 
 


1. Scope and Application 


Matrices: Water, Soil, Sediment, and Sludge 


Definitions:  Refer to Alpha Analytical Quality Manual. 


This method utilizes a gas chromatograph fitted with a flame ionization detector (FID) to determine 
the collective concentrations of extractable aliphatic and aromatic petroleum hydrocarbons in water 
and soil/sediment matrices. 


Quantitative analysis of environmental samples for residues from commercial petroleum products 
such as crude oil, diesel fuel, waste oil, fuels oils Nos. 2-6, lubricating oil, processed oils and bunker 
fuel.  


The method is not to be used for the quantitative analysis of gasoline, mineral spirits, petroleum 
naphtha and other petroleum products which contain a significant percentage of hydrocarbons lighter 
than C9 in water and soil/sediment/sludge matrices at contaminated sites. 


The FID response produces extractable petroleum hydrocarbon chromatograms that can be used to 
calculate concentrations of specified carbon ranges for both aliphatic and aromatic fractions.   This 
method provides results for specific carbon number ranges in both aliphatic and aromatic fractions of 
TPH thereby providing a more accurate assessment of potential health risk at environmental sites. 


This method also provides an option where extracts from samples may be analyzed without having 
to be fractionated. 
 
The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the GC and in the interpretation of GC data. Each analyst must demonstrate the ability to generate 
acceptable results with this method by performing an initial demonstration of capability, analyzing a 
proficiency test sample and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of  
an annual proficiency test sample. A major modification to this procedure requires demonstration of 
performance.  The identification of major method modification requiring performance demonstration 
is directed by the Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 
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Parameter List: 


 


 


 


 


 


 


 


 


 


2. Summary of Method 


Petroleum residues are extracted with methylene chloride, dried over sodium sulfate, solvent 
exchanged into hexane, and concentrated in a Kuderna-Danish apparatus. However, if a non-
aqueous sample is known to be contaminated with #2 fuel/diesel or the concentration of a non-#2 
fuel/diesel petroleum product in a nonaqueous sample has been determined by this method to be 
below the number generated by the EPH calculator when it is assumed that 100% of the 
contamination is in the carbon range with the most conservative toxicity factor (as of June 1, 2010, 
the number is 1700mg/Kg, subject to change), then solvent exchange and fractionation are not 
required. Additionally, aqueous samples are not required to undergo solvent exchange and 
fractionation. Quantitation for non-fractionated samples is performed using the total area of all peaks 
present and dividing the chromatography into the eight carbon ranges is not required. For all other 
instances, the extracts are separated into aliphatic and aromatic fractions using silica gel columns, 
either commercially available or lab prepared. Each of the aliphatic and aromatic fractions are re-
concentrated and subsequently analyzed separately by capillary column GC/FID. Each of the 
resultant chromatograms of the aliphatic and aromatic fractions are used to quantitate four distinct 
carbon number ranges. Each carbon number range is defined using equivalent carbon (EC) 
numbers. The EC number is related to a compound's boiling point and retention time on a gas 
chromatography column normalized to the actual carbon numbers of n-alkanes. For example, the EC 
of acenaphthylene is 15.06 because its boiling point and GC retention time are halfway between 
those of n-tetradecane (a straight 14-carbon chain compound) and n-hexadecane (a straight 16-
carbon chain compound). The EC numbers are used because they are more closely related to 
environmental mobility. The four EC number ranges for the aliphatic fractions are: EC9 to EC12, 
EC12 to EC16, EC16 to EC21 and EC21 to EC40. Similarly, the resultant chromatograms of the 
aromatic fractions are used to quantitate four distinct carbon number ranges. The four carbon 
number ranges for the aromatic fractions are: EC10 to EC12, EC12 to EC16, EC16 to EC21 and 
EC21 to EC36. 


 


2.1 Method Modifications from Reference 


None. 


 


Parameter CAS 


C9-C12 Aliphatic Hydrocarbons - 


C12-C16 Aliphatic Hydrocarbons - 


C16-C21 Aliphatic Hydrocarbons - 


C21-C40 Aliphatic Hydrocarbons - 


C10-C12 Aromatic Hydrocarbons - 


C12-C16 Aromatic Hydrocarbons - 


C16-C21 Aromatic Hydrocarbons - 


C21-C36 Aromatic Hydrocarbons - 


Total EPH - 


Total EPH (unfractionated) - 
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3. Reporting Limits 


Reporting Limits are listed in Table 1. 


4. Interferences 


4.1 4.1 High purity reagents are used to minimize interference problems. 


4.2 Only high purity gases are used in the GC system to eliminate this source of possible 
contamination.  The air and hydrogen (carrier gas – 99.999%, and detector make-up gas) 
are certified by the gas supplier. 


4.3 Preventive instrument maintenance is performed routinely, and whenever highly 
contaminated extracts are analyzed that could result in chromatographic interferences or 
result in degradation of system performance. Section 9.7 details the maintenance steps. 


4.4 Glassware must be scrupulously cleaned.  This procedure is detailed in the extraction 
SOPs.  Store dry glassware in a clean environment. 


4.5 The leaching of plasticizers and other compounds have been observed from commercially 
available silica gel cartridges used to fractionate EPH sample extracts.  This possible 
source of contamination is continuously monitored and documented by analysis of 
Laboratory Method Blanks. 


4.6 Contamination by carry-over can occur whenever high-concentration and low-concentration 
samples are sequentially analyzed.  Whenever an unusually concentrated sample is 
encountered, it must be followed by the analysis of a solvent blank to check for possible 
carry-over. If this is not done and the sample analyzed immediately following the high-
concentration sample is free from contamination, then it may be assumed that carry-over is 
not an issue.  However, if this sample did detect analytes which were present in the 
unusually concentrated sample, reanalysis is required for all samples analyzed after this 
highly concentrated sample which detected similar analytes. 


4.7 Matrix interferences may be caused by contaminants that are co-extracted from the 
sample.  The extent of matrix interference will vary considerably from one source to 
another depending upon the nature and diversity of the site being sampled.  The silica gel 
SPE cleanup procedure is used to overcome many of these interferences, but some 
samples may require additional cleanup approaches that are beyond the scope of this 
method. 


4.8 Certain organic contaminants mixed with petroleum product releases, including chlorinated 
hydrocarbons, phenols, and phthalate esters, will be quantitated as Extractable and Total 
Petroleum Hydrocarbons.  If necessary and/or desirable, additional sample cleanup and/or 
analytical procedures may be employed to minimize or document the presence of such 
compounds.   


4.9 Because of their weakly polar nature, naphthalene and substituted naphthalenes are 
readily fractionated into the aliphatic extract if excessive amounts of hexane are used to 
elute the silica gel cartridge/column.  Because these compounds constitute a significant 
percentage of the water-soluble fraction of fuel oils, this occurrence is especially 
problematic in the analysis of water samples.  For this reason, the method requires the 
evaluation of the aliphatic fraction for the presence of naphthalene and 2-methyl-
naphthalene in the LCS/LCSD pair on a per batch basis.  The fractionation surrogate, 2-
Bromonaphthalene, is used to monitor sample-specific fractionation efficiency. 
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4.10 Naturally occurring alkanes may be detected by this method and may interfere with product 
identification. Naturally occurring plant waxes include odd carbon number alkanes from n-
C25 through n-C35, and exhibit a dominant odd/even chain length distribution.  


 
 


4.11 Before processing samples an instrument blank is analyzed to show the system is 
interference free.  
 
 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


5.1 Lab coats, safety glasses, and gloves must be worn when handling samples, extracts, 
standards or solvents. 


5.2 All solvent and extract transfers must be handled in the vented bench area in the GC 
laboratory. 


5.3 All stock standards, working standards, and vialed sample extracts must be placed into the 
waste bucket in the lab, for future disposal by the Hazardous Waste Manager.  The 
container must be labeled properly with hazard warning labels indicating the container 
contents.  


5.4 Bottles containing flammable solvents must be stored in the flammables cabinet. 


 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Aqueous samples are collected in two 1L amber glass jars with teflon-lined lids. Solid 
samples are collected in 250mL wide-mouth amber glass jars with teflon-lined lids.  All 
containers are purchased pre-cleaned and certified from commercial vendors. 


6.2 Sample Preservation 


Both aqueous and solid samples are then preserved by packing in coolers with ice or ice 


packs, to maintain a temperature of 4 ±2 
o 


C. Additionally, aqueous samples are preserved 
at the time of sampling by the addition of approximately 5mLs of 1:1 HCl.  The sample pH 
must be less than 2.0 after addition of the acid. Upon receipt at the laboratory, the samples 


are transferred into sample storage refrigerators to maintain at a temperature of 4 ±2 
o 
C. 


6.3 Sample Shipping 


No specific shipping requirements. 
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6.4 Sample Handling 


Aqueous and soil/sediment samples must be extracted within 14 days of sample collection, 
and be analyzed within 40 days of the extraction date. 


 


7. Equipment and Supplies 


7.1 Gas Chromatograph, Hewlett Packard 6890: An analytical system complete 


with gas chromatograph configured for split-splitless injection and all required accessories 
including autosampler syringes, analytical columns, gases, and flame ionization detectors 
(FID). The systems used for this analysis are configured with dual injectors/dual columns 
for simultaneous injection and analysis of both the aliphatic and aromatic extracts. 


7.2 Data System: A computer system is interfaced to the GC for collection of data.  


Chemstation software is used for data acquisition and data reduction and processing. 


7.3 GC Columns: RTx-5MS, 30 m x 0.32 mm ID fused silica capillary column, 0.25 µm film 


thickness.  Alternative columns may be used as long as the method performance criteria 
can be met. 


7.4 Microsyringes:  10µL, 100µL, 250µL, 500µL and 1000µL 


7.5 Volumetric Flasks:  10mL and 25mL, used for standard preparation. 


7.6 Disposable Borosilicate Pipets 


7.7 Vials: 2 mL clear glass, crimp-top and screw-cap.  


7.8  Silica Gel Fractionation Tubes:  Typical vendor and catalog number: 


Phenomenex, Catalog Number AHO-8226 


7.9 Silica Gel: Typical vendor and catalog number: VWR, Catalog Number TX4694MAAA 


 


8. Reagents and Standards  


Reagent grade or pesticide grade chemicals are used in all tests.  Unless otherwise indicated, it is 
intended that all reagents shall conform to specifications of the Committee on Analytical Reagents 
of the American Chemical Society, where such specifications are available.  Other grades may be 
used, provided it is first ascertained that the reagent is of sufficient high purity to permit its use 
without lessening the accuracy of the determination. 
 


8.1 Reagents 


8.1.1 Reagent Water:  All reagent water is from Alpha’s DI treatment system, and is 
demonstrated to be free of interferences or contaminants 


8.1.2 Solvents:  Hexane, methylene chloride (DCM), and acetone; pesticide grade or 
better.  Store away from other solvents. 
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8.2 Stock Standard Solutions: All stock standard solutions are purchased from 


commercial vendors as ampulated certified solutions.  When an ampulated stock solution 
is opened, it is transferred to a labeled vial.  The expiration date of the stock solution is 
either the vendor specified expiration date, or 6 months from the date the ampule was 
opened, whichever is sooner.  Stock solutions are stored per manufacturer’s 
recommendations. 


8.2.1 For Samples undergoing fractionation  


8.2.1.1 Aromatic Hydrocarbon Standard: The Aromatic Hydrocarbon Standard 
consists of the 18 PAH compounds listed below, as well as one extraction 
surrogate and two fractionation surrogates. 


Naphthalene Benzo(a)anthracene 


2-Methylnaphthalene Chrysene 


Acenaphthylene Benzo(b)fluoranthene 


Acenaphthene Benzo(k)fluoranthene 


Fluorene Benzo(a)pyrene 


Phenanthrene Indeno(1,2,3-cd)pyrene 


Anthracene Dibenzo(a,h)Anthracene 


Fluoranthene Benzo(g,h,i)perylene 


Pyrene 1,2,3-Trimethylbenzene 


2-Fluorobiphenyl 
(fractionation surrogate) 


2-Bromonaphthalene 
(fractionation surrogate) 


ortho-terphenyl 
(extraction surrogate) 


 


 


8.2.1.2 Aliphatic Hydrocarbon Standard: The Aliphatic Hydrocarbon Standard consists 
of the 18 alkanes listed below, as well as one extraction surrogate, naphthalene, 
and 2-methyl-naphthalene. 


Compound 
Carbon 
Number 


Compound 
Carbon 
Number 


n-Nonane C9 n-Tetracosane C24 


n-Decane C10 n-Hexacosane C26 


n-Dodecane C12 n-Octacosane C28 


n-Tetradecane C14 n-Tricontane C30 


n-Hexadecane C16 n-Dotriacontane C32 


n-Octadecane C18 n-Tetratriacontane C34 


n-Eicosane C20 n- Hexatriacontane C36 


n-Heneicosane C21 n-Octatriacontane C38 


n-Docosane C22 n-Tetracontane C40 


Naphthalene  - 
2-methyl-


naphthalene 
- 


1-chloro-octadecane 
(extraction surrogate ) 


-   
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8.2.2 For Samples not undergoing fractionation 


8.2.2.1 Aliphatic Hydrocarbon Standard: The Aliphatic Hydrocarbon Standard for 
unfractionated samples consists of the 18 alkanes listed below, as well as two 
extraction surrogates, naphthalene, and 2-methyl-naphthalene. 


Compound 
Carbon 
Number 


Compound 
Carbon 
Number 


n-Nonane C9 n-Tetracosane C24 


n-Decane C10 n-Hexacosane C26 


n-Dodecane C12 n-Octacosane C28 


n-Tetradecane C14 n-Tricontane C30 


n-Hexadecane C16 n-Dotriacontane C32 


n-Octadecane C18 n-Tetratriacontane C34 


n-Eicosane C20 n- Hexatriacontane C36 


n-Heneicosane C21 n-Octatriacontane C38 


n-Docosane C22 n-Tetracontane C40 


Naphthalene  - 
2-methyl-


naphthalene 
- 


1-chloro-octadecane  - ortho-terphenyl  - 


 


8.2.3 Extraction Surrogate Standards: The extraction surrogates are 1-chloro-
octadecane (COD) and ortho-terphenyl (OTP).   


8.2.4 Fractionation Surrogate Standards: The fractionation surrogates are 2-
Fluorobiphenyl and 2-Bromonaphthalene. 


8.2.5 Stock  Standards 


1. Restek Custom NJEPH Aromatic Calibration Std, Cat # 30541, 2000 ug/ml 


2. Restek Custom NJEPH Aliphatic Calibration Std,  Cat# 30540, 2000 ug/ml 


3. Restek 1-Chlorooctadecane Std, Cat#31098, 10,000 ug/ml 


4. Restek O-Terphenyl Std, Cat#31097, 10,000 ug/ml 


5. Restek MA Fractionation Surrogate Mix, Cat#31480, 4000 ug/ml 


6. Restek Custom NJEPH Aromatic Frac Check Mix, Cat#564938, 400 ug/ml 


7. Restek Custom NJEPH Aliphatic Frac Check Mix, Cat#564937, 400 ug/ml 


8. Second Source- Absolute Standards NJEPH Aliphatic n-Hydrocarbons Part# 
95708, 1000ug/mL 


9. Second Source- Absolute Standards NJEPH Aromatic Hydrocarbons Part# 
95709, 2000ug/mL 
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8.3 Calibration Standards 


The Aliphatic calibration standards for both fractionated and unfractionated samples are 
prepared volumetrically by diluting the appropriate stock standard(s) with hexane.  The 
Aromatic calibration standards for fractionated samples are prepared volumetrically by 
diluting the appropriate stock standard(s) with methylene chloride.  Calibration standards 
expire 6 months from the date of preparation, or on the earliest expiration date of any of 
the stock solutions used to prepare the calibration standard.  Calibrations are performed at 
the 5 concentration levels listed in Table 2.  All working standards are stored refrigerated 


at 4 ±2 
o 
C. 


8.4 Surrogate Spiking Solution 


The surrogate spiking solution is prepared at 100 ug/L in Acetone.  This solution expires 6 
months from the date of preparation or the expiration of the stock standard, whichever is 


sooner.  Store refrigerated at 4 ±2 
o 
C. 


8.5 LCS/LCSD/MS Spiking Solution 


A s second source is used from the Calibration Standards (Section 8.5.10 and 8.5.11) This 
solution is used for preparing Laboratory Control Samples (LCS), Laboratory Control 
Sample Duplicate (LCSD), Matrix Spikes (MS), and if requested, Matrix Spike Duplicates 
(MSDs) This solution is used for both fractionated and unfractionated samples. The 
concentration of the spiking solution is 100µg/mL.  This solution expires 6 months from the 
date of preparation or the expiration of the stock standard, whichever is sooner.  Store 


refrigerated at 4 ±2 
o 
C.  This solution must always be brought to room temperature prior to 


use. 


8.6 Fractionation Surrogate Spiking Solution  


 This solution is added to all extracted samples and QC samples requiring fractionation 
prior to sample cleanup and fractionation using the silica gel cartridges.  This serves as an 
important check on the ability of the fractionation to accurately separate the aliphatic from 
the aromatic compounds.  The concentration of the surrogate solution is 100µg/mL.  


Solution expires 6 months from the date of preparation.  Store refrigerated at 4 ± 2 ˚C. 


8.7 Fractionation Check Solution   


 This solution is used to monitor the fractionation efficiency of the silica gel cartridge, and to 
establish the optimum volume of hexane needed to sufficiently elute aliphatic 
hydrocarbons from the cartridge without eluting the aromatic hydrocarbons prior to the 
methylene chloride elution.  Fractionation checks are performed whenever a new lot of 
silica gel cartridges is received, prior to using them for actual samples. 


 To evaluate the fractionation check, both naphthalene and 2-methylnphthalene  cannot  
exceed the breakthrough criteria of 5% in both the aliphatic and aromatic fractionsfor total 
concentration and the fractionation surrogates need to be within acceptable criteria. 


The concentration of the solution is 200µg/mL. It contains all compounds from sections 


8.2.1. Solution expires 6 months from the date of preparation.  Store refrigerated at 4 ± 


2˚C. 


Every new lot of Silca Gel needs to pass four consecutive checks. Without optimizing 
either the Hexane or Methylene Chloride volumes, the potential for breakthrough exits. The 
mean measured concentration of the individual fractionation compounds should be 
determined. 
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For each analyte included in the FCS, the % mean recovery must be between 40% and 
140%. Lower recoveries are permissible for n-Nonane. However, if recovery is <25% then 
the problem must be found and the fractionation check repeated. 


 


8.8 Hydrogen gas:  Ultra high purity. 


8.9 Zero Air:  From Alpha generator. 


 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank 


9.1.1 Instrument Blank 


Each day before calibration  the analyst shall analyze a reagent blank to 
demonstrate that interference from the analytical system are under control.  Peaks 
should not be detected above the quantitation limit within the retention time 
window of any carbon range of interest.  


The instrument blank is also used for blank subtraction data within the 24 hour 
analytical window, if baseline subtraction is being used. 


9.1.2 Method Blank 


Method blanks are performed with each extraction batch of 20 or less samples, 
according to the extraction SOPs.  The extraction blank must not contain any of the 
individual target analytes or hydrocarbon ranges above the reporting limits.  If any 
reportable analytes are detected in the blank, the entire extraction batch is suspect 
and re-extraction of all associated samples is required.  The surrogate recoveries 
must also be within the acceptance criteria listed in Section 9.7.  If surrogate 
acceptance criteria are exceeded, the extraction batch must be evaluated to 
determine if re-extraction or re-analysis is necessary. 
 
Corrective Actions:  If blank levels for any component are above 5x MDL and the 
sample concentrations present in the samples are greater than 10x blank level 
then the samples may be quantified and qualified. If the blank concentration is 
greater than 5X MDL and the sample concentrations present in the samples are 
less than 10 X the blank level, the affected samples are re-extracted and 
reanalyzed. If a sample cannot be re-extracted or re-analyzed, the data is qualified 
as such. Samples must not be blank corrected. 


9.1.3 Solvent Blank 


Contamination by carryover may occur when high concentration samples are 
analyzed.  When highly contaminated sample extracts are analyzed, it is 
recommended that a solvent blank be analyzed immediately following to check for 
cross contamination.  If contamination is present, the system must be cleaned 
before continuing sample analysis.  If a sample immediately analyzed after the 
highly contaminated sample is free from contamination then it is safe to make the 
assumption that carryover or cross contamination is not an issue.  However, if the 
sample(s) analyzed after the highly contaminated sample exhibits the same 
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compounds and/or same chromatographic fingerprint and no system cleaning was 
implemented, then carryover or cross-contamination may be suspected and all 
affected samples may be required to be reanalyzed. 


 
 


9.2 Laboratory Control Sample (LCS)/ Laboratory Control Sample (LCSD) 


 
9.2.1 An LCS is extracted with each analytical batch of 20 samples or less.  The LCS 


consists of an aliquot of a clean (control) matrix similar to the sample matrix and of 
the same weight or volume. The LCS standard must be from a different source 
than that used for the initial calibration. The LCS is spiked with the aliphatic and 
aromatic compounds, as described in Section 8.5.  The recovery of each of the 
compounds and ranges must be between 40% and 140%.  Lower recoveries for 
nonane are permissible but must be greater than 25% and must be noted in case 
narrative.   


 
9.2.1.1 For an LCS undergoing fractionation,  If  any recovery criteria are not met, the 


extract may be re-fractionated to see if the recoveries improve.  If the criteria are 
still not met, the entire batch must be re-extracted.  If this is not possible, due to 
insufficient sample or holding time exceedence, the analyst must submit the 
failure on a narrative sheet for inclusion in the client report.   


 
9.2.2 An LCSD is extracted with each analytical batch of 20 samples or less.  The LCSD 


is separately prepared, processed and analyzed in the same manner as the LCS 
and is used as the data quality indicator of precision. The recovery of each of the 
compounds and ranges must be between 40% and 140%.  Lower recoveries for 
nonane are permissible but must be greater than 25% and must be noted in case 
narrative. 


 
9.2.2.1 For and LCSD undergoing fractionation: 


If any recovery criteria are not met, the extract may be re-fractionated to see if 
the recoveries improve.  If the criteria are still not met, the entire batch must be 
re-extracted.  If this is not possible, due to insufficient sample or holding time 
exceedence, the analyst must submit the failure on a narrative sheet for inclusion 
in the client report. 


 
9.2.3 Breakthrough of naphthalene and 2-methylnaphthalene in the aliphatic fraction is 


calculated in both the LCS and LCSD. If breakthrough is > 5% in the LCS or 
LCSD, fractionation must be repeated on all stored affected extracts.   If the 
fractionation surrogate recovery for either compound is outside 40%-140% for any 
sample extract then fractionation must be repeated on the affected sample. 
Breakthough is calculated by summing the concentration of naphthalene in both 
the aliphatic and aromatic protoins of the LCS or LCSD. This sum is then divided 
by the total amount of naphthalene in the aliphatic portion, and mutiplying by 100. 
(This calculation is also used to determine the breakthough of 2-methyl-
naphthalene).  


 
Example of Naphthalene % Breakthrough Calculation 


 Naphthalene in aromatic fraction = 50 
 Naphthalene in aliphatic fraction = 1.5 


 Total Naphthalene concentration = 51.5 


 % Naphthalene Breakthrough = (1.5 / 51.5) x 100 = 2.9% 
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9.2.3.1 For and LCS and LCSD not undergoing fractionation:  
An LCS and LCSD is extracted with each analytical batch of 20 samples or less.  
The LCS/LCSD consists of an aliquot of a clean (control) matrix similar to the 
sample matrix and of the same weight or volume. The LCS/LCSD standard must 
be from a different source than that used for the initial calibration. The LCS/LCSD 
is spiked with the aliphatic and aromatic compounds, as described in Section 8.5.  
The recovery of each of the compounds and ranges must be between 40% and 
140%.  Lower recoveries for nonane are permissible but must be greater than 
25% and must be noted in case narrative. If the criteria are not met, the entire 
batch must be re-extracted.  If this is not possible, due to insufficient sample or 
holding time exceedence, the analyst must submit the failure on a narrative sheet 
for inclusion in the client report. 


 
Because the LCS/LCSD pair are not fractionated, the Aliphatic and Aromatic 
Compounds will be present together in the same extract. Due to instrument 
parameters, various alkanes can co-elute with PAH's when analyzed. Since each 
instrument  is slightly different, some alkanes will be narrated as co-eluting with 
PAH's.  


 
9.2.4 The Analytical Batch Precision is determined from the Relative Percent Difference 


(RPD) of the concentrations (not recoveries) of LCS/LCSD pair.  The RPD for the 
aliphatic and aromatic carbon range concentrations must be < 25%.  The FID 
retention times of the surrogates must match the previous calibration as described 
in previous section. 


 
 


9.3 Initial Calibration Verification (ICV)  


See Section 10.2 


9.4 Continuing Calibration Verification (CCV) 


See Section 10.4 


9.5 Matrix Spike 


A Matrix Spike is preformed a minimum of five percent or one per batch, which ever is more 
frequent.  The MS(/MSD) is an aliquot of actual sample spiked with the aliphatic and 
aromatic compounds, as described in Section 8.5. The recoveries in the MS(/MSD), 
corrected for the concentrations found in the neat sample, must be between 40% and 
140%.  If a MS/MSD is performed, the %RPD should be less than 50%.  


 
9.6 Laboratory Duplicate 


A Sample Duplicate is preformed a minimum of five percent or one per batch, which ever is 
more frequent.  The duplicate is a sample aliquot split from the same container as the 
sample, and is extracted and analyzed separately following the same procedures.  The 
RPDs for any hits in the samples or for hydrocarbon ranges should be less than 50%. 
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9.7 Method-specific Quality Control Samples 


9.7.1 Surrogates- For samples undergoing fractionation 


All extracted samples and associated QC are spiked with the extraction surrogates 
listed in Section 8.3.  Sample extractsare also spiked with the fractionation 
surrogates listed in Section 8.4 prior to cleanup and fractionation using the silica 
gel cartridges.  All surrogate recoveries must be between 40% and 140%.  
 
If any surrogatesfail the recovery criteria, samples may be re-fractionated and re-
analyzed.  If the surrogate limits are still not met, the affected samples must be re-
extracted to confirm that the failure was due to sample matrix.  If matrix effect is 
confirmed, this must be noted on a narrative sheet for inclusion in the client report; 
both sets of data are reported.  


 
An exception to this is when large amounts of extracted material co-elute with any 
of the surrogate compounds, resulting in false high recoveries.  When this is 
evident by examination of the sample chromatogram, re-extraction or re-
fractionation is not required.  Note the cause for the high recovery on a narrative 
sheet for inclusion in the client report. 


 
9.7.2 Surrogates- For unfractionated samples 


All extracted samples and associated QC are spiked with the extraction surrogates 
listed in Section 8.3.  All surrogate recoveries must be between 40% and 140%.  
 
If the surrogate limits are not met, the affected samples must be re-extracted to 
confirm that the failure was due to sample matrix.  If matrix effect is confirmed, this 
must be noted on a narrative sheet for inclusion in the client report; both sets of 
data are reported.  


 
An exception to this is when large amounts of extracted material co-elute with any 
of the surrogate compounds, resulting in false high recoveries.  When this is 
evident by examination of the sample chromatogram, re-extraction or re-
fractionation is not required.  Note the cause for the high recovery on a narrative 
sheet for inclusion in the client report. 


   


9.8 Method Sequence 


The typical daily analytical sequence is: 


• Instrument Blank 
• Analytical Batch Opening Initial Calibration or mid range Continuing Calibration 


(REQUIRED) 
• Laboratory Method Blank (REQUIRED) 
• Laboratory Control Sample (REQUIRED) 
• Laboratory Control Sample Duplicate (REQUIRED) 
• 20 or less samples 
• Matrix Spike (REQUIRED) 
• Matrix Spike Duplicate (as requested) 
• Closing mid-range continuing calibration standard after 20 samples (This standard 


may also be used as the analytical batch opening Continuing Calibration for the next 
analytical batch if batches are processed continuously.) (REQUIRED) 
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10. Procedure 


10.1 Equipment Set-up 


10.1.1 Sample Extraction 


Aqueous samples are extracted at acid pH (less than pH 2) with methylene 
chloride using a separatory funnel (Method 3510C).  See extraction SOP for 
details.  


 
Solid samples are extracted with methylene chloride using Soxhlet extraction 
(Method 3540C) or Microwave extraction (Method 3546) See appropriate 
extraction SOP for details. 


 
10.1.2 Extract Fractionation 


Silica gel fractionation is used for sample cleanup and separation into aliphatic and 
aromatic extracts.  Silica gel cartridges are purchased from commercial vendors, 
and tested prior to use .   See appropriate extraction SOP for details.  


 


10.1.3 GC Conditions 


A dual-injector/dual-column/dual-detector approach involves the use of the 
columns listed in section 7.3. This allows for the simultaneous analysis of both 
fractions.  Typical GC conditions are listed below, but may be altered as long as 
method performance criteria are met. 
 


���� Temperature 1:          60 
o
C  


���� Time 1:                         1 minute 


���� Ramp 1:                   8
o
C/minute 


���� Final Temperature 1:          290 
o
C       


���� Final Time 1:                18.25 minutes 


���� Total Time:       48 minutes 


���� Injector temperature:         285 
o
C 


���� FID temperature:       315 
o
C 


���� Carrier gas:                      Helium 


���� Carrier pressure program:   5.2 psi initial 


���� Detector Air:   250 mL/minute 


���� Detector Hydrogen:         40 mL/minute 


���� Injection volume:                 1 µL 
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10.2 Initial Calibration 


10.2.1 Prepare calibration standards using the procedures in Section 8.3 at the 
concentrations listed in Table 2.  The calibration standards are aliquoted into 
autosampler vials and capped prior to loading onto the autosampler tray. 


10.2.2 Establish the GC operating conditions by loading the appropriate GC method. 
Typical instrument conditions are listed in .Section 10.1.3. The same operating 
conditions are used for calibrations and sample analyses. Create the analytical 
sequence using the Chemstation data acquisition software. 


10.2.3 A 1µL injection volume of each calibration standard is typically used.  Other 
injection volumes may be employed, provided that the analyst can demonstrate 
adequate sensitivity for the compounds of interest.  The same injection volume 
must be used for calibration standards, samples and QC samples. 


10.2.4 Calibration Factors 


10.2.4.1 Individual PAH Target Compounds: In each standard, calculate the 
calibration factor for each analyte, the mean calibration factor, and the 
relative standard deviation (RSD) of the calibration factors, using the Target 
data processing software.  The calculations are performed automatically, 
using the formulae listed in Alpha’s Quality Manual and the CF equation 
below: 


Calibration factor:  Target PAH Analytes: 


 


Calibration Factor (CF)  =    area of peak   


       concentration injected (ng/µL) 


 


10.2.4.2 Hydrocarbon Ranges: In each standard, calculate the calibration factor for 
each range, the mean calibration factor, and the relative standard deviation 
(RSD) of the calibration factors, using the Target data processing software.  
The calculations are performed automatically, using the formulae listed in 
Alpha’s Quality Manual. 


Range Calibration Factor: Hydrocarbon Ranges: 


 


Range CF  =  Area of Summation of Range Components 


           Total concentration injected (ng/µL) 


Note that the areas for the surrogates must be subtracted out from the area 
summation of the range in which they elute.   Also, any areas associated 
with naphthalene and 2-methylnaphthene in the aliphatic fraction must be 
subtracted out from the appropriate carbon range. 


10.2.5 Initial Calibration Acceptance Criteria  


For samples not requiring fractionation: Only an Aliphatic ICAL is injected  
containing the compounds listed in 8.2.2 


If the RSD for an analyte or range is < 25%, then the response of the instrument 
for this compound is considered linear over the range and the mean calibration 
factor can be used to quantitate sample results.  If the RSD for any analyte is > 
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25%, then linearity through the origin cannot be assumed.  The calibration must be 
repeated for any compounds that fail, or a calibration curve may be generated for 
this compound and used for sample quantitation instead of the mean calibration 
factor.  If a linear regression curve is used, the correlation coefficient I must be at 
least 0.99. 


For samples requiring fractionation: Both an Aliphatic and Aromatic ICAL is 
injected containing the compounds listed in 8.2.1.  


If the RSD for an analyte or range is < 25%, then the response of the instrument 
for this compound is considered linear over the range and the mean calibration 
factor can be used to quantitate sample results.  If the RSD for any analyte is > 
25%, then linearity through the origin cannot be assumed.  The calibration must be 
repeated for any compounds that fail, or a calibration curve may be generated for 
this compound and used for sample quantitation instead of the mean calibration 
factor.  If a linear regression curve is used, the correlation coefficient I must be at 
least 0.99. 


10.2.5.1 Mass Discrimination Check 
The mass discrimination in each ICAL level is checked before performing 
any  sample analyses.  The response ratio of C30/C20 must be > 0.8.  If 
less than 0.8, the column should be repositioned until the mass 
discrimination is minimized. 


10.2.5.2 EPH retention time (Rt) windows are defined as beginning 0.1 minutes 
before the Rt of the beginning marker compound and ending 0.1 minutes 
after the Rt of the ending marker compound.  


 EPH marker compounds and windows are summarized in Table 4. 


10.2.5.3 If a TPH analysis is performed without fractionation, TPH retention time (Rt) 
windows are defined as beginning 0.1 minutes before the Rt of n-Nonane 
and ending 0.1 minutes after the Rt of n-Tetracontane. 


 


10.3 Equipment Operation and Sample Processing 


10.3.1 Inject 1uL of extract using an autosampler device. 


10.3.2 Instrument Performance 


10.3.2.1 All of the peaks contained in the standard chromatograms must be sharp 
and symmetrical.  Peak tailing must be corrected 


10.3.2.2 Check the precision between consecutive QC check samples.  A properly 
operating system should perform with an average relative standard 
deviation of less than 10%.  Poor precision is generally traceable to 
pneumatic leaks. 


10.3.2.3 Monitor the retention time for each  surrogate using data generated from 
calibration standards. Major shifts in retention time for surogates should be 
monitored and not exceed 0.1 min. If retention time shift occurs, locate the 
source of the problem.   


10.3.3 Concentration of Petroleum Hyrdocarbons 


To calculate the concentration of carbon ranges in the sample, the area response 
attributed to the petroleum must first be determined.  This area includes all of the 







Alpha Analytical, Inc.  ID No.:2131   
Facility:Westborough                                     Revision 2 
Department:GC-Semivolatiles  Published Date:4/27/2012 8:51:39 AM  
Title:  NJ-EPH  Page 16 of 21  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 04-21 Issue 2 


resolved peaks and unresolved “envelope.”  This total area must be adjusted to 
remove area response of the solvent, surrogates and GC column bleed. 


10.3.4 Establishing the Baseline 


10.3.4.1 Column bleed is defined as the reproducible baseline shift that occurs 
during temperature programming of the GC column oven.  The instrument 
baseline must be established by the injection of an air blank or activation of 
a temperature programmed chromatographic run without the injection of 
any material would be used to verify that the system noise is not attributable 
to solvent contamination.  The instrument must be run at the actual 
operating conditions used to analyze all standards and samples.  A system 
solvent blank injection should be analyzed at the beginning of the day and 
at a minimum after every 24 hours to determine the baseline response.  
The baseline is then set at a stable reproducible point just before the 
solvent peak.  This baseline should be extended horizontally to peak area 
integration for the fractional ranges must be from baseline (ie. must include 
the unresolved complex mixture “hump” area).  However, the unresolved 
“hump” areas are not to be included in the integration of individual 
compounds such as surrogates. 


10.3.4.2 The baseline for the sample should be set in the same manner.  The area in 
the sample will contain the area attributed to petroleum and that attributable 
to the baseline. Aliphatic and aromatic hydrocarbon carbon range data may 
be corrected by the automatic or manual subtraction of the baseline area 
from the system solvent blank. Correction in this manner is not 
recommended or preferred but permissible in cases where reasonable 
steps have been taken to minimize or eliminate excessive baseline bias 
associated with analytical system noise. 


10.3.4.3 If baseline correction is used, then the baseline must be reestablished for 
every analytical batch by the analysis of a system solvent blank. 


10.3.4.4 As the concentration of any carbon range in the sample approaches the 
quantitation limit, the baseline correction becomes more critical. 


 


10.4 Continuing Calibration 


10.4.1 The initial calibration curve is verified on each working day prior to the analysis of 
samples by the injection of the Level 3 Calibration Standard.  The calibration 
standard is a mid-range standard prepared from the same stock standard solution 
used to develop the calibration curve. Continuing calibration standards should   be 
run throughout the analytical sequence after every 10 samples, but at a minimum 
frequency of  20 samples, or 24-hours. Each analytical sequence must end with a 
calibration standard. 


10.4.1.1 For samples not undergoing fractionation,  


The percent difference (%D) for all aliphatic analytes must be<30%, and the 
%D for the Total EPH Range must be <25%. Any sample associated with a 
non-compliant opening or closing calibration standard must be re-analyzed.  


10.4.1.2 For fractionated samples- 


The percent difference (%D) for all aliphatic and aromatic analytes must be 
<30%, and the %D for the carbon ranges must be <25%. Any sample 
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associated with a non-compliant opening or closing calibration standard 
must be re-analyzed.  


10.4.1.3 Mass Discrimination Check  


A full range alkane standard should be run to test the degree of mass 
discrimination before performing any actual sample analyses.  The 
response ratio of C30/C20 must be > 0.8.  If less than 0.8, the column 
should be repositioned until the mass discrimination is minimize 


10.4.2 If the %D criteria cannot be met, inspect the gas chromatographic system to 
determine the cause and perform whatever maintenance is necessary before 
verifying calibration and proceeding with sample analysis. 


10.4.3 If after maintenance the system still fails the calibration verification criteria, a new 
initial calibration curve must be analyzed. 


 


10.5 Preventive Maintenance 


10.5.1 Routine preventive maintenance must be performed to maintain GC system 
performance.  This includes periodic replacement of injector septa, replacement of 
injector liner(s), and clipping several inches off of the injector end of the capillary 
column. 


10.5.2 Additional maintenance may be required if system performance degrades. 
Autosampler syringes and syringe needles must be periodically inspected, 
especially if erratic response or peak discrimination is seen.  If the maintenance 
steps listed above do not improve system performance, it may be necessary to 
replace the GC column(s). 


 


11. Data Evaluation, Calculations and Reporting 


11.1 External Standard Calculations 


The concentration of each carbon range for each fraction in the sample is to be determined 
by calculating the amount of analyte injected, from the peak response, using the calibration 
factor. The area of the surrogates must be subtracted from their corresponding carbon 
range summed area. Additionally, any areas associated with naphthalene and/or 2-
methylnaphthalene in an aliphatic carbon range are to be subtracted from the appropriate 
aliphatic carbon range summed area prior to calculating the calibration factors. The 
concentration of a specific carbon range is calculated as follows: 
 
11.1.1 Aqueous samples 


C = (A) (D) (Ve) 
CF(Vs) 


   Where: 


C = Concentration of each compound or hydrocarbon carbon range, ug/L 
A = Area response of each compound or carbon range to be measured. 
D = Dilution Factor 
Vs = Volume of sample extracted, mL 
Ve = Final volume of the extract, uL 
CF = Calibration Factor of each compound or carbon range for each fraction  
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Where: 
 
CF = Peak Area or Summed area of peaks in carbon range 


Total concentration injected (ng / uL) 
 


11.1.2 Soils/Soilds/Sludge 


C = (A) (D) (Ve) 
    CF(S) 


 
Where: 
C = Concentration of each compound or hydrocarbon carbon range, ug/g (dry 
weight basis) 
A = Area response of each compound or carbon range to be measured. 
D = Dilution Factor 
Ve = Final volume of the extract, uL 
CF = Calibration Factor of each compound or carbon range for each fraction  
 
 
Where: 


CF = Summed area or peaks or Summed area of peaks in carbon range 
Total concentration injected (ng / uL) 


 
S = Dry sample weight, mg 
 


11.1.3 Total EPH Concentration = Total of the 4 Aromatic carbon ranges and 4 
Aliphatic carbon ranges 


 


11.2 Data Report Format 


Information regarding specific reporting requirements and deliverables may be found in 
section 12 of Analysis of Extractable Petroleum Hydrocarbons (EPH) in Aqueous and 
Soil/Sediment/Sludge Matrices, New Jersey Department of Environmental Protection Site 
Remediation Program, Version 1.1, October 2009 Revision 2. 


 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


Holding time exceedence, improper preservation and observed sample headspace are noted on the 
nonconformance report form. 


Perform instrument maintenance as described throughout this SOP as needed when instrument 
calibration criteria are not met.  Record all maintenance in the instrument maintenance logbook.  


All batch and sample specific QC criteria outlined in Section 9 are evaluated by the analyst prior to 
approval of the data.  When any QC criteria fail, the cause for the failure must be identified and 
corrected.  This may include instrument recalibration followed by sample reanalysis or sample re-
extraction.  If it is determined that the failure is due to sample matrix effects, a project narrative 
report is written by the analyst for inclusion in the data report.  If there is insufficient sample volume 
to perform the re-analysis for confirmation, this is also noted in the narrative and included in the 
client report. 
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13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


 


13.2 Demonstration of Capability Studies  


The analyst must make an initial, one-time, demonstration of the ability to generate acceptable 
accuracy and precision with this method. Each time a method modification is made, the analyst 
is required to repeat the procedure. 


To demonstrate initial laboratory capability, analyze a minimum of seven replicate reagent water 
and clean sand blanks spiked with each analyte of interest at approximately 100 µg/L and 10 
mg/kg, respectively. 


13.2.1 Extract each replicate according to the extraction SOP, and analyze each replicate 
according to the procedures described in Section 10.3. 


13.2.2 Calculate the measured concentrations of each analyte in all replicates, the mean 
accuracy (as percentage of true value) for each analyte, and the precision (as %RSD) 
of the measurements for each analyte.   


13.2.2.1 For each analyte, the mean accuracy, expressed as a percentage of the 


true value, must be within ± 40% of the true value for both aqueous and 
soil matrices.   


13.2.2.2 The %RSD for each analyte must be ≤25%.  A higher %RSD is allowed 
for n-Nonane. 


13.2.3 For each matrix, the FID retention times of the surrogates must match those in the 
calibration standard. 


 


14. Pollution Prevention and Waste Management 


Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


15. Referenced Documents 


Chemical Hygiene Plan 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


SOP/14-01 Waste Management and Disposal SOP 


16. Attachments 


Table 1 – REPORTING LIMITS 
Table 2 – LIST OF COMPOUNDS AND CALIBRATION LEVELS 
Table 3 – HOLDING TIMES AND PRESERVATION REQUIREMENTS 
Table 4 – EPH MARKER COMPOUNDS 
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Table 1 
Reporting Limits 


 


Parameter Aqueous Soil 


C9-C12 Aliphatic Hydrocarbons 0.12 mg/L 8.0 mg/Kg 


C12-C16 Aliphatic Hydrocarbons 0.08 mg/L 5.33 mg/Kg 


C16-C21 Aliphatic Hydrocarbons 0.12 mg/L 8.0 mg/Kg 


C21-C40 Aliphatic Hydrocarbons 0.40 mg/L 26.67 mg/Kg 


C10-C12 Aromatic Hydrocarbons 0.08 mg/L 5.33 mg/Kg 


C12-C16 Aromatic Hydrocarbons 0.12 mg/L 8.0 mg/Kg 


C16-C21 Aromatic Hydrocarbons 0.20 mg/L 13.33 mg/Kg 


C21-C36 Aromatic Hydrocarbons 0.32 mg/L 21.33 mg/Kg 


Total EPH 1.44 mg/L 95.99 mg/Kg 


Total EPH (unfractionated)  24.0 mg/kg 


 
 


Table 2 
List of Compounds and Calibration Levels 


 


Component Concentration of standard analytes (µg/mL) 


Level 1 Level 2 Level 3 Level 4 Level 5 


Individual Aliphatic, Aromatic 20        100 
 


250 
 


 
500 


 


 
1000 


 


Total EPH (unfractionated)  20 100 250 50 1000 


 
 


 
Table 3 


Holding Times and Preservatives for EPH Samples 
 
 


Matrix Container Preservation Holding Time 


Aqueous Samples 1 Liter amber glass 
bottle with Teflon-lined 


screw cap 


Add 5mL of 1:1 HCl; 


cool to 4 ±2°C 


Samples must be 
extracted within 14 days 
and extracts analyzed 


within 40 days 


Soil/Sediments Samples 4 oz. (120mL) 
widemouth amber glass 


jar with Teflon-lined 
screw cap 


Cool to 4 ±2°C Samples must be 
extracted within 14 days 
and extracts analyzed 


within 40 days 
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Table 4 


EPH Marker Compounds 
 
 


Range/Hydrocarbon Standard Beginning Marker Compound Ending Marker Compound 


C9 – C12 Aliphatic Hydrocarbons n-Nonane n-Dodecane 


C12 – C16 Aliphatic Hydrocarbons n-Dodecane + 0.1 min n-Hexadecane 


C16 – C21 Aliphatic Hydrocarbons n-Hexadecane + 0.1 min n-Heneicosane 


C21 – C40 Aliphatic Hydrocarbons n-Heneicosane + 0.1 min n-Tetracontane 


C10 – C12 Aromatic Hydrocarbons 1,2,3-Trimethylbenzene Naphthalene 


C12 – C16 Aromatic Hydrocarbons Naphthalene  + 0.1 min Acenaphthene 


C16 – C21 Aromatic Hydrocarbons Acenaphthene + 0.1 min Pyrene 


C21 – C36 Aromatic Hydrocarbons Pyrene + 0.1 min Benzo (g,h,i) Perylene + 1.0 min 


Total EPH (for samples not 
requiring fractionation)  


-0.1 min before n-Nonane  +0.1 after n-Tetracontane 


 
Note: The “0.1 min” are maximums.  The laboratory should use less than the “compound + 0.1 min” 
as the carbon range marker if peak shape and chromatographic resolution are favorable 
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TPH - Gasoline Range Organics 


References:  Maine 4.2.17, Maine Health and Environmental Testing Laboratory, 09/06/1995. 


EPA 8015B (Modified), SW-846, Test Methods for Evaluating Solid Waste:   
Physical/Chemical Methods,  EPA SW-846,  Update III, 1997.  


1. Scope and Application 


Matrices:  This method is suitable for the analysis of waters, soils, or wastes. 


Definitions: See Alpha Laboratories Quality Manual Appendix A 
*  


This method is designed to measure the concentration of gasoline range organics, from MTBE 
through naphthalene inclusive, in both water and soil.  This corresponds to a boiling point range 
between approximately 60 ºC and 220 ºC.  


The analytical procedure is based on a purge-and-trap, Gas Chromatography (GC) procedure. 


With the optional PID/FID in series, the method can be extended for the specific determination of 
petroleum volatile organic compounds (PVOCs) as specified in the current edition of EPA Method 
8020.   


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one of the following laboratory personnel 
before performing the modification: Area Supervisor, Laboratory Services Manager, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the Gas Chromatograph and in the interpretation of Gas Chromatograph data. Each analyst must 
demonstrate the ability to generate acceptable results with this method by performing an initial 
demonstration of capability, analyzing a proficiency test sample and completing the record of 
training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
QA Officer and/or Laboratory Director on a case-by-case basis.  


2. Summary of Method 
This method provides gas chromatographic conditions for the detection of volatile petroleum 
fractions such as gasoline, Stoddard solvent, or mineral spirits.  Samples are analyzed utilizing 
purge-and-trap sample concentration.  The gas chromatograph is temperature programmed and 
utilizes a capillary column to facilitate separation of organic compounds.  Detection is achieved by a 
flame ionization detector (FID) or FID with photoionization detector (PID) in series (photoionization 
detector first in the series).  Quantitation is based on FID detector response to a gasoline component 
standard. 


This method is suitable for the analysis of waters, soils, or wastes.  Water samples can be analyzed 
directly for gasoline range organics by purge-and-trap extraction and gas chromatography.  Soil or 
waste samples are dispersed in methanol to dissolve the volatile organic constituents.  A portion of 
the methanolic solution is then analyzed by purge-and-trap GC. 
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This method is based in part on (1) API’s Petroleum Hydrocarbon Methods (Revised August 1993); 
(2) work by the Wisconsin Ad-Hoc Committee on LUST Program Analytical Requirements and 
Wisconsin State Laboratory or Hygiene; and (3) work by the Maine Laboratory Hydrocarbon Study 
Committee. 


2.1   Method Modifications from Reference 


Soil samples do not have extraction surrogates or spikes added to them at the time of 
methanol preservation.  Surrogates and spikes are added directly to the 5mL syringe 
containing water and the appropriate volume of the methanol extract. 


3. Detection Limits 
 The laboratory follows the procedure found in 40CFR Part 136 to determine the MDL on an annual 


basis.  The method detection limits determined by the laboratory are on file for review. 
 
 The Reported Detection Limit for water is 50 µg/L and for soil is 2.5 mg/Kg. 
 


4. Interferences 
4.1  Heavier petroleum products such as diesel fuel may contain some volatile components 


producing a response within the retention time range for GRO.  Other compounds that 
respond to the FID, such as chlorinated and oxygenated hydrocarbons, are detected by this 
method and will be included in the concentration.  Spills of known specific constituents are 
analyzed and quantified by a method specific for those constituents.  If the chromatogram 
exhibits the characteristics of fuel oil, the GRO is reported but flagged with a recommendation 
for DRO analysis. 


4.2  Samples can be contaminated by diffusion of volatile organics through the sample container 


septum during shipment and storage or by dissolution of volatiles into the methanol used for 
preservation.  Trip Blanks prepared from both reagent water and methanol should be carried 
through sampling and subsequent storage and handling to serve as a check on such 
contamination.   


4.3 Contamination by carryover can occur whenever high-level and low-level samples are 


sequentially analyzed.  To reduce carryover, the sample syringe and/or purging device must 
be rinsed between samples with reagent water or solvent.  For volatile samples containing 
high concentrations of water-soluble materials, suspended solids, high boiling compounds or 
organohalides, it may be necessary to wash the syringe or purging device with a detergent 
solution, rinse with distilled water, and then dry in a 105ºC oven between analyses.  The trap 
and other parts of the system are also subject to contamination, therefore frequent bake-out 
and purging of the entire system may be required.  A screening step is recommended to 
protect analytical instrumentation.  Whenever an unusually concentrated sample is 
encountered, it should be followed by analysis of a water blank to check for cross-
contamination.   


4.4   The retention time window definition (methyl-tertiary-butylether through naphthalene inclusive) 


introduces a negative bias, however, it improves comparability between laboratory data.  Note 
that gasoline blends often contain 10% ethanol, which could be responsible for a portion of 
this negative bias. 
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5. Safety 
The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material data handling sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan. 


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


6. Sample Collection, Preservation, and Handling 
 


6.1 Sample Collection and Preservation 


6.1.1 Aqueous Samples 
 


Aqueous samples are collected in duplicate, without agitation and without headspace in 
VOA vials with Teflon-lined septa screw caps.  The Teflon liner must contact the sample.  
 
Samples are acidified to a pH of 2.0 or less at the time of collection.  This is typically 
accomplished by adding 3 or 4 drops (0.1 to 0.2mL) of 1:1 HCL (1 part reagent water 
and one part concentrated hydrochloric acid) to a 40mL sample.  Samples must be 
cooled to 4  ± 2 ºC immediately after collection. 
 
The laboratory must determine the pH of all water samples at the time of analysis and if 
the pH is found to be greater than 2.0, it must be noted. 
 
A reagent water trip blank accompanies each batch of water samples. 
  


6.1.2 Soil Samples 
 


Methanol (purge and trap grade) must be added to the sample vial before or 
immediately after sample collection.  In lieu of the in-field preservation of samples with 
methanol, soil samples may be collected in specially designed, air tight sampling 
devices. Samples that have not been preserved in the field are preserved in the lab as 
soon as possible after arrival in the lab.  Date and time of preservation is noted on the 
Chain of Custody or final report.   
 
Samples must be cooled to 4 ± 2 ºC immediately after collection. 
 
A methanol trip blank accompanies each batch of soil samples. 


 


6.2 Sample Handling 
 


Water and soil samples must be analyzed within 14 days of collection. 
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7. Equipment and Supplies 
 


7.1 Gas Chromatograph:  Agilent 6890 or equivalent, Data system Enviroquant Software in 


conjunction with Nelson Intelligent 900 Series Interface. 


7.1.1 Column:  Restek RTX-502.2 Capillary Column, 105m X .53mm I.D., 3.0 micron film 
thickness or equivalent.  The column must be capable of achieving a 60% resolution of 
all 10 components, with the exception of m/p-xylene.  It must also be capable of 
separating methyl tert butyl ether from methanol solvent peak.  The Resolution is 
defined as: 


(Height of smallest peak – Height of valley)  x  100% 


(Height of smallest peak) 


7.1.2 Detector:  FID (in series with a PID detector, optional) 


7.1.3 Purge-and-trap Device:  The purge and trap device consists of two separate pieces of 
equipment: a purging device coupled to a desorber (Autosamplers: Tekmar 2016, 
Archon, Centurion. Concentrators: Tekmar 2000/3000 or equivalent, or Encon 
evolution). 


7.1.3.1 Purge/carrier gas = Helium, analytical grade, (99.999% pure). 


7.1.3.2 Traps are conditioned, desorbed, and baked according to manufacturer’s 
guidelines.  The trap may be vented to the analytical column during daily 
conditioning, however, the column must be run through the temperature program 
prior to analysis of the samples. 


7.1.3.3 The desorber must be capable of rapidly heating the trap to 260ºC. 


 


7.2 Analytical Balance:  A top-loading balance capable of weighing to the nearest 0.01 g 


(for weighing soil samples). 


7.3  Ultrasonic Bath 


7.4  VOA Vials:  40mL amber VOC vials with Teflon/silicone septa. 


7.5  Syringes:  5mL gas-tight syringe with shutoff valve. 


7.6  Volumetric Flask (class A):  10mL, 50mL, 100mL, 500mL, 1000mL with a ground-


glass or screw-top stopper. 


7.7  Microsyringes:  1µL, 5µL, 10µL, 25µL, 100µL, 250µL, 500µL, and 1000µL. 


7.8  Spatula:  Stainless steel. 
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8.  Standards and Reagents 
8.1 Reagent Water:  Organic-free water; municipal tap water filtered through carbon. 


8.2 Methanol:  Purge-and-trap grade or equivalent.  Store away from other solvents. 


8.3 Gasoline Component Stock Standard:  Purchased from Ultra Scientific UST-100, 


GRO PVOC/WISC mix.  Refer to Table 1 for concentrations. Store with minimal headspace at -
10°C to -20°C.  Expires 6 months from the date of opening or upon signs of degradation or 
evaporation. 


8.3.1 GRO Calibration Stock Standard: To a 10mL volumetric flask, add 1mL of Gasoline 
Component Stock Standard (Section 8.3),  Add 500µL of 4-bromofluorobenzene 
(Section 8.5.2) and 500µL of a,a,a-trifluorotoluene (Section 8.5.1).  Bring to volume with 
Methanol.  Store with minimal headspace at -10°C to -20°C.  Expires 6 months from the 
date of preparation or upon signs of degradation or evaporation. 


8.3.1.1 GRO Working Calibration Standards 


Store standards with minimal headspace at -10°C to -20°C.  Standards expire 6 
months from the date of preparation or upon signs of degradation or evaporation. 


8.3.1.1.1 Level 1, 50ng ranges, 5ng surrogates: To a 100mL volumetric flask, 
add 1µL of GRO Calibration Stock Standard (Section 8.3.1).  Bring to 
volume with Methanol. 


8.3.1.1.2 Level 2, 100ng ranges, 10ng surrogates: To a 100mL volumetric flask, 
add 2µL of GRO Calibration Stock Standard (Section 8.3.1).  Bring to 
volume with Methanol. 


8.3.1.1.3 Level 3, 500ng ranges, 50ng surrogates: To a 100mL volumetric flask, 
add 10µL of GRO Calibration Stock Standard (Section 8.3.1).  Bring to 
volume with Methanol. 


8.3.1.1.4 Level 4, 2000 ng ranges, 200ng surrogates: To a 5mL syringe, add 
5mL reagent water and 2µL of GRO Calibration Stock Standard (Section 
8.3.1).   


8.3.1.1.5 Level 5, 5000ng ranges, 500ng surrogates: To a 5mL syringe, add 5mL 
reagent water and 5µL of GRO Calibration Stock Standard (Section 
8.3.1).   


8.3.1.1.6 Level 6, 10000ng ranges, 1000ng surrogates: To a 5mL syringe, add 
5mL reagent water and 10µL of GRO Calibration Stock Standard (Section 
8.3.1).   


8.3.1.1.7 Level 7, 20000ng ranges, 2000ng surrogates: To a 5mL syringe, add 
5mL reagent water and 20µL of GRO Calibration Stock Standard (Section 
8.3.1).   


8.4 Gasoline Component Stock Standard (second source for LCS, MS): 
Purchased from Accustandard GRH-003S-Pak. Store with minimal headspace at -10°C to        
-20°C.  Standard expires 6 months from the date of preparation or upon signs of degradation 
or evaporation.    


8.4.1 Continuing Calibration Standard, LCS, MS:  To a 10mL volumetric flask, add 200µL 
of second source Gasoline Component Stock Standard (Section 8.4).  Add 200µL 4-
BFB (Section 8.5.2) and 200µL aaa-trichfluorotoluene (Section 8.5.1).  Bring to volume 
with Methanol.  
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CCV/LCS:  Spike 5µL of this solution into 5mL of reagent water.   


MS:  Spike 5µL of this solution into 5mL of a second aliquot of sample. 


8.5 Surrogate Control Stock Standards 


Standards expire 6 months from the date of opening or upon signs of degradation or 
evaporation. These standards are stored with minimal headspace at -10°C to -20°C. 


8.5.1 a,a,a-trifluorotoluene: 2000µg/mL, purchased from Ultra Scientific, Cat # STS-220N 


8.5.2 4-bromofluorobenzene:  2000µg/mL, purchased from Ultra Scientific, Cat #  STS-
110N.         


8.6 Working Surrogate Standard Solution: To a 10mL volumetric flask, add 200µL 4-


BFB (Section 8.5.2) and 200µL aaa-trichfluorotoluene (Section 8.5.1). Bring to final volume 
with MeOH for a final concentration of 40ug/L.  Standard expires 6 months from the date of 
preparation or upon signs of degradation or evaporation.  Store with minimal headspace at       
-10°C to -20°C.   


Spike 5µL of this solution into 5mL of each sample and Blank. 


9. Procedure 


9.1 Set-up  


9.1.1 Gas Chromatography Conditions:  Agilent 6890 or equivalent. 


   
   PID Temperature 250 ºC 
   FID Temperature 250 ºC 
   Column   12.5 mL/min 
   Carrier /Makeup Gas Helium, 99.999 grade @ 12.5 mL/min 
      Air @ 350 mL/min 
      Hydrogen @ 30 mL/min 
   Injection Port  250 ºC 
   


9.1.2 Oven Conditions:  45 ºC for 2 minutes to 100 ºC at 3 ºC/min, to 160 ºC at 8                     
ºC/min, to 230 ºC at 20 ºC/min for 11.6 minutes. 


 
 
9.1.3 Typical Purge and Trap Conditions:   


 
Purge Gas:  Helium 
Purge Gas Flow Rate: 40 mL/min 
Purge Temperature: 35 ºC or less 
Purge Time:           11.0 ± 0.1minutes 
Dry purge:               4 minutes 
 
Desorb Preheat:     220 


o
C 


Desorb temp:          225 
o
C 


Desorb Time:         6 minutes 
 
Bake temp:             260 


o
C 


Bake time:              15 minutes 
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9.2 Initial Calibration  


 
9.2.1 Per Section 9.4 and under the conditions listed in Section 9.1, analyze the Gasoline 


Component Standard at the seven concentration levels (1 µg/L, 2µg/L, 10µg/L, 40µg/L, 
100µg/L, 200µg/L and 400µg/L) listed in Section 8.3.1.1.  Whenever a calibration curve 
is analyzed, an independent check standard (Section 8.4.1) is also analyzed to validate 
the curve (the LCS serves as a second source verification). 


9.2.2 Relative Response Factors 


The external standard calibration technique is used. 


A collective calibration factor must be established for the GRO hydrocarbon range.  The 
GRO marker compounds that determine the GRO range are MTBE through 
naphthalene, inclusive. 


9.2.3 Initial Calibration Criteria 


If the RSD for an individual analyte is < 20%, then the response for this compound is 
considered linear over the range and the mean calibration factor is used to quantitate 
sample results.  If the RSD criterion is not met for an analyte, linearity through the origin 
cannot be assumed.  The calibration is repeated for any compounds that fail, or a 
calibration curve is generated for this compound and used for sample quantitation.  If 
the linear calibration curve is used, the correlation coefficient must be at least 0.99. 


9.2.4 Retention Time Windows and Quantitation 


9.2.4.1 All chromatographic peaks eluting from methyl-tertiary-butylether through 
naphthalene, inclusive are used to calculate the retention time window.  
Quantitation is based on a direct comparison of the area within this range to the 
total area of the 10 components in the Gasoline Component Standard.  (Using a 
“baseline to baseline” integration as opposed to a “valley to valley” integration.)  


9.2.4.2 The retention time window is defined as beginning approximately 0.1 minutes 
before the retention time of methyl-tertiary-butylether and ending 0.1 minutes after 
the retention time of naphthalene in the calibration run. 


9.2.4.3 The laboratory must determine retention time windows for the first and last 
standard on each GC column and whenever a new GC column is installed.  This 
data must be retained by the laboratory. 


9.2.4.4 Quantify by summing all peak areas eluting from methyl-tertiary-butylether through 
naphthalene, inclusive. 


 


9.3 Standardization (Continuing Calibration Verification) 


The working calibration curve must be verified on each working day, by the injection of a 
midpoint Gasoline Component Standard (or an LCS).  If the response for the Gasoline 
Component Standard varies from the predicted response by more than 20%, the analytical 
system is examined to determine the cause and corrective action is performed and/or a new 
continuing calibration standard is prepared and analyzed.  If the 20% criteria is still not met, the 
system must be recalibrated.  Any samples that were analyzed following the standards that did 
not meet calibration criteria must be reanalyzed. If reanalysis is not possible, the data must be 
flagged and a narrative submitted for inclusion on the Client report. 
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9.4 Equipment Operation and Sample Analysis 


 
9.4.1 Gas Chromatographic Analysis of Water Samples and Soil Samples 


9.4.1.1 Retrieve sample VOA vials from the sample bank refrigerator just prior to loading 
onto the Purge and Trap.  Soil samples preserved with methanol must be shaken 
for 1 – 2 minutes to extract the volatile components into the methanol.  Let sample 
settle prior to taking methanol aliquot. 


9.4.1.2 Rinse a 5mL Luerlock syringe with reagent water. For aqueous samples, add 
appropriate amount of sample (typically 5mL) to the syringe after pouring off 
approximately 2 – 3 mL of sample to waste.  For soil samples, fill the syringe with 
5mL of reagent water.  Add the appropriate amount of the methanol extract 
(typically 100µL) to the syringe containing the reagent water.  Less sample (water 
or methanol) may be used if sample history or screening information indicates high 
concentrations of target or non-target analytes.  Add 5 µL of surrogate standard 
solution (Section 8.5) to the sample.  Load the sample into a purge tube on the 
Autosamplers: Tekmar 2016, Archon or Centurion. Concentrators: Tekmar 
2000/3000 or equivalent, or Encon evolution. 


9.4.1.3 If sample dilutions are necessary, they may be made in volumetric flasks (10mL to 
100mL).  Dilutions are made without delay.  If aliquots of sample less than 1mL are 
required, use microliter syringes to transfer the sample aliquot to the flask.  Dilute 
to the mark with reagent water.   


Alternatively, the dilutions may be made directly in a gas tight syringe to avoid 
further loss of volatiles. 


All dilutions must ensure that the response of the major constituents is within the 
linear range of the curve. 


9.4.1.4 If the initial analysis of a sample or a dilution of the sample has a concentration of 
analytes that exceeds the initial calibration range, the sample must be reanalyzed 
at a higher dilution.  When a sample is analyzed that has a saturated response 
from a compound, this analysis must be followed by a blank reagent water 
analysis.  If the blank analysis is not free of interferences, the system must be 
decontaminated.  Sample analysis may not resume until a blank can be analyzed 
that is free of interferences at less than the reporting limit. 


9.5 Instrument Maintenance 


 
If the response of the PID detector decreases significantly, perform a cleaning of the PID lamp 
per the manufacturer’s instructions.  If the response is still low, the PID lamp is replaced with a 
new one (PID lamp life is typically 30 – 90 days). 


 
Additional maintenance is performed to maintain GC system performance.  This includes 
periodic replacement of injector septa, replacement of injector liner(s), and clipping several 
inches off of the injector end of the capillary column.  The trap used in the Purge and Trap 
equipment will also need periodic replacement, when system performance degrades. 
 
All maintenance and repair is recorded in the appropriate Instrument Maintenance Log. 
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9.6 Calculations 


9.6.1 The concentration of Gasoline Range Organics in the sample is determined from a 
summation of the total peak area of all chromatographic peaks eluting from methyl-
tertiary-butylether through naphthalene, inclusive, and comparing to the calibration 
curve.  (Using a “baseline to baseline” integration as opposed to a “valley to valley” 
integration.)  Refer to Section 9.2.4. 


  Quantification is based on the average response from the calibration curve.  The 
%RSD of the RF’s must not exceed 20% 


  Linear regression:  From the calibration standards GC responses, R, and their known 
concentrations, Cin µg/L, the following linear equation is derived [R is plotted on the y-
axis; C is plotted on the x-axis]: 


   R = mC + b; which can be rearranged to C = (R – b) /(m) 


  Using the slope (m) and the intercept (b) from this equation, the concentration of 
sample can be calculated from the following equations: 


  Water Samples: 


   Cx = (Rs – b) (D) / (m) 


 


  Soil Samples: 


   Cs = [(Rs-b) (D) (Vt) (K)] / [(Vp) (W) (m)] 


 


  Where:   


 Cs = Concentration of sample in µg/L for waters and mg/Kg on a dry weight 
basis for soils.  (Note:  Wet weight basis can be used upon Client request.) 


   m = slope of the calibration curve 


   Rs = GC response of sample in the GRO retention time window 


   b = intercept of calibration curve 


   D = dilution factor if water sample or soil extract was diluted 


   Vp = volume of soil extract purged (units must be the same as those used for Vt) 


 K = 5 x 10
 -6 


L mg/µg (this constant adjusts for both conversion from µg/Kg to 
mg/Kg and for the dilution of the volume of extract purged up to the 5mL used for 
purging). 


 W = total dry weight of soil sample in Kg.  (This weight can be the wet weight if 
requested by the Client.) 


9.6.2 Blank areas cannot be subtracted from the sample areas.  Chromatographic baseline 
rises due to temperature programming are corrected for by using baseline correction.  
The baseline correction is performed by the most convenient method that the data 
handling system allows. 


9.6.3 If the water blank concentration (this does not include trip blanks) exceeds 50µg/L, (or 
the minimum reporting level if lower) all water samples associated with this blank 
(samples run since the last blank that was below 50 µg/L) must be rerun. 
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9.6.4 If a methanol blank concentration (this does not include trip blanks) exceeds 2.5mg/L, 
all soil samples associated with this blank (samples that have concentrations greater 
than 2.5mg/Kg since the last blank that was below 2.5mg/L) must be rerun. 


NOTE:  The blank level is equivalent to 50µg/L in the water sample prepared by 
spiking 100µL of the methanol blank into 5mL of water.  This is also equivalent to 
2.5mg/Kg in soil. 


9.6.5 To ensure that peaks outside the GRO window are not missed, run the chromatogram 
out 5 minutes past the last component in the GRO component standard.  All significant 
peaks (and baseline rises) outside the window should be qualitatively assessed and 
reported. 


9.6.6 Soil concentration is reported on a dry-weight basis unless specified by the Client.  The 
report indicates whether results are on a wet or dry weight basis.   


10. Quality Control and Data Assessment 


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. When results of sample spikes 
indicate atypical method performance, a calibration verification standard is used to confirm the 
measurements were performed in an in-control mode of operation. 


10.1  Demonstration of Capability 


The analyst must make an initial, one-time, demonstration of the ability to generate acceptable 
accuracy and precision with this method. Each time a method modification is made, the 
analyst is required to repeat the procedure. 


Repeated failure confirms a general problem with the measurement system or analytical 
technique of the analyst. If the failure repeats, locate and correct the source of the problem 
and repeat the test for all parameters listed in the method. 


Water:  To demonstrate initial laboratory capability, analyze a minimum of four Commercial 
Gasoline Spikes in water, at a concentration of 50 µg/L.  The accuracy must be within 80 – 
120% of the known concentration, with a %RSD of 20% or less. When one or more of the 
parameters tested fail at least one of the acceptance criteria, the analyst must locate and 
correct the source of the problem and repeat the test for failed parameters of the method. 


Soil:  To demonstrate initial laboratory capability, analyze a minimum of four Commercial 
Gasoline Spikes in soil, at a concentration of 5 mg/Kg.  The accuracy must be within 80 – 
120% of the known concentration, with a %RSD of 20% or less. When one or more of the 
parameters tested fail at least one of the acceptance criteria, the analyst must locate and 
correct the source of the problem and repeat the test for failed parameters of the method. 


10.2  Blank 


 
10.2.1 A water Blank must be run with every analytical sequence containing water samples, 


utilizing the same water used to prepare standards and make dilutions.  The 
concentration of the blank must not exceed the laboratory reporting level. 


Water Blanks are analyzed after samples suspected of being highly concentrated, to 
prevent carryover. 


10.2.2 A reagent Methanol Blank must be run with each analytical sequence containing soil 
samples, utilizing the same water used to prepare standards and dilute extracts and a 
methanol spike of 100µL.  The amount of material in the blank must not exceed the 
laboratory reporting level.  
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10.3 Calibration Verification Standard / Laboratory Control Sample (LCS) 


The calibration curve must be verified with each analytical sequence by running a mid-level 
calibration standard.   
 
NOTE:  For soil batches the LCS is also injected with 100 µL methanol.   
 
The response must fall within 20% of the expected response.  If the response for the standard 
varies from the predicted response by more than 20%, the analytical system is examined to 
determine the cause and corrective action is performed and/or a new continuing calibration 
standard is prepared and analyzed.  If the 20% criteria is still not met, the system must be 
recalibrated. 
 
Any samples that were analyzed following the standard that did not meet calibration criteria 
must be reanalyzed. If reanalysis is not possible, the data must be flagged and a narrative 
submitted for inclusion on the Client report. 


 


10.4 Duplicate 


A duplicate sample is analyzed once for every 10 samples.  The duplicate aliquot is taken 
from the same sample container and analyzed separately under the same conditions. The 
%RPD between the sample and duplicate results is calculated, and must be < 20%.  If this 
criterion cannot be met, the duplicate is reanalyzed.  If failure continues, the data is reported 
and the nonconformance is narrated. 


 


10.5  Matrix Spike 


For every 10 water samples analyzed, the lab will analyze a Gasoline Component Spike.  The 
spike must be run through the method in the same manner as samples.  The accuracy must 


be within ± 20% of the known concentration.  If the accuracy is outside of acceptance criteria, 
and the LCS is acceptable, the data is reported and the MS failure is narrated. 
 


10.6  Matrix Spike Duplicates 


A Matrix Spike Duplicate is performed only upon Client request.   
 
If so requested, for every 10 water samples analyzed, the lab will analyze a set of Duplicate 
Gasoline Component Spikes in water.  The duplicate spikes must be run through the method 
in the same manner as samples.  The accuracy of the 2 water spikes must be within 20% of 
the known concentration and the %RPD must be 20% or less.  If these criteria cannot are not 
met, and the LCS is acceptable, the data is reported and the MS failure is narrated.  


 


10.7  Laboratory Control Sample Duplicates 


LCS Duplicates are run at a frequency of 10%.  Alternatively, duplicate samples and spike 
samples can be substituted for the laboratory spiked duplicates at a frequency of 10%.  Care 
must be taken to ensure that the samples are homogenous before analyzing duplicates and 
spikes. 
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10.8 Surrogates 
If surrogate recovery is outside of the established limits of 70 – 130%, verify calculations, 
dilutions, and standard solutions.  Verify instrument performance, including checking for leaks 
and purge problems if the recovery is low.  Low recovery may be due to the sample matrix.  
The analysis is repeated. If the recovery is less than 70% or, if the analyses cannot be 
repeated, the data is flagged and a narrative submitted for inclusion on the Client report. 


High recoveries may be due to coeluting matrix interference.  Surrogate recoveries may be 
reported as “masked” in high-level samples exhibiting matrix interference.  Additionally, the 
extraction surrogate may be reported as “diluted out” in high-level soil samples that must be 
diluted for analysis.   These samples do not need to be rerun solely to try to bring surrogate 
recovery into acceptance limits. 


 


10.9  Control Limits 


The laboratory maintains performance records to document the quality of data that is 
generated.  Method accuracy for samples is assessed and records maintained.  


Control limits for the method parameters are generated by the QC staff. The control limits are 
calculated based on in-house performance data.  The limits are compared to the control limits 
found in the reference method.  


10.10  Analytical Sequence 


The analytical sequence is: 


• Calibration Standards (initial) or mid-range Calibration Check Standard (LCS) 


• LCS Duplicate (as needed) 


• Laboratory Method Blank 


• Samples 


• Duplicate sample (as needed) 


• Matrix Spike (as needed) 


• Matrix Spike Duplicate (as requested) 


 


11.  Method Performance 


The Method Detection Limit study for waters is prepared using a commercial gasoline mixture 
spiked into blank water and calculated against the ten component standard.   


The MDL study for soil is prepared using a commercial gasoline mixture spiked into blank sand, 
methanol extracted and calculated against the ten component GRO standard.     


The method detection limit (MDL) is defined as the minimum concentration of a substance that can 
be measured and reported with 99% confidence that the value is above zero. The MDL actually 
achieved in a given analysis will vary depending on instrument sensitivity and matrix effects.  


Method performance data is on file in the laboratory QC department. Comparison of method 
performance data for the laboratory to the reference method criteria occurs when laboratory in-
house acceptance limits are generated.  In-house generated data must be within the specifications 
of the reference method or the analysis is not continued until corrective action is completed. 
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12.  Corrective Actions 


Holding time exceedence, improper preservation and observed sample headspace are noted on 
the nonconformance report form. 


Perform routine preventative maintenance following manufacturer's specification. Record all 
maintenance in the instrument logbook. 


Review of standards, blanks and standard response for acceptable performance occurs for each 
batch of samples.  Record any trends or unusual performance on a nonconformance action form. 


If the CV or LCS recovery of any parameter falls outside the designated acceptance range, the 
laboratory performance for that parameter is judged to be out of control, and the problem must be 
immediately identified and corrected. The analytical result for that parameter in the unspiked 
samples is suspect and is only reported for regulatory compliance purposes with the appropriate 
nonconformance action form.  Immediate corrective action includes reanalyzing all affected 
samples by using any retained sample before the expiration of the holding time. 


13.   Pollution Prevention 


   See Chemical Hygiene Plan for pollution prevention operations. 


14.  Waste Management 


  See Chemical Hygiene Plan for waste handling and disposal. 


15.  Attachments 


Table 1:  Gasoline Component Standards and Concentrations 
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Table 1 
 


Gasoline Component Standards and Concentrations 


 
            


 
 


   COMPONENT   CONCENTRATION, µg/mL 
    
   Methyl-t-butylether   1000 
   Benzene    1000 
   Toluene    1000 
   Ethylbenzene    1000 
   m-Xylene    1000 
   p-Xylene    1000 
   o-Xylene    1000 
   1,2,4-Trimethylbenzene   1000 
   1,3,5-Trimethylbenzene   1000 
   Naphthalene    1000 
           
          TOTAL  10,000 
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Determination of Polychlorinated Biphenyls (PCBs) as Aroclors or 
Congeners By Gas Chromatography/Electron Capture Detection 


(GC/ECD) 


 
References: Method 8082A, Rev. 1, February 2007 and Method 8000B Test Methods for 


Evaluating Solid Waste, SW-846, Third Edition, Final update III, December 1996 
(USEPA, Office of Solid Waste and Emergency Response, Washington, DC).  


Quality Assurance and Quality Control for SW-846 Method 8082, Polychlorinated 
Biphenyls (PCBs) by Gas Chromatography (GC) for the Massachusetts 
Contingency Plan (MCP) 


USEPA Contract Laboratory Program Statement of Work for Organic Analysis 
Multi-Media, Multi-Concentration" August 1991. Document Numbers OLM03.1 
and OLM04.2. 
 
Compendium Method TO10A – Determination of Pesticides and PCBs in 
Ambient Air Using Low Volume Polyurethane Foam (PUF) Sampling Followed by 
GC/ECD Detection 


 
 


1. Scope and Application 


Matrices: Water, soil, sediment, sludge, product, PUF, and tissue (either animal or vegetable)  


Definitions:  Refer to Alpha Analytical Quality Manual. 


This method is applicable to the analysis and quantification of sample extracts for Polychlorinated 
Biphenyls (PCBs) as Aroclors or Congeners by gas chromatography/electron capture detector. See 
Table I for the target compound list of PCB as Aroclors and PCB Congeners with CAS Registry 
Number included. The sensitivity of the method usually depends on the concentration of 
interferences rather than on instrumental limitations. If interferences prevent detection of the 
analytes, the method may also be performed on samples that have undergone cleanup.   


