











































































































































































































































































































Analytical Methods
DioxIns/Furans

1613 -














































































































































































































































































Analytical Methods

Grain Size

SOP PTL-10-200



PIL

Standard Operating Procedure C @ L ﬁ

Particle Technology Labs, Led.
Title: Operation of Malvern Mastersizer 2000 — Wet Basis Page 1 of 14
SOP: PTL-10-200 Rev# 004 / 05-11-05 Effective Date: 05-11-05
1.0 PURPOSE
1.1. The purpose of this document is to detail the standard operating
procedure for the Malvern Mastersizer 2000 laser diffractor on a
wet basis.
20 SCOPE
2.1. Applies to all laboratory staff who analyzes samples on the
Mastersizer 2000.
3.0 RESPONSIBLE PARTIES
3.1. Lab Management
3.2. Laboratory Analysts
4.0 ASSOCIATED MATERIALS
4.1. PV Mastersizer 2000 Form (PTL-10-200A)
4.2. TM Mastersizer 2000 Form (PTL-10-200C)
4.3. PR Mastersizer 2000 Form (PTL-10-200D)
4.4. Instrument Use Log (PTL-12-010A)
4.5. Routine Maintenance Form (PTL-12-011A)
4.6. Non-Routine Maintenance Form (PTL-12-012A)
5.0 INSTRUMENTATION
5.1  The Mastersizer 2000 is a laser diffractor that measures the particle
size of liquids and powder in a wet suspension on a volume basis.
The system is comprised of the following:
a. Mastersizer 2000
b. Hydro 2000S Sample Dispersion Unit
C. Flow cell
d. Computer
e. Printer
f. Solvent waste container
5.2. The Mastersizer 2000, in conjunction with the computer, measures

the particle size of the sample that passes in front of the laser and
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6.0

7.0

8.0

in turn produces a volume-weighted histogram and numerical
statistics associated with the sample type.

5.3. The flow cell is fitted into the slot of the Mastersizer 2000.

5.4. The flow cell is connected with tubing to the Hydro 2000S sample
dispersion unit. The Hydro 2000S recirculates the dispersed
sample suspension through the flow cell at a user set speed. The
sample suspension circulates through the flow cell as the laser
beam passes through the flow cell and diffracts and scatters light.

PERFORMANCE VERIFICATIONS

6.1. Standards of a known size are analyzed quarterly by a trained
operator to ensure that the Mastersizer 2000 is within normal
operating parameters.

6.2. The standard is prepared and analyzed according to individual test
methods created for each standard. These methods reflect the
standard manufacturer’s recommendations for sample prep and/or
analysis and are stored in the active lab method binder.

6.3. Performance Verification (PV) forms, to be completed by the
analyst, describe the standard used, results, pass or fail and
analyst and reviewer signature.

6.4. The performance verification passes if the mean/median size is
+/- 3% of the known value for all reference materials.

6.5. The data and PV form are in the laboratory maintenance binders.

USE LOG

7.1. The Use Log form is maintained in the maintenance binder. The
log documents all project numbers, the user, date, and company
name.

PROJECT RECORD

8.1 Record all work on PR form
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9.0 INSTRUMENT SET-UP

9.1. Turn computer and optical unit on. To turn on the optical unit,
press the button on the side of the instrument.

9.2. Fit tubing to recirculator (Hydro2000S) and flow cell.

90.3. Fit the flow cell into the slot and lock it in place by turning the
handle.

9.4 To turn on the Hydro 2000S press the button on the back of the
recirculator, located right above the power cord.

9.5 Make sure the waste tubing in the back of the instrument is in the
solvent waste container.

10.0 SOFTWARE SET-UP

10.1. Open Mastersizer 2000 program. On main windows screen, select
Start
All Programs
Malvern Instruments
Mastersizer 2000 Version 5.1

Instead of this you can also click on the Mastersizer 2000 Icon on
the desktop.

10.2 A window comes up asking you to type your user name to log on.
The default user name is: Administrator. Press OK to go on.