Quantitation of PCBs as Aroclors is appropriate for many regulatory compliance determinations, but 
is particularly difficult when the Aroclors have been weathered by long exposure in the environment. 
Therefore, the 8082 method provides procedures for the determination of selected individual PCB 
Congeners and should be used depending on regulatory requirements and project needs.  The 
PCB Congener approach potentially affords greater quantitative accuracy when PCBs are known to 
be present.  The PCB Congener method is of particular value in determining weathered Aroclors.  
Caution should be used when using the PCB Congener method where regulatory requirements are 
based on Aroclor concentrations. The base list of components can be found in Table I.  Additional 
congeners may be added to this base list of targets.  Additional targets must be run under the same 
GC conditions to document retention times on both analytical columns.  Congeners may be added 
without additional method proficiency demonstration. 


The following extraction and cleanup methods may apply, prior to sample analysis: 


• Extraction of Water Samples by Separatory Funnel (OP-001), 
• Microscale Solvent Extraction - 3570 (OP-016) 
• Soxhlet Extraction (OP-019) 
• Soxhlet Extraction of PUFs (OP-020) 
• Tissue Preparation and Homogenization (OP-003), 
• Shaker Table Extraction (OP-013), 
• Sulfur Cleanup (OP-007), 
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• Sulfuric Acid Cleanup (OP-010),  
• Silica Gel cleanup (OP-014) 
•   GPC Cleanup by HPLC (OP-006) 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the GC-ECD and in the interpretation of GC-ECD data. Each analyst must demonstrate the ability 
to generate acceptable results with this method by performing an initial demonstration of capability, 
analyzing a proficiency test sample and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


2. Summary of Method 


Sample extracts are analyzed on a gas chromatograph which is fitted with two capillary columns of 
differing polarities each employing separate detectors. The extracts of PCB Congeners are spiked 
with internal standard prior to analysis.  The target analytes are resolved on each column and 
detected using an electron capture detector (ECD). Analytes are introduced into the GC/ECD by 
injecting a known volume of the calibration standards, quality control samples, and sample extracts 
into the GC which is temperature and flow programmed to separate the analytes.  Identification of 
target analytes is accomplished by confirming a target hit on two dissimilar columns using Retention 
Time (RT) and Pattern Recognition (PR).  Concentrations are calculated from the ECD response 
using either external (for PCB Aroclors) or internal (PCB Congeners) standard techniques. For all 
PCB Aroclors, the concentrations are derived from a multi-level calibration curve, either linear using a 
least square regression, or non-linear.. For PCB Congeners, the concentrations are determined using 
mean Relative Response Factor derived from multi-level calibration curve. Alternatively, different 
calibration models may be employed for either Congeners or Aroclors. 


2.1 Method Modifications from Reference 


None. 


3. Reporting Limits 


Generally, the Reporting Limit for aqueous samples is 0.02 ug/L for individual Aroclors and 0.001 
ug/L for individual Congeners. This value is based on a 1mL final volume and 1000 mL of the 
sample extracted. The Reporting Limit for solid/tissue samples is 4 ug/Kg for individual Aroclors 
and 0.2 ug/Kg or for individual Congeners, based on 1 mL final volume and 5 g of the sample 
extracted (wet weight) using extraction method 3570 (MSE). Utilizing extraction method 3540C 
(soxhlets) the achievable RL for client samples at a 30g extraction weight is 1.33 ug/Kg or for 
individual Congeners, based on 4 mL final volume. The Reporting Limit for Aroclors in PUF air 
samples is 20-100ng/PUF cartridge, based on the soxhlet extraction of one low volume PUF and a 
final volume of 1mL. Detection limits will vary with the individual sample matrix, sample preparation 
procedures, instrument calibration range, and volume of sample analyzed. 
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4. Interferences 


4.1 Contaminants in solvents, reagents, glassware, syringes, and other sample processing 
hardware may cause inferences that lead to discrete artifacts, biases, and/or elevated 
baselines. Demonstrate that all of these materials are free from interferences under the 
conditions of the preparation and analysis by extracting and analyzing a laboratory method 
blank with each batch of up to 20 samples.  Also new solvent lots are prescreened and 
approved by GC/ECD analyst prior to use. All glassware and equipment should be properly 
cleaned and solvent rinsed prior to use.  Never use any glassware, or other implements such 
as syringes, on multiple samples within the batch unless there has been thorough cleaning and 
decontamination between samples. 


4.2 Contaminants co-extracted from the sample may cause matrix interferences.  The extent of 
matrix interferences will vary considerably from sample to sample, depending upon the nature 
of the environment and matrix being investigated.  In some cases depending on the severity of 
the observed interferences, a target hit on one column may be biased high when interfered 
with.  Skilled analyst judgment is imperative in determining if a chromatographic peak appears 
interfered with.  In these cases the non-interfered, non-biased hit can be forced for reporting 
purposes providing a more suitable value.  In extreme cases of interference additional cleanups 
can be employed, or it may be necessary to analytically re-run the sample at a dilution. 


4.3 The ECD is theoretically a halogen specific detector. However, phthalate esters can be a major 
source of contamination in that they do respond to the ECD and can interfere with accurate 
determination of the analytes of interest.  No forms of plastic or any material containing 
plasticizers (phthalates) should be used in conjunction with any part of this analysis. 


4.4 Elemental sulfur is readily extracted from soil samples and may cause chromatographic 
interferences in the determination of pesticides.  Sulfur can be removed through the use of 
Method 3660B. In addition, all samples for PCB analysis are acid cleaned following Method 
3665A. Associated SOPs are noted in Section 1.0, above. 


4.5 Care must be taken to ensure a complete hexane exchange is performed on the extract, 
because residual methylene chloride would be an interferent in the analysis.  Residual 
methylene chloride can also damage the electron capture detectors. 


4.6 The injector system of the gas chromatograph can become contaminated with non-volatile 
components from samples.  This can act to decrease the resolution and responsiveness of the 
system.  Maintenance of the analytical system should be performed when system performance 
degrades (liner changes, injection port cleaning, etc.) to avoid prolonged down time. 


4.7 Aldol condensation products (4-methyl-4-hydroxy-2-pentanone and 4-methyl-3-pentene-2-one) 
can arise during soil extraction when using methylene chloride:acetone. These products may 
interfere with detection of analytes and should be monitored. 


4.8 Raw GC data from all blanks, samples, and spikes must be evaluated for interferences or 
carryover. Contamination by carryover can occur whenever high-concentration and low-
concentration samples are sequentially analyzed. 


4.9 Oven-drying of glassware used for PCB analysis can increase contamination because PCBs 
are readily volatilized in the oven and spread to other glassware.  Therefore, exercise caution, 
and do not dry glassware from samples containing high concentrations of PCBs with glassware 
that may be used for trace analyses, unless glassware has undergone meticulous cleaning. 


4.10 Per method 8082A each analytical column analyzing for PCB congeners must be evaluated for 
the presence of coelutions amongst PCB congeners with pesticides. An aliquot of PCB 
congeners/pesticide LCS solution is prepared and analyzed routinely on each analytical column 
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in the laboratory. The subsequent coelutions of these compounds are documented and stored 
internally in the “ECD Standard Verification Logbook” within the facility.  


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Aqueous samples are collected in 1L or 2L amber glass bottles and stored without preservative 
at 4°C  


1-5g of tissue sample are required.   


Soil/sediment samples are collected in 4oz. glass soil jars, 


Air PUF samples are collected following the guidance in reference method TO-10A 
Compendium. 


6.2 Sample Preservation 


Aqueous and Air PUF samples are stored without preservative at 4°C 


Tissue Samples are stored at 4°C, or if desired, frozen.   


Soil/sediment samples are stored at 4°C, or if desired, frozen. 


6.3 Sample Shipping 


No special shipping requirements. 
 


6.4 Sample Handling 


The hold time for this method is 7 days for the extraction of aqueous and Air PUF samples, and 
14 days for the extraction of solid and tissue samples. If a sediment or tissue samples are 
frozen, this suspends the holding time until removal from the freezer. All extracts must be 
analyzed within 40 days of the extraction date. 


7. Equipment and Supplies 


7.1 Gas Chromatograph: The instrumentation is a temperature-programmable gas 


chromatograph with heating range from 40°C to 325°C and splitless-type inlet system with 
electron capture detectors (Hewlett-Packard HP 5890 Series II GC, HP 6890 Plus, or similar).  
 


7.1.1 The injection port is designed for splitless injection onto a capillary column.  The 
injection port utilizes a uniliner for direct injection, to decrease the potential for 
breakdown of compounds in the injection port and to increase sensitivity. These 
uniliners are used in place of the standard splitless liners. The 6890 model 
requires a drilled uniliner due to Electronic pressure control. The injection port will 
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require maintenance on an as needed basis if degradation or contamination is 
apparent.  


 


7.1.2 Columns and supplies: 


7.1.2.1 Restek’s proprietary “RTX-5” Stationary Phase, 60m length x 0.25mm ID, 


0.25µm film thickness - Restek Corporation, PN 10226, or equivalent. 


7.1.2.2 Restek’s proprietary “RTX-CLPesticide II” Stationary Phase, 60m length 


x 0.25mm ID, 0.2µm film thickness - Restek Corporation, PN 11326, or 
equivalent. 


7.1.2.3 Guard column, deactivated fuse silica phenyl-methyl, 5 m x 0.32 mm ID. 
Restek PN 10027 or equivalent. 


7.1.2.4 The flow from the guard column can be split between the two analytical 
columns using a Siltek MXT-Y connecter Restek PN 20396 


7.1.3 The GC/ECD utilizes one injector with guard column sealed to the uniliner inside 
the injection port.   Connector splits the guard column into the two dissimilar 
columns listed above.  Each column is then attached to a separate detector.  Rtx-
5 is always the front detector column and the CLP II is the back detector column.  


 


7.2 Autosampler: Adapted onto the Gas Chromatograph. Model is HP 6890 series autosampler 
with a GC autosampler controller and HP 5890 series autosampler with controller, or 
equivalent. 
 


7.3 Computer: With Windows NT operating software utilizing HP Enviroquant G1701BA Version 
B.01.00 software. 
 


7.4 Gases:  Hydrogen, ultra high purity grade (99.9999% pure) and Nitrogen of equivalent purity.  
Hydrogen is generally supplied by a Proton Hogen GC 600 Hydrogen generator. 
 


7.5 Glassware: Assorted Class-A volumetric flasks consisting of 5mL through 200mL flasks with 
ground-glass stoppers for preparing reagents, standards, and measuring sample volumes for 
sample requiring dilution beyond 1:100.   
 


7.6 Pipettes: Disposable Pasteur brand, or equivalent. 
 


7.7 Cahn balance: Capable of accurate measurement to the nearest 0.001 mg. 
 


7.8 Analytical balance: Capable of accurate measurement to the nearest 0.0001 g. 
 


7.9 Top-loading analytical balance: Capable of accurate measurement to the nearest 
0.1g. 


 


7.10 Micro syringes:  10, 25, 50, 100, 250, 500, and 1000 µL. 
 


7.11 VOA vials:  Non-preserved, certified, pre-cleaned VOA vials, 40 mL, with Teflon-lined screw 
caps. 
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7.12 Vials:  2 mL, with Teflon-lined crew caps for standard solutions (amber) and sample extracts 
(clear). 


 


7.13 Spatula:  Stainless steel. 
 


8. Reagents and Standards 


8.1 Solvents:  All solvent expirations determined as indicated by manufacturer guidelines. 


8.1.1 Methylene Chloride, ACS approved, Pesticide grade, see SOP Reagent, 
Solvent, and Standard Control (G-008) for additional details regarding solvent 
purity. 


 
8.1.2 Acetone, ACS approved, Pesticide grade, see SOP Reagent, Solvent, and 


Standard Control (G-008) for additional details regarding solvent purity. 
 


8.1.3 Hexane, ACS approved, Pesticide grade, see SOP Reagent, Solvent, and 
Standard Control (G-008) for additional details regarding solvent purity. 


 
8.1.4 Methanol, Purge and Trap grade, see SOP Reagent, Solvent, and Standard 


Control (G-008) for additional details regarding solvent purity. 
 


8.2 Primary Standard Solutions: All Primary standard solutions are purchased from 
commercial vendors as ampulated certified solutions. When an ampulated primary solution 
is opened, it is transferred to a labeled amber 2mL vial. 


Primary Standards are stored as indicated by the vendor, away from light when not in use.  
Primary standards are discarded as indicated by the vendor expiration.  If breakdown of a 
solution is observed, the solution will be discarded. 


8.2.1 Aroclor 1016 Solution: Obtained from Accustandard at a concentration of 
100ug/mL (catalog # C-216S-H-10X-PAK) – for the calibration curve and 
obtained from Restek at a concentration of 1000 ug/mL (catalog # 32006) – for 
LCS and ICV. 


8.2.2 Aroclor 1260 Solution: Obtained from Accustandard at a concentration of 
100ug/mL (catalog # C-260S-H-10X-PAK) – for the calibration curve and 
obtained from Restek at a concentration of 1000 ug/mL (catalog # C32012) – for 
LCS and ICV. 


8.2.3 Aroclor  Solution: Obtained from Ultra at a concentration of 100 ug/mL for one-
point calibration. 


Compound  Part Number 
Aroclor 1221  PP-291 
Aroclor 1232  PP-301 
Aroclor 1242  PP-311 
Aroclor 1248  PP-341 
Aroclor 1254  PP-351 
Aroclor 1262  PP-371 
Aroclor 1268  PP-381 


 
8.2.4 Pesticides Surrogate Standard Spiking Solution: Obtained from Ultra at a 


concentration of 200ug/mL (catalog # ISM-320) – for PCB Aroclors analysis. 
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8.2.5 4,4’-Dibromooctafluorobiphenyl Solution-DBOB: Obtained from Ultra at a 
concentration of 5000 ug/mL (catalog # PPS-172) – for PCB Congeners analysis. 


8.2.6  2,2’,3,3’,4,5,5’,6-Octachlorobiphenyl Solution-BZ#198: Obtained from Ultra at 
a concentration of 100 ug/mL (catalog # RPC-075S) – for PCB Congeners 
analysis. 


8.2.7 Internal Standard Solution: 2,3,3’,4,5,5’,6 Heptachlorobiphenyl Solution-
BZ#192 –obtained from Ultra at a concentration of 100 ug/mL (catalog # RPC-
165S) – for PCB Congeners analysis. 


8.2.8  Custom PCB Standard: Obtained from Accustandard at a concentration of 100 
ug/mL (catalog # S-7911-2X) – for the calibration curve, for PCB Congeners 
analysis. 


8.2.9 EPA PCB Congener Calibration Check Solution: Obtained from Ultra at a 
concentration of 0.2ug/mL (catalog # RPC-EPA) – for ICV, for PCB Congeners 
analysis. 


8.3 Stock Standard Solutions: All Stock Standard Solutions are prepared volumetrically 


by diluting and mixing the appropriate primary standard solutions in hexane. Stock 
standards expire 1 year from the date of preparation or sooner if routine QC tests indicate a 
problem. All stock solutions are stored in the freezer (-20 C÷ -10 C) in 10÷40 mL vials 
depending on the amount prepared.  If breakdown of a solution is observed, the solution 


will be discarded. 


8.3.1 Aroclor1660 Calibration Stock Solution: Consists of the Aroclor 1016 and 1260 
from Ultra or equivalent, mixed with the extraction surrogates (TMX and DCB), at a 
stock concentration of 10 000ug/L for Ar1660 and 1000ug/L for surrogates, in 
hexane. To prepare calibration stock solution, add 250uL of Aroclor 1016/1260 
Primary Solution at 1000ug/mL and 125uL of Pesticides Surrogate Standard 
Spiking Solution at 200ug/mL to a 25mL volumetric flask.  Dilute to the volume 
with hexane. 


8.3.2 NOAA 22 Congeners Stock Solution: Consists of the NOAA 22 Congeners from 
Accustandard or equivalent, at the concentration of 5000ug/L in hexane. To 
prepare congeners stock solution, add 1.25mL of Custom PCB Standard at 
100ug/mL to a 25mL volumetric flask.   Dilute to the volume with hexane. 


8.3.3 Pesticides Surrogate Stock Solution: Consists of Pesticides Surrogates (TMX 
and DCB) from Ultra or equivalent, at a stock concentration of 5000ug/L. To 
prepare pest surrogate stock solution add 0.625 mL of Pesticides Surrogate 
Standard Spiking Solution at 200ug/L to a 25mL volumetric flask.   Dilute to the 
volume with hexane. 


8.3.4 DBOB and BZ 198 Surrogate Stock Solution: Consists of DBOB and BZ198 
from Ultra or equivalent, at a stock concentration of 5000ug/L, in hexane. To 
prepare surrogate stock solution add 25uL of DBOB Primary Solution at 
5000ug/mL and 1.25mL of BZ#198 Primary Solution at 100ug/mL to a 25mL 
volumetric flask.  Dilute to the volume with hexane. 


8.4 Working/Spiking Standard Solutions: All working/spiking standard solutions are 
prepared volumetrically by diluting and mixing appropriate primary or stock standard solutions 
in acetone, hexane or methylene chloride. Working/Spiking standards expire 6 months from 
the date of preparation or sooner if routine QC tests indicate the problem. All working/spiking 
solutions are stored in the freezer (-20 C÷ -10 C) in 10÷40mL vials depending on the amount 
prepared. All spiking solutions must be assayed for use by analysis before release to the 
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preparation lab.  All compounds must be within 20% of their true value.  If breakdown of a 
solution is observed, the solution will be discarded. 


8.4.1 Aroclor 1660 calibration standard solution: Consists of Aroclor 1016 and 1260 
from our “Aroclor 1660 calibration stock solution” combined into one standard 
called Aroclor 1660 and the extraction surrogates (TMX and DCB) through dilution 
of Aroclor 1660 Calibration Stock solution. The extraction surrogates will only be 
combined with the 1660 calibration.  An ICAL is run for each of the nine Aroclors 
before analysis. A minimum of 5 levels is analyzed for the curve although more 
levels may be analyzed.  This Curve preparation will be followed for all nine 
Aroclors, minus the surrogates. 


7-Level Curve Preparation for Aroclors 


 
Calibration 
Level 


Aroclor 
Conc. 


Surrogate 
Conc. 


Volume of Std Added Final Volume 
in Hexane 


Stock  10 00µg/L 1000µg/L 25uL of Ar1660-1µg/mL  


250µL of surrogate-200µg/mL 


 
25mL 


       Level1 20µg/L 2µg/mL 20uL of Stock. 10mL 


       Level 2 50µg/L 5µg/L 50uL of Stock 10mL 


       Level 3 100µg/L 10µg/mL 100uL of Stock 10mL 


       Level 4 250µg/L 25µg/mL 250uL of Stock 10mL 


       Level 5** 500µg/L 50µg/mL 1.25mL of Stock 25mL 


       Level 6 1000µg/L 100µg/mL 1mL of Stock 10mL 


       Level 7 2000µg/L 200µg/mL 2mL of stock 10mL 


     


** CCV Level 


8.4.2 Congener Calibration standard solution: Consist of 22 NOAA Congeners and 
the extraction surrogates (DBOB and BZ#198) through dilution of NOAA 22 
Congeners Stock Solution listed in 8.3.2.  and DBOB and BZ 198 Surrogate Stock 
Solution listed in 8.3.4. 8 levels are described, however a minimum 5 levels are 
required for initial calibration. 


Multi-Level Calibration Solution Preparation for Congeners and Surrogates  
 


Calibration 
Level 


Analyte 
Conc. ug/L 


Surrogate 
Conc. ug/L 


Volume of Std Added Volume in 
Hexane  


Level 1 1 1 0.05mL of Level 8  10mL 


Level 2 5 5 0.25mL of Level 8  10mL 


Level 3 10 10 0.50mL of Level 8  10mL 


Level 4 20 20 0.04mL of Cong stock and 
0.04mL of Surr. stock  


10mL 


Level 5 50 50 0.1mL of Cong stock and 
0.1mL of Surr. stock 


10mL 


Level 6** 100 100 0.5mL of Cong stock and 
0.5mL of Surr. stock 


25mL 


Level 7 150 150 0.3mL of Cong stock and 
0.3mL of Surr. stock 


10mL 


Level 8 200 200 0.4 mL of Cong stock and 0.4 
mL of Surr. stock 


10 mL 


** CCV Level 
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8.4.3 PEST/PCB Surrogate Spike Solution:  TMX and DCB obtained from Ultra 
Scientific or equivalent, at a concentration of 100ug/L (“ULOW”) and/or 1000ug/L 
(“LOW”) in Acetone. To prepare: 


- “ULOW” surrogate spiking solutions add 5mL of Pesticides Surrogate Stock 
Solution (at 5000ug/L) into a 250mL volumetric flask and dilute to the 
volume with acetone.  


- “LOW” surrogate spiking solutions add 1mL of Pesticides Surrogate 
Standard Spiking Solution (at 200ug/mL) into a 200mL volumetric flask and 
dilute to the volume with acetone.  


All samples, blank and matrix spike are spiked with 1mL of the surrogate solution 
prior to extraction to monitor efficiency of sample extraction, chromatographic 
and calibration system. This amount may be adjusted to meet project specific 
concentrations, as needed. 


8.4.4 PEST/CONG Surrogate Spike Solution: DBOB and BZ 198 obtained from Ultra 
or equivalent, at a concentration of 100ug/L in Acetone. To prepare surrogate 
spiking solutions add 5mL of DBOB and BZ 198 Surrogate Stock Solution (at 
5000ug/L) into a 250mL volumetric flask and dilute to the volume with acetone. 
All samples, blank and matrix spike are spiked with 1mL of the surrogate solution 
prior to extraction to monitor efficiency of sample extraction, chromatographic 
and calibration system. This amount may be adjusted to meet project specific 
concentrations, as needed. 


8.4.5 PCB Aroclors LCS/LCSD/MS/MSD: Aroclor 1660 commercially obtained from 
Accustandard or equivalent, at the concentration of 1000ug/L (“ULOW”) and/or 
10,000ug/L (“LOW”) in Acetone. This is a source separate from the calibration 
curve.  To prepare: 


- “ULOW” spiking solution add 0.1mL of each primary solution at 1000µg/mL 
to a 100mL volumetric flask and bring it to volume with Acetone.  


- “LOW” spiking solution add 1mL of each primary solution at 1000µg/mL to 
a 100mL volumetric flask and bring it to volume with Acetone.  


1mL is spiked into each QC and field QC sample. This amount may be adjusted 
to meet project specific concentrations, as needed. 


8.4.6 NOAA 22 Cong LCS/LCSD/MS/MSD: NOAA 22 Congeners obtained from Ultra 
or equivalent, at the concentration of 100ug/L in Acetone. To prepare spiking 


solution add 1mL of NOAA 22 Congeners Stock Solution at 5000µg/L to a 50mL 
volumetric flask and bring it to volume with Acetone. 1mL is spiked into each QC 
and field QC sample. This amount may be adjusted to meet project specific 
concentrations, as needed. 


8.4.7 Independent Verification Standard (ICV) for Aroclors: This is a source 
separate from the calibration curve containing one of the nine Aroclors,,, 
obtained from Ultra or Restek, at the concentration of 100ug/mL or 1000ug/mL. 
To prepare add 250uL to 25mL or add 250uL to 25mL volumetric flask and bring 


to volume with hexane. This will achieve the standard concentration of 1000µg/L. 
To get working STD (500ug/L) Add 5mL of the stock (1000ug/L) to a 10mL 
volumetric fask and bring up to volume with hexane.   


8.4.8 Independent Verification Standard (ICV) for Congeners: This is a source 
separate from the calibration curve obtained from Ultra, at the concentration of 
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100ug/mL in hexane. This standard must be analyzed with the appropriate 
concentration of the internal standard. 


8.4.9 Internal Standards (IS): BZ#192: Prepared so that a 20-uL spiked into the 
sample extract prior to analysis, will produce a mid-calibration range response at 
50ng/mL in final sample extract. To prepare add 0.625mL of primary solution at 
100ug/mL to a 25mL volumetric flask and bring it to volume with hexane. Final 
concentration is 2.5ug/mL. 


 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


Quality Control (QC) samples are necessary to monitor both the sample extraction and instrument 
analysis procedures. The Quality Control samples described below are considered the method 
defaults, and are the minimum requirements, except where noted. Client and Project specific Data 
Quality Objectives (DQOs) supersede the requirements in this section where applicable. Client or 
Project specified DQOs shall be included, or referenced, in the final report to the client. 


9.1 Blank(s) 


9.1.1 A method blank must be extracted (spiked with surrogates and/or internal 
standards) and analyzed once per every 20 samples or per extraction batch, 
whichever is more frequent. The analysis of the method blank extract will 
demonstrate the background contamination. 


 
9.1.2 An acceptable method blank should not contain any individual compound at the 


concentration of reporting limit, or above. All efforts must be made to identify and 
eliminate the source of contamination. The presence of analytes at 
concentrations at or above the reporting limit will warrant application of a “B” 
qualifier to that target compound(s) on all associated report forms, and perhaps 
re-extraction of all associated samples. The results are qualified with a “B” for 
any associated sample concentrations that are less then 5x the blank 
concentration for the analyte. Surrogate and internal standard recoveries must 
meet the QC limits for the method blank, see Sections 12.5 and 12.6. Re-
extraction must be initiated immediately so that the minimum of time is wasted 
before re-extraction can occur - if at all possible, this re-extraction should take 
place within holding time. Re-extraction corrective action that would exceed the 
sample holding time criteria should be discussed with the client, Laboratory 
Director, QA Manager, and/or Section Supervisor prior to implementation. 
Exceptions may be made with approval of the Section Supervisor if the samples 
associated with an out of control method blank are non-detect for the affected 
compound(s) or if the concentrations of the affected compound(s) are greater 
than 5x the blank level in the samples.  In such cases, the sample results are 
accepted without corrective action for the high method blank result.  The client 
must be notified, via the project narrative, of any method blank non-compliance 
associated with the sample results. Since air PUF samples cannot be re-
extracted, re-analysis for confirmation of any issues must be performed. If similar 
results are observed, the data is reported with a narrative note discussing the 
non-compliance. 
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9.2 Laboratory Control Sample / Laboratory Control Sample (LCS / LCSD) 


9.2.1 The LCS/ LCSD are extracted along with the samples as a measure of precision 
and accuracy. At a minimum, one LCS/LCSD sample set must be analyzed at a 
frequency of once per 20 samples, or per analytical batch, whichever is more 
frequent. The LCS contains Aroclor 1660 for PCS as Aroclors analysis and all 22 
NOAA Congeners for PCB Congeners analysis. 


 
9.2.2 The acceptable recovery QC limits are found in Section 12 for an aqueous, solid, 


and tissue LCS.  
 
9.2.3 Acceptable relative percent difference (RPD) for LCS/LCSD analysis is + 50 % 


for both aqueous and solid matrices. See section 12 for QA acceptance criteria.  
Calculate RPD as follows: 


  
     RPD  =   R1  -  R2         x  100 
                  [R1  +  R2] 
                 2 
9.2.4 Corrective Action: Repeat analysis or check to see if an analytical error has 


occurred. If the LCS recovery is still out of control, re-extract and re-analyze the 
LCS and all samples associated with that LCS/LCSD. If the LCS/LCSD do not 
meet quality control criteria for recovery of some of the spike and surrogate 
compounds, the results for the other samples and quality control samples within 
the batch must be evaluated to determine if this is an isolated problem for the 
LCS/LCSD and whether the data should be reported with the affected 
LCS/LCSD. If the recoveries for all components in the LCS/LCSD are outside of 
criteria, the entire analytical batch should be re-extracted and re-analyzed. 
Exceptions may be made with approval of the Department Manager if the 
samples associated with the out of control LCS/LCSD are also associated with a 
matrix spike and matrix spike duplicate that is in control which demonstrates an 
isolated problem pertaining to the LCS/LCSD only. An explanation of this out of 
control LCS/LCSD recovery must be included in the project narrative to the client 
and the sample data reported with the acceptable MS/MSD results as batch QC. 
Since air PUF samples cannot be re-extracted, re-analysis for confirmation of 
any issues must be performed. If similar results are observed, the data is 
reported with a narrative note discussing the non-compliance. 


 


9.3 Initial Calibration Verification (ICV)  


Refer to section 10.2 


9.4 Continuing Calibration Verification (CCV) 


Refer to section 10.4     


9.5 Matrix Spike / Matrix Spike Duplicate (MS / MSD) 


9.5.1 MS/MSD analyses are performed once per 20 samples (5% frequency) only per 
client request.  It is preferable to extract samples that have been selected 
specifically by the client.  If none have been assigned then the laboratory analyst 
must choose a representative sample for each type of matrix prepared. The 
MS/MSD must be matrix specific.  Aqueous and air PUF MS/MSD cannot be 
done unless client supplies sufficient sample. These samples are also spiked 
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with extraction surrogate. MS/MSD are spiked with the LCS spiking solution 
(Aroclor 1660 or NOAA 22 Congeners) at the same level as LCS/LCSD. 


 
9.5.2 The acceptable recovery and RPD QC limits are found in Section 12 for an 


aqueous, solid, tissue and product MS/MSDs.  
9.5.3 Acceptable relative percent difference (RPD) for matrix spike analysis is + 50 % 


for both aqueous and solid matrices. Calculate RPD as follows:   
 


RPD  =   R1  -  R2         x  100 
             [R1  +  R2] 


2 
 


9.5.4 Corrective Action: The recovery of the matrix spikes are evaluated relative to the 
what was in the unspiked sample to indicate how well the methods worked on 
extraction of the analytes of interest from the sample matrix. The results for the 
unspiked and MS/MSD samples need to be compared carefully to determine how 
well the spiking study worked and if there was any indication of matrix-related 
problems that might affect the analytical batch. Re-extraction of the sample based 
on the MS results is rare.  Repeat analysis or check to see if an analytical error 
has occurred. If the % recovery or %RPD still exceeds the control limits and the 
associated LCS is within control, include a project narrative with the results to 
client noting that there may be potential matrix effects on the accuracy or precision 
of the affected results as evidenced by the matrix spike and matrix spike duplicate 
exceedance. Since air PUF samples cannot be re-extracted, re-analysis for 
confirmation of any issues must be performed. If similar results are observed, the 
data is reported with a narrative note discussing the non-compliance. 


 


9.6 Laboratory Duplicate 


9.6.1 Laboratory matrix or sample duplicates are analyzed if requested by the client. The 
client must supply sufficient additional sample volume for this duplicate. Duplicates 
are used to evaluate the precision of the method. The QC limit is 50% RPD for 
target compounds found above 5 times the reporting limit.  


 
9.6.2 Corrective Action: If the %RPD exceeds the 50% control limit and the associated 


MS/MSD %RPD is within 50%, include a project narrative with the results to client 
noting that there may be potential matrix effects on the precision of the results 
isolated to this sample, as evidenced by the matrix duplicate exceedance and the 
MS/MSD acceptance. If both the sample/duplicate and the MS/MSD exceed the 
control limits, include a project narrative with the results to client noting that there 
may be potential matrix effects on the precision of the results as evidenced by the 


sample/duplicate and the MS/MSD exceedences. Since air PUF samples cannot 
be re-extracted, re-analysis for confirmation of any issues must be performed. If 
similar results are observed, the data is reported with a narrative note discussing 
the non-compliance. 


 


9.7 Method-specific Quality Control Samples 


9.7.1 Surrogates 


9.7.1.1 Surrogates are monitored for recovery for all matrices. Two surrogates 
are used, one that elutes at the beginning and one at the end of GC run: 
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TMX/DCB for Aroclors and DBOB/BZ#198 for Congeners. Every sample, 
blank, and quality control sample (LCS, MS, MSD, Dup) must be spiked 
with the surrogates prior to extraction.  The recovery limits are found in 
Section 12.  


 
9.7.1.2 Corrective Action: If surrogate recoveries are not met, check to be sure 


there are no errors in peak integration, calculations, and surrogate 
solutions.  In addition, if none of the above are a problem, check method 
and instrument performance by examining the LCS results. Re-analyze 
the sample. Check to see if an analytical or dilution error occurred and 
re-calculate. If surrogates are recovered below the limit, re-extract the 
sample and report the re-extract results, if re-extraction occurred beyond 
the holding time, and the re-extract surrogates are within the QC limits. If 
the surrogates are recovered below the limit in the re-extract, this 
confirms suspected matrix interference on the surrogates, and only the 
original analysis needs to be reported, unless specified otherwise by 
client or project data quality objectives (DQOs) or other specifications – 
both results of both analysis might need to be reported. If the 
chromatogram shows obvious matrix interference, no re-analysis or re-
extraction is necessary. This decision must be made with approval of the 
Department Manager. Surrogate outliers and sample re-extracts must be 
noted in the case narrative to the client. Since air PUF samples cannot 
be re-extracted, re-analysis for confirmation of any issues must be 
performed. If similar results are observed, the data is reported with a 
narrative note discussing the non-compliance. 


9.7.2 Internal Standards 


9.7.2.1 Internal Standards will be evaluated for relative retention time drift and 
relative area counts compared to the associated opening CCV for PCB 
Congeners only. Internal standards are added to every field sample, QC 
sample, standard, and method blank. The internal standard retention 
times for associated samples should be + 0.05 minutes relative to the 
retention times from the associated opening CCV. The area counts for the 
internal standards in the associated samples should be -50% to +200% of 
the area of the internal standards in the opening CCV. 


 
9.7.2.2 Corrective Action: Check to see if an analytical, dilution or spiking error 


occurred.  If the chromatogram shows obvious matrix interference, no re-
analysis is necessary. This decision must be made with approval of the 
Department Manager. Note the exceedance in the case narrative to the 
client. If no obvious interference is present, re-analyze the extract. If 
internal standards are now within the acceptance limits, report only the re-
analysis, as long as the re-analysis occurred within the 40-day analytical 
hold time. If the re-analysis occurred outside of the 40-day analytical hold 
time, both the original and re-analysis must be reported. If the internal 
standards again are outside the acceptance limits, after re-analysis, either 
within or outside of the 40-day hold time, report only the original analysis, 
and include a narrative to the client that the suspected matrix interference 
on the internal standards was confirmed by sample re-analysis. If specify 
by the client or project data quality objectives (DQOs) or other 
specifications both results of both analysis might have to be reported. 
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9.7.3 Standard Reference Materials (SRMs) 


9.7.3.1 Standard reference materials (SRMs) are available from the National 
Institute of Standards and Technology (NIST) and are extracted and 
analyzed with samples on a project specific basis. For sediment and 
tissue sample batches, a certified SRM will be analyzed at the rate of one 
per batch of up to 20 samples per matrix for PCB Congeners only. These 
are not used as controls, but to evaluate potential matrix effects in 
associated samples for the target compounds being evaluated.  


 
9.7.3.2 Measured results will be compared against certified values for those 


target analytes that are certified in these SRMs as follows. Acceptance 
criteria for SRM analysis will vary from project to project depending upon 
client data quality objectives (DQOs).  Generally, + 50% difference (%D) 
based on the true certified values of the target compounds of interest, or 
40% - 140% recovery, serve as advisory acceptance criteria.  


 
9.7.3.3 Corrective Action: Repeat analysis and/or check to see if an analytical 


error has occurred. If the % recovery or %D still exceeds the control limits 
and the associated LCS/LCSD and/or MS/MSD are within control, include 
a project narrative with the results to client noting that the observed 
recovered of the SRM are isolated to this sample as evidenced by the 
LCS/LCSD and/or MS/MSD acceptance. Individual analyte exceedances 
will be narrated and may be used to assess potential interferences or 
system bias for individual analytes. 


9.8 Method Sequence 


 An example sequence for 8082 Aroclor analysis, created 12/04 on ECD4. CCV 
identifiers and/or nomenclature can be associated according to date/instrument or a 
specifically generated WG (workgroup) reference number assigned by the company 
LIMS system.  







Alpha Analytical, Inc.  ID No.:2160   
Facility: Mansfield                                            Revision 3 
Department:GC/MS-Semivolatiles  Published Date:4/18/2012 4:00:01 PM  
Title:  EPA 8082A  Page 15 of 31  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-012 


1. Primer  
2. Hexane 
3. C4120401STD1242  AR1242 Level 5 @ 500ug/L * 
4. C4120401STD1248  AR1248 Level 5 @ 500ug/L * 
5. C4120401STD1254  AR1254 Level 5 @ 500ug/L * 
6. C4120401STD1660  AR1660 Level 5 @ 500ug/L 
7. C4120401STD2162  AR1262 Level 5 @ 500ug/L * 
8. C4120401STD3268  AR1268 Level 5 @ 500ug/L * 
9. Method Blank 
10. Method LCS  
11. Method LCSD 
12. 7 client samples  
13. C4120402STD1242  AR1242 Level 5 @ 500ug/L * 
14. C4120402STD1248  AR1248 Level 5 @ 500ug/L * 
15. C4120402STD1254  AR1254 Level 5 @ 500ug/L * 
16. C4120402STD1660  AR1660 Level 5 @ 500ug/L 
17. C4120402STD2162  AR1262 Level 5 @ 500ug/L * 
18. C4120402STD3268  AR1268 Level 5 @ 500ug/L * 
19. about 10 client samples   
20. C4120403STD1242  AR1242 Level 5 @ 500ug/L * 
21. C4120403STD1248  AR1248 Level 5 @ 500ug/L * 
22. C4120403STD1254  AR1254 Level 5 @ 500ug/L * 
23. C4120403STD1660  AR1660 Level 5 @ 500ug/L 
24. C4120403STD2162  AR1262 Level 5 @ 500ug/L * 
25. C4120403STD3268  AR1268 Level 5 @ 500ug/L * 


 
*optional CCV levels may be employed to account for the presence of variable 
Aroclor patterns within client samples.  


 
An example sequence for 8082 Congener analysis, created 12/04 on ECD3. CCV 
identifiers and/or nomenclature can be associated according to date/instrument or a 
specifically generated WG (workgroup) reference number assigned by the company 
LIMS system.  


Primer  
Hexane 
C3120401STD50 
Method Blank 
Method LCS  
Method LCSD 
7 client samples 
C3120402STD50 
10 client samples 
C3120403STD50 


 


10. Procedure 


10.1 Equipment Set-up 


10.1.1 Prior to performing GC/ECD analysis, the operator must read and become familiar 
with the operating procedure guidelines specified in the instrument operating 
manuals. The analyst must be trained and familiarized with the instrument software 
provided by the manufacturer. The instrument must be set up with the proper 
operating parameters (data acquisition and processing) and conditions described in 







Alpha Analytical, Inc.  ID No.:2160   
Facility: Mansfield                                            Revision 3 
Department:GC/MS-Semivolatiles  Published Date:4/18/2012 4:00:01 PM  
Title:  EPA 8082A  Page 16 of 31  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-012 


the operating manual. The criteria for the analytical calibration ranges and method 
and instrument detection limits must be established and documented prior to initial 
calibration. All analytical equipment is traceable to NIST via internal and external 
calibration checks and Certificates of Analysis that are received with the calibration 
standards. 


10.1.2 GC Instrumental Conditions 


10.1.2.1 Inject an aliquot of 1uL into the capillary column of the gas chromatograph 
at the following conditions. 


Parameters Settings for 
Aroclors Analysis 


Settings for Congeners 
Analysis 


Injector A Temp 220°C 220°C 


Detector Temp 300°C (HP) 300°C (HP) 


Oven Temp 125°C 100°C 


Initial Value 125°C 100°C 


Initial Time 0 minute 0 minute 


Rate  25°/minute to 197°C 25°/minute to 197°C 


Hold. Time 0 minutes 2.00 minutes 


Rate  5°/minute to 280°C 1°/minute to 210°C 


Hold. Time 8.50 minutes 0 minutes 


Rate  - 5°/minute to 210°C 


Hold. Time - 7.12 minutes 


Purge/Valve A ON OFF OFF 


Run Time 27.98 minutes 40.00 minutes 


Mode Splitless Splitless 


 


10.1.2.2 Establish daily retention time windows as the retention time of the 
component in the opening verification standard ± 0.05. Retention time 
windows are calculated each time a new GC column is installed. It has 
been found that this window works well, being wide enough to eliminate 
false-negatives while being tight enough to eliminate false-positives.  
Windows that are calculated using the procedure recommended in Method 
8000 tend to be very narrow, creating the risk of false negative results. The 
window listed above is used as guidance; however the experience of the 
analyst weighs heavily in the interpretation of the chromatograms 
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10.2 Initial Calibration 


10.2.1 Before analysis of sample extracts, establish a multi-point calibration curve showing 
the linear range of the analysis for all nine Aroclors. If an individual Aroclor is out of 
calibration only that Aroclor will be re-calibrated.  The ICAL for 1660 will have extraction 
surrogates added the solution. Each other Aroclor will have an individual curve.  
Exemption:  1221, 1232, 1262, and 1268 will be combined as follows 1221 and 1262, 
1232 and 1268.  The calibration curves are generated during initial calibration through 
the analysis of, at minimum, 5-level calibration standards, which define the working 
range of the method. See Section 8 for the preparation of the standard solutions for 
the initial calibration curve. 


• The method of external standard calibration is used for Aroclors analysis. The 
response of each individual peak and the total response of the PCB in the sample 
are compared to a calibration curve to determine the analyte concentration in the 
sample. 


• For each of the nine Aroclors, either a linear calibration model is employed, 


provided that the coefficient of determination (COD or r
2
) is ≥0.99.  Otherwise, 


nonlinear calibration of a second or third order equation can be employed. 
Statistical considerations in developing a non-linear calibration model require more 
data than the more traditional linear approach.  A quadratic model requires six 
standards, and a third order polynomial requires seven standards.  In setting model 


parameters, do not force the line through the origin.  The COD or r
2
 must be ≥ 0.99. 


The analyst should select the regression order that introduces the least calibration 
error into the quantitation.  


*Alternatively, if average calibration factor used, %RSD must be less than 20%.  If 
one or more peaks have %RSD greater than 20%, the calibration may still be 
acceptable if the average %RSD for all analytes in the calibration curve is less 
than 20%. 


• Using the GC system software, the analyst must choose 3-5 peaks from the pattern 
which are characteristic of the Aroclor and are the least subject to degradation and 
weathering to obtain the response for the component of interest.  Choose peaks 
that are at least 25% of the height of the largest Aroclor peak, the set of 3 to 5 
peaks should include at least one peak that is unique to that Aroclor.  Use at least 
5 peaks for the AR1660, none of which should be found in both.  Tabulate the 
peak area for each analyte against the mass injected of the analyte in the standard 
analyzed to obtain a calibration curve for each analyte across the working range of 
the method. 


 
• Calibration Factors are determined for individual peaks.  Choose 3 to 5 peaks in 


the standard to calculate calibration factors for each Aroclor. The calibration 
factors are then used to calculate the concentration of each corresponding peak in 
the sample.  The 3 to 5 resulting concentrations are averaged to provide the final 
result for the Aroclor for the sample. 


 
• The method of internal standard calibration is used for Congener analysis.  The 


response of each individual peak relative to the internal standard respond is 
compared to a calibration curve to determine the analyte concentration in the 
sample. 


 
• Use the initial multi-point calibration to determine Relative Response Factors (RRF) 


at each concentration level. Average the RRF, to generate mean RRF, for 
quantification of all target analytes and surrogate compounds. The RRF are based 







Alpha Analytical, Inc.  ID No.:2160   
Facility: Mansfield                                            Revision 3 
Department:GC/MS-Semivolatiles  Published Date:4/18/2012 4:00:01 PM  
Title:  EPA 8082A  Page 18 of 31  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-012 


on the internal standard compounds.  Using average relative response factor, 
determine if the % RSD < 20% over the working range of the curve for all analytes. 
If one or more peaks have %RSD greater than 20%, the calibration may still be 
acceptable if the average %RSD for all analytes in the calibration curve is less than 
20%. If average %RSD > 20% a new initial calibration must be performed. 
Alternately, linear or non-linear regression (not forced through zero) can be used. 
For the calibration to be valid, the correlation coefficient must be at least 0.99. 


 
10.2.2 The following analytical sequence order should be followed for initial calibration of the 


system.  The primer is used at the beginning of the analysis sequence to ensure all 
sites of activation in the system have been covered or deactivated prior to performing 
trace level analysis.  The sequence below is a general sequence for determination of 
PCBs as Aroclors and uses a minimum of 5 levels for AR1660 and a single-point 
initial calibration for the remaining Aroclors near the mid-point of the expected 
calibration range. Construct an analytical sequence using the HP Enviroquant 
software: 


• Click on the “Instrument” icon to open the Chem Station 


• Go into the “GC Top Environmental” screen 


• Go into “Sequence” 


• Edit the “Sample Table Log” by entering the “Vial” number starting at position 1, the 
“Data File ID” same as the “Sample Name”  (for the initial calibration curve the 
nomenclature is “I” for initial calibration “4” for instrument ID ECD4, the date, and 
the standard number “01, 02, etc.” such as, I4120401, I4120402, etc.), the 
acquisition method (A412041660.m), which indicates the type of method and the 
date the method was created), and finally the “Miscellaneous Information” (such as, 
“PW120407A 20ug/L”, for the first standard ID and concentration level, etc.). When 
complete, click “OK”. 


• Go back into “Sequence” and “Save” the sequence as the date, such as, 
C4120401.s. The ending “01” indicates the first sequence created on 12/04.  


• Go back in to “Sequence” and “Print” the sequence that was just saved. This will 
become part of the instrument run log. See Section 15.0 for additional instrument 
run log details. 


• Go back into “Sequence” and “Load and Run” the sequence that was just saved. 


 
Example initial calibration sequence for Aroclor analysis, created on 11/16 on ECD4: 
 


1. Primer  
2. Hexane 
3. I4111611011660L1  AR1660 (PW111611O @ 20ug/L) 
4. I4111611011660L2 AR1660 (PW111611N @ 50ug/L) - optional 
5. I4111611011660L3  AR1660 (PW111611M @ 100ug/L) 
6. I4111611011660L4 AR1660 (PW111611L @ 250ug/L) 
7. I4111611011660L5  AR1660 (PW111611K @ 500ug/L) 
8. I4111611011660L6 AR1660 (PW111611J @ 1000ug/L) 
9. I4111611011660L7 AR1660 (PW11616I @ 2000ug/L) 
10. HEXANE 
11. I411611STD500  AR1660 (PW092711A @ 500ug/L) 
12. HEXANE 
13. I4111611011242L1    AR1242 (PW111611X @ 20ug/L) 
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14. I4111611011242L2            AR1242 (PW111611W @50ug/L) 
15. I4111611011242L3            AR1242 (PW111611V @100ug/L) 
16. I4111611011242L4            AR1242 (PW111611U @250ug/L) 
17. I4111611011242L5            AR1242 (PW111611T  @500ug/L) 
18. I4111611011242L6            AR1242 (PW111611S @1000ug/L) 
19. I4111611011242L7            AR1242 (PW111611R @2000ug/L) 
20. HEXANE 
21. I4111611011242ICV          AR1242 (PW052511A  @500ug/L) 
22. HEXANE 


 
- Continue in this format For the rest of the six Aroclors.          
  
Example initial calibration sequence for Congener analysis, created on 02/04 on ECD3: 
 
1. Primer  
2. Hexane 
3. I3020401STD1    Level 1 (PW020407A @ 1ug/L) 
4. I3020402STD5    Level 2 (PW020407B @ 5 ug/L) 
5. I3020403STD10  Level 3 (PW020407C @ 10ug/L) 
6. I3020404STD20  Level 4 (PW020407D @ 20ug/L) 
7. I3020405STD50   Level 5 (PW020407E @ 50ug/L) 
8. I3020406STD100   Level 6 (PW020407F @ 100ug/L) 
9. I3020407STD150   Level 7 (PW020407G @ 150ug/L) 
10. I3020408STD200   Level 8 (PW020407H @ 200ug/L) 
11. HEXANE 
12. I3020409STD100     ICV (PW120407J @ 100ug/L) 
 
 


10.2.3 When the sequence has finished running, the Enviroquant software will generate 
“Not Reviewed” quantitation reports. All reports must be “Quant Reviewed” before 
they can become part of the initial calibration acquisition method for sample analysis. 


• Enter into the “Environmental Data Analysis” (off-line) screen. 


• Go to “File” and under method select the method (A302041660.m) that the initial 
calibration standards were analyzed under, then select the first data file. 


• Go into “Quant” and select “QEdit Quant Results” to process the data files. Refer 
to SOP\08-03 for details and processing of PCB Aroclor/Congener standards. 


• When processing is complete for the first standard, “Save” the changes and 
“Exit.” Re-print the re-processed data file by “Generating Quant Report,” and 
save the hard copy for each level of the initial calibration. 


• Repeat these steps for all initial calibration standards analyzed within the 
sequence. 


• When all levels have been processed, go into “IntiCal,” and select “Update 
Levels,” and enter all levels for the initial calibration at the proper concentrations.  


• After all responses are entered, “Save” the completed method and print the 
resulting response factor summary by selecting “Response Factors to Printer.” 
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10.2.4 Acceptance Criteria: 


• If average calibration factor or average relative response factor used, % RSD < 
20% over the working range of the curve for all analytes. If one or more peaks 
have %RSD greater than 20%, the calibration may still be acceptable if the average 
%RSD for all analytes in the calibration curve is less than 20%. 


• If calibration curve used, the correlation coefficient must be ≥ 0.99 – for linear 


model or the COD or r
2
 must be ≥ 0.99 – for non-linear model. 


10.2.5 The following corrective actions are recommended for failing initial calibrations: 


• Check the calibration of the standard preparation that was performed. If the 
problem appears to be isolated to a single standard, the standard may be 
reanalyzed within twelve hours. 


• Perform instrument maintenance and repeat the initial calibration. 


The choice of corrective action must be made in consultation with the Department 
Manager, QA Manager, Project Manager, and/or the client. 


10.2.6 Complete the initial calibration by filling out the Initial Calibration Checklist. The initial 
calibration, along with any corresponding continuing calibration data and sample 
data, is then forwarded for secondary review. 


10.2.7 Initial Calibration Verification - ICV (separate source) 


The analysis of separate source standard must follow the initial calibration curve. All 
target analytes in this verification standard are at the mid-point concentration. Note: If 
this standard was analyzed immediately following the initial calibration curve, it must 
be re-“Calculated and Generated” in the “QEdit” field, against the completed initial 
calibration curve method and then re-processed, before it can be reviewed for 
acceptability. 


Acceptance Criteria: ICV has to be analyzed from the separate source and % 
recoveries must be +/-15% for all targets. 


10.3 Equipment Operation and Sample Processing 


Samples are prioritized by analyst for analysis based on hold time and client due date. All 
samples and standard solutions must be allowed to warm to ambient temperature before 
analysis. 


10.3.1  Samples are retrieved from the sample storage refrigerator, spiked with 20uL of the 
chosen internal standard solution per 1mL extract – for congeners only, sulfuric acid 
cleaned and loaded into the instrument autosampler trays following the generalized 
sequence below. 


10.3.2  Analyze extracts using the same experimental conditions used for the analysis of the 
calibration standards.  Ensure that calibration verification standards are interspersed, at 
least, every 10-20 samples or every 12 hour period.  Area measurements should all be 
to baseline unless an unresolved complex mixture (UCM) is observed, in which case, 
the areas measured should skim the top of the UCM. 


1.  Primer  


2.  Hexane 


3.  AR1660/ Congener CCV – C1060501 @ 500ug/L/50ug/L 


3*. AR1242/1248/1254 1-point ICAL levels @ 500ug/L (optional) 
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4.  10 samples + QC’s 


5.  AR1660/ Congener CCV – C1060501 @ 500ug/L/50ug/L 


6*. AR1242/1248/1254 CCV @ 500ug/L (optional) 


7.  10 samples 


8.  AR1660/ Congener CCV – C1060501 @ 500ug/L/50ug/L 


9*. AR1242/1248/1254 CCV @ 500ug/L (optional) 


10.3.3   After sample analysis, “Not Reviewed” quantitation reports are generated by the 
software system. Samples are processed from “Not Reviewed” data files, to “Quant 
Reviewed” data files in a similar way the standards were previously processed. See 
Section 11 for details on sample processing. If a CCV fails the criteria outlined in 
Section 10.4.4, all samples since the last acceptable CCV must be re-analyzed (refer 
to Section 10.4.5). 


10.3.4   If the on-column concentration of any compound exceeds the calibration range of 
2000ug/L – for Aroclors and 200ug/L – for Congeners, the sample must be diluted, 
re-spiked with the appropriate amount of internal standard and re-analyzed. 
Assuming all samples are at a 1mL final volume, the following example dilutions 
would apply. Adjust the volumes accordingly for other sample final volume amounts 
and other desired dilutions. 


1:2 dilution = 500uL of sample : 500uL Hexane and 10uL of IS 
1:4 dilution = 250uL of sample : 750uL Hexane and 15uL of IS 
1:5 dilution = 200uL of sample : 800uL Hexane and 16uL of IS 
1:10 dilution = 100uL of sample : 900uL Hexane and 18uL of IS, etc. 


10.4 Continuing Calibration 


The systems performance and calibration for each compound of interest must be checked and 
verified before sample analysis. A continuing calibration verification (CCV) standard, at the 
concentration of the mid-level of the initial calibration curve, must be analyzed at the beginning 
and end of every analytical sequence, and every 12 or at the minimum of every 20 samples 
whichever is more frequent. However, it is recommended that the CCV is run every ten samples to 
minimize the number of samples requiring reanalysis. 


10.4.1 Create the sequence: “Edit” the “Sample Table Log” to include the CCV standard 
(C1060501, where “C” is for CCV, “1” is for instrument number 1, followed by the 
date, and “01” for the first CCV analyzed this day), and acquire the CCV against the 
correct initial calibration method. “Save,” then “Load and Run” the sequence. 


10.4.2 When the sequence has finished running, the Enviroquant software will generate a 
“Not Reviewed” quantitation report. All reports must be “Quant Reviewed” against the 
acquisition method for sample analysis. 


• Enter into the “Environmental Data Analysis” (off-line) screen. 


• Go to “File” and under method, select the method that the CCV was analyzed 
under, then select the CCV data file. 


• Go into “Quant” and select “QEdit Quant Results” to process the CCV file. please 
refer to SOP/08-03 for manual integration details and processing of PCB 
standards 


• When processing is complete, go into “ConCal,” and select “Evaluate Data File 
as Continuing Calibration”. 
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• Establish daily retention time windows as the retention time of the component in the 


opening verification standard ±0.05 min window. 


10.4.3 Acceptance Criteria: Compare the CCV resulting response against the average 
response for the initial calibration for each calibrated analyte and calculate the % 


difference (%D).  See Section 11 for the calculations. If the %D ≤ ± 15%, sample 


analysis may take place following this verification standard.  If the %D > ± 15% for 
Aroclors and individual congeners, the CCV may still be acceptable if ALL components 
(regardless of whether they have been targeted for a specific project) had an average 


%D of ≤ ± 15%.  If a noncompliant analyte exhibits an increase in response in the 
noncompliant CCV and is not detected in the associated samples, the analyses may be 
reported and the CCV noncompliance narrated.  In this case CCV data or a detailed 
narrative must be provided to the client.  Otherwise, corrective action must take place. 


10.4.4 If the CCV does not meet the criteria for each calibrated analyte, the following 
corrective actions are recommended: 


• Check the standard preparation. If the problem appears to be isolated to a single 
standard reanalyzed the standard  


• If the verification is the beginning standard of the sequence, corrective action may 
consist of prepping the injection port (replace injection liner, clip column, gold seal, 
and septa) and re-analysis of the standard.  If, after re-analyzing the standards, the 
acceptance criteria are still not met, a new initial calibration must be performed.  
The system must be in-control with all calibration criteria before sample analysis 
may proceed. 


• If the verification is the ending standard, corrective action depends upon the 
severity of the verification results. The closing CCV can be re-analyze once to 
verify the results (e.g. if there are high responses for the CCV that could mean that 
re-concentration took place and fresh aliquot should be analyzed). 


• If the CCV is a closing CCV, the data for the samples run before this CCV may be 
evaluated for hits.  If there are no hits for the compounds that did not meet %D 
criteria, those samples do not need to be reanalyzed provided that the response of 
the analyte had increased and would have been detected in the sample if it were 
present. 


• Both columns should meet QC criteria, however, they may be evaluated with the 
above corrective actions in mind.  


• The choice of corrective action must be made in consultation with the Department 
Manager, QA Manager, Project Manager, and/or the client.  The reasoning for 
choosing one of the above options must be documented in the project narrative to 
the client. 


 


10.5   Preventive Maintenance 


10.5.1 Preventive maintenance may or may not include the following; replacing system 
uniliner, o-ring, merlin septum, MXTY connector or clipping a length of guard column. 


 
10.5.2 Additionally, preventive or routine maintenance for GC/ECD systems may involve 


baking out the ECD detectors, replacing guard, RTX-5 or CLPII columns.  
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11. Data Evaluation, Calculations and Reporting 


11.1 Qualitative identification of multicomponent analytes (Aroclors) requires pattern matching 
between the calibration standards and the response observed in the sample on both columns.  
Retention time windows should be used as a gauge; however, pattern recognition for the 
multicomponent analytes is most important. Qualitative identification for Congeners is made 
when a peak in a sample is observed within the retention time window for a calibrated analyte 
on both columns.  In other words, an analyte is not considered present in a sample unless the 
analyte is detected on both columns within the retention time windows for that analyte 
established during calibration. 


11.2 For samples with PCB Aroclors positively identified on both columns, compare the responses of 
the 3 to 5 major peaks in the single point calibration standard for that Aroclor with the 
responses of the peaks observed in the sample extract. For Aroclor1660 use calibration curve 
to determine concentration of the detected Aroclor. The relative peaks and number of peaks in 
the sample should be similar to that observed in the standard; however, degradation, 
weathering and interferences may cause the sample pattern to differ from that observed from 
the standard.  The peaks chosen for quantitation must be free from interferences.  Calculate 
the concentration of each corresponding peak in the sample chromatogram and the 3 to 5 
resulting concentrations are averaged to provide the final result for the sample. 


11.3 Calculate the relative percent difference (RPD) between compound concentrations on both 
columns.  If the calculated RPD is >40%, check the chromatograms to see if an overlapping 
peak is causing an erroneously high result.  If no overlapping peaks are noted, examine 
baseline parameters established by the data system (or operator) during peak integration. 


• *If no anomalies are noted, review the chromatographic conditions.  If there is no 
evidence of chromatographic problems, report the higher result.  This approach is 
conservative relative to protection of the environment.  The disparity between the two 
columns should be noted by a P qualifier. 


 
• *If the high RPD is clearly the result of an interferent on one of the columns, the 


lower result may be reported – I flag used. 


11.4 Calculate the recovery for the surrogates TMX and DCB for Aroclors, and DBOB and BZ 198 
for Congeners, in each field, blank, and quality control sample extract on both columns.  
Calculate the recovery of the matrix spike and LCS compounds in the appropriate samples on 
both columns. 


11.5 Evaluate whether or not a dilution of an extract is needed by ensuring that all target PCBs 
areas measured fall within the calibration range of the instrument.  If the range is exceeded, a 
dilution analysis is required.  Dilute the extract to bring the out-of-range component(s) to within 
50-100% of the full calibration range.  Also evaluate the sample chromatogram for possible 
saturation of the detector. 


11.6 If a dilution analysis is made, compare this run to the initial analysis to ensure that the 
chromatography is similar, that compound detection is similar, and that the reported values for 
detected compounds make sense (i.e., that the final value for any compound detected in both 
analyses is about the same value).  If the dilution run is not comparable to the initial run, 
corrective action should take place. 


11.6.1 Corrective Action:  Re-evaluate both analyses (un-diluted and diluted) ensuring 
that integration of all peaks was performed properly and that the correct 
calibration curves were used for quantitation.  Determine whether or not the 
results are off by a systematic bias which might be indicative of a poor injection 
or of an inaccurate dilution.  If the initial run’s injection is determined to have 
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been poor and if this analysis does not need to be reported to the client (based 
no project specific requirements) then the results of the dilution analysis only 
should be reported to the client (unless there are special project requirements to 
report data at specific reporting limits).  If an inaccurate dilution is suspected, a 
new dilution of the extract should be made and this second dilution analyzed. 
The results from all three runs should be compared to verify the corrective action 
and to determine which result should be reported to the client. 


11.6.2 Reporting of the results for a sample where two different dilution analyses are 
conducted, two data sheets should be prepared for reporting the sample with all 
components reported from the initial run with the “E” flag for the over-range 
component, which should be reported from the dilution.  The project narrative 
must accurately explain how the data are reported whether one or two data 
sheets are used to report one sample. 


 


11.7 Calculations 
 


11.7.1 To calculate the Relative Standard Deviation (RSD) of all target compounds for 
the initial calibration, use the formula below. See Section 10.2.4 for initial 
calibration acceptance criteria. Additionally, use the initial multi-point calibration 
to determine Relative Response Factors (RRFIs) – Internal Standard 
Calibration or for or Calibration Factor (CFI) – for ExternalStandard Calibration 
Model at each concentration level, for each analyte. Average the RRFIs from the 
initial multi-point calibration, to generate mean RRFIs, for quantification of each 
analyte. Follow the same calculations for each surrogate compound. 


The RRFIs are based on the internal standard compounds and are calculated 
using the formula below.   


 
RSD = SD  / mean RRFI x  100 


 
                            where: 
 
  SD = Standard deviation between the five points, for that target analyte. 
 
 


RRFI = (Ac x CIS) / (AIS x Cc) 
CFI   =  Aa / Cc 


where: 
 


  Ac  =   Area of the standard compound to be measured. 
  AIS  = Area of the representative internal standard compound. 
  CIS  =  Concentration of the representative internal standard compound (ug/L). 


 Cc  = Concentration of the standard compound to be measured (ug/L). 
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11.7.2 Based on the mean RRFIs, calculate the raw concentration for each target 
analyte and surrogate in the sample extracts using the following formula: 


 
Ca = (Aa x CIS) / (AIS x RRFI) 


where: 
 


      Ca  =  Calculated concentration of the target analyte, from quantitation report 
(ug/L). 


Aa  = Area of the target analyte. 
AIS  = Area of the representative internal standard compound. 
CIS  = Concentration of the internal standard compound added to each extract 
(ug/L). 


 


11.7.3 Calculate the Sample Concentration (C) for each target compound by the 
following formula: 


 
C = (Ca / Vs )     x    FV    x   DF 


where: 
C =  Concentration in the sample (ug/L liquid, ug/Kg solid, ng/PUF). 


Vs  =  Original volume or weight of sample extracted, corrected for % solids, if  


applicable. (To correct for % solids, multiply the sample weight by the % 
solid as expressed as a decimal. For example: 15.24g x 0.843 = 12.85, 
for a sample size of 15.24g at 84.3% solid). 


DF =  Dilution factor or fraction of the original extract to which internal standard 
is added. 


FV =  Sample Final Volume.  


If the response of any analyte in a sample exceeds the linear response range, as 
defined by the initial calibration standards in Section 13.0, dilute the extract so 
that the concentrations of all target compounds fall within the range of the 
calibration curve. 


 


11.7.4 Calculate the Surrogate Recoveries relative to the internal standards by the 
following formula: 


 
       CS x DF  
   %R        =                     x 100 
       CStrue 


 
where:  
                    
CStrue  =   Actual  concentration of the surrogate in the extract (ug/L). 


CS   = Calculated concentration of the surrogate, from quantitation report 
(ug/L). 


DF    =    Dilution factor or fraction of the original extract. 
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11.7.5 Compare results for each analyte in the Continuing Calibration Verification 
(CCV), to the true value by determining the percent difference. 


 
Percent Difference (%D) = ([CCtrue - CC] / Ctrue) x 100 


 
where: 
 


  CCtrue =  Actual concentration of the compound in the CCV (ug/L). 
CC      =  Calculated concentration of the compound in the CCV, from 


quantitation report. 


11.8 All solids including soils, sediments, and sludges must be reported on a dry-weight basis. 
Tissue results may be reported in wet-weight, or “as received,” depending upon client request. 
Air PUF samples are reported on an “as received” basis. 


 


11.9 The primary analyst does data entry, or upload of the data, into the LIMS system.  The LIMS is 
“linked” to the instrument, so the analyst must choose the sample(s) to be reported from that 
instrument’s analytical sequence. All associated preparation and instrumental QC samples and 
dilutions are also chosen.  Once the data/samples have been selected and “associated” with 
the proper QC samples, the batched data set is sent to the LIMS.   


 


11.10 Procedures for data and record management must adhere to the Quality Systems Manual, 
other subordinate documents covering record keeping, and the Document Control SOP, 
SOP/08-01.  All records shall be stored in such a manner as to be safe and accessible for at 
least 10 years. 


11.11 Notebooks: Laboratory notebooks are designed to accommodate the specific analysis. 
Instrument printouts are used to document run sequences, and each daily sequence printout is 
filed in a three-ring notebook.  If a sample requires re-analysis or re-extraction for any reason, a 
notation is made next to the sample entry on the sequence log. Requests for re-extraction are 
further documented in the “Request for Re-extraction” logbook. After one year of sample 
analysis, the sequence run log is permanently bound, assigned an internal ID number, and filed 
accordingly. Such files shall be archived so as to remain available for at least 10 years.  All 
laboratory notebooks must follow the specifications in the Laboratory Notebook Usage Work 
Instructions,WI-108-01, and all record keeping and document control practices. 


11.12 Electronic records: All data files from computers, attached to instruments, shall be backed up 
daily onto the proper directory on the server.  The backups shall be stored so as to be 
accessible for 10 years. Movement of the data files to the server is the responsibility of the 
primary analyst. Server backup and storage is the responsibility of the IT department. 
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12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


All PCB Aroclor and Congener results are reportable without qualification if analytical holding times 
are met, preservation requirements (including cooler temperatures) are met, and all QC criteria 
defined in the table below are met. If any of the below QC parameters are not met, all associated 
samples must be evaluated for re-analysis.   


 


QC Parameter Acceptance Criteria 


Initial Calibration Curve 


20% RSD for all target analytes  
If %RSD>20%, still acceptable if the average %RSD< 20% 


Correlation coefficient must be ≥ 0.99 – for linear model  


The COD or r
2
 must be ≥ 0.99 – for non-linear model 


Independent Check Verification 
+/- 15% recovery of the true values, 


Sporadic marginal failure accepted for congeners 


Continuing Calibration Verification 


Analyzed every 12hr or at the minimum of every 20 samples, 15% 
D for all target analytes  


If the %D > ± 15%, still acceptable if average %D< 15 


Method Blank 
No analyte at or above the reporting limit,  


“B” qualify analyte if detected < 5x the blank contamination 


Laboratory Control Sample  
Soil/Tissue/Aqueous/PUF: 40-140%;  


50% RPD 


Matrix Spike / Matrix Spike Duplicate Same as for LCS; 50% RPD between the duplicates. 


Sample / Sample Duplicate 50% RPD between the duplicates. 


Surrogates Soil: 30-150%; Aqueous: 30-150%; PUF: 60-140% 


Internal Standards 50% - 200% of the daily CCV area for the Internal Standards 


SRM Same as for LCS, 40% - 140% recovery 


 


Any deviations and observations made about the analyses must be documented in the instrument 
logbook and or project narrative.  If a problem arises during analysis, document the problem and 
initiate corrective action.  If there is a problem with a sample analysis which indicates that re-
extraction should be performed, and if there is no additional sample available for re-extraction, the 
Project Manager needs to be informed immediately so that the client can be involved in the 
corrective action process.  Re-extraction of a sample should be done within holding time if at all 
possible. 


Evaluation of a sample result often requires knowledge about the results of all samples within a job.  
Therefore, use all of the data, if possible, from a job to judge whether or not corrective actions are 
needed.  For example, if a sample is run and the surrogates are low, one might request a re-
extraction immediately only to find that a MS/MSD were also done on this sample, with low 
surrogate and MS recoveries, confirming a matrix effect.  In this case, a re-extraction is not required 
and the results would be reported with a narration explaining the evidence of a matrix effect on the 
low surrogate recoveries.  The characteristics of the overall job may be invaluable in deciding how 
to report the data to the client. 


If non-compliant PCB Aroclor or PCB Congener results are to be reported, the Department 
Manager and/or the Laboratory Director, and the QA Manager must approve the reporting of these 
results.  The laboratory Project Manager shall be notified, and may chose to relay the non-
compliance to the client, for approval, or other corrective action, such as re-sampling and re-
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analysis.  The analyst or Department Manager performing the secondary review initiates the project 
narrative, and the narrative must clearly document the non-compliance and provide a reason for 
acceptance of these results. 


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


 


14. Pollution Prevention and Waste Management 


Once satisfactory analytical results have been generated, the extracts are held for 30 days, or 
longer if specified by a client contract, then discarded into a 55-gallon drum labeled “Vial Waste”. 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


 


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


G-006 Waste Management and Disposal SOP 


G-008 Reagent, Solvent, and Standard Control  SOP 


SOP/08-01Document Control  


SOP/08-03 Manual Integration  
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16. Attachments 


Table I: Reporting Limits (RLs) and Method Detection Limits (MDLs) for PCB Aroclors and 
Congeners by GC/ECD 


Table II: LCS/LCSD, MS/MSD and Precision and Accuracy Evaluation Criteria 


Table III:  Surrogate Recovery Evaluation Criteria 
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Table I 
  


Reporting Limits (RLs) and Method Detection Limits (MDLs) 
 for PCB Aroclors and Congeners by GC/ECD 


 


Compound 
CAS 


Registry No 


Aqueous in µg/L 
 


 


Solid in µg/Kg 
 


PUF in ng/PUF 


MDLs RLs MDL RLs MDL RLs 


Aroclor 1016 12674-11-2 0.0050 0.03 8.01 30 8.01 30 


Aroclor 1221 11104-28-2 0.0103 0.03 27.6 100 27.6 100 


Aroclor 1232 11141-16-5 0.0092 0.03 9.98 30 9.98 30 


Aroclor 1242 53469-21-9 0.0055 0.03 5.63 20 5.63 20 


Aroclor 1248 12672-29-6 0.0051 0.03 5.62 20 5.62 20 


Aroclor 1254 11097-69-1 0.0105 0.03 6.72 20 6.72 20 


Aroclor 1260 11096-82-5 0.0045 0.03 6.22 20 6.22 20 


Aroclor 1262 11100-14-4 0.0092 0.03 5.51 20 5.51 20 


Aroclor 1268 37324-23-5 0.0032 0.03 4.89 20 4.89 20 


 
 


IUPAC Name BZ # CAS Registry 
No. 


Aqueous RL 
 in µg/L 


Solid RL 


in µg/Kg 


2,4’-Dichlorobiphenyl BZ 8 34883-43-7 0.003 2.0 


2,2’,5-Trichlorobiphenyl BZ 18 37680-65-2 0.001 1.0 


2,4,4’-Trichlorobiphenyl BZ 28 7012-37-5 0.001 1.0 


2,2’,3,5’-Tetrachlorobiphenyl BZ 44 41464-39-5 0.001 1.0 


2,2’,5,5’-Tetrachlorobiphenyl BZ 52 35693-99-3 0.001 1.0 


2,3’,4,4’-Tetrachlorobiphenyl BZ 66 32598-10-0 0.001 1.0 


3,3’4,4’-Tetrachlorobiphenyl BZ 77 32598-13-3 0.001 1.0 


2,2’,4,4’,5-Pentachlorobiphenyl BZ 99 38380-01-7 0.001 1.0 


2,2’,4,5,5’-pentachlorobiphenyl BZ 101 37680-73-2 0.001 1.0 


2,3,3’,4,4’-pentachlorobiphenyl BZ 105 32598-14-4 0.001 1.0 


2,3’,4,4’5-Pentachlorobiphenyl BZ 118 31508-00-6 0.001 1.0 


3,3’,4,4’,5-Pentachlorobiphenyl BZ 126 57465-28-8 0.001 1.0 


2,2’,3,3’,4,4’-Hexachlorobiphenyl BZ 128 38380-07-3 0.001 1.0 


2,2’,3,4,4’,5’-Hexachlorbiphenyl BZ 138 35065-28-2 0.001 1.0 


2,2’,4,4’,5,5’-Hexachlorobiphenyl BZ 153 35065-27-1 0.001 1.0 


3,3’,4,4’,5,5’-hexachlorobiphenyl BZ 169 32774-16-6 0.001 1.0 


2,2’,3,3’,4,4’,5-Heptachlorobiphenyl BZ 170 35065-30-6 0.001 1.0 


2,2’,3,4,4’,5,5’-Heptachlorobiphenyl BZ 180 35065-29-3 0.001 1.0 


2,2’,3,4’,5,5’6-Heptachlorobiphenyl BZ 187 52663-68-0 0.001 1.0 


2,2’,3,3’,4,4’,5,6-Octachlorobiphenyl BZ 195 52663-78-2 0.001 1.0 


2,2’,3,3’,4,4’,5,5’,6-Nonachlorobiphenyl BZ 206 40186-72-9 0.001 1.0 


2,2’,3,3’,4,4’,5,5’,6,6’-Decachlorobiphenyl BZ 209 2051-24-3 0.001 1.0 


 
Note: The reporting limits used for “Solid” refer to the matrices of soil, sediment, tissue, and any 
other possible non-aqueous matrix. The table above represents an example of reporting limits 
generally used in this analysis.  The RLs for this analysis can vary based on sample matrix, amount 
extracted, final volume and cleanup schemes. Adjustments to these limits can be made to satisfy 
specific workplan or data quality objective requirements and specialty matrices. 
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Table II 


LCS/LCSD, MS/MSD and Precision and Accuracy Evaluation Criteria 


 


 
 


 


Table III 


Surrogate Recovery Evaluation Criteria 
 


Surrogate Aqueous/Solid/Tissue 


(% recovery) 


PUF 
(% recovery) 


2,4,5,6-tetrachloro-m-ylene(TMX) 30-150 60-120 


Decachlorobiphenyl (DCB) 30-150 60-120 


DBOB 30-150 NA 


BZ 198 30-150 NA 


 
 


NOTE: Depending on project specific requirements, MS/LCS/Surrogate recoveries may be 
validated against a specified project QAPP, 8082 SW-846, TO-10A, CLP OLM04.2, DoD QSM 5.3, 
or in-house determined limits. 


 


Spiked 
Component 


Aqueous/Solid/Tissue/PUF  
(% recovery) 


 
RPD 


AR1016 40-140 50 


AR1260 40-140 50 


Congener
 


40-140 50 





		Compound		Part Number

		Aroclor 1221		PP-291

		Aroclor 1232		PP-301

		Aroclor 1242		PP-311

		Aroclor 1248		PP-341

		7-Level Curve Preparation for Aroclors

		Primer

		Hexane

		C4120401STD1242 	AR1242 Level 5 @ 500ug/L *

		C4120401STD1248 	AR1248 Level 5 @ 500ug/L *

		C4120401STD1254 	AR1254 Level 5 @ 500ug/L *

		C4120401STD1660 	AR1660 Level 5 @ 500ug/L

		C4120401STD2162 	AR1262 Level 5 @ 500ug/L *

		C4120401STD3268 	AR1268 Level 5 @ 500ug/L *

		Method Blank

		Method LCS

		Method LCSD

		7 client samples

		C4120402STD1242 	AR1242 Level 5 @ 500ug/L *

		C4120402STD1248 	AR1248 Level 5 @ 500ug/L *

		C4120402STD1254 	AR1254 Level 5 @ 500ug/L *

		C4120402STD1660 	AR1660 Level 5 @ 500ug/L

		C4120402STD2162 	AR1262 Level 5 @ 500ug/L *

		C4120402STD3268 	AR1268 Level 5 @ 500ug/L *

		about 10 client samples

		C4120403STD1242 	AR1242 Level 5 @ 500ug/L *

		C4120403STD1248 	AR1248 Level 5 @ 500ug/L *

		C4120403STD1254 	AR1254 Level 5 @ 500ug/L *

		C4120403STD1660 	AR1660 Level 5 @ 500ug/L

		C4120403STD2162 	AR1262 Level 5 @ 500ug/L *

		C4120403STD3268 	AR1268 Level 5 @ 500ug/L *

		Primer

		Hexane

		C3120401STD50

		Method Blank

		Method LCS

		Method LCSD

		7 client samples

		C3120402STD50

		10 client samples

		C3120403STD50

		Parameters

		Settings for Aroclors Analysis

		Settings for Congeners Analysis

		Injector A Temp

		220�C

		220�C

		Detector Temp

		300�C (HP)

		300�C (HP)

		Oven Temp

		125�C

		100�C

		Initial Value

		125�C

		100�C

		Initial Time

		0 minute

		0 minute

		Rate

		25�/minute to 197(C

		25�/minute to 197(C

		Hold. Time

		0 minutes

		2.00 minutes

		Rate

		5�/minute to 280(C

		1�/minute to 210(C

		Hold. Time

		8.50 minutes

		0 minutes

		Rate

		-

		5�/minute to 210(C

		Hold. Time

		-

		7.12 minutes

		Purge/Valve A ON

		OFF

		OFF

		Run Time

		27.98 minutes

		40.00 minutes

		Mode

		Splitless

		Splitless

		Go into the “GC Top Environmental” screen

		Go into “Sequence”

		Primer

		Hexane

		I4111611011660L1 	AR1660 (PW111611O @ 20ug/L)

		I4111611011660L2	AR1660 (PW111611N @ 50ug/L) - optional

		I4111611011660L3 	AR1660 (PW111611M @ 100ug/L)

		I4111611011660L4	AR1660 (PW111611L @ 250ug/L)

		I4111611011660L5 	AR1660 (PW111611K @ 500ug/L)

		1. Primer

		2. Hexane

		3. I3020401STD1 		 Level 1 (PW020407A @ 1ug/L)

		4. I3020402STD5 		 Level 2 (PW020407B @ 5 ug/L)

		5. I3020403STD10	 Level 3 (PW020407C @ 10ug/L)

		6. I3020404STD20	 Level 4 (PW020407D @ 20ug/L)

		7. I3020405STD50 	 Level 5 (PW020407E @ 50ug/L)

		1.  Primer

		2.  Hexane

		3.  AR1660/ Congener CCV – C1060501 @ 500ug/L/50ug/L

		4.  10 samples + QC’s

		5.  AR1660/ Congener CCV – C1060501 @ 500ug/L/50ug/L

		7.  10 samples

		8.  AR1660/ Congener CCV – C1060501 @ 500ug/L/50ug/L

		Solid RL

		LCS/LCSD, MS/MSD and Precision and Accuracy Evaluation Criteria



		Surrogate Recovery Evaluation Criteria

		Aqueous/Solid/Tissue
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1.0 Purpose and Applicability 
  


The purpose of this Standard Operating Procedure is to determine the impact, based on survival 
and growth, of sediments to midge larvae exposed under static renewal conditions. The exposure 
period for this assay is 10 days. The assay is completed using guidelines developed by ASTM 
and U.S. Environmental Protection Agency (USEPA) and is provided in Standard Test Methods 
for Measuring the Toxicity of Sediment-Associated Contaminants with Freshwater Invertebrates 
(ASTM E 1706-05e) and Methods for Measuring the Toxicity and Bioaccumulation of Sediment-
Associated Contaminants with Freshwater Invertebrates. Second Edition (USEPA). 


 
 At the end of the 10-day exposure period the midge larvae are recovered, enumerated and dried 


to establish survival and growth. Growth is expressed as the average weight/surviving individual 
and average biomass (total biomass in a replicate divided by the number of organisms in that 
replicate at the start of the exposure). 


 
This document has been modified to meet project work scope requirements for the Lower 
Passaic River Ecological Risk Assessment. The work is being conducted under contract to 
Windward Environmental, LLC. 


 
 
2.0 Definitions 
 


Overlying Water:  Water placed over sediment in a test chamber during a test. 
 
 Reference-Toxicity Test:  A test conducted with reagent-grade reference chemical to assess the 


sensitivity of the test organisms. Deviations outside an established normal range may indicate a 
change in the sensitivity of the test organism population. Reference-toxicity tests are most often 
performed in the absence of sediment. 


 
Sediment:  Particulate material that usually lies below water. Formulated particulate material that 
is intended to lie below water in a test. 


 
Whole Sediment:  Sediment and associated pore water which have had minimal manipulation. 
The term bulk sediment has been used synonymously with whole sediment. 


 
Pore Water:  Water located in the spaces between grains of sediment 
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3.0 Applicable Documents/References 
 


ASTM. 2009. Standard Test Method for Measuring the Toxicity of Sediment-Associated 
Contaminants with Freshwater Invertebrates.  E 1706-05e, West Conshohocken, PA. 


 
U.S. EPA. 2000. Methods for Measuring the Toxicity and Bioaccumulation of Sediment-
Associated Contaminants with Freshwater Invertebrates. Second Edition. EPA/R-99/064. March 
2000. 


 
ESI SOP# QA-1203-R5-2003: Preparation of Daphnia Food 


 
ESI SOP#QA-1339-R4-2008: Collection of Sediment Pore Water Samples 


 
ESI SOP#QA-1219-R0-2009: Use and Operation of the YSI Model 556 Multi Probe System meter 
 
ESI SOP#QA-1114-R3-2003: Conduct of Reference Toxicant Assays 
 
ESI SOP#QA-1341-R1-2009: Sulfide Analysis by Titration 
 
ESI SOP#QA-1320-R6-2009: Statistical Analysis of Acute and Chronic Exposure Bioassay Data 
 
ESI SOP#QA-1309-R4-2009: Computation of Hardness by Calculation Method 
 
ESI SOP#QA-1326-R6-2009: Alkalinity by Lachat using the Automated Phenate Method 
 
ESI SOP#QA-1325-R8-2009: Ammonia by Lachat 
 
ESI SOP#QA-1336-R4-2007: Measurement of Total Organic Carbon using the Phoenix 8000 
Analyzer 


 
4.0 Materials and Apparatus 
 


Test animals of appropriate age 
Beakers, 400 mL, drilled and screened 
Incubator/ waterbath, capable of maintaining a temperature of  23 ±˚C 
Dissolved oxygen meter, pH meter, conductivity meter, temperature logger 
Light meter 
Balance capable of reading 0.01 mg 
Drying Oven, 60 ±5˚C 
Muffle furnace, 550˚C 
Tetramin® Fish Food 
Components for artificial sediment - fine sand and organic material 
Sieves 
Refractometer 
Inert gas - Nitrogen or Argon for sample storage 
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5.0 Methods/Procedures 


 
 5.1 Test Material 


 
5.1.1 Test substances will be clearly identified as to source, collection date, and period 


of collection. A description of collection methods may also be provided.  The 
laboratory will identify sample storage procedures and maintain receipt, storage, 
usage and disposition records.  


 
5.1.2 Project site sediments are stored at 2-4˚C in the original shipping container. 


Maximum holding time is 8 weeks. Once open, headspace within a sample 
container with remaining sample is purged using an inert gas prior to storage. 
Inert gas can be either nitrogen or argon. 


 
5.1.3 Prior to test preparation, the sediment is warmed to 23˚C. 


 
5.1.4 Prior to use in the assay, sediment total organic content (loss on ignition) is 


measured for each sediment sample. 
 


5.1.5 Prior to use in the assay, pore water salinity is measured using a refractometer or 
salinometer, as appropriate. 


 
5.1.6 Prior to use in the assay, pore water ammonia, pH, hardness and alkalinity is 


measured in a sub-sample of each sediment sample. 
 
 5.2 Test Organisms 
 


5.2.1 Healthy larvae from the same source and age, second to third instar, with at least 
50% of the organisms having achieved third instar stage, are used in the tests.  
Midge larvae are considered to be at the third instar stage between 8 and 10 
days after the egg masses hatch. 


 
5.2.2 Confirmation of species is provided by the supplier.  If not provided, ESI will use 


the services of a qualified taxonomist to confirm the species (e.g., the zoology 
department of the University of New Hampshire, the taxonomy group of 
Normandeau Associates, Bedford, NH). Organisms maintained by ESI will be 
from cultures of the confirmed species. 


 
5.2.3 Pretest observation data concerning the source, handling procedures, disease 


treatment (if any), health, feeding and mortality of test animals are recorded and 
reported. 


 
5.2.4 Initial weight is obtained on each batch of organisms tested by randomly 


selecting a minimum of 20 organisms from the pool to be used in the assay. The 
organisms are rinsed, placed on tared weigh pans and dried at 60˚C for 24 
hours. The dried organisms are then cooled in a dessicator and weighed to the 
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nearest 0.01 mg to obtain mean initial dry weight.  
 
 5.3 Exposure Conditions 
 


Exposure conditions and monitoring requirements detailed in the following paragraphs 
are the minimum requirements specified by ESI for this assay. Notify the project manager 
prior modifying exposure conditions or monitoring requirements. 


 
5.3.1 Sediments are placed in vessels, overlying water is added and the samples are 


allowed to settle overnight before organisms are added to the test. 
 


5.3.2 Assays are conducted in a static renewal mode.  Overlying water is renewed at 
the rate of two (2) volume additions per day. 


 
5.3.3 Mean water temperature is maintained at 23 +1˚C. The daily mean temperature 


must be within ±1˚C of the specified temperature and maximum temperature 
deviations should not exceed ±3˚C of the specified value at any time. 


 
5.3.4 The photoperiod is set for 16 hours light : 8 hours dark.  Light intensity is 400 - 


1000 lux from wide spectrum fluorescent fixtures. 
  


5.3.5 The test vessels are 400 mL beakers containing 100 mL of sediment and 225 mL 
of water. 


 
5.3.6 Sediment for the laboratory control treatment is a formulated sediment. 


Formulated sediments are prepared, by weight, as follows: 
 


 Fine grained sand - 95% 
 Organic matter - 5% (approximate) 


 
Sand used consists of an equal mix of F-75 and F-65 unground quartz (silica) 
sand provided by New England Silica. 


 
The preferred source for organic matter in the artificial sediment is the organic 
matter recovered from either midge larvae or amphipod cultures. The material is 
screened to remove large matter and then autoclaved for a half hour to ensure 
sterility. Organic content of the control sediment will contain approximately 5% 
organic matter to be similar in organic content to project site sediments based on 
historical data for surface sediments collected from the study area between 2005 
and 2008 (information provided by the CPG). 


 
5.3.7 Overlying water is natural surface water collected by ESI from a location with a 


documented history of acceptable use in culturing and conducting tests with C. 
dilutus. The natural surface water is filtered using a 100µm screen prior to use. 
Basic properties of the overlying water, such as alkalinity, hardness, ammonia 
and specific conductance should not vary by more than 50% between the start 
and end of the assay.  
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 5.4 Study Conduct 
 


5.4.1 Test organisms are exposed to the test sediment(s) and untreated control 
sediment for 10 days, under static renewal conditions.  


 
5.4.2 A representative sample will be obtained from the homogenized test sediment 


and 100 mL of sediment is placed in the test chamber. Then 225 ml of overlying 
water is added to the test chambers and allowed to settle overnight.  Prior to the 
addition of the test organisms any floating detritus is removed from the surface of 
the water. 


 
5.4.3 Overlying water  


 
5.4.3.1 Overlying water is natural surface water (filtered using a 100µm screen). 


Conductivity of the overlying water is documented and reported on a 
daily water quality sheet prior to use in the assay. 


 
5.4.3.2 Daily overlying water renewals are conducted using a system developed 


by ESI. The system provides equal flow to a specified number of test 
chambers, variable based on test chamber size. Flow to each chamber is 
controlled by fixed diameter orifice. The total amount of overlying water 
to be exchanged is computed and added to the unit. Flow starts when 
water is added to the system on Day -1. Water is added to the system so 
that all water required for the renewal is added within 15 seconds. If the 
system cannot hold sufficient water for the 2 volume additions then a 
second addition to each chamber will be made. Flow rates will be set 
prior to the start of an assay and maintained constant throughout the 
assay. Flow rates will be set to minimize disturbance and re-suspension 
of the sediment surface and to prevent water levels from overflowing the 
test chambers.  


 
5.4.4 Test organisms are second to third instar, with 50% of the organisms having 


reached the third instar stage, at the start of the assay. Prior to use, test 
organisms should be held for a minimum of two hours under similar conditions to 
those used in the assay. 


 
5.4.5 Each treatment group will consist of 80 animals with 10 animals placed randomly 


in each test vessel. 
 


5.4.6 Measurement of Water Characteristics 
 


5.4.6.1 Prior to renewal, dissolved oxygen, pH, conductivity and temperature are 
measured daily during the test in one surrogate test chamber for each treatment.  
Surrogate chambers are treated in the same manner as all other replicates 
including the addition of  test organisms and feeding schedule. 
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5.4.6.2 Temperature in the water baths used to maintain constant temperature in 
the test chambers is measured on an hourly basis using a data-logger placed in 
a test chamber containing dry sediment. The chamber is weighted to keep it from 
floating in the water bath.  


    
5.4.6.3 Alkalinity, hardness and ammonia are measured in the overlying water in 
a surrogate test chamber for each treatment at the start and end of the assay.   


 
5.4.6.4 At the end of the assay, pore water ammonia and pH levels are 
determined for each sample treatment. Pore water for these measurements are 
collected from a surrogate test chamber. 


 
5.4.7 Midge larvae are fed 1.5 mL of 6.0 g/L Tetramin® flake fish food suspension 


daily. Feeding is suspended if fungus is noted forming on more than 
approximately 25% of the sediment surface. 


 
5.4.8 The assay is terminated on Day 10 at the conclusion of the full 10-day exposure 


period. Test sediment is removed from the test vessel, placed on an 
appropriately sized screen and washed with water.  Midge larvae are rinsed, 
collected, counted, and set aside for determination of survival and growth (ash 
free dry weight). 


 
5.4.9 Surviving larvae from each individual replicate are rinsed again with lab water, 


to remove any detritus, then placed on a tared pan and dried at 60˚C for 24 
hours.  Pans are cooled to room temperature in a desiccator and weighed to the 
nearest 0.01 mg. (This is recorded as dry weight.)  Pans are then placed in a 
muffle furnace and organisms are ashed for two hours at 550˚C. Pans are 
cooled to room temperature in a desiccator and weighed to the nearest 0.01 mg.  
(This is recorded as ash weight.)  The tissue mass of the larvae is determined 
as the difference between the weight of the dried larvae plus pan and the weight 
of the ashed larvae plus pan.  


 
 
6.0 Quality Control Requirements 
 


6.1 Acceptance Criteria 
 


6.1.1 Mean control survival >70%, mean ash free dry weight >0.48 mg per individual. 
Hardness, alkalinity and ammonia levels of overlying water stock not to vary by 
50% during assay 


 
6.1.2 All criteria from Section 11: Summary of Test Conditions, must be met. 


 
 6.2 Reference Toxicant Evaluation 
 


A reference toxicant evaluation should be conducted with each series of assays, ESI 
SOP#1114-R3-2003.  The reference toxicant shall be a 96-hour ‘water only’ test 
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conducted with cadmium chloride. 
 


6.3 Interferences 
 


Living organisms present in the sample may compete with the midge larvae or may be 
predators, reducing overall survival.  


 
 
7.0 Calculations/Reporting 
 


7.1 Data Analysis 
 


Survival and growth data from each treatment will be subjected to analysis of variance 
(ANOVA) to determine if significant differences exist between treatments and the control. 
Statistical evaluations will be made with CETIS® software using appropriate standard 
statistical models. 


 
7.1.1 Prior to statistical analysis, the survival and growth data are reviewed to 


determine the presence of outliers.  If outliers are found, an explanation must be 
sought. If a reasonable source for the deviation is found, the value may be 
excluded from further analysis.  If no explanation is found, the analysis should 
be performed both with and without the questionable data point and both sets of 
results reported.  All data sets are evaluated to determine sample variance 
homogeneity and normality.  Those data sets meeting the criteria for normality 
and homogeneity are evaluated with parametric statistical models, while those 
that do not meet both criteria are evaluated using non-parametric models. See 
SOP QA-1320 - “Statistical Analysis of Acute and Chronic Exposure Bioassay 
Data” 


 
7.1.2 Endpoints to be evaluated include; survival and growth, measured as ash free 


dry weight and ash free dry biomass, after10 days of exposure.  
 


7.1.3 Statistical comparisons for each sample site will be made against the laboratory 
control treatment.  


 
7.2 Reporting 


 
Reports generated include: summarization of collection and transportation information (as 
provided), methods and materials, test organism  history, test conditions, documentation 
of variation from proposed work scope, and results and data analysis. Copies of all 
statistical printouts and raw data will be attached as appendices to the report. 
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8.0 Corrective Actions 
 
 8.1 Acceptability Criteria. The midge assay is considered acceptable if: 
 


8.1.1 Environmental parameters (temperature, dissolved oxygen, conductivity, pH, 
alkalinity and hardness) fall within the ranges specified. (i.e., hardness and 
alkalinity of overlying water stock does not vary by 50% during the assay).    


 
8.1.2 Mean control survival is >70% 


 
8.1.3 Mean ash free dry weight is >0.48 mg per individual in the controls. 


 
8.1.4 Criteria specified in Section 11 are met. 


 
8.2 If survival fails to meet the minimum value specified by the protocol the client will be 


notified and the test restarted.  Water quality data are reviewed when collected and any 
necessary steps are taken to ensure that values approaching, or outside study limits, are 
corrected.  In such cases the Project Manager will be notified. 


   
 8.3 If water quality values fall outside study limits the Project Manager, using sound scientific 


practice, will determine if the study requires repeating or the data are allowed to be 
accepted.  The client will be notified, the results reviewed and a final determination made 
as to the acceptability of the data. 


 
 8.4 In the event that an element of the assay falls outside acceptable limits, or there is a 


change in the protocol, a Corrective Action Report must be initiated and completed. 
 
 
9.0 Health and Safety 
 


9.1 As with all samples, gloves and safety glasses should be worn when handling sediment 
samples and chemicals.  It is advisable to wear a lab coat to protect clothing. 


 
 9.2 At the end of the process, excess sample material and material used in the collection 


process will be disposed of appropriately. Material may be returned to the client, or air 
dried and placed in an appropriate container for disposal at an approved disposal facility. 
If the material is classified as non-hazardous, the material may be disposed in an 
appropriate waste container. 


 
 9.3 Sample disposal will be conducted using procedures to minimize potential pollution of 


surface and ground waters, soils and sediments. 
 
 
10.0 Responsibilities  
 


10.1 It is the Project Manager's responsibility to ensure analysts performing this procedure are 
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properly trained and the training is documented in their training file.  The analyst is 
responsible for following the procedures outlined in this SOP. 


 
 10.2 Prior to any staff member working unsupervised on a testing procedure, they must be 


certified by the Project Manager.  Certification will include reading this and associated 
SOP’s, review of the primary literature and participation in similar procedures under the 
direct supervision of a trained staff member. Certification will be based upon a review of 
the persons’ demonstrated abilities. 
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11.0 Summary of Test Conditions  
1. Test Mode:  Static renewal 
2. Water Renewal:   2 volume additions per day 
3. Temperature:   Mean 23 ±1˚C , no values exceeding limits of ±3˚C of the mean 
4. Photoperiod:   16 hr light : 8 hr dark 
5. Light Source:   Wide-spectrum fluorescent 
6. Light Intensity:   Approximately 400 -1000 lux 
7. Test Chamber:   400 mL beakers 
8. Test Solution Volume:  100 mL sediment; 225 mL overlying water 
9. Organisms/Chamber:  10 
10. Replicates/Treatment:   8 
11. Organisms per Treatment:  80 
12. Age of Organisms:   Second to third instar with ≥50% of the midge larvae at third instar 
13. Food Source:   6.0 g/L Tetramin® flake fish food suspension 
14. Feeding Regime:   1.5 mL of flake fish food suspension per day 
15. Dilution Water:   Moderately hard reconstituted laboratory water prepared as specified 


in Table 1 (page 26) of EPA-600/4-91/002 mixed with a natural surface 
water on a 50/50 basis. 


16. Aeration:    If dissolved oxygen falls below 2.5 mg/L, then all vessels are aerated 
at 1 bubble/second delivered 2 cm above the sediment interface. 


17. Test Duration:   10 days 
18. Endpoint:    Mortality and growth, as ash free dry weight and ash free dry biomass 


(to 0.01 mg) 
19.Sample Holding Time:   8 weeks at 2-4˚C after collection from the field. Displace headspace 


with inert gas after opening sample container. 
20. Acceptability:   Control survival equal to or exceeding 70%; mean ash free dry weight 


of at least 0.48 mg per individual; hardness, alkalinity and ammonia of 
overlying water not  to vary by more than 50% during assay. 


21. Analytical Support:   Daily measurement of temperature, dissolved oxygen, specific 
conductance, salinity and pH in overlying water of one replicate of 
each treatment. Measurement of alkalinity, hardness and ammonia in 
overlying water in one replicate of each treatment at the start and at 
the end of the assay. Measurement of salinity, ammonia, pH, hardness 
and alkalinity in pore water isolated from a sub-sample of whole 
sediment from each treatment at the start of the assay. Measurement 
of ammonia and pH in pore water isolated from sediment in the 
surrogate test chamber for each treatment at the end of the assay. 
Hourly temperature measurement in a separate test vessel. 
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1.0 Purpose and Applicability


The purpose of this Standard Operating Procedure is to determine the impact, based on survival and
growth, of sediments to amphipods exposed under static renewal conditions. The assay involves 
exposing amphipods to a sediment over a 28 day period.  The assay is conducted using guidelines
developed by ASTM and is provided in Standard Test Methods for Measuring the Toxicity of
Sediment-Associated Contaminants with Freshwater Invertebrates  (ASTM E1706-05e).


Hyalella azteca (Saussure), Amphipoda, have many desirable characteristics of an ideal sediment
toxicity testing organism including: relative sensitivity to contaminants associated with sediment, short
generation time, contact with sediment, ease of culture in the laboratory, and tolerance to varying
physico-chemical characteristics of sediment.


At the end of the 28 day exposure period the amphipods are recovered and counted to establish
survival, then dried to establish growth expressed as the average weight/surviving individual and
average biomass (total biomass in a replicate divided by the number of organisms in that replicate
at the start of the exposure).


This document has been modified to meet project work scope requirements, specified by the U.S.
Environmental Protection  Agency, for the Lower Passaic River Ecological Risk Assessment. The
work is being conducted under contract to Windward Environmental, LLC. Modifications incorporated
into the document are related to the salinity of the overlying water used during the assay and culture
and acclimation of the test organisms. These modifications are being made to allow the use of a
single test species over an extended range of the project where salinity regimes vary beyond the
normal range utilized for the species.


2.0 Definitions


Overlying Water: The water placed over sediment in a test chamber during a test.


Reference Sediment: A whole sediment near an area of concern used to assess sediment conditions
exclusive of material(s) of interest. The reference sediment may be used as an indicator of localized
sediment conditions exclusive of the specific pollutant input of concern. Such sediment would be
collected near the site of concern and would represent the background conditions resulting from any
localized pollutant inputs as well as global pollutant input. This is the manner in which reference
sediment is used in dredge material evaluations.


Reference-Toxicity Test: A test conducted with reagent-grade reference chemical to assess the
sensitivity of the test organisms. Deviations outside an established normal range may indicate a
change in the sensitivity of the test organism population. Reference-toxicity tests are most often
performed in the absence of sediment.


Pore water: Water located in spaces between grains of sediment.


Sediment: Particulate material that usually lies below water. Formulated particulate material that is
intended to lie below water in a test.


Whole Sediment: Sediment and associated pore water which have had minimal manipulation. The
term bulk sediment has been used synonymously with whole sediment.
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3.0 Applicable Documents/References


ASTM.  2009.  Standard Test Method for Measuring the Toxicity of Sediment-Associated
Contaminants with Freshwater Invertebrates.  E 1706-05e, West Conshohocken, PA.


U.S. EPA. 2000. Methods for Measuring the Toxicity and Bioaccumulation of Sediment-Associated
Contaminants with Freshwater Invertebrates. Second Edition. EPA/R-99/064. March 2000.


ESI SOP# QA-1203-R5-2003: Preparation of Daphnia Food


ESI SOP#QA-1339-R4-2008: Collection of Sediment Pore Water Samples


ESI SOP#QA-1219-R0-2009: Use and Operation of the YSI Model 556 Multi Probe System meter


ESI SOP#QA-1114-R3-2003: Conduct of Reference Toxicant Assays


ESI SOP#QA-1341-R1-2009: Sulfide Analysis by Titration


ESI SOP#QA-1320-R6-2009: Statistical Analysis of Acute and Chronic Exposure Bioassay Data


ESI SOP#QA-1309-R4-2009: Computation of Hardness by Calculation Method


ESI SOP#QA-1326-R6-2009: Alkalinity by Lachat using the Automated Phenate Method


ESI SOP#QA-1325-R8-2009: Ammonia by Lachat


ESI SOP#QA-1336-R4-2007: Measurement of Total Organic Carbon using the Phoenix 8000 Analyzer


4.0 Materials and Apparatus


Test animals
Beakers, 400 mL, drilled and screened for flow through
Incubator/water bath capable of maintaining a temperature of 23 ±1EC
Dissolved oxygen meter, pH meter, conductivity meter, temperature logger
Light Meter
Balance, capable of reading 0.01 mg
Drying Oven, 60EC
Components for artificial sediment - fine sand, organic material
Sieves
YCT Food (See SOP #1203)
Refractometer


5.0 Methods/Procedures


5.1 Test Material


5.1.1 Test substances will be clearly identified as to source, collection date, period of
collection and description of collection methods.  The laboratory will identify sample
storage procedures and maintain receipt, storage, usage and disposition records. 


5.1.2 Project site sediments will be stored at 2-4EC in the original shipping container.
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Maximum holding time is 8 weeks. Once open, a sample container with remaining
sample will be purged using an inert gas prior to storage. Inert gas will be either
nitrogen or argon.


5.1.3 Prior to test preparation, the sediment is warmed to 23EC.


5.1.4 Prior to use, sediment total organic content (loss on ignition) is measured for each
sediment sample.


5.1.5 Prior to use in the assay, pore water salinity will be measured using a refractometer
or salinometer, as appropriate. Samples having a pore water salinity of #5‰ will be
identified as being tested using freshwater as the overlying water while all samples
having a pore water salinity of >5‰ will be identified as being tested using a 10‰
salinity overlying water.


5.2 Test Organisms


5.2.1 Healthy amphipods from the same source and age are used in the test.  Amphipods
will be between 7 and 8 days old.


5.2.2 Confirmation of species is provided by the supplier.  If not provided, ESI will use the
services of either the zoology department of the University of New Hampshire or the
taxonomy group of Normandeau Associates, Bedford, NH to confirm the species.
Organisms maintained by ESI will be from cultures of the confirmed species.


5.2.3 Pretest observation data concerning the source, handling procedures, disease
treatment (if any), health, feeding, mortality and mean dry weight of test animals will
be recorded and reported. Mean dry weight of organisms at the start of the assay are
based on that of 40 organisms measured in groups of 10. Growth, dry weight, of
similar aged adult amphipods will be monitored in both freshwater and saltwater.
Acclimated amphipod cultures will be monitored prior to use in the assays to provide
a qualitative measurement of growth in the two culture systems. Young production
in all cultures will be qualitatively compared to determine if there are substantial
differences in reproduction between freshwater cultures and saltwater-acclimated
cultures.


5.2.4 Organisms used in the assays will be selected from cultures of appropriate salinity.
Salinity levels utilized will be either freshwater, <0.5‰, or 10‰, depending on the
pore water salinity of an individual sample.


5.3 Exposure Conditions


Exposure conditions and monitoring requirements detailed in the following paragraphs are
the minimum requirements specified by ESI for this assay.


5.3.1 Sediments are placed in vessels, overlying water is added and the samples are
allowed to settle overnight before organisms are added to the test. 


5.3.2 A laboratory control will be established for both fresh and salt water sample sets.


5.3.3 Assays are conducted in a static renewal mode.  Overlying water is renewed on a
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daily basis, at the rate of two (2) volume additions per day.


5.3.4 Mean water temperature is 23 ±1EC. Maximum temperature deviations should not
exceed ±3EC of the specified value at any time.


5.3.5 The photoperiod is set to 16 hours light : 8 hours dark.  Light intensity is 100 to 1000
lux from wide spectrum fluorescent fixtures.


5.3.6 The test vessels are 400 mL beakers containing 100 mL of sediment and  225 mL
of water.


5.3.7 Sediment for the laboratory control treatment will be a formulated sediment.
Formulated sediments will be prepared, by weight, as follows:


Fine grained sand - 95%
Organic matter -   5% (approximate)


Sand used will be an equal mix of F-75 and F-65 unground quartz (silica) sand
provided by New England Silica


The preferred source for organic matter in the artificial sediment is the organic matter
recovered from either midge larvae or amphipod cultures. The material is screened
to remove large matter and then autoclaved for a half hour to insure sterility. Organic
content of the control sediment will be adjusted prior to the start of the assay to be
representative of that of the project site sediments.


5.3.8 The type of the overlying water will be determined based on individual sample pore
salinity. Samples with a pore water salinity of #5‰ will use freshwater as the
overlying water while all samples having a pore water salinity of >5‰ will use an
overlying water of 10‰. 


5.4 Study Conduct


5.4.1 The animals are exposed for 28 days to the test sediment and to the untreated
control sediment, under static renewal conditions.  Overlying water renewal is equal
to two (2) volume additions per day.


5.4.2 A representative sample is obtained from sediment provided. Test sediments are
homogenized and 100 mL placed in each test chamber. Sediments may be dry-
sieved  through a $3 mm screen to remove debris.  225 mL of water is added to the
test chamber and allowed to settle overnight. Aeration is provided to each test
chamber if the dissolved oxygen levels are <2.5 mg/L.  Aeration is designed to
provide approximately 1 bubble/second and set so as to not disturb the sediment
surface. Prior to the addition of the test organisms, any floating detritus is removed
from the surface of the water.


5.4.3 Overlying water.


5.4.3.1 Overlying water for samples having a pore water salinity of #5‰ will be
moderately hard reconstituted laboratory water prepared as specified in
Table 1 (page 26) of EPA-600/4-91/002 mixed with a natural surface water
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on a 50/50 basis. Surface water will be filtered, 100µm, prior to addition to
the reconstituted water. Conductivity of the overlying water will be
documented and reported on a daily water quality sheet prior to use in the
assay.


5.4.3.2 Overlying water for samples having a pore water salinity of >5‰ with be
saltwater having a salinity of 10‰. The 10‰ saltwater will be prepared by
diluting natural saltwater with deionized water. Natural saltwater will be
filtered, 100 µm, prior to dilution. Salinity and conductivity of the overlying
water will be documented and reported on a daily water quality sheet prior
to use in the assay.


5.4.3.3 Daily overlying water renewals will be made using a systems developed by
ESI. The system provides equal flow to a specified number of test
chambers, variable based on test chamber size. Flow to each chamber is
controlled by fixed diameter orifice. The total amount of overlying water to
be exchanged is computed and added to the unit. Flow starts when water
is added to the system on Day -1. Water is added to the system so that all
water required for the renewal is added within 15 seconds. If the system can
not hold sufficient water for the 2 volume additions then a second addition
to each chamber will be made. Flow rates will be set prior to the start of an
assay and maintained constant throughout the assay. Flow rates will be set
to minimize disturbance of and re-suspension of the sediment surface and
so as not to cause water levels to exceed that of the overflow in the test
chamber. 


5.4.4 Test organisms will be 7 - 8 days old at the start of the assay. 


5.4.5 Each treatment group will consist of 80 animals, 10 animals per test vessel. The
animals are randomly assigned to the test vessels on day 0.


5.4.6 Measurement of Water Characteristics


5.4.6.1 Prior to renewal, temperature, dissolved oxygen, specific conductance,
salinity and pH are measured daily during the test, in a surrogate test chamber for
each treatment. Surrogate chambers will be treated in the same manner as all other
replicates and will receive test organisms and will be fed on the same schedule.


5.4.6.2 Temperature is recorded hourly using a data-logger placed in a separate
sealed test chamber containing dry control sediment.


5.4.6.3 Alkalinity, hardness and ammonia of the overlying water are measured in the
overlying water of a surrogate test chamber for each treatment at the start of the test,
and weekly thereafter.  TOC of the overlying water is measured in a surrogate at the
start and end of the assay. Pore water salinity, pH, ammonia, hardness and alkalinity
will be measured in a subsample of each sediment sample prior to the start of the
assay.


5.4.6.4 At the end of the assay, pore water ammonia levels will be determined for
each sample treatment. Pore water for this analysis will be collected from the
surrogate test chamber.
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5.4.7 Amphipods are fed 1.0 mL of YCT food per vessel, solids content 1800 mg/L, daily.
Feeding will be suspended if fungus is noted forming on more than approximately
25% of the sediment surface.


 5.4.8 The assay is terminated on day 28. Sediments are placed on an appropriately sized
screen and gently washed with fresh water to remove sediment. Material remaining
on the screen is examined to recover remaining amphipods. Any amphipod that
shows signs of movement is considered alive, and counted.


5.4.9 All surviving amphipods from an individual replicate are rinsed with lab water, to
remove any detritus, placed on a tared pan and dried at 60EC for 24 hours. Pans
are allowed to cool to room temperature in a desiccator and weighed to the nearest
0.01 mg. 


6.0 Quality Control Requirements


6.1 Reference Toxicant Evaluation


A reference toxicant evaluation should be conducted with each series of assays, ESI
SOP#1114-R3-2003.  The reference toxicant shall be a 96-hour ‘water only’ test conducted
with cadmium chloride. A separate reference toxicant will be conducted for organisms
maintained in each water type, fresh and salt.


6.2 Interferences


Living organisms present in the sample may compete with the amphipods or  may be
predators, reducing overall survival. This impact may be mitigated by sieving samples prior
to testing.


7.0 Calculations/Reporting


7.1 Data Analysis


Survival and growth data from each treatment will be subjected to analysis of variance
(ANOVA) to determine if significant differences exist between treatments and the control.
Statistical evaluations will be made with CETIS® software using appropriate standard
statistical models.


7.1.1 Prior to statistical analysis, the survival and growth data will be reviewed to
determine the presence of outliers.  If outliers are found, an explanation must be
sought. If a reasonable source for the deviation is found, the value may be excluded
from further analysis.  If no explanation is found, the analysis should be performed
both with and without the questionable data point and both sets of results reported.
All data sets are evaluated to determine sample variance homogeneity and
normality.  Those data sets meeting the criteria for normality and homogeneity are
evaluated with parametric statistical models, while those that do not meet both
criteria are evaluated using non-parametric models.
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7.1.2 Endpoints evaluated are: survival and growth (dry weight) at day 28.Growth
endpoints evaluated include both dry weight and dry biomass. Dry weight is
determined as the total dry weight divided by the number of surviving/recovered
organisms. Dry biomass is determined as total dry weight divided by the number of
organisms used per replicate at the start of the assay.


7.1.3 Statistical comparisons for each sample site will be made against the laboratory
control treatment plus each project reference site or as otherwise specified. Project
reference sites may also be compared to one another.


7.2 Reporting


Reports generated from this study will include: summarization of collection and transportation
information (as provided), methods and materials, test organism history, test conditions,
documentation of variations from the  proposed work scope, and results and data analysis.
Copies of all statistical printouts and raw data are attached as an appendix to the report.


8.0 Corrective Actions


8.1 Acceptability Criteria


8.1.1 The amphipod assay is considered acceptable if environmental parameters
(temperature, dissolved oxygen, salinity, pH, alkalinity and hardness) fall within the
ranges specified.  Survival in the control sediments after 28 days will be $80%. 


8.1.2 Criteria specified in Section 11 will be met.


8.2 If survival fails to meet the minimum value specified by the protocol, the client will be notified
and the test restarted. 


  
8.3 If water quality values fall outside study limits the Laboratory Manager, using sound scientific


practice, will determine if the study requires repeating or the data is allowed to be accepted.
The client will be notified, the results reviewed and a final determination made as to the
acceptability of the data.


8.4 In the event that an element of the assay falls outside acceptable limits, or there is a change
in the protocol, a Corrective Action Report must be initiated and completed.  


9.0 Health and Safety


9.1 As with all samples, gloves and safety glasses should be worn when handling sediment
samples and chemicals.  It is advisable to wear a lab coat to protect clothing.


9.2 At the end of an assay excess sample material and material used in the assay will be
disposed of appropriately.  Material may be returned to the client, or air dried and placed in
an appropriate container for disposal at an approved disposal facility. If the material is
classified as non-hazardous, the material may be disposed in an appropriate waste container.


9.3 Assays and sample disposal will be conducted using procedures to minimize potential
pollution of surface and ground waters, soils and sediments.
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10.0 Responsibilities 


10.1 It is the Lab Manager's responsibility to ensure analysts performing this procedure are
properly trained and the training is documented in their training file.  The analyst is
responsible for following the procedures outlined in this SOP.


10.2 Prior to any staff member working unsupervised on a testing procedure, they must be
certified by the Laboratory Manager.  Certification will include reading this and associated
SOPs, review of the primary literature and participation in similar procedures under the direct
supervision of a trained staff member. Certification will be based upon a review of the
persons’ demonstrated abilities.
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11.0 Summary of Test Conditions


1. Test Mode: Static renewal
2. Overlying Water Renewal: 2 Volume additions per day
3. Temperature: Mean 23 ±1EC with no values exceeding limits of ±3EC of the mean
4. Photoperiod: 16 hr light:8 hr dark
5. Light Source: Wide-spectrum fluorescent
6. Light Intensity: Approximately 400 to 600 Lux
7. Test Chamber: 400 mL beakers
8. Test Solution Volume: 100 mL sediment; 225 mL overlying water
9. Organisms/Chamber: 10
10. Replicates/Treatment: 8
11. Organisms per Treatment: 80
12. Age of Organisms: 7 - 8 days
13. Food Source: YCT mix; 1800 mg/L solids 
14. Feeding Regime: 1.0 mL YCT daily  
15. Overlying Water: For samples having a pore water salinity of #5‰ a mix of moderately


hard synthetic water (hardness of 40 - 100 mg/L, alkalinity of 20 - 70
mg/L) and natural surface water. Hardness and alkalinity of overlying
water shall not vary by 50% during the assay. For samples having a pore
water of >5‰ the overlying water will be 10‰ salt water


16. Aeration: 1 bubble/second, if dissolved oxygen falls below 2.5 mg/L
17. Test Duration: 28 Days
18. Endpoint: Mortality and growth (dry weight to 0.01 mg and/or length to 0.01 mm)
19. Sample Holding Time: 8 weeks at 2-4EC after collection from the field
20. Acceptability: Control survival equal to or exceeding 80% and  measurable growth in


control treatment. Hardness, and alkalinity of overlying water not to vary
by 50% during assay


21. Analytical Support: Daily measurement of temperature, dissolved oxygen, specific
conductance, salinity and pH in overlying water of one replicate of each
treatment. Measurement of alkalinity, hardness and ammonia  in
overlying water of one replicate of each treatment at the start and end of
the assay plus weekly during the assay. Measurement of salinity, pH,
ammonia, hardness and alkalinity in water isolated from a sub-sample of
whole sediment prior to the start of the assay. Measurement of ammonia
in pore water isolated from  sediment in the surrogate test chamber at the
end of the assay. Hourly temperature measurement in a separate test
vessel
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12.0 Organism Culture - 10‰ Salinity  


Hyalella azteca  will be acclimated to 10‰ salinity prior to use in assays requiring elevated overlying
water salinity.  Amphipod cultures will be maintained at the 10‰ salinity for a minimum of 1 month
prior to use in the assays. Guidance for salinity adjustment and salinity tolerance was obtained, in
part, from Chris Ingersoll. Dr. Ingersoll is the Branch Chief, Toxicology, at the U.S. Geological Survey
Columbia Environmental Research Center. Based on communications with Dr. Ingersoll, the following
acclimation and culture protocol will be responsive to the requirements of this program. Historical data
from work conducted by the Columbia Environmental Research Center staff indicate that H. azteca
cultured at 10‰ exhibited no negative responses when used in short-term exposure assays.


12.1 Acclimation


12.1.1 Acclimation from freshwater, culture water of<0.5‰ salinity, to 10‰ should be at a
rate of salinity change of no more that 2‰ per day.


12.1.2 Salinity shall be adjusted by the addition of natural seawater.


12.1.3. Salinity will be measured using a refractometer or salinometer.


12.1.4 Daily acclimation will be maintained.


12.2 Culture


12.2.1 Once at the appropriate salinity, 10‰, organism culture techniques will follow
standard protocol with respect to feeding, culture renewal and general maintenance.


12.2.2 Salinity will be measured on a regular basis as part of routine culture maintenance.


12.3 Additional Support


12.3.1 Once the cultures have become acclimated to the target salinity a series of reference
toxicant assays will be conducted to establish a database for the acclimated
organisms.


12.3.2 Once the cultures are of sufficient age, they will be examined weekly to establish that
reproduction is occurring.


12.3.3 When a culture is started, a representative group of amphipods will be randomly
selected and their dry weight determined. After 28-days, a group of adults will be
removed from the culture for the purpose of obtaining dry weights. Data will be
evaluated to determine that growth has occurred and compared to historical growth
data associated with routine cultures.


Reference


C. Ingersoll. 2009. Personal communication. Branch Chief, Toxicology, U.S. Geological Survey Columbia
Environmental Research Center.
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1.      PURPOSE  


1.      This procedure describes the analytical techniques used for extraction and analysis of aqueous, solid, oil, wipe, waste, air and tissue samples for polychlorinated 
dibenzo dioxins and furans (PCDD/PCDF) by EPA Methods 8290 & 1613.  


2.      SCOPE 


1.       This SOP is based on the revision of Method 8290. It is consistent with the Final Rule on the Methods Innovation Rule 40 CFR Parts 63, 268, et al.; June 14 th, 2005; pp. 
34538-34592. 


3.      APPARATUS AND MATERIALS  


1.      Autosampler  


2.      DEC Alpha Station with Opus Quan Data System. 


3.      Neslab Water Coolers. 


4.      MM Autospec Magnetic Sector High-Resolution Mass Spectrometer. 


5.      Pipet, disposable, serological, 10mL. 


6.      Amber glass bottles, 1 L (Teflon-lined screw cap). 


7.      Two –L separatory funnels. 


8.      Teflon boiling chips. 


9.      glass chromatographic columns 


10.  glass chromatographic columns  


1.      Place a glass wool plug at the bottom of the column, pack with 1g of silica gel, 4 g NaOH/silica gel, 1 g of silica gel, 8 g of H 2SO 4/silica gel, 2 g silica gel, 1 g 
Na 2SO 4.  


11.  N-Evaporator. 


12.  Conical vials, 2mL. 


13.  Glass fiber filters and glass wool plugs. 


14.  Funnels, 100 mL. 


15.  Dean-Stark Trap, condenser and flask. 


16.  Rotary Evaporator. 


17.  Round bottom flasks, 500mL. 


18.  Top-Loader Balance. 


19.  Oven. 


4.      REAGENTS, STANDARDS AND SOLVENTS  
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1.      Reagents  


1.      Sulfuric acid, concentrated.  


2.      Silica gel. Highest purity grade. 


3.      Celite 545. 


4.      Water, distilled. 


5.      Florisil.  


6.      Prepurified nitrogen gas. 


7.      Anhydrous sodium sulfate. 


8.      Sodium Hydroxide. Highest available purity. 


2.      Solvents  


1.      Methylene chloride. Highest available purity. 


2.      Hexane. Highest available purity. 


3.      Tetradecane. Highest available purity. 


4.      Acetone. Highest available purity. 


5.      Methanol. Highest available purity. 


3.      Standards  


1.      Analytical standards (Cambridge Isotope Laboratory, Wooburn, MA). 


5.      System Performance  


1.      An initial calibration curve is created to demonstrate the linearity of the HRMS system over the calibration range. An initial calibration is repeated once a year, whenever a 
new set of spiking calibration standards are created or whenever the continuing calibration falls outside the acceptance criteria. To help with the quantitations of high- level 
samples, a secondary ICAL (concept under evaluation) is available whereby the ES concentrations are 20 times lower compared to the primary ICAL. The secondary 
ICAL provides RRFs for analytes requiring 20-fold dilutions. 


2.      ICAL establishes the operating conditions necessary to meet the relative retention time specifications specified in EPA Method 8290/1613. The percent RSD for the mean 
response factors must be within ± 10 percent for the native standards and within ± 20 percent for extraction standards. Note that these requirements are more stringent than 
Method 8290 or Method 1613’s tolerance windows. In addition, the RRFs must remain within 20 percent of the historical values. All S/N must be at least 10:1. Ion-
abundance ratios must be within the 15 percent window of the theoretical ratios. The ICAL used for analytes is summarized in Table 2A.  


1.      Inject the reference compound perfluorokerosene (PFK). PFK provides the required lock masses and is used for tuning the mass spectrometer.  


2.      The lock-mass ion from PFK is dependent on the masses of the ions monitored within each descriptor. Each descriptor will be monitored in succession as a 
function of GC retention time to ensure that all PCDD/PCDFs are detected.  


3.      An appropriate QC Check Ion will be monitored for each mass descriptor and shall be used to monitor system performance throughout the respective retention time 
windows. Specific situations where “deflections” are detected are evaluated on a case-by-case basis with emphasis on the impact on the reliability of the analyte 
data.  


3.      The instrument is tuned to the minimum required resolving power of 10,000 (10 percent valley or 5 percent crossing over) at an appropriate reference signal close to the 
masses of interests. Document the resolving power using the mass peak profile display. The latter is obtained at the beginning and the end of each analytical sequence of 
12 hours or less.  


4.      Using the same operating conditions as established for the ICAL, inject 1 mL of the batch control spike (BCS3). It is a QC sample used for true-stable isotope-dilution 
GC/MS methodologies to ensure the reliability and accuracy (bias and precision) of the determinations.   The BCS3 is prepared at the same concentration as the CS3 of the 
ICAL. 


1.      It is a new concept introduced to, not only, enhance the accuracy of the measurements, but to provide a basis for assigning an uncertainty to each measurements 
(Note: this is limited to the measurement step because it does not directly address the sampling errors), and abridge the level of effort involved in the 
documentation of the system’s performance (i.e., what used to require three separate analyses are now combined into one).  


It is prepared—inside a 4oz. glass jar—in stages at the same time as the batch of field samples; i.e., at each phase involving the addition of the ES, CS or AS, JS to 
the samples. For air matrices, the BCS3 is initiated at the same instant as the XAD/PUF cartridges are prepared for sampling. The NS must originate from an 
independent source.  


One BCS3 per batch of 20 samples or less -- regardless of the matrix type – is going through the same spiking scheme with the same spiking solutions, same 
analyst, same delivery system, and at the same time as the field samples. It is the laboratory’s responsibility to ensure sufficient BCS3s are prepared to provide 
front- and back-end calibration verifications for all the samples as well as re-injections when necessary. For air samples returning with multiple trap preparations 
for a given project, select one of the BCS3 (i.e., the one representing the largest number of traps) and use it to verify calibration (PD) and stability (RPD). However, 
use the ICAL RRFs to process all the samples associated with such project if it can be determined that the data reliability is not adversely affected. The laboratory 
will make every effort to communicate to the stack-sampling firm the significance of the trap preparation in light of the QA/QC.  
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The BCS3 is then analyzed at the beginning and at the end of a NTE 12-H analytical sequence during which samples are analyzed.  


In order to use the front- and back-end BCS3s averaged RRFs to process the samples, the individual front- and back-end RRFs need to meet a number of 
requirements (independent verification, RPD, and PD or bias).  


The following criteria for the BCS3 need to be met:
 


1.      The first and last PCDD/F eluters are verified to be within the eight homologue retention time windows. 


2.      The signal to noise ratio (S/N) exceeds 10:1 for all ions monitored, 


3.      The ion abundance ratio measurements are within ± 15 percent of the theoretical ratio, 


4.      The Ax solution should be verified against an independent source. The maximum allowable difference for the “intra-source product area” ratios (vide infra) 
for the unlabeled compound’s RRFs is +20 percent (from the laboratory normal source) relative to the ES (from an independent source). This verification 
should be performed every time a new set of ICAL solutions and new sets of spiking solutions (ES, CS/SS, JS, NS) are prepared from new primary stock 
standards with a minimum of one verification per year. 


5.      The ES solution should be verified against an independent source. The maximum allowable difference for the “intra-source product area” ratios (vide infra) 
for the unlabeled compound’s RRFs is +20 percent (from an independent source) relative to the ES (from the laboratory normal source). This verification 
should be performed every time a new set of ICAL solutions and new sets of spiking solutions (ES, CS/SS, JS, Ax) are prepared from new primary stock 
standards with a minimum of one verification per year. 


6.      More specifically, it is necessary for the “intra-source product area” ratio below to range from 0.8 to 1.20.  


 
where 


= the area of the unlabeled analyte from the laboratory 
source  


= the area of the labeled extraction standard from the 
laboratory source  


= the area of the unlabeled analyte from the independent 
source  


= the area of the labeled extraction standard from the 
independent source  


is equal to 1 when the concentrations of the respective analytes 
are the same between the independent and laboratory sources; the 
appropriate factor should be applied for situations whereby the 
concentrations of the respective analytes are different.  


NOTE: It is highly recommended that the above mixtures be prepared in the 
same solvent and analyzed under the same GC/MS conditions.  


NOTE: Intra-source product area ratios only apply to analytes for which 
matching standards are available between the laboratory and independent 
sources.  


 
Similarly, for air samples, it is necessary for the “intra-source product area” 
ratio below to range from 0.7 to 1.30.  


 
where 


A = the area of the sampling standard from the laboratory 
source  


= the area of the labeled extraction standard from the 
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7.      The RPDs between the front- and back-end BCS3s should remain within the limits summarized in the Table Inserts. The RRFs Percent Differences (PD) 
relative to the ICAL should remain within the limits summarized in the Table Inserts. The addition of both NS and ES should be performed using the same 
technique and the same volume. That way, any systematic error associated with the ES (within acceptable limits as defined herein) will “ratio out” when the 
two BCS3 calibration analyses are used to compute the analyte concentrations in the samples. By using this approach, the accuracy of the measurements is 
superior to the traditional approaches. It is also a benefit that flows directly from true stable isotope-dilution GC/MS, which until now was regrettably 
ignored. 
 
The RPDs between the front- and back-end BCS3s should remain within:  


                  Ten percent for the unlabeled compounds 


                      Twenty percent for the labeled compounds 


1.      For air samples where a split factor is involved, i.e., the sample extract is split and a portion is archived as backup, the BCS3 is not subjected to an actual 
physical division. The latter is simulated by the addition of an appropriate volume of the same solvent as for the ICAL and the samples (e.g., if the split 
factor is 2, then, the BCS3 needs to be diluted two fold before analysis to allow the analytes to be at the same concentration as for the ICAL CS3).  


For air samples, the BCS3 is initiated at the same time as the preparation of the air sampling modules before the sampling session. To that effect, the same 
amount of the Sampling Standards is added to a vial, which is kept in the laboratory at room temperature and away from light. The corresponding Lab 
Method Blank prepared with the same batch of sorbent and spiking solution (i.e., 40 g XAD-2 resin, or PUF) is kept refrigerated.  


At the beginning and end of each 12-hour period during which samples are analyzed, an aliquot of the BCS3 is analyzed to demonstrate adequate GC 
resolution and sensitivity, response factor reproducibility, to establish the PCDD/PCDF retention time windows and isomer-specificities, and to validate the 
standards and the spiking technique.  


As defined above, the criteria for an acceptable BCS3 are summarized in the table inserts below. When the BCS3 fails, it is important to discern the 
following:  


         The fundamental objective of the BCS3 is to “validate” the standard solutions and spiking technique and the RRFs used to quantitatively 
characterize the analytes in the samples at the time the standards are used to prepare and analyze the samples. They are four types of standards 
involved in the preparation of the BCS3 that provide various probes into assessing this “validation” procedure. They are the NS (symbolized as A x 
in expressions or tables), ES, SS or CS, and JS. The question becomes how can one “extract” the information needed to complete the validation, or 
how does one “filter” out the irrelevant information to help with the distinction between a critical error and a minor one. A critical error means 
erroneous data resulting from a seriously flawed spiking technique (e.g., wrong amount of ES added under the OPR/LCS/ICAL system, or the NS 
under the BCS3 system) while other minor errors can provide useful information or feedback on the measurement step (e.g., instrumentation 
variation). The interpretation of the information obtained from the analysis of the BCS3 is best handled when done contextually. This analytical 
protocol does not claim that it offers a comprehensive analysis but merely puts forward guidelines to help the analyst in assessing the quality and 
reliability of the data.  


         A failure on the “PD” requirements may be indicative of an instrumentation difficulty or spiking error. The latter can be of Level PD-1 (i.e., at the 
standard solution level) or Level PD-2 (i.e., at the spiking operation level). A third Level PD-3 is associated with instrumentation. An error at the NS 
standard solution level (Level PD-1) constitutes, under the BCS3 system, the most serious failure and requires that a new set of standard solutions be 
prepared, independently validated (vide infra, intra-source ratio study) before repeating the sample extraction and analysis, if called for by the 
decision flow chart (“Thinking Method”). Note that the decision flow charts make a distinction between short- and long-term actions. When 
appropriate, a new initial calibration may be required before analyzing the BCS3 and the samples. However, if the error is a Level PD-2 error, a re-


laboratory source  


= the area of the sampling standard from the independent 
source  


= the area of the labeled extraction standard from the 
independent source  


is equal to 1 when the concentrations of the respective analytes 
are the same between the independent and laboratory sources; the 
appropriate factor should be applied for situations whereby the 
concentrations of the respective analytes are different.  


NOTE: When the SS are used as cleanup standards for non-air matrices, replace 
SS by CS and ES by JS in the expression above.  


The RRFs Percent Differences (PD) relative to the ICAL should 
remain within  
                                                                                                         Twenty percent for the unlabeled 


compounds  
                                                                                                         Thirty percent for the labeled ES 


compounds  
                                                                                                         Twenty percent for air’s labeled SS, and  
                                                                                                         Thirty percent for non air’s labeled CS 


compounds  
                                                                                                         Other requirements are shown in Table 


Insert 1 and Table Insert 2.  
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extraction and analysis is the most suitable action after correcting the flawed spiking technique. As customarily done, a new BCS3 is prepared with a 
Level PD-2 error. Here again, the decision flow charts should be used since the text herein is only for illustration purposes. Distinction between 
Levels PD-1 and PD-2 can be accomplished contextually by examination of the initial independent validation study and control charts (showing for 
instance a trend suggesting a degradation of the ES solution), behavior over time charts, and/or using the matrices shown in Table Inserts 3 or 4. The 
Level PD-3 error is associated with instrumentation when an out-of-calibration situation is present or a temporary or localized instrumentation 
variation is operative. Depending on the severity of the Level PD-3 error, a new calibration (either ICAL or rerunning the BCS3 and all the affected 
samples) following a new “tuning” of the instrumentation may be required (see Decision Flow Charts for “Thinking Method”).  


         A failure on the “RPD” requirements may be indicative of instrumentation instability or inability to sustain the instrumentation’s performance over 
a 12-H period. Again, two levels are possible. Level RPD-1 is strictly associated with instrumentation difficulties that are unrelated to the samples 
under analysis. A re-analysis (i.e., re-injection) of the BCS3 and of the samples can be considered as a corrective action after correction of the 
source of the instrumentation’s shortfall (see Decision Flow Charts for “Thinking Method”). If however, the re-analysis of the BCS3 fails again, and 
there are indications that the spiking procedure is questionable (Level PD-1 or PD-2), the associated extraction batch must undergo re-extraction and 
analysis with the preparation of a new associated BCS3 as discussed above for the BCS3 PD deviations. A Level RPD-2 BCS3 failure may be found 
with the analysis of samples presenting special challenges (i.e., highly complex matrices that do not cleanup well under the various options offered 
by this protocol). Depending on the severity of the deviation, additional cleanup or other appropriate actions may be required before re-analysis of 
the samples and associated BCS3. If such action proves to be ineffective, the data should be qualified accordingly.  


         A “ PD” failure for 2,3,7,8-TCDD and/or 2,3,7,8-TCDF results in the inability to reliably quantify 2,3,7,8-TCDD/F until proper corrective action is 
implemented (e.g., following GC column maintenance). When the corrective action involves a different liquid phase, the correct BCS3 is used to 
demonstrate adequate performance. Note that the laboratory is encouraged to adopt a similar stance for 1,2,3,7,8-PeCDD and 2,3,4,7,8-PeCDF (or 
any other 2,3,7,8-subtituted congeners, which significantly contributes to the TEQ). 


         The BCS3 “PD Requirements” are summarized in the four table inserts below. In addition to the traditional RRFs, another set of “pseudo-RRFs” is 
computed from the BCS3 data to help with the validation of the ES and RRFs used to report the sample analytes. The pseudo-RRFs are used to 
further differentiate the various “A” to “C” types PD Requirements. Use Table Insert 3 (non air) or Table Insert 4 (air) for departing-from-the-norm 
groups of analytes (e.g., all 17 A x or the five SS show a deviation similar in “sign” and “amplitude”). It is also recommended to examine the data 
contextually (e.g., using QC charts)  


5.        


  


Table Insert 1: 


Batch CS3 PD Requirements 
 


Based on Traditional RRFs  


(“A” to “C”Types)  


Type  Analytes  Requirement Failure Possible 
Causea,b  


Failure Level Suggested  


Corrective Action  
A  AX vs ES + 20%  1. Calibration out  


2. Spiking error  


              PD-3  
              PD-1/PD-2  


            New Calibration  
            New 


Standards/New 
Extraction  


      
B  ES vs JS + 30% non air 


+ 30% for air c


1. Calibration out 


2. Spiking error  


              PD-3 
              PD-1/PD-2  


            New Calibration  
            New 


Standards/New 
Extraction  


      
C1 CS vs JS  + 30% 1. Calibration out 


2. Spiking error 


              PD-3 
              PD-1/PD-2 


            New Calibration  
            Affects other Types 


      
C2 SS vs ES  


(air)  


+ 20% 1. Calibration out 


2. Spiking error  


              PD-3 
              PD-1/PD-2  


            New Calibration  
            New 


Standards/New 
Extraction/New 
Samplingd 


a.    Calibration out = usually when one (localized) or several/all analytes are affected; 
instrumental source.  
b.   Spiking error = when all analytes are affected with the same “sign” and “amplitude”; 
must be considered contextually; i.e., using historical data or other information on the 
set of standards such as the “pseudo-RRFs”. Situations when selected analytes degrade 
are rare but should not be excluded from consideration.  
c.   By design for air matrices, the amounts of ES and JS added during the preparation of 
the Batch CS 3 are different. Thus, an additional error is introduced, which can deceive 
the analyst’s interpretation. In this case, the QC emphasis is shifted towards the “C2” 
type PD requirement.  
d.   Because of the nature of an “air” sample, there is no additional sample volume 
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available to repeat the extraction. The laboratory is required to qualify the data by 
estimating and documenting accordingly the “error” associated with the reported 
measurements. If such documentation is not possible, and/or the information points 
toward a seriously flawed ES addition (as opposed to a spiking error associated with the 
SS), the data can be rejected and re-sampling efforts may be necessary. See the “Air 
Spiking Related Error Matrix” tables for an alternative approach whereby the Ax vs SS 
RRFs are used to determine the analyte’s concentrations (Table Insert 4).  
  


  


a.   Pseudo-RRFs are limited to analytes, for which an analogous/homologous standard 
is available:  


                      2,3,7,8-TCDD (Ax) vs13C12-1,2,3,4-TCDD (JS)  


                      2,3,4,7,8-PeCDF (Ax) vs13C12-1,2,3,4,6-PeCDF (CS)  


                      13 C 12-1,2,3,7,8-PeCDD (ES) vs13C12-1,2,3,4,7-PeCDD (CS)  


                      Do not consider pairs such as OCDD (Ax) vs13C12-1,2,3,4,6,8,9-HpCDF (SS) 


or13C12-1,2,3,4,7-PeCDD (CS or SS) vs13C12-1,2,3,4,6,7-HxCDD (JS)  


Table Insert 2 :  


Batch CS3 PD Requirements 
 


Based on Pseudo-RRFs  


(“D” to “G”Types)  


Type Analytesa Requirement 
D Ax vs CS/SS +/- 25% 


E1 Ax vs JS 


(non air) 


+/- 35% 


E2 Ax vs JS 


(air)


+/- 35% 


F1 ES vs CS 


(non air) 


+/- 20% 


G2 SS vs JS 


(air)


+/- 50% 


“PD Requirements Decision Matrix” – Normal Configuration  
(use BCS3 RRFs)  


“PD Requirements Decision Matrix” – Defective Ax Spiking = Fatal
 


(If Ax spiking is shown to be in error, and if no additional or replacement sample is 
available, use ICAL RRFs if CS3 is acceptable)  


Table Insert 3:  


“Non-Air” Spiking Related PD Errors  


(departing-from-the-norm group of analytes)


  Ax ES CS JS 
Ax - Y Y Y 
ES  - - Y Y 
CS  - - - Y 
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“PD Requirements Decision Matrix” – Defective JS Spiking  
(use BCS3 RRFs)  


percent recovery measurements for CS & ES affected, not the analytes  


“PD Requirements Decision Matrix” – Defective CS Spiking  
(use BCS3 RRFs)  


percent recovery measurements for CS affected, not the analytes  


“PD Requirements Decision Matrix” – Defective ES Spiking  
(use BSC3 RRFs; see Levels PD-1 or PD-2)  


  Ax ES CS JS 
Ax  - N N N 
ES  - - Y Y 
CS  - - - Y 


  Ax ES CS JS 
Ax  - Y Y N 
ES  - - Y N 
CS  - - - N 


  Ax ES CS JS 
Ax  - Y N Y 
ES  - - N Y 
CS  - - - N 


  Ax ES CS JS 
Ax  - N Y Y 
ES  - - N N 
CS  - - - Y 


“PD Requirements Decision Matrix” – Normal Configuration  
(use BCS3 RRFs)  


“PD Requirements Decision Matrix” – Defective Ax Spiking = Fatal
 


(If Ax spiking is shown to be in error, and if no additional or replacement)  


“PD Requirements Decision Matrix” – Defective JS Spiking  
(use BCS3 RRFs)  


percent recovery measurements for ES affected, not the analytes or the SS  


“PD Requirements Decision Matrix” – Defective SS Spiking  
(use BCS3 RRFs)  


percent recovery measurements for SS affected, not the analytes  


Table Insert 4:  


“Air” Spiking Related PD Errors  


(departing-from-the-norm group of analytes)


  Ax ES SS JS 
Ax  - Y Y Y 
ES  - - Y Y 
SS  - - - Y 


  Ax ES SS JS 
Ax  - N N N 
ES  - - Y Y 
SS  - - - Y 


  Ax ES SS JS 
Ax  - Y Y N 
ES  - - Y N 
SS  - - - N 


  Ax ES SS JS 
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“PD Requirements Decision Matrix” – Defective ES Spiking  
(use BCS3 RRFs; see Levels PD-1 or PD-2; for air samples only, consider using 


the Ax vs SS RRFs)  


  


Ax  - Y N Y 
ES  - - N Y 
SS  - - - N 


  Ax ES SS JS 
Ax  - N Y Y 
ES  - - N N 
SS  - - - Y 


Decision Flow Charts for “Thinking Method”  
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1.      Cleanup Calibrator  


1.      The purpose of the Cleanup Calibrator QC sample is to verify the ability of recovering all the PCDD/Fs rather than just the seventeen 2,3,7,8-substituted 
congeners. The Cleanup Calibrator authenticates the fractionation procedure in a similar way GPC separations are calibrated—not only for the seventeen 2,3,7,8-
substituted PCDD/F congeners, but also for the first and last eluters of each homologue group as well as the total homologue groups. 


2.      Because the fractionation procedure is what really needs to be monitored, this new type of QC sample is used for procedures sharing a common fractionation 
backbone. 


3.      There are a number of viable options that can be followed for the preparation of the Cleanup Calibrator solution:  


1.      Acquire from commercial sources a mixture containing the 136 PCDD/F tetra- through octachlorinated congeners  


2.      Acquire internally by extracting—without the addition of the ES/CS/JS—an ash sample showing the charateristic “combustion” PCDD/F pattern or 
fingerprint  


3.      Extract and analyze an independent performance evaluation sample containing all the PCDD/F congeners (e.g., M8290B PE samples; M23 audit samples).  


4.      If available, acquire from commercial sources the carbon-13 labeled analogues of the first and last eluting PCDD/F congeners, which can be added to every 
sample undergoing extraction and analysis. While it is recognized that this option only aims at the window defining components, and assumes a similar 
chromatographic behavior for the analytes on a GC column and a cleanup column, it offers the assurance of recovering “all” the target compounds on a per 
sample basis 


4.      In order to verify that no selective losses or significant distortions of the PCDD/F pattern occur during the fractionation, each inclusive fractionation methodology 
adopted by the laboratory must be validated at the start (as part of the initial demonstration of performance), once a year (as part of the MDL or the analysis of a 
suitable PE sample) and whenever a change in the procedure is implemented during which there is a reasonable possibility for selective losses. To that effect, treat 
the “ash extract” (or the cleanup calibrator solution) as a sample extract by adding the ES and subject the spiked extract to the cleanup steps, followed by the 
analysis. Note that, when a suitable PE sample is used, the results for all 17 2,3,7,8-substituted congeners as well as each of the eight homologue group totals and 
the first/last eluting congeners should be rated with the help of this analytical protocol’s guidelines. 


5.      The “Cleanup Calibrator” concept should be considered and extended to the validation of new extraction techniques particularly when there is a potential for 
“selective extraction” of PCDD/F congeners (e.g., solid phase extractions when affinities of PCDD/F congeners play a critical role). In other words, the self-
referential principle dictates that an alternate extraction technique is validated when it can be demonstrated that no “selective losses” occurred under ther most 
challenging conditions. The validation of an extraction and/or cleanup procedure that is used “routinely” should not be limited to the seventeen 2,3,7,8-substituted 
congeners. 


6.      Acceptance criteria should be consistent with allowed variations of the RRFs within the initial and continuing calibrations (i.e., 25 percent RPD for the 2,3,7,8-
substituted congeners and up to 35 percent RPD for the non specific congeners between the new/alternate and the previously validated approach’s results). The 
comparison is conducted with the data obtained during the initial demonstration of peformance (e.g., PE sample; or using the “traditional” cleanup procedure).  


7.      Signs of departures from the norm should be monitored on a daily basis by carefully reviewing the raw data, in particular the SICPs, for distorted patterns (i.e., 
distribution of the various isomers within an homologue group does not match expectations or experience).  


2.      Duplicate Analyses (optional)  
 
Ideally, to be meaningful and of value, a duplicate sample is submitted to the laboratory in a blind fashion. This way, their role is not limited to assessing the performance 
of the analytical aspects but as a whole, the sampling aspects as well. However, should the scope of the particular work requires the laboratory to select a sample as a 
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duplicate, then the results of the laboratory duplicates (concentrations of 2,3,7,8-substituted PCDD/PCDF compounds) should agree within 25 percent relative difference 
(difference expressed as percentage of the mean) for analytes with a concentration within the calibration curve.  


3.      Laboratory Method Blank  
 
For a given matrix (i.e., non-biological solid, aqueous, biological tissue, air) a minimum of one Laboratory Method Blank (LMB; mandatory) per batch of 20 samples or 
less is prepared following the exact same steps as the samples using the same reagents and standards. As part of good laboratory practices, it is recommended that the LMB 
be extracted on a different extraction position from one batch to the other by tracking and recording the extraction position number of the LMB as well as the associated 
samples. Similarly when using automated sample fractionation techniques, rotate the position of the LMB from batch to batch, and record that information. For reporting 
the results, always use the same units and the lowest sample volume or weight from the field samples. Note that, for air samples, the LMB is prepared at the same moment, 
using the same batch of sorbent materials, spiking solutions and technique, and by the same personnel who prepared the sampling modules before the sampling session.  


6.      QUALITY CONTROL  


1.      Method Blank (MB): Method blank is a sand, Hydromatrix TM, Na 2SO 4 or distilled water preparation that is free of native analytes that has been prepared and analyzed 
using the same procedures followed for the rest of the analytical batch. For air samples, the MB is resin or PUF prepared from the same batch used for the field samples. 
The MB is kept in house at 4 0 C until the field samples are returned.  


1.      A method blank is run with every analytical batch or 20 samples (whichever is less) per matrix type. 


2.      For the determination of native 2,3,7,8-substituted congeners, the levels measured in the method blank must be less than the method quantitation limit or ten times 
lower than the concentration found in any sample within the analytical batch. 


3.      All samples within an analytical batch are re-extracted and analyzed if the method blank associated with that batch does not meet the criteria described above. 


2.      On-Going Precision & Accuracy (OPR = LCS): Applicable only to true 1613 assays. This redundant and useless laboratory control sample is prepared by adding a known 
quantity of native standards to a matrix and is supposedly used to assess method performance (precision and accuracy). One OPR is analyzed per matrix.  


1.      A known amount of native PCDD/Fs is used for spiking. 


2.      The OPR of each native isomer should have a relative percent difference as per Method 1613, which defines the tolerance windows that must be met. 


3.      Extraction standard recoveries should range between Method 1613’s tolerances. 


4.      If the Extraction Standard recovery of an isomer in the OPR and the associated sample(s) is also out of the range, the sample and the OPR will be re-extracted and 
analyzed. 


5.      It is AP’s policy to develop a database of sample projects where both the OPR and the BCS3 are analyzed for M1613 samples. Once the Laboratory Director has 
determined that such information has been obtained, then, any project completed under M1613 where an OPR is required will NOT have a BCS3. Only those 
projects not requiring an OPR will be processed and analyzed under the BCS3 system. Furthermore, when an OPR is required, only a CS3 – spiked with the usual 
isomeric interferences and the first and last eluters – will be analyzed at the beginning of the sequence. No ending CS3 will be done when OPR is required. 


3.      Matrix Spike (MS/MSD): Again, this redundant and useless sample is prepared by adding a known quantity of native standards to a sample matrix before the extraction. 
These are normally done upon request and are considered as billable because we do not believe that there are of any value. Our procedures call for the use of all labeled 
compounds. Thus, each sample is in fact a matrix spike in itself. MS/MSD samples under isotope-dilution MS do not add any value to the assessment of the system’s 
performance.  


1.      A known amount of native PCDD/Fs is used for spiking. 


2.      The relative percent difference between MS/MSD samples should be £20 percent provided the matrix used does not contain PCDD/Fs at levels impairing the 
measurements. Limits are based on the variances that are typically allowed with the methods’ relative response factors. 


4.      Duplicate Samples: Duplicate samples are two separate aliquots taken from the same source. Duplicate samples are analyzed independently to assess laboratory precision.  


1.      If the relative percent difference from duplicate sample analyses is greater than 50 percent, then both duplicate samples and the affected batch of samples will be 
reanalyzed. 


7.      COLLECTION, PRESERVATION, AND HANDLING  


1.      Amber glass bottles and jars must be used for collection. 


2.      Fish tissue is stored at -20 ° C, all other samples are stored at 4 ° C, extracted within 30 days and completely analyzed within 45 days of extraction 
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3.        


8.      EXTRACTION AND CLEANUP PROCEDURES  


1.      Extraction  


1.      Determine the percent solids on all samples the day before, except for oil. Weigh out an appropriate weight or volume, dry overnight in 110 °C oven and re-weigh. 


2.      All samples are extracted on a wet weight basis. For solid samples, adjust the sample amount for extraction to yield a 10-g equivalent dry weight based on the 
percent solids. 


3.      In general, if samples are "dirty" or samples contain oil or fuel oil, all cleanup steps may be required. 


4.      Add the Extraction Standards and native spike (A x) as described in the sample path forms. When appropriate use 1 mL of acetone for spiking. 


5.      Aqueous or Effluent Samples: If the sample contains >1.0 percent solids, treat the sample as a solid (i.e., isolate a cake). Aliquot an amount of the aqueous sample 
that will yield a 10-g dry weight equivalent. Filter this aliquot thru a 1.0 mm filter using the filtering setup. Transfer the filter and cake inside the thimble. Spike the 
appropriate standards using acetone as a carrier. Add 10 g Hydromatrix TM and mix the solids from the filter through the Hydromatrix TM. If solids are still 
present in the water phase filter the water through 0.7 mm and 0.45 mm filters removing and placing them in the same glass thimble. This insures a complete 
recovery of the 10-g dry weight equivalent. 
 
If the solid load is less than 1.0 percent, the sample may be extracted using the TALEX, CLL , or the SPE-C approaches. The details for these procedures are given 
in the AP-SP-E analytical procedures. The decision to follow one particular approach over the others is dictated by the client’s requirements, the type of samples 
undergoing analysis, and the expertise of the laboratory Director. 


 


Sample Preparation Flow Chart for Air Matrices 


 


Sample Analysis Flow Chart 
(example given for air matrices) 
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Note: All paper mill effluent samples should be filtered, the isolated solids extracted by SPE and SDS. 


6.      Solid or Waste Samples: Add 10 g of sample directly into an 8oz jar, spike in acetone, mix sample well, mix with Hydromatrix TM. Soxhlet/Dean Stark extract for 
16 hours with toluene (250 mL C 14). Proceed with appropriate cleanup procedures described in section 8.2.  


1.      To separate phases of wet ( >25 percent water) soil, sediment or paper samples, a Soxhlet/Dean Stark extractor system may be used with toluene as the 
solvent. 


7.      Oil Samples: Dilute the sample with 50 mL of hexane. Proceed with appropriate cleanup procedures described in section 8.2. 


8.      Air Samples: Each sample is usually comprised of a filter, a XAD-2 resin trap, solvent rinses. (Note: aqueous impinger contents and catch for samples are part of 
CARB Methods 428 & 429.) Samples being prepared by EPA Method 23 are comprised of a filter, a XAD-2 resin trap, solvent rinses and the toluene rinse, which 
is prepared separately if requested. Method 0023A requires the filter/front half and the XAD-2 resin trap/back half to be extracted separately and analyzed by 
Method 8290. For ambient air samples, a PUF and filter combination is typical.  


1.      Filter and XAD-2 resin trap should be photographed together for documentation purposes prior to combination (Method 23). Line up components next to 
the corresponding thimbles and take a group photograph, and then take a photograph of each sample’s components immediately before combining into the 
thimble.  


2.      Combine resin and filter in a SDS extractor. Use glass thimbles in lieu of cellulosic thimbles. Cellulose thimbles are known to react with chlorine 
leaching out of the resin from high-chlorine sources to form 2,3,7,8-TCDF.  


3.      Concentrate the rinses to less than 5 mL using a rotovap or by other appropriate means. Add concentrated solvent rinses to resin/filter portion in thimble . 
An alternative for concentrating probe rinses consists of adding 50-100 m L of tetradecane to each container. Remove the cap and keep it in front 
of the container until it is time to cover the container. Make sure that all containers are properly labeled before initiating the concentration. Allow 
the solvent to evaporate inside the hood for 24 H or so. Do not allow the evaporation to go beyond “dryness” for extended periods of time (i.e., 36 H 
or more) and do not perform activities inside the hood that could contaminate the samples. Ideally, this is carried out during the nighttime. Use the 
rotovap when time is of essence.  


4.      Into the thimble, spike the appropriate amount, as indicated on the sample path tracking sheets of 23 D/F Extraction Standards. Place extractor atop of a 
500-mL round-bottom flask containing Teflon TM boiling chips, and 350 to 400 mL of toluene. 


5.      Place a glasswool plug into the thimble on top of the resin. Assemble the entire SDS apparatus to the condenser and place upon heating mantle. Turn on the 
heating units, cooling water and set temperature for toluene to boil. Allow refluxing for 16 hours at the rate of 3 cycles per hour.  


6.      Before turning off the heaters, allow the toluene to drain from the Dean-Stark arm directly inside a waste bottle. Distill off the toluene until you 
reach a volume of about 50 mL inside the boiling flask. Once the unit is cooled, add the Alternate Standard. Split the sample in half and further 
concentrate the residue. Proceed to Clean-up.  


7.      Splitting: Transfer the extract residue with hexane inside a calibrated 15-mL centrifuge tube. Use a total of 12 mL and divide the sample extract in half 
unless otherwise noted on the process sheet. Store at room temperature the archived portion in the centrifuge tube with a Teflon TM-lined screw top.  


9.      Tissue Samples: Tissue samples are ground and homogenized. Others can be used as such.  


1.      Grind fish using the Hobart meat grinder. Collect the ground tissue directly on cleaned aluminum foil.  


2.      Using Tissuemizer blend meat into a creamy paste consistency.  


3.      Using a spatula, mix well.  


4.      Place two 25-g aliquots of the ground tissue inside two 4-oz jars, label the jars and store in a freezer.  


5.      Aliquot another 25 g for analysis or on such requested occasions, aliquot 75 g.  


6.      Fortify directly on matrix using acetone as the carrier.  


7.      Mix with 20-25 g of Hydromatrix TM , stir until a dry, free-flowing consistency is achieved, adding more Hydromatrix TM as needed, careful not to exceed 
an amount that can fit into the acid thimble for 25-g sample sizes. Place the mixture on top of a layer of acid-coated silica gel inside a glass thimble for 
the pre-cleanup step (vide infra). The amount of acid-coated silica gel is dependent on the lipids contents. Typically, 50 g are used. Prime the acid-
coated silica the day before with hexane.  


8.      For 75-g samples , the acid thimble is not used. The sample is extracted as is with Hydromatrix TM and the oversized extraction setup is used in this case 
to ensure that enough solvent is used and that there is enough room in the thimble to allow for proper extraction of the sample.  


9.      Spike each extraction cell with the appropriate Extraction Standards.  


10.  Soxhlet Dean-Stark using hexane for 16 H. For the rare 75-g samples, however, a mixture of 30% Acetone and 70% Toluene should be used rather than 
Hexane. Again this is to ensure a proper extraction is achieved! Note that when PCBs are extracted as well as PCDD/Fs, the solvent mixture is hexane – 
acetone (1:1). In case the tissue contains sediment particles, it is recommended to follow the hexane-acetone extraction with a toluene-acetone extraction. 
Whenever a 75-g sample is extracted, the extraction time is extended from 16 H to 60 H.  


11.  Concentrate the extract utilizing the SDS down to ~100 mL then finish the concentration on the Rotovap  


12.  Add the CS.  


13.  ASECS (sample extract using SOP AP-SP-CU1 current revision). 


The section below was, during a recent revision of our SOPs, inserted in the SOP for Homogenization, which should be limited to 
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2.      Cleanups (note: refer to specific SOPs for the latest version; this Core Method SOP may not contain the same level of details).  