10.3 Another window comes up with four choices
a) Run an existing SOP
b) Edit an existing SOP
C) Use the SOP Creation Wizard
d) Make manual Measurement

Depending on what you want to do select one and press OK.
11.0 NEW SOP CREATION WIZARD

11.1  Window opens up — Hit Next
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11.2 Chose the sample handling unit — Hydro 2000S (A)
11.3 Hit Next
11.4 Enter information for Material Name by either choosing:
a) from dropdown menu
or if not already present
b) hitting the material button
1) Now pick from list of assorted materials with known
refractive indexes and hit move (that brings it into the
dropdown menu on the previous window)
2) Otherwise hit add and fill in the
a) Name of sample
b) Refractive Index of Sample
c) Adsorption
d) Density (Default is 1)
There is a box that gives you a choice of different values for blue
light. Our default is to use the same for red and blue light.
11.5. Hit OK
11.6 Now info is in the sample materials box which is really the
dropdown menu on the other page.
11.7 Hit OK
11.8. Enter the dispersant (aka carrier) by choosing from the dropdown
menu or if it is not there by hitting the Dispersant button and filling
in:
a) Name of dispersant
b) Refractive Index of dispersant
C) Adsorption
d) Density (Default is 1)
11.9. Hit OK
11.10. Under Result Calculation hit the Models button and pick

appropriate model:
a) General Purpose (our default)
b) Multiple narrow modes
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11.11.

11.12.

11.13

11.14

11.156

11.16

11.17

11.18

11.19

11.20

c) Single mode
Under Calculation sensitivity choose enhanced normal.

For particle shape choose:
a) irregular (default)
b) spherical

Hit OK
Hit Next

Labels window opens fill in appropriate areas

1) Sample name

2) Source — choose supplier from dropdown menu

3) Source name — enter client name

4) Bulk Lot type — choose Lot # from dropdown menu

5) Bulk lot ref. — leave blank (Lot # to be entered at time of
analysis for each sample)

Operator Instructions and comments:

1) check box Display instructions before measurement

2) check box Allow operator to enter comments before
measurement

3) uncheck box display instructions after measurement

Hit Next

Report/Savings Window opens up

a) do not check box always print results (we print them later as
needed)

b) under reports page pick Result Analysis PTL -Wet(M).pag

) (our default) from dropdown menu

Hit next

Measurement Window opens up

a) Fill in measurement time (12 Seconds is the default)

b) Fill in background time (12 Seconds is the default)
Background time needs to be the same or longer than the
measurement time
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11.21

11.22
11.23

11.24

11.25
11.26
11.27

11.28

11.29

11.30
11.31
11.32
11.33

11.34

Hit Advanced Options button and fill in:

a) Obscuration limits (10-20 is the default) If that needs to be
changed uncheck the box and fill in the appropriate limits.

b) Obscuration filtering — check box enable filtering (this makes
sure only measurements in the obscuration limits are made)

c) For large particles go to Red Only Measurement and check
the box enable red only measurement

Hit OK
Hit Next

Under Sampler Settings set the pump/stir speed to the appropriate
RPMs (2000 RPM is our default)

Under ultrasonics chose from different settings (default is none)
Under Tank Fill choose manual

Hit Next

Under check box “create average results” Measurement Cycles
pick:

a) Aliquots per SOP (1 is our default)

b) Measurements per aliquot (4 is our default)

C) Delay (60 Seconds is our default)

Cleaning — choose manual
Make sure to uncheck box “Unable after each aliquot”

Hit Next

Quantities (default on all choices is either don’t specify or none)
Hit Next

Hit Finish

Save SOP as company name — sample name
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12.0

Info: If you're ever in doubt about what to choose on any of these hit one
of the advice buttons located on every page of the SOP wizard or ask
another analyst.
MANUAL MEASUREMENT
12.1 Open File
12.2 Select New
12.3. Enter File name (PTL project number; i.e.7731)
12.4. Hit save
12.5 Go to Measure — Manual
12.6 Under Measurement Options Window choose:
a) Materials and fill in as shown in 7.4
b) Measurement fill in everything like 7.19
c) Measurement Cycles fill in number of cycles (measurements) as
well as the delay (60 Seconds)
12.7 Hit OK