1.      If not done, add the Cleanup Standards. Rotoevap to C14. Proceed to first cleanup. 
 


2.      ABP-Acid/base partitioning ("dirty" samples only)  


1.      Add 10 mL of hexane to extract in round bottom. 


2.      Add 40 mL of concentrated H2SO4 into separatory funnel. Add extract. Rinse round bottom with 2 times 10 ml of Hexane and add to separatory funnel. 
Shake for 2 minutes with periodic venting, allow the layers to separate for a minimum of 5 minutes and discard acid layer. Repeat with 40 mL of fresh acid 
up to 4 times or when the hexane becomes clear and colorless. Add 40 mL of distilled water into separatory funnel containing sample. Shake and discard. 
Add 40 mL of 1.0N NaOH into separatory funnel containing sample. Shake and discard. Add 40 mL of distilled water into separatory funnel containing 
sample. Shake and discard.  


3.      Pass hexane extract through Na2SO4, then roto-evap to C14. Proceed to the next cleanup procedure.
 


4.      Acid/Base Silica Column (see SOP AP-SP-CU1 current revision)  


5.      Florisil Column (see SOP AP-SP-CU1 current revision)  


9.      GC/MS ANALYSIS  


1.      Establish the necessary operating conditions. The following GC operating conditions are for guidance and adjustments may be required.  


1.        Injector temperature: 


Interface temperature:  


Initial time:  


Temperature program:  


270° 


200 °C 


2 minutes 


200 to 220 ° C, at 5 ° C/min 


220 ° C for 16 minutes  


220 to 235 ° C, at 5 ° C/min  


235 ° C for 7 minutes  


235 to 330 ° C, at 5 ° C/min  
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2.      The reference compound perfluorokerosene (PFK) provides the required lock masses and is used for tuning the mass spectrometer.  


1.      The lock-mass ion from PFK is dependent on the masses of the ions monitored within each descriptor. Each descriptor will be monitored in succession as a 
function of GC retention time to ensure that all PCDD/PCDFs are detected. 


2.      An appropriate lock mass will be monitored for each descriptor and shall not vary by more than ±20 percent throughout the respective retention time 
window. 


3.      The mass resolution check is achieved before any analysis is performed and at the end of each 12-hour shift.  


3.      Set up the analytical run following this sequential injection pattern: CPSM-CS3, Solvent Blank, Method Blank, Samples, OPR, or BCS3, Solvent Blank, Samples, 
BCS3.  (The solvent blank spiked is spiked at a concentration of 1 pg/µL. 


4.      Continuing Calibration  


1.      Follow the BCS3 requirements. When true 1613 requirements are required, follow the procedures below. 
 


2.      Inject a column performance standard mix (CPSM) to verify retention time windows. This requirement can be accomplished by using the OPR analysis. 
The latter is prepared with the appropriate congeners. The following criteria must be met:  


•        The chromatographic peak separation between 2,3,7,8-TCDD and the closest eluting isomers must be resolved with a valley of £10 percent. Note 
that the method calls for a less stringent requirement of 25 percent. Analytical Perspectives also requires that the peak shape of the TCDD/F be 
normal before one can use the DB-5MS column for both TCDD/TCDF isomer-specific determinations. 


•        The first and last PCDD/F eluters are verified to be within the eight homologue retention time windows. 


1.      Inject a mid-range standard from the initial calibration curve (CS3) at the beginning and end of every 12 hours. The following criteria must be met:  


•        The relative response factors for the mid-range standard are within the limits established in Method 1613. That is, the percent RSD for the mean 
response factors must be within the method’s tolerances. 


•        The ion ratios are within 15 percent of the theoretical. 


•        The signal to noise ratio (S/N) exceeds 10:1 for all ions monitored.  


•        The retention times must be within the criteria established in Method 1613. 


5.      Qualitative Determination  


1.      To identify a chromatographic peak as a PCDD or PCDF (either an unlabeled or a labeled compound). It must meet the following criteria:  


•        The signals for the two exact m/z being monitored must be present and must maximize within ±2 seconds of one another. 


•        The signal-to-noise ratio (S/N) of each of the two exact m/z must be greater than or equal to 2.5:1 for a sample extract, and greater than or equal to 
10:1 for a calibration standard. 


•        The ion abundance ratios must have a ratio within the limits established for the homologous series. 


•        The absolute retention times for non-2,3,7,8-substituted congeners must be within the corresponding windows set by the CPSM. 


•        The absolute retention times for 2,3,7,8-substituted congeners must be within 0 to +2 seconds of the isotopically labeled standard; these new limits 
are derived from over 500 data points obtained from MM1 and MM3 over a 17-week period worth of BCS3 and CS3/CS0. The 99% confidence 
intervals suggested 0 to 1 sec.; AP decided to use 2 sec. to cover all analytes (updated on 17 OCT 07). These limits are more representative of our 
level of performance. Weak peaks will continue to be treated as before with the call made by the chemist.  


6.      Quantitative Determination  


1.      For peaks that meet the criteria listed above, quantitate the PCDD and PCDF peaks from the mean RRF relative to the appropriate Extraction Standard 
established in the initial calibration.  


2.      Recovery of each Extraction Standard versus the Injection Standard should be between 40-135 percent or have a signal to noise ratio >10:1 and a favorable 
detection limit (Method 8290). See Method 1613 for the acceptable windows.  


3.      It is recommended that sample recoveries less than 40 percent or greater than 135 percent be re-extracted and re-analyzed unless the S/N ratio is >10:1 
and/or the DL is unacceptable. Similarly, outliers from Method 1613 tolerances should be considered for re-extraction. However, the Lab Director has the 
option to accept the data provided they meet our extraction requirements. Re-extraction is always required if we can show that the deviations result from an 
action that can adversely affect the data reliability. See the Decision Flow Charts for the “Thinking Method”. 


4.      Report results in picogram per gram, picogram per liter or picogram per sample. 


5.      Any sample in which the 2,3,7,8-TCDF is identified by analysis on a DB-5 GC column and is above the method calibration limit must be confirmed on a 
DB-225 or equivalent GC column. The use of the DB-5MS for both 2,3,7,8-TCDD and 2,3,7,8-TCDF isomer specificities can also be used. However, the 
percent valley for 2,3,7,8-TCDD is more stringent (10 percent instead of 25 percent) and the TCDD/TCDF peak shape must be normal (i.e., no tailing) to 
allow accurate measurement of the 2,3,7,8-TCDF isomer on the DB-5MS column. Analytical Perspectives can provide additional documentation on the 
validation of the DB-5MS for 2,3,7,8-TCDF determinations. Alternatively, the demonstration of isomer specificity is conducted in conjunction with the 
BCS3 analyses (enfolded performance). 
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6.      For 2,3,7,8-substituted congeners that are not identified, calculate a sample- and analyte-specific estimated detection limit. 


7.      For a homologous series with no positive identifications, calculate the detection limit. 


8.      Click here for more information on “Working at the Limits”. 


10.  CALCULATIONS  


1.      The concentrations for the PCDD or PCDF compounds are calculated by using the formula:  


2.      The detection limits for each absent 2,3,7,8-substituted PCDD/PCDF can be calculated using the following formula:  


11. REFERENCES  


USEPA Method 8290, Revision 0, Dated September 1994. 


USEPA Method 8290B, Dated July 2002. 


USEPA Method 1613, Revision B, Dated October 1994. 


  


TABLE 1: Theoretical Ion Abundance Ratios and Control Limits for PCDDs and PCDFs  


Where 


= Concentration of unlabeled PCDD/PCDF congeners (or group of 
coeluting isomers within an homologous series) in pg/g. 


= Sum of the integrated ion abundances of the quantitation ions (See 
Table 6 of EPA Method 8290) for unlabeled PCDD/PCDFs. 


= Sum of the integrated ion abundances of the quantitation ion ( See 
Table 6 of EPA Method 8290) for the labeled Extraction Standards. 


= Quantity, in pg, of the Extraction Standard added to the sample 
before extraction. 


= Weight of the sample (solid or liquid). 


= Calculated relative response factor for the analyte.  


= Estimated detection limit for homologous 2,3,7,8-substituted 
PCDD/PCDFs. 


= Noise height (peak to peak). 


= Peak height of the Extraction Standard. 


= Quantity, in pg, of the Extraction Standard added to the sample 
before extraction. 


= Weight of the sample (solid or liquid). 


= Calculated relative response factor for the analyte. 


Page 15 of 23Untitled Document


10/22/2009file://Z:\Procedures\SOP MAIN\pages\AP\APCM\8290B.htm


CONFIDENTIAL BUSINESS INFORMATION







(a) Used for 13C-HxCDF (IS) only. 


(b) Used for 13C-HpCDF (IS) only 


  


TABLE 2A: PRIMARY HIGH-RESOLUTION CONCENTRATION CALIBRATION SOLUTIONS  


(Regular Initial Calibration)  


 
 


TABLE 2B: SECONDARY HIGH-RESOLUTION CONCENTRATION CALIBRATION SOLUTIONS (optional)  


Number of   Theoretical Control Limits 
Chlorine Atoms Ion Type Ratio Lower Upper 


4 0.77 0.65 0.89 


5 1.55 1.24 1.86 


6 1.24 1.05 1.43 


6 a 0.51 0.43 0.59 


7 b 0.44 0.37 0.51 


7 1.04 0.88 1.20 


8 0.89 0.76 1.02 
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(Initial Calibration used for High-Level Samples Requiring 20-Fold Dilution of the Extract)  


  


Methods 8290 / 1613 / 23 / 0023A / TO9  


Method 8290—the first high-resolution gas chromatography and high-resolution mass spectrometry method (HRGC-HRMS)—was introduced by the USEPA in 1985. It is 
capable of measuring low levels of PCDD/Fs in a variety of matrices in support of the RCRA/CERCLA (Superfund) programs. Towards the end of the eighties, the 
importance and value of HRGC-HRMS were recognized not only in the US but abroad as well.  


Method 8290 underwent a number of changes. The changes—designed and implemented by the original author of the method in a commercial environment—led to a series 
of new analytical protocols in support of different regulatory programs within the Agency. For instance, Method 23—derived from Method 8290X—is the required protocol 
for the determination of PCDD/Fs in stack emission samples. Similarly, Method TO9-A for PCDD/Fs in ambient air samples is mostly adapted from Method 23. The SDWA 
and the CWA programs developed Method 1613, which is also derived from Method 8290X.  
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All of the above HRGC-HRMS methods are designed to measure PCDD/Fs. They are based on the same technology; i.e., isotope-dilution HRGC/HRMS. The sample 
extraction, fractionation and calculation procedures are essentially the same. Overall, the methods’ performance (e.g., detection limits, precision, accuracy) is the same. What 
differentiate them are primarily the QA/QC requirements. For instance, Method 8290 recommends a recovery ranging from 40 to 130 percent regardless of the Extraction 
standard. On the other hand, Method 1613 specifies a different limit for each Extraction standard (e.g., 25 to 164 percent for 13C 12-2,3,7,8-TCDD; 17 to 157 percent for 
13C 12-OCDD). Similarly, the calibration acceptance criteria for Method 8290 are different than those defined in Method 1613 (e.g., for the 13C 12-OCDD’s RRF in the 
continuing calibrations, M1613 specifies a tolerance window ranging from –52 to 215 percent while M8290 requires a +30 percent window).  


The published Method 8290 only calls for nine Extraction Standards to be added at the extraction stage. Method 1613 identifies 15 Extraction Standards. However, most 
laboratories, who recognize the fact that Method 8290 was developed at a time when there was a limited number of Extraction Standards, are in effect using a larger set of 
Extraction Standards, even surpassing the one specified in Method 1613 (see our comments at the end of this document). Just like in Method 1613, most laboratories will use 
the 37Cl 4-2,3,7,8-TCDD as a cleanup standard for Method 8290 analyses, even though, such standard is not described in Method 8290. 


In essence, and to the benefit of the User, i.e.,  


•         Improved quality,  


•         Streamlined operations,  


•         Cost control, and  


•         Shorter cycle times  


most qualified laboratories have adopted a “universal” methodology whereby the “best” features from each analytical protocol are merged. It was only in the middle of 2008 
that we found that our closest competitors finally adopted the use of all 17 13C 12-PCDD/F standards when in fact; AP had been doing this since 2001 along with a number 
of additional standards (e.g., seven cleanup standards, three injection standards). 


This section describes key aspects where modifications and improvements have been implemented by Analytical Perspectives for Methods 8290, 1613 and 23/0023A. 


Relevant Modifications & Improvements to the Published Methods 8290/1613/23/0023A/TO9A  
(as performed and validated by Analytical Perspectives)  


1.      Described below are key aspects of the various improvements. For more information and details, refer to Analytical Perspectives Performance Commitment document, which 
includes QC Acceptance Criteria & Corrective Actions.  


2.      The reference Method 8290 requires a Soxhlet extraction with toluene for non-biological solid matrices. Our approach calls for the use of Soxhlet Dean-Stark (SDS) extraction 
with toluene. For biological tissues, hexane SDS extraction is used to prevent precipitation of lipids in the presence of water and methylene chloride. The SDS permits the 
progressive removal of the entire water contents from the sample matrix and, subsequently, from the extraction solvent system by way of an azeotrope formation between toluene 
(or when applicable, hexane) and water. During the extraction cycle, the water separates from the organic solvent inside the Dean-Stark arm. Pure organic solvent is now returning 
to the extraction vessel. The removal of the water from the extraction system ensures the sample matrix is extracted with pure toluene (or when applicable, hexane) rather than a 
mixture of organic solvent—water as it happens when Soxhlet alone is used. This modification results in a more effective extraction of the organics such as PCDD/Fs, which are 
more soluble in organic solvents than in water.  


3.      Our sample extract fractionation procedure is designed to remove a wide variety of interferences. Among the most common interferences, polychlorinated diphenylethers 
(PCDPEs), when present, can artificially elevate the concentrations of PCDFs. Our cleanup approach removes the bulk of the PCDPEs (or alleged PCDPEs) in air and air-related 
matrices (e.g., ash) so that their effect is reduced to less than 0.3 to 3 percent positive bias on the total PCDD/Fs. This estimate is based on a worst-case scenario whereby we 
assume the alleged PCDPE is solely responsible for the signal found in the PCDF channel. Over the years, the application of our cleanup procedures indicate that no PCDPEs are 
found in our sample extracts (see Fig. below showing an example of M23 data from a competitor lab where numerous PCDPEs constitute a major source of false positives). Our 
fractionation procedures for fish tissue are designed to eliminate PCDPEs that may interfere with the detection and analysis of PCDFs. 
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4.      HpCDPEs in a M23 Sample as a major source of false positives from a competitor lab 


5.      OCDPEs in a M23 Sample as a major source of false positives from a competitor lab  


6.      To eliminate the risk of confusion between methods when referring to the various standards used throughout the procedures, the following nomenclature is applied: 


o        Extraction Standard (ES): Extraction standards are the seventeen 13C 12-labeled 2,3,7,8-substituted PCDD/F congeners, which are added to every sample before the 
extraction. They are used to monitor both the extraction and fractionation efficiencies as well as for quantitative and qualitative purposes. For air matrices, the ES is also 
used to compute the SS recoveries. Versions of the methods refer to them as “internal standards” or “labeled compounds”.  


o        Cleanup Standard (CS) or Sampling Standards (SS): A group of five labeled PCDD/F congeners added to every sample immediately following the extraction and before 
the fractionation. They are representative of a number of homologue groups and are used to monitor the fractionation efficiencies.  


o        Alternate Standards (AS): 13C 12-1,3,6,8-TCDD and 13C 12-1,3,6,8-TCDF are used as additional cleanup standards to monitor for selective losses during the 
fractionation procedures, which can introduce a bias on totals as well as distort the congener profiles.  


o        Injection Standard (JS): Injection standards are a group of three labeled PCDD/F congeners, which are used for the preparation of the final extract for GC/MS analysis. 
Their function is to measure the recoveries of the ES and CS and to provide a means for insuring that the system’s sensitivity performance remains acceptable. Versions of 
the methods referred to them as “recovery standards” or “labeled internal standards”.  


o        Note that a similar system is adopted for PCBs, PAHs, and USVOAs.  


7.      The method calls for the use of nine (Method 8290) or 15 carbon-13 labeled Extraction standards (Method 1613) added to the sample before the extraction. Our fortification 
procedure consists in the addition of 17 carbon-13 labeled extraction standards to the sample before the extraction. One of the additional standards is 13C 12-OCDF, a compound 
that could not be used in the early eighties when Methods 8290/23/1613 were developed. Indeed, the available technology was unable to achieve chromatographic separation 
between OCDD and OCDF. From a mass spectrometry point of view, 13C 12-OCDF interferes with the measurement of OCDD and, is interfered by OCDD, especially when 
OCDD levels are high. With today’s improved gas chromatographic column technology, the separation between the two congeners permits the introduction of such a valuable 
standard to monitor more specifically the recovery of OCDF and to measure more accurately the amounts of OCDF present in the sample. It is worth mentioning that the author of 
this document has verified, under certain laboratory lighting conditions, the light-induced thermal degradation of OCDF during the toluene Soxhlet extraction. Up to 80 –90 
percent thermally-induced photodegradation of OCDF have been observed while none was found for OCDD under the exact same conditions. In the absence of 13C 12-OCDF, a 
significant negative bias would result for the measurement of OCDF if the corresponding labeled standard is not used.  


8.      Each of the methods’ calibration curve is established with five individual solutions ranging in concentrations, for instance, from 0.5 pg/ m L to 100 pg/ m L for the TCDD/F. Our 
seven-point initial calibration curve’s dynamic range extends two-fold lower (0.25 pg/ m L) and five-fold higher in concentration (500 pg/ m L). Furthermore, Methods 
8290/1613/23/0023A minimum requirements for the acceptance of the initial calibration are RSDs ranging from 20-25 to 35 percent depending on the analyte. Our internal 
requirement calls for single digit RSDs. Higher precision and accuracy for the PCDD/Fs are the primary benefits of these modifications. Tables 1 and 2 summarize the two sets of 
ICAL used by Analytical Perspectives. The secondary ICAL—an option offered exclusively by Analytical Perspectives—is used for the analysis of samples containing high-level 
analytes requiring up to 20-fold dilutions. The secondary ICAL is a product under evaluation, and may not be used systematically until the benefits are fully established.  


9.      Methods 8290/23/1613/23/0023A do not address the absolute value for the analytes’ RRFs. In order to ensure accurate measurements, Analytical Perspectives verifies that the 
RRF for specific analytes with an associated carbon-13 labeled extraction standard remains within a reasonable value from historical values (e.g., + 20 percent). The Laboratory 
Director can reject the ICal and request a new set of standard solutions to be prepared when such deviations are found with a new batch of standards. One critical aspect to 
successful analysis by isotope-dilution HRGC-HRMS is the reliability of the standards. To that effect, a number of verification procedures with stringent requirements are 
implemented and enforced (e.g., independent verification of the standards through the use of intra-source area ratios).  


10.  Methods 23/1613 verification of the initial calibration are conducted only at the beginning of every 12-H of operation during which samples are analyzed by HRGC/HRMS. Our 
procedures based on the BCS3 system require not only a front-end but also a back-end continuing calibration verification (concal). Additionally, according to our procedures, 
both front- and back-end verifications entail a verification of the ability to measure 2,3,7,8-TCDD and 2,3,7,8-TCDF in an isomer-specific mode and a verification of the various 
homologue groups retention time windows. This demonstration and verification is accomplished through the use of a new QA/QC sample concept known internally as the BCS3, 
which is part of our enfolded performance approach.  


o        The BCS3 is a QC sample used for true-stable isotope-dilution GC/MS methodologies to ensure the reliability and accuracy (precision and bias) of the determinations. It is 
prepared in stages at the same time as the batch of field samples; i.e., at each phase involving the addition of the ES, CS, JS to the samples. For air matrices, the BCS3 is 
initiated at the preparation stage of the sampling modules (i.e., XAD-2 resin or PUF) during which the SS are introduced inside the sorbent material. The BCS3 is analyzed 
at the beginning and at the end of a 12-H analytical sequence during which the associated samples are analyzed. In order to use the front- and back-end BCS3 averaged 
RRFs to process the samples, the individual front- and back-end RRFs need to meet a number of requirements as detailed in section 5.4 of this procedure..  


o        It is AP’s policy to develop a database of sample projects where both the OPR and the BCS3 are analyzed for M1613 samples. Once the Laboratory Director has 
determined that such information has been obtained, then, any project completed under M1613 where an OPR is required will NOT have a BCS3. Only those projects not 
requiring an OPR will be processed and analyzed under the BCS3 system. Furthermore, when an OPR is required, only a CS3 – spiked with the usual isomeric 
interferences and the first and last eluters – will be analyzed at the beginning of the sequence. No ending CS3 will be done when OPR is required. 


11.  Methods 8290/1613/23/0023A injection standards is a mixture containing two carbon-13 labeled PCDD congeners. Our injection standards solution contains three carbon-13 
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labeled PCDD/F congeners.  


12.  The “initial demonstration of performance” is conducted annually while fortifying the sample with the unlabeled target analytes at our reporting limit (i.e., corresponding to the 
more challenging lowest calibration point of our curve). Precision and accuracy information is available from our Performance Commitment document.  


13.  For Method 1613 only: Until such a time when the BCS3 can be considered and approved by the Office of Water as a substitute for an on-going precision and accuracy, an OPR 
quality control sample is prepared with each extraction batch. No OPR is prepared for Method 8290, however. The BCS3 fulfills a more valuable function than the OPR.  


14.  Our data acquisition and validation procedures require the monitoring and assessment of “quantitative interferences”. When present, specific corrective actions may be necessary 
when they adversely impact the quality of the data. It is our policy to deliver data of quality; a policy that often results in carrying out additional (and outside the scope of the 
methods) fractionation procedures for complex samples.  


15.  Reporting of data is accomplished using a format that is accessible to a wide range of Users. It is designed to minimize the need for our clients to perform additional interpretation 
of the laboratory data. A three-part set of sample summary results is provided in an electronic format (Excel). Our CLP-like data package comes in both hardcopy and CD 
versions. The latter is integrated and interactive.  


16.  A correction for the contribution at m/z 322 from the CS ( 37Cl 4-2,3,7,8-TCDD) is applied automatically in our calculations.  


17.  Analytes found at a concentration below 1/10 th our reporting limit are reported as ND with a detection limit equals to 01 xRL.  


18.  Analytes whose ion-abundance ratio is outside the method’s limits are reported as EMPC – estimated maximum possible concentration; a concept introduced in the early eighties 
during the development of the first version of USEPA Method 8290. An EMPC is triggered whenever one particular identification criterion for PCDD/Fs is not met. Its value, 
particularly in risk assessment studies, is found in circumstances when specific analytical factors can lead to possible false negatives. Understanding the analytical factors 
prompting an EMPC plays an important part in the formulation of effective course of actions or in the development of a strategy for reporting data.We also recognize the different 
– and sometimes conflicting – realities and needs of the ultimate users; i.e., the regulators, the risk assessors, and the regulated communities. When acquiring data by high-
resolution GC/MS, the mass spectrometer is operating in the selected ion-monitoring mode. For each compound of interest, the mass spectrometer records the response of two 
characteristic ions from the molecular ion cluster. The ion-abundance ratio between the two characteristic ions must fall within accepted ranges for the peak to be identified as a 
PCDD/F congener. Should the ion-abundance ratio fall outside the permissible range, the corresponding GC peak cannot be identified as a PCDD/F congener. However, if the 
ratio error is assumed to be due to a contributing interference to one of the ions, then an EMPC may be derived from the unaffected ion and the natural abundance ratio. In 
essence, one performs a “mathematical” operation removing the “contribution” of the interference, if the latter is the primary reason for triggering the EMPC reporting. 
 
It is true that a co-eluting chemical interference can cause the ion-abundance ratio to exceed the method’s limits (e.g., the impurity in the commercially available 37Cl 4-2,3,7,8-
TCDD). However, for practical purposes, and before rushing into the so-called “confirmation” analyses and/or additional cleanups, which may in some cases amount to unethical 
practices, it helps to appreciate the fact that over 99 percent of the time, the EMPC is triggered by “ion statistics” and not by a chemical interference.  
 
Indeed, the uncertainty associated with the measurement of an ion-abundance ratio of two “weak” signals is equal to the sum of the variances associated with the individual 
signals. The weaker the S/N is, the larger the uncertainty of the measurement is. Ratio ing two numbers with large variances can result in the ion-abundance ratio to easily exceed 
the +15 percent window. In such case, a “confirmation” analysis is pointless unless the S/N is significantly improved. Our methodology reports EMPCs as such. Whenever a 
chemical interference can be discerned, we comment in the narrative on the potential impact on the data, or what actions have been taken or attempted to improve the specificity 
or to remove the interference, or its effect.  
 
For circumstances whereby an EMPC cannot be reported, we report any out-of-ratio criterion peak eluting at the retention time of a 2,3,7,8-substituted congener as an ND using 
the peak concentration as the detection limit.  


  


Appendix  
Tables 6, 6A, 7, 7A of M1613B 


(as requested by SCDHEC) 
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List of Abbreviations &Acronyms 
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•                AS = alternate standard 
•                Ax = target analyte 
•                BCS3 = batch control spike 
•                CAA = Clean Air Act 
•                COC = chain of custody 
•                CPSM = column performance standard mixture 
•                CS3 = calibration solution corresponding to the middle point of the initial calibration curve 
•                CS = cleanup standard 
•                CWA = Clean Water Act  
•                dfa Technology = dioxin-furan array (fingerprinting reminiscent of DNA plates) 
•                DOC = documentation of capability 
•                DUP = duplicate 
•                EDL = estimated detection limit (sample- and analyte-specific) 
•                ES = extraction standard (isotopically labeled standard added before the extraction) 
•                GC = gas chromatography  
•                ICAL = initial calibration 
•                ID-HRMS = comprehensive and stable isotope-dilution high-resolution mass spectrometry 
•                Ind. Val. = independent validation 
•                JS = injection standard 
•                LOD = limit of detection 
•                LOQ = limit of quantitation 
•                MB = lab method blank 
•                MDL = method detection limit (not sample-specific) 
•                M/ΔM = mass spectrometer resolving power 
•                MIR = Methods Innovation Rule 
•                ML = minimum level (equivalent to lowest point on the calibration curve) 
•                MS/MSD = matrix spike/matrix spike duplicate 
•                ND = not detected 
•                NELAC = National Environmental Laboratory Accreditation Conference  
•                OPR = on-going precision & recovery (equivalent to LCS or Lab Control Spike) 
•                PAH = polynuclear aromatic hydrocarbon 
•                PBMS = performance-based measurement system 
•                PCB = polychlorinated biphenyl 
•                PCDD/F = polychlorinated dibenzo-p-dioxin and dibenzofuran 
•                PD = percent difference 
•                PE = performance evaluation sample 
•                QI = quantitative interference 
•                QuanTIC = selected SVOAs by full-scan GC/MS (ID-HRMS) 
•                RCRA = Resources Recovery Act 
•                RL = reporting limit (usually represents the lowest point on the calibration curve or ML) 
•                RPD = relative percent difference 
•                RRF = relative response factor 
•                RSD = relative standard deviation  
•                RTW = retention time defining window solution 
•                SDWA = Safe Drinking Water Act 
•                SICP = selected ion current profile 
•                S/N = signal-to-noise ratio 
•                SRM = standard reference material 
•                SS = sampling standard 
•                TEQ = toxic equivalency quotient 
•                TSCA = Toxic Substances Control Act 
•                U-SVOA = ultra-semi volatile analyte (selected SVOAs by SIR by ID-HRMS) 
•                VER = continuing calibration verification (equivalent to ConCal) 
•                WHO-2 / WHO-2S = ID-HRMS assay for the 29 World Health Organization target analytes (S = serum)
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Table 1. Acronyms and Abbreviations 
BMI  Benthic Macroinvertebrate 
CEO  Chief Executive Officer 
EPA  United States Environmental Protection Agency  
DQO  Data Quality Objective 
EcoAnalysts  EcoAnalysts, Inc. 
LIMS  Laboratory Information Management System 
MQO  Measurement Quality Objective 
QA  Quality Assurance 
QAM  Quality Assurance Manager 
QAPP  Quality Assurance Project Plan 
QA/QC  Quality Assurance/Quality Control 
QC  Quality Control 
SOP  Standard Operating Procedure 
US EPA  United States Environmental Protection Agency  
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DOCUMENT CONTROL 


 
This  document  has  been  prepared  according  to  the United  States  Environmental  Protection 
Agency publication, EPA Requirements for Quality Assurance Project Plans (EPA QA/R5, March 
2001). This QAPP will be reviewed annually and updated as needed. Updated versions of this 
QAPP will bear a new (x + 1) revision number. 
 


GROUP A: PROJECT MANAGEMENT 


 


A3. DISTRIBUTION LIST 


 
Each person listed on the Approval Signature Page and each person listed in Table 2 or his/her 
successor will  receive  a  copy of  the  final  approved  version of  this Quality Assurance Project 
Plan. A copy will also be made available to other persons taking part in the project and to other 
interested parties. 
 
Table 2. QAPP for Laboratory Analysis: BMI Distribution List 


Name  Title/Affiliation  Address  Phone/email 


Gary T. Lester  CEO, Project 
Manager 
EcoAnalysts, Inc. 


1420  South  Blaine 
Street, Suite 14 
Moscow, ID 83843 


208‐882‐2588 ext 21 
glester@ecoanalysts.com 


Dawn Hamilton  QA Manager 
EcoAnalysts, Inc 


1420  South  Blaine 
Street, Suite 14 
Moscow, ID 83843 


208‐882‐2588 ext 40 
dhamilton@ecoanalysts.com


Pat Barrett  Taxonomy 
Coordinator 
EcoAnalysts, Inc. 


1420  South  Blaine 
Street, Suite 14 
Moscow, ID 83843 


208‐882‐2588 ext 27 
pbarrett@ecoanalysts.com 


Rob Bobier  Sorting Lab Manager
EcoAnalysts, Inc. 


1420  South  Blaine 
Street, Suite 14 
Moscow, ID 83843 


208‐882‐2588 ext 59 
rbobier@ecoanalysts.com 


Kaylani Merrill  Technical  Business 
Development 
EcoAnalysts, Inc 


1420  South  Blaine 
Street, Suite 14 
Moscow, ID 83843 


208‐882‐2588 ext 81 
kmerrill@ecoanalysts.com 


 


A4. PROJECT/TASK ORGANIZATION 


 
The primary responsibilities of the principals are as follows: 
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EcoAnalysts Project Manager – Gary Lester, CEO 
 Provides  overall  coordination  of  the  project  and makes  decisions  regarding  the  proper 


functioning of all aspects of the project; and 
 Makes  assignments  and  delegates  authority  as  needed,  to  other  parts  of  the  project 


organization. 
 
EcoAnalysts QA Manager – Dawn Hamilton 
 Oversees  transfer  of  samples  and  related  records  for  the  benthic  macroinvertebrate 


indicator; 
 Ensures the validity of data for the benthic macroinvertebrate indicator; 
 Interacts with  EcoAnalysts  Project Manager  on  issues  related  to  sample  processing  and 


schedules for conduct of activities; 
 Collects copies of all official forms, evaluation checklists and reports;  
 Oversees  and maintains  records  of  laboratory  operations,  but  is  not  part  of  laboratory 


operations; and 
 Directs laboratory audits. 
 
EcoAnalysts Laboratory Managers – Patrick Barrett and Rob Bobier 
 Oversee analysis of benthic macroinvertebrate samples; and 
 Ensure the validity of data for the benthic macroinvertebrate indicator. 
 
Table 3. Principal Contact List 


Gary Lester 
CEO, Project Manager 
EcoAnalysts, Inc. 
1420 South Blaine Street 
Suite 14 
Moscow, ID 83843 
Phone: 208‐882‐2588 ext. 21 
Fax:      208‐883‐4288 
glester@ecoanalysts.com 


Dawn Hamilton 
QA Manager 
EcoAnalysts, Inc. 
1420 South Blaine Street 
Suite 14 
Moscow, ID 83843 
Phone: 208‐882‐2588 ext. 40 
Fax:      208‐883‐4288 
dhamilton@ecoanalysts.com  


Patrick Barrett 
Taxonomy Coordinator 
EcoAnalysts, Inc. 
1420 South Blaine Street 
Suite 14 
Moscow, ID 83843 
Phone: 208‐882‐2588 ext. 27 
Fax:      208‐883‐4288 
pbarrett@ecoanalysts.com 


Rob Bobier 
Sorting Lab Manager 
EcoAnalysts, Inc. 
1420 South Blaine Street 
Suite 14 
Moscow, ID 83843 
Phone: 208‐882‐2588 ext. 59 
Fax:      208‐883‐4288 
rbobier@ecoanalysts.com 
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Figure 1. Project Organization 
 


 
 
The QA Manager is independent from project staff that generates data. The QA Manager, Dawn 
Hamilton,  is  responsible  for managing  this QAPP  and  is  available  to  address  project QA/QC 
problems and concerns. 
 


A5. PROBLEM DEFINITION/BACKGROUND 


 
This QAPP  addresses  the  laboratory  operations  and  analyses  for  benthic macroinvertebrate 
indicator  samples.  This  plan  describes  elements  of  project  management,  data  quality 
objectives, measurement  and  data  acquisition,  and  information management  for  processing 
benthic macroinvertebrate samples.  
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This QAPP covers in scope the processing of benthic macroinvertebrate samples collected from 
all water body types  including, but not  limited to coasts and estuaries, wetlands,  lakes, rivers, 
and streams.   
 


A6. PROJECT/TASK DESCRIPTION 


EcoAnalysts  is well equipped and staffed to conduct highly specialized analyses related to the 
benthic macroinvertebrate  indicator. EcoAnalysts complies with all methods, procedures, and 
QA/QC requirements as described  in required  laboratory methods manuals. Prior to  initiation 
of task orders, EcoAnalysts’ laboratory operations may be evaluated by EcoAnalysts’ QAM. 
 
Benthic macroinvertebrate samples will be sorted and  identified at EcoAnalysts’  laboratory to 
the  lowest  practicable  level  or  level  required.  The  sample  will  first  be  sorted  into  major 
taxonomic groups, which then will be  identified to the required taxonomic  level and counted. 
The  sorting  laboratory  manager  and  taxonomy  coordinator  will  oversee,  and  periodically 
review, the work performed by sorting technicians.  


A7. QUALITY OBJECTIVES AND CRITERIA 


Performance  objectives  as  associated  primarily  with  measurement  error,  are  established 
(following USEPA Guidance for Quality Assurance Plans EPA240/R‐02/009) for analyzing benthic 
macroinvertebrate  indicator  samples.  The  following  sections  describe  approaches  for 
evaluating benthic macroinvertebrate indicator sample analyses. 


  A7.1 Sorting Efficacy – Aliquot Method 


To ensure every sample meets a standard minimum  level of sorting efficacy, EcoAnalysts,  Inc. 
re‐sorts at least 20% of the sorted material of every sample that is processed in the lab.  
 
The resort is performed by a specially trained and designated sorting quality control technician 
(this will never be the technician who originally sorted the sample). 
 
The QC technician re‐sorts at least 20% of the sorted fraction of the sample to check if at least 
90% (or percent established by the client) of the organisms have been removed.  An estimated 
percent efficacy is calculated by dividing the number of organisms found in the original sort by 
the total number of organisms estimated to be in the sorted material, based on those found in 
the 20% quality control re‐sort, using the following equation: 
 
Equation 1. Sorting Efficacy 


100*
*
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Where: 
OriginalCount = the number of organisms picked by the first sorter 
QCCount = the number of organisms found in the Quality Control sort 
QCSquares = the number of grids sorted during the QC process 
QTSquares = the total number of grids in the QC Caton  
 
Sorting efficacy  is measured as the estimated percent of the total organisms found during the 
original sorting process. If the estimated percent sorting efficacy is 90% or greater, the sample 
passes the quality control check. If the estimate is less than 90%, the sample is re‐sorted. When 
this happens,  the sample undergoes  the quality control process again until  it passes  the 90% 
efficacy  requirement.  In  addition  to  calculating  sorting  efficacy,  a  specially  trained  and 
designated sorting quality control technician, who is never the technician who originally sorted 
the  sample,  also  verifies  label  accuracy,  information  capture  on  the  benchsheet,  and  the 
presence/absence of non‐target organisms in the taxa vials. 


  A7.2 Taxonomic Precision and Accuracy 


Taxonomic  precision  is  quantified  by  comparing whole‐sample  identifications  completed  by 
independent  taxonomists  or  laboratories.  Accuracy  of  taxonomy  is  qualitatively  evaluated 
through  specification  of  target  hierarchical  levels  (e.g.,  family,  genus,  or  species)  and  the 
specification  of  appropriate  technical  taxonomic  literature  or  other  references  (e.g., 
identification  keys,  voucher  specimens).  To  calculate  taxonomic  precision  for  benthic 
macroinvertebrate  samples,  10  percent  of  the  samples  are  randomly  selected  for  re‐
identification by an independent taxonomist or laboratory. Comparison of the results of whole 
sample re‐identifications provides a Percent Taxonomic Disagreement (PTD) calculated as: 
 
Equation 2. Percent Taxonomic Disagreement (PTD) 
 
 
 
 
 
where  
comppos = the number of agreements 
N = the total number of individuals in the larger of the two counts.   
 
The lower the PTD, the more similar taxonomic results are and the overall taxonomic precision 
is better.   A Measurement Quality Objective  (MQO) of  ≤15%  is  recommended  for  taxonomic 
differences. Individual samples exceeding 15% are examined for taxonomic areas of substantial 
disagreement,  the  reasons  for  disagreement  investigated,  and  corrective  measures  taken 
where needed. 
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Where  re‐identification by an  independent, outside  taxonomist or  laboratory  is not practical, 
percent similarity will be calculated between each identifying taxonomist.  Percent similarity is 
a measure of similarity between two communities or two samples (Washington 1984). Values 
range from 0% for samples with no species in common, to 100% for samples that are identical.  
It is calculated as follows:   
 
Equation 3. Percent Similarity 
 
 
where:  
a and b = for a given species, the relative proportions of the total samples A and B, respectively, 
which that species represents.   
 
A MQO of ≥85% is recommended for percent similarity of taxonomic identification.  If the MQO 
is not met, the reasons for the discrepancies between analysts should be discussed.  If a major 
discrepancy is found in how the two analysts have been identifying organisms, the last batch of 
samples counted by the analyst under review may have to be re‐identified.   
 
Additionally, percent similarity should be calculated for re‐processed subsamples.  This provides 
a  quantifiable  measure  of  the  precision  of  subsampling  procedures.    A  MQO  of  ≥70%  is 
recommended for percent similarity of subsamples.  If a sample does not meet this threshold, 
additional subsamples should be processed from that sample until the MQO is achieved.     
   
Sample enumeration is another component of taxonomic precision.  Final specimen counts for 
samples are dependent on  the  taxonomist, not  the  rough counts obtained during  the sorting 
activity.  Comparison of counts is quantified by calculation of percent difference in enumeration 
(PDE), calculated as: 
 
Equation 4. Percent Difference in Enumeration 
 
 
 
 
An MQO of ≤5% is recommended.  Individual samples exceeding 5% are examined to determine 
reasons for the exceedance. 
 


A7.3 MQO Evaluation 


For samples exceeding these MQOs, corrective actions can include defining the taxa for which 
re‐identification may be necessary (potentially even by a third party), for which samples (even 
outside  of  the  10%  lot  of  QC  samples)  it  is  necessary,  and  where  there may  be  issues  of 
nomenclatural or enumeration problems. 
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Taxonomic accuracy is evaluated by having individual specimens representative of selected taxa 
identified  by  recognized  experts.    Samples  will  be  identified  using  the  most  appropriate 
technical  literature  that  is  accepted  by  the  taxonomic  discipline  and  reflects  the  accepted 
nomenclature.    Where  necessary,  the  Integrated  Taxonomic  Information  System  (ITIS, 
http://www.itis.usda.gov/)  will  be  used  to  verify  nomenclatural  validity  and  spelling.    A 
reference collection will be compiled as the samples are identified.   
 
 


A8. SPECIAL TRAINING/CERTIFICATION 


Training of EcoAnalysts’ project staff, when needed, is done internally through assistance from 
project operations staff. When appropriate, identifications are verified by taxonomists certified 
in  the  applicable  area.  As  verification  of  EcoAnalysts’  taxonomic  expertise,  Society  for 
Freshwater  Science  (SFS,  formerly  NABS)  certification  information  is  also  available  on  the 
Society's Taxonomic Certification Programme website: www.nabstcp.com. 
 
Table 4. SFS (NABS) Certifications By Taxonomist 


Name  Degree  Discipline 


Years of 
Relevant 
Experience  SFS Certifications, Year Obtained 


Mike Bilger 
MS 
BS 


Invertebrate Zoology 
Natural Resources & Conservation Biology  40 


EPT East, 2007 
General Arthropods East, 2007 


John Pfeiffer 


MS 
BS 
AAS 


Entomology 
Fisheries Resource Management 
Fisheries Wildlife Management  20 


EPT East, 2006 
EPT West, 2006 
General Arthropods East, 2007 
General Arthropods West, 2007 


Patrick Barrett 
MS 
BS 


Entomology 
Natural Resources  7 


EPT East, 2009 
EPT West, 2007 
General Arthropods West, 2007 


Gregory Wallace  BS  Wildlife Conservation & Management  19 
Chironomidae East, 2009 
Chironomidae West, 2009 


BJ Krestian 
BS 
MS 


Biology, Zoology 
Biology, Aquatic Ecology  18 


Chironomidae East, 2006 
Chironomidae West, 2006 
Oligochaeta, 2009 


William Lavoie 
MS 
BS 


Zoology and Physiology 
Fish & Wildlife Resources  9 


EPT East, 2007 
EPT West, 2006 
General Arthropods East, 2009 
General Arthropods West, 2008 


Matt Hill  BS  Entomology  8 
EPT East, 2009 
EPT West, 2007 


      Total Years Taxonomy Experience:  121   


 


A9. DOCUMENTATION AND RECORDS 
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All  versions of  the QAPP  are  retained by  EcoAnalysts,  Inc.  EcoAnalysts  retains  sorting bench 
sheets  indefinitely.  Taxonomic  data  are  entered  into  EcoAnalysts’  custom  Laboratory 
Information  Management  System  (LIMS)  by  taxonomists  during  the  identification  process. 
Sample data are retained by EcoAnalysts indefinitely following completion of the project. 
 


GROUP B: DATA GENERATION AND ACQUISITION 


 


B1. SAMPLING DESIGN 


 
The protocols for establishing sample and study design associated with different indicators are 
described  in  the  benthic macroinvertebrate  indicator‐specific  sections  of  the  field  QAPP  or 
client field manual. 
 


B2. SAMPLING METHODS 


 
The protocols for the collection of samples associated with different indicators are described in 
the  benthic  macroinvertebrate  indicator‐specific  sections  of  the  field  QAPP  or  client  field 
manual. 


B3. SAMPLE HANDLING AND CUSTODY 


Immediately upon  receipt of benthic macroinvertebrate samples, all containers are  inspected 
for  damage  or  leakage.    Sample  labels  are  checked  against  chain  of  custody  forms  and/or 
packing slips and any discrepancies are noted.  Receipt records are reported to the client within 
one business day of sample receipt. Chain of custody logs are reported, throughout the project, 
according to timelines and methods requested by the client.  
  
Samples  are  logged  into  the  EcoAnalysts,  Inc.  custom  LIMS  database  and  assigned  a  unique 
sample tracking number.   


B4. ANALYTICAL METHODS 


  B4.1 Sorting Benthic Macroinvertebrate Samples 


 
A sample  is checked out by a trained sorting technician via the LIMS. A sorting bench sheet  is 
printed  that  contains all of  the  sample  information and  sorting protocols assigned  to  it. The 
sorter  records  the  primary matrix  type  and  estimates  the  volume  of  detritus  in  the  entire 
sample prior to rinsing.  The standard descriptors for the types of sample matrix are: Inorganic, 
Coarse Organic, Fine Organic, Vegetation, and Filamentous Algae.  
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The  sample  is prepped  for  subsampling procedures by emptying  the matrix  into a  sieve of a 
specified mesh size to remove preservative and fine sediment. If the sample matrix is made up 
of a significant percentage of inorganic material, the organic material will be elutriated from the 
inorganic material prior to sorting.   
 
For elutriation, the whole sample is washed into a shallow pan of water where any large pieces 
of  organic material  are  rinsed  and  inspected  thoroughly  by  another  technician  for  attached 
invertebrates. The sample is agitated with water to separate any organic matter from inorganic 
sediments. After agitating the sample in water, the lighter organic material is poured back into 
the sieve. The  inorganic portion of the sample remaining  in the pan  is repeatedly washed and 
decanted  into  the  sieve until no more organic matter  remains  in  the pan with  the  inorganic 
material.   
 
The remaining inorganic sediments are inspected under a magnifying lamp (3X) to look for any 
invertebrates too heavy to have been elutriated (e.g. mollusks, snails, stone‐cased Trichoptera, 
etc.).    If  there are  significant numbers of heavy  invertebrates  in  the  inorganic material –  too 
many  to  easily  remove  under  the  magnifying  lamp  –  the  inorganic  and  organic  matrix  is 
recombined into the sieve and entire sample matrix will be prepared for subsample. If there are 
not  significant  numbers  of  heavy  invertebrates  in  the  inorganic material,  they  are  removed 
under  the magnifying  lamp and placed with  the organic matrix. A  second  technician  inspects 
the  inorganic material for organisms until  it  is determined there are no more  invertebrates  in 
the  inorganic  fraction  of  the  sample.   Unless  otherwise  requested,  the  inorganic  elutriate  is 
discarded.  
 
The  organic material  and  other  contents  of  the  sieve  are  then  evenly  distributed  into  the 
bottom of a Caton‐style tray.  These are trays of various sizes consisting of uniform grids, each 
grid being 2  inches per side and  the bottom  is constructed of 250‐micron mesh. A grid  (or a 
standardized portion of a grid) is randomly selected and its contents transferred to a Petri dish. 
The material in the Petri dish is sorted under a dissecting microscope (minimum magnification = 
10X). The benthic macroinvertebrates are counted as they are placed into vials containing 70% 
ethanol.   
 
Sorters are trained to pick and count only benthic macroinvertebrates, with heads, that were 
alive  during  sampling  and  contain  the  attributes  required  for  taxonomic  identification. 
Organisms picked may include sub‐aquatic organisms or other specified organisms according to 
the specific study design.  Specimens rejected according to EcoAnalysts’ standard include: Sub‐
aquatic Adults, Terrestrials, Vertebrates, Collembola, Copepoda, Zooplankton, Exuviae, and any 
organism without a head. When the target count of organisms has been reached or the target 
percentage of the sample has been sorted but not fully sorted, a special large and rare protocol 
may be  followed on  any  remaining unsorted material. Organisms deemed  relatively  large or 
rare to the sample (in comparison with the target taxa enumerated in the final count) are found 







Standard Operating Procedures (SOP) for Laboratory Analysis: Benthic Macroinvertebrate Indicator 
Revision 2 


May 08, 2012 
Page 15 of 19 


 


1201_ LAB_BMI_SOP_R2.doc   


 


by  a naked eye  scan  in  the unsorted  sample  remnants  and  are not  counted but picked  and 
placed in a separate vial.  
 
Laser‐printed  labels containing  the appropriate sample  tracking  information are placed  in  the 
vial(s).   The total number of organisms removed (not  including  large and rare organisms), the 
number of grids  sorted out of  the  total,  the  time  spent  sorting, and  the  final  volume of  the 
remaining  sample volume are all  recorded on  the  sorting bench  sheet, as well as  comments 
significant to the preparation, sorting,  and/or condition of the sample.  
 
To ensure every sample meets a standard minimum  level of sorting efficacy, EcoAnalysts,  Inc. 
standard sorting quality assurance  is maintained by re‐sorting a portion of the sorted material 
of every sample  that  is processed  in  the  lab, and ensuring a minimum efficacy  is  reached  (as 
required by the project). See Section A7.1 for sorting quality objectives. 


  B4.1 Taxonomic Identification of Benthic Macroinvertebrates 


A  taxonomist selects a sample  for  identification via  the LIMS and empties  it  into a Petri dish. 
Under a dissecting and/or compound microscope, the  invertebrates are  identified to the  level 
specified  by  the  study  design.    Taxonomic  references  used  for  the  taxonomic  analysis  of 
samples may be provided upon  request.  The  taxonomist  enters each  taxon directly  into  the 
project database using a unique  taxonomic  code  (this  is done while at  the microscope). The 
number of individuals of each taxon is counted and entered into the database.  
 
 
As the sample is being identified, the taxonomist enters data directly into the computer using a 
custom built  LIMS database and user  interface. The data entry program has  several  features 
built into it, including steps for entering taxon names, life stage information, taxonomic notes, 
etc.  There is a visual cue at each step which prompts for a user confirmation.  A running tally of 
invertebrates as well as the number and type of taxa in the sample are displayed on the screen. 
Therefore,  a  taxonomist  can  quickly  look  for  low  or  high  counts  as  a  flag  for  major 
discrepancies.  Note:  With  this  process,  we  have  successfully  eliminated  the  need  for 
handwritten bench  sheets,  thereby doing away with a  secondary  step of data entry and  the 
errors associated with it. 
 
 
A  synoptic  reference  collection  can  be  prepared,  if  requested, where  at  least  one  specimen 
(preferably 3‐5 specimens) of each taxon encountered  is placed  into a 1‐dram vial containing 
70% ethanol and is properly labeled with identity and sample number. Chironomidae reference 
specimens  are  permanently  slide  mounted  and  labeled  with  the  EcoAnalysts,  Inc.  sample 
number and taxonomic determination. 
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Depending  on  the  requirements  of  the  project,  one  or  several  reference  collections  can  be 
made.  Also, organisms can be vouchered by a specified taxonomic level, i.e. vouchered by each 
taxon per sample. If any synoptic reference collection  is made, a second taxonomist examines 
the reference collection specimens to verify the accuracy of all taxa identified in the project. 
 
 
If requested, a specified number of the samples are randomly selected for re‐identification by a 
QC  taxonomist.  All  specimens  in  those  samples  that  were  not  set  aside  for  the  reference 
collection  are  re‐identified.  See  Section  A7.2  for  taxonomic  precision  and  accuracy 
measurement quality objectives. The final data  is adjusted according to the recommendations 
of both taxonomists. If requested, reconciliation reports are written and delivered to the client 
as part of the overall Quality Assurance Report. 


B5. QUALITY CONTROL 


 
Each benthic macroinvertebrate  sample  is checked  for quality control. See Sections A7.1 and 
A7.2 of this QAPP for quality objectives. 
 


B6.  INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 


 
All microscopes and  laboratory equipment are  inspected  regularly according  to manufacturer 
recommendations. 
 


B7. INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 


 
All microscopes and laboratory equipment, including digital imaging equipment, are calibrated 
regularly according to manufacturer recommendations. Calibration will be checked throughout 
the project and equipment will be recalibrated if necessary. 
 


B8. INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES 


 
Supplies  and  consumables  include  alcohol  and  sample  jars.  Supplies  and  consumables  are 
purchased  only  from  reputable  and  reliable  suppliers  and  are  inspected  for  usability  upon 
receipt. 
 


B9. NON‐DIRECT MEASUREMENTS 
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EcoAnalysts maintains a library of current taxonomic references. These are used for taxonomic 
identification purposes when such need arises. Taxonomists are responsible  for using current 
references and publications. 


B10. DATA MANAGEMENT 


As described  in section B4.1, data  is directly entered  into the custom built LIMS database and 
user interface. With several features built into it, including steps for taxonomic identification of 
a specimen, the number of specimens  in each taxon,  life stage  information, taxonomic notes, 
etc., the data entry program successfully eliminates the need for handwritten bench sheets, the 
secondary step of data entry, and the errors associated with  it. Additionally, a running tally of 
invertebrates  and  taxonomic  groups  are  displayed  on  the  screen,  therefore  allowing  the 
taxonomist to quickly identify low or high counts as a flag for potential discrepancies.  
 
Throughout  the project  and  sample  analysis, data entry  is double  checked  for  accuracy,  and 
validated  by  the  laboratory  coordinator.  Using  our  networked  computer  systems,  the 
appropriate  data  are  combined  for  each  sample  to  obtain  the  sorting  statistics  and 
comprehensive taxa lists and counts.   
 
 
Various metrics  calculations are offered as output  from  the  LIMS, with EcoAnalysts  standard 
deliverables  including  (but  not  limited  to)  abundance,  richness,  and  community measures.  
Additional metrics  calculations,  including more detailed Benthic  Invertebrate  Indices, may be 
provided upon request. Other supplemental reports, such as QA/QC results and data analysis 
and/or interpretation, can be provided dependant on project requirements.  
 
Data are delivered  in an electronic format specified by the client and emailed to the technical 
contact(s).    Hard  copies  and/or  copies  on  compact  disc  can  be mailed  to  the  client  upon 
request.   The delivery schedule  is agreed upon by the client and EcoAnalysts,  Inc.  in advance, 
specifying  the sample  lots, dates, and components. EcoAnalysts,  Inc. retains all raw data  files 
used and derived in our projects. 
 
 
Quality  assurance  data  sheet  checks  are  part  of  the  sample  validation  process,  and  include 
scanning  for  apparent  entry  errors, measurement  errors,  omissions,  and  anomalies.  Suspect 
data are flagged and/or excluded from use. Data may be presented  in table, graph, and chart 
format. Unusual data are rechecked to verify their accuracy. 


GROUP C: ASSESSMENT AND OVERSIGHT 


 


C1. ASSESSMENT AND RESPONSE ACTIONS 
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The project manager, Gary Lester,  is responsible for all reporting, tracking, and overall project 
management including field activities, reviewing the data, reporting, and forwarding all data to 
the client for  inspection. Rob Bobier and Pat Barrett are responsible for  laboratory operations 
involving processing benthic macroinvertebrate indicator samples for projects. Dawn Hamilton, 
EcoAnalysts QAM, is authorized to oversee all activities as required for quality assurance. 
 


C2. REPORTS TO MANAGEMENT 


 
Draft reports of project findings will be prepared for the client on a regular basis, as requested. 
Problems  that  arise during  the project  are  corrected  and  reported  to  client  and EcoAnalysts 
staff via this report. The project manager will submit a final report prior to the conclusion of the 
task order. All data are tracked through use of EcoAnalysts’ LIMS. The data compiled during this 
project  are  incorporated  into  spreadsheets  and  sent  to  the  client  and,  if  requested, will  be 
uploaded to the client’s database. 
 


GROUP D: DATA VALIDATION AND USABILITY 


 


D1. DATA REVIEW, VERIFICATION, AND VALIDATION 


 
All raw data are transcribed into EcoAnalysts’ LIMS. Any hard copies of raw data are organized 
and filed. Statistical analyses of replicate samples are recorded so that the degree of certainty 
can be estimated, when requested. All laboratory analytical results are cross‐checked to ensure 
data are complete and error  free. Data are archived using EcoAnalysts’ LIMS on EcoAnalysts’ 
servers, with multiple data backups in place. 
 


D2. VERIFICATION AND VALIDATION METHODS 


 
Project staff follows the EPA Guidance on Environmental Verification and Validation (EPA QA/G‐
8) whereby the data are reviewed and accepted or qualified by project staff. 
 


D3. RECONCILIATION WITH USER REQUIREMENTS 


 
Upon receipt of results of each sample group, calculations and determinations of precision and 
accuracy are made and,  if needed, corrective action  is  implemented.  If data quality does not 
meet project specifications, the deficient data are  flagged and the cause of  failure evaluated. 
For the data to be considered valid, data collection procedures, the handling of samples, and 
data  analysis must be monitored  for  compliance with  all  the  requirements described  in  this 
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QAPP. Data are flagged and qualified if there is evidence of habitual violation of the procedures 
described in this QAPP. Any limitations placed on the data are reported to the data end user in 
narrative  form.  Any  limitations  on  data  use  are  detailed  in  the  project  reports  and  other 
documentation. 
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Analysis of Parent and Alkylated Polynuclear Aromatic Hydrocarbons, 
Selected Heterocyclic Compounds, Steranes, Triterpanes and 


Triaromatic Steroids by GC / MS – SIM 


References: Federal Register 2003, 40 CFR, Chapter I – EPA. Part 300: National Oil and 
Hazardous Substances Pollution Contingency Plan, Appendix C to Part 300, 
Chemical Analysis of Oil Composition, May 28, 2003. 


 
  USEPA, Method 8270D Semivolatile Organic Compounds by Gas Chromatography / 


Mass Spectrometry (GC/MS)” in Test Methods for Evaluating Solid Waste, SW846, 
Third Edition (USEPA Office of Solid Waste and Emergency Response, Washington, 
DC, September 1994). 


 
  ASTM, Method D7363 - 07 Standard Test Method for Determination of Parent and 


Alkyl Polycyclic Aromatics in Sediment Pore Water Using Solid-Phase 
Microextraction and Gas Chromatography/Mass Spectrometry in Selected Ion 
Monitoring Mode. 


   


1. Scope and Application 


Matrices: Extracts from water, soil, sediment, tissue, sludges and petroleum products. 


Definitions:  Refer to Alpha Analytical Quality Manual. 


This method is applicable to the analysis of sample extracts for parent and alkylated polynuclear 
aromatic hydrocarbons (PAHs), selected heterocyclic compounds, steranes, triterpanes and 
triaromatic steroids by gas chromatography / mass spectrometry with selected ion monitoring 
(GC/MS-SIM). Target analytes listed in Tables IA and IB are determined and measured in the 
concentration range of 10 to 20,000 parts per trillion (ng/L) for water samples, 1 to 2,000 parts per 
billion (ug/Kg) for soil and sediment samples, 2 to 4,000 parts per billion (ug/Kg) for tissue samples, 
and 2 to 4,000 parts per million (mg/Kg) in petroleum product samples. Analytes detected over 
these ranges will be diluted and re-analyzed for accurate quantitation. Lower detection limits can be 
achieved if large volume injection (LVI, from 1uL to 50uL volume injections) techniques are 
employed. This technique requires client and project specific requests. 
 
This method is intended to assist in the identification or “fingerprinting” of source material against a 
potentially contaminated site and can also provide information to assist in the identification of 
petrogenic or pyrogenic contamination. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix. Approval of all method modifications is required by one or more of the following 
laboratory personnel before performing the modification: Area Supervisor, Department Supervisor, 
Laboratory Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the 
operation of the GC/MS and in the interpretation of GC/MS data. Each analyst must demonstrate 
the ability to generate acceptable results with this method by performing an initial demonstration of 
capability, analyzing a proficiency test sample and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance 
of at least a quarterly laboratory control sample or acceptable performance from an annual 
proficiency test sample. A major modification to this procedure requires demonstration of 
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performance. The identification of major method modification requiring performance demonstration 
is directed by the Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


 


2. Summary of Method 


An aliquot of a well mixed, homogeneous aqueous, solid, tissue or petroleum sample is accurately 
measured or weighed for sample preparation (Generally, 1L of water sample, 15-30g of soil, 
sediment or tissue sample, and 0.1g of petroleum sample). Please refer to the appropriate Alpha 
Analytical SOPs for extraction methods and sample preparation information:  


  


• Method 3510C – Extraction of Water Samples by Separatory Funnel (OP-001),  


• Tissue Preparation and Homogenization (OP-003) and Tissue Extraction (OP-018) 


• Shaker Table Extraction (OP-013) 


• Organic Waste Dilution (OP-021) 
 
Water, soil/sediment, tissue and petroleum samples are spiked with surrogate compounds and 
extracted using methylene chloride. Sample extracts are concentrated and preliminarily screened 
for oil content following Alpha Analytical SOP Gravimetric Determination (OP-017). Gravimetric 
screening is essential at times to ensure the analytical equipment, as well as the cleanup columns, 
are not overloaded with oil laden samples. Samples may be cleaned by Alumina Column Cleanup 
(OP-009), or they may then be exchanged into hexane for optional cleanup and/or fractionation into 
saturated (F1) and aromatic (F2) fractions prior to analysis. See the SOP Silica Fractionation and 
Cleanup (NF02-001) for additional sample cleanup information and details. After cleanup, the 
extracts are concentrated to an appropriate final volume based on oil content as determined by 
gravimetric weighing and spiked with internal standards for GC/MS-SIM analysis.   


Analytes are introduced into the GC/MS by injecting a known volume of the calibration standards, 
quality control samples, and sample extracts into the GC equipped with a narrow-bore capillary 
column. The GC column is temperature programmed to separate the analytes, which are then 
detected with a mass spectrometer operating in the selective ion mode. Identification of target 
analytes is accomplished by comparing retention times and mass spectra with the retention times 
and electron impact spectra of the calibration standards. Concentrations are determined using 
mean relative response factors from a multi-level calibration curve. Response factors for target 
analytes and surrogate compounds are determined relative to the internal standards. Multi-
component analytes (alkylated PAHs) are assigned the response factors of their unsubstituted, 
parent compounds. Sterane and Steroid compounds are assigned the response factor of the 
compound 5B(H)-Cholane. Triterpane compounds are assigned the response factor of the 
compound 17A(H), 21B(H)-Hopane. 


2.1 Method Modifications from Reference 


The continuing calibration verification %D for each calibrated PAH must be below 25%, with no 
more than 10% of all compounds greater than 25% but less than 35%. Each CCV must be 
analyzed within 24 hours of the previous CCV. 


The surrogate recovery limits are 50%-130%. 


The duplicate RPD limit is 30%. 


The PFTBA tuning is done once before each initial calibration. 


The internal standard compounds used for this method are Acenaphthene-d10 and Chrysene-
d12.  
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3. Reporting Limits 


Reporting limits for individual alkylated PAH and biomarker compounds are 2 mg/Kg (ppm) for 
petroleum products, 0.667and 1.0 µg/Kg (ppb) for soil/sediment samples per project requirments, 
2.67 µg/Kg (ppb) for tissue samples, and 10ng/L (ppt) for water samples. 


 


4. Interferences 


Contaminants in solvents, reagents, glassware, and other sample processing hardware may cause 
inferences that lead to discrete artifacts and/or elevated baselines in the ion current profiles.  
Demonstrate that all of these materials are free from interferences under the conditions of the 
preparation and analysis by extracting and analyzing a laboratory method blank with each batch of 
up to 20 samples. 
 
 Contaminants coextracted from the sample may cause matrix interferences. The extent of matrix 
interferences will vary considerably from sample to sample, depending upon the nature of the 
environment being investigated.  An interference which is unique to SIM techniques can arise from 
the presence of a coeluting compound which contains the quantification mass ion. This event 
results in a positive interference to the reported value for the compound of interest. This 
interference is controlled to some degree by acquiring data for a confirmation ion.  If the ion ratios 
between the quantification ion and the confirmation ion are not within the specified limits, then 
interferences may be present. Quantification and confirmation ions should agree within +/- 20% of 
the calibration standard ion ratios. However, the stability of confirmatory/primary ion abundance 
ratios may decrease as the IDL is approached. Analysts must apply judgment in evaluating 
apparent interferences. 
 
The presence of a large amount of a single alkyl homolog group without the presence of the other 
related groups may be indicative of an interference.  For example, the presence of an apparent C2 - 
Naphthalenes in the absence of C1 - Naphthalenes or C3 - Naphthalenes may be an analytical 
interference. The analyst should use the spectrum ions and pattern recognition when determining 


whether to select a homolog group. 


 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


All relevant Material Safety Data Sheets (MSDSs) are kept alphabetically in the centrally located file 
storage. 
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6. Sample Collection, Preservation, Shipping and Handling 


 


6.1 Sample Collection 


Aqueous samples are collected in 1L amber glass bottles.   


Soil/sediment and tissue samples are collected in glass soil jars. For soil/sediment matrices the 
amount of sample needed is 5-30 grams, for tissues 5-15grams, and for petroleum products the 
amount of sample needed is 0.1 grams.  


Additional sample is needed (approximately 3X the minimum amount) if MS/MSD analyses are 
to be performed. 


6.2 Sample Preservation 


Aqueous samples are stored without preservative at 4°C. Soil/sediment and tissue samples are 
stored at 4°C, or if desired, frozen.  


6.3 Sample Shipping 


Refer to the Sample Receipt and Login SOP/01-01 for sample shipping requirements. 
 


6.4 Sample Handling 


The hold time for this method is 7 days for the extraction of aqueous samples and 14 days for 
the extraction of soil/sediment and tissue samples. There is no extraction holding time applied 
to petroleum product samples. If sediment or tissue samples are frozen, this suspends the 
holding time until removal from the freezer. All extracts must be analyzed within 40 days of the 
extraction date. 


7. Equipment and Supplies 


7.1 Gas Chromatograph: Model Agilent/HP6890 or equivalent. The instrumentation includes 


a temperature-programmable gas chromatograph and all required accessories including 
syringes, analytical columns, and gases. The injection port is designed for split or splitless 
injection onto a capillary column. The injection port includes a Phenomenex drilled uniliner with 
a hole on the top and contains a small plug of silanized glass wool. The injector port will require 
maintenance on an as needed basis if degradation or contamination is apparent.  


7.2 Column: Restek or Phenomenex 60-m x 0.25 mm ID, 0.25 um film thickness, fused-silica 


capillary column with RTX-5 or ZB-5 bonded phase, or equivalent. 


7.3    Mass Spectrometer – Agilent/HP5973, or equivalent. The mass spectrometer must 


operate at 70ev (nominal) electron energy in the electron impact ionization mode and be tuned 
to optimize the sensitivity of the instrument to the mass range being monitored (30 - 550 amu).  
The GC capillary column is fed directly into the ion source of the mass spectrometer. The 
source will require cleaning and/or filament replacement on an as needed basis. Please refer to 
the instrument hardware manual for detailed procedures, located in the laboratory next to the 
instrument.  


7.4    Auto sampler: Agilent/HP 7683 series autosampler and tray, or equivalent. 


7.5    Computer: with Windows NT version 4.0 operating software utilizing Agilent/HP Enviroquant 


G1701BA Version B.01.00 software, or equivalent/higher versions.  


7.6    Helium: Ultra high purity grade (99.9999% pure). 
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8. Reagents and Standards   


Use reagent grade chemicals for all reagents. Deionized (DI) water is ASTM Type II laboratory 
reagent grade water. 


All stock standard solutions are purchased from commercial vendors as ampulated certified 
solutions or prepared in house from neat materials. Standards are stored according to the vendor 
recommendations. When an ampulated stock solution is opened, or prepared fresh from neat 
materials, it must be transferred into a PTFE-lined screw capped vial. All working standard solutions 
are stored at -10°C or less, away from light, when not in use. They are discarded after 1 year 
unless the vendor expiration date states otherwise or if breakdown is observed. 


8.1 Methylene Chloride, ACS approved, Pesticide grade, see Alpha Analytical SOP Reagent, 


Solvent and Standard Control (G-008) for additional details regarding solvent purity. 


8.2 Hexane, ACS approved, Pesticide grade, see Alpha Analytical SOP Reagent, Solvent and 


Standard Control (G-008) for additional details regarding solvent purity. 


8.3 Acetone, ACS approved, Pesticide grade, see Alpha Analytical SOP Reagent, Solvent and 


Standard Control (G-008) for additional details regarding solvent purity. 


8.4 Methanol, Purge and Trap grade, see Alpha Analytical SOP Reagent, Solvent and Standard 


Control (G-008) for additional details regarding solvent purity. 


8.5 Custom Mix Calibration Standard prepared by Supelco which contains the parent 


PAH and Heterocyclic compounds at 1000ug/mL. 


8.6 5B(H)-Cholane (CAS# 80373-86-0) and 17A(H), 21B(H)-Hopane (CAS# 
13849-96-2): Obtained from Chiron AS Norway at 1000ug/mL. These compounds are used 


for calibration and quantitation of all steranes, triterpanes and triaromatic steroids, and 5B(H)-
Cholane is also used as a surrogate compound. 


8.7 Surrogates:  


8.7.1 Alternate Surrogates: This surrogate solution had been in use from the inception of the 
Forensic Department, and this analytical method, until January 2011. This solution may 
still be used for some programs. 2-Methylnaphthalene-d10, Pyrene-d10, and 
Benzo(b)fluoranthene-d12 from Restek, custom mix in Methylene Chloride with a 
concentration of 2000ug/mL. Take 500uL of stock solution into 100mL for a low level 
spiking solution at 10ug/mL. Take 1250uL of stock solution into 25mL for a high level 
spiking solution at 100ug/mL. These solutions must be assayed for use by analysis 
before release to the preparation lab. All compounds must be within 10% of their true 
value. A manager’s approval is needed for all surrogate spiking solutions prior to use. 
100uL of low solution or 200uL of high solution is spiked into each QC and field sample. 
This amount may be adjusted to meet project specific concentrations, as needed. 


8.7.2 Surrogates: Naphthalene-d8, Phenanthrene-d10, and Benzo(a)pyrene-d12 from 
AccuStandard custom mix in Methylene Chloride with a concentration of 2000ug/mL. 
Take 500uL of stock solution into 100mL for a low level spiking solution at 10ug/mL. Take 
1250uL of stock solution into 25mL for a high level spiking solution at 100ug/mL. These 
solutions must be assayed for use by analysis before release to the preparation lab. All 
compounds must be within 10% of their true value. A manager’s approval is needed for 
all surrogate spiking solutions prior to use. 100uL of low solution or 200uL of high solution 
is spiked into each QC and field sample. This amount may be adjusted to meet project 
specific concentrations, as needed. 
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 8.7.3 Biomarker surrogate: 5B(H)-Cholane from Chiron AS Norway solution at 1000ug/mL in 
iso-octane. Take 1,000uL of stock solution into 100mL for a low level spiking solution at 
10ug/mL. Take 1000uL of stock solution into 10mL for a high level spiking solution at 
100ug/mL. These solutions must be assayed for use by analysis before release to the 
preparation lab.  All compounds must be within 10% of their true value. A manager’s 
approval is needed for all surrogate spiking solutions prior to use. 100uL of low solution 
or high solution is spiked into each QC and field sample. This amount may be adjusted to 
meet project specific concentrations, as needed.  


8.8  Internal Standards (IS): Acenaphthene-d10 and Chrysene-d12 from Restek, custom mix in 


Methylene Chloride with a concentration of 2000ug/mL. Prepare a 250ug/mL intermediate 
solution by spiking 3125uL into 25mL Methylene Chloride. Then prepare a working solution by 
adding 2000uL to 100mL for a 5ug/mL solution. 100uL is spiked into each 1mL of QC sample or 
field sample, for a concentration of 500ng/uL on column. 


8.9 Laboratory Control Spike and Matrix Spike (LCS/LCSD/MS/MSD): A solution 


of 17 priority pollutant parent PAH’s from Restek, or equivalent, at 1000ug/mL. This solution is 
from a separate source than the calibration solutions. Prepare the spike mix by adding 250uL of 
the solution to 25mL of Methylene Chloride for a 10ug/mL LCS/MS/MSD spiking solution. The 
solution must be assayed for use by analysis before release to the preparation lab.  All 
compounds must be within 20% of their true value. 100uL is spiked into the LCS and each 
designated MS/MSD field sample. This amount may be adjusted to meet project specific 
concentrations, as needed. 


8.10 Alaska North Slope Crude Oil (ANS):  Weigh approximately 0.5g neat oil, add 10mL 


each PAH and biomarker surrogates, and 200uL internal standard stock solution into 100mL of 
Methylene Chloride for a working solution of approximately 5mg/mL (with surrogates at 
1.0µg/mL and internals at 0.5µg/mL). 


8.11 Independent Calibration Verification (ICV): Prepared as below in Section 8.13 at 


0.5ug/mL, but from a different source, lot, or vendor. Independent Check analyses must agree 
within 20% of their true value. 


8.12 SRM 1941b, 194 – PAH’s in sediment, SRM 1974a – PAH’s in Tissue and 
SRM 1582 PAHs’ in Crude Oil: From the National Institute of Standards & Technology 


(NIST). Please refer to the individual certifications for the assigned true values. These SRMs 
may be extracted and analyzed with sample batches as part of the overall QC evaluation if 
requested by the client. Other certified SRMs may be used on a project specific basis. 


8.13 Working Stock Standard: Prepare the Working Stock Standard (all resulting 


concentrations at 5µg/mL) in 50mL of Methylene Chloride (CH3Cl2) as follows. (Note: The 
following is just one way an analyst may make up calibration standards. Limitations may exist 
that would cause the method to be adjusted. Problems with standard availability, solubility, or 
expiration may affect how the following 6 level calibration standards are prepared.)  


 
Component Volume Added Final Volume in (CH3Cl2) 


Custom Supelco Mix (PAH) 250 µL of 1000 µg/mL 50 mL 


5B(H)-Cholane 250 µL of 1000 µg/mL 50 mL 


Custom Dueterated Surr Mix 125 µL of 2000 µg/mL 50 mL 
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7 Level Curve Preparation for Individual Components  


 
Calibration Level Volume of Working Std. Added 


(5 ug/mL) 
Volume of  IS 
Stock added 


Final Volume 
in (CH3Cl2) 


Level 1 - 10 ng/mL 200 µL 200 uL 100 mL 


Level 2 - 25 ng/mL 500 µL 200 uL 100 mL 


Level 3 - 100 ng/mL 2000 µL 200 uL 100 mL 


 


Calibration Level Volume of Custom PAH mix 
Std. Added (1000 ug/mL) 


Volume of  IS 
Stock added 


Final Volume 
in (CH3Cl2) 


Level 4 – 500 ng/mL  25 µL 100  uL 50 mL 


Level 5 - 5,000 ng/mL 125 uL 50 uL 25 mL 


Level 6 - 10,000 ng/mL 250 uL 50 uL 25 mL 


Level 7 - 20,000 ng/mL 500 uL 50 uL 25 mL 


 
Note: A minimum of a 5-level curve must be analyzed, but more levels may be analyzed and 


evaluated. 


 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


Quality Control (QC) samples are necessary to monitor both the sample extraction and instrument 
analysis procedures. The Quality Control samples described below are considered the method 
defaults, and are the minimum requirements, except were noted. Client and Project specific Data 
Quality Objectives (DQOs) supersede the requirements in this section where applicable. Client or 
Project specified DQOs shall be included, or referenced, in the final report to the client. Quality 
control exceedances are documented on the ALKPAH Report Checklist (Form No.:103-14). 


 


9.1 Blank(s) 


A method blank must be extracted (spiked with surrogates and internal standards) and 
analyzed once per every 20 samples or per extraction batch, whichever is more frequent. 
 
Acceptance Criteria: Method Blanks must not contain any individual compound at or above the 
concentration of the reporting limit. If a blank does contain target compounds greater than the 
reporting limit, they should be less than 20% of any sample results for the same compound(s).  
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Individual compounds may be detected in the blank below the reporting limit. Associated 
sample results are flagged with a “B” qualifier if the concentration of the analyte in the sample is 
less than 5x the concentration in the blank.  


Corrective Action: If the blank does not meet the above criteria, all efforts must be made to 
identify and eliminate any source of contamination, and all samples associated with the 
contaminated blank should be re-extracted and reanalyzed. Exceptions may be made with the 
approval of the Department Supervisor. Any exceedances are noted in the case narrative. 


9.2 Laboratory Control Sample and Laboratory Control Sample Duplicate 
(LCS/LCSD) 


The laboratory control sample (LCS/LCSD) contains 17 priority pollutant parent PAH’s and is 
from a second/separate source, to verify the accuracy of the calibration curve. The LCS is 
extracted along with the samples.  An LCS must be extracted and analyzed once per every 20 
samples or per extraction batch, whichever is more frequent. 
 
Acceptance Criteria: All LCS/LCSD compound recoveries must be between 50-130% of the 
true values. The acceptable recovery QC limits are found in Section 12 for aqueous, solid, 
tissue, and product LCSs.   
 
Corrective Action: If the LCS does not meet the QC limits, check to see if an analytical or 
spiking error has occurred. If the LCS recovery is still out of control, re-extraction of the entire 
extraction set may be necessary. If the samples are also associated with a matrix spike and 
matrix spike duplicate that are in control, re-extraction may not be necessary, as this 


demonstrates an isolated problem pertaining to the LCS only. Exceptions may be made with 


the approval of the Department Supervisor. Any exceedances are noted in the case narrative. 


9.3 Initial Calibration Verification (ICV)  


The analysis of an ICV standard must follow the initial calibration curve.  
 
After final processing, calculate the percent recovery of each PAH by using the following 
calculation: 
 
   % Recovery  =  Found Amount  /  True Value  x  100 
 
Acceptance Criteria: All recoveries must be +/- 20% of the true values. 


Corrective Action: If the initial calibration fails, perform instrument maintenance and repeat. 


 


9.4 Continuing Calibration Verification (CCV) 


A continuing calibration verification (CCV) standard, at the concentration of a mid-level initial 
calibration standard, must be analyzed at the beginning and end of every analytical sequence, 
and every 24 hours within the sequence, to confirm instrument stability, via response factor, for 
each calibrated PAH. Only the parent PAH compounds are monitored for %D and the following 
acceptance criteria. 
 
Acceptance Criteria: Compare the CCV resulting response against the average response for 
the initial calibration for each calibrated PAH. The %D for each calibrated PAH must be below 
25%, with no more than 10% of all compounds greater than 25% but less than 35%. If multiple 
CCVs are analyzed within an analytical sequence, each CCV must be analyzed within 24 hours 
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of the previous CCV. Each CCV, including the ending CCV must meet the acceptance criteria. 
The acceptable QC limits are found in Section 12. 


Corrective Action: If the CCV does not meet the acceptance criteria for each calibrated PAH, 
perform instrument maintenance and repeat the continuing calibration.  Re-analyze all affected 
samples. Reported results for the failing CCV may be “J” qualified; including all alkylated 
compounds quantified using the suspect response. If the failure of the suspect response 
appears related to a loss in MS sensitivity, instrument maintenance and repeat analysis of the 
continuing calibration, and all affected samples, must be performed. Exceptions may be made 
with the approval of the Department Supervisor. Any exceedances are noted in the case 
narrative. 


9.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 


Matrix spike samples are analyzed only if requested by the client. Matrix spike and matrix spike 
duplicate analyses are performed per client request. It is preferable to extract samples that 
have been selected specifically by the client.  If none have been assigned than the laboratory 
analyst must choose a representative sample for each type of matrix prepared.  Aqueous 
duplicates can only be done if the client supplies sufficient sample. These samples are also 
spiked with extraction surrogate. 
 
Acceptance Criteria: All matrix spike compound recoveries must be between 50-150% of the 
true values. The acceptable recovery QC limits are found in Section 12 for aqueous, solid, 
tissue, and product MS/MSD’s. 
 
Corrective Action: If the MS/MSD do not meet the QC limits, check to see if an analytical or 
spiking error has occurred. If the recovery still exceeds the control limits, re-extraction of the set 
may be necessary. If the associated LCS is within control, re-extraction may not be necessary, 
as this demonstrates that there may be matrix effects on the accuracy of the affected results as 
evidenced by the matrix spike and matrix spike duplicate exceedance. Exceptions may be 
made with the approval of the Department Supervisor. Any exceedances are noted in the case 
narrative. 


 


9.6 Sample Duplicate 


A sample duplicate (DUP) is extracted per client request.  
 
Acceptance Criteria: The QC limit is 30% RPD for target compounds found above 5 times the 
reporting limit. The acceptable RPD QC limits are found in Section 12 for aqueous, solid, tissue, 
and product duplicates. 
 
Corrective Action: If the %RPD exceeds the 30% control limit, check to see if an analytical or 
spiking error has occurred. If the RPD still exceeds the control limits, re-extraction of the set 
may be necessary. If the associated LCS/LCSD is within control, re-extraction may not be 
necessary, as this demonstrates that there may be matrix effects on the precision of the 
affected results as evidenced by the matrix spike and matrix spike duplicate exceedance. 
Exceptions may be made with the approval of the Department Supervisor. Any exceedances 
are noted in the case narrative. 


9.7 Method-specific Quality Control Samples 


9.7.1 Surrogates 


Acceptance Criteria: All surrogate recoveries must be between 50-130% of the 
true values. Surrogate recovery limits for all matrices can be found in Section 12.  
 







Alpha Analytical, Inc.  ID No.:2247   
Facility:  Mansfield                                          Revision 4 
Department: GC/MS-Semivolatiles  Published Date:8/10/2012 1:02:30 PM  
Title:  Alk-PAH by GC/MS-SIM  Page 10 of 24  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-008 


Corrective Action: If the surrogate does not fall within the QC limits, check to see 
if an analytical or spiking error has occurred. If only one surrogate falls below the 
50% recovery limit, but is above 10% recovery, re-extraction may not be 
necessary. If all surrogates are recovered below the 50% limit, re-extract the 
sample and report the re-extract results along with the original results, if re-
extraction occurred beyond the holding time, and the re-extract surrogates are 
within the QC limits. If the surrogates are recovered below 50% in the re-extract, 
this confirms suspected matrix interference on the surrogates, and only the 
original analysis needs to be reported. If the chromatogram shows obvious matrix 
interference, no re-analysis or re-extraction is necessary.  


9.7.2 Internal Standards 


Internal standards are added to every field sample, QC sample, and method 
blank.   
 
Acceptance Criteria: The acceptance limits are 50-200% of the internal standard 
response (or area) of the daily continuing calibration verification standard.  
 
Corrective Action: If the internal standard areas fall outside the QC limits, check 
to see if an analytical, dilution or spiking error occurred. 


● If internal standards are low, reanalyze the extract. 


● If internal standards are high, the extract may have concentrated while 
on the instrument, then: 


• If no obvious interference is present, re-analyze the extract.  If 
internal standards are now within the acceptance limits, report only 
the re-analysis, as long as the re-analysis occurred within the 40-day 
analytical hold time. If the re-analysis occurred outside of the 40-day 
analytical hold time, both the original and re-analysis must be 
reported. If the internal standards again are outside the acceptance 
limits, and either within or outside of the 40-day hold time, try re-
analyzing at a 1:5 or greater dilution (see below).  


• If the chromatogram shows obvious matrix interference that cannot 
be avoided when integrating, a re-analysis at a 1:5 or greater dilution 
may be helpful in minimizing the interference while ensuring better 
quantitation.  


Exceptions may be made with the approval of the Department Supervisor. Any 
exceedances are noted in the case narrative. 


9.7.3 Standard Reference Materials (SRMs) 


Standard reference materials (SRM) are available from the National Institute of 
Standards and Technology (NIST) and are extracted and analyzed with samples 
on a project specific basis. These are not used as controls, but to evaluate 
potential matrix effects in associated samples for the target compounds being 
evaluated. 
 
Acceptance Criteria: Acceptance criteria for SRM analysis will vary from project 
to project depending upon client data quality objectives (DQOs). Generally, + 
35% difference (%D) based on the true certified values of the target compounds 
of interest, or 65% - 135% recovery, serve as advisory acceptance criteria.  
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Corrective Action: Repeat analysis and/or check to see if an analytical error has 
occurred. If the % recovery or %D still exceeds the control limits and the 
associated LCS/LCSD and/or MS/MSD are within control, re–extraction may not 
be necessary as this may be isolated to this sample as evidenced by the LCS 
and/or MS/MSD acceptance. Exceptions may be made with the approval of the 
Department Supervisor. Any exceedances are noted in the case narrative. 


 


 


9.8 Method Sequence 


Samples are prioritized for analysis by the Department Supervisor or GC/MS Team Leader 
based on client due date and sample analytical hold time. Samples are retrieved from the 
sample storage refrigerator.  
 
The sequence is prepared and run using the Enviroquant software. Printouts of all sequences 
are kept in a three-ring binder for each instrument. The sequence printouts are used to 
document analytical runs; notations are manually added of any reruns or dilutions that will need 
to be performed. 
 


• Instrument Primer 


• Continuing Calibration Verification (CCV) 


• Instrument Solvent blanks 


• Method Blank 


• Laboratory control samples (LCS/LCSD) 


• Samples 


• Continuing Calibration Verification (CCV) 
 


10. Procedure 


10.1 Equipment Set-up 


Prior to the analysis of any standards or samples, the instrument acquisition and process 
methods must be set up. This includes the GC run parameters and the SIM mode acquisition 
ion entries into the different SIM acquisition retention time windows. The mass spectrometer 
must be tuned to the meet the abundance criteria for PFTBA (then DFTPP if required per client 
request or project specific DQOs) and an initial calibration must be analyzed to establish 
linearity of the instrument. 


10.1.1 PFTBA Manual Tuning  


10.1.1.1 Prior to initial calibration, tune the mass spectrometer using PFTBA 
(Perfluorotributylamine - calibration gas) to maximize the sensitivity of 
the instrument in the mass range of interest, 35-525 amu. 


10.1.1.2 The following PFTBA mass intensity criteria must be met: 
 


PFTBA Ion Relative Abundance 


m/e  69 Base Peak with > 200,000 counts 


m/e 219 30% to 60% of Base Peak 


m/e 502 5% to 11% of Base Peak 
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10.1.2 GC Instrumental Conditions 


Inject an aliquot of 1uL into the capillary column of the gas chromatograph at the 
following conditions. Larger injection volumes (to 50uL using the Large Volume 
Injector, LVI) will be dictated by project specific DQOs. 


 


 


 


 


 


 


 


 


 


 


10.1.3 Mass Spectrometer Conditions 


The effluent from the GC capillary column is fed directly into the ion source of the 
mass spectrometer. The MS is operated in the SIM mode using appropriate 
retention time windows to include the quantification and confirmation ions for 
each PAH and Biomarker compounds as shown in Table II.  For each retention 
time window the ions 191, 217, and 218 are included for sterane and triterpane 
quantification, if requested by the client. 


10.1.4 Data Acquisition Parameters 


10.1.4.1 SIM Windows must be set up that bracket the expected retention times 
for each target analyte. These windows include the quantitation (primary) 
and confirmation ions for each parent PAH and Alkyl homolog group. To 
establish the expected retention time window ranges, the mid-level 
calibration standard must be analyzed in full scan mode. The resulting 
full scan analysis will dictate the windows in which the selected ions will 
be monitored. Depending upon the length of the analytical GC column, 
the time each window is selectively monitored may vary. The retention 
time windows must be shifted accordingly, when instrument maintenance 
is performed, (i.e., the column is clipped).  


10.1.4.2 The “dwell” time for each window should be set to 18, and the resolution 
should be set to “high”. 


GC Parameter Setting 


Injector Temp: 300 °C 
Transfer Line Temp: 300 °C 
Initial Oven Temp: 40 °C 
Initial Hold Time: 1 minute 


Ramp Rate: 6 °C / minute 
Final Temperature: 315 °C 


Final Hold Time: 30 minutes 
Total runtime: 76 minutes 


Mode: Splitless / Constant Flow 1.0ml/min 
Purge: 20 mL / minute – on at 1.0 minutes 


MS Temperature 300 
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10.2 Initial Calibration 


10.2.1 Before analysis of sample extracts, establish a multi-point response factor 
calibration curve showing the linear range of the analysis for all target analytes in 
Table IA and IB. Use standard concentrations of 10, 25, 100, 500, 5000, 10,000 and 
20,000 ng/mL to construct the curve. See Section 8.13 for the preparation of the 
standard solutions for the initial calibration curve. 


10.2.2 Run a sequence with the initial calibration standards and the retention time 
standard. 


• Create a processing method from a previous method on that instrument. Set 
retention time windows using a mid level standard and the retention time 
standard. 


• Quantify and QEDIT the initial calibration standards. Update the response factors 
for each level of the method with these standards. Use each parent compound 
response for any associated homolog group. Alkylated phenanthrenes and 
anthracenes, and alkylated fluoranthenes and pyrenes are quantified together as 
total alkylated phenanthrene/anthracenes (using the phenanthrene parent 
response factor) and total alkylated fluoranthenes/pyrenes (using the pyrene 
parent response factor). 


  
 Acceptance Criteria: 25% RSD for 90% of all target compounds, with the 


exception for 10% to be between 25%RSD and 35%RSD. All calibration 
standards must be analyzed within 24 hours. 


10.2.3 Initial Calibration Verification (ICV) 
 


● The analysis of an ICV standard must follow the initial calibration curve.  
 


● After final processing, calculate the percent recovery of each PAH by using the 
following calculation: 


 
   % Recovery  =  Found Amount  /  True Value  x  100 
 


• Acceptance Criteria: All recoveries must be +/- 20% of the true values. 


10.2.4 If the initial calibration fails, perform instrument maintenance and repeat. 


10.2.5 Alaska North Slope Crude Reference Oil (ANS) 


• The ANS crude oil reference standard is analyzed following each initial calibration 
curve. Analysis of this reference oil is to establish the integration patterns of the Alkyl 
PAH homolog groups, and to establish the current instrument quantitation and 
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confirmation ion ratios. Analysis of this standard following the initial calibration 
ensures the retention time windows in the SIM mode of acquisition have been set up 
properly. 


 


• The analysis of the ANS standard is for reference. If instrument maintenance is 
performed, such as removing a significant section of the analytical column consisting 
of one “loop” or more, the ANS must be analyzed to update and/or confirm the SIM 
acquisition windows. 


 


• The ANS reference standard is processed against the completed initial calibration 
curve method. See Section 11.2 for information regarding manual integration of the 
Alkyl PAH homolog clusters. This standard will be used for reference when 
processing field samples for this method, until such a time that a new ANS standard 
needs to be analyzed. Other project/client specific source oils may be used. These 
specific oils will likely display patterns that differ from ANS, but will aid analysts in 
pattern identification of the related field samples. 


10.2.6 ICALs are documented on the ALKPAH Initial Calibration Checklist (103-15). The 
initial calibration must be secondary reviewed before analyzing samples. 


 


10.3 Equipment Operation and Sample Processing 


10.3.1 Daily PFTBA Tuning is not required. See Section 10.1.1 for details. 
 
10.3.2 If the on-column concentration of any PAH compound exceeds the calibration range 


of 20,000 ng/mL, the sample must be diluted and re-analyzed. 


 


10.4 Continuing Calibration 


A continuing calibration verification (CCV) standard, at the concentration of a mid-level initial 
calibration standard, must be analyzed at the beginning and end of every analytical sequence, 
and every 24 hours within the sequence, to confirm instrument stability, via response factor, for 
each calibrated PAH. 


10.4.1 Quantitate and QEDIT the continuing calibration standard. Note: The Alkyl homolog 
groups may be deleted from the report. Only the parent PAH compounds are 
monitored for %D and the following acceptance criteria. 


10.4.2 Acceptance Criteria: Compare the CCV resulting response against the average 
response for the initial calibration for each calibrated PAH. The %D for each 
calibrated PAH must be below 25%, with no more than 10% of all compounds greater 
than 25% but less than 35%. If multiple CCVs are analyzed within an analytical 
sequence, each CCV must be analyzed within 24 hours of the previous CCV. Each 
CCV, including the ending CCV must meet the acceptance criteria. 


10.4.3 If the CCV does not meet 25%D and 10% of the analytes are <35%, for each 
calibrated PAH, the following corrective actions are recommended: 


 


• Perform instrument maintenance and repeat the continuing calibration, and re-
analyze all affected samples, OR, 


• Qualify all results reported for the failing CCV with an appropriate qualifier, including 
all alkylated compounds quantified using the suspect response, and any non-detects. 
If the failure of the suspect response appears related to a loss in MS sensitivity, 
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instrument maintenance and repeat analysis of the continuing calibration, and all 
affected samples, must be performed. 


 
The choice of corrective action must be made in consultation with the Department 
Manager, Project Manager and/or the client. The reasoning for choosing the second 
option must be documented in the project narrative to the client. 


 


 


 


10.5 Preventive Maintenance 


 If performing any maintenance on any piece of equipment it must be documented in the 
Instrument Maintenance Logbook located in the laboratory specific to each instrument. Specific 
instrumentation service contracts or warranties differ from each instrument. See the 
Department Manager for specific instrument details.  


Injection Port and Column Maintenance: Maintenance should be done when the daily CCV 
starts to demonstrate degradation. The type of samples analyzed will have an effect on how 
soon maintenance should be performed. The injection port can be cleaned using cotton swabs 
and DCM until no contamination is observed. Generally maintenance is performed by trimming 
6 cm off the front of the column. The column is then installed into the injection port liner and the 
inlet nut is tightened. After cleaning the instrument must be checked for any air leaks while 
cooling. The first injection should be a primer to remove any active sites and to check if any of 
the windows need updating. 


Merlin Maintenance: The Merlin High Pressure Microseal (Part #410 Phenomenex) should be 
replaced when it cannot hold back pressure. A septum may be used as a backup or for 
troubleshooting. 


. 


11. Data Evaluation, Calculations and Reporting 


11.1    Identification of the priority pollutant PAH compounds is based on gas chromatographic relative 
retention times (RRTs) from the analysis of a mid-level initial calibration standard. For these 
compounds, manual quantitations may be performed, if necessary, by integrating the area of 
the quantitation ion or peak. For alkylated PAHs, the homolog groupings (i.e., C3- 
Naphthalenes) appear in the extracted ion current profiles (EICPs) as a cluster of isomers.  
Integrate peaks within the cluster by straight-line integration to the baseline, taking into account 
background noise in the EICPs. Reference the Alaska North Slope Crude Oil pattern book, for 
a cluster by cluster example of each integration for each alkylated PAH homolog group. Table 
II, in Section 16, lists the representative ion(s) used for quantitation and confirmation of each 
parent PAH and alkylated PAH homolog group. 


 
Note: Manual integration is not to be used solely to meet QC criteria, nor is it to be used as 
a substitute for corrective action on the chromatographic system. 


 


11.2 From EICP of the quantification (primary) mass ions and the confirmatory mass ions, identify all 
target analytes according to the following criteria: 


 


• The characteristic masses of each analyte of interest should maximize in the same, 
or within one scan of each other.   
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• The retention time should fall within + 10 seconds of the retention time of the parent 
PAH from the preceding CCV. Note: When evaluating alkyl homolog groups, the 
retention time of the most intense peak within the group may not have the exact 
retention time of the most intense peak in the ANS reference standard.  Analyst 
judgement and referral to each homolog groups’ retention time window is essential 
for identification. Apply analyst judgment regarding corrective action when this 
criterion is not met. 
 


• The relative peak heights of the primary ion compared to the confirmation or 
secondary ion masses for parent compounds should fall within + 50 percent of the 
relative intensities of these masses in a the reference mass spectrum (i.e., the mid-
level of the initial calibration curve and/or the Alaska North Slope Crude Oil). 


   
Note: The relative intensities of the primary and secondary ions may vary widely within a given 
group of alkyl homologs (i.e., C3 - Naphthalenes). Thus, the pattern of each alkyl homolog 
cluster, and the retention time window for the cluster, will be the primary identification criteria for 
alkyl homologs. In some instances, a parent compound that does not meet secondary ion 
confirmation criteria may still be determined to be present in a sample after close inspection of 
the data by the experienced mass spectrometrist.  Supportive data includes the presence of the 
secondary ion, but ratio value greater than + 50 percent of the primary ion, may be caused by 
an interference of the secondary ion. 


 


11.3 To calculate the Relative Standard Deviation (RSD) of all target analytes and surrogate 
compounds for the initial calibration use the formula below. The RSD of each target compound 
and surrogate must be below 25% with the exception for 10% to be between 25%RSD and 
35%RSD. Additionally, use the initial six-point calibration to determine Relative Response 
Factors (RRFIs) at each concentration level. Average the RRFIs, to generate mean RRFIs, for 
quantification of all target analytes and surrogate compounds. The RRFIs are based on the 
internal standard compounds, and are calculated using the formula below.  (The relative 
response factors for the continuing calibration verifications (RRFCs) are calculated using the 
same formula). See Section 16, Table IA and Table IB, for the listing of target compounds and 
their associated internal standards for quantification. 


 
  RSD = SD  /  mean RRFI  x  100 
 
  
                          where: 
  


SD = Standard deviation between the five points, for that target analyte. 
 
    RRFI = (Ac x CIS) / (AIS x Cc) 
 
   where: 


 
Ac  = Area of the characteristic ion for the standard compound to be measured. 
AIS = Area of the characteristic ion for the representative internal standard compound. 
CIS = Concentration of the representative internal standard compound (ng/mL). 
Cc  = Concentration of the standard compound to be measured (ng/mL). 
 


Note: Assign the response factor of the parent compound to the alkyl homolog cluster. 
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11.4 Based on the mean RRFIs, calculate the Sample Extract Amount for each target analyte and 
surrogate in the extracts using the following formula: 


 
                          Qe         =      (Aa x QIS) / (AIS x RRFI) 
 
     where: 
 


Qe  = Sample extract amount (ng) of target analyte, from quantitation report. 
Aa  = Area of the characteristic ion for the target analyte. 
AIS = Area of the characteristic ion for the representative internal standard compound. 
QIS = Amount of internal standard compound added to each extract (ng). 


 


 


11.5 Calculate the Sample Concentration (C) for each compound by the following formula: 
 
  C  =  (Qe / Vs ) x DF 
 
       where: 
 


C  = Concentration in sample (ng/L water, ug/Kg sediment/tissue, or mg/Kg product). 


Vs  = Original volume or weight of sample extracted. 


DF = Dilution factor or fraction of the original extract to which internal standard added. 


 


11.6    If the response of any individual target compound in a sample exceeds the linear response 
range, as defined by the initial calibration standards in Section 10.13, dilute the extract so that 
the concentrations of all individual target compounds fall within the range of the calibration 
curve. If that compound is also part of an alkyl homolog group, the group is considered to 
exceed the calibration range and thus, would also require dilution. Reported concentrations that 
are above the highest standard concentration in the initial calibration are qualified with an “E”. If 
the response of any target compound in a sample exceeds the MDL but is below the reporting 
limit (RL), qualify the reported concentration with a “J”. If any target compound is found in the 
associated sample(s) at or below 5x the concentration of the method blank, qualify the reported 
concentration with a “B”. 


 


11.7 Compare response factors for each compound in the Continuing Calibration Verification 
(CCV), to those of the initial calibration curve by determining the percent difference. 


 
                       Percent Difference (%D) = ([RRFI - RRFC] / RRFI) x 100 
 


 where: 
 


RRFI  = Mean response factor from initial calibration. 
 
RRFC = Response factor from CCV. 


11.8    All results must be reported to three significant figures. All solids including soils, sediments, and 
sludges must be reported on a dry-weight basis. Tissue results may be reported in wet-weight 
depending upon client request. Petroleum results are reported “as received” or on a wet-weight 
basis. 
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11.9    The analyst does data entry, or upload of the data, into the LIMS system.  The LIMS is linked to 
the instrument, so the analyst must choose the sample(s) to be reported from that instrument’s 
analytical sequence. All associated preparation and instrumental QC samples and dilutions are 
also chosen. Once the data/samples have been selected and with the proper QC samples, the 
batched data set is reported.  


 


11.10 The laboratory generates two types of data packages from the LIMS: “Standard” for routine 
projects and “CLP-like” for fully data validated projects. A standard package consists of sample 
results and the associated QC sample results. A CLP-like package includes all sample results, 
all preparation and instrumental QC results, and the associated supporting raw data. A 
secondary review is performed on all data. 


 


11.11 Procedures for data and record management must adhere to the Quality Systems Manual, 
other subordinate documents covering record keeping, and the Document Control SOP, G-016.  
All records shall be stored in such a manner as to be safe and accessible for at least 10 years. 


 


11.12 Notebooks: Laboratory notebooks are designed to accommodate the specific analysis. 
Instrument printouts are used to document run sequences, and each sequence printout is filed 
in a three-ring binder. Each sequence notebook page is numbered. If a sample requires re-
analysis or re-extraction for any reason, a notation is made next to the sample entry on the 
sequence log. The sequence run log is permanently bound, assigned an internal ID number, 
and filed accordingly. Such files shall be archived so as to remain available for at least 10 
years. All laboratory notebooks must follow the specifications in the Laboratory Notebook 
Usage Work Instructions, WI 108-01, and all record keeping and document control practices. 


 


11.13 Electronic records: All data files from computers, attached to instruments, shall be backed up 
daily onto the proper directory on the server. The backups shall be stored so as to be 
accessible for 10 years. Movement of the data files to the server is the responsibility of the 
primary analyst. Server backup and storage is the responsibility of the IT department. 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


All Alkylated PAH-SIM results are reportable without qualification if analytical holding times are met, 
preservation requirements (including cooler temperatures) are met, and all QC criteria defined in 
the table below are met. If any of the below QC parameters are not met, all associated samples 
must be evaluated for re-analysis.  See Sections 9, 10.1, 10.2, 10.3 and 10.4 for additional QC 
discussion including corrective actions for any QC outliers. 


 


QC Parameter Acceptance Criteria 


Initial Calibration Curve 
< 25%D for all target analytes with exception for 10% of target 


analytes can be >25%, but < 35% 


Independent Calibration Verification +/- 20% recovery of the true values 


Continuing Calibration Verification 
Analyzed every 10 samples or 24 hours, < 25%D for all target 


analytes with exception for 10% of target analytes can be >25%, 
but < 35% 


Method Blank 
No analyte at or above the RL, “B” qualify analyte if detected in 


the samples < 5x the concentration in the blank 


Laboratory Control Sample 50-130%R for all target analytes 


Matrix Spike / Matrix Spike Duplicate 
50-150%R for all target analytes, 30% RPD between the 


duplicates. 
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Sample / Sample Duplicate 30% RPD between the duplicates. 


Surrogates 50% - 130% recovery 


Internal Standards 50% - 200% of the daily CCV area for the Internal Standards 


SRM +/- 35% D or 65% - 135% recovery 


 


Section 9, Quality Control, defines the corrective actions that must be taken in instances where QC 
outliers exist.   


If non-compliant Alkylated PAH-SIM results are to be reported, the Department Manager and/or the 
Laboratory Director must approve the reporting of these results. The laboratory Project Manager 
shall be notified, and may chose to relay the non-compliance to the client, for approval, or other 
corrective action, such as re-sampling and re-analysis. The analyst or Department Manager 
performing the secondary review initiates the project narrative, and the narrative must clearly 
document the non-compliance and provide a reason for acceptance of these results. 


13. Method Performance 


13.1 Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


Hazardous Waste and Sample Disposal SOP (G-006) 


SOP/08-01 Document Control  


Logbook Useage Work Instructions, WI 108-01 
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16. Attachments 


Table IA:  PAH, Alkyl PAH, and Heterocyclic Target Compounds Internal Standard Reference 
 
Table IB: Sterane and Triterpane Target Compounds Internal Standard Reference 
 
Table II:  PAH, Alkyl PAH, Sterane and Triterpane Quantification Primary and Confirmation Ions 
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Table IA:  PAH, Alkyl PAH, and Heterocyclic Target Compounds Internal Standard Reference 


Compound IS Reference Compound IS Reference 


cis/trans-Decalin 1 Benzo(b)fluorene 1 


C1-Decalins 1 Pyrene 1 


C2-Decalins 1 C1-Fluoranthrenes/Pyrenes 1 


C3-Decalins 1 C2-Fluoranthrenes/Pyrenes 1 


C4-Decalins 1 C3-Fluoranthrenes/Pyrenes 1 


Naphthalene 1 C4-Fluoranthrenes/Pyrenes 1 


C1-Naphthalenes 1 Naphthobenzothiophenes 1 


C2-Naphthalenes 1 C1-Naphthobenzothiophenes 1 


C3-Naphthalenes 1 C2-Naphthobenzothiophenes 1 


C4-Naphthalenes 1 C3-Naphthobenzothiophenes 1 


2-Methlynaphthalene 1 Benz[a]anthracene 2 


1-Methlynaphthalene 1 Chrysene 2 


Benzothiophene 1 C1-Chrysenes 2 


C1-Benzo(b)thiophenes 1 C2-Chrysenes 2 


C2-Benzo(b)thiophenes  1 C3-Chrysenes 2 


C3-Benzo(b)thiophenes  1 C4-Chrysenes 2 


C4-Benzo(b)thiophenes  1 Benzo[b]fluoranthene 2 


Biphenyl 1 Benzo[j]+[k]fluoranthene 2 


2,6-Dimethylnaphthalene  1 Benzo[a]fluoranthene  2 


Dibenzofuran  1 Benzo[e]pyrene 2 


Acenaphthylene 1 Benzo[a]pyrene 2 


Acenaphthene 1 Perylene 2 


2,3,5-Trimethylnaphthalene  1 Indeno[1,2,3-c,d]pyrene 2 


Fluorene 1 Dibenz[ah]+[ac]anthracene 2 


C1-Fluorenes 1 Benzo[g,h,i]perylene 2 


C2-Fluorenes 1   
C3-Fluorenes 1   


Dibenzothiophene 1 Surrogate Compounds  
C1-Dibenzothiophenes 1 Naphthalene-d8 1 
C2-Dibenzothiophenes 1 Phenanthrene-d10 1 
C3-Dibenzothiophenes 1 Benzo(a)pyrene-d12 2 
C4-Dibenzothiophenes 1 5B(H) - Cholane 2 


Phenanthrene 1   


C1-Phenanthrenes/Anthracenes 1 Alternate Surrogates  
C2-Phenanthrenes/Anthracenes 1 Methylnaphthalene-d10  1 
C3-Phenanthrenes/Anthracenes 1 Pyrene-d10 1 
C4-Phenanthrenes/Anthracenes 1 Benzo(b)flouranthene-d12 2 


Anthracene  1   


Retene 1 Internal Standards  


Carbazole  1 Acenapthene-d10 1 
1-Methylphenanthrene  1 Chrysene-d12 2 


Fluoranthene 1   
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Note:  Alkylated phenanthrenes and anthracenes, and alkylated fluoranthenes and pyrenes are 
quantified together as total alkylated phenanthrene/anthracenes (using the phenanthrene parent 
response factor) and total alkylated fluoranthenes/pyrenes (using the pyrene parent response 
factor). 


 


 


Table IB: Sterane and Triterpane Target Compounds Internal Standard Reference 


Compound 
IS 


Reference 
Compound IS Reference 


C23 Tricyclic Terpane 2 30,31-Trishomohopane-22S 2 


C24 Tricyclic Terpane 2 30,31-Trishomohopane-22R 2 


C25 Tricyclic Terpane 2 Tetrakishomohopane-22S 2 


C24 Tetracyclic Terpane 2 Tetrakishomohopane-22R 2 


C26 Tricyclic Terpane-22S 2 Pentakishomohopane-22S 2 


C26 Tricyclic Terpane-22R 2 Pentakishomohopane-22R 2 


C28 Tricyclic Terpane-22S 2 13b(H),17a(H)-20S-Diacholestane 2 


C28 Tricyclic Terpane-22R 2 13b(H),17a(H)-20R-Diacholestane 2 


C29 Tricyclic Terpane-22S 2 13b,17a-20S-Methyldiacholestane 2 


C29 Tricyclic Terpane-22R 2 
14a(H),17a(H)-20S-Cholestane/ 


13b(H),17a(H)-20S-Ethyldiacholestane 
2 


18a-22,29,30-Trisnorneohopane-TS 2 
14a(H),17a(H)-20R-Cholestane/ 


13b(H),17a(H)-20R-Ethyldiacholestane 
2 


C30 Tricyclic Terpane-22S 2 Unknown sterane 2 


C30 Tricyclic Terpane-22R 2 13a,17b-20S-Ethyldiacholestane 2 


17a(H)-22,29,30-Trisnorhopane-TM 2 14a,17a-20S-Methylcholestane 2 


17a/b,21b/a 28,30-Bisnorhopane 2 14a,17a-20R-Methylcholestane 2 


17a(H),21B(H)-25-Norhopane 2 14a(H),17a(H)-20S-Ethylcholestane 2 


30-Norhopane 2 14a(H),17a(H)-20R-Ethylcholestane 2 


18a(H)-30-Norneohopane-C29Ts 2 14b(H),17b(H)-20R-Cholestane 2 


17a(H)-Diahopane 2 14b(H),17b(H)-20S-Cholestane 2 


30-Normoretane 2 14b,17b-20R-Methylcholestane 2 


18a(H)&18b(H)-Oleananes 2 14b,17b-20S-Methylcholestane 2 


17a(H),21B(H)-hopane-C30H52 2 14b(H),17b(H)-20R-Ethylcholestane 2 


Moretane 2 14b(H),17b(H)-20S-Ethylcholestane 2 


30-Homohopane-22S 2 C26,20R- +C27,20S- triaromatic steroid 2 


30-Homohopane-22R 2 C28,20S-triaromatic steroid 2 


Gammacerane/C32-diahopane 2 C27,20R-triaromatic steroid 2 


30,31-Bishomohopane-22S 2 C28,20R-triaromatic steroid 2 


30,31-Bishomohopane-22R 2   
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Table II:  PAH, Alkyl PAH, Sterane and Triterpane Quantification Primary and Confirmation Ions 


 
Compound 


Quantification & 
Confirmation Ions 


 
Compound 


Quantification & 
Confirmation Ions 


cis/trans-Decalin 138, 96 Fluoranthene 202, 101 


C1-Decalins 152 Benzo(b)fluorene 216, 215 


C2-Decalins 166 Pyrene 202, 101 


C3-Decalins 180 C1-Fluoranthrenes/Pyrenes 216, 215 


C4-Decalins 194 C2-Fluoranthrenes/Pyrenes 230, 215 


Naphthalene 128, 127 C3-Fluoranthrenes/Pyrenes 244, 229 


C1-Naphthalenes 142, 141 C4-Fluoranthrenes/Pyrenes 258 


C2-Naphthalenes 156, 141 Naphthobenzothiophene 234, 189 


C3-Naphthalenes 170, 155 C1-Naphthobenzothiophene 248 


C4-Naphthalenes 184, 169, 183 C2-Naphthobenzothiophene 262 


2-Methylnaphthalene 142, 141 C3-Naphthobenzothiophene 276 


1- Methylnaphthalene 142, 141 Benz[a]anthracene 228, 226 


Benzothiophene 134 Chrysene 228, 226 


C1-Benzo(b)thiophenes 148 C1-Chrysenes 242, 241 


C2-Benzo(b)thiophenes 162 C2-Chrysenes 256, 241 


C3-Benzo(b)thiophenes 176 C3-Chrysenes 270, 255 


C4-Benzo(b)thiophenes 190 C4-Chrysenes 284, 269 


Biphenyl 154, 153 Benzo[b]fluoranthene 252, 253 


2,6-Dimethylnaphthalene 156, 155 Benzo[j]+[k]fluoranthene 252, 253 


Dibenzofuran 168, 139, 169 Benzo[a]fluoranthene  252, 253 


Acenaphthylene 152, 153 Benzo[e]pyrene 252, 253 


Acenaphthene 154, 153 Benzo[a]pyrene 252, 253 


2,3,5-Trimethylnaphthalene 170, 155 Perylene 252, 253 


Fluorene 166, 165 Indeno[1,2,3-c,d]pyrene 276, 138, 277 


C1-Fluorenes 180, 165 Dibenz[ah]+[ac]anthracene 278, 139, 279 


C2-Fluorenes 194, 179,195 Benzo[g,h,i]perylene 276, 277 


C3-Fluorenes 208, 197 Biomarker Compounds  


Dibenzothiophene 184, 152  Triterpanes 191 


C1-Dibenzothiophenes 198, 197 Steranes 217, 218 


C2-Dibenzothiophenes 212, 197 Triaromatic steroids 231 


C3-Dibenzothiophenes 226, 211 Surrogate Compounds  


C3-Dibenzothiophenes 240, 225 2-Methylnaphthalene-d10 152, 150 


Phenanthrene 178, 176 Pyrene-d10 212, 211 


C1-Phenanthrenes/Anthracenes 192, 191 Benzo(b)fluoranthene-d12 264, 260 


C2-Phenanthrenes/Anthracenes 206, 191, 207 Naphthalene-d8 136, 134 


C3-Phenanthrenes/Anthracenes 220, 205 Phenanthrene-d10 188, 184 


C4-Phenanthrenes/Anthracenes 234, 219 Benzo(a)pyrene-d12 264, 260 


Anthracene 178, 176 5B(H) - cholane 217, 218 


Retene 234, 219 Internal Standards  


Carbazole 167, 139 Acenapthene-d10 164, 162 


1-Methylphenanthrene 192 Chrysene-d12 240, 241 
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Note:  Alkylated phenanthrenes and anthracenes, and alkylated fluoranthenes and pyrenes are quantified 


together as total alkylated phenanthrene/anthracenes (using the phenanthrene parent response factor) and 
total alkylated fluoranthenes/pyrenes (using the pyrene parent response factor). 





		GC Parameter

		Setting

		Injector Temp:

		300 °C

		Transfer Line Temp:

		300 °C

		Initial Oven Temp:

		40 °C

		Initial Hold Time:

		1 minute

		Ramp Rate:

		6 °C / minute

		Final Temperature:

		315 °C

		Final Hold Time:

		30 minutes

		Total runtime:

		76 minutes

		Mode:

		Splitless / Constant Flow 1.0ml/min

		Purge:

		20 mL / minute – on at 1.0 minutes

		MS Temperature

		300

		Table IA:  PAH, Alkyl PAH, and Heterocyclic Target Compounds Internal Standard Reference

		Benzo[a]fluoranthene

		Benzo[e]pyrene

		Benzo[a]pyrene

		Perylene

		Indeno[1,2,3-c,d]pyrene

		Dibenz[ah]+[ac]anthracene

		Naphthalene-d8

		Compound

		Compound

		Phenanthrene-d10
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Alumina Column Cleanup of Organic Extracts 


 
References:  USEPA Office of Solid Waste and Emergency Response, Methods 3610B 


and 3611B Alumina Cleanup in Test Methods for Evaluating Solid Waste, 
SW846, Third Edition, Final Update, Revision 2, December 1996. 


 
NOAA 1998. Sampling and Analytical Methods of the National Status and 
Trends Program. Mussel Watch Project 1984-1996. NOAA Technical 
Memorandum NOS ORCA 130. 


 
 


1. Scope and Application 


Matrices:  This method is suitable for the cleanup of organic sample extracts from 
chromatographically interfering material prior to analysis for PAHs and PCBs, and in some cases 
where the analyte list is limited, for Pesticides. The sample extracts may have originated from 
water, soil, sediment, neat petroleum or tissue matrices.   


Definitions:  Refer to Alpha Analytical Quality Manual. 


Alumina is a highly porous and granular form of aluminum oxide. This method is applicable to the 
cleanup of organic sample extracts prior to analysis by the appropriate determinative method.   
 
The applicable extraction SOPs are: 


• Extraction of Liquid Samples by Separatory Funnel-Method 3510C (OP-001), 


• Tissue Preparation and Homogenization (OP-003), 


• Microscale Solvent Extraction (MSE) (OP-016), 


• Shaker Table Extraction (OP-013) 


• Organic Waste Diution Extraction, EPA 3580A (OP-021) 


 


The applicable analytical SOPs are: 


• Determination of PCB Homologs, Individual Congeners and Pesticides by GC/MS-
SIM (O-015),  


• Method 8082-PCBs as Aroclors or Congeners by GC/ECD, (O-012), 


• Analysis of PAH by GC/MS-SIM (O-007), 


• Analysis of Parent and Alkylated PAHs and Selected Heterocyclic Compounds by 
GC/MS-SIM (O-008), 


• Total Petroleum Hydrocarbons and Saturated Hydrocarbons by GC-FID (O-003) 


 
This method should be used whenever elevated baselines or overly complex chromatograms 
prevent accurate quantification of the target compounds, and is recommended for samples with 
high lipid content, polymers, proteins, natural resins, cellular components and dispersed high 
molecular weight compounds. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
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personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of experienced analysts. Each analyst 
must demonstrate the ability to generate acceptable results with this method by performing an initial 
demonstration of capability, analyzing a proficiency test sample and completing the record of 
training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance 
of at least a quarterly laboratory control sample or acceptable performance from an annual 
proficiency test sample. A major modification to this procedure requires demonstration of 
performance.  The identification of major method modification requiring performance demonstration 
is directed by the Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 


 


2. Summary of Method 


A measured sample volume or amount, approximately 1L for aqueous samples, and 0.1-30g for 
solid/tissue/oil samples, is extracted using the appropriate extraction protocol for the matrix (Section 
3.1.1). The extract is concentrated to a measured volume, in most cases, 2mL. 1mL of the samples 
is loaded onto the alumina column, and 1mL is archived. Note: The pre- and post- cleaned sample 
volumes may vary on a project to project basis. The pre-alumina column sample volume is 
determined with the gross gravimetric weight of the extract following the procedures in Alpha 
Analytical SOP OP-017, Gravimetric Determination, so as not to overload the alumina. 


 
Samples will be copper cleaned before samples are loaded onto the column. Samples              
should be in contact with activated copper for a minimum of two hours. 
 
The appropriate sample volume is eluted through the alumina column with 100mL of methylene 
chloride. The sample extract is re-concentrated to an appropriate volume and submitted to the next 
cleanup step, or submitted for instrument analysis. Post-alumina cleaned sample gravimetric 
determination may be made. 


2.1 Method Modifications from Reference 


None.  


 


3. Reporting Limits 


Not applicable. 


 


4. Interferences 


Solvents, reagents and glassware may introduce interferences. These must be demonstrated to be 
free of interferences by the analysis of a method blank. See the Alpha Analytical SOP Reagent, 
Solvent and Standard Control (G-008) and Laboratory Glassware Cleaning (G-002), for additional 
details. Alumina reagent purification is included in Section 10.3.1. 
 
Many interferences can be removed by sample cleanup. Only appropriate cleanup techniques must 
be performed based on the suspected interference and the compounds of interest.  
 
Soapy residue may result in basic conditions on glassware and may cause degradation of the 
pesticides Aldrin and Heptachlor, and some organophosphorous pesticides. All glassware must be 
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rinsed thoroughly with deionized water and solvent to remove soapy residue.  See the Alpha 
Analytical SOP (G-002) Laboratory Glassware Cleaning, for additional details. 


 
Phthalate esters can be a major source of contamination if any material containing plasticizers 
(phthalates) comes in contact with the sample during the extraction process.  Use of plastic or any 
material containing plasticizers (phthalates) must be avoided during extraction, concentration and 
analysis. 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Refer to applicable extraction SOPs listed in Section 1. 


6.2 Sample Preservation 


Refer to applicable extraction SOPs listed in Section 1. 


6.3 Sample Shipping 


Refer to SOP/01-01 Sample Receipt and Login for sample shipping requirements. 


6.4 Sample Handling 


Refer to applicable extraction SOPs listed in Section 1. 


 


7. Equipment and Supplies 


7.1 13mm glass column with Teflon stopcock. 


7.2 General Lab supplies: Disposable glass Pasteur pipettes with bulbs, glass wool, 
250mL glass beakers, gas tight syringes (25uL, 50uL, 100uL, 250uL, 500uL, 1mL, 2.5mL, 
5mL and 10mL), 250mL KD concentration apparatus, 20mL concentrator tubes, 1L certified 
pre-cleaned amber jars. 


 


7.3 Muffle Furnace. 
 


7.4 Top loading balance. 
 


7.5 Pyrex baking sheet, 9x12 
 


7.6 Glass rod 
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8. Reagents and Standards 


8.1 Methylene Chloride: Pesticide grade. 
 


8.2 Organic free reagent water. Deionized (DI) water is ASTM Type II laboratory 
reagent grade water. 


 


8.3 Sodium Sulfate: Baked at 400C for 4 hours. 
 


8.4 Activated copper: See Alpha Analytical SOP OP-007 Sulfur Cleanup with Copper 
(Method 3660B), for details. 


 


8.5 Alumina: MP alumina B Super 1 thin layer chromatography grade – baked at 400°C for 4  


hours and pre-tested for cleanliness. Store at 105°C until used. 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


All associated quality control samples must undergo the same cleanup regiment as the samples. 
Method blanks must be deemed acceptable and free from contamination as soon as practical.  
 
Refer to the appropriate extraction/preparation and determinative method SOPs, listed in Section 
3.0, for specific QC criteria for surrogates, matrix spikes, duplicates and laboratory control spikes. 


9.1 Blank(s) 


Method blanks must be deemed acceptable and free from contamination as soon as 
practical. 


9.2 Laboratory Control Sample (LCS) 


Refer to the appropriate extraction/preparation and determinative method SOPs listed in 
Section 1. 


9.3 Initial Calibration Verification (ICV)  


Not applicable to this method. 


9.4 Continuing Calibration Verification (CCV) 


Not applicable to this method. 


9.5 Matrix Spike 


Refer to the appropriate extraction/preparation and determinative method SOPs listed in 
Section 1. 


9.6 Laboratory Duplicate 


Refer to the appropriate extraction/preparation and determinative method SOPs listed in 
Section 1. 


9.7 Method-specific Quality Control Samples 
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Refer to the appropriate extraction/preparation and determinative method SOPs listed in 
Section 1. 


9.8 Method Sequence 


• Alumina preparation 


• Column preparation 


• Sample Cleanup 


• Load sample onto column 


• Rinse with 1mL methylene chloride 2x 


• Add 100mL methylene chloride 


• Flow through column  


• Sample concentration 


• Final volume 


10. Procedure 


10.1 Equipment Set-up 


Samples are prioritized by the Organic Manager or Preparation Group Leader for extraction 
and cleanup based on hold time and client due date. All samples must first be copper 
cleaned. See the Alpha Analytical SOP OP-007 Sulfur Cleanup with Copper (Method 3660B), 
for details. 


10.2   Initial Calibration 


 Not applicable to this method. 


10.3   Equipment Operation and Sample Processing 


10.3.1 Alumina Preparation and Deactivation 
 


10.3.1.1 A 500g – 1000g aliquot of alumina is poured into a 1L beaker, and then spread in 
a thin layer onto a Pyrex baking sheet. This is placed into the muffle furnace for 4 
hours at 400°C. Baked alumina can be stored at 100C-105°C to keep moisture 
out, until it is ready for deactivation and use. Additionally, the alumina MUST be 
tested for cleanliness after baking to ensure background cleanliness. 


 
10.3.1.1.1 Alumina Cleanliness Test: Aliquot 20g of baked alumina into a 60mL VOA 


vial. Add enough methylene chloride to fill the headspace of the vial. Spin the 
vial on the mechanical spinner for approximately 20 minutes. Pour off the 
methylene chloride and concentrate via KD to 1mL. Submit the extract for 
FID analysis. The extract is compared to non-extracted methylene chloride 
analysis under the same instrument conditions. The Section Supervisor can 
ensure the alumina lot is clean and acceptable for use. All FID 
chromatograms are kept for reference in the log book located in the 
preparation lab. 


 
10.3.1.2 Remove the alumina from the furnace and allow it to cool for at least 20 minutes. 


Weigh the needed amount (20g per column) in a 1L pre-cleaned amber jar with 
Teflon lined cap. Adjust the weight of alumina to be used for the sample batch to 
the next 50


th
 increment so that the water that needs to be added for deactivation 
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can be measured with a syringe. Volume of water should be a whole number 
(i.e., for 12 columns the amounts used should be; 250g of alumina = 15mL of 
water, not 240g of alumina = 14.4mL of water) Add 6% (alumina weight) of de-
ionized water to the alumina to deactivate it. Close the amber jar tightly and place 
in the tumbler for 2 hours. 


10.3.2 Column Preparation 


 


10.3.2.1 Solvent rinse 13mm glass columns with methylene chloride, or acetone first then 
methylene chloride if water is present in the column. Ensure stopcocks are rinsed 
by turning five times. Add a plug of baked glass wool to the top of the column and 
rinse again with methylene chloride, allowing it to flow through column. Turn 
stopcock to prevent methylene chloride from exiting column and add enough 
methylene chloride to cover glass wool. Using glass rod, bring glass wool to the 
bottom of the column and tap out any bubbles. 


 
10.3.2.2 Weigh 20 grams ± 0.05g of the 6 % de-activated alumina into a solvent rinsed 


250mL beaker and immediately add methylene chloride to create slurry. Add this 
directly to the column. Rinse any remaining alumina out of the beaker into the 
column and allow it to settle. Start methylene chloride flowing through the column 
to rinse down any alumina that may be stuck onto the side walls of the column. 
Add approximately ½ inch of sodium sulfate to the top of the alumina.  


 
10.3.2.3 Pre-elute column with 50mL of methylene chloride. At no time should the bed 


of alumina be exposed to the air. Leave approximately ½ inch of methylene 
chloride over the top of sodium sulfate. 


 


10.3.2.4 Place solvent rinsed 250mL KD concentration setup under the column to receive 
the eluant. 


 


10.3.3 Sample Cleanup 
 


10.3.3.1 Load the sample at the correct pre-determined volume onto the column with a 
Pasteur pipette ensuring alumina bed is not disturbed.  A new pipette must be 
used for each sample. 


 


10.3.3.2 Open the stopcock and allow the sample to move onto alumina bed through 
sodium sulfate layer and close the stopcock when the sample is on the alumina. 


 
10.3.3.3 Rinse the original sample vial with approximately 1mL of methylene chloride, and 


load this onto the column. Open the stopcock to move the methylene chloride 
onto the alumina bed.  Repeat 1 more time for a total of two rinses of the original 
sample vial. 


 
10.3.3.4 Once both rinses have been pulled onto the alumina column bed, add 100ml of 


methylene chloride for total sample elution, without disturbing the alumina bed.  
Start methylene chloride flowing through the column at approximately 5-7 
mL/min. 


 
10.3.3.5 Samples are then concentrated via KD (see Section 1 for the applicable 


extraction SOPs, which provide this procedure) on a 75°C water bath to 
approximately 5mL. 
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10.3.3.6 Samples are then adjusted to the appropriate final volume on the N-Evap. 
Additional sample cleanup (silica gel, GPC, or acid) may be required depending 
upon project requirements. If no further cleanups are required, samples are 
spiked with the appropriate internal standard and submitted for determinative 
instrument analysis. 


10.4 Continuing Calibration 


Not applicable to this method. 


10.5 Preventive Maintenance 


An instrument service company calibrates temperature of the furnace on an annual basis.  
Certificates are kept on file. 


 


11. Data Evaluation, Calculations and Reporting 


Procedures for data and record management must adhere to the Quality Systems Manual, other 
subordinate documents covering record keeping, and the Alpha Analytical Document Control SOP 
(08-01).  All records must be stored in such a manner as to be safe and accessible for at least 10 
years. 
 
The extraction/cleanup bench sheets and other relevant laboratory notebooks must follow the 
specifications in the Logbook Useage Work Instructions, WI 108-01, and all record keeping and 
document control practices.  All relevant observation must be recorded onto the bench sheets 
during the procedure. 
 
See the appropriate Alpha Analytical SOPs for details on sample analysis, data evaluation, 
calculations and data reporting. 
 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


All results for the organic compounds of interests are reportable without qualification if extraction 
and analytical  holding times are met, preservation (including cooler temperatures) are met, all QC 
criteria defined in the table below are met, and matrix interference is reduced and not suspected 
during extraction, cleanup and/or analysis of the samples.  If any of the below QC parameters are 
not met, all associated samples must be evaluated for re-extraction and/or re-analysis. 


  
 


QC Parameter Acceptance Criteria 


Method Blank < reporting limit 


Laboratory Control Samples See the applicable Alpha Analytical SOP for acceptance criteria 


Sample Duplicate See the applicable Alpha Analytical SOP for acceptance criteria 


Matrix Spike See the applicable Alpha Analytical SOP for acceptance criteria 


Matrix Spike Duplicate See the applicable Alpha Analytical SOP for acceptance criteria 


Standard Reference Material  See the applicable Alpha Analytical SOP for acceptance criteria 


 


If non-compliant organic compound results are to be reported, the Organic Manager and the QA 
Manager must approve the reporting of these results. The laboratory Project Manager shall be 
notified, and may chose to relay the non-compliance to the client or other QA oversight individual, 
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for approval, or other corrective action, such as re-sampling, re-extraction and/or re-analysis. The 
analyst or QA Specialist performing the secondary analytical review initiates the project narrative, 
and the narrative must clearly document the non-compliance and provide a reason for acceptance 
of these results. 


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


The Method Detection Limits (MDL) do not apply to this SOP. However, when determining 
MDLs for a given extraction and/or analytical technique, any cleanup methods that would 
routinely be used, must be employed. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


14. Pollution Prevention and Waste Management 


Once satisfactory organic compound results have been generated, the cleaned extracts and any 
archive extract portion is held for 30 days, or longer if specified by a client contract, then discarded 
into a 55-gallon drum labeled “Vial Waste”. 


All waste generated during sample extract cleanup must be discarded in the 55-gallon drum labeled 
“Solvent Flammable” or “Solvent non-flammable” waste 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


15. Referenced Documents 


 Chemical Hygiene Plan 


CQSM Quality Systems Manual 


SOP/01-01 Sample Receipt and Login 


SOP G-008 Reagent, Solvent and Standard Control 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


G-006 Hazardous Waste and Sample Disposal 


WI 108-01 Laboratory Notebook Useage Work Instructions 


SOP G-002 Laboratory Glassware Cleaning  
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SOP/08-01 Document Control 


16. Attachments 


None. 
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Total Petroleum and Saturated Hydrocarbons by Gas 
Chromatography/Flame Ionization Detector 


 
References: USEPA, Method 8015D – “Nonhalogenated Organics Using GC/FID”, 


in Test Methods for Evaluating Solid Waste, SW-846, Revision 4, June 2003. 
 
 


1. Scope and Application 


Matrices: This standard operating procedure (SOP) describes a method for quantification and 
qualitative fingerprinting of petroleum products in extracts of water, soil, sediment and petroleum 
products. Extractable petroleum hydrocarbon in petroleum products such as kerosene, aviation fuels, 
diesel and heating oils may be analyzed by this method, but products with primarily volatile 
constituents such as gasoline range organic compounds are not amenable to this method. To 
determine volatile organic material, see Alpha Analytical Lab SOP O-019, PIANO Volatiles by 
GC/MS. 


Definitions:  Refer to Alpha Analytical Quality Manual. 


This method is applicable to the quantification and qualitative fingerprinting of petroleum products. If 
quantifying petroleum ranges using the individual n-alkanes, the reporting limit for the petroleum 
ranges is calculated by taking the sample concentration factor and multiplying it by the summation of 
the number of calibrated analyte(s) that elute in the range. The quantifying total petroleum ranges 
are generally C9-C44. Client specific ranges, as requested, are accommodated (i.e., C10-C28, C9-C36, 
and C9-C40). The qualitative identification is dependent on the product pattern, how weathered it may 
be, and how much is present. This is the subjective aspect of the analysis that requires an 
experienced analyst. Care should be taken to ensure consistency in petroleum identification. Pattern 
books generated from the analysis of “typical” petroleum products (Section 8.12), analyzed under the 
same conditions as the samples may be used for reference. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the GC-FID and in the interpretation of GC-FID data. Each analyst must demonstrate the ability to 
generate acceptable results with this method by performing an initial demonstration of capability, 
analyzing a proficiency test sample and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 
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2. Summary of Method 


Please refer to the appropriate Alpha Analytical Lab SOPs for extraction methods and sample 
preparation information: 
 


• Method 3510C – Extraction of Water Samples by Separatory Funnel (OP-001). 


• Shaker Table Extraction (OP-013). 


• Tissue Preparation and Homogenization (OP-003) and Tissue Extraction (OP-018) 


• Organic Waste Dilution (OP-021) 


• Gravimetric Determination (OP-017) 
 
Analytes are introduced into the GC/FID by injecting a known volume of the calibration standards, 
quality control samples, and sample extracts into the GC equipped with a narrow-bore capillary 
column. The GC column is temperature programmed to separate the analytes, which are then 
detected with a flame ionization detector. Identification of target analytes is accomplished by 
comparing their retention time with the retention time of the calibration standards. Concentrations 
are determined using mean relative response factors from a multi-level calibration curve. Response 
factors for target analytes and surrogate compounds are determined relative to the internal 
standards. Typically, Petroleum Fuel/Hydrocarbon Ranges (TPH ranges listed by example in 
Section 1.0) are assigned the response factors (Rf) of the average of the calibrated n-alkanes and 
isoprenoids. The isoprenoids and the alkane n-Nonatriacontane (C39) are assigned the response 
factors (Rf) of the calibrated alkane eluting immediately after (for example the isoprenoid 1380 is 
assigned the response factor (Rf) of n-Tetradecane (C14). If defined by client or project data quality 
objectives (DQOs) or other specifications, sample concentrations may be measured by calibrating 
with a Diesel fuel or another site specific NAPL, or product. Sample quantification in these cases 
would be from the average Rf obtained from a multi-level calibration curve for the fuel product. 


2.1 Method Modifications from Reference 


The continuing calibration verification %D for each calibrated compound must be below 25%, 
with no more than 10% of all compounds greater than 25% but less than 35%. Each CCV must 
be analyzed within 24 hours of the previous CCV. 


 
 Matrix spike and duplicate samples are analyzed only if requested by the client. 


3. Reporting Limits 


Reporting limits for the individual n-alkane and isoprenoid are 200 mg/Kg (ppm) for petroleum 
products, 0.0667 mg/Kg (ppm) for soil/sediment samples, 0.267 mg/Kg (ppm) for tissue samples, 
and 0.001 mg/L (ppm) for water samples.  Reporting Limits for DRO are listed on Table 1. 


 


4. Interferences 


4.1 Contaminants in solvents, reagents, glassware, and other sample processing hardware may 
cause inferences that lead to discrete artifacts and/or elevated baselines in the chromatogram.  
Demonstrate that all of these materials are free from interferences under the conditions of the 
preparation and analysis by extracting and analyzing a laboratory method blank with each 
batch of up to 20 samples. 


4.2 Emulsions can form during the extraction especially in aqueous samples with high 
concentrations of petroleum contamination.  This may require mechanical means to disperse 
such as glass stirring rods or centrifugation.  Alternatively, filtration of emulsions through pre-
dried sodium sulfate can be employed.  Additional filtration through sodium sulfate after 
emulsion reduction is required to ensure adequate sample drying has been achieved. 
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4.3 The injector system of the GC can become contaminated with non-volatile components from 
prepared samples, decreasing the resolution and responsiveness of the system.  High 
molecular weight polyaromatic hydrocarbons (PAH) in the calibration mix can act as indicators 
of chromatographic problems. C40 response decreases with increased injector contamination 
and is a good indicator compound.  Maintenance of the analytical system should be performed 
when system performance degrades. 


 
 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Aqueous samples: Collected in pre-cleaned 1-L amber glass bottles. 
 
Soil/sediment samples: Typically collected in a pre-cleaned 250ml soil jar with a teflon lined 
screw cap.  


6.2 Sample Preservation 


Aqueous samples: Stored without preservative and at 4°C.   
 


Soil/sediment samples: Preserved by storing at 4°C.  


6.3 Sample Shipping 


No special shipping requirements. 


6.4 Sample Handling 


Aqueous samples:  Extraction is performed within 7 days. Sample extracts are analyzed within 
40 days of extraction. 
 
Soil/sediment samples: Extraction is performed within 14 days of collection; extract is analyzed 
within 40 days of extraction. 
 
There is no extraction holding time applied to petroleum product samples.  If sediment samples 
are frozen, this suspends holding time until removal from the freezer.  All extracts must be 
analyzed within 40 days of the extraction date. 
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7. Equipment and Supplies 


7.1 Gas Chromatograph - The instrumentation includes a temperature-programmable gas 


chromatograph and all required accessories including syringes, analytical columns, and gases.  
The injection port is designed for splitless injection onto a capillary column.  The injection port 
includes a silanized glass liner containing a plug of silanized glass wool to reduce high-
molecular-weight mass discrimination. The model is HP6890 or equivalent. The injector port will 
require maintenance on an as needed basis if degradation or contamination is apparent. 
Please refer to the front of the Instrument Maintenance Logbook, which outlines the routine 
maintenance procedures. 


7.2 Column – Restek 60-m x 0.25 mm ID, 0.25um film thickness, fused-silica capillary column 


with RTX-5 bonded phase, or equivalent. 


7.3 Flame Ionization Detector (FID) – The FID must operate at 20Hz data collection rate 


and have the attenuation optimized for signal to noise response.  The GC capillary column is 
fed directly into the flame ionization detector. The FID will require cleaning and/or jet 
replacement on an as needed basis. Please refer to the instrument hardware manual for 
detailed procedures, located in the laboratory next to the instrument. 


7.4 Auto sampler - Adapted onto the Gas Chromatograph. The model is HP 6890 series 


autosampler with a GC autosampler controller, or equivalent. 


7.5 Computer - with Windows XP operating software utilizing HP Enviroquant G1701DA Version 


D.01.02 software or a more current release; Audit Trail:  audit.txt function is used for audit trail 
purposes. 


7.6 Hydrogen – Ultra high purity grade (99.9999% pure). 


7.7 Air – Ultra Zero high purity grade (99.9999% pure). 


7.8 Helium - Ultra Zero high purity grade (99.9999% pure). 


7.9 Glassware - Assorted Class-A volumetric flasks consisting of 5mL through 200mL flasks with 


ground-glass stoppers for preparing reagents, standards, and measuring sample volumes for 
sample requiring dilution beyond 1:100.   


7.10 Pipettes: Disposable Pasteur brand, or equivalent. 


7.11 Cahn balance: Capable of accurate measurement to the nearest 0.001 mg. 


7.12 Analytical balance: Capable of accurate measurement to the nearest 0.0001 g. 


7.13 Top-loading analytical balance: Capable of accurate measurement to the nearest 


0.1g. 


7.14 Micro syringes - 10, 25, 50, 100, 250, 500, and 1000 µL. 


7.15 VOA vials: Non-preserved, certified, pre-cleaned, 40 mL, with Teflon-lined screw caps. 


7.16 Vials, 2 mL: with Teflon-lined crimp caps for standard solutions. 


7.17 Spatula - Stainless steel. 


 
 


8. Reagents and Standards 


Use reagent grade chemicals for all reagents.  Deionized (DI) water is ASTM Type II laboratory 
reagent grade water. 


All stock standard solutions are purchased from commercial vendors as ampulated certified 
solutions or prepared in house from neat materials. Standards are stored according to the vendor 
recommendations. When an ampulated stock solution is opened, or prepared fresh from neat 
materials, it must be transferred into a PTFE-lined screw capped vial. Any extraction working 
standards are stored at -10 to -20°C, away from light, when not in use. All analytical working 
standard solutions are stored at room temperature. They are discarded after 1 year unless the 
vendor expiration date states otherwise or if breakdown is observed. 
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8.1 Methylene Chloride: ACS approved, Pesticide grade, see Alpha Analytical Lab SOP 


Reagent, Solvent and Standard Control (G-008) for additional details regarding solvent purity. 


8.2 Acetone: ACS approved, Pesticide grade, see Alpha Analytical Lab SOP Reagent, Solvent 


and Standard Control (G-008) for additional details regarding solvent purity. 


8.3 Hexane: ACS approved, Pesticide grade, see Alpha Analytical Lab SOP Reagent, Solvent 


and Standard Control (G-008) for additional details regarding solvent purity. 


8.4 Multi State Hydrocarbon Standard: Obtained from Accustandard at 500ug/mL 


8.5 Internal Standard Calibration Stock: 5-alpha-androstane neat from Sigma-Aldrich. 


Prepare a 10,000ug/mL solution by weighing 0.5g into 50mL of Methylene Chloride.  Prepare a 
1:20 dilution (2500ul into 50mL Methylene Chloride) for a 500ug/mL solution.  


8.6 Surrogate Stock: Ortho-terphenyl neat from Sigma-Aldrich and n-Tetracosane-d50 neat 


from Cambridge Isotope.  Prepare individual stocks at 20,000ug/mL each by weighing .5g into 
25mL of Methylene Chloride.  Prepare a 1:20 combined stock solution (5mL of each surrogate 
stock at 20,000ug/mL into 100mL Methylene Chloride) for a 1,000ug/mL solution. 


8.7 Surrogate Spiking Solution (SIS): ortho-terphenyl and n-Tetracosane-d50 in a 


20,000ug/mL stock solution prepared from neat.  Prepare a solution by taking 2.5mL of each 
surrogate into 100mL of Methylene Chloride for a 500ug/mL spiking solution.  The solution 
must be assayed for use by analysis before release to the preparation lab.  All compounds 
must be within 10% of their true value. A manager’s approval is needed for all surrogate spiking 
solutions before use. 100ul is spiked into each QC and field sample. This amount may be 
adjusted to meet project specific concentrations, as needed. 


8.8 Internal Standard (RIS): 5-alpha-androstane in a 10,000ug/mL stock solution prepared 


from neat.  Prepare a solution by taking 10mL into 200mL of Methylene Chloride for a 
500ug/mL spiking solution.  100ul is spiked into each QC sample and field sample. 


8.9 Laboratory Control Sample, Matrix Spike, and Matrix Spike Duplicate 
(LCS/MS/MSD):  A solution of 14 alkanes from Ultra Scientific, or equivalent, at 1000ug/mL.  


This is a source separate from the calibration curve.  Prepare a spike mix by adding 10mL of 
solution to 50mL of Methylene Chloride for a 200ug/mL LCS/MS/MSD spiking solution.  The 
solution must be assayed for use by analysis before release to the preparation lab.  All 
compounds must be within 20% of their true value. 100ul is spiked into each QC and field QC 
sample. This amount or component type may be adjusted to meet project specific 
concentrations, as needed. 


8.10 Alaska North Slope Crude Oil: Neat.  Weigh approximately 1.0g into 90mL of 


Methylene Chloride.  To the 90mL add 10mL of the internal standard (RIS) for a stock solution 
of 50ug/mL. 


8.11 Independent Calibration Verification Standard (ICV): A solution of all calibrated 


alkanes that are a separate lot from the calibration mixture can be obtained from Accustandard. 
The solution is prepared to the exact specs of the Continuing Calibration Verification standard.  


8.12 Petroleum Hydrocarbon Reference Standards: These standards are used for a 


chromatographic library and qualitative identification. If requested, any of these petroleum 
standards may be used for instrument calibration or LCS Solution. All standards are diluted to 
be at a concentration of 5mg/mL for analysis when used as part of the Reference Library. The 
library should include but not be limited to standards of PAH, gasoline, jet fuels, kerosene, fuel 
oils, paint thinner, asphalt, lubricating oils, creosote, coal tar, cutting oil and hydraulic oil. 
Because reference materials cannot always be obtained as certified materials, the source of 
the reference standards should be documented (i.e. Fuel Oil #2 obtained from a particular fuel 
oil company on a particular date). Several reference standards can be obtained from 
Accustandard’s complete list of Total Petroleum Hydrocarbon Recognition Standards. 
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9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. Quality control exceedances are 
documented on the TPH SHC Report Checklist (104-10). 


9.1 Blank(s) 


A method blank must be extracted (spiked with surrogates and internal standards) and 
analyzed once per every 20 samples or per extraction batch, whichever is more frequent. 
 
Acceptance Criteria: Method Blanks should not contain any individual compound at or above 
the concentration of the reporting limit. If a blank does contain target compounds greater than 
the reporting limit, they should be less than 20% of any sample results for the same 
compound(s). Individual compounds may be detected in the blank below the reporting limit. 
Associated sample results are flagged with a “B” qualifier if the concentration of the analyte in 
the sample is less than 5x the concentration in the blank. 


 
Corrective Action: If the blank does not meet the above criteria, all efforts must be made to 
identify and eliminate any source of contamination, and all samples associated with the 
contaminated blank should be re-extracted and reanalyzed. Exceptions may be made with the 


approval of the Department Manager. Any exceedances are noted in the case narrative. 


9.2 Laboratory Control Sample / Laboratory Control Sample Duplicate 
(LCS/LCSD) 


The LCS spike is from a second source, and can additionally be used to verify the accuracy of 
the standard curve. The LCS spiking solution is a mixture of 14 n-alkanes spread over the C9 to 
C40 calibration range. The LCS and LCSD are extracted along with the samples as a measure 
of precision and accuracy. At a minimum, one LCS/LCSD must be analyzed at a frequency of 
once per 20 samples, or per analytical batch, whichever is more frequent.  
 
Acceptance Criteria: All LCS compound recoveries must be between 50-130% of the true 
values. The acceptable recovery QC limits are found in Section 12 for aqueous, solid, tissue, 
and product LCSs.  
 
Corrective Action: Repeat analysis once to see if an analytical error has occurred. If the LCS/ 
LCSD % RPD or % Recovery is still out of the control limit check the sample archive. Samples 
cannot be analyzed until an acceptable LCS is obtained. The samples associated to the LCS/ 
LCSD may need to be re-extracted.  Exceptions may be made with approval of the Section 
Head if the samples associated with the out of control LCS/ LCSD are also associated with a 
MS/MSD pair that is in control. This is an acceptable measure of precision and accuracy of the 
analytical procedures. An explanation of this out of control LCS/LCSD recovery must be 
included in the project narrative to the client and the sample data reported noting the 
acceptable MS/MSD results as the batch QC. 
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9.3 Initial Calibration Verification (ICV)  


The analysis of an ICV standard must follow the initial calibration curve.  
 
After final processing, calculate the percent recovery of each n-alkane and isoprenoid by using 
the following calculation: 
 
   % Recovery  =  Found Amount  /  True Value  x  100 
 
Acceptance Criteria: All recoveries must be +/- 20% of the true values. 


Corrective Action: If the initial calibration fails, perform instrument maintenance and repeat. 


9.4 Continuing Calibration Verification (CCV) 


 A continuing calibration verification (CCV) standard, at the concentration of a mid-level initial 
calibration standard, must be analyzed at the beginning and end of every analytical sequence, 
and every 24 hours within the sequence, to confirm instrument stability, via response factor, for 
each calibrated n-alkane.  
 
Acceptance Criteria: Compare the CCV resulting response against the average response for 
the initial calibration for each calibrated n-alkane and isoprenoid. The %D for each calibrated 
compound must be below 25%, with no more than 10% of all compounds greater than 25% but 
less than 35%. If multiple CCVs are analyzed within an analytical sequence, each CCV must be 
analyzed within 24 hours of the previous CCV. Each CCV, including the ending CCV must meet 
the acceptance criteria. The acceptable QC limits are found in Section 12. 


Corrective Action: If the CCV does not meet the acceptance criteria for each calibrated n-
alkane and isoprenoid, perform instrument maintenance and repeat the continuing calibration.  
Re-analyze all affected samples. Reported results for the failing CCV may be “J” qualified. If the 
failure of the suspect response appears related to a loss in FID sensitivity, instrument 
maintenance and repeat analysis of the continuing calibration, and all affected samples, must 
be performed. Exceptions may be made with the approval of the Department Section Head. 
Any exceedances are noted in the case narrative. 


9.5 Matrix Spike / Matrix Spike Duplicate (MS / MSD) 


Matrix spike samples are analyzed only if requested by the client. Matrix duplicate analyses (as 
an MS/MSD pair) can be performed once per 20 samples (5% frequency) at the clients’ 
request.  It is preferable to extract samples that have been selected specifically by the client.  If 
none have been assigned, then the laboratory analyst must choose a representative sample for 
each type of matrix prepared. Aqueous duplicates can only be done if the client supplies 
sufficient sample. These samples are also spiked with extraction surrogate. 
 
Acceptance Criteria: All matrix spike compound recoveries must be between 50-150% of the 
true values. The acceptable recovery QC limits are found in Section 12 for an aqueous, solid, 
tissue, and product matrix spike analysis.  
 
Acceptable relative percent difference (RPD) for matrix spike analysis is + 30 % for both 
aqueous and solid matrices. Acceptance criterion is not applicable to sample concentrations 
less than 5 times the reporting limit. Calculate RPD as follows:  
 
    RPD  =     R1  -  R2         x   100 
         [R1  +  R2] 
               2 
 







Alpha Analytical, Inc.  ID No.:2246   
Facility:  Mansfield                                           Revision 4 
Department: GC-Semivolatiles  Published Date:4/11/2012 1:51:48 PM  
Title:  TPH-SHC  Page 8 of 18  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-003 


Corrective Action: Repeat analysis once to see if an analytical error has occurred. If the % RPD 
or % Recovery still exceeds the control limits and the LCS/ LCSD is compliant; include a project 
narrative with the results to the client noting that there may be potential matrix effects on the 
precision of the affected results as evidenced by the MS/MSD recoveries or %RPD outside of 
QC limits. 


9.6 Laboratory Duplicate 


Acceptance Criteria: Laboratory matrix or sample duplicates are analyzed if requested by the 
client. The QC limit is 30% RPD for target compounds found above 5 times the reporting limit.  


 
Corrective Action: If the %RPD exceeds the 30% control limit and the associated MS/MSD 
%RPD is within 30%, include a project narrative with the results to client noting that there may 
be potential matrix effects on the precision of the results isolated to this sample, as evidenced 
by the matrix duplicate exceedence and the MS/MSD acceptance. If both the sample/duplicate 
and the MS/MSD exceed the control limits, include a project narrative with the results to client 
noting that there may be potential matrix effects on the precision of the results as evidenced by 
the sample/duplicate and the MS/MSD exceedences. 


9.7 Method-specific Quality Control Samples 


9.7.1 Surrogates 


Acceptance Criteria: All surrogate recoveries must be between 50-130% of the true 
values. Surrogates are monitored for percent recovery for all matrices. The 
recovery limits are found in Section 12.  


 
Corrective Action: If the surrogate does not fall within the QC limits, check to be 
sure there are no errors in peak integration, calculations, and surrogate solutions. 
If only one surrogate falls below the 50% recovery limit, the exceedence is noted, 
with approval of the Department Manager, and the results are reported to the client 
with a notation in the case narrative. If all surrogates are recovered below the 50% 
limit, re-extract the sample and report the re-extract results along with the original 
results, if re-extraction occurred beyond the holding time, and the re-extract 
surrogates are within the QC limits. If the surrogates are recovered below 50% in 
the re-extract, this confirms a suspected matrix interference on the surrogates, and 
only the original analysis needs to be reported. If the chromatogram shows 
obvious matrix interference, no re-analysis or re-extraction is necessary. This 
decision must be made with approval of the Department Manager. Surrogate 
outliers and sample re-extracts must be noted in the case narrative to the client. 


9.7.2 Internal Standards 


Acceptance Criteria: Internal standards are added to every field sample, QC 
sample, standard, and method blank. The acceptance limits are 50-200% of the 
internal standard response (or area) of the daily continuing calibration verification 
standard.  
 
Corrective Action: Check to see if an analytical, dilution or spiking error occurred. If 
the chromatogram shows obvious matrix interference, no re-analysis is necessary. 
This decision must be made with approval of the Department Manager. Note the 
exceedence in the case narrative to the client. If no obvious interference is present, 
re-analyze the extract.  If internal standards are now within the acceptance limits, 
report only the re-analysis, as long as the re-analysis occurred within the 40-day 
analytical hold time. If the re-analysis occurred outside of the 40-day analytical hold 
time, both the original and re-analysis must be reported. If the internal standards 







Alpha Analytical, Inc.  ID No.:2246   
Facility:  Mansfield                                           Revision 4 
Department: GC-Semivolatiles  Published Date:4/11/2012 1:51:48 PM  
Title:  TPH-SHC  Page 9 of 18  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: O-003 


again are outside the acceptance limits, after re-analysis, either within or outside of 
the 40-day hold time, report only the original analysis, and include a narrative to the 
client that the suspected matrix interference on the internal standards was 
confirmed by sample re-analysis. 


 


9.8 Method Sequence 


Samples are prioritized for analysis by the Department Manager or Team Leader based on 
client due date and sample analytical hold time. Samples are retrieved from the sample storage 
refrigerator.  
 
The sequence is prepared and run using the Enviroquant software. Printouts of all sequences 
are kept in a three-ring notebook for each instrument. The sequence printouts are used to 
document run sequences; notations are manually added of any reruns or dilutions that will need 
to be performed in the daily SHC continuing calibration verification packages. 
 


• Instrument Primer 


• Continuing Calibration Verification (CCV) 


• Instrument Solvent blanks 


• Method Blank 


• Laboratory control samples (LCS/LCSD) 


• Samples (1-10) 


• Continuing Calibration Verification (CCV) 
 


10. Procedure 


Prior to performing Total Petroleum and Saturated Hydrocarbon GC/FID analysis, the operator 
must read and become familiar with the operating procedure guidelines specified in the instrument 
operating manuals. The analyst must be trained and familiarized with the instrument software 
provided by the manufacturer. The instrument must be set up with the proper operating parameters 
(data acquisition and processing) and conditions described in the operating manual. The criteria for 
the analytical calibration ranges and method and instrument detection limits must be established 
and documented prior to initial calibration.  


All samples and standard solutions must be allowed to warm to ambient temperature before 
analysis. 


10.1 Equipment Set-up 


10.1.1 GC Instrumental Conditions 
 


Inject a 1uL aliquot of sample extract or standard solution into the capillary column of the gas 
chromatograph at the following conditions.   
 


GC Parameter Setting 


Injector Temp: 280 °C 


Initial Oven Temp: 40 °C 


Initial Hold Time: 1 minute 


Column Flow: 3.0 mL/ minute 


Ramp Rate: 6 °C / minute 
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Final Temperature: 315 °C 


Final Hold Time: 30 minutes 


Total runtime: 76.83 minutes 


Mode: Pulsed Splitless 


Pulse: 15psi for 0.8 minute 


Purge: 20 mL / minute – on at 1.0 minutes 


FID Temperature 325 °C 


 


10.2 Initial Calibration 


   Volume added 


Calibration Level 
Alkane 
Standard 


Surrogate 
Stock Internal Standard Stock 


Final Volume in 
Methylene Chloride 


Level 1 -1ug/mL 20ul 10ul 1000ul 10mL 


Level 2 -10ug/mL 200ul 100ul 1000ul 10mL 


Level 3 -50ug/mL 5000ul 2500ul 5000ul 50mL 


Level 4 -100ug/mL 2000ul 1000ul 1000ul 10mL 


Level 5 -200ug/mL 4000ul 2000ul 1000ul 10mL 


Level 6 -500ug/mL NA 5000ul 1000ul 10mL 


SHC - ICV 1000ul 500ul 1000ul 10mL 


 


10.2.1 Before analysis of sample extracts, establish a multi-point response factor calibration 
curve showing the linear range of the analysis for all individual target analytes. Use 
standard concentrations of 1, 10, 50, 100, 200 and 500, ug/mL to construct the curve. 
See Section 8 and Table above for the preparation of the standard solutions for the initial 
calibration curve. Conversely, and if project specifications require, a minimum 5 point 
calibration curve may also be constructed using a specified fuel product of interest. The 
calibration range, and thus the reporting limit for this type of calibration, is several factors 
higher than for the individual component calibration. A Fuel Product calibration curve is 
typically 100ug/mL to 50,000ug/mL. Section 8.12 lists fuel products typically used. 
 


10.2.2 Run a sequence with the initial calibration standards. 
 


• Create a processing method from a previous method on that instrument. Set 
retention time windows using a mid level standard. 


• Quantitate and QEDIT the initial calibration standards. Update the method with these 
standards. 


• Additionally, the response for the petroleum ranges must be hand entered.  The 
average area of all individual components is used to calculate the Rf for the 
petroleum ranges. The ranges are typically specified by the client or project DQOs. 
NOTE: It should be noted that quantification of a Fuel Product Range using the Rf 
generated from individual n-alkanes can lead to a 20% - 30% low bias of the reported 
TPH range. 


• To avoid the low bias discussed above, calibration of the Fuel Product of interest is 
recommended. The product of interest should be prepared at five concentrations, as 
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in 10.2.1 above, to construct a calibration curve, integrated for the range of interest, 
which is typically specified by the client. The resulting average Rf for the fuel of 
interest is used to quantify the associated field samples. Typical fuel products are 
listed in Section 8.12. Calculations are found in Section 11.0. 


Acceptance Criteria: 25% RSD for all individual target compounds and 20% RSD for fuel 
products. All calibration standards must be analyzed within 24 hours. 


10.2.3 Initial Calibration Verification (ICV) 
 


● The analysis of an ICV standard must follow the initial calibration curve.  
 


● After final processing, calculate the percent recovery of each compound by  using the 
following calculation: 


 
% Recovery  =  Found Amount  /  True Value  x  100 


 


• Acceptance Criteria: All recoveries must be +/- 20% of the true values. 


• ICALs are documented on the TPH SHC Initial Calibration Checklist (104-09). The 
initial calibration must be secondary reviewed before analyzing samples 


  
The following corrective actions are recommended for failing initial calibrations: 


• Check the calibration of the standard preparation that was performed. If the problem 
appears to be isolated to a single standard, the standard may be reanalyzed within 
twelve hours. The %RSD may then be recalculated. 


• If chromatographic problems are indicated by the standard chromatograms already 
analyzed, then the injection port should be maintenanced. About 6 to 12 inches 
should be cut off the column, and the liner should be replaced. If applicable the septa 
should also be replaced. If the system continues to fail after maintenance and has 
poor sensitivity it is possible the detector jet may need to be cleaned or replaced. The 
gold seal at the base of the injection port may also need to be replaced. After 
maintenance is performed repeat the initial calibration and check the re-calculated 
%RSDs. 


• If calibration continues to fail, determine if the column is worn out and should be 
replaced. The choice of corrective active must be made in consultation with the 
Department Manager. In some cases the decision may need consultation from the 
QA Manager and Project Manager. 


10.3 Equipment Operation and Sample Processing 


Instructions on equipment operation and data processing can be found in the Agilent 
Enviroquant manuals. Operation of equipment and sample processing must only be performed 
by experienced and trained analysts. See Sections 10 and 11 for additional details. 


The internal standard (100uL of a 500ug/mL solution to 900uL extract) is manually added to 
each sample extract prior to analysis. A 1ul aliquot of sample extract is injected into the column.  
Dilutions may be necessary to provide results within the calibration of the analytical instrument. 
The internal standard should be within the control limits listed in Section 12.0. If the IS is 
outside this criteria; reanalyze. If the reanalysis confirms the initial analysis, then the results are 
reported and narrated appropriately. 


Surrogate recoveries should be within the control limits listed in Section 12.0. If any surrogate 
recoveries are outside the control limits reanalysis or reextraction may be necessary. Any 
anomalous conditions, such as emulsions during extraction or matrix interference, could be the 
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cause of poor surrogate recoveries. If these conditions occur, then the results are reported and 
narrated appropriately.  


10.4 Continuing Calibration 


The systems performance and calibration for each compound of interest must be checked and 
verified once every 24 hours of analysis time. This is accomplished by analyzing a Continuing 
Calibration Verification (CCV) n-alkane standard that is at a concentration near the midpoint for 
the working range of the GC/FID, 50µg/mL.  
 


• Analysis of samples must be bracketed by a valid continuing calibration check standard.   


• If a CCV fails the criteria outlined in Section 12, all samples since the last acceptable CCV 
must be re-analyzed. 


• The analyst judgment from continuous daily use of the instrument is important in 
determining the validity of a continuing calibration. Even if the %D criteria is met, the peak 
shape may have deteriorated to a point of maintenance is required and a new initial 
calibration is in order. 


• A low response for C40 is an indication that the GC liner should be replaced. 


• When analyzing for extended lists of hydrocarbons, the ratio of phytane to n-C18 must be 
60% or better for the test to appropriately provide weathering information. If the ratio is 
acceptable, it is assumed that the n-C17 to pristane ratio is also acceptable. 


• The ratio of C36 to C20 should not be less than 0.85 and more than 1.15. 


• All CCVs are documented on the TPH SHC Continuing Calibration Checklist (104-08). 


10.5 Preventive Maintenance 


All maintenance records including routine upkeep and outside service visits are maintained in 
the instrument maintenance logbooks for all FID systems. The maintenance logbook contains 
the minimum preventative maintenance and a history of all instrument maintenance. The 
instrument operating manuals provide more detailed information. These instruments are NOT 
under a maintenance service contract with the vendors. For repairs beyond the scope of routine 
upkeep and preventative maintenance, an independent service contractor must be called for 
on-site service and repairs. 
 
Injection Port and Column Maintenance: Maintenance should be done when the daily CCV 
starts to demonstrate degradation. The type of samples analyzed will have an effect on how 
soon maintenance should be performed. The injection port can be cleaned using cotton swabs 
and DCM until no contamination is observed. Generally maintenance is performed by trimming 
6 cm off the front of the column. The column is then installed into the injection port liner and the 
inlet nut is tightened. After cleaning the instrument must be checked for any air leaks while 
cooling. The first injection should be a primer to remove any active sites and to check if any of 
the windows need updating. 
 
Merlin Maintenance: The Merlin High Pressure Microseal (Part #410 Phenomenex) should be 
replaced when it cannot hold back pressure. A septum may be used as a backup or for 
troubleshooting. 
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11. Data Evaluation, Calculations and Reporting 


11.1 Qualitative Identification of the n-alkane compounds is based on gas chromatographic relative 
retention times (RRTs) from the analysis of the mid-level initial calibration standard. For these 
compounds, manual quantitations are performed, if necessary, by integrating the area of the 
quantitation peak.  For petroleum ranges, the starting and ending n-alkanes are used as 
integration markers.  


 
Note: Manual integration is not to be used solely to meet QC criteria, nor is it to be used as a 
substitute for corrective action on the chromatographic system.  Refer to the Manual Integration 
SOP 08-03. 


11.2 In instances where manual integration has been performed, the analyst must initial and date the 
quantitation report.  


  
11.2.1 An Instrument Blank run within the analytical sequence with the samples shall be used 


to mathematically correct the range analyte areas to account for the normal baseline 
rise of the instrument. The instrument blank selected for this purpose will be selected 
on 1) the similarity of the baseline performance between the instrument blank and the 
sample, and 2) the conservative preference for using an instrument blank with a low 
minimum response voltage. The instrument blank for baseline correction shall 
represent the lowest baseline response within the sequence. The blank is integrated for 
petroleum ranges only.  This integration is then applied to the samples so an identical 
amount of baseline drift is removed from the sample leaving only petroleum 
contributions in the range amount. 


11.2.2 The chromatograms produced by the analysis are compared to reference 
chromatograms for qualitative identification. The reference chromatograms are stored 
as hard copy results as well as electronically in the data acquisition software. Electronic 
storage allows for evaluation using computer software. 


11.2.3 The qualitative analysis can be time consuming.  Retention time information for the 
alkanes and any Unresolved Complex Mixtures is essential. The graphical comparison 
of sample patterns to standard patterns is extremely useful in the interpretation of 
results. For example a low range UCM may indicate the presence of a petroleum based 
lubricant.  A mid range UCM may indicate the presence of fuel oil.  High range UCM 
may indicate heavy lubricating oils or asphalt materials. No UCM in a chromatogram 
may indicate the presence of gasoline. Hard copy reports of comparisons should be 
retained for future reference. 


11.3 To calculate the Relative Standard Deviation (RSD) of all target analytes and surrogate 
compounds for the initial calibration use the formula below. The RSD of each target compound 
and surrogate must be below 25%. Additionally, use the initial six-point calibration to determine 
Relative Response Factors (RRFIs) at each concentration level. Average the RRFIs, to 
generate mean RRFIs, for quantification of all target analytes and surrogate compounds. The 
RRFIs are based on the internal standard compounds, and are calculated using the formula 
below.  (The relative response factors for the continuing calibration verifications (RRFCs) are 
calculated using the same formula). See Section 16, Table I, for the listing of target compounds 
and their associated internal standards for quantification. 


 
RSD = SD  /  mean RRFI  x  100 


 
where: 
  
 SD = Standard deviation between the five points, for that target analyte. 
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RRFI = (Ac x CIS) / (AIS x Cc) 
 


where: 


Ac  =   Area of the characteristic ion for the standard compound to be measured. 
AIS  = Area of the characteristic ion for the representative internal standard compound. 
CIS  =  Concentration of the representative internal standard compound (ng/mL). 
Cc  = Concentration of the standard compound to be measured (ng/mL). 
 


11.4 Based on the mean RRFIs, calculate the Sample Extract Amount for each target analyte and 
surrogate in the extracts using the following formula: 


 
                          Qe               =              (Aa x QIS) / (AIS x RRFI) 
 where: 
 Qe  = Sample extract amount (ng) of target analyte, from quantitation report. 
 Aa  =  Area of the characteristic peak for the target analyte. 
 AIS  = Area of the characteristic peak for the representative internal standard compound. 
 QIS  = Amount of internal standard compound added to each extract (ng). 
 


11.5 Based on the area calculate the Corrected Range Amount for the petroleum ranges: 
 


Qe     =   ( (ASR-AIB)/ASR)*CS 
 
      where: 
 
 Qe  = Corrected sample extract amount (ng) of petroleum range. 
 ASR  =  Area of the sample petroleum range. 
 AIB  = Area of the Instrument Blank petroleum range. 
 CS  = Sample extract amount for petroleum range, from quantitation report. 
 


The corrected range amount is then brought through the sample calculation found in Section 
11.6 


 


11.6 Calculate the Sample Concentration (C) for each compound by the following formula: 
 


C  =  (Qe / Vs ) x DF 
 
  where: 
 
  C  =      Concentration in sample (ng/L water, ug/Kg sediment/tissue, or mg/Kg product). 
  Vs  =      Original volume or weight of sample extracted. 
  DF =     Dilution factor or fraction of the original extract to which internal standard added. 
 
 


11.7 If the response of any target compound in a sample exceeds the linear response range, as 
defined by the initial calibration standards in Section 10.2, dilute the extract so that the 
concentrations of all target compounds fall within the range of the calibration curve.  If the 
response of any target compound in a sample exceeds the MDL but is below the reporting limit 
(RL), qualify the reported concentration with a “J”. If any target compound is found in the 
method blank and in the associated sample(s) at or below 5x the blank concentration, qualify 
the reported result with a “B”. 
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11.8 Calculate the Surrogate Recoveries relative to the internal standards by the following formula: 
 


%Rsc        =    (Asc / Ais) x (Qis / Qsc) x (100 / RRFsc) x DF 
 


where: 


Qis  =       Amount of the representative internal standard (ng). 
DF =        Dilution factor or fraction of the original extract. 
 
 


11.9 Compare response factors for each compound in the Continuing Calibration Verification 
(CCV), to those of the initial calibration curve by determining the percent difference. 


 
Percent Difference (%D)   =   ([RRFI - RRFC] / RRFI) x 100 


 
where: 
 
RRFI  = Mean response factor from initial calibration. 
RRFC  = Response factor from CCV. 


11.10 External Standard Calibration: 
 


Calibration Factor (CF)  =  Total area w/in RT Range 
                    Mass injected (ng) 
 
 
    %RSD  =    SD              x 100 
           Ave. CF 
 
 


Raw Sample Concentration, C, (ng) = Total area w/in RT Range 
        Ave. CF 
 


Final Sample Concentration  =  (C / Vs ) x DF 
 


11.11 All solids including soils, sediments, and sludges must be reported on a dry-weight basis. 
Tissue results may be reported in wet-weight depending upon client request. Petroleum results 
are reported “as received” or on a wet-weight basis. 


 


11.12 The primary analyst does data entry, or uploading of the data, into the LIMS system.  The LIMS 
is “linked” to the instrument, so the analyst must choose the sample(s) to be reported from that 
instrument’s analytical sequence.  All associated preparation and instrumental QC samples and 
dilutions are also chosen.  Once the data/samples have been selected and “associated” with 
the proper QC samples, the batched data set is sent to be reported. 


 


11.13 The laboratory generates two types of data packages from the LIMS: “Commercial” or 
“Standard” for routine projects, and “Full Deliverable” or “CLP-like” for fully data validated 
projects.  A Commercial or Standard package consists of sample results and the associated 
method blank and LCS results.  A Full Deliverable or CLP-like package includes all sample 
results, all preparation and instrumental QC results and the associated supporting raw data.  
Check the “Report Type” on the project folder to ensure all required deliverables are included. 
Checklists are used for primary and secondary review of the analytical results. 
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11.14 Procedures for data and record management must adhere to the Quality Systems Manual, 
other subordinate documents covering record keeping, and the Document Control SOP, 08-01.  
All records shall be stored in such a manner as to be safe and accessible for at least 10 years. 


 


11.15 Notebooks: Laboratory notebooks are designed to accommodate the specific analysis. 
Instrument printouts are used to document run sequences, and each daily sequence printout is 
filed in a three-ring notebook. If a sample requires re-analysis or re-extraction for any reason, a 
notation is made next to the sample entry on the sequence log in the FID continuing calibration 
package. Requests for re-extraction are further documented in the “Request for Re-extraction” 
logbook. After one month of sample analysis, the sequence run log is permanently bound, 
assigned an internal ID number, and filed accordingly. Such files shall be archived so as to 
remain available for at least 10 years.  All laboratory notebooks must follow the specifications in 
the Laboratory Notebook Usage Work Instructions WI/108-01, and all record keeping and 
document control practices. 


 


11.16 Electronic records: All data files from computers, attached to instruments, shall be backed up 
daily onto the proper directory on the server.  The backups shall be stored so as to be 
accessible for 10 years. Movement of the data files to the server is the responsibility of the 
primary analyst. Server backup and storage is the responsibility of the IT department. 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


All Total Petroleum Hydrocarbon results are reportable without qualification if analytical holding 
times are met, preservation (including pH and cooler temperatures) are met, and all QC criteria 
defined in the table below are met. If any of the below QC parameters are not met, all associated 
samples must be evaluated for re-analysis. See Section 9 for additional QC discussion including 
corrective actions for any QC outliers. 


QC Parameter Acceptance Criteria 


Initial Calibration 
Curve 


< 25 %RSD for the all compounds and within 0.06 RRT units for all compounds 
Fuel Product: <20% RSD 


24 Hour Continuing 
Calibration 
Verification 


< 25%D for all individual compounds with exception for 10% of target analytes 
can be >25%, but < 35% 


Fuel Product: <20%D 


Method Blank 
No analyte at or above the reporting limit, “B” qualify analyte if detected in the 


samples ≤ 5x the concentration in the blank 


LCS/LCSD 50-130% recovery 


MS/MSD 50-150% recovery, 30%RPD 


Matrix Duplicate 30%RPD for results >5X reporting limit 


Surrogates 50-130% recovery 


Internal Standards 
IS area must be within 50-200% of the last CCV and the IS retention time must be 


with 30 seconds of the last CCV. 


 


Section 9 outlines sample batch QC acceptance criteria. If non-compliant Total Petroleum 
Hydrocarbon results are to be reported, the Department Manager, and/or the Laboratory Director, 
and/or the QA Officer must approve the reporting of these results. The laboratory Project Manager 
shall be notified, and may chose to relay the non-compliance to the client, for approval, or other 
corrective action, such as re-sampling and re-analysis. The analyst or Department Manager 
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performing the secondary review initiates the project narrative, and the narrative must clearly 
document the non-compliance and provide a reason for acceptance of these results. 


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


 


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


Once satisfactory Petroleum results have been generated, the extracts are held for 30 days, or 
longer if specified by a client contract, then discarded into a 55-gallon drum labeled “Vial Waste”. 


 


15. Referenced Documents 


 Chemical Hygiene Plan 


 SOP/08-01 Document Control 


 SOP/08-03 Manual Integration 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


SOP/G-006 Waste Management and Disposal SOP 


SOP/G-008 Reagent, Solvent and Standard Control 


SOP/O-019 PIANO Volatiles 


SOP/OP-001 Separatory Funnel 


SOP/OP-003 Tissue Preparation and Homogenization 


SOP/OP-013 Shaker Table Extraction 
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SOP/OP-017 Gravimetric Determination 


SOP/OP-018 Tissue Extraction 


SOP/OP-021 Organic Waster Dilution 


 


16. Attachments 


Table I:  Reporting Limit for DRO.  
 
 


Table I 
 


Reporting Limit for DRO 
 


Compound Aqueous in mg/L Solid in mg/Kg 


Diesel #2 1.0 100 


 


 





		Please refer to the appropriate Alpha Analytical Lab SOPs for extraction methods and sample preparation information:

		GC Parameter

		Setting

		Injector Temp:

		280 °C

		Initial Oven Temp:

		40 °C

		Initial Hold Time:

		1 minute

		Column Flow:

		3.0 mL/ minute

		Ramp Rate:

		6 °C / minute

		Final Temperature:

		315 °C

		Final Hold Time:

		30 minutes

		Total runtime:

		76.83 minutes

		Mode:

		Pulsed Splitless

		Pulse:

		15psi for 0.8 minute

		Purge:

		20 mL / minute – on at 1.0 minutes

		FID Temperature

		325 °C

		Compound

		Diesel #2
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Shaker Table Extraction 


 
References:  This standard operating procedure (SOP) is a performance-based method. 


This SOP describes the procedure as developed by Alpha Analytical. 
 
 


1. Scope and Application 


Matrices: This method is applicable to the extraction of non-volatile and semivolatile organic 
compounds in solid samples (including soils, sediments, sludges, pads, nets and wastes).   
 
Definitions:  Refer to Alpha Analytical Quality Manual. 


Shaker Table extraction is the process of isolating organic compounds of interest from the solid 
sample matrix. Sample cleanup is highly recommended, since the compounds cannot be analyzed 
directly without removal of some interferences in the sample matrix. See Section 4.2 for a listing of 
Alpha Analytical sample cleanup SOPs.   
 
This procedure uses a Shaker Table set at 120 to 150 rotations per minute for agitation of the 
mixture. Groups of organic compounds such as semivolatile PAHs and petroleum hydrocarbons are 
separated on the basis of their common solubility in solvents and then analyzed in accordance with 
the appropriate Alpha Analytical SOP: 


• Total Petroleum Hydrocarbons by Gas Chromatography / Flame Ionization Detector (O-
003),  


• Analysis of Parent and Alkylated Polynuclear Aromatic Hydrocarbons and Selected 
Heterocyclic Compounds by Gas Chromatography / Mass Spectrometry with Selected ion 
Monitoring (O-008). 


This procedure may be used for the extraction of all types of organic compounds.  Because this 
procedure is performance based, it should only be used for compounds where studies have 
assessed the precision, accuracy, and sensitivity of the technique relative to the project specific 
goals. 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the equipment and in the interpretation of data. Each analyst must demonstrate the ability to 
generate acceptable results with this method by performing an initial demonstration of capability, 
analyzing a proficiency test sample and completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 
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2. Summary of Method 


A 5-30 gram aliquot of solid sample is weighed, then dried by mixing with sodium sulfate, to form a 
free-flowing powder. Pads and nets are directly extracted without drying. 


 
This mixture is then solvent extracted three times using dichloromethane (DCM, or methylene 
chloride), the Shaker Table extractor solvent. 
 
The extract is allowed to settle and the solvent is separated from the sample mixture by decanting 
through a filter funnel packed with pre-baked/clean sodium sulfate and glass wool. 
 
Finally, the extract is concentrated and if necessary, cleanup procedures are performed prior to 
analysis in accordance with the appropriate Alpha Analytical SOP. See Section 4.2 for the list of 
Alpha Analytical cleanup SOPs and Section 1 for analytical SOPs. 


2.1 Method Modifications from Reference 


None. 


3. Reporting Limits 


Refer to Analytical SOPs for Reporting Limit information. 


 


4. Interferences 


4.1 Solvents, reagents and glassware may introduce interferences. These must be 
demonstrated to be free of interferences by the analysis of a method blank. See the Alpha 
Analytical SOP Reagent, Solvent and Standard Control (G-008) and Laboratory Glassware 
Cleaning (G-002), for additional details.   


 


4.2 Many interferences can be removed by sample cleanup.  The cleanup methods performed 
by Alpha Analytical include the following: Alumina Column Cleanup of Organic Extracts 
(OP-009), Sulfur Cleanup (OP-007), Gel-Permeation Chromatography (OP-006). Only 
appropriate cleanup techniques must be performed based on the suspected interference 
and the compounds of interest. 


 


4.3 Soapy residue may result in basic conditions on glassware and may cause degradation of 
some compounds. All glassware must be rinsed thoroughly with deionized water and 
solvent to remove soapy residue. See the Alpha Analytical SOP (G-002) Laboratory 
Glassware Cleaning, for additional details. 


 


4.4 Phthalate esters can be a major source of contamination if any material containing 
plasticizers (phthalates) comes in contact with the sample during the extraction process.  
Use of plastic or any material containing plasticizers (phthalates) should be avoided during 
extraction or analysis. 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all 
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personnel involved in the chemical analysis. Additional references to laboratory safety are available 
in the Chemical Hygiene Plan.  


All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Solid samples: A minimum of 100 grams of sample must be collected in a glass jar with a 
Teflon lined screw cap.  


6.2 Sample Preservation 


The samples must be refrigerated and maintained at 4 +2°C until extraction and analysis. 


6.3 Sample Shipping 


No special shipping requirements. 
 


6.4 Sample Handling 


All solid samples must be extracted within 14 days from the date of collection, or up to one 
year from freeze date (if applicable).  The sample extracts must be refrigerated and 
maintained at 4+2°C until analysis.  Sample extracts must be analyzed within 40 days from 
date of extraction. 


7. Equipment and Supplies 


7.1 Shaker Table: New Brunswick Scientific, Innova 2300 
 


7.2 Drying oven: Capable of maintaining 105°C and 400°C. 


 


7.3 Dessicator: Containing color indicator dessicant. 
 


7.4 Wide Mouth Amber Jar : 250 mL  


 


7.5 Erlenmeyer flasks:  500mL 


 


7.6 Stainless steel spatulas. 
 


7.7 Concentration apparatus 
 


7.7.1 Kuderna-Danish (K-D) concentrator tubes: 20mL, ground glass. 


7.7.2 Evaporation flasks: 500mL, that attach to concentrator tubes with clips. 


7.7.3 Snyder columns: 3-ball macro. 


7.7.4 Teflon boiling chips. 


7.7.5 Water bath. 


7.7.6 N-EVAP: by Organomations, Nitrogen blow-down for micro-concentration. 


7.7.7 Turbo-vap:  With appropriate concentrator tubes by Zymark, or equivalent, as an 
alternative to the K-D apparatus. 
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7.8 Top-loading analytical balance: Capable of accurately weighing to the nearest 
0.01gram. 


 


7.9 Vials: 2mL, 4mL and 10mL for transfer of concentrated extract. 


 


7.10 Syringes:  10uL - 10mL. 


 


7.11 Filter funnels 
 


 


8. Reagents and Standards  


Use reagent grade chemicals for all reagents.  Deionized (DI) water is ASTM Type II laboratory 
reagent grade water.  
 


8.1 Methylene Chloride: ACS approved, Pesticide grade, see Alpha Analytical SOP 
Reagent, Solvent and Standard Control (G-008) for additional details regarding solvent 
purity. 


 


8.2 Sodium Sulfate: granular, anhydrous. Purified by heating to 400°C for 4 hours. 
 


8.3 Glass wool: purified by heating to 400°C for 4 hours. 
 


8.4 Spiking solutions: Including the following solutions (see the appropriate Alpha Analytical 
SOP for details on the correct spike concentrations and spike volumes):   


 
8.4.1 Surrogate spiking solution 


8.4.2 Laboratory Control Sample (LCS)/ Matrix Spiking (MS) solution 


8.4.3 Recovery Internal Standard (RIS) 


 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


9.1 Blank(s) 


A method blank must be prepared in sodium sulfate once per every 20 samples or per 
extraction batch, whichever is more frequent. If samples will be extracted for a variety of 
unassociated determinative analyses (i.e., PAH, Pesticide and PCBs within the same extraction 
batch) a method blank for each analysis must be prepared and carried through the same 
extraction procedures as the samples. 
  
Organic compounds of interest must not be detectable in the method blank at a concentration 
greater than the reporting limit.  
 
Corrective Action: Extraction of the method blank and all associated samples must be 
performed until the blank is in control.  Samples cannot be analyzed until an acceptable method 
blank analysis is obtained. Exceptions may be made with approval of the Department Manager, 
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Laboratory Director or QA Manager, if the samples associated with the out of control method 
blank are non-detect for the compound of interest, or if sample concentrations are greater than 
10x the blank levels.  In such cases, the sample results are accepted without corrective action 
for the high method blank and the client is notified in a project narrative associated with the 
sample results. 


9.2 Laboratory Control Sample (LCS) 


Laboratory control sample (LCS) and laboratory control samples duplicate (LCSD) must be 
prepared once per every 20 samples or per extraction batch, whichever is more frequent, in 
sodium sulfate and spiked with a solution prepared from a second source or lot number, other 
than the source used to verify the accuracy of the standard curve for the determinative 
analytical method. The LCS contains all target compounds of interest, and is extracted along 
with the samples as verification of the accuracy of the entire extraction procedure. If samples 
will be extracted for a variety of unrelated determinative analyses (i.e., PAH, Pesticide and 
PCBs within the same extraction batch) a LCS and LCSD for each analysis must be prepared 
and carried through the same procedures as the samples. 
 
The acceptable recovery QC limits are documented in the applicable Alpha Analytical SOPs.  
 
Corrective Action: Analysis according to the appropriate Alpha Analytical SOP must be 
repeated once to see if an analytical error has occurred.  If the LCS/LCSD recovery is still out of 
control, re-extract and re-analyze the LCS/LCSD and all associated samples. Samples cannot 
be reported until an acceptable LCS/LCSD is obtained.  Exceptions may be made with approval 
of the Department Manager, Laboratory Director or QA Manager, if the samples associated with 
the out of control LCS/LCSD are also associated with a matrix spike or matrix spike duplicate 
pair that is in control. This is an acceptable measure of accuracy of the extraction and analytical 
procedures. An explanation of this out of control LCS/LCSD recovery must be included in the 
project narrative to the client and the sample data reported with the acceptable MS results as 
batch QC. 


9.3 Initial Calibration Verification (ICV)  


Not applicable to this method. 


9.4 Continuing Calibration Verification (CCV) 


Not applicable to this method. 


9.5 Matrix Spike / Matrix Spike Duplicate (MS/MSD) 


Upon Client request, matrix spike / matrix spike duplicate (MS/MSD) samples are performed 
once per 20 samples (5% frequency). If samples will be extracted for a variety of unrelated 
determinative analyses (i.e., PAH, Pesticide and PCBs within the same extraction batch) a 
MS/MSD pair for each analysis must be prepared and carried through the same procedures as 
the samples. If less than 20 samples are prepared in a one-week time frame, a MS/MSD pair 
will be extracted at the beginning of each week. 
 
The acceptable recovery and %RPD QC limits are documented in the applicable Alpha 
Analytical SOPs.  Calculate the %RPD as described in 9.6.  
 
Corrective Action: Analysis according to the appropriate Alpha Analytical SOP must be 
repeated once to see if an analytical error has occurred. If the % recovery and/or %RPD still 
exceeds the control limits and the LCS is compliant; include a project narrative with the results 
to client noting that there may be potential matrix effects on the accuracy or precision of the 
reported results as evidenced by MS/MSD recoveries and/or %RPD outside of QC limits. 
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9.6 Laboratory Duplicate 


Upon Client request, duplicate analyses (matrix or sample duplicate) are performed once per 
20 samples (5% frequency).  For Organic analyses, the matrix duplicate is usually in the form of 
the matrix spike duplicate, see Section 9.5.  
 
Acceptable relative percent differences (RPD) of duplicates are documented in the applicable 
Alpha Analytical SOPs noted in Section 3.1.6. Acceptance criterion is not applicable to sample 
concentrations less than 5 times the reporting limit.  Calculate the RPD as follows: 
  


RPD  =   R1  -  R2         x  100 
          [R1  +  R2] 


2 
       where: 
    R1 = sample Replicate #1 
    R2 = sample Replicate #2 
   
Corrective Action: Analysis according to the appropriate Alpha Analytical SOP must be 
repeated once to see if an analytical error has occurred.  If the % RPD still exceeds the control 
limits; include a project narrative with the results to client noting that there may be potential 
matrix effects on the precision of the reported organic results as evidenced by the matrix 
duplicate % RPD exceedance. 


9.7 Method-specific Quality Control Samples 


9.7.1 Surrogate Spike 


Surrogate spikes must be added to QC and field samples to evaluate the extraction 
method performance. 
 
The acceptable surrogate recovery limits are documented in the applicable Alpha 
Analytical SOPs.  


 
Corrective Action: Analysis according to the appropriate Alpha Analytical SOP must 
be repeated once to see if an analytical error has occurred. If the % recovery still 
exceeds the control limits the sample must be re-extracted and re-analyzed to 
confirm the sample matrix.  If obvious matrix interferences are noted, consultation 
with the Department Manager, Laboratory Director or QA Manager may be in order 
to confirm the need for sample re-extraction. If no re-extraction occurs, the 
surrogate results and reasons for the no re-extract decision must be discussed in 
the project narrative to the client. 


9.7.2 Standard Reference Materials 


Standard reference materials (SRM) are available from the National Institute of 
Standards and Technology (NIST) and are extracted and analyzed with samples 
on a project specific basis. These are not used as controls, but to evaluate 
potential matrix effects in associated samples for the target compounds being 
evaluated. 
 
Acceptance criteria for SRM analysis will vary from project to project depending 
upon client data quality objectives (DQOs). Generally, + 35% difference (%D) 
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based on the true certified values of the target compounds of interest, or 65% - 
135% recovery, serve as advisory acceptance criteria.  


 
Corrective Action: Analysis according to the appropriate Alpha Analytical SOP must 
be repeated once to see if an analytical error has occurred. If the % recovery 
and/or %D still exceeds the control limits, and the LCS and MS/MSD pair are 
compliant, include a project narrative with the results to client noting that there may 
be potential matrix effects on the accuracy or precision of the reported results as 
evidenced by SRM % recoveries and/or %D values outside of QC limits.  These 
cases are normally isolated to the SRM, if all other controls are within limits. 


9.8 Method Sequence 


• Weigh homogenized sample (5-30g, depending on sample observations and DQO's) 


• Dry with sodium sulfate 


• Spike samples with surrogates as appropriate 


• Add methylene chloride to cover sample 


• Begin extraction - serially extract 3X following Procedure in Section 10. 


• Sample concentration 


• Sample cleanups - as needed or instructed 


• Submit at determined pre-injection volume (PIV) 


10. Procedure 


10.1 Equipment Set-up 


Samples are prioritized by the Department Manager or Preparation Team Leader for extraction 
based on hold time and client due date. The following steps shall be performed as rapidly as 
possible to avoid the loss of lighter weight, more volatile compounds. 


10.2 Initial Calibration 


Not applicable to this method. 


10.3 Equipment Operation and Sample Processing 


10.3.1 Sample Extraction 


10.3.1.1 Examine the sample for any signs of heterogeneity. Decant any standing water and 
discard any rocks, sticks or foreign objects that are not representative of the 
sample (unless otherwise requested by the client), and mix well. Weigh a 30-gram 
aliquot of a well-mixed sample into a 250mL wide-mouth amber jar. Note: As low 
as 1 gram and up to 50 grams of sample may be extracted if requested, based on 
client required reporting limits or other specified instructions and is approved by the 
Project Manager and Department Manager. Record the weight to the nearest 
0.01g. Nets and pads are extracted directly and weight for these samples is 
determined gravimetrically. See the Alpha Analytical SOP Gravimetric 
Determination (OP-017), for additional details. 


  
10.3.1.2 Add sodium sulfate incrementally to the sample, and mix well with a methylene 


chloride rinsed spatula until the sample is “powdery” or “free flowing”. For example, 
if a 20g-sample aliquot is weighed, then no more than 20g of sodium sulfate must 
be added to the sample. More sodium sulfate may be needed if the sample is not 
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“free-flowing”. If more is needed, note this on the Sample Preparation Checklist. 
 


10.3.1.3 The amount of surrogate spike will depend upon the final detection limits, final 
sample volume and general nature of the sample. For Saturated Hydrocarbon 
(SHC) and Polynuclear Aromatic Hydrocarbon (PAH) analyses, 100uL of PAH/SHC 
low level surrogate, and 100uL of low level biomarker surrogate (if required) will be 
added to the QC samples and all samples that do not require high level spikes. For 
samples that need high level spikes, 500uL of low level surrogates (PAH/SHC, 
biomarkers) will be added to samples when required. 100uL LCS spiking solution 
shall be added to the LCS/LCSD samples and to any matrix spike and matrix spike 
duplicate samples associated with the extraction batch. If the MS/MSD samples 
need to be spiked with high level solution, 500uL of the LCS spiking solution will be 
added. All sample spiking must be “spike witnessed”. 


 
10.3.1.4 Add 100mL of methylene chloride to each sample. Use enough solvent to cover 


the sample during extraction, and add an additional ½ inch of solvent, above the 
sample. 


 
10.3.1.5 Place the samples in a container, (i.e., a box), on the Shaker Table and secure. 


Turn the table on, and set to 120 to 150 rotations per minute. Allow the samples 
to shake for a minimum of 14 hours. 


 
10.3.1.6 After a minimum of 14 hours, stop the Shaker Table and transfer the extract 


solvent, by decanting, into a labeled and solvent rinsed 500-mL Erlenmeyer 
flasks. 


 
10.3.1.7 Repeat the extraction steps (starting at 10.3.1.4) twice more with fresh portions 


of methylene chloride as the extraction solvent for the second and third shakes. 
The second shake of a minimum of 4 hours long and the third shake of a 
minimum of 30 minutes. The first and second extractions may be interchanged, 
but the 30 minute extraction must be the last Combine all three of the resulting 
extraction portions. 


 
10.3.1.8 The extract is now ready for concentration. 


10.3.2 Kuderna-Danish (K-D) Concentration 


10.3.2.1 After all three extractions are complete transfer the extracts through a filter funnel 
fitted with baked and solvent rinsed glass wool and sodium sulfate, for additional 
extract drying. Rinse the filter funnel three times with methylene chloride from the 
laboratory squirt bottles to ensure a complete transfer of the entire extract into a 
500 mL K-D Flask with the 20-mL concentrator tube attached to the bottom. 


 
10.3.2.2 Place the K-D flask on the water bath with 1-2 boiling chips in the bottom of the 


tube and the macro Snyder column on top. The bath temperature should be 75 + 
5°C. Macro-concentrate the sample to less than 10 mL. This will take 
approximately 45 minutes. At the proper rate of distillation, the balls of the 
column will chatter, but the column should not flood with condensed solvent.   


 
10.3.2.3 If the extract appears extremely viscous and reduces in volume very slowly, a 


final volume of greater than 10mL may be used to ensure that there is no loss of 
surrogates or the compounds of interest. See the Department Manager for 
additional guidance on troublesome matrices.  
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10.3.2.4 Remove the sample from the bath and allow it to drain and cool for approximately 


10 minutes.  
 


10.3.2.5 Move the cooled sample, still in the 10-mL concentrator tube, to the N-EVAP unit 
for micro-concentration, and bring the extract below the final volume required 
before cleanup. The extract must be concentrated under a gentle steady stream 
of nitrogen. The internal walls of the concentrator tube must be rinsed 
periodically with the appropriate solvent during evaporation. If the extract 
appears extremely viscous and reduces in volume very slowly then a final 
volume of 5-10mL should be used to ensure that there is no loss of surrogates or 
the compounds of interest. If sample requires solvent exchange, micro 
concentrate sample to around 1mL and add approximately 5mL of desired 
solvent. Micro-concentrate back to around 1mL, while occasionally lightly swirling 
the sample during concentration and add approximately 5mL again and micro-
concentrate back to around 1mL while occasionally swirling sample during 
concentration. Note: Micro-concentration may not be needed depending upon 


the determinative analytical method. Always see the Department Manager for 
additional guidance when needed. 


 
10.3.2.6 Transfer the sample extract from the concentrator tube to a vial of the 


appropriate final volume size. The sample may now undergo any necessary 
cleanup that may be required prior to analysis. Ensure all samples are volumized 
to the required volumes using dichloromethane. See Section 4.2 for Alpha 
Analytical sample cleanup SOP references. If the sample does not require 
cleanup, it may be directly transferred at the correct final volume, and with 100uL 
of RIS added at a 1mL pre-injection volume, and 150uL aliquoted and transferred 
for each analyses along with copies of the sample preparation extraction log, the 
preparation checklist and the client folder, to the analytical instrument room for 
analysis. 


10.4 Continuing Calibration 


Not applicable to this method. 


10.5 Preventive Maintenance 


All maintenance records including routine upkeep and outside service visits are maintained in 
the instrument maintenance logbooks for the Lab-line Orbit Shaker Table.   
 


11. Data Evaluation, Calculations and Reporting 


Procedures for data and record management for organic extraction must adhere to the Quality 
Systems Manual, other subordinate documents covering record keeping, and the Alpha Analytical 
Document Control SOP/08-01.  All records must be stored in such a manner as to be safe and 
accessible for at least 10 years. 
 
The extraction bench sheets and other relevant laboratory notebooks must follow the specifications 
in the Alpha Analytical Laboratory Notebook Usage Work Instructions (WI 108-01), and all record 
keeping and document control practices.   
 
See the appropriate Alpha Analytical SOPs for details on sample analysis, data evaluation, 
calculations and data reporting. 
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12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


All results for the organic compounds of interests are reportable without qualification if extraction 
and analytical holding times are met, preservation (including cooler temperatures) are met, all QC 
criteria defined in the table below are met, and matrix interference is not suspected during 
extraction or analysis of the samples. If any of the below QC parameters are not met, all associated 
samples must be evaluated for re-extraction and/or re-analysis.  
 
 


QC Parameter Acceptance Criteria 


Method Blank < reporting limit 


Laboratory Control Sample / 
Duplicate 


See the applicable Alpha Analytical SOP for acceptance 
criteria 


Surrogate Recoveries 
See the applicable Alpha Analytical SOP for acceptance 
criteria 


Matrix Duplicate 
See the applicable Alpha Analytical SOP for acceptance 
criteria 


Matrix Spike 
See the applicable Alpha Analytical SOP for acceptance 
criteria 


Matrix Spike Duplicate  
See the applicable Alpha Analytical SOP for acceptance 
criteria 


Standard Reference Material 
See the applicable Alpha Analytical SOP for acceptance 
criteria 


 


If non-compliant organic compound results are to be reported, the Department Manager and/or the 
Laboratory Director, and the QA Manager must approve the reporting of these results.  The 
laboratory Project Manager shall be notified, and may chose to relay the non-compliance to the 
client, for approval, or other corrective action, such as re-sampling and re-analysis. The analyst or 
Section Head performing the secondary review initiates the project narrative, and the narrative must 
clearly document the non-compliance and provide a reason for acceptance of these results. 


13. Method Performance 


13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 
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The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   


14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/08-05 MDL/LOD/LOQ Generation 


SOP/08-12 IDC/DOC Generation 


SOP Waste Management and Disposal (G-006) 


SOP Reagent, Solvent and Standard Control (G-008) 


SOP Laboratory Glassware Cleaning (G-002) 


16. Attachments 


None. 
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Balance Calibration and Maintenance 


 


1. Scope and Application 


This Standard Operating Procedure describes how to check the calibration of balances and reflects the 
QC limits and the procedures to follow if a balance falls outside of the QC limits. 


The degree of accuracy of the balance is reflected in the accuracy of all data related to weight-prepared 
standards, spikes and sample dilutions as well as weight determinations of samples.  Because this 
accuracy is critical to our operation, each balance’s calibration must be checked before it is put into 
service each day.  The results are recorded in the logbook associated with the balance. 


2. Summary of Process 


Balances are checked daily or on each day of use against Class S-1 weights that are certified to be 
traceable to the National Institute of Standards and Technology (NIST).  These weights are also 
calibrated and certified by an outside vendor.  Certificates are kept on file, and records are kept for 
the daily balance calibration checks. 


3. Safety 


Calibration of balances occurs within the laboratory areas.  Therefore, the use of personal protective 
equipment (PPE) is required as necessary. i.e. disposable gloves (latex or nitrile), safety glasses and 
laboratory coats should be worn. 


4. Equipment and Supplies 


4.1    Class S-1 weights. 
  Troemner Class S-1 weights Serial #:  S088       300g weight Serial #: 50746 


Troemner Class S-1 weights Serial #:  48886     300g weight Serial #: 53124 


 


 4.2 Forceps and/or Kim-Wipes. 
 


 4.3 Balance cleaning brush. 


5. Procedure 


 5.1  Make sure that the pan is clean and the balance level. 


 


 5.2 Tare the balance. 


 


 5.3 Place the weight on the pan with the forceps provided or a Kim-Wipe.  When choosing a 


weight for calibration, be sure that the weight is within the range of typical use for that 
balance.  Top loader balances typically are checked within the range of 1g-100g while 
analytical balances are typically checked within the range of 2mg-10g.  A variety of weights 
are used monthly to verify accuracy over the range of operation for the balance. 


 


 5.4 Record the true values of the calibration weights along with the actual readings of the 


balance to the n
th
 number of decimal places specific for the balance.  The true values of the 


calibration weights are indicated on each weight.  Also record the date and the analyst's 
initials in the appropriate logbook.  Each set of  S-1 weights has a corresponding logbook 
page (which is a controlled document).  It is important to record the actual readings of the 
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balance on the appropriate logbook page.  This can be verified by comparing the serial 
number of the weights to the information on the top of the logbook page. Controlled 
document pages are 108-07,108-08, 108-05 and 108-06. 


 


6. Quality Control and Operational Assessment 


Modern analytical balances are fragile instruments.  They are subject to shock, temperature and humidity 
changes and to mishandling.  Some of the precautions to be observed in maintaining and prolonging the 
usable lifetime of an analytical balance are listed below. 
 
Balances should be located on heavy shockproof tables away from laboratory traffic and protected from 
sudden changes in temperature and humidity. 
 
Check that the balance is level before each use. 
 
When the balance is not in use objects should be removed from the weighing pan and the weighing 
compartment closed.   
 
The balance should be kept clean at all times.  Clean up spilled chemicals and samples immediately. 
 
Weights should be handled using either Kim-Wipes or forceps supplied with the weights, never with bare 
hands.  This proper handling prevents damaging or dirtying the weights which would affect their 
accuracy. 


Semi-annually, an outside Laboratory Instrument Service Contractor performs a complete service on 
each balance.  This includes a thorough cleaning, a check of all working parts and calibration using NIST 
traceable class 1 weights.  


Annually, the in-house class 1 weights are sent out for cleaning to a certified Weighing Systems 
Contractor and return with a Mass Value certificate traceable to NIST 


7. Corrective Actions 


Control limits are indicated on each page in the balance logbook.   Analytical balances are in control if 
they read to 0.1% of the true value (10g range = 9.99-10.01).  Top loading balances are in control if they 
read to 1% of the true value (100g range = 99.9-100.1).  If the reading is outside the control limits for any 
one calibration weight, clean, level and tare the balance again before repeating the procedure.  Record 
both the first and the second attempts in the logbook.  If the calibration is still not confirmed, do not 
perform any analytical operations using the balance.  Notify the QA Department so that service can be 
arranged and the balance can either be removed from the lab or tagged out with a sign attached to the 
balance indicating that the balance is "Not Operational - Do Not Use" so it will no longer be utilized. 


8. Attachments 


 None.  
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PAH Compounds by HRGC/ HRMS in Food Products, Sediment and Water 


 


1.0 Introduction 


 


PAHs are extracted with organic solvents, usually dichloromethane (DCM) using a Soxhlet 


extractor for food products and sediments and by liquid-liquid extraction for water.  Following 


extraction, the samples are cleaned up and passed through a series of columns that remove, by 


reaction, selective adsorption and size exclusion, as the bulk of the organic matrix is co-extracted 


with the target compounds.  The resulting fraction is concentrated to a known volume, usually 


500uL, for analysis.   Qualitative/quantitative analysis for PAHs is performed using High 


Resolution Capillary Gas Chromatography (HRGC) with High Resolution Mass Spectrometry 


(HRMS). 


1.2   Interferences 


Method interferences may be caused by contaminants in solvents, reagents, glassware, and other 


sample processing hardware that lead to discrete artifacts and/or elevated baselines in the total 


ion current profiles.  All of these materials must be routinely demonstrated to be free from any 


interferences > method RDL under the conditions of the analysis by running laboratory method 


blanks.   In the case of solid food (e.g. meat, fish) samples, it is especially important to separate 


the PAHs of interest in the method from the presence of proteins and lipids in solid food (eg. 


meat, fish).  This is done by size exclusion, hence the reason for the use of GPC, gel permeation 


chromatography.  In addition, the PAHs need to be separated from compounds, which are similar 


to them that could give false positives.  Examples of such compounds are azo-arenes and 


aminoazo-arenes.  These are usually removed by the basic alumina clean-up.  


 


 


2.0 Scope 


2.1 This method is to be used to measure the presence Polycyclic Aromatic Hydrocarbons (PAHs) in 


food, sediment and water by HRGC/HRMS (high-resolution gas chromatography/ high-


resolution mass spectrometry) down to trace levels in the ppb or ng/g range.     


 Quantification mass ions for PAHs by HRMS are listed below: 


 


Quantification mass ions for PAHs by HRMS 
 


Parameter                   Accurate Mass Ion type CAS No.  
1,2,3,4-Tetrahydronaphthalene    132.0939                             A                                   119-64-2 


                Naphthalene                                 128.0626   A 91-20-3 


PFK                                              130.9920 Lock 


Naphthalene-d8                            136.1128 IS 1146-65-2 


2-Methylnaphthalene                   142.0782 A 91-57-6 


1-Methylnaphthalene                   142.0782 A 832-69-9 


2-Chloronaphthalene                   162.0236 A 91-59-8 


1-Chloronaphthalene                   162.0236 A 90-13-1 


2-Methylnaphthalene-d10                   152.1410 IS N/A 


2,6-Dimethylnaphthalene            156.0939                              A                                   581-42-0   


 2,3,5-Trimethylnaphthalene        170.1096                              A                                   2245-38-7  


                2,6-Dimethylnaphthalene-d12         168.1683       IS N/A 


                Acenaphthylene                           152.0626 A 208-96-8 


Acenaphthylene- d8                         160.1128 IS 93951-97-4 


Acenaphthene                              154.0782 A 83-32-9 


Acenaphthene-d10                        164.1410 RS 15067-26-2 


PFK                                              169.9888 QC 


Fluorene                                       166.0782 A 86-73-7 


Fluorene- d10                                176.1410 SS N/A 
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                Dibenzothiophene                                184.0347                     A                                   136-65-0 


Phenanthrene                                        178.0782 A 84-01-8 


Phenanthrene- d10                                     188.1410  IS 1517-22-2 


Anthracene                                           178.0782 A 120-12-7 


Anthracene- d10                                    188.1410  AS 1719-06-8 


2-Methylanthracene                             192.0939                      A                                   613-12-7 


1-Methylphenanthrene                        192.0939                      A                                    832-69-9       


Fluoranthene                                        202.0782  A 206-44-0 


Fluoranthene- d10                                 212.1410  IS 93951-69-0 


Pyrene                                                  202.0782  A 129-00-0 


PFK                                                      204.9888 QC 


Pyrene- d10                                           212.1410  RS 1718-52-1 


9,10-Dimethylanthracene                    206.1096                      A 781-43-1 


Benzo[a]fluorene                                 216.0939                      A 238-84-6 


Benzo[b]fluorene                                 216.0939                     A 243-17-4 


Benzo[a]anthracene                             228.0939 A 56-55-3 


Benzo[a]anthracene- d12                                 240.1692 IS 1718-53-2 


Chrysene                                              228.0939  A 218-01-9 
Chrysene- d12                                       240.1692 IS 1719-03-5 


PFK                                                      230.9856 LOCK 


Terphenyl- d14                                      244.1974 SS 1718-51-0 


5-Methylchrysene                                242.1096                      A                                   3697-24-3 


7,12-Dimethylbenzo[a]anthracene       256.1249                     A                                   57-97-6 


Benzo[b,j]fluoranthene                         252.0939 A  205-99-2, N/A 


Benzo[b]fluoranthene- d12                     264.1692  IS N/A 


PFK                                                      254.9856 QC 


Benzo[k]fluoranthene                          252.0939  A 207-08-9 


Benzo[k]fluoranthene- d12                    264.1692  IS 93952-01-3 


Benzo[e] pyrene                                    252.0939 A 192-97-2 


Benzo[e]pyrene- d12                                264.1692  RS N/A 


Benzo[a]pyrene                             252.0939 A  50-32-8 
Benzo[a]pyrene- d12                           264.1692  IS 63466-71-7 


Perylene                                              252.0939 A 198-55-0 


Perylene- d12                                       264.1692 IS 1520-96-3 


Benzo[g,h,i] perylene                          276.0939 A 191-24-2 


Benzo[g,h,i]perylene- d12                   288.1692 IS 93951-66-7  


Indeno[1,2,3-cd]pyrene                      276.0939 A 193-38-5 


Indeno[1,2,3-cd]pyrene- d12               288.1692 IS N/A  


Dibenz[a,h]anthracene                        278.1096  A 53-70-3 


PFK                                                     268.9824             LOCK 


Dibenz[a,h]anthracene- d14                 292.1974 IS N/A 


Anthanthrene                                      276.0939                      A                                    191-26-4 


Dibenzo[a,e]pyrene                            302.1096                      A                                    192-65-4 


Coronene                                            300.0939                      A                                     191-07-1 


      


 


 


Monoisotopic atomic masses used: Descriptions of Ion Types: 
H=1.007825 A Analyte 
C=12.000000 IS Internal standard 
2H=2.014102 LOCK Lock mass ion 
S= 32.9721 QC Quality control check ion 


 SS Surrogate standard 


 AS Alternate standard 


 RS Recovery standard 


 PFK Perfluorokerosene (HRMS reference gas) 
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2.2 This procedure is to be followed by the laboratory technicians for all PAH analyses done in solid 


food (e.g. meat, fish), sediment and water matrices.  Variations relevant to an unusual or specific 


matrix must be documented and must be consistent with the reference methods quoted above or 


with methods specified by the client.  The analyst may modify the extraction procedure or 


instrumental method to improve chemical separations or to minimize costs, provided that the 


method performance criteria are met, and provided that any such modifications are documented 


and approved by the supervisor. 


 


2.3 This method is designed for use by analysts or technicians experienced in laboratory extraction 


of PAH from tissue matrices in particular, solid food (e.g. meat, fish) as well as sediment and 


water, and skilled in HRGC/HRMS instrumental analysis.  It should be noted that PAHs are very 


common in the environment, especially in solid food (e.g. meat, fish), cooked processed or 


otherwise.  In mammalian cells, PAHs undergo metabolic activation to form diol epoxides that 


bind covalently to cellular macromolecules such as DNA; thus, causing DNA replication and 


mutations that can and do initiate the carcinogenic process. 
 


2.4 The native PAHs cover a linear range from 10 to 500 pg/µL. 
 


 


3.0 Definitions 


3.1 Refer to COR. WI-00012. 


 


 


4.0 Reference Method 


4.1 Test Codes 


 


4.1.1 PAHHR-PT, the laboratory test code for the analysis of PAHs in food (meat, fish). 


4.1.2 Other related test codes may be created as necessary, for example PAHHR-S (for 


sediments) and PAHHR-W (for water). 


 


4.2 Primary References 


4.2.1 SW-846 no. 3540C, Soxhlet Extraction, 3510C, Separatory Funnel Liquid-Liquid 


Extraction, 3640A Gel Permeation Cleanup, 3610B Alumina Cleanup and CARB 429. 


Although CARB 429 is an air method for the analysis of PAHs in stack emissions, it is 


only the instrumentation and quantitation portion that is used as a reference for this 


method.    


4.2.2 Appendix A to Part 136 Method 1625 rev. B, Semi volatile Organic Compounds by 


Isotope Dilution GC/MS; SW 846 no. 8270C, Semi volatile Organic Compounds by 


Gas Chromatography/Mass Spectrometry (GC/MS). 


4.4 Deviations  


4.4.1 The Soxhlet Extraction method referenced above is largely designed for sediments so 


the only modification is the matrix, solid food (eg. meat, fish).  %Lipids instead of % 


moisture is measured instead, for example, while the overall extraction remains the 


same. 


4.5 Additional References  


4.5.1 Refer to QSI Associated Documents of this SOP. 


4.6 Instrument Manuals 


4.5.1 Routine Maintenance Log Books are available at the instruments and detail the frequent 


and infrequent actions needed to maintain the instrumentation in good working order.   


4.5.2 Software and hardware manuals are also available at the instruments.  The software 


users manuals are called Masslynx 4.0 Users Manual and Opus version 3.6X 


Acquisition Software Manual.  The hardware manuals include list of parts, diagrams 
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and schematics and are available at the respective instruments and are put out by 


MicroMass and / or Waters.  


 


REFERENCE LITERATURE is available on line.  The SW 846 methods are available at 


http://www.epa.gov/sw-846/main.htm. 


 


 


5.0 Regulatory Criteria 


 


5.1 The Canadian Food Inspection Agency (CFIA) in Canada, and the United States Food and Drug 


Administration (USFDA) in the United States will set out regulatory requirements for this test.  


Other regulatory requirements are dependant upon given jurisdictions. 


 


 


6.0 Safety & Disposal 


General Safety requirements for laboratory work are provided by the Maxxam Safety Officer; including 


Safe Work procedures, Safety Manual and Safety Policy. MSDS's are reviewed during analyst training.  


Chemical wastes and sample disposal protocols are described in the Health and Safety database. 


 


6.1 The following safety considerations are excerpts from EPA Method 1613 which is a determative 


method for dioxin and furan, but the safety and disposal considerations listed here are equally 


applicable to PAHs. 


 


6.2 The toxicity or carcinogenicity of each compound or reagent used in this method has not been 


precisely determined.  Therefore, each chemical compound should be treated as a potential health 


hazard and exposure to these compounds should be limited. 


 


6.2.1 The laboratory should purchase dilute standard solutions of the analytes.  If primary solutions 


must be prepared from the neat compounds, they must be prepared in a fume hood, and a NIOSH 


approved toxic gas respirator shall be worn when high concentrations are handled. 


 


6.2.2 The laboratory maintains a file of MSDS's (Material Safety Data Sheet) and these are available to 


the analyst at any time. 


 


6.2.3 PAHs and samples, which may contain these compounds, must be handled in a well-ventilated, 


controlled access laboratory. 


 


6.2.4 In HRMS lab the work areas are generally assigned to low, regular or high level matrices.  All 


glassware and tools for each area are appropriately labelled and only used for PAHs.  Plastic 


absorbent paper may be used to line the bench tops.  This paper may trap contaminants it is 


essential that care be taken to dispose of regularly. 


 


6.2.5 Handling of dilute solutions normally used in analytical work presents no inhalation hazards 


except in the case of an accident. 


 


6.3 All personnel should use protective equipment, including disposable gloves, aprons or lab coats, and 


safety glasses or masks.  All employees are expected to be familiar with the Maxxam Safety manual, 


and all employees are provided with a copy of the manual upon hiring. 


  


6.3.1 When handling samples suspected of containing high levels of PCDDs, PCDFs, PCBs or PAHs, 


an additional set of gloves may be worn beneath the latex gloves. 
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6.3.2 Full-face protection is necessary when working with exposed samples or pure analytical standards. 


 


6.3.3 During analytical procedures, which may give rise to dust or aerosols, personnel should wear 


respirators equipped with activated carbon filters. 


 


6.3.4 Workers must be careful to remove contaminated gloves and clothing without contacting the 


exterior surfaces. 
 


6.4 Personal Hygiene 


 


6.4.1 Workers must thoroughly wash their hands and forearms, scrubbing with mild soap, before breaks 


(coffee, lunch, shift change). 


 


6.5 The effluent vapours from the GC and roughing pumps on the GC/MS should pass through either 


a column of activated charcoal or be bubbled through a trap containing oil or high-boiling 


alcohols. 


 


6.6 Waste Disposal 


 


Note:  For International Soil Samples follow CAM SOP-00101, Disposal of Samples, Section: 8.5. 


 


6.6.1 It is important to minimize contaminated waste.  Plastic bag liners should be used in waste cans. 


 


6.6.2 Janitors and other personnel must be trained in the safe handling of waste. 


 


6.6.3 Additional information concerning waste disposal can be found in CAM WI-00018 – WASTE 


DISPOSAL. 


 


6.6.3.1 Waste that is considered to be a biohazard must be disposed of accordingly. 


 


6.7 Sample Disposal  


In HRMS lab all samples are stored in the designated fridge.  


 


6.7.1 All samples that are not beyond hazards levels are disposed as described in CAM WI-00018 – 


WASTE DISPOSAL.   


 


6.7.2 All samples that are beyond hazards level are properly stored in sealed drums onsite, then removed 


and stored in a proper hazard facility offsite. 


  


6.7.2.1 A record of samples stored are kept by the HRMS department 


 


6.7.2.2 When a Hazardous Storage company, a proper waybill and chain of custody pick up samples is 


completed with a copy kept by the lab. 
  


6.8 Decontamination 


 
6.8.1 Personnel should use any mild soap with plenty of scrubbing action to clean any exposed skin. 


 


6.8.2 Soaking in Extran 300 Detergent or a similar laboratory cleaning solution may clean glassware, 


tools and surfaces.  Washing with detergent and water follows this. 







Maxxam Analytics 


BRL SOP-00423/5 


Page 6 of 33 


 
6.8.3 Clothing known to be contaminated should be collected in plastic bags.  The persons who convey 


the bags and launder the clothing should be advised of the hazard and trained in proper handling.  


Clothing may be put into a washer without contact to personnel, if the launderer knows of the 


potential problem.  The washer should be run through a cycle before being used again for other 


clothing. 
  


6.9 Wipe/Swab Tests 


 


6.9.1 A useful method of determining cleanliness of work surfaces and tools is to wipe the surface with 


a piece of filter paper or medical gauze (which has been dampened with solvent). 


 


6.9.2 Extraction and analysis of the swab or wipe sample indicates acceptable cleanliness at less than 


0.1 ug per wipe.   


 


6.9.3 More than 10ug per wipe indicates an acute hazard and requires prompt cleaning before further 


use of the equipment or workspace.  This may also indicate that unacceptable work practices have 


been employed 


 


 


7.0 Sample Handling, Preservation, Holding Times 
         


MATRIX Sample Container Mass (g)/ 


Volume (mL) 


Holdi


ng 


Time 


Storage 


Conditions 


Preservation 


Solid food  125-500 mL Plastic jar 30 14 


days 


-20ºC None 


 Teflon lined caps recommended   Dark  


 Glass shatters easily at –20C, but can 


be used, and amber is recommended. 


    


Sediment 125-500 mL Amber wide jar 


Teflon lined caps recommended 
30 7 days 4ºC 


Dark 


None 


Water 1L Amber Boston Round Bottle           1000 7 days 4ºC 


Dark 


0.008% 


Sodium 


Bisulphate 


MATRIX EXTRACTION HOLDING 


TIME 


(DAYS) 


ANALYSIS HOLDING 


TIME 


(DAYS) 


Solid food  14 40 


Sediment  7 40 


Water  7 40 
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8.0 Interferences 


 


In addition to that which was mentioned in section 1.2, the following is also done in order to minimize 


interferences: 


 


8.1 Glassware must be scrupulously cleaned.  Clean all glassware as soon as possible after use by 


rinsing with the last solvent used in it.  Clean as per BRL WI-00006.  Certain PAH homologues have a 


tendency to adhere to glassware and are hard to clean.  Solvent rinses with acetone and pesticide 


quality hexane are necessary.  Thorough rinsing with such solvents usually eliminates PAH 


interference.  After drying, glassware should be sealed and stored in a clean environment to prevent 


any accumulation of dust or other contaminants.  Store inverted or capped with aluminum foil. 


 


8.2 Raw data from all blanks, samples, and spikes are evaluated for interferences.  Determine if the 


source of interference is from sample preparation and/or cleanup and take corrective action to 


eliminate the problem. 


 


8.3 Contamination by carryover can occur whenever high-concentration and low-concentration 


samples are sequentially analyzed.  To reduce carryover, the sample syringe must be rinsed with 


solvent between sample injections.  Whenever an unusually concentrated sample is encountered, the 


sample immediately following should be re-analyzed once the system is proven to be suitable (ie. 


background < RDL).  In addition, any dilutions required could also be analyzed in this sequence. 


 


8.4 Glassware blanks are performed with each full set of samples, if the extraction procedure used 


requires re-useable glassware. 


 


 


9.0 Detection Limits (DL) for the target analytes. 
9.1 Detection Limit:  Detection Limit is also referred to as Method Detection Limits (MDL):  an 


MDL is the minimum concentration of a substance that can be measured and reported with 99% confidence 


that the analyte concentration is greater than zero. MDLs are determined by the procedure outlined in CAM 


WI-00005, Method Development, Revision and Validation. 
 


Target MDLs are verified annually by spiking water/soil replicates at the CS2-CS3 levels.  These samples 


are carried through the full extraction and cleanup procedure.  MDLs are determined by multiplying the 


standard deviation of the results by the Student’s t-Value for the number of replicates used.  If Target 


Limits are not achieved, the exercise is repeated spiking at a lower level.  An MDL study is used to 


determine if the target limits outlined in test methods have been achieved.  These are maintained on file in 


the QSI MDL Module as well as at the instrument.  To meet DOD requirements, these limits are then used 


to determine spiking levels for the Limit of Detection (LOD) verification. Each matrix is spiked two to 


three times the target limit (derived above) for a single analyte test or one to four times the detection limit 


for a multi-analyte test. 


 


NOTE:  As per CAM WI-00121, section D.1.2.1, Maxxam HRMS lab schedules quarterly LOD 


verifications for each respective matrix to meet DOD requirements. 


 


  Estimated Detection Limit (EDL):  EDLs are sample specific and are calculated on a case specific basis 


for all analytes.  If a signal produced is not at least 2.5 times the average background level at the expected 


retention time for specific isomers, the area response for the noise is calculated as follows. 
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2.5 x peak intensity of background noise   x   area of internal standard 


     height of internal standard 


 
This is done for either the quantitation ion or the confirmation ion.  Using theoretical ratios for the specific 


degree of chlorination an area for the second ion is generated.  These areas are then totaled and applied to 


the same calculation scheme as for “positive” hits.  (see Section 9).  EMPCs (Estimated Maximum Possible 


Concentrations) are calculated whenever peaks are detected that meet all criteria except for ratios.  The area 


in this case is recalculated (factored up or down) to meet the classical ratio and the result is flagged as an 


EMPC (NDR, not detected because of ratios, for Canadian Method). 


 


9.2 Reporting Detection Limit (RDL): Reporting Detection Limit is also referred to as Limit of 


Quantitation (LOQ), equivalent to the Low Level Standard.  RDLs are defined in the test codes in LIMS. 


 


NOTE:  As per CAM WI-00121, section D.1.2.1, Maxxam HRMS lab schedules quarterly LOQ 


verifications for each respective matrix to meet DOD requirements. 
 


9.3 Measurement of Uncertainty: Refer to COR WI-00018 for Determination of Estimation of 


Analytical Uncertainty of Measurement procedure.  MU defines an interval about a sample result that 


would be expected to contain a large fraction of the distribution of values that would occur through 


repeated analysis of similar samples using the same methodology.  Uncertainty is expressed as the standard 


deviation of the mean of a set of data (Blank Spikes/Laboratory Control Samples).  Laboratory blunders or 


human errors are not incorporated into the calculations.   


 


The reported Expanded Uncertainty of an analyte is specific to the laboratory method used and incorporates 


laboratory procedures; physical measurements, (volume, temperature and mass), environmental variation, 


reagent and standard purity, sample preparation procedures (if applicable), personnel and instrumental 


parameters.   


 


The most significant factors affecting the uncertainty of a measurement arise from the field-sampling 


program.  They involve field site sample homogeneity; sampling technique; cleanliness of sampling 


equipment/containers; cross contamination of samples; environmental conditions; sub sampling techniques; 


preservation techniques; sample storage; time to submit to laboratory.  These variations are not 


incorporated into MAXXAM’s uncertainty calculations.   


 


MAXXAM uses a coverage factor “k” (multiplier of the combined standard uncertainty) to obtain an 


Expanded Uncertainty. MAXXAM reports to a confidence level of 95% (k=2).   


 


MAXXAM does not blank correct sample data for bias.  The final decision on the acceptability and 


application of the reported data is the responsibility of the client 


 


 


10.0 Glassware  


 


10.1 Glassware Preparation and Storage  


 


 10.1.1 Soak contaminated glassware in strong detergent Extran 300 or equivalent) for at least 


two hours but no longer   than 24.    (A bath should contain no more than .2% detergent, 


(200mL/100L of tap water) Scrub the glassware, rinse well with hot tap water, rinse well with 


reagent water and rinse three times with acetone, and allow to air dry. 


 


10.1.2 All necessary glassware must be dedicated PAH analysis only and must be stored in a 


contaminant free environment. 
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10.2 Glassware Blank   


 


All required re-useable glassware must be demonstrated to be free of contaminants.  This is 


demonstrated by performing glass blank analyses along with each set of samples if re-useable 


glassware will be used for extraction.  


 


 10.2.1 Acceptable limits for PAHs in the glass blank are: not yet established but should be less 


then 200 pg per congener group  


 


10.2.1.1 If any of the above criteria are exceeded, then re-extraction of the batch is required.  If 


this is not possible, the senior analyst and/or manager must be notified.  The detection limits may 


be raised, or client may need to be contacted. 


 


10.2.2    To perform a glass blank 


 


10.2.2.1 Pre-rinse all glassware to be used in the extraction batch and cleanup procedures. 


10.2.2.2 combine all the rinsates of the final wash. 


10.2.2.3 Fortify the glass blank sample with labeled PAHs and concentrate the extract to 1 mL 


using a roto-evaporator. 


10.2.2.4 Clean up the sample (Section 12.6) and analyze for PAHs on the HRGC/MS system. 


 
10.3   Glassware Proofing 


 


10.3.1  After extraction of samples known to contain high levels of PAH's, a glassware proof 


must be analyzed and shown to be below the acceptable levels. 


 


10.3.2 Collect all affected glassware and perform rinses. 


 


10.3.2.1 pour a small amount of DCM into each piece of glassware. Collect all rinsates into a 


round bottom flask. 


 


10.4 Disposable Glassware 


 


10.4.1 All disposable glassware will be rinsed three times with DCM before use. 


 


10.4.2 All disposable glassware used in this procedure is purchased from approved suppliers. 


 


 10.5 Glassware Tracking 


 


10.5.1 All glassware in which a sample sits for a period of time (eg. flat bottom flask, seperatory 


funnel, erlenmeyer flask) has a letter and number designation. (L=low, R=regular, H=high.)  This 


designation ensures the separation of different levels of glassware and allows the analyst to track 


trends. 


 


10.5.2 with each set of work the analyst records the glassware and rotovaps used for each 


sample on a glassware tracking form.  The form remains in the file with the worksheet. 


 


10.5.3 It is the responsibility of each analyst to ensure that the glassware they are using are 


appropriately labeled.  A glassware inventory is kept in the Q/C office. 
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11.0 Apparatus and Materials 


 


11.1 APPARATUS AND MATERIAL  


 Laboratory Glassware and Supplies 


Disposable 5 mL pipettes. 


Disposable Pasteur pipettes. 


Disposable 40 mL glass bottles, with Teflon R-lined lids. 


 These are also known as "volatiles or VOC bottles". 


Disposable 15 mL, conical, centrifuge tubes. 


Disposable 18 mL, round-bottom, centrifuge tubes. 


80 mL, glass, chromatographic column for acid/base cleanup. 


250 mL boiling flasks. 


240 mL glass jars, or equivalent. 


500 uL conical auto sampler vials, or similar. 


Autosampler syringe-rinse containers. 


600 mL Buchner funnel. 


1 L side arm flasks, vacuum flasks. 


Pyrex dishes or trays (drying dish). 


Glass and plastic stirring rods of various sizes. 


1 L amber bottles. 


500 mL Erlenmeyer flasks. 


300 mL glass liners for tube furnace. 


2 L separatory funnels. 


250mL soxhlet extraction apparatus or equivalent 


500 mL boiling flask 


Aluminum weighing dishes. 


Filtering funnels 


Graduated cylinders 


Boiling chips 


Volumetric flasks 


Beakers 


Glass Fiber filters 


 


11.1.1 Laboratory Equipment 


Analytical balance, capable of measuring to 1 mg. 


Tube furnace. 


Vacuum pump. 
Rotary evaporator. 


Nitrogen-gas evaporation unit. 


Roto-rack tumbler 


Drying oven, for glassware and reagents. 


Centrifuge 


Sonicator, or Ultra-sonic Bath. 


Heating Mantles 


Muffle furnace 


 


11.2   Instrumentation:  
  


11.2.1 VG Autospec Hi-Resolution mass spectrometer or Autospec Ultima 


                               Hewlett Packard model 5890 Series II gas chromatograph or HP 6890 Gas Chromatograph 


                               CTC autosampler 
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       11.2.2       The GC/MS system conditions used for the analysis are listed below: 
 


Column:  30M HP5 0.25 mm. ID, 0.25µm film thickness or equivalent 


Injector Mode:  Split/Splitless Injector in splitless mode, time 60 seconds 


1.0 µL injection volume. 


                                                   Injector Temperature: 300 °C 
 


                 GC Temperature program:  50 °C for 1 minute 


                 50 °C to 220 °C at 14 °C/minute 


                 220 °C to 300 °C at 7 °C/minute  


                 Hold at 300 °C for 40 minutes (or as required for optimization, i.e. until after the elution of 


dibenzo [a, e] pyrene and its three other isomers) 
        


                 The mass spectrometer conditions used in the analysis are: 


                 Electron Impact mode Electron energy 70eV 


                 Photo Multiplier:  as required V  


                 Ionizer Temperature:  290°C 


                 Resolution:   Minimum of 8,000 must be demonstrated  


                 Scan:   SIM (total scan cycle time < 1 sec) 


                 Lock mass ion:  PFK ions are used to calibrate the SIM mass range & as QC check ions 


  11.2.3 FMS, Pressurized Liquid Extractor (PLE
TM


) 


  


 


12.0 Reagents and Standard Preparation 


12.1 Laboratory Reagents 


 


12.1.1 All solvents used during extraction and analysis are pesticide grade or better from 


Caledon, BDH or equivalent. 


 


12.1.2 Aluminum Foil  -all aluminum foil must be pre-washed before use.  Pre-washed 


aluminium foil is prepared by washing both sides with dichloromethane. 


 


12.1.3 Sodium sulphate is reagent grade, and in granular form.  It must be pre-cleaned prior to 


use.  
 
12.1.3.1 Place approximately 300 mL of sodium sulphate into a 600 mL buchner funnel, connect 


to a vacuum flask and pump system.  


12.1.3.2 Cover the sodium sulphate with approximately 300 mL DCM. 


12.1.3.3 Stir the sodium sulphate with a glass-rod and let it settle for 2 minutes. 


12.1.3.4 Turn on the vacuum pump to suction off solvent. 


12.1.3.5 Repeat steps 12.1.3.2 to 12.1.3.4 two more times for a total of three washings. 


12.1.3.6 Remove sodium sulphate from funnel and place it in a glass or Pyrex drying dish   and 


cover with pre-washed, perforated aluminum foil.  Air dry  (approximately 1 hour). 


12.1.3.7 Place the dish in the oven and activate sodium sulphate overnight (approximately 12 


hours) at approximately 190C. 


12.1.3.8 The preceding steps must also be applied to Hydromatrix if PLE extraction is to be 


employed. PLE= pressurized liquid extraction. 


 
12.2 Basic Alumina:  1% deactivated, purchased from suitable commercial suppliers, i.e. BDH.  


Store in an amber glass jar for up to 1 year at room temperature. 
 


12.3 Solvents:  Hexane, Dichloromethane (DCM) is DIG (“Distilled in Glass”) grade from Fisher 


or Caledon Laboratories.  Store in supplier containers at ambient temperature for up to 1 year. 
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12.4 Standards – All standards, spiking, calibration and recovery solutions are prepared as 


follows:  information regarding the concentration, source, lot number, preparation date, expiry 


date and analyst responsible is written on the label of the bottle used to store the solutions and in 


the Standard and Reagent Logbook. Equivalent standards may be purchased from other suitable 


suppliers as available.  Other volumes of a standard may be prepared by modifying the amount of 


stock used appropriate to the final volume required. 
 


12.4.1 Native PAH Standards: Supplier #1 for Calibration Standards:  commercially purchased 


standards are stored as per the manufacturer's instructions and are stable to the specified expiry 


date.  All prepared standards are stored in a refrigerator at 2-6 °C and are stable for 1 year after 


preparation or until the stock standard's expiry date, if earlier.  Replace sooner if there is indication 


of deterioration.  Prepare solutions containing all of the compounds listed in Section 3.0 at the 


appropriate concentrations in iso-octane.  
 


12.4.2 Stock Native PAH Mix: Supplier #1 (2000 ng/µL each):  This solution is purchased from 


AccuStandard as a mixture of 16 PAHs (contains the 16 PAH compounds listed in EPA method 


610).  This solution is stored at 2-6 °C for up to 1 year after the date opened.   
 


12.4.3 Individual Stock PAH Calibration Standards:  these standards are purchased individually 


from Chem Service, Aldrich, Accustandard or Supelco.  They represent individual additions to the 


standard solution of compounds of interest that are not included in the solution in Section 6.6.1 


above.  Individual stock solutions of neat standards are prepared at a concentration of 1000 ng/µL.  


These solutions are stored at 2-6 °C for up to 1 year. 
 


For preparation of stock solutions: Weigh 0.0100 ±0.0002 g of the individual neat standard into a 


10 mL volumetric flask and dilute to volume with DCM.  This will generate a stock standard at 


1000ng/uL.  The weight used may vary due to the amount of stock chemical available.  Other 


volumes of a standard may be prepared as necessary by modifying the amount of stock used 


appropriate to the required final volume. 
  


12.4.4 Supplier #1 Native Intermediate Mix (10 ng/µL): with an appropriate micro-liter syringe, 


measure the below listed volume of each of the following solutions into a 10 mL volumetric flask, 


dilute to volume with toluene.  Store at 2-6 °C for up to 1 year. 


 


 


Compound Conc. (ng/µµµµL) Volume (µµµµL) Final Conc. (ng/µµµµL) 
AccuStandard PAH Mix 2000    50  10 


              2-Methylnaphthalene            100                     100                              10 


 


12.4.5 Labeled Standards: These commercially purchased standards are labeled with deuterium in 


order to make them as chemically similar to the native analytes as possible so that they will closely 


mimic the behavior of the natives during the extraction process. These compounds are stored as per 


the manufacturer's instructions and are stable to the specified expiry date.  Prepared standards are 


stored at 2-6 °C and are stable for up to 1 year.  Larger volumes of a standard may be prepared as 


necessary by modifying the amount of stock used appropriate to the required final volume.  Other 


suppliers may be used as available. 
 


12.4.6 Stock Labeled Standards:  labeled standards are purchased as neat chemicals from 


Cambridge Isotope Laboratories or other suitable suppliers and are made to a concentration of 


1000 ng/µL.  Weigh 0.0100 ±0.0001 g of each reagent into a separate 10 mL volumetric flask and 


dilute to volume with DCM.  These stocks are used for preparing the labeled spiking solutions as 


summarized below: 
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Surrrogate Standards  


2-Methylnaphthalene-d10 Fluoranthene-d10 Phenanthrene-d10  


Benzo(a)anthracene-d12 Chrysene-d12 Benzo(b)fluoranthene-d12  


Benzo(ghi)perylene-d12 Benzo(k)fluoranthene-d12 Benzo(a)pyrene-d12  


Indeno(1,2,3-cd)pyrene-d12 Fluorene-d10 Dibenzo(ah)anthracene-d14  


Acenaphthylene-d8 Naphthalene-d8 Anthracene-d10 


   2,6-Dimethylnaphthalene-d12                Perylene-d12              
 


Recovery Standards   


Acenaphthene-d10 Pyrene-d10 Benzo(e)pyrene-d12   
 


 


12.4.7 Surrogate Standard Solution: stock standards are prepared as per Section 12.4.6 and are 


documented in the High Res Standards Logbook.   
   


12.4.7.1 Surrogate Standards (5 and 10 ng/µL):  using a micro liter syringe, transfer the following 


specified volume of each of the following stocks (at 1000 ng/µL) into a 10 mL volumetric flask 


and dilute to volume with toluene.  Store at 2-6 °C for up to 1 year or to manufacturer’s expiry 


date. 
 


 


 


Compound Conc. (ng/µµµµL) Volume (µµµµL) Final Conc. (ng/µµµµL) 
Naphthalene-d8 1000 50 5 


2-Methylnaphthalene-d10 1000 50 5 


2,6-Dimethylnaphthalene-d12                   1000 50 5 


Acenaphthylene-d8 1000 50 5 


Phenanthrene-d10 1000 50 5 


Fluoranthene-d10 1000 50 5 


Benzo(a)anthracene-d12 1000 50 5 


Chrysene-d12 1000 50 5 


Benzo(b)fluoranthene-d12 1000 100 10 


Benzo(k)fluoranthene-d12 1000 100 10 


Benzo(a)pyrene-d12 1000 100 10 


Perylene-d12 1000 100 10 


Indeno(1,2,3-cd)pyrene-d12 1000 100 10 


Dibenzo(ah)anthracene-d14 1000 100 10 


Benzo(ghi)perylene-d12 1000 100 10 
 


 


Adding 10 µL of this solution to a sample prior to extraction gives a theoretical concentration of 100/200 


pg/µL of internal standard compounds in the extract.  For samples spiking where GPC clean-up is employed, 


this labeled standard can be diluted with acetone in order to facilitate dispersion of the labeled surrogates into 


the matrix.  A dilution scheme similar to that used for the Organochlorine Pesticides can be used: 


 


Extractors: Take 10 uL to 10 mL with acetone or 25 uL to 25 mL with acetone 


Spike 1 mL / split   
 


 


 


12.4.8 Recovery Standard:  prepare a standard solution containing Acenapththene-d10 and 


Pyrene-d10 at 10 ng/µl and Benzo (e)-pyrene-d12 at a concentration of 20 ng/µL in iso-octane as 


documented in the High Res Stds. Logbook.   


 


12.4.8.1. Recovery Standard Spiking Solution:  take the specified volume below of the following 


labeled stocks, at 1000 ng/µL (see Section 6.7.1) into a 10 mL volumetric flask and dilute to 
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volume with toluene.  Prepared standards are stored at 2-6 °C and are stable for up to 1 year.  This 


standard is added to all samples.  Adding 5 µL of this solution to a 0.5 mL extract gives a Recovery 


Standard concentration of 100/200 pg/µL in extract. 


 


Compound Conc.  (ng/µµµµL) Volume (µµµµL) Final Conc. (ng/µµµµL) 
Acenaphthene-d10 1000 100 10 


Pyrene-d10 1000 100 10 


Benzo(e)pyrene-d12 1000 200 20 


 


 


12.4.9 Native PAH Standards: Supplier #2 for Spiking and Initial Calibration Verification 


(ICV): a second source of standards is used to verify the concentration of the primary calibration 


standards.  This secondary source standard is also used to prepare native spiking solution for 


Blank Spikes, Matrix Spikes, and Method Spikes, to provide an additional on going crosscheck of 


spiking and calibration standards.  A separate vial of Supelco PAH mix at 2000 ng/µL is used to 


prepare the spiking solution.   Store at 2-6 °C to manufacturer’s expiry date.  Individual stocks of 


any required PAH’s that require addition to the Supelco mix should also be prepared at 1000 


ng/µL, similar to Section 6.6.3, but using neat standards from a secondary source.  Note that for 


preparation of the Matrix Spiking Solution, individual stock solutions are also required for 


naphthalene and phenanthrene. 
 


12.4.9.1 Supplier #2 Native Intermediate Mix (100 ng/µL):  using a micro liter syringe, measure 


the below listed volume of each of the following solutions to a 10 mL volumetric flask.  Note 1: 


the individual PAH stock solutions used for this mix are ideally secondary source stocks from the 


ones used for the calibration standards.  Bring to volume with toluene.  Store at 2 - 6°C for up to 


one year. 


 
 


Compound Conc. (ng/µL) Vol. (µL) Final Conc. (ng/µµµµL) 
Supelco PAH Mix 2000   500 100 


2-Methylnaphthalene 1000  1000 100 


 


 


12.4.10 PAH Initial Calibration Verification (100 pg/µL):  using a micro-syringe, transfer 10 µL 


of the Supplier #2 Native Intermediate Mix (Sect. 6.12.1) and labeled solutions as per CS3 level 


instrument standard in Sect. 6.6.5, to 10 mL volumetric flask, dilute to volume with iso-octane.  


Transfer the standard to an amber glass vial with Teflon lined cap, store at 2-6 °C.  This standard is 


run as a second source check of the 5-point initial calibration. 
 


12.4.11 PAH Matrix Spiking Solution:  using a micro-syringe, transfer 500 µL of the Supplier #2 


Native Intermediate Mix (Section 6.12.1) to a 10 mL volumetric flask.  Fortify with 200 µL of 


naphthalene individual stock solution at 1000 ng/µL, 50 µL of 2-methylnaphthalene individual 


stock solution at 1000 ng/µL, and 50 µL of phenanthrene individual stock solution at 1000 ng/µL.  


Dilute to volume with acetone.  Store at 2-6 °C for up to one year. 
 


 


Concentrations of the proceeding solutions are given in the following tables as well as quantitation references: 


 


Table 1: 


 


                                                                     COMPOSITION OF THE SAMPLE SPIKING SOLUTIONS 


 


                                              Analytes                                            Concentration (ng/µL) 
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 Surrogate Standards: 


 d8-Naphthalene 5 


 d10-2-Methylnaphthalene 5 


                                      d12- 2,6-Dimethylnaphthalene                            5 


 d8-Acenaphthylene 5 


 d10-Phenanthrene 5 


 d10-Fluoranthene 5 


 d12-Benzo(a)anthracene 5 


 d12-Chrysene 5 


 d12-Benzo(b)fluoranthene 10 


 d12-Benzo(k)fluoranthene 10 


 d12-Benzo(a)pyrene 10 


 d12-Perylene 10 


 d12-Indeno(1,2,3,c-d)pyrene 10 


 d14-Dibenz(a,h)anthracene 10 


 d12-Benzo(g,h,i)perylene 10 


 


 


 Recovery Standards: 
 d10-Acenaphthene 10 


 d10-Pyrene 10 


                                                                     d12-Benzo(e)pyrene                                            20 
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Table 2: 


 


ASSIGNMENTS OF SURROGATE STANDARDS FOR CALCULATION OF RRFs 


AND QUANTITATION OF TARGET PAHs  


 


Analyte Surrogate Standards:  


Native PAH 


1,2,3,4-Tetrahydronaphthalene            d8-Naphthalene  


Naphthalene d8-Naphthalene  


2-Methylnaphthalene                          d10-2-Methylnaphthalene           


1-Methylnaphthalene                          d10-2-Methylnaphthalene           


2-Chloronaphthalene                          d10-2-Methylnaphthalene                     


1-Chloronaphthalene                          d10-2-Methylnaphthalene 


2,6-Dimethylnaphthalene                     d12- 2,6-Dimethylnaphthalene                             


2,3,5-Trimethylnaphthalene                  d12- 2,6-Dimethylnaphthalene                             


Acenaphthylene d8-Acenaphthylene 


Acenaphthene d8-Acenaphthylene 


Fluorene d10-Phenanthrene 


Phenanthrene d10-Phenanthrene 


Anthracene d10-Phenanthrene 


Dibenzothiophene                              d10-Phenanthrene 


2-Methylanthracene                            d10-Phenanthrene 


1-Methylphenanthrene                       d10-Phenanthrene 


9,10-Dimethylanthracene d10-Fluoranthene 


Benzo[a]fluorene d10-Fluoranthene 


Benzo[b]fluorene d10-Fluoranthene    


Fluoranthene d10-Fluoranthene   


Pyrene d10-Fluoranthene  


Benzo(a)anthracene d12-Benzo(a)anthracene 


Chrysene d12-Chrysene 


5-Methylchrysene d12-Chrysene 


7,12-Dimethylbenzo[a]anthracene d12-Benzo(b)fluoranthene  


Benzo(b/j)fluoranthene d12-Benzo(b)fluoranthene   


Benzo(k)fluoranthene d12-Benzo(k)fluoranthene  


Benzo(a)pyrene d12-Benzo(a)pyrene 


Perylene d12-Perylene  


Indeno(1,2,3,c-d)pyrene d12- Indeno(1,2,3,c-d)pyrene  


Dibenz(a,h)anthracene d14-Dibenz(a,h)anthracene 


                                                         Benzo(g,h,i)perylene                    d12-Benzo(g,h,i)perylene 


                                                         Anthanthrene                                  d12-Benzo(g,h,i)perylene 


                                                         Dibenzo[a,e]pyrene                    d12-Benzo(g,h,i)perylene 


                                                         Coronene                                 d12-Benzo(g,h,i)perylene 


 


 


 


 


 


 


 


 


 


Table 3: 
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ASSIGNMENTS OF RECOVERY STANDARDS FOR DETERMINATION OF  


PERCENT RECOVERY OF INTERNAL STANDARDS AND THE ALTERNATE STANDARD 


 


Analyte Recovery Standard:  


 


Internal Standards 


d8-Naphthalene d10-Acenaphthene 


d10-2-Methylnaphthalene d10-Acenaphthene 


d12- 2,6-Dimethylnaphthalene                          d10-Acenaphthene 


d8-Acenaphthylene  d10-Acenaphthene 


d10-Phenanthrene d10-Pyrene 


d10-Fluoranthene d10-Pyrene 


d12-Benzo(a)anthracene d10-Pyrene 


d12-Chrysene d10-Pyrene 


d12-Benzo(b)fluoranthene d12-Benzo(e)pyrene 


d12-Benzo(k)fluoranthene d12-Benzo(e)pyrene  


d12-Benzo(a)pyrene d12-Benzo(e)pyrene 


d12-Perylene d12-Benzo(e)pyrene 


d12- Indeno(1,2,3,c-d)pyrene d12-Benzo(e)pyrene 


d14-Dibenz(a,h)anthracene d12-Benzo(e)pyrene 


                                             d12-Benzo(g,h,i)perylene                   d12-Benzo(e)pyrene 
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Table 4: 


 


CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARDS  


FOR HI-RES MASS SPECTROMETRY CONCENTRATIONS  (pg/µL) 


    


  SOLUTIONS 


Calibration Standards:  1   2    3    4    5 


1,2,3,4-Tetrahydronaphthalene 10                50                        100                       200               500                                                  


Naphthalene 10 50 100 200 500 


2-Methylnaphthalene 10 50 100 200 500 


1-Methylnaphthalene 10 50 100 200 500 


2-Chloronaphthalene 10 50 100 200 500 


1-Chloronaphthalene 10 50 100 200 500 


2,6-Dimethylnaphthalene 10 50 100 200 500 


Acenaphthylene 10 50 100 200 500  


Acenaphthene  10   50  100  200  500 


2,3,5-Trimethylnaphthalene 10   50  100  200  500 


Fluorene 10   50  100  200  500 


Dibenzothiophene 10   50  100  200  500 


Phenanthrene 10   50  100  200  500 


Anthracene 10   50  100  200  500 


Fluoranthene 10   50  100  200  500 


Pyrene 10   50  100  200  500 


9,10-Dimethylanthracene 10   50  100  200  500 


Benzo[a]fluorene 10   50  100  200  500 


Benzo[b]fluorene 10   50  100  200  500 


Benzo(a)anthracene 10   50  100  200  500 


Chrysene 10   50  100  200  500 


5-Methylchrysene 10   50  100  200  500 


7,12-Dimethylbenzo[a]anthracene 10   50  100  200  500 


Benzo(b)fluoranthene  10   50  100  200  500 


Benzo(k)fluoranthene 10   50  100  200  500 


Benzo(e)pyrene  10   50  100  200  500 


Benzo(a)pyrene 10   50  100  200  500 


Perylene 10   50  100  200  500 


Indeno(1,2,3-cd)pyrene 10   50  100  200  500 


Dibenz(a,h)anthracene 10   50  100  200  500  


Benzo(g,h,i)perylene 10   50 100  200  500 


Anthanthrene 10   50 100  200  500 


Dibenzo[a,e]pyrene 10   50 100  200  500 


Coronene 10   50 100  200  500 


 


 


Surrogates Standards:  
d8-Naphthalene 100 100 100 100 100 


d10-2-Methylnaphthalene 100 100 100 100 100 


d12-2,6-Dimethylnaphthalene 100 100 100 100 100  


d8-Acenaphthylene  100 100 100 100 100  


d10-Phenanthrene                      100                       100                       100                       100                       100  


d10-Anthracene                              100                       100                       100                      100                       100 


 d10-Fluoranthene 100 100 100 100 100  


d12-Benzo(a)anthracene 100 100 100 100 100  
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d12-Chrysene 100 100 100 100 100  


d12-Benzo(b)fluoranthene 200 200 200 200 200 


d12-Benzo(k)fluoranthene 200 200 200 200 200 


d12-Benzo(a)pyrene 200 200 200 200 200 


d12-Perylene 200 200 200 200 200 


d12- Indeno(1,2,3,c-d)pyrene 200 200 200 200 200 


d14-Dibenz(a,h)anthracene 200 200 200 200 200 


d12-Benzo(g,h,i)perylene               200                        200                      200                       200                      200 


 


 


 


Recovery Standards: 


d10-Acenaphthene 100 100 100 100 100 


d10-Pyrene 100 100 100 100 100 


d12-Benzo(e)pyrene 200 200 200 200 200 


 


 


 


Table 5 


 


Concentration of Native PAHs in Laboratory Control Samples at 100% Recovery 


Matrix spike solution 
 


Compound: Conc. in spike solution (ng/µL) 
1,2,3,4-Tetrahydronaphthalene 5  


Naphthalene 5 


2-Methylnaphthalene 5 


1-Methylnaphthalene 5 


2-Chloronaphthalene 5 


1-Chloronaphthalene 5 


2,6-Dimethylnaphthalene 5   


Acenaphthylene  5  


Acenaphthene  5 


2,3,5-Trimethylnaphthalene 5  


Fluorene  5 


Dibenzothiophene 5  


Phenanthrene 5  


Anthracene  5  


Fluoranthene  5  


Pyrene  5 


9,10-Dimethylanthracene  5 


Benzo[a]fluorene  5 


Benzo[b]fluorene  5  


Benzo(a)anthracene  5  


Chrysene  5 


5-Methylchrysene  5 


7,12-Dimethylbenzo[a]anthracene  5  


Benzo(b/j)fluoranthene  5  


Benzo(k)fluoranthene  5  


Benzo(e)pyrene  5   


Benzo(a)pyrene  5 


Perylene  5 
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Indeno(1,2,3-cd)pyrene  5   


Dibenz(a,h)anthracene  5   


Benzo(ghi)perylene  5 


Anthranthene  5 


Dibenzo[a,e]pyrene  5 


Coronene  5 


 


 


  


 


Table 6: 


 


CONCENTRATIONS OF LABELED STANDARDS IN SAMPLE EXTRACTS (at 100% Recovery, pg/µµµµL) 


 


 


Surrogate Standards: 
d8-Naphthalene 100 


d10-2-Methylnaphthalene 100 


d12-2,6-Dimethylnaphthalene 100 


d8-Acenaphthylene 100 


d10-Phenanthrene 100 


d10-Anthracene 100 


d10-Fluoranthene 100 


d12-Benzo(a)anthracene 100 


d12-Chrysene 100 


d12-Benzo(b)fluoranthene 200 


d12-Benzo(k)fluoranthene 200 


d12-Benzo(a)pyrene 200 


d12-Perylene 200 


d12- Indeno(1,2,3,c-d)pyrene  200 


d14-Dibenz(a,h)anthracene 200 


d12-Benzo(g,h,i)perylene 200 


 


Recovery Standards: 
d10-Acenaphthene 100 


d10-Pyrene 100 


                                                           d12-Benzo(e)pyrene                        200 
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13.0 Sample Preparation in solid food products, sediments, water and using Pressurized Liquid 


Extraction (PLE ™) 


 


Solid food products and Sediments – sample preparation 


 


13.1        Before beginning the extraction, losses from the GPC (gel permeation clean up) should be 


considered. The GPC consumes 50% of the extract, so sample masses and spiking should be 


doubled or adjusted accordingly.  For example, if typically 10uL of surrogate spiking solution is 


spiked onto 5g of solid food (eg. meat, fish), one should spike 20uL of surrogate solution onto 10g 


of solid food (eg. meat, fish). Proportions must be observed. A typical mass used for sediments is 


10g. 
  
13.2 Add 60g anhydrous sodium sulphate to a 5-20g portion of a homogeneous solid food (eg. meat, 


fish) or sediment sample, which has already been spiked with surrogate standard, and mix 


thoroughly with a stainless steel spatula until free flowing.  After breaking up any remaining 


lumps, place the solid food (eg. meat, fish) or sediment/sodium sulphate mixture in the Soxhlet 


apparatus on top of a glass wool plug.  Add 250mL DCM plus 2mL of iso-octane keeper to the 


Soxhlet apparatus and reflux for 16 hours.  The solvent must cycle completely through the system 


five times per hour. 
  
13.3 Transfer the extract to a 250mL volumetric flask and fill to the mark with DCM.  Mix well, and 


then remove 125mL for the determination of lipid content. Transfer the remaining 125mL, plus 


two 15mL DCM rinses of the volumetric flask to a flat bottom flask and rotovap to an apparent 


volume of 5mL.   


 
13.3 Proceed with GPC clean-up as specified in BRL SOP-00003. 


 


13.4 Proceed with basic alumina clean-up (deactivated 1%) employing the following steps: 


 


Step 1  Check that the Maxxam laboratory label and the original container label have identical Client 


Ids 


Step 2  Initial the preparation/extraction sheet in the appropriate box verifying that this check has been 


done 


Step 3  Place a small plug of glass wool in the bottom of a disposable serological pipette and add 0.5 


cm layer of sodium sulphate 


Step 4  Fill to 5 mL with basic alumina (deactivated 1%) 


Step 5  Add another 0.5 cm layer of sodium sulphate on the top 


Step 6  Attach a Teflon tube and pre-wet the column with 20 mL of dichloromethane, discarding the 


rinsate 


Step 7  Transfer the extract to the clean-up column quantitatively by rinsing the flask 3 times with 2 


mL each DCM and applying the rinsate to the column 


Step 8  Elute the column with 20 mL DCM, collecting the eluent in a 35 mL pre-cleaned vial 


Step 9  Evaporate the cleaned extract to <1 mL under a gentle stream of nitrogen 


Step 10  Solvent exchange the extract into toluene and make up to 0.5 mL 


Step 11  Add 5 µL of the recovery standard at 10 and 20 ng/µL to the extract, cap tightly, and vortex to 


mix. 


Step 12  Store the extracts in the dark at room temperature until GC/MS analysis. 
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Sample Preparation for water. 


 


13.5 Before beginning the extraction, losses from the GPC (gel permeation clean up) should be 


considered. The GPC consumes 50% of the extract, so sample masses and spiking should be 


doubled or adjusted accordingly.  Typically, 20uL of PAH surrogate spiking solution is spiked 


into 1L of water of all samples. 
  
13.6 Preparation of Liquid Samples: prior to any liquid extractions, cleaned glassware must be 


thoroughly rinsed as follows.  Separatory funnels are first rinsed with 100-150 ml of acetone, i.e. 


shake for ∼2 minutes and then proceed with the DCM rinses as follows: 


Step 1  Rinse sense flasks 3x times with DCM 


Step 2  Prepare Allihn filters by rinsing with DCM 


Step 3  Fill the Allihn filter ∼1/3 to 1/2 full with anhydrous Na2SO4 


Step 4  Rinse with 50-100 ml of DCM 


Step 5  Label flasks and separatory funnels with sample number 


 


13.7 For each sample perform the following.  Samples that have no visible suspended materials do not 


require filtration. 


Step 1  Mark the position of the meniscus on the bottle to allow the initial volume determination (Note:  


for River Road protocol weigh the bottles)  


Step 2  Use 1L of RODI water for the method blank and 1L for the blank spike.  Note: prepare one of 


each for every batch of 14 samples, or less, depending on the client’s requirements 


Step 3  Pour the sample into a 2L separatory funnel 


Step 4  Add 20uL of surrogate standard . 


Step 5  Spike the spiked blank, blank and matrix spike samples as follows: 20uL surrogate standard 


(table 5) and 20uL matrix spike (table 6). 


Step 6  Add 50 ml of DCM to the sample bottle and shake vigorously for ∼1 minute 


Step 7  Add the DCM to the separatory funnel 


Step 8  Repeat this process two more times 


Step 9  Shake the separatory funnel vigorously for at least 4-5 minutes, with occasional venting  


Step 10  Allow the layers to stand for ~10 minutes to achieve separation 


Step 11  If necessary break up any emulsions. 


Step 12  Drain the DCM through a pre-rinsed Allihn filter into a 500 ml flat bottom flask 


Step 13  Extract the aqueous phase twice more with further 100 ml aliquots of DCM 


Step 14  Filter each through the same Allihn filter  


Step 15  Rinse the Allihn filter with ~10-15 ml of DCM 


Step 16  Apply vacuum to the funnel to collect the remaining DCM 


Step 17  Add 3-5 ml of iso-octane and rotary evaporate the extract to ~2 ml.  Note: transfer samples 


directly from the flask to the first clean up column if no splits are required 


                


Measure the sample volume by filling the sample bottle with water to the mark and pour into a 1000 ml 


graduated cylinder.  Record the volume on the tracking sheet.  Rinse separatory funnels 3x with ∼100-150 


ml DCM, shaking for ∼2 minutes each time 


 
13.8 Proceed with GPC clean-up as specified in BRL SOP-00003.  


 


13.9 Proceed with basic alumina clean-up (deactivated 1%) employing the following steps: 


 


Step 13  Check that the Maxxam laboratory label and the original container label have identical Client 


Ids 


Step 14  Initial the preparation/extraction sheet in the appropriate box verifying that this check has 


been done 


Step 15  Place a small plug of glass wool in the bottom of a disposable serological pipette and add 0.5 
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cm layer of sodium sulphate 


Step 16  Fill to 5 mL with basic alumina (deactivated 1%) 


Step 17  Add another 0.5 cm layer of sodium sulphate on the top 


Step 18  Attach a Teflon tube and pre-wet the column with 20 mL of dichloromethane, discarding the 


rinsate 


Step 19  Transfer the extract to the clean-up column quantitatively by rinsing the flask 3 times with 2 


mL each DCM and applying the rinsate to the column 


Step 20  Elute the column with 20 mL DCM, collecting the eluent in a 35 mL pre-cleaned vial 


Step 21  Evaporate the cleaned extract to <1 mL under a gentle stream of nitrogen 


Step 22  Solvent exchange the extract into toluene and make up to 0.5 mL 


Step 23  Add 5 µL of the recovery standard at 10 and 20 ng/µL to the extract, cap tightly, and vortex to 


mix. 


Store the extracts in the dark at room temperature until GC/MS analysis 


 


Alternate Sample Preparation using Pressurized Liquid Extraction (PLE ™). 


 


13.10 For details on this technique of extraction see the EPA test method SW846 #3545. “Pressurized 


Fluid Extraction PFE”, 


 


NOTE:  IT IS HIGHLY RECOMMENED THAT THE SAMPLES BE FREEZE DRIED PRIOR TO 


PROCESSING.  The use of sodium sulphate as a dispersant and dehydrant is detrimental as it can block 


the extraction vessel caps and PLE lines.  Hydromatrix™ is recommended.  If sodium sulphate is to be 


used, use no more than 2-4g.  


 


13.11 Remove a portion of frozen sample (at least 2-20g) from freezer and thaw to room temperature for 


food samples or out of the fridge for sediment samples.   


 


13.12 After thawing, freeze-dry using the following suggested conditions: pressure 0-100ug Hg, 


temperature –40C for 24 hours. 


 


13.13 Accurately weigh 2-10.0 g of freeze dried sample in a tarred 60 mL VOC vial or other appropriate 


clean tarred vessel. 


 


13.14 If the percent lipids of the sample are already known, the following sample weight strategy can be 


performed. For samples with higher lipid content, the less sample can be used, ie. 2.0 g for fat, 5.0 


g for egg and cheese; consult with a senior analyst if you are unsure.  The opposite is true for 


samples with lower lipid content where more samples could be taken especially if lower detection 


limits are desired, but again consult a senior analyst or supervisor.  


 


13.15 Prepare the QC samples accurately, weighing 2 – 10.0 g of freeze dried an appropriate clean 


matrix, e.g., shrimp, ground pork, tilapia and sediment, e.g., quartz sand into a tarred, or pre-


weighed clean vessel. 


 


13.16 Fortify the QC spike samples with native spiking solution.  


 


13.17 Fortify all samples, QC blank samples and QC spike samples with Surrogate spiking solution. 


 


13.18 Allow samples to sit for 30 minutes. 


 


13.19 Homogenize the freeze-dried tissue with 5-10g Hydromatrix™ or until free flowing. 
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13.20 Place one cap on the end of the extraction vessel on pour enough Hydromatrix™ to cover the 


bottom. 


 


13.21 Pour the entire homogenized sample into the vessel. If it does not fill to the top, top up with 


Hydromatrix™. 


 


13.22 Place the top cap on the vessel, and the sample is now ready to be placed into the PLE™. 


 


13.23 Place vessel in the extractor by lifting the red handle and placing the vessel in the slot.  Lower the 


red handle and adjust the tension against the vessel with the wrench provided.  There should be 


just enough tension to make closing the red handle slight difficult. 


  


13.24 Make sure that the maximum pressure setting of 1700psi is set on the front of the unit.  The flow 


rate in the PLE™ is 35mL/min. 


 


13.25 Choose the Tissue Extraction program from the computer, which will load the following 


extraction program on the next page: 


 


TISSUE EXTRACTION PROGRAM FOR PLE ™ 
  


No Time (min) Action Parameter Description 


1 1.2 Pump - Fill Extraction cell 1 


2 1.2 Pump - Fill Extraction cell 2 


3 1.2 Pump - Fill Extraction cell 3 


4 1.0 Pump P=1700 psi Pressurize 


5 1.0 Heat & 


Pump 


T=90 C 


P=1700 psi 


Pre-heat and maintain Pressure 


5 1.0 Heat & 


Pump 


T=90 C 


P=1700 psi 


Pre-heat and maintain Pressure 


6 25 Heat & 


Pump 


T=130 C 


P=1700 psi 


Heat and maintain Pressure 


7 12 Pump T=30 C Cool 


8 0.1 - T=30 C 


P= atm 


Depressurize 


9 1.2 Pump - Flush Extraction cell 1 


10 1.2 Pump - Flush Extraction cell 2 


11 1.2 Pump - Flush Extraction cell 3 


12 1.0 Heat & 


Pump 


T=90 C 


P=1700 psi 


Pre-heat and maintain Pressure 


13 15 Heat & 


Pump 


T=130C 


P=1700 psi 


Heat and maintain Pressure 


14 12 Pump T=30 C Cool 


15 0.1 - T=30 C 


P= atm 


Depressurize 


16 1.2 Pump - Flush Extraction cell 1 


17 1.2 Pump - Flush Extraction cell 2 


18 1.2 Pump - Flush Extraction cell 3 


 


 


13.26 On the PLE computer select “single” and run step 1 above only.  It may take less than 1.2 minute 


to fill the vessel with DCM.  Observe this time adjust the times in steps 2 and 3.  The reason for 


this is not to pre-flush the sample before the extraction can occur. 
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13.27 Highlight step 2 and click on “offset” in order to start the rest of the program starting on step 2. 


 


13.28 Collect the extracts and set aside 


 


Store the extracts in the dark at room temperature until GC/MS analysis. 


 


 


13.29 Secure the extraction lines to a large jar and precede with the following Line Flush program: 


 


LINE FLUSH PROGRAM FOR PLE ™ 


 


1 1.0 Purge P=30 psi Purge Nitrogen 


2 1.0   Purge off 


 


13.30 The line flush program is not performed on the sample extracts, as it is very vigorous and could 


purge some of the more volatile compounds away. 


 


13.31 Now that the lines are cleared remove the sample vessels and install the surrogate sample vessels 


into the PLE in the same way as 13.23 


 


13.32 Adjust the maximum pressure to 2400psi and open the “Wash PLE” program on the computer.  


This program cleans the inner lines of the extractor unit.  Please see the following table: 


 


WASH PLE PROGRAM FOR PLE ™ 
  


No Time (min) Action Parameter Description 


1 2.0 Pump - Fill Extraction cell 1 


2 2.0 Pump - Fill Extraction cell 2 


3 2.0 Pump - Fill Extraction cell 3 


4 1.0 Pump P=2400 psi Pressurize cell 1 


5 1.0 Pump P=2400 psi Pressurize cell 2 


6 1.0 Pump P=2400 psi Pressurize cell 3 


7 0.1 - T=30 C 


P= atm 


Depressurize 


8 1.0 Purge P=30 psi Purge Nitrogen 


9 1.0   Purge off 


 


13.33 If there are more extractions, repeat sections 13.20 through 13.32. 
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Automated Sample Clean-up using POWERPREP™. 


 


13.34 A suggested clean-up scheme is listed below but is under development.  The following is 


potentially designed to separate PAHs from commonly associated aliphatic interferences. 


 


Step Flow Rate, l/min Volume, ml Solvent Operation 


1. 10 100 DCM Column Cond. 


2. 10 75 Pentane Column Cond. 


3. 10 15 Pentane Aliph. Fract.  1a 


4. 10 10 Pentane Aliph. Fract.  1b 


5. 10 10 Pentane Aliph. Fract.  1c 
6 10 12 DCM Solvent Exchange 
7 10 25 DCM Arom Fract.  2a 
8 10 25 DCM Arom Fract.  2b 
9 10 25 DCM Arom Fract.  2c 
10 10 25 DCM Arom Fract.  2d 


11 10 50 DCM Arom Fract.  2
e
 


12 10 70 DCM/MeOH Arom Fract.  2f 


 


 


14.0 Analytical Determination (Procedure) 


See section 11.2 for instrumentation set-up, plus the following: 


 


14.1 Daily Start up Procedure:  


 
Step 1  Check that the lab IDs on the extract vials are in the same order as the lab IDs listed on the run 


sequence 


Step 2  Initial the sequence log confirming that this check has been done 


Step 3  Check vacuum readings and source temperature 


Step 4  Check helium supply in the gas tank at the beginning or the end of the day 


Step 5  Reduce the GC temperature to 50 °C when changing the helium cylinder 


Step 6  Turn off the valve control before turning off the tank and removing the regulator.  This avoids 


getting any air in the line.  Apply the same procedure for changing the air cylinder 


Step 7  Use PFK to tune the instrument (min. of 8,000 resolution), check resolution and peak shape for each 


descriptor 


Step 8  Check the peak heights for air and water; they should be much smaller than the cal gas peaks. 


Step 9  Tune on 130.992 and hard copy resolution to demonstrate 8,000 resolution 


Step 10  Check the column performance i.e. separation between two pairs of isomers.  The following 


performance must be demonstrated daily: 


 


 


The height of the valley between Anthracene and Phenanthrene (m/z 178)  


Must be <50% of the taller of the two peaks 
 


 


The height of the valley between Benzo(b)fluoranthene and Benzo(k)fluoranthene  


must be < 60% of the taller of the two peaks 


 
 


                During initial calibration demonstrate that the instrument will achieve a minimum S/N ratio of 10:1 


for all monitored ions when the lowest concentration calibration standard is injected into the 


GC/MS system 
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14.2 Calibration:  A 5-point (10, 50, 100, 200, 500 pg/µL) calibration using the calibration standards 


as listed in Table 4.  All data analysis is carried out using the equations listed below.  The initial 


calibration must meet the following criteria in order to meet the method performance 


requirements:  


 


 14.2.1   The percent relative standard deviation (%RSD) for the mean relative response factors 


must be <30% for both the unlabelled analytes and the internal standards. 
 


 


The signal to noise ratio (S/N) must be >10:1 for each ion current profile  


for both the unlabelled analytes and the internal standards. 


 


 


 14.2.2 Corrective Action:  if these criteria are not met, corrective action is taken and initial 


calibration is repeated. Analysis of samples may not proceed until a valid calibration is 


established.  Corrective action may indicate that an instrument tune and/or column or GC inlet 


maintenance is required. 
 


14.3 Continuing Calibration: at the beginning of an analytical sequence of up to 12 hours, a 


continuing calibration check must be analyzed (if the sequence does not include a new 5-point 


Initial Calibration).  This consists of the injection of an aliquot of the mid-point standard used in 


the initial calibration (see Section 8.2).  The criteria for acceptance are as follows: 


 
 


Measured Relative Response Factors (RRFs) of all analytes must give %RSD of ±±±±30% of those 


measured  in the initial calibration.  If this is not met then a 5-point calibration must be run 
 


 


Retention time for any internal std. must not change by more than 30 sec. from the most recent calibration 
 


 


14.4 Run Format (sequence) for sample analysis: 


ICAL = Initial Calibration 


CCAL = Continuing Calibration 


 


 


Sequence # Sample Type  Sequence # 


(continued) 


Sample Type 


1-5 CS1-5 Calibration Standards ICAL or 


CS-3 CCAL 


 12 Sample 1 


6  


6 Solvent Blank (Check for carry-over)  13 Sample 1 Duplicate (if 


requested and sufficient sample 


supplied) 


 


7 PAH Initial Calibration Verification 


Standard (section 6.12.2.1) 


 14 Sample 1 Matrix Spike (if 


requested and sufficient sample 


supplied) 


 


8 Blank Spike #1  15 Solvent Blank (only if Matrix 


Spike was preceding injection) 


 


9 Blank Spike #2  16 Sample 2 
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10 Solvent Blank  17 Sample n (such that this run is 


complete within 12 hours of the 


beginning of the sequence) 


 


11 Method Blank  18 Blank 


 


 7   19 CS3 Calibration Standard 


(post-run Calibration Check) 


 


 


 


15.0 Quality Control Requirements 


 


 Summary Table of QC and Corrective Actions  


 


QC 


Requirement 


Frequency Acceptable Limits Corrective Action for Data Outside 


Acceptable Limits 


*Method 


Blank 


1 / batch of 20 or 


fewer samples 


<MDL, where possible. 1. investigate possible source of 


contamination by checking at a 


minimum: instrument Spike 


Standard Solutions, Recovery 


Standards, proofing of glassware, 


proofing of solvent and absorbance 


used in clean-up 


2. If positive blanks are detected at 


levels > 5% of sample values, the 


impacted samples should be 


repeated 


Do not blank subtract. 


Matrix Spike 1 / batch of 20 or 


fewer samples 


50-150% 


%RPD for MSD < 50% 


1. Re-extract and rerun 


2. If failure is due to matrix effect, 


report sample with a comment in LIMS  


Laboratory 


Control 


Sample (LCS) 


(Blank Spike) 


1 / batch of 20 or 


fewer samples 


50-150% for air samples. 


See attached table for 


acceptable limits. 


 


1. Re-extract and rerun 


Laboratory 


Duplicate 


1 / batch of 20 or 


fewer samples 


50% RPD 


(If both values > 5X RDL) 


1. Re-inject both duplicates and reanalyze.  


If fails again, repeat sample. 


2. If failure is due to sample inhomogeneity, 


report sample with a comment in LIMS. 


One point 


calibration 


check mid 


level 


Beginning of every 


run sequence and 


after every twelve 


continuous hours of 


analysis 


% drift must be within 15% 


of original calibration. 


1. reanalysis of the standard 


2. preparation of new standard or 


3. instrument maintenance, if 


necessary 


Internal 


Standard 


All samples Area within 20% of average 


of IS areas of initial 


calibration standards 


1. reanalysis of the sample 


2. preparation of new standard or 


3. instrument maintenance, if 


necessary 
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Instrument 


Performance 


Check std (mid 


level CCV) 


Every run sequence 


or 24-hour period 


Absolute area count recorded.  


Must be within 70% - 130% of 


the long-term average. 


1.          reanalysis of the standard 


3. preparation of new standard or 


4. instrument maintenance, if 


necessary 


Surrogate 


Recoveries 


All extracted 


samples 


50-150% for air samples.  See 


attached table for acceptable 


ranges. 


Re-extract or give valid explanation of 


qualified results. 


 
*NOTE: for DoD samples, the method blank will be considered to be contaminated if:  


• The concentration of any target analyte in the blank exceeds 1/2 the reporting limit and is greater than 1/10 


the amount measured in any sample or 1/10 the regulatory limit (whichever is greater);  


• The concentration of any common laboratory contaminant in the blank exceeds the reporting limit and is 


greater than 1/10 the amount measured in any sample or 1/10 the regulatory limit (whichever is greater); or  


The blank result otherwise affects the samples results as per the test method requirements or the project-specific 


objectives 


 


15.1 Control Charting: Refer to CAM WI-00001 Control Charting procedure for generating control 


charts via MaxLIMS and real time (i.e., plotted manually, each time the QC sample and/or 


standard is analyzed).  Plot the blank water matrix spike data for Benzo(a)pyrene on control chart.  


Update the chart immediately after the analysis of the QC point used or in the morning after an 


overnight run, prior to reporting of data.  Monitor the chart for the development of trends.  Take 


actions, if necessary, as defined in the SOP for Control Charting (CAM WI-00001).  If an “Out of 


Control” point is found, terminate the analysis and resolve the problem.  Note the resolution 


directly on the chart or control chart checklist. 


 


15.1.1 Possible Causes of data going out of control: 


• deterioration of standard or reagents 


• standard, QC sample or reagent preparation error 


• standard contamination   


• improper sample introduction  


• poor analyst technique or insufficient training 


• deviation from SOP procedure 


• imprecise measuring devices, i.e. pipettors, syringes 


 


15.1.2 Corrective Actions:  if  “out of control” points are encountered: 


• terminate the analysis, find and resolve the problem 


• note the resolution directly on the chart or code the point to a reference on an “Out of Control 


Checklist” 


• if the Blank Spike/LCS acceptance criteria is met, report the data 


• if the criteria is not met, re-analyse the samples in the affected batch, re-extraction may be 


necessary  


• if insufficient sample exists for re-extraction, flag the data in MaxLIMS comments 


• if hold times will be exceeded upon re-extraction and reanalysis, flag the data in MaxLIMS 


comments 


 


15.2 Additional QC: it may be necessary on a project by project basis to perform additional QC.  This 


will typically be in the form of replicate injections, and possibly matrix spike and matrix spike 


duplicates into a portion of an extract.  The exact requirements of the QC should be discussed with 


the MAXXAM project manager to ensure that project contractual requirements are met 
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16.0 Data Interpretation, Calculations and Data Reporting 


 


16.1 Calculations 


All of the calculations below are done using QuanLynx software, which is a subprogram of MassLynx 


version 4 Software. 


The equations and definitions for all calculation done are highlighted below: 


 


 16.1.1 Relative Response Factors (RRF) for Unlabelled PAH and Surrogate Standards: 
 


  RRFs =  As * Qis 


 Ais * Qs   


Where: 


As =  Area of the response for characteristic ion of the unlabelled analyte or the Surrogate Std. 


Ais  =  Area of the response for the characteristic ions of the appropriate Internal Std (see table 4) 


Qs  =  Amount of the unlabelled PAH calibration analyte or Surrogate Std, injected onto the GC/MS. 


Qis  = Amount of the appropriate Internal standard injected onto the GC/MS (see Table 3). 
 


16.1.2  RRF for the Determination of the Internal Standard/Alternate Standard Recovery (RRFis): 
 


RRFis  =  Ais * Qrs 


               Ars * Qis 


Where: 


Ais  = Area of the response for the characteristic ions of the appropriate Internal/Alternate std.  (see table 


4). 


Ars  = Area of the response of the characteristic ions of the appropriate Recovery Std(see table 5). 


Qis  = Amount of the appropriate Internal/Alternate standard injected onto the GC/MS. 


Qrs  = Amount of the appropriate Recovery Standard injected onto the GC/MS. 


 


 
16.1.3 Mean Relative Response Factors (RRFm): 
 


             n 


  RRFm = 1 * ∑ (RRFi) 


     __   i=1       


     n      


Where: 


RRFi =  Relative response factor as calculated above. 


n   = Number of data points derived from the calibration. 
 


16.1.4 Percent Relative Standard Deviation (%RSD) of Relative Response Factors: 
 


  %RSD =      SD    x 100% 


                   RRFm 


Where:  


RRFm = Mean Relative response factor as calculated above. 


SD = Standard deviation of the relative response factors used to calculate the mean RRF 
 


16.1.5 Continuing Calibration (∆∆∆∆RRF): 
 


  ∆RRF   =  RRFc-RRFm  X 100% 


                          RRFm 
 


Where: 


RRFm  = Mean Relative response factor of a given analyte as calculated above. 


RRFc  = RRF of a given analyte obtained from the continuing calibration 
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16.1.6 Percent Recovery of the Internal Standard (Ris): 
 


  Ris =         Ais  * Qrs          X 100% 


           Ars  * RRFis * Qis  


Where: 


Ais  =  Area of the response for the characteristic ions of the appropriate Internal Std.  


Ars  =  Area of the response of the characteristic ions of the appropriate Recovery Std. 


Qis  =  Amount of the appropriate Internal standard injected onto the GC/MS. 


Qrs  =  Amount of the appropriate Recovery Standard injected onto the GC/MS. 


RRFis  =  Mean relative response factor as calculated above. 
 


16.1.7 Percent Recovery of the Surrogate Standard (Rss): 
 


  Rss =         Ass  * Qis          X 100% 


             Ais  * RRFs * Qss  


 


Where: 


Ais =  Area of the response for the characteristic ions of the appropriate Internal Std. 


Ass  =  Area of the response of the characteristic ions of the appropriate surrogate Std. 


Qis  =  Amount of the appropriate Internal standard injected onto the GC/MS. 


Qss  =  Amount of the appropriate surrogate Standard injected onto the GC/MS. 


RRFs  =  Mean relative response factor as calculated above. 


 


16.2 Data Validation:  Refer to BRL WI-00011 Review and Validation of Analytical Data and corresponding 


Data Review Checklist (BRL FCD-00002) to perform a primary and a secondary analytical data review and 


validation prior to issuance of the Certificate of Analysis.  If the data and report are acceptable the 


Certificate of Analysis is signed by the Project Manager and sent to the client. 


 


16.3 Reporting (Documentation): 


 


16.3.1. Tracking Worksheets:  prior to sample preparation, a sample tracking / work sheet is prepared.  This sheet 


includes details of the job number, lab sample number, client sample ID, QC samples analyzed in the batch, 


spiking solutions used and their concentrations, preparation date and lot #, dates of analysis and cleanup, 


analysts initials.  A copy of the tracking sheet is maintained with analytical data. 


 


16.3.2. Method Deviation Records:  instances may arise in which the standard operating procedure may not be 


applicable to the nature of the sample and may require modifications to the normal methodology.  These 


deviations must be discussed with the Laboratory Manager or Project Manager prior to application.  If 


deviation is deemed appropriate, record the procedure in the QSI Policy Deviation Form and submit to the 


Supervisor or Operations Manager for approval (refer to COR WI-00040, Corporate Procedure for Policy 


Deviation Forms). 


 


16.3.3. Sample Deviation Records:  deviations are recorded in the MaxxLIMS job comment fields The entries 


listed, will appear on the Certificate of Analysis as part of the final report sent to the client.   Some 


examples are as follows: 


 


• analyzed past hold time 


• matrix interference suspected  


• sample is not homogeneous  


• sample concentration too high to determine spike recovery   


• diphenylether interference 


• NDR—Peak does not meet ratio criteria 
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16.3.4. Standard and Reagent Preparation Tracking:  record all preparations of standards and reagents in the 


Standard Preparation and the Reagent Preparation Logbooks.  All records must contain at a minimum the 


following information 


 


• Supplier Identification and Lot Number 


• Date of Preparation and Expiry 


• Concentration and name of Analyst who prepared the standard 


 


16.3.5 Certificates of Analysis for Standards and Reagents:  certificate of analyses are kept for all standards 


and reagents utilized in this SOP.  These records will contain at a minimum the following information 


• supplier information and Lot Number 


• date received 


 


16.3.6 Storage of Records: 


 


16.3.6.1 Paper Records: 


• raw and calculated data, including calibrations and QC results are stored chronologically in folders 


in the laboratory as space permits.  These files are archived offsite for long term storage (5-year 


retention time, unless otherwise stated in the client’s SOW) 


 


16.3.6.2 Electronic Media 


• data entered into LIMS is backed up daily and stored off site 


 


 


17.0 Maintenance Requirements 


 Included all routine and non-routine requirements as per manufacturer’s manual 


  


17.1 Maintenance Tracking: analysts maintain separate logbooks or specific tracking sheets in which 


they include the following minimum information 


17.1.1 Records of Instrument Service by the Supplier with the associated paperwork 


17.1.2 Records of all maintenance performed indicating the date performed and by who 


 


 


18.0  Attachments 


• Example PAH curve and relevant chromatograms of samples etc., plus the instrument acquisition method. 


• Table – % Recovery Limits based on US EPA 1625 and US EPA 8270 
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 Table – % Recovery Limits based on US EPA 1625 and US EPA 8270 


 USEPA 1625 Limits 


 Analyte % 


Naphthalene 80-139 


2-Methylnaphthalene 80-139 


Acenaphthylene 69-186 


Acenaphthene 79-134 


Fluorene 81-132 


Phenanthrene 93-119 


Anthracene 58-174 


Fluoranthene 71-177 


Pyrene 76-152 


Benzo(a)anthracene 65-168 


Chrysene 59-186 


Benzo(b/j)fluoranthene 32-545 


Benzo(k)fluoranthene 59-143 


Benzo(e)pyrene 62-195 


Benzo(a)pyrene 62-195 


Perylene 62-195 


Indeno(1,2,3-cd)pyrene 23-299 


Dibenz(a,h)anthracene 23-299 


Benzo(g,h,i)perylene 72-160 


1-Methylnaphthalene 80-139 


1-Methylphenanthrene 93-119 


2,6-Dimethylnaphthalene 80-139 


2,3,5-Trimethylnaphthalene 80-139 


Dibenzothiophene 79-150 


SURROGATE USEPA 1625  Limits 


2,6-Dimethylnaphthalene-2H12 14-305 


2-Methylnaphthalene-2H10 14-305 


Acenaphthylene-2H8 23-239 


Benz(a)anthracene-2H12 12-605 


Benzo(a)pyrene-2H12 21-290 


Benzo(b)fluoranthene-2H12 24-159* 


Benzo(g,h,i)perylene-2H12 14-529 


Benzo(k)fluoranthene-2H12 11-162 


Chrysene-2H12 13-512 


Dibenzo(a,h)anthracene-2H14 D-227* 


Fluoranthene-2H10 20-278 


Indeno(1,2,3-c,d)pyrene-2H12 D-171* 


Naphthalene-2H8 14-305 


Perylene-2H12 21-290 


Phenanthrene-2H10 24-241 


  


* from Method USEPA 8270 
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Microwave Extraction 


Reference Methods: EPA 3546, SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods,  


EPA SW-846,  Update III, 1997. 


Method 8082, Reference: SW-846, Test Methods for Evaluating Solid Waste:    


Physical/Chemical Methods,  EPA SW-846,  Update III, 1997. 


Method for the Determination of Extractable Petroleum Hydrocarbons (EPH), Massachusetts 
DEP, ORS, BWSC.  MADEP-EPH-04-1, Revision 1.1 May 2004. 


CT-ETPH, Environmental Research Institute – University of Connecticut, March 1999. 


Maine 4.1.25, Maine Health and Environmental Testing Laboratory, 09/06/1995. 


EPA 8015B (Modified), SW-846, Test Methods for Evaluating Solid Waste:  
Physical/Chemical Methods,  EPA SW-846,  Update III, December 1996 


Extractable Petroleum Hydrocarbons Methodology, New Jersey Department of Environmental 
Protection, NJDEP EPH 10/08, Revision 2 October 2009. 


 
 


1. Scope and Application 


Matrices: Soil, solid, clay, sediment, sludge, solid waste 


Definitions:  Refer to Alpha Analytical Quality Manual. 


Method 3546 is a procedure for extracting water insoluble or slightly water soluble organic 
compounds from soils, clays, sediments, sludges, and solid wastes. The procedure uses microwave 


energy to produce elevated temperature and pressure conditions (i.e., 75˚C and 50 - 175 psi) in a 
closed vessel containing the sample and organic solvent(s) to achieve analyte recoveries equivalent 
to those from Soxhlet extraction (Method 3540), using less solvent and taking significantly less time 
than the Soxhlet procedure. 
 
This method is applicable to the extraction of a variety of semivolatile organic compounds, some of 
which are: substituted phenols, PCBs, and PCDDs/PCDFs.  The extracts are analyzed by the 


appropriate chromatographic procedure(s). 


The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  


This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the Microwave. Each analyst must demonstrate the ability to generate acceptable results with this 
method by performing an initial demonstration of capability, analyzing a proficiency test sample and 
completing the record of training. 


After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 
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2. Summary of Method 


Samples are prepared for extraction following the LEAN one-piece flow methodology and loaded into 
the extraction vessel. The appropriate solvent is added to the vessel and sealed.  The extraction 
vessel containing the sample and solvent is heated to the extraction temperature and extracted for 
20- 40 minutes.  The extraction mixture is allowed to cool. The vessel is opened and the contents are 
filtered. 
 
The extract is then concentrated and (as needed) exchanged into a solvent compatible with the 
cleanup or determinative procedure being employed.  Extracts are then vialed and transferred to the 
Analytical Department. 


2.1 Method Modifications from Reference 


None. 


3. Reporting Limits 


Reporting Limit information may be found in the various determinative method SOPs. 


 


4. Interferences 


4.1 The most common cause of contamination is from improperly cleaned glassware and lab 
supplies.  All glassware and re-useable extraction equipment (i.e. spatulas, extraction 
vessels) must be scrupulously cleaned, following the Organic Extraction Glassware 
Cleaning and Handling SOP. 


4.2 Impurities in solvents and reagents may also yield artifacts and/or interferences that may 
compromise the results of sample analysis.  All of these materials must be demonstrated to 
be free from interferences under the conditions of extract preparation and analysis by 
preparing method blanks with each extraction batch. The same solvents and reagents are 
used for the method blank and the associated samples. 


4.3 Phthalate esters contaminate many types of products used in the laboratory.  Plastic 
materials must not contact the samples or extracts, as phthalates could be easily leached 
from the plastic. The exception is in the use of various pre-packed reagent cartridges 
(Florisil, Silica gel) used in the extract cleanup steps.  Each new lot of cartridges is checked 
for contamination, and is monitored on an on-going basis through the analysis of method 
blanks. 


4.4 Additional specific interference or contamination concerns are addressed in the various 
analytical SOPs.  If necessary, Florisil, Sulfuric Acid, Silica Gel and/or Sulfur cleanup 
procedures may be employed. 


 


5. Health and Safety 


The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all personnel 
involved in the chemical analysis. Additional references to laboratory safety are available in the 
Chemical Hygiene Plan.  
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All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 


5.1   The extraction vessels are at elevated temperatures and pressure after the extraction stage. 


Allow the vessels to cool before opening and always monitor the temperature and pressure 
by reconnecting the control vessel to the apparatus prior to opening the vessels. 


5.2   During the heating step, some solvent vapors may escape through the vessel liner/seal 


cover. Follow the manufacturer's directions regarding the vessel assembly and instrument 
setup to prevent release of solvent vapors to the laboratory atmosphere. 


5.3   The instrument contains flammable vapor sensors and should be operated with all covers in 


place and doors closed to ensure proper operation of the sensors. Follow the 
manufacturer's directions regarding replacement of extraction vessel seals when frequent 
vapor leaks are detected. 


5.4  Lab coats, safety glasses, and gloves must be worn when handling samples, extracts, 


standards or solvents and when washing glassware. 


5.5   All extract concentration steps must be performed in the extraction hoods. All solvent and 


extract transfers must also be handled in the hood. 


5.6   All expired stock standards, working standards, and spent sample extracts must be placed 


into the waste bucket in the lab, for future disposal by the Hazardous Waste Manager.  The 
container must be properly labeled with hazard warning labels indicating the container 
contents. 


5.7   Bottles containing flammable solvents must be stored in the flammables cabinet or in the 


vented cabinets found under the hoods. 


5.8 All waste solvents must be transferred to the satellite waste storage containers located in 
the extraction lab.  Separate containers are provided for chlorinated and non-chlorinated 
solvents and must be used accordingly. Under no circumstances are solvents to be poured 
down the sink drains. 


5.9 Inspect all glassware prior to use.  Do not use any glassware that is chipped, cracked or 
etched if it could present a safety hazard.  Damaged glassware is put aside for repair, 
otherwise discard the piece. 


5.10 All Field Samples must be opened and handled in a hood. 


 


6. Sample Collection, Preservation, Shipping and Handling 


6.1 Sample Collection 


Sample collection and preservation requirements are described the in the various analytical 
method SOPs. 


6.2 Sample Preservation 


None. 


6.3 Sample Shipping 


See applicable Sample Custody SOP. 
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6.4 Sample Handling 


All soil samples are stored, refrigerated, in the Custody sample refrigerators.  Samples are 
removed by the analyst immediately prior to sample extraction.  The chemist must take custody 
of the samples by signing them out utilizing the LIMS. 


When possible, samples must be homogenized prior to taking the sample aliquot, as described 
in Section 10.1.  After the sample aliquot is removed, the samples are returned to the Sample 
Bank and placed in the appropriate sample refrigerator.  Custody of the samples is transferred 
utilizing the LIMS. 


 


7. Equipment and Supplies 


7.1 Spatulas: Stainless steel.   


7.2 Beakers: Stainless Steeel 250mL 


7.3 Mortar and Pestle: Capable of reducing particle size to <1mm. 


7.4 Kuderna-Danish (K-D) apparatus: 


7.4.1 Concentrator tube:  25mL, graduated and calibrated.  A ground-glass stopper is used 
to prevent evaporation of extracts. 


7.4.2 Evaporation flask:  500mL.  Attach to concentrator tube with plastic kek clips.Snyder 
column:  Three-ball macro. 


7.4.3 Plastic Kek Clips. 


7.5 Water Bath: Heated, with concentric ring cover, capable of temperature control (± 5°C).    


The bath is used in a laboratory hood. 


7.6 Boiling Chips: Solvent-extracted, approximately 10/40 mesh (silicon carbide or 


equivalent). 


7.7 Syringe:  1.0mL, 250µL, 25uL, Various sizes for Vialing,  


7.8 Disposable Borosilicate Transfer Pipets. 


7.9 Brady labeling system: Thermal label generator. 


7.10 Glass Funnel. 


7.11 Glass wool: SUPELCO, silane treated. 


7.12 Whatman Filter Paper used for filtering all Pesticide/8081. 


7.13 Graduated Cylinder: 25 and 50mL. 
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7.14 N-EVAP:  Organomation; Various sizes utilized for micro blowdown. 


7.15 Turbo Vap II:  Auto-concentrator; Caliper Life Sciences. 


7.16 Zymark Tubes:  50mL or 200mL 


7.17 Analytical Balance: Capable of weighing to 0.01g. 


7.18 Milestone Microwave Laboratory System: 


7.18.1 Microwave extraction vessels: With inserts, plugs, and caps.  Capable of 
accommodating 1g to 30g of sample and 30mL of Extraction Solvent.  Vessels are 
transparent to microwave energy, relatively inert to reagents and sample components, 
and capable of withstanding the temperature and pressure requirements (minimum 


conditions of 75˚C and 200psi) necessary to perform this procedure. Follow the 
manufacturer’s instructions regarding cleaning, handling, and sealing the vessels. 


7.18.2 Extraction Vessel Turntable: and cover.  Used to hold and rotate the extraction 
vessels during extraction. 


7.18.3 ATC-FO Sensor and Thermowell.  To measure sample temperature (± 2.5˚C) and 
adjust microwave wattage accordingly, up to 1200W. 


7.19 Microwave Accelerated Reaction System (MARS): CEM Corporation. The 


temperature performance requirements necessitate that the microwave extraction system 


be capable of sensing the temperature to within ± 2.0˚C and automatically adjusting the 
microwave field output power within 2 seconds of sensing. Temperature sensor is accurate 


to ± 2˚C and adjustable microwave wattage to 1600W. Temperature feedback control 
provides the primary performance mechanism for the method.  


7.19.1 Microwave extraction vessels:  With plugs and caps. Capable of accommodating 1g 
to 30g samples. Vessels are transparent to microwave energy, relatively inert to 
reagents and sample components, and capable of withstanding the temperature and 


pressure requirements (minimum conditions of 75˚C and 200psi) necessary to perform 
this procedure. Follow the manufacturer’s instructions regarding cleaning, handling, 
and sealing the vessels. 


7.19.2 Kevlar sleeves. 


7.19.3 Extraction Vessel Turntable:  Used to hold and rotate the extraction vessels during 
extraction. 


 


8. Reagents and Standards 


Reagent grade chemicals are used in all tests. Unless otherwise indicated, it is intended that all 
reagents shall conform to the specifications of the Committee on Analytical Reagents of the American 
Chemical Society, where such specifications are available. Other grades may be used, provided it is 
first ascertained that the reagent is of sufficiently high purity to permit its use without lessening the 
accuracy of the determination. 
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8.1 Reagent Water: All references to water in this method refer to reagent water from 


Alpha’s RO water treatment system. 
 


8.2 Sodium Sulfate (Na2SO4): Granular anhydrous; purified by baking at 400ºC for 4 


hours in a shallow tray.  Store in closed glass containers. All references to sodium sulfate in 
this method refer to this prepared reagent.  Sodium sulfate is also used for filtering. 


 


8.3 Ottwa Sand: Purified by baking at 400C for 4 hours in a shallow tray. 


 


8.4 Hexane: Pesticide quality.   


 


8.5 Acetone: Pesticide quality.   


 


8.6 Dichloromethane: Pesticide quality.   


 


8.7 Nitrogen Gas: Reagent grade, used to purge and pressurize the extraction cell and as 


the concentration gas in the Turbovap II auto-concentrator units and the N-EVAP.   
 


8.8 Spiking Solutions: Commonly used surrogate and LCS/MS spiking solutions used in 


the extraction steps are listed in Table 2.  Additionally, the Sample Extraction Guide has a 
complete listing of all surrogate and LCS/MS spiking solutions.  The preparation and 
expiration dates of these solutions are described in the analytical SOPs. 


 


8.9 Extraction Solvents: This method has been validated using a 1:1 mixture of hexane 


and acetone, 1:1 mixture of methylene chloride and acetone, or 100% Methyelene Chloride 
from matrices such as soil, glass-fibers, and sand. Other solvent systems may have 
applicability in microwave extraction, provided that at least one component absorbs 
microwave energy. The choice of extraction solvent will depend on the analytes of interest 
and no single solvent is universally applicable to all analyte groups. Whatever solvent 


system is employed, including those specifically listed in this method, the analyst must 
demonstrate adequate performance for the analytes of interest, at the levels of interest. 
Method 8000 describes procedures that may be used to develop performance criteria for 
such demonstrations as well as for matrix spike and laboratory control sample results. 
 
Hexane is a water-immiscible solvent and acetone is a water-miscible solvent. The purpose 
of the water-miscible solvent is to facilitate the extraction of wet solids by allowing the 
mixed solvent to penetrate the layer of water of the surface of the solid particles. The water 
immiscible solvent extracts organics compounds with similar polarities. The polarity of 
acetone may also help extract polar analytes in mixed solvent systems.  When 100% 
Methyhlene Chloride is used, water is added as a catalyst to absorb microwave energy for 
method 8270. 
 


9. Quality Control  


The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. 


Each extraction batch contains various QC samples used to ensure the validity of the sample 
results.  The particular QC elements performed for a given extraction batch are determined by the 
requirements of the determinative method.  The purpose and definition of the QC samples 
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performed are listed below.  Specific QC requirements of the analytical methods are listed in Table 
2 and the Sample Extraction Guide. 


9.1 Blank 


Blanks, or method blanks, are measured aliquots of clean matrix (typically sodium sulfate or 
sand for soil extractions) that are treated identically to the associated samples.  Surrogates are 
added, and the blanks are carried through all stages of the sample extraction, concentration, 
and cleanup procedures.  Blanks serve to ensure that no systematic contamination exists. A 
blank is extracted with each batch or 20 or less samples. 


9.2 Laboratory Control Sample / Laboratory Control Sample Duplicate 
(LCS/LCSD) 


LCS samples are measured aliquots of clean matrix (typically sodium sulfate for soil 
extractions) that are spiked with a solution containing known amounts of target compounds, in 
addition to the surrogate solution.  The LCS is carried through all stages of the sample 
extraction, concentration, and cleanup procedures. LCS samples serve as batch specific 
quantitative checks of the extraction.  An LCS is extracted with each batch of 20 or less 
samples.  


An LCSD is performed in addition to an LCS for all Massachusetts Contingency Plan (MCP) 
methods, as well as in lieu of the MS/MSD or Duplicate when there is insufficient sample 
volume available. The required solutions are listed in Table 2 and the Sample Extraction Guide. 


9.3 Initial Calibration Verification (ICV)  


Not Applicable. 


9.4 Continuing Calibration Verification (CCV) 


Not Applicable. 


9.5 Matrix Spike / Matrix Spike Duplicate (MS/MSD) 


MS and MSDs are field samples spiked with a known quantity of the target analyte(s).  They 
are prepared by taking additional sample aliquots, and adding the appropriate amounts of 
surrogate and spiking solutions.  The MS/MSD are carried through all stages of the sample 
extraction, concentration, and cleanup procedures.  MS samples serve as a measure of 
extraction accuracy, by allowing the comparison of the found amount(s) of target analyte(s) with 
the spiked amount(s).  An MS/MSD set also allows for the calculation of the extraction 
precision, by comparing the results of the two samples.  Requirements for MS and MSD are 
listed in Table 2 and the Sample Extraction Guide. 


9.6 Laboratory Duplicate 


Duplicates are laboratory selected replicate samples, prepared by taking an additional sample 
aliquot of a sample.  The duplicate is carried through all stages of the sample extraction, 
concentration, and cleanup procedures.  Duplicates serve as a measure of the extraction 
precision, by comparing the results of the sample and duplicate.  Requirements for Duplicates 
are listed in Table 2 and the Sample Extraction Guide. 


9.7 Method-specific Quality Control Samples 


9.7.1 Surrogates 


Surrogates are compounds specified by the analytical method that are added to all 
samples and QC samples prior to beginning the extraction process.  Surrogate 
recoveries are calculated and serve as a sample specific quantitative check of the 
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extraction. The various spiking solutions are prepared according to the directions 
found in the analytical SOPs.  The required solutions and volumes used are listed 
in Table 2 and the Sample Extraction Guide. 


9.8 Method Sequence 


Refer to Section 10. 


 


10. Procedure 


All soil microwave soil extracts follow the LEAN “one-piece flow”.  All extraction information is 
recorded by the chemist performing the work in the ELN (Electronic Lab Notebook) see WI/2517.   
In addition to recording the extraction, concentration, clean-up and vialing information, the analyst 
must note the matrix “type” along with any observations, deviations from the procedure, or 
difficulties encountered with the samples in the comment section of the logbook.  


10.1 Sample Preparation and Extraction  


10.1.1 Soil Samples are scanned and removed from Sample Login Custody to Oprep Custody.  
Immediately after scanning, the samples are individual scanned into the ELN to create 
the Work Group.  Labels are printed and placed on the cap of the soil container.  See 
Work Instruction 2421, Labeling and Generating Work Groups and Batches. 


10.1.2 All Glassware is cleaned prior to the Extraction following SOP 1953, Organic Extraction 
Glassware Cleaning and Handling.  


10.1.3 During the extraction process, each soil or sediment sample is visually inspected.  If a 
sample contains a significant amount of free water, the analyst must contact login or the 
project manager to determine if the water is to be considered part of the sample.  If the 
water is not to be homogenized with the solid material, decant and discard the water 
layer.  Record this information in the comments section of the ELN. 


Any artifacts (rocks, leaves, sticks, or similar materials) are not typically considered part 
of the soil sample and are not to be included.  If necessary, transfer these artifacts to 
another container prior to homogenizing the sample.  Note the presence of sample 
artifacts in the ELN.  Gummy, fibrous, or oily materials not amenable to grinding must be 
cut, shredded, or otherwise reduced in size to allow mixing and maximum exposure of 
the sample surfaces for the extraction.  Record the sample matrix “type/description” in the 
comments section of the ELN using the Sample Matrix Description spreadsheet.     


10.1.4 When possible, homogenize the sample well using a spatula by mixing the contents of 
the sample container. If this is difficult due to sample matrix, describe the non-
homogeneity in the ELN.   


10.1.5 The chemist must demonstrate that all equipment used during the extraction process 
interference-free.  This is accomplished through the analysis of a solid matrix (Sodium 
Sulfate or Ottowa Sand) Method Blank (SB).  A Method Blank is extracted with each 
batch of 20 or less samples. 


10.1.6 Two different microwave systems are eligible for use.  Both use the same temperature 
program and microwave energy, except the Milestone monitors temperature using a 
probe.  Both systems are acceptable for all Extraction Methods. 


10.1.7 Milestone Operation: Rinse the reaction vessels, caps, and plugs with Acetone and 
then DCM or Hexane. 


10.1.7.1 See Work Instruction WI/2421 for proper labeling procedures and one-piece flow 
operation. Transfer the sample into the reaction vessel from the beaker or 
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weighing tray. Add the appropriate surrogate and spiking solution. (Refer to 
Table 2 and the Sample Extraction Guide).   Sodium Sulfate is used for the QC 
substrate for all methods except 8270.  Ottowa Sand is used for 8270 QC.  


10.1.7.2 For all Methods except 8270: Add 25mL of 1:1 Hexane:Acetone, 1:1 
DCM:Acetone or 100% DCM  (or the appropriate extraction solvent) to each 
reaction vessel. (Refer to Table 1). 


10.1.7.3 Place a plug and a cap on each reaction vessel with one exception.  One vessel 
needs to accommodate the temperature probe.  This cap does not have the 
insert screwed into the middle of the cap. Place the thermowell into the vessel 
and screw on the cap. 


10.1.7.4 Place all labeled vessels onto the carousal making sure that the vessel prepped 
for the probe is in section one or two.  Section one or two allows for easy probe 
installation. Place the top of the carousel onto the top of the extraction vessels. 


10.1.7.5 Place the carousal on the open microwave door and fit the temperature probe 
into its receptacle.  Place the carousal into the microwave. 


10.1.7.6 On the microwave panel, log in as the “user”(oprep) and load the password 
(1,2,3).  Load the method ”use this method” and click start.  The method consists 
of a 10 minute temperature ramp up to 75 deg. C.  Followed by a 30 minute hold 
step at 75 deg C.  Following the extraction, the carousal can be removed to cool. 


10.1.7.7 Once samples have cooled to room temperature, filter through a sodium sulfate 
funnel and into a labeled KD Flask and concentrator tube.  Note- When opening 
the cap on the Teflon reaction vessel, point away from your body and perform 
this task in a fume hood. 


10.1.7.8 Proceed to sample concentration and cleanup step as required by the analytical 
method for the analyte(s) of concern. (Refer to Table 1.) 


10.1.7.9 For 8270: See Work Instruction WI/2421 for proper labeling procedures and one-
piece flow operation. Transfer the sample into the reaction vessel from the 
beaker or weighing tray. Note: sodium sulfate is not mixed with the sample. For 
QC samples, Ottowa sand is used, Add the appropriate surrogate and spiking 
solution. (Refer to Table 2 and the Sample Extraction Guide).  After adding the 
sample to the reaction vessel, using a 1.0mL syringe, add 1.0mL of DI water to 
the sample.     


10.1.7.10 Add 25mL of 100% DCM to each reaction vessel. (Refer to Table 1). 


10.1.7.11 Place a plug and a cap on each reaction vessel with one exception.  One vessel 
needs to accommodate the temperature probe.  This cap does not have the disk 
screwed into the top of the cap. Place the thermowell into the vessel and screw 
on the cap 


10.1.7.12 Place all labeled vessels onto the carousal making sure that the vessel prepped 
for the probe is in section one or two.  Section one or two allows for easy probe 
installation. Place the top of the carousel onto the top of the extraction vessels. 


10.1.7.13 Place the carousal on the open microwave door and fit the temperature probe 
into its receptacle.  Place the carousal into the microwave. 


10.1.7.14 On the microwave panel, log in as the “user”(oprep) and load the password 
(1,2,3).  Load the method ”method 8270” and click start.  The method consists of 
a 10 minute temperature ramp up to 75 deg. C.  Followed by a 10 minute hold 
step at 75 deg C.  Following the extraction, the carousal can be removed to cool. 
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10.1.7.15 Once samples have cooled to room temperature, filter through a sodium sulfate 
funnel(using DCM only) and into a labeled KD Flask and concentrator tube.  
Note- When opening the cap on the Teflon reaction vessel, point away from your 
body and perform this task in a fume hood. 


10.1.7.16 Proceed to sample concentration and cleanup step as required by the analytical 
method for the analyte(s) of concern. (Refer to Table 1.) 


10.1.8 MARS Microwave System Operation: Rinse the reaction vessels, caps, and plugs with 
Acetone and then DCM or Hexane. See Work Instruction WI/2421 for proper labeling 
procedures and one-piece flow operation. 


10.1.8.1 For all Methods except 8270: Using the MARS reaction vessel, caps and plugs, 
repeat steps 10.1.7 -10.1.7.16 for all samples.  Note the MARS System does not 
use an external temperature probe, rather an internal temperature system.  


10.1.8.2 On the front panel of the microwave, select “Use This Method” from the User 
Directory.  Select the appropriate extraction method:  “3546 Express” 


 The following parameters are loaded with 3546 Express method: 


� Stage 1:  1600W @ 100% Power.   


� Ramp to 75°C for 10 minutes and hold for 30 minutes.   


� This stage is followed by a 5 minute Cool Down step. 


10.1.8.3 Remove each reaction vessel from the carousel for cooling. 


10.1.8.4 Methods 8270: Using the MARS reaction vessel, caps and plugs, repeat steps 
10.1.7.9 -10.1.7.16 for all samples.  Note the MARS System does not use an 
external temperature probe, rather an internal temperature system.  


10.1.8.5 On the front panel of the microwave, select “8270 Soil” from the User Directory.  
Select the appropriate extraction method:  “3546 Express” 


 The following parameters are loaded with 3546 Express method: 


� Stage 1:  1600W @ 100% Power.   


� Ramp to 75°C for 10 minutes and hold for 10 minutes.   


� This stage is followed by a 5 minute Cool Down step. 


10.1.8.6 Once samples have cooled to room temperature, filter through a sodium sulfate 
funnel and into a labeled KD Flask with concentrator tube or filter into a Zymark 
Tube for Turbovap concentration (See Section 10.3).  Note- When opening the 
cap on the Teflon reaction vessel, point away from your body and perform this 
task in a fume hood. 


10.1.8.7 Proceed to sample concentration and cleanup step as required by the analytical 
method for the analyte(s) of concern. (Refer to Table 1.) 


10.2 Sample Concentration: KD Technique 


10.2.1 Attach a three-ball Snyder column to the top of the flask.  Place the KD apparatus on a 
hot water bath (heated to approximately 75


o
C for samples extracted in Methylene 


Chloride and 95
o
C for samples extracted in Hexane) so that the concentrator tube is 


partially immersed in the hot water, and so that the entire lower rounded surface of the 
flask is bathed in hot water vapor.  Adjust the position of the apparatus as required to 
complete the concentration in 30 to 40 minutes.  At the proper rate of distillation, the balls 
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in the column will actively chatter, but the chambers will not flood with solvent.  
Periodically rinse the internal walls of the concentrator tubes with DCM. 


10.2.2 If a Hexane exchange is required (see Table 1), add 35mL of hexane, when the sample 
volume reaches approximately 5-10mLs.  Add the hexane to the top of the Snyder 
column while the concentrator is still on the water bath.  Continue with the concentration 
until the extract volume is reduced to below 10mL.  Periodically rinse the internal walls of 
the synder column with 5-10mL of Hexane. 


10.2.3 Remove the KD apparatus from the water bath. Rinse the flask and its lower ground 
glass joint with 1 to 2 mL of acetone to remove any moisture from the outside of the 
glassware. Allow to cool for 15minutes.  Disassemble the KD apparatus.  Move the label 
from the K-D Flask to the concentrator tube (See WI 2421 Labeling and Generating Work 
Groups and Batches).   


10.2.4 Place the Concentrator tube on the N-EVAP.  The N-EVAP is set at 37°C for samples 
extracted in Methylene Chloride and 65 °C for samples extracted in Hexane with the 
nitrogen flow at 5 - 7.  Samples remain on N-EVAP until they are reduced to 1mL. 
Pesticide Extracts: Using a syringe or volumetric flask, adjust final volume to 10 mL with 
hexane.   


10.2.5 The extract is now ready for sample cleanup or vialing (See Table 1). Refer to the 
relevant Clean-up SOP or proceed with extract vialing (See WI 3827 Extract Vialing 
Procedure, WI 2426 GC Extract Vialing Procedure and WI 2423 GC/MS Extract Vialing 
Procedure). 


10.3 Alternate Concentration Technique 


 The equipment used for alternate sample concentration is the Zymark TurboVap II, which is a 
self-contained water bath and nitrogen blow-down.  It is equipped with sensors to allow for 
automatic shutdown when the extract volume goes below 1mL.  This technique is generally 
used for concentration of TPH samples. 


10.3.1 The TurboVap is set at 37°C for samples extracted in Methylene Chloride. The nitrogen 
pressure is set to 10-15 psi and the endpoint concentration is set to ‘Sensor’.  The 
Zymark tube is labeled with the sample I.D. 


10.3.2 Place the labeled Zymark tube(See WI 2421 Labeling and Generating Work Groups and 
Batches) containing sample into the TurboVap II concentration unit.  Start the nitrogen 
blow-down by pressing the button on the front panel of the unit. 


10.3.3 When the concentration is complete, the nitrogen stream will be automatically shut off.    
The light on the front panel will flash, and the instrument will beep.  Remove the tube 
from the Zymark concentrator; the final extract volume is 1mL. Refer to the relevant 
Clean-up SOP or proceed with extract vialing (See WI 3827 Extract Vialing Procedure, 
WI 2426 GC Extract Vialing Procedure and WI 2423 GC/MS Extract Vialing Procedure). 


10.3.4  


10.4 Preventive Maintenance 


10.4.1  Microwave System (MARS and Milestone): 


10.4.1.1 The instrument must be kept clean.  Wipe the inside of microwave with soap and 
water and dry with a cloth as needed. 


10.4.1.2 All microwave cells, caps and plugs are to be dish washed and rinsed with 
solvent prior to use, with one exception: Milestone caps are to be rinsed with 
solvent only, and not placed in the dishwasher.  Additionally, the sleeves must be 







Alpha Analytical, Inc.  ID No.:1959   
Facility: Westborough                                          Revision 3 
Department:Organic Extractions  Published Date:6/1/2012 11:07:16 AM  
Title:  Microwave Extraction EPA 3546  Page 12 of 15  
 


   


Printouts of this document may be out of date and should be considered uncontrolled.  To accomplish work, 
the published version of the document should be viewed online. 


Document Type: SOP-Technical        Pre-Qualtrax Document ID: SOP 02-12  


handled with care.  If the edge of the sleeve is dented or chipped it will not hold 
pressure. 


10.4.2 TurboVap II Concentrators 


10.4.2.1 Maintain the level of the water bath by adding water daily to fill.  Keep unit clean.  
Avoid solvent spills on or around unit.  Clean periodically with a damp cloth. 


10.4.3 Analytical Balance 


10.4.3.1 All balances are calibrated and serviced every six months by an instrument 
service company.  All service records are kept on file. 


10.4.3.2 Keep balances clean.  Brush of any sample spills immediately.  Keep the balance 
doors closed and the balance turned off when not in use. 


. 


11. Data Evaluation, Calculations and Reporting 


None. 
 


12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 


12.1 All Holding time exceedences, improper preservation and Extraction Anomalies are to be 
reported to a Supervisor or Manager.  Non Conformance Reports may need to be issued 
through the Qualtrax System. 


12.2 If the KD Concentrator tube is allowed to run dry, the sample must be re-extracted. 


12.3 Perform routine preventative maintenance following manufacturer's specification. Record all 
maintenance in the instrument logbook. 


12.4 Refer to determinative method SOPs for additional Corrective Action information. 


 


13. Method Performance 


13.1  Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 
Limit of Quantitation (LOQ) 


The laboratory follows the procedure to determine the DL, LOD, and/or LOQ as outlined in 
Alpha SOP/1732.  These studies performed by the laboratory are maintained on file for review. 


13.2 Demonstration of Capability Studies  


Refer to Alpha SOP/1739 for further information regarding IDC/DOC Generation. 


13.2.1 Initial (IDC) 


The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 


13.2.2 Continuing (DOC) 


The analyst must make a continuing, annual, demonstration of the ability to generate 
acceptable accuracy and precision with this method.   
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14. Pollution Prevention and Waste Management 


 Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further 
pollution prevention and waste management information.  


 


15. Referenced Documents 


 Chemical Hygiene Plan 


SOP/1732 DL/LOD/LOQ Generation 


SOP/1739 DOC Generation 


SOP/14-01 Waste Management and Disposal SOP 


SOP/1953 Organic Extraction Glassware Cleaning and Handling 


Form 02-50 Sample Cleanup and Vialing Guide 


WI/2421 Labeling and Generating Work Groups and Batches 


WI/2517 LIMS Electronic Laboratory Notebook Procedure 


WI/2423 GC Mass Spec Extract Vialing Procedure 


WI/2426 GC Extract Vialing Procedure 


WI/3827 Extract Vialing Procedure 


Form 02-58 Sample Extraction Guide 


 


16. Attachments 


Table 1 – Specific Extraction Conditions for Various Determinative Methods 


 Table 2 – Soil Extraction Guide 
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Table 1 


 
Specific Extraction Conditions for Various Determinative Methods 


 
       


        
   Extraction        Exchange   Typical               Appropriate 
LIMS Product    Solvent          Solvent   Final      Cleanup 
       Code            Required    Volume             Technique 


 
 


      
8082     1:1 Hexane/Acetone hexane    1 mL   Sulfuric acid/ 
           Sulfur 
 
8081     1:1 DCM/Acetone hexane  10 mL   Florisil 
 


 8270 SIM     1:1 DCM/Acetone ---    1mL           ---  
 


8270     DCM    ---     1 mL             --- 
  
 TPH *     DCM             ---             1 mL              --- 
 
        EPH     DCM          hexane    1 mL          Silica gel Fractionation 
 
       ETPH     DCM      ---    1 mL      Silica gel 
 


 
 


*TPH includes the following LIMS Products:  TPH-DRO and TPH-DRO-D  
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Table 2 


 
Soil Extraction Guide 


 
LIMS  


Product 
Code 


QC  * Solvent 
Surrogate 
Solution 


LCS/LCSD 
MS/MSD Solution 


8270 SB, LCS, LCSD DCM 1mL ABN 1mL MCP ABN 


MCP 8270 SB, LCS, LCSD DCM 1mL ABN 1mL MCP ABN 


PAH SB, LCS, LCSD DCM 1mL ABN 1mL MCP ABN 


MCP PAH SB, LCS, LCSD DCM 1mL ABN 1mL MCP ABN 


PAH-Low SB, LCS, LCSD DCM/ACE 1mL ABN 1mL MCP PAH-Low 


MCP PAH-Low SB, LCS, LCSD DCM/ACE 1mL ABN 1mL MCP PAH-Low 


NYTCL/ NJ 8081 SB, LCS, LCSD DCM/ACE 250 uL PEST 250 uL Pest 


All other 
PEST/8081 


SB, LCS, LCSD DCM/ACE 1mL PEST 1mL Pest 


PCB/8082  SB, LCS, LCSD HEX/ACE 250µL PEST 250µL PCB 


MCP PCB SB, LCS, LCSD HEX/ACE 250µL PEST 250µL PCB 


EPH SB, LCS, LCSD DCM 1mL EPH 1mL EPH 


EPH / PAH-L SB, LCS, LCSD DCM 1mL EPH 1mL EPH 


NJ EPH SB, LCS, LCSD DCM 1mL NJ EPH 1mL NJ EPH 


ETPH SB, LCS, MS, Dup DCM 1mL DRO 1mL ETPH 


TPH * SB, LCS, Dup DCM 1mL DRO 1mL ETPH 


ME4125 SB, LCS, MS, Dup DCM 1mL DRO 1mL ETPH 


 
For additional product QC, Solvent, Surrogate and Spike solutions, see Form “Sample Extraction 
Guide”. 


       
*  TPH includes the following LIMS Products:  TPH-DRO and TPH-DRO-D 
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DETERMINATION OF ORGANOCHLORINE PESTICIDES IN LIQUID, SOLID AND TISSUE SAMPLES 
BYHIGH-RESOLUTION GC/MS 


 


 


1.0 LOCATION: 
 


This procedure is performed in the HRMS Prep Lab and the HRMS Instrument Laboratory. 
 


 


2.0 PURPOSE: 
 


This method is used to measure the concentration of Organochlorine Pesticides, (OCs) in liquid, solid and tissue samples.   
 


2.1 Principle of the Method:  OCs are soxhlet extracted from solid samples with dichloromethane (DCM) and from tissue 


samples with 50:50 DCM/hexane.  An optional Dean Stark extraction using toluene may be used for solids.  Liquid-


liquid extraction with DCM is used for aqueous samples.  Following extraction, the samples are cleaned up and passed 


through a series of columns that remove, by reaction and/or selective adsorption, the bulk of the organic matrix co-


extracted with the OCs.  The resulting fraction is concentrated to a known volume for analysis.  Qualitative/quantitative 


analysis for OCs is performed using separation by high-resolution capillary gas chromatography, (HRGC), and 
measurement by high resolution mass spectrometry (HRMS).  OCs are identified by comparing gas chromatograph 
(GC) retention times and the ion abundance ratios of the m/zs with the corresponding values obtained for authentic 
standards.   


 


 The GCMS system is calibrated and the analyte concentration is determined using an isotope dilution technique.  
Quantitation is based on the use of internal standards and relative response factors (RRFs).   


 


2.2 Nature of Samples:  samples can be from many different sources including incinerator ashes, soils, sediments and 
effluents.  The laboratory should be made aware of any past history involving the samples or the presence of potentially 
interfering substances at elevated levels (e.g. PCB).  This can allow the preparation technician to take a smaller aliquot 
of sample so that internal standards are not diluted out during analysis. 


 


2.3 Safety: 
 


2.3.1 General Considerations:  the toxicity or carcinogeneity of each compound or reagent used in this method has not 
been established precisely.  Each compound should be treated as a potential health hazard and exposure should be 
reduced to the lowest possible level. On the basis of the available toxicological and physical properties of the OCs, only 
highly trained personnel thoroughly familiar with handling and cautionary procedures should handle these compounds, 
and who understand the associated risks.  All work related to the analysis of OCs should be carried out within a 
specially designed laboratory.   
 


 


3.0 SCOPE: 
 


This is a HRGC/HRMS method for the determination of OCs at picogram to nanogram levels in liquid, solid, and tissue 
samples. 


 


3.0.1 Chemical Abstracts No.:  refer to Table 4 in the Appendix for a listing of the CAS No. 
 


3.1 Linear Range:  the method is calibrated over the following linear ranges of calibration solutions.  
 


5.0 pg/µL   to 2000 pg/µL 


 
3.2 Detection Limit:  Detection Limit is also referred to as Method Detection Limits (MDL):  an MDL is the minimum 


concentration of a substance that can be measured and reported with 99% confidence that the analyte concentration is 


greater than zero. MDLs are determined by the procedure outlined in CAM WI-00005, Method Development, Revision 
and Validation. 
 


Target MDLs are verified annually by spiking water/soil replicates at the CS2-CS3 levels.  These samples are carried 
through the full extraction and cleanup procedure.  MDLs are determined by multiplying the standard deviation of the 


results by the Student’s t-Value for the number of replicates used.  If Target Limits are not achieved, the exercise is 
repeated spiking at a lower level.  An MDL study is used to determine if the target limits outlined in test methods have 


been achieved. These are maintained on file in the QSI MDL Module as well as at the instrument.  To meet DOD 
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requirements, these limits are then used to determine spiking levels for the Limit of Detection (LOD) verification. Each 


matrix is spiked two to three times the target limit (derived above) for a single analyte test or one to four times the 
detection limit for a multi-analyte test. 


 
NOTE:  As per CAM WI-00121, section D.1.2.1, Maxxam HRMS lab schedules quarterly LOD verifications for each 


respective matrix to meet DOD requirements. 
 


Estimated Detection Limit (EDL):  EDLs are sample specific and are calculated on a case specific basis for all 
analytes.  If a signal produced is not at least 2.5 times the average background level at the expected retention time for 


specific isomers, the area response for the noise is calculated as follows. 


 
2.5 x peak intensity of background noise   x   area of internal standard 
     height of internal standard 


 
This is done for either the quantitation ion or the confirmation ion.  Using theoretical ratios for the specific degree of 


chlorination an area for the second ion is generated.  These areas are then totaled and applied to the same calculation 


scheme as for “positive” hits.  (see Section 9).  EMPCs (Estimated Maximum Possible Concentrations) are calculated 
whenever peaks are detected that meet all criteria except for ratios.  The area in this case is recalculated (factored up or 
down) to meet the classical ratio and the result is flagged as an EMPC (NDR, not detected because of ratios, for 
Canadian Method). 


 
NOTE:  Maxxam HRMS lab schedules quarterly LOD verifications.  They are analyzed with the next batch of samples for 


respective matrix. 
 


3.3 Reporting Detection Limit (RDL): Reporting Detection Limit is also referred to as Limit of Quantitation (LOQ), 
equivalent to the Low Level Standard. 


 


NOTE:  As per CAM WI-00121, section D.1.2.1, Maxxam HRMS lab schedules quarterly LOQ verifications for each 


respective matrix to meet DOD requirements. 
 


3.4 Interferences:  interferents co-extracted from the sample material will vary considerably with the matrix and the 
diversity of the site being sampled.  OCs are often associated with other chlorinated organics that may potentially 
interfere with the analysis.  These include polychlorinated biphenyls, polychlorinated dibenzodioxins and furans, 
polychlorinated hydroxy diphenyl ethers, polychlorinated benzylphenyl ethers, polychlorinated diphenyl ethers, 
polychlorinated naphthalenes, polychlorinated xanthenes, and polynuclear aromatics. 


 


 Often the compounds responsible for interferences may be present at concentration levels several orders of magnitude 
higher than any OCs that may be present.  Cleanup procedures can be used to reduce or eliminate these interferences to 


the maximum extent practicable in order to ensure reliable quantitation of OCs at trace levels.  Despite rigorous cleanup 
procedures, the possibility of matrix interference will still exist.  If detection limits are seriously elevated by the 
excessive background, the sample extract will have to be re-processed using alternative cleanup techniques. 


 


3.5 Definitions: 
 
 Refer to Corporate Definitions procedure: COR WI-00012  
 


 


4.0 REFERENCES: 
 


 


In December 2007 EPA released Method 1699, Pesticides in Water, Soil, Sediment, Biosolids, and Tissue by 


HRGC/HRMS.  Method 1699 is performance-based method, which means that any modifications made to it must meet the 
method’s section 9.1.2 requirements for its equivalency. 
 


Maxxam’s method meets EPA 1699 method performance and prior to the release of the reference method 1699 it has been 
developed in conjunction, and with the approval of the NYS Department of Environmental Conservation and is derived 


from the proposed NYSDEC Method HRMS-2. 
 


 


4.1 Information Sources:   


• EPA 1699, Pesticides in Water, Soil, Sediment, Biosolids, and Tissue by HRGC/HRMS, December 2007. 
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• Draft Analytical Procedure for Organochlorine Pesticides by Isotope Dilution HRGC/HRMS, NYSDEC Method 


HRMS-2. 


• Manual of Analytical Methods for the Analysis of Pesticides in Human and Environmental Samples, Section 3A 


[required for cleaning glass components of the sampling train]. 


• For further information contact Gary McAlister or Roger Shigehara, Emission Measurement Branch (MD-19), 


Technical Support Division, U.S. Environmental Protection Agency, Research Triangle Park, North Carolina, USA 


27711, telephone (919)-541-1062.  


• Method 1668, Revision A: Chlorinated Biphenyl Congeners in Water, Soil, Sediment, and Tissue by HRGC/HRMS 


• USEPA Method 1699: Pesticides in Water, Soil, Sediment, Biosolids and Tissue by HRGC/HRMS. Brian Englehart, 


Ph. D., Engineering & Analytical Support Branch, Engineering and Analysis Division (4303T), Office of Science and 


Technology, Office of Water, U.S.E.P.A, 1200 Pennsylvania Avenue NW, Washington, DC, 20460. 


• EPA SW-846 3540C, Soxhlet Extraction, (SW-846 PROPOSED UPDATE III Revision 3, January 1995) 


• EPA SW-846 3510C, Separatory Funnel Liquid-Liquid Extraction (SW-846 PROPOSED UPDATE III Revision 3, 


January 1995),  


• EPA SW-846 3620C, Florisil Cleanup, Revision 3, February 2007. 


• EPA SW-846 3640A, Gel-Permeation Cleanup, (SW-846 Update II, September 1994) 


 
4.1.1 Other Standard Operating Procedures: 


Refer to QSI section Associated Documents for links to related methods 
 


 


4.3 Analytical Test Codes:  
 


 Other test codes may be created as necessary 
 


Waters: Analysis: 
 


 PESTOCHR-W OCs In Water By HRMS 
 


Solids: Analysis: 
 


 PESTOCHR-S OCs In Solids By HRMS 
 


Tissues: Analysis: 
 


 PESTOCH-TI OCs In Tissues By HRMS 
 


 


5.0 SAMPLE HANDLING AND PRESERVATION: 
 


When feasible, samples should be maintained at 2-6 °C from the time of collection until the point of extraction.  Due to the 
fragile nature of the containers, the samples should be well wrapped with protective packaging during shipment from the 


field site to the laboratory.  Samples that exceed the hold time will be flagged on the Certificate of Analysis.  Different hold 
times may be imposed by other regulating agencies or as determined by client specific projects.  Project specific and 
regulatory requirements for preservation method and reporting criteria, (required detection limit, dry or wet weight basis), 


must be examined and made clear prior to sample analysis.  Note:  sample containers should have Teflon liners in the caps. 
 


 Matrix Container Min.  Vol. Time to Extract Time to Analysis 
Waters 4x1 L amber glass 800 mL 30 days 45 days 


Soils/Sludge 100 mL amber glass 2x5 gram 30 days 45 days 
Pulp 100 mL amber glass 2x15 gram 30 days 45 days 


 Biological 100 mL amber glass 2x20 gram 30 days 45 days 
 


 


6.0 APPARATUS AND MATERIALS: 
 


6.1  Reagent Preparation:  all reagent preparation information , lot numbers, and supplier are documented   in the 


reagent preparation logbook kept in the sample preparation laboratory. Equivalent quality reagents and standards may 
be purchased from other suppliers as appropriate 


6.1.1 Solvents:  hexane, dichloromethane (DCM), toluene, isooctane, , nonane, ethyl acetate, petroleum ether, 
Distilled in Glass quality from Fisher or Caledon 
 


6.1.2 RODI Water:  Reverse Osmosis Deionized Water, (RODI), >16MΩ purity, produced in house 
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6.1.3 Compressed Gases:  UHP Grade nitrogen  


 


6.2 Standard Preparations:  all standards preparations , lot numbers, supplier information, pertinent dates are documented 


by the analyst in the Standard Preparation Log Book located in the instrumentation laboratory.  Store stock standards  
as per manufacturer's directions.   


 


 


                         After preparation, use a permanent fine-tip marker to mark a line at the liquid level. 
           This allows monitoring loss due to evaporation. (loss is greatly reduced by using refrigerated storage) 
 


6.2.1 Calibration Standards:  refer to Appendix: Table 3 for the volumes of the stock standards to use for preparing 


calibration standards.  Current suppliers and lot numbers are in the Standards Prep Logbook in the Instrument Lab. 


Stock (neat) standards are stored in the freezer compartment of the standards fridge. 
 


6.2.1.1 Native Intermediate (20 ng/uL):  add the volumes of stocks to a 5 mL volumetric flask and dilute to 


volume with nonane.   
 


       6.2.1.2 Native Dilution (0.2 ng/uL): dilute10 uL of the native intermediate to 1 mL with nonane  
 


  6.2.1.3 Matrix Spiking Solution (5 ng/uL): add 1250 uL of the native intermediate to a 5 mL volumetric flask   
and dilute to volume with nonane  


 


6.2.2 Method Spiking or Internal Standard Solution (4 ng/uL): a 10 mL nonane working level internal standard 
solution, is prepared once every two years or as required containing isotopically labeled OCs stock solutions.  The 
volume of stock standards used is recorded in the Standard Preparation Log Book, located in the Instrument laboratory.  
Manufacturer Certified Stock standards are purchased from Cambridge Isotope Laboratories, Andover, MA, USA - 
 


Component Stock Conc.   Final Conc.   Vol.  Added  


 (ng/µµµµL) (pg/µµµµL) (µµµµL) 
Aldrin 


13
C12 100 4000 400 


BHC-beta 
13


C6 50 4000 800 
Chlordane 


13
C10  100 4000 400 


cis-Nonachlor 
13


C10 100 4000 400 
Dieldrin 


13
C12 100 4000 400 


Endrin 
13


C12 100 4000 400 
Heptachlor 


13
C10 100 4000 400 


Heptachlor Epoxide 
13


C10 100 4000 400 
Lindane 


13
C6 d6 100 4000 400 


Methoxychlor-ring 
13


C12 100 4000 400 
Mirex 


13
C10 100 4000 400 


Oxychlordane 
13


C10 100 4000 400 


p,p'-DDD-ring 
13


C10 100 4000 400 
p,p'-DDE-ring 


13
C12 100 4000 400 


p,p'-DDT-ring 
13


C12 100 4000 400 


trans-Nonachlor 
13


C10 100 4000 400 


Endosulfan-I-
13


C9 100 4000 400 
Endosulfan-II-


13
C9 100 4000 400 


HXB 
13


C6 100 4000 400 


Endrin Ketone 
13


C12** 50 4000 800 
Endrin Aldehyde 


13
C12**    50 4000  800 


 


** Obtained in solid form and reconstituted as per manufacturers instructions.  The stability of these compounds in 
solution is unknown and not certified and they have been included on a trial basis 
 


Recovery or Injection Standard (5 ng/uL) a 5 mL final volume, nonane working level solution, is prepared once 
every two years or as required and are purchased from Cambridge Isotope Laboratories, Andover, MA, USA , or 


Wellington Labs, Guelph, Ontario, Canada. 
The volumes of stock standards used for the current set of working level standards in use are documented in the 
Standard Preparation Log Book, located in the Instrument laboratory.  
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DDT and ENDRIN Breakdown Check Solution  (100 ng/mL) a 10 mL final volume, nonane working level solution, 


is prepared once every two years or as required and are purchased from a reputable supplier such Accustandard or Ultra 


Scientific. The volumes of stock standards used for the current set of working level standards in use are documented in 


the Standard Preparation Log Book, located in the Instrument laboratory. 
 


6.2.3 Use the following for 5 ng/µL stocks. 
 


Component Stock Conc.  (ng/µµµµL) Final Conc.  (pg/µµµµL) Vol.  Added (µµµµL) 
 


BHC-delta 
13


C6 100 5000 250 
13


C12-Tetrachlorobiphenyl (BZ 52) 50 5000 500 
13


C12-Pentachlorobiphenyl (BZ 101) 50 5000 500 
13


C12-Heptachlorobiphenyl (BZ 178) 50 5000 500 
 


6.3 Apparatus:  autosampler vials; assorted gas-tight micro syringes; assorted screw-cap amber vials with teflon-lined 


caps.  Equivalent labware and equipment may be purchased from other suppliers as available. 
 


6.3.1 Glassware Quality Control:  all extraction glassware is engraved with a specific serial number.  Glassware used 
for processing samples is tracked using this number.  All glassware is subjected to a proven, rigorous cleaning 
procedure after which it is acceptable for reuse.  Method Blank analyses confirm the acceptability of this procedure. 


• Soxhlet apparatus that were exposed to samples resulting in highly coloured extracts are soaked in a soap 
solution, (Extran), overnight 


• after soaking they are rinsed thoroughly with successive rinses of RODI water and acetone 


• all Soxhlets are then cycled with toluene overnight 


• Rotovap glassware is rinsed thoroughly with appropriate solvents after each use 
 


6.4 Instrumentation:  High Resolution GCs coupled to High Resolution Mass Spectrometers  
 


HR Gas Chromatographs: Associated HR Mass Spectrometers: 
   


 
HP6890A                     (S/NUS000034029)                 Micromass AutoSpec Ultima     (S/N M384) 
 
HP6890 (S/N US00029754) Micromass Autospec Ultima (S/N M230) 
HP6890D (S/N US00030341) Micromass Autospec Ultima (S/N M449) 
HP6890N (S/N US10131086) Micromass Autospec Ultima (S/N M536) 
HP5890 Series II          (S/N3203G16149)                 VG AutoSpec “S”                        (S/N S1800) 
HP6890A Plus              (S/NUS00038736)                 Micromass AutoSpec Ultima        (S/N M526) 


 


6.4.1 Gas Chromatographs: gas chromatographs consist of the following components 


• Oven:  capable of maintaining a temp. ±1 °C and performing programmed temp. rate increases of at least 3 
°C/min 


• Temperature Gauge:  to monitor column oven, detector, & exhaust temperature ±1 °C 


• Gas Flow Metering System:  to measure sample, fuel, combustion gas, & carrier gas flows 


• Capillary Column:  the primary column is a fused silica column, 60 m x 0.25 mm inside diameter (ID) x 0.25 um 
film thickness, coated with CP Sil 8CB (Varian or equivalent) 


 


6.4.2 Mass Spectrometers: capable of routine operation at 1:10000 resolution with ±5ppm stability with a compatible 


data system capable of monitoring at least five groups of 25 ions.  Because of the extensive mass range covered in each 
function, it may not be possible to maintain 10,000 resolution throughout the mass range during the function.  


Therefore, resolution must be ≥8,000 throughout the mass range and must be ≥10,000 in the center of the mass range 
for each function. 
 


6.5 Miscellaneous Equipment:  analytical balance capable of measuring within 0.1 mg 
 


 


7.0 ANALYTICAL PROCEDURE: 
 


7.1 Sample Extraction:  refer to BRL SOP-00010 “for the Extraction and Clean-up of Organochlorine Pesticides from 
Liquid and Solid Samples. 
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7.2 Sample Clean Up and Fractionation:  refer to BRL SOP-00010 “for the Extraction and Clean-up of Organochlorine 


Pesticides from Liquid and Solid Samples. 
 


 


7.3 Analysis:   analyze the sample extract by HRGC/HRMS using the instrumental parameters in section 7.3.1 and 7.3.2.   


Step 1 add 4 µL of Recovery Standard to the 200 µL sample extract in the 1 mL Reacti-vial 


Step 2 vortex for ∼30 seconds and allow to equilibrate for at least 3 minutes 


Step 3 transfer a portion to an amber autosampler vial using a micropipettor 


Step 4 seal with an aluminum teflon lined crimp cap 


Step 5 inject 1 or 2 µL of the extract into the GC 
 


Analyze the sample using a GC/MS with the instrument parameters given in Section 7.3.1 and 7.3.2. Some samples, at a 


200uL final volume, may contain high levels of the compounds of interest, interfering compounds, or polymeric 


materials, and may crystallize out of solution at room temperature. A 10-fold dilution is performed to address this issue, 


as well as the anomalies observed with recoveries of the internal standard. A 1-2 µl aliquot of both extracts is injected 


into the GC to determine the concentration of each target analyte. 
 


7.3.1 Typical GC Operating Conditions (these are typical conditions and are optimized for each individual column to 
maximize performance. 


• Injector:  configured for capillary column, splitless, 250 °C 


• Carrier Gas:  helium at 1-2 ml/min 


• Initial Temperature 100 °C for 2 minutes 


• 20 °C/minute to 150 °C 


• 5 °C/min to 285 °C 


• hold at 285 °C for 2 minutes 
 


7.3.3 High Resolution Mass Spectrometer 


• Resolution of 8,000 minimum 


• Ionization Mode:  Electron impact, 35-40 eV, (optimize) 


• Source Temperature:  290 °C, (optimize) 


• Monitoring mode: Selected ion recording - see Table 1 for a list of the ions to be monitored 
 


7.3.4 Run Sequence:  at the beginning and the end of a run sequence, a hardcopy of the Resolution check is printed 
out.  The operator manually verifies that a minimum resolution of 1:8,000 has been achieved for each multi group 
experiment; see the descriptor groups in see Table 1.   
 


7.3.4.1 Initial Calibration:  (process takes ∼ 4 to 5 hours to perform) 


• DDT/ENDRIN Breakdown Check 


• CS1_OC 


• CS2_OC 


• CS3_OC 


• CS4_OC 


• CS5_OC 


• Solvent 


• OC_Ref_Std (optional 2
nd


 source standard, if available)  


• Solvent 
 


7.3.4.2 Typical Sample Analysis Sequence:  (process takes ∼12 hours to perform).  At the beginning and the end 
of a run sequence a hardcopy of the Resolution check is printed out.  The operator manually verifies that a 


minimum resolution of 1:8,000 has been achieved for each multi group experiment, see the descriptor groups in 
Table 1.After this verification is complete the run can proceed as follows: 


• DDT/ENDRIN Breakdown Check 


• CS3_OC 


• Solvent (optional) 


• OPR 


• Solvent 


• Method Blank 
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• Sample 1 


• Sample 2 


• Sample 3 


• Sample 4 


• Sample 5 


• Sample 6 


• Sample 7  


• … 


• Sample 20 


• Solvent 


• CS3_OC (post analysis calibration verification) 


• Method Spike (the method spike is not used in any calculations but serves only as an aid to determine the 


source of potential problems for internal and matrix recovery.) 
 


7.4 Identification Criteria: the following preliminary identification criteria shall be used for characterization of OCs. 


• the integrated ion-abundance ratio shall be within ± 20 percent of the theoretical value or the value obtained from 
that days calibration standard 


• retention time for the analytes must be within 3 seconds for the corresponding labeled internal, surrogate or 
alternate standard 


• the monitored ions shown in Table 1 for a given analyte shall reach their maximum within 2 seconds of each other 


• the identification of specific analytes that do not have corresponding labeled standards is done by comparing the 
relative retention time, (RRT), of the analyte to the nearest internal standard retention time with reference, (i.e. 
within 0.005 RRT units), to the comparable RRT's found in the continuing calibration  


• the signal to noise for all monitored ions must be >2.5 
 


7.4.1 Quantification:  the peak areas for the two ions monitored for each analyte are summed to yield the total 
response for each analyte.   


 


7.5 Maintenance:  Maxxam staff or a manufacturer's Service Engineer will perform emergency maintenance.  Preventative 
maintenance is performed annually through a service contract.   


 


7.6 Troubleshooting and Common Problems:  the analyst may perform the following checks if he/she is capable.  
Otherwise call a Manufacturer's Service Engineer.  Check for the following conditions: 


• system is fully powered on and is in the Operate mode 


• vacuum is in acceptable range, i.e.  10
-6


 mbar or better, if not check for leaks 


• filament is "ON" and the trap is regulating 


• source and transfer line heaters are at the proper operating temperature, the source temperature affects the 


fragmentation of the sample 


• GC in good working order, adequate supply of carrier gas with respect to oven heater and temperature regulation 


• Injector system is clean with a properly installed column, liner and septum.  Leaks and contamination may cause 
performance problems 


• capillary column Helium head pressure is adjusted to proper setting, i.e.  ∼25 psi for a 60 m x 0.25 mm ID column 


• autosampler syringe is in good condition, not leaking nor plugged 


• data system is running and is controlling and communicating with the instrument 
 


7.6.1 Loss of Beam:  may be caused by any of the following 


• a defective source, collector or alpha slit may be obstructing the beam 


• the isolation valve may not be completely open, check the pneumatic valve 


• check the compressed air tank line pressure 


• broken or blocked PFK jet or capillary line, replace if necessary 
 


7.6.2 Loss of Filament Current, Trap Current and Electron Energy:  may be caused by any of the following 


• remove the source, check for short circuits, dirty or defective parts.  Clean or replace if needed 


• check the filament alignment in the source when replacing it 


• if the filament comes on and there is no Trap current, this could indicate that a trap contact problem has occurred 


• check the electrical contacts and the alignment of the source magnets 
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7.6.3 Loss of Magnet:  may be caused by any of the following 


• high voltage breaker switch tripped due to a power interruption or surge 


• high voltage breaker switch tripped due to a loss of the cooling water supply.  When cooling water supply is lost 


or is too warm the magnet unit and the diffusion pumps overheat.  The heat sinks on the power supply board 
cause the power to shut down and may trip the breaker on the power distribution panel on the front of the 


instrument.  These must all be reset before the magnet can be turned back on 


 
7.6.4 Loss of High Voltage:  may be caused by any of the following 


• an electronic fault and may be brought on by a discharge of a dirty lens or ceramics or arcing of the flight tube 


• these regions must be cleaned to restore voltages and to re-establish control of the beam 


• electronics and S10S interface will also have to be reset to restore communications and control of the beam 


control and source control PCBs 
 


 


8.0 QUALITY CONTROL: 
 
8.1 DDT/ENDRIN Breakdown Check:  This test is to be run at the beginning of every run before an initial calibration or 
continuing calibration.  Its purpose is assess the activity of the injection port will eventually which cause Endrin and 4,4’-
DDT to breakdown into Endrin Aldehyde and Ketone and 4,4’-DDD and 4,4’-DDE, respectively.  The percent breakdowns 
are calculated as follows: 
 


4.4’-DDT Breakdown (%) =   (Sum of areas for 4,4’-DDD + sum of areas for 4,4’-DDE) x 100 
                                                                                    Sum of areas for 4,4’-DDT 
 


 
Endrin Breakdown (%) =   (Sum of areas for Endrin Aldehyde + Endrin Ketone) x 100 


                                                                                    Sum of areas for Endrin 
 


• A percent breakdown of ≥20% indicates Endrin breakdown into Endrin Aldehyde and Ketone and similarly for 
4,4’-DDT into 4,4’-DDD and DDE. 


• If ≥20% breakdown is observed, the injection port must be cleaned and reconditioned.  This means cooling the 
injector, wiping surfaces clean with Kim Wipe and methanol, replacing the septum, inlet liner and gold seal.   


• Pyrex liners dual tapered are recommended for this test, as they are believed to be less active. 


• Liners can be made to be inactive through re-silanization then capping with methanol.  Consult a senior analyst or 
supervisor before attempt this as the silanizing compound dichlorodimethyl silane is corrosive. 


 


8.2 Initial Calibration:  calibrate the GC/MS system using the set of five standards, (Table 3).  These working level 
standards are used for a period up to 2 years.  If available, an “injection ready” standard from a second source supplier 
is also run as part of the initial calibration.  Instrument parameters are adjusted and standards are analyzed until the 


following QC criteria are achieved.   


• Relative standard deviation, (RSD), of the mean response factor for each unlabeled analytes should be +/- 35%.   


• RSD of the mean response factor for each of the labeled standards should be +/-35%  


• Signal to noise ratio for the GC signal present in every selected ion current profile shall be ≥10 for both labeled 
and unlabeled analytes 


• The ion abundance ratios shall be within the control limits in Table 2 
 


8.3 Continuing Calibration Verification: inject 1 µL of solution CS3, (see Table 3).  At the beginning of each 12 hour 
sequence, calculate the relative response factors, (RRFs), for each compound and compare each of them to the 
corresponding mean RRF obtained during the initial multi-point calibration.  The following requirements should be met 


before sample analysis can begin. 


• the measured %RSD of the RRF for the labeled analytes for the daily run must be +/-50% except for 
13


C12-
Endrin and the natives that use it as an internal standard (Endosulfan Sulfate).  As this compound is extremely 
susceptible to GC injector activity, its’ response will increase as the liner is used.  Calculations may use the daily 
RF for these compounds to correct for this. 


• the measured %RSD of the RRF for the unlabeled analytes for the daily run must be +/-50%  


• the ion abundance ratios must be within the limits given in Table 2 or within +/-35% of the value obtained from 
that days calibration standard 
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The CS3 standard is analyzed at the end of the run sequence.  The %RSD of the RRFs are again compared to the initial 


calibration and should satisfy the above criteria.  As another indicator of breakdown, a decrease in the RF of the 
13


C-4, 


4’-DDT of >50 % compared to the initial calibration is an indicator of injector liner degradation and GC inlet 


maintenance must be performed. 
 


8.4 Internal Standards:  are added to all samples and QC samples.   
 


Recoveries must be 10-200% for the labeled compounds 


 


8.4.1 Corrective Actions:  if the above criterion is not achieved 


• the data will still be acceptable provided that the signal is equal to or greater than ten times the noise level 


• this will be flagged in the Case Narrative section of the final report 


• the extract may be diluted and rerun.  Complex matrices may mask or enhance the response of several 


compounds (Aldrin, methoxychlor, 4,4’-DDT) 


• the sample may be re-extracted if nothing can be found to explain the low or high recoveries and no obvious 


interference is causing the problem. 


 


8.5 Method Blanks:  a method blank is run in every batch, and a minimum of one for every 20 samples. 
 


Method Blank must be <CS1 Standard concentration (RDL) 
 


 
NOTE: for DoD samples, the method blank will be considered to be contaminated if:  


• The concentration of any target analyte in the blank exceeds 1/2 the reporting limit and is greater than 1/10 the 
amount measured in any sample or 1/10 the regulatory limit (whichever is greater);  


• The concentration of any common laboratory contaminant in the blank exceeds the reporting limit and is greater 
than 1/10 the amount measured in any sample or 1/10 the regulatory limit (whichever is greater); or  


• The blank result otherwise affects the samples results as per the test method requirements or the project-specific 
objectives 


 
8.5.1 Corrective Actions:  if the above criteria are not met then 


• investigate possible source of contamination by checking at a minimum: instrument Spike Standard Solutions, 
Recovery Standards, proofing of glassware, proofing of solvent and absorbents used in clean-up 


• all of the samples must be re-prepared and reanalyzed 


• if sufficient sample is not available then any positive sample data must be flagged as possibly contaminated to 
the level found in the Method Blank 


 


8.6 Blank Matrix Spike: must be prepared and analyzed at a frequency of 1 Blank Spike for every batch of samples up to 
a maximum batch size of 20 samples.  Calculate the recovery as: 


 
Spike Recovery (%) =  Spiked Blank Result x 100 


 Spike Added 
 


Native analyte recoveries should be 40-200% 
 


Internal Standard recoveries should be 10-200% 
 


8.6.1 Corrective Actions:   


• check calculations and reanalyse if recoveries are outside of these limits  


• if the blank spike is outside of limits but the matrix spike is acceptable then the blank spike may have been 


spiked incorrectly.  Review the data with the Team or Group Leader.  All data may be accepted but must be 
flagged as exceeding acceptance criteria 


• if both the blank spike and the matrix spikes exceed their respective limits re-prepare and reanalyze the samples 


providing sufficient sample is available  


• if sufficient sample is not available the data must be flagged in Tester’s Comments  
 


8.7 Matrix Duplicate:  must be prepared and analyzed using randomly selected samples, at a frequency of 1 matrix 
duplicate for every batch of samples up to a maximum batch size of 20 samples.  The RPD is calculated as:  
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% RPD = first sample result - duplicate sample result  x 100 


                      (First sample result + duplicate sample result)/2 
 


RPD between duplicates should be ±±±±25% 
 


8.7.1 Corrective Actions:   


• check calculations for errors 


• check solid samples for homogeneity, if not homogeneous, flag the data in Tester’s Comments  


• if the sample is homogeneous, re-prepare and reanalyze the sample 
 


8.8 Matrix Spike/Matrix Spike Duplicate Recoveries:  if sufficient sample is available, spike two separate aliquots of a 


sample in each batch of 20 samples or less with an appropriate level, (2-5 times the sample concentration if possible), 


of native OCs.  Calculate the recoveries as follows: 
 


Matrix Spike Recovery (%) =  spiked sample result - sample result  x  100 


  amount spike added 
 


Recoveries of matrix spiked internal standards must be between 10-200% 
 


Native analyte recoveries should be 40-200% 
 


RPD between duplicates should be ±±±±25% 
 


8.8.1 Corrective Actions:   


• check calculations for errors 


• if recovery calculations aren’t possible, (due to high sample concs.), flag the data in Tester’s Comments  


• if the blank spike is acceptable then flag the data as a possible Matrix interference 


• check solid samples for homogeneity, if not homogeneous, flag the data in Tester’s Comments  


• if the sample is homogeneous, re-prepare and reanalyze the sample 


• if both the blank spike and the matrix spikes exceed their respective limits re-prepare and reanalyze the sample 
the sample if sufficient sample is available 


• if sufficient sample is not available flag the data in Tester’s Comments  
 


8.9 Control Charts:  plot the blank spike recovery of 4,4’-DDT, for waters, soils, and tissues on separate control charts.  
Update the chart immediately after the analysis of the QC point used or in the morning after an overnight run, prior to 
reporting of data.  Monitor the chart for the development of trends on the chart.  Take actions, if necessary, as defined 
in the SOP for Control Charting.  If an “Out of Control” point is found, terminate the analysis and resolve the problem.  
Note the resolution directly on the chart or code the point to a reference in the analyst's workbook. 


 


8.9.1  Possible Causes:    


• deterioration of standard, reagents or injector liner activity 


• standard, QC sample or reagent preparation error 


• standard contamination or evaporation 


• improper sample introduction 


• poor analyst technique or insufficient training 


• deviation from SOP procedure 


• imprecise measuring devices, i.e.  pipettors, syringes 
 


8.9.2 Corrective Actions:  if "out of control points" are encountered 


• check the other run QC, if acceptable report the data 


• if not acceptable, reanalyze the QC samples and if acceptable, report the data 


• if not acceptable, find and resolve the cause, re-extract and reanalyze the samples 


• if insufficient sample exists report the data, flagged as "out of statistical control" 


• if hold times will be exceeded upon re-extraction and reanalysis, flag the data  


• if no reason can be found, report the data as "out of statistical control"  
 


Note the resolution on the Control Chart or reference it to the Analyst's Workbook.   
 







Maxxam Analytics 


BRL SOP-00415/4 


Page 11 of 18 


8.10 Additional QC:  in addition to the QC samples listed above, blind replicates, audit and performance evaluation 


samples may be submitted.  These samples may have specific instructions that must be followed, however, analysis is to 


proceed as for any other sample.  Any USACE project has an Analytical Data Review Checklist, documented in the QA 


Manual, completed and submitted with the final data report. 
 


 


9.0 DATA ANALYSIS:  
 


9.1 Calculations:  the internal standard method is used to quantify OCs.  It relies upon consistent linearity of MS response 


over time and over the calibration range represented by the standard solutions defined in Table 3.  This internal 


standard method is easily integrated into an automated routine for data quantification.  Internal standard quantification 


is based on the use of Relative Response Factors, (RRF).  For native standards, the RRF is the ratio of analyte response 


factor to the response factor of the corresponding labeled surrogate, (internal standard).  These RRFs remain unchanged 


over the range of concentration for which MS response is linear.  Using these RRFs, along with native and surrogate 


responses from the sample run, recovery-corrected concentrations of OCs are calculated directly.  Internal standard 


recoveries are calculated separately and reported.  These values reflect the overall data quality. 
 


 Relative response factors for the native standard (RRFn) and for the Internal standard (RRFs) are calculated using the 
following equations: 


 


 RRFn   =   Ac * Csc and  RRFs   =   Asc * Crc 
 Asc * Cc Arc • Csc 


Where: 
 


RRFn = relative response factor, Native Standard to Internal Standard 
RRFs = relative response factor, Internal Standard to Recovery Standard 
Ac = quantification ion (single or both ions) peak area for Native Standard 
Asc = quantification ion (single or both ions) peak area for the appropriate Internal Standard 
Arc = quantification ion (single or both ions) peak area for the appropriate Recovery Standard 


Cc = concentration of the Native Standard (pg/µl) 


Csc = concentration of the appropriate Internal Standard (pg/µl) 


Crc = concentration of the appropriate Recovery Standard (pg/µl) 
 


Using the RRFs, sample concentrations of OCs (C) and internal standard recoveries (%R) can be calculated as follows: 
 


  n 


 ∑Ak • Qss 
C (X)  =  __k=1________ /Ws or Vs and %R (X) = Ass * Qrs  *  100 
 Ass • RRFn  Ars * Qss * RRFs  


 


Where: 
 


C(X) = recovery-corrected quantity of analyte X (ng/g for solids, ng/L in liquids) 


Ak = quantification ion (single or both ions) peak area for the “k
th


” homologous isomer 


 of analyte X  (n=1 for isomer-specific analysis) 
Qss = amount of internal standard X added to the sample (ng) 
Ass =  quantification ion (single or both ions) peak area for internal standard X in extract 


%R(X) = percent recovery of internal standard X 
Qrs = amount of the appropriate Recovery Standard in sample extract (ng) 


Ars   =  quantification ion (single or both ions) peak area for the appropriate Recovery Std in the sample extract 
Ws = weight of dry sample in grams 


VS = volume of sample in litres 
  


9.2 Data Transfer:  data is processed using a custom application macro developed internally.  An excel spreadsheet is 
generated which incorporates weights, dilution factors, splits, internal standard amounts added, recovery standard 
amounts added and estimated detection limits.  The result file, once completed and checked by authorized personnel is 


electronically transferred to the MaxxLIMS and approved. 
 


9.3 Data Validation:  Refer to BRL WI-00011 Review and Validation of Analytical Data and corresponding Data Review 


Checklist (BRL FCD-00002) to perform a primary and a secondary analytical data review and validation prior to 
issuance of the Certificate of Analysis.  If the data and report are acceptable the Certificate of Analysis is signed by the 


Project Manager and sent to the client. 
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9.4 Data Storage:  sample data is transferred to a separate computer system as required.  The back up computer is 


maintained by the systems group and is also backed up regularly. 
 


 


10.0 DOCUMENTATION: 
10.1 Tracking Sheet:  before samples are prepared, a GC-MS sample tracking /work sheet is completed.  This sheet 


includes details of the Job number, lab sample number, client sample ID, QC samples analyzed in the batch, 


spiking solutions used and their concentrations, preparation date and lot #, dates of analysis and cleanup, analyst’s 


initials.  A copy of the tracking /work sheet is maintained with analytical data 
 


10.2.1  Instrument Logbook: 


• Troubleshooting records with full descriptions of the actions taken to resolve the problem.  This is required for 


all instances in which there is an acceptance criteria that is not achieved.  Alternatively these may also be 


recorded on a separate tracking sheet designed for the analysis. 


• Record of Instrument Service by the Supplier with the associated paperwork 
 


10.2.2 Method Deviation Records: instances may arise in which the standard operating procedure may not be applicable 
to the nature of the sample and may require modifications to the normal methodology.  These deviations must be 
discussed with the Supervisor or Operation Manager prior to application.  Approval must be obtained as per COR 
WI-00040 and documented using QSI module for Policy Deviation Form.  These deviations must also be described 
in the comment section of MaxxLIMS. 


 


10.2.3 Sample Deviation Records:  these deviations must be recorded in MaxxLIMS Comments. 
 


10.4 Maintenance Tracking: analysts maintain logbooks/tracking sheets to include the following minimum information 


• record of Instrument Service by the Supplier with the associated paperwork 


• records of all maintenance performed indicating the date performed and by who 
 


10.5 Standard and Reagent Preparation Tracking:  record all preparations of standards and reagents in the Standard 
Preparation and the Reagent Preparation Logbooks.  All records must contain at a minimum the following 
information 


• Supplier Identification and Lot Number 


• Date of Preparation and Expiry 


• Concentration, and name of Analyst who prepared the standard 
 


10.6 Certificates of Analysis for Standards and Reagents:  certificate of analyses are kept for all inorganic salts and 
solutions utilized in this SOP.  These records will contain at a minimum the following information. 


• supplier information and Lot Number 


• date received 
 


10.7 Storage of Records: 
 


10.7.1 Paper Records:  raw and calculated data, including calibrations and QC results are stored chronologically in file 
folders in the laboratory.  These files are archived on-site for a period of one year and then transferred to an off-site 


storage for 5 years, unless otherwise instructed. 


 
Electronic Media: data entered into LIMS is backed up daily. 
 


 


11.0   WASTE MANAGEMENT:  
 


All efforts are taken to prevent or reduce to a minimum the effect of waste disposal on the environment.  All solvents are 


collected for shipment to a recycling facility.  All recyclable plastic, glass and paper products are shipped to an appropriate 
recycling facility.  The disposal of waste materials and samples are to carried out in accordance with protocols outlined in 


the SOP for the Preparation, Storage and Disposal of Reagents and Standards and the SOP for the Receipt, Handling and 
Disposal of Hazardous Wastes.  All waste disposal will comply with the Ontario Ministry of the Environment and Energy’s 


Sewer Guidelines and Regulation 558.    
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11.1 Specific Disposal Issues:  contaminated sample extracts are collected and sent for disposal to an approved hazardous 


waste subcontractor.  Excess contaminated samples are either returned to the client or submitted for disposal as noted. 
 
 


12.0 APPENDIX:   
 


• Table 1:  Exact Masses of the Ions Monitored by Hi-Resolution Mass Spectrometry 


• Table 2:   Theoretical Ion Abundance Ratios and their Control Limits 


• Table 3:   Hi Res OC Calibration Standards 


• Table 4: Quantitation References For Organochlorine Pesticides 
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TABLE 1: 
 


EXACT MASSES OF THE IONS MONITORED BY HI-RESOLUTION MASS SPECTROMETRY 


 
Descriptor No: Accurate Mass  Analyte 


    


1 216.9145 M a-BHC, b-BHC, d-BHC, g-BHC 


 218.9116 M+2 a-BHC, b-BHC, d-BHC, g-BHC 


 222.9347 M 13C6-beta BHC,13C6-delta BHC 


 224.9317 M+2 13C6-beta BHC,13C6-delta BHC 


 227.9662 M 13C6-d6-gamma BHC (Lindane) 


 229.9632 M+2 13C6-d6-gamma BHC (Lindane) 


 283.8102 M Hexachlorobenzene 


 285.8072 M+2 Hexachlorobenzene 


 289.8303 M 13C6-Hexachlorobenzene 


 291.8273 M+2 13C6-Hexachlorobenzene 


 230.9856 LOCK  MASS PFK 


    


2 262.857 M Aldrin 


 264.854 M+2 Aldrin 


 269.8806 M 13C12-Aldrin 


 271.8102 M Heptachlor 


 271.8776 M+2 13C12-Aldrin 


 273.8072 M+2 Heptachlor 


 276.8272 M 13C10-Heptachlor 


 278.8242 M+2 13C10-Heptachlor 


 301.9626 M 13C-PCB 52 


 303.9597 M+2 13C-PCB 52 


 280.9824 LOCK  MASS PFK 


    


3 352.8442 M Heptachlor Epoxide 


 354.8413 M+2 Heptachlor Epoxide 


 362.8779 M 13C10-Heptachlor Epoxide 


 364.8749 M+2 13C10-Heptachlor Epoxide 


 377.7482 M Octachlorostyrene 


 379.7452 M+2 Octachlorostyrene 


 386.8055 M oxy-Chlordane 


 388.8025 M+2 oxy-Chlordane 


 396.839 M 13C10-Oxychlordane 


 398.839 M+2 13C10-Oxychlordane 


 380.976 LOCK  MASS PFK 


    


4 194.9537 M a-Endosulfan 


 196.9507 M+2 a-Endosulfan 


 201.9771 M 13C9-Endosulfan I 


 203.9741 M+2 13C9-Endosulfan I 


 234.8445 M g-Chlordane, a-Chlordane 


 235.0081 M 2,4'-DDD 


 236.8416 M+2 g-Chlordane, a-Chlordane 


 237.0052 M+2 2,4'-DDD 


 239.8613 M 13C10-Chlordane 


 241.8583 M+2 13C10-Chlordane 


 246.0003 M 2,4'-DDE,4,4'-DDE 


 247.9974 M+2 2,4'-DDE,4,4'-DDE 


 258.0406 M 13C-pp-DDE 


 260.0376 M+2 13C-pp-DDE 


 262.857 M trans-Nonachlor, Dieldrin 


 264.854 M+2 trans-Nonachlor, Dieldrin 


 265.986 M 13C-PCB 101 


 267.983 M+2 13C-PCB 101 


 269.8806 M 13C10-trans Nonachlor,13C12-Dieldrin 


 271.8776 M+2 13C10-trans Nonachlor,13C12-Dieldrin 


 242.9856 LOCK  MASS PFK 
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TABLE 1: continued 


 
Descriptor No: 


 


Accurate Mass  Analyte 


5 194.9537 M b-Endosulfan 


 196.9507 M+2 b-Endosulfan 


 201.9771 M 13C9-Endosulfan II 


 203.9741 M+2 13C9-Endosulfan II 


 235.0081 M 4,4'-DDD, 2,4'-DDT, 4,4'-DDT 


 237.0052 M+2 4,4'-DDD, 2,4'-DDT, 4,4'-DDT 


 247.0484 M 13C12-pp-DDD 


 249.0454 M+2 13C12-pp-DDD 


 247.0484 M 13C-pp-DDT 


 247.8523 M Endrin Aldehyde 


 249.0454 M+2 13C-pp-DDT 


 249.8493 M+2 Endrin Aldehyde 


 262.857 M Endrin, cis-Nonachlor 


 264.854 M+2 Endrin, cis-Nonachlor 


 269.8806 M 13C12-Endrin, 13C10-cis Nonachlor 


 271.8102 M Endosulfan Sulfate 


 271.8776 M+2 13C12-Endrin, 13C10-cis Nonachlor 


 273.8072 M+2 Endosulfan Sulfate 


 242.9856 LOCK  MASS PFK 


    


6 405.8428 M  13C-PCB 178 


 407.8398 M+2 13C-PCB 178 


 392.976 LOCK  MASS PFK 


    


7 227.1072 M Methoxychlor 


 228.1106 M+2 Methoxychlor 


 239.1475 M 13C-Methoxychlor 


 271.8103 M  Mirex 


 273.8073 M+2 Mirex 


 276.8272 M  13C10-Mirex 


 278.8242 M+2 13C10-Mirex 


 316.9039 M  Endrin Ketone 


 318.901 M+2 Endrin Ketone 


 280.9824 LOCK  MASS PFK 
 


 


H  =  1.007825 


C  =  12.000000 


13C12  = 13.003355 


F  =  18.9964 


O =  15.994915 


35Cl  =  34.968853 


37Cl  = 36.965903 


 
 


Alternate PFK lock masses may be employed in order to remove column bleed interferences should a new column 
not be available. 
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TABLE  2: 
 


THEORETICAL ION ABUNDANCE RATIOS AND THEIR CONTROL LIMITS 
 


 
Number of Ion Theoretical Control Limits *  


Cl Atoms Type Ratio lower upper 


     


4 M/M+2 0.77 0.62 0.92 


5 M+2/M+4 1.55 1.24 1.86 


6 M+2/M+4 1.24 0.99 1.49 


6 M/M+2 0.51 0.41 0.61 


7 M/M+2 0.44 0.35 0.53 


7 M+2/M+4 1.04 0.83 1.25 


8 M+2/M+4 0.89 0.71 1.07 


     


 


* QC limits represent ± 20% window around the theoretical ion abundance ratios.  These limits are 


preliminary. As of 2007, the method USEPA 1699 states that the ratios are in a 25-35% window.
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TABLE  3:  Hi Res OC Calibration Standards 
 


 Stock  CS5  CS4  CS3  CS2  CS1  


Component Conc. 


(ng/µµµµl) 


Conc. 


(pg/µµµµl) 


Vol.  Req’d. 


(µµµµl) 


Conc. 


(pg/µµµµl) 


Vol.  Req’d. 


(µµµµl) 


Conc. 


(pg/µµµµl) 


Vol.  Req’d. 


(µµµµl) 


Conc. 


(pg/µµµµl) 


Vol.  Req’d. 


(µµµµl) 


Conc. 


(pg/µµµµl) 


Vol.  Req’d. 


(µµµµl) 


            


Native Analytes            


OC Native Intermediate 20 2000 400 400 80 100 20 - - - - 


OC Native Dilution 0.2 - - - - - - 20 400 5 100 


 


Internal Standards 


           


OC Internal Standard   4 100 100 100 100 100 100 100 100 100 100 


 


Recovery Standards 


           


OC Recovery Standard Mix 5 100 80 100 80 100 80 100 80 100 80 


 
Final Volume of all standards is 4 mL. 
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Table 4 
 


QUANTITATION REFERENCES FOR ORGANOCHLORINE PESTICIDES 
 


Compound CAS Number Internal Standard 
Reference 


Recovery Std 
Reference 


2,4'-DDD 53-19-0 p,p'-DDD-ring 
13


C12 13C-PCB 101 


2,4'-DDE 3424-82-6 p,p'-DDE-ring 
13


C12  


2,4'-DDT 789-02-6 p,p'-DDT-ring 
13


C12  


4,4'-DDD 72-54-8   


4,4'-DDE 72-55-9 p,p'-DDE-ring 
13


C12 13C-PCB 101 


4,4'-DDT 50-29-3 p,p'-DDT-ring 
13


C12 13C-PCB 101 


Aldrin 309-00-2 Aldrin 
13


C12 13C-PCB 52 


BHC-alpha 319-84-6 BHC-beta 
13


C6  


BHC-beta 319-85-7 BHC-beta 
13


C6 13C6-delta BHC 


BHC-delta 319-86-8 BHC-beta 
13


C6  


BHC-gamma 58-89-9 Lindane 
13


C6 d6 13C6-delta BHC 


Chlordane (cis) 5103-71-9 Chlordane 
13


C10  


Chlordane (oxy) 27304-13-8 Oxychlordane 
13


C10 13C-PCB 52 


Chlordane (trans) 5103-74-2 Chlordane 
13


C10 13C-PCB 101 


Dieldrin 60-57-1 Dieldrin 
13


C12 13C-PCB 101 


Endosulfan I 959-98-8 endosulfan-I-
13


C9 13C-PCB 101 


Endosulfan II 33213-65-9 endosulfan-II-
13


C9 13C-PCB 101 


Endosulfan Sulfate 1031-07-8 Endrin 
13


C12  


Endrin 72-20-8 Endrin 
13


C12 13C-PCB 101 


Endrin Aldehyde 7421-36-3 Endrin 
13


C12  


Endrin Ketone 53494-70-5 Mirex 
13


C10  


Heptachlor 76-44-8 Heptachlor 
13


C10 13C-PCB 52 


Heptachlor Epoxide B 1024-57-3 Heptachlor Epoxide 
13


C10 13C-PCB 52 


Hexachlorobenzene 118-74-1 HXB 
13


C6 13C6-delta BHC 


Methoxychlor 72-43-5 Methoxychlor-ring 
13


C12 13C-PCB 178 


Mirex 2385-85-5 Mirex 
13


C10 13C-PCB 178 


Nonachlor (cis) 5103-73-1 cis Nonachlor 
13


C10 13C-PCB 101 


Nonachlor (trans) 39765-80-5 trans Nonachlor 
13


C10 13C-PCB 101 
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METALS DIGESTION  
 
 
1. SCOPE AND APPLICATION 
 


This procedure uses techniques described in method 3050B for acid digestion of sediments, 
sludges, and soil samples designated for “Total Metals” analysis.  One technique is designed for 
the preparation of samples for analysis by flame AA (Methods 7420-Pb, 7742-Se, and 7062-As) 
or ICP-OES (methods 6010 and 200.7). Another technique is given for the preparation of 
samples for analysis by GFAA (see SOP MET-GFAA for methods) or ICP-MS (methods 6020 
and 200.8).  This procedure is not a total digestion technique, but extracts “environmentally 
available” elements from the sample of interest. 


 
2. METHOD SUMMARY 
 


One-gram equivalent dry weight sediment, sludge, or soil samples are digested with repeated 
additions of nitric acid (HNO3) and hydrogen peroxide (H2O2).  For GFAA and ICP-MS analysis 
the resultant digestate is reduced in volume while heating and then diluted to a final volume of 
100 mL.  For ICP-OES and flame AA analysis, hydrochloric acid (HCl) is added to the initial 
digestate and the sample is refluxed prior to dilution to a final volume of 100 mL. 


 
3. DEFINITIONS 
 


3.1. Batch - A batch of samples is a group of environmental samples that are prepared and/or 
analyzed together as a unit with the same process and personnel using the same lot(s) of 
reagents. It is the basic unit for analytical quality control. 


 
3.2. Preparation Batch - A preparation batch is composed of one to twenty field samples, all 


of the same matrix, and with a maximum time between the start of processing of the first 
and last samples in the batch to be 24 hours. 


 
3.3. Sample 


 
3.3.1. Field Sample - An environmental sample collected and delivered to the laboratory 


for analysis; a.k.a., client’s sample. 
 
3.3.2. Laboratory Sample - A representative portion, aliquot, or subsample of a field 


sample upon which laboratory analyses are made and results generated. 
 


3.4. Quality System Matrix - The matrix of an environmental sample is distinguished by its 
physical and/or chemical state and by the program for which the results are intended. The 
following sections describe the matrix distinctions. These matrices shall be used for 
purpose of batch and quality control requirements. 
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3.4.1. Solids - Any solid sample such as soil, sediment, sludge, and other materials with 
>15% settleable solids. 


 
3.5. Laboratory Control Sample (LCS) - A laboratory blank that has been fortified with 


target analyte and used to determine that the analysis is in control. 
 


3.6. Matrix Spike (MS) - In the matrix spike analysis, predetermined quantities of target 
analytes are added to a sample matrix prior to sample preparation and analysis.  The percent 
recovery is calculated.  The MS is used to evaluate the effects of the sample matrix on the 
method used for the analysis.  The concentration of the spike should be at three to five times 
the sample result or at levels specified by a project analysis plan. 


 
3.7. Duplicate Sample (DUP) - A laboratory duplicate.  The duplicate sample is a separate 


field sample aliquot that is processed in an identical manner as the sample proper. The 
relative percent difference between the samples is calculated and used to assess analytical 
precision. 


 
3.8. Method Blank (MB) - The method blank is an artificial sample composed of analyte-free 


water or solid matrix and is designed to monitor the introduction of artifacts into the 
analytical process.  The method blank is carried through the entire analytical procedure. 


 
4. INTERFERENCES 
 


Refer to the determinative method for a discussion of interferences. 
 
5. SAFETY 
 


5.1. All appropriate safety precautions for handling solvents, reagents and samples must be taken 
when performing this procedure.  This includes the use of personnel protective equipment, 
such as, safety glasses, lab coat and the correct gloves.   


 
5.2. Chemicals, reagents and standards must be handled as described in the CAS safety policies, 


approved methods and in MSDSs where available.  Refer to the CAS Environmental, Health 
and Safety Manual and the appropriate MSDS prior to beginning this method. 


 
5.3. Hydrochloric and/or Nitric Acid are used in this method.  These acids are extremely 


corrosive and care must be taken while handling them. A face shield should be used while 
pouring acids.  And safety glasses should be worn while working with the solutions.  Lab 
coat and gloves should always be worn while working with these solutions.   


 
6. SAMPLE COLLECTION, PRESERVATION AND STORAGE 
 


6.1. Samples may be collected in plastic or glass jars.  Non-aqueous samples are refrigerated at 4 
 2°C from receipt until analysis. 
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6.2. The recommended holding time is 6 months from the day of sampling.   
 


7. APPARATUS AND EQUIPMENT 
 


7.1. 125 mL plastic cup beaker cup, calibrated at 50mL and 100mL 
 
7.2. Borosilicate watch glasses 


 
7.3. Block Digester, calibrated to maintain 95°C ± 2°C 
 
7.4. Hot Plates:  “Thermolyne Cimerac 3”, calibrated to maintain 95°C ± 2°C 
 
7.5. Laboratory balance, top-loader capable of reading 0.01g  


 
7.6. Evergreen disposable tubes 50 ml: an Accuracy and Precision verification check must be 


made with each new vendor lot prior to use. Refer to the SOP for Checking Volumetric 
Labware ADM-VOLWARE, for further detailed instructions. Performance data must meet 
the accuracy and precision requirements specified in Table 1 (ADM-VOLWARE) for non 
volumetric Labware used for measuring initial and/or final digestate volumes.  


 
7.7. USS # 10 sieve. 


 
8. STANDARDS AND REAGENTS 


 
8.1. Reagent grade chemicals shall be used in all tests.   Other grades may be used, provided 


it is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lowering the accuracy of the determination.  The preparation for all laboratory 
prepared reagents and solutions must be documented in a laboratory logbook.  Refer to 
the SOP Reagent/Standards Login and Tracking (ADM-RTL) for the complete procedure 
and documentation requirements. 


 
8.2. Reagent water: ASTM Type I water (resistivity >18 MΏ-cm, conductivity <0.056 


uS/cm). 
 


8.3. Concentrated Nitric Acid:  J.T. Baker “Instra-analyzed”, Trace Metals Grade 
 
8.4. Concentrated Hydrochloric Acid: EMD GR ACS 
 
8.5. Hydrogen Peroxide (30%): EMD GR ACS 
 
8.6. Metals spiking solutions:  Three spiking solutions are needed to prepare the matrix spike 


sample; SS1, SS2, SS3, and SS6.  Follow the formulations laid out on the “Metals Spike 
Form” (see Attachments for example).  These solutions are prepared in acid rinsed Class 
A volumetric flasks using purchased custom mixed standards or 1000 ppm single analyte 
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standards. Aliquots are made using acid rinsed Class A volumetric pipettes of the 
appropriate size.   


 
8.6.1. SS1 ( Al, Ag, Ba, Be, Cd, Co, Cr, Cu, Fe, Pb, Mn, Ni, Sb, V, and Zn):  Fill a 1000 


mL volumetric flask approximately half full with reagent water, add 50 mL of 
nitric acid and mix.  Next add 100 mL of the custom mixed standard (CAS-CAL-
14) purchased from “Inorganic Ventures”.  In addition add 50 mL of 1000 ppm 
Antimony.  Dilute to volume with reagent water, mix thoroughly and transfer to a 
1000 mL Teflon bottle for storage.  The solution expiration date is determined by 
the earliest expiration date of any single component in the solution. 
 


8.6.2. SS2 (GFAA As, Cd, Cu, Pb, Se, Tl):  Fill a 500 mL volumetric flask 
approximately half full with reagent water, add 25 mL of nitric acid and mix.  
Next add 2.0 mL each of 1000 ppm Arsenic, Cadmium, Copper, Lead, Selenium, 
and Thallium. Dilute to volume with reagent water, mix thoroughly and transfer 
to a 500 mL Teflon bottle for storage.  The solution expiration date is determined 
by the earliest expiration date of any single component in the solution. 


 
8.6.3. SS3 (As, Se, and Tl):  Fill a 500 mL volumetric flask approximately half full with 


reagent water, add 25 mL of nitric acid and mix.  Next add 50 mL each of 1000 
ppm Arsenic, Selenium, and Thallium. Dilute to volume with reagent water, mix 
thoroughly and transfer to a 500 mL Teflon bottle for storage.  The solution 
expiration date is determined by the earliest expiration date of any single 
component in the solution. 


 
8.6.4. SS4 (B, Mo):  Fill a 500 mL volumetric flask approximately half full with reagent 


water, add 25 mL of nitric acid and mix.  Next add 50 mL each of 1000 ppm 
Boron and Molybdenum. Dilute to volume with reagent water, mix thoroughly 
and transfer to a 500 mL Teflon bottle for storage.  The solution’s expiration date 
is determined by the earliest expiration date of any single component in the 
solution. 


 
8.7. Metals reference material (ERA Priority PollutnT/CLP Inorganic Soil) for use as the 


laboratory control sample.  The expiration date is assigned by the manufacturer. 
 
8.8. Teflon beads, Teflon boiling chips, or other suitable blank material.  


 
9. PREVENTIVE MAINTENANCE 
 


9.1. All maintenance activities are recorded in a maintenance logbook.  Pertinent information 
must be in the logbook.  Maintenance entries should include date, symptom of problem, 
corrective actions, and description of maintenance, date, and name.  The log should contain a 
reference to return to analytical control.  
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9.2. Maintenance for this procedure is generally limited to glassware cleaning, pipet monitoring, 
and hot plate calibration.  Procedures for glassware washing are described in the SOP for 
Metals Laboratory Glassware Cleaning (MET-GC).  Procedures for pipet monitoring are 
given in the SOP for Checking Volumetric Labware, (ADM-VOLWARE). 


 
9.3. Each hotplate or block digestor is uniquely identified and the temperature is verified with 


each batch of samples.  To perform the verification, a certified thermometer is placed in a 
container half filled with mineral oil, which is then placed in the center of the hotplate or 
block digester. A clamp is used to ensure the thermometer does not touch the bottom of 
the beaker. The temperature is turned to the 95°C setting and the mineral oil is allowed to 
come to temperature. The analyst will verify that the hotplate gives a temperature of 
95°C ± 2°C.  If not, the thermostat is adjusted until the thermometer reads and maintains 
95°C ± 2°C.  The thermostat is then marked to clearly indicate the correct setting to be 
used during sample digestion. The thermostat position and thermometer reading are 
recorded for each unit in a logbook. 


 
10. RESPONSIBILITIES 


 
10.1. It is the responsibility of the analyst to perform the analysis according to this SOP and to 


complete all documentation required for data review.  Analysis and interpretation of the 
results are performed by personnel in the laboratory who have demonstrated the ability to 
generate acceptable results utilizing this SOP.  This demonstration is in accordance with the 
training program of the laboratory.  Final review and sign-off of the data is performed by the 
department supervisor/manager or designee.   
 


10.2. It is the responsibility of the department supervisor/manager to document analyst training.  
 


11. PROCEDURE 
 


11.1. Record all digestion and sample information on the applicable benchsheet.  To assist the 
analyst, a brief description of the procedure is given on the backside of the benchsheet (see 
Attachments). 


 
11.2. Mix the sample thoroughly to achieve homogeneity.  Sieve if necessary using a USS #10 


sieve. 
 
11.3. It can be difficult to obtain a representative sample with wet or damp materials. As per 


Method 3050B, wet samples may be dried, crushed, and ground to reduce subsample 
variability, however, drying is not recommended since drying may affect the extraction of 
the analytes of interest in the sample. 


 
11.4. Weigh approximately 1g of sample into a 125ml plastic beaker cup and record the weight to 


the nearest 0.01g.  For sludge’s and sediments that have high moisture content, use more 
sample. A plastic 10.0 mL disposable pipette is used to measure 10.0 mL of sample. The 
volume and weight of the pipetted sample is recorded. In cases where the sludge is very 
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thick a 10.0 mL graduated cylinder may be used.  The objective is to use about 1g of dry 
weight sample.  For analysis of Lead by Flame AA, use about 2.5g of dry wt. sample and 
change the final dilution volume to 50ml.  This will achieve a lower detection limit needed 
for most projects.  At this point add the appropriate spiking solutions directly onto the 
designated spike sample prior to addition of reagents. 


 
11.5. Add 5ml reagent water and 5ml concentrated HNO3.  Cover and reflux (without boiling) at 


95ºC for 10 to 15 minutes. Allow the sample to cool.  Add 5ml of concentrated HNO3, 
cover and reflux for 30 minutes.  If brown fumes are generated, indicating oxidation of the 
sample by HNO3, repeat the addition of 5ml of HNO3 and reflux over and over until no 
brown fumes are given off.  Reduce the digestate volume to approximately 5 mL without 
boiling or digest for two hours maintaining a covering of solution over the bottom of the 
beaker at all times.   If this occurs discard the digestate and begin with a new sample 
aliquot. 


 
Note: The 95°C hotplate temperature must be monitored and documented on a per-batch 
basis. 


 
11.6. Cool the sample and add 3 mL of 30% H2O2.  Cover and heat to start the peroxide reaction.  


Care must be taken to ensure that losses do not occur due to excessive effervescence.  Heat 
in the hot block until effervescence subsides.  Remove from hot block and cool the beaker. 


 
11.7. Continue to add 30% H2O2 in 3ml aliquots with warming until the effervescence is 


minimal, or until the general sample appearance is unchanged.  Do not add more than 10ml 
of 30% H2O2.  When the peroxide additions are complete cover the sample with a watch 
glass and continue heating the acid-peroxide digestate until the volume has been reduced to 
approximately 5 mL or heat at 95°± 5°C without boiling for 2 hours. Do not let the samples 
go to dryness, by ensuring the solution covers the bottom of the vessel at all times. 


 
11.8. If the sample is being prepared for analysis by ICP-OES or Flame AA, add 10 mL of 


concentrated HCl.  If the sample is being prepared for ICP-MS or GFAA analysis no HCl is 
added.  Dilute the sample to 100 mL with reagent water: ASTM Type I water (resistivity 
>18 MΏ-cm, conductivity <0.056 uS/cm) in a 125 mL plastic beaker cup. 


 
Note: for ICP-MS digestates, the tubes must be pre-rinsed with 25% HCl. 


 
Note:  For method 7062 and 7742 samples, the 3050B soil digestion is modified as 
follows:  After the final peroxide addition (i.e. before the final reduction stage) add 
5.0mL of concentrated hydrochloric acid and reduce the digestate volume to less than 
5.0mL, but not to dryness. After cooling, dilute the digestate to 100mL with reagent 
water. 


 
11.9. Cover and reflux the Flame AA and ICP samples for 15 minutes at 95oC.  After cooling, the 


samples may be diluted to 100ml for ICP analysis, or 50ml for Flame AA analysis. 
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11.10. Particulates in the digestates that may clog the nebulizer are allowed to settle overnight, or 
the digestates may be centrifuged. 


 
11.11. To improve the solubility for Antimony, Barium, Lead and Silver, the following 


modification of the digestion procedure may be used as directed by the client or project 
chemist.  


 
11.11.1.Weigh (to the nearest 0.01g) 1.00 g of sample into a 125ml plastic cup.  For 


sludge’s and sediments that have high moisture content, use more sample.  The 
objective is to use about 1g of dry weight sample. 


 
11.11.2.Add 2.5mL HNO3 and 10mL HCl and cover with a watch glass.  Reflux for 15 


minutes. 
 


11.11.3.Filter the digestate through Whatman No. 41or equivalent filter paper and collect in 
a 100mL volumetric flask.  Wash the filter paper, while still in the funnel, with no 
more than 5mL of hot (95°) HCl, and then with 20mL of hot (95°) reagent water.  
Collect washing in the same volumetric flask. 


 
11.11.4.Remove the filter and residue from the funnel, and place them back in the beaker.  


Add 5mL HCl, cover and heat at 95° ± 5° until the filter paper dissolves.  Remove 
from the heat and wash the cover and sides with reagent water. 


 
11.11.5.Filter the residue and collect the filtrate in the same 100mL flask.  Allow to cool, 


then dilute to volume. 
 


11.11.6.If precipitation occurs in the flask upon cooling, do not dilute to volume.  Instead, 
add up to 10mL of HCl to dissolve the precipitate.  After precipitate is dissolved, 
dilute to volume with water. 


 
12. QA/QC REQUIREMENTS 


 
12.1. Initial Precision and Recovery Validation 


 
12.1.1. The accuracy and precision of the procedure must be validated before analyses of 


samples begin, or whenever significant changes to the procedures have been 
made.  To do this, four blank matrix samples are spiked with the LCS spike 
solution, then prepared and analyzed. 


 
12.2. Monitor hotplates on a monthly basis.  Report all deficiencies to the Lab Manager.  


Corrective action must be taken. 
 
12.3. Digest one laboratory control sample with each batch.  Weigh 1.00 g of the current lot of 


Environmental Resource Associates PriorityPollutnT/CLP Inorganic Soil prepared 
reference material into a 150 mL beaker and digest as per the procedure. 
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12.4. Digest one preparation blank (method blank) per digestion batch, or per 20 samples 


whichever is more frequent.  For the method blank, use Teflon beads, Teflon boiling 
chips, or other suitable solid blank material and follow the digestion procedures. 


 
12.5. Digest one duplicate and one spiked sample with each sample matrix.  Prepare one 


duplicate and spike sample per each digestion batch, or per twenty samples whichever is 
more frequent.  At times, specific samples will be assigned as duplicates of spikes 
depending on client requirements. 


 
12.6. Soil spikes are prepared by adding 2.0 mL of spike solution #1, and 1 mL each of spike 


solutions 5 and 6 directly to the sample aliquot, prior to the addition of any water or acid.  
Fill out a spiking data sheet and keep it with the digestion data sheets.   


 
For ICP and ICP-MS digestions 2.0 mL of SS1 and 1.0 mL of SS5 and SS6 are 
added to the sample aliquot designated as the matrix spike sample.  For GFAA 
digestions 2.0 mL of SS4 is added to the sample aliquot designated as the matrix 
spike sample.  The matrix spike sample is then digested as per the procedure.  


 
13. REPORTING 
 


13.1. Digestion data sheets including weights and volumes used and reagents/acids are 
completed and a prep run number or batch lot number is assigned and attached to the data 
sheet.  The lot numbers for the reagents used are added to the digestion data sheet (see 
Attachments). 


 
13.2. Spiking sheets are completed including all spike data and volumes of spiking solutions 


used (See Attachments). 
 
14. CORRECTIVE ACTION 
 


14.1. Refer to the SOP for Corrective Action for procedures for corrective action.  Personnel at all 
levels and positions in the laboratory are to be alert to identifying problems and 
nonconformities when errors, deficiencies, or out-of-control situations are detected.   


 
14.2. Handling out-of-control or unacceptable data 


 
14.2.1. On-the-spot corrective actions that are routinely made by analysts and result in 


acceptable analyses should be documented as normal operating procedures, and no 
specific documentation need be made other than notations in laboratory maintenance 
logbooks, runlogs, for example. 


 
14.2.2. Documentation of a nonconformity must be done using a Nonconformity and 


Corrective Action Report (NCAR) when: a) corrective action is not taken or not 
possible b) corrective action fails to correct an out-of-control problem on a 
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laboratory QC or calibration analysis c) reanalysis corrects the nonconformity but is 
not a procedurally compliant analysis.  


 
15. METHOD PERFORMANCE 
 


Available method performance data is given in the reference method.  In addition, this procedure 
was validated through single laboratory studies of accuracy and precision as in the determinative 
procedure.  The method detection limit(s) and method reporting limit(s) are established for the 
determinative procedure.  


 
16. POLLUTION PREVENTION 


 
It is the laboratory’s practice to minimize the amount of solvents, acids and reagent used to perform 
this method wherever feasible.  Standards are prepared in volumes consistent with methodology and 
only the amount needed for routine laboratory use is kept on site.  The threat to the environment 
from solvent and reagents used in this method can be minimized when recycled or disposed of 
properly. 
 


17. WASTE MANAGEMENT 
 


17.1. The laboratory will comply with all Federal, State and local regulations governing waste 
management, particularly the hazardous waste identification rules and land disposal 
restrictions as specified in the CAS EH&S Manual.   


  
17.2. This method uses acid.  Waste acid is hazardous to the sewer system and to the 


environment.  All acid waste must be neutralized to a pH of 2.5-12 prior to disposal down 
the drain. The neutralization step is considered hazardous waste treatment and must be 
documented on the treatment by generator record.  See the CAS EH&S Manual for 
details.   


 
18. TRAINING  
 


18.1. Training outline 
 


18.1.1. Review literature (see references section).  Read and understand the SOP.  Also 
review the applicable MSDS for all reagents and standards used.  Following these 
reviews, observe the procedure as performed by an experienced analyst at least 
three times. 


 
18.1.2. The next training step is to assist in the procedure under the guidance of an 


experienced analyst.  During this period, the analyst is expected to transition from 
a role of assisting, to performing the procedure with minimal oversight from an 
experienced analyst.   
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18.1.3. Perform initial precision and recovery (IPR) study as described above for water 
samples. Summaries of the IPR are reviewed and signed by the supervisor.  
Copies may be forwarded to the employee’s training file.  For applicable tests, 
IPR studies should be performed in order to be equivalent to NELAC’s Initial 
Demonstration of Capability. 


 
18.2. Training is documented following the SOP for Documentation of Training.   


 
NOTE: When the analyst training is documented by the supervisor on internal training 
documentation forms, the supervisor is acknowledging that the analyst has read and understands this 
SOP and that adequate training has been given to the analyst to competently perform the analysis 
independently. 


 
19. METHOD MODIFICATIONS 


 
19.1. The method uses 2 mL of water and 3 mL of H202 in step 11.6.   The lab does not add the 


2 mL of water.  3.0 mL aliquots of 30% H202 in lieu of 1.0 mL aliquots are added 
subsequently. 


 
20. REFERENCES 
 


Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. EPA SW-846, 3rd 
Edition, Final Update III, Method 3050B, December 1996. 
 


21. CHANGES SINCE THE LAST REVISION 
 
21.1. Sec 3.1 – 3.4 is new 
21.2. Sec 7.1 – updated 
21.3. Sec 8.1 is new 
21.4. Sec 9.3 – replaced the word calibrated with verified 
21.5. Sec 11.4 – second and third sample is new 
21.6. Sec 11.6 – changed 2 mL of water followed by H2O2 to 3 mL of 30% H2O2 
21.7. Sec 11.7 – changed 1 mL to 3 mL. Last sentence re-worded for clarity 
21.8. Sec 11.8 edits for clarity 
21.9. Sec 12.1 is new 
21.10. Sec 19 is new 
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Table A 
 


METALS SPIKING SOLUTIONS CONCENTRATIONS FORM 
      


            


Solution   mLs of  1000ppm Final Solution  
Concentration in 


the digest 
Name Element Solution Volume Conc. mg/L mg/L 
SS1 HNO3 50.0 1000ml -   


  Al 100* 1000ml 200 2 
  Ag 100* 1000ml 5 0.05 
  Ba 100* 1000ml 200 2 
  Be 100* 1000ml 5 0.05 
  Cd 100* 1000ml 5 0.05 
  Co 100* 1000ml 50 0.5 
 Cr 100* 1000ml 20 0.2 
  Cu 100* 1000ml 25 0.25 
  Fe 100* 1000ml 100 1 
  Pb 100* 1000ml 50 0.5 
  Mn 100* 1000ml 50 0.5 
  Ni 100* 1000ml 50 0.5 
  Sb 50 1000ml 50 0.5 
  V 100* 1000ml 50 0.5 
  Zn 100* 1000ml 50 0.5 
            


SS2 HNO3 25.0 500ml -   
GFAA SPIKE As 2.0 500ml 4 0.04 


 Cd 2.0 500ml 4 0.04 
  Pb 2.0 500ml 4 0.04 
  Se 2.0 500ml 4 0.04 
  Tl 2.0 500ml 4 0.04 
  Cu 2.0 500ml 4 0.04 
           


SS3 HNO3 25.0 500ml -   
  As 50.0 500ml 100 1 
  Se 50.0 500ml 100 1 
  Tl 50.0 500ml 100 1 
            


SS4 HNO3 25 500ml -   
 B 50 500ml 100 1 
  Mo 50 500ml 100 1 
            


 * Denotes volume of mixed stock standard.  
** Denotes 10,000 ppm individual stock standards. 
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