12.8 A screen opens up — when system is clean and ready for
measurement

12.9 Hit Start

12.10 Once done it goes through the alignment and background
measurement screens

12.11 When you get to the documentation screen, enter lot number as
well as pre-measurement instructions:

a) Customer name: Sample name:
b) Per Test Method:
c) Analyst:

d) Particle Technology Labs, Ltd.  PTL ID: five digit number

12.12 Hit OK
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13.0

12.13 Add sample until appropriate obscuration is reached (in the green
range)

12.14 Hit Start

MEASURING USING AN SOP

13.1. Go to File — New

13.2. Enter File name (PTL project number; i.e.7731)
13.3. Hitsave

13.4. Go to Measure — start SOP

13.5 Fill the appropriate SOP from list and hit open
13.6  Full recirculator with appropriate solvent

13.7 It goes through the aligning as well as the background measuring
screen

13.8 Documentation Screen opens up
13.9 Enter the lot number as well as pre-measurement instructions:
a) Customer name: Sample name:
b) Per Test Method:
c) Analyst:
d) Particle Technology Labs, Ltd.  PTL ID: Five digit number
13.10 Hit OK
13.11 Add sample until the appropriate obscuration is reached.

13.12 Hit Start (that starts the analysis)

13.13 Once done window will open up asking you if you want to run the
analysis again

13.14 Hit No after cleaning system follow steps 13.5-13.13.
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14.0 CLEANING WINDOWS
14.1. Remove the flow cell from the housing.
14.2. Place flow cell on a paper towel.
14.3. Using the Malvern screwdriver, remove the windows from the flow
cell and wipe the surface with cleaning fluid (ex: Acetone, Isopropyl
Alcohol, glass cleaner) and a Kimwipe. NEVER wipe the windows
when they are dry.

14.4. Check that there are not any fingerprints or smudges on the
windows.

14.5. If the windows appear clean, reassemble the flow cell.
14.6. Place flow cell back into the optical unit.

14.7. Perform a background to ensure that the cell is clean and within
operating requirements.

14.8 After changing carrier fluids or prior to each new project, a
background is performed and printed. The printed background will
be placed in the project file.

15.0 PRINTING DATA

15.1. Go to file — open and open the desired project file.

15.2. That opens the record window of the file.

15.3. The average of all runs will be printed and given to the client unless
otherwise justified. In addition individual runs can be released at

client ‘s request.

15.4 Select Result Analysis PTL — Wet(M) from toolbar unless otherwise
specified.

15.5 That brings up the desired run in the default printout view.

15.6. Hit the printer icon in the toolbar to print out results.
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15.7. Select OK.
16.0 PRINTING BACKGROUND

16.1. A background will be printed for the following circumstances:

16.1.1. One background will be printed for each sample or set of
samples in a project, which are analyzed without
interruption. When a stop in the analysis, break, or end of
the day occurs, a new background will be printed to verify
that those subsequent samples were analyzed under the
same background integrity.

16.1.2. When the carrier fluid is switched. If a project contains
samples that need to be analyzed in more than one type of
carrier fluid, a background will be printed for each carrier
fluid type.

16.1.3. For a performance verification.

16.2 The background is saved with each measurement and can be
called back after the analysis.

16.3 Under File, select Open.
16.4 Choose the file that is needed.

16.5 Select the record number or the analysis that you would like to
retrieve the background from.

16.6 Click on Data (M) in bar located under the tool menus or go to
Configure, View/Report Selection and mark the box next to Data
(M). Hit OK.

16.7 Select the print button from the tool bar to print the background.

16.7 Place the background in the project file or with the performance
verification.

17.0 CLEAN UP

17.1. Rinse clean carrier fluid through the system until the background is
clean.
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17.2. If necessary clean the windows and rinse again. (See section 14
Cleaning Windows)

18.0 INSTRUMENT SHUT DOWN
18.1. Exit the Malvern Mastersizer 2000 program

18.2 Turn off the instrument on the side by pressing the button to the off
position and pressing the button on the back of the Hydro 2000S to
the off position.

18.3 Power the computer down.
19.0 ROUTINE MAINTENANCE

19.1. The connecting tubing and O-rings holding in the windows are
checked and/ or replaced quarterly. The documentation concerning
the replacement is found in the instrument maintenance binder.

19.2 To change the tubing, first drain the system of all contents. Then
remove the tubing from the flow cell by gently pulling the tubing off.
The tubing is then removed from the Hydro 2000S by gently pulling.
Next, cut two new pieces of tubing the same lengths as the tubing,
which was removed. Attach the new tubing to the recirculator and
then to the flow cell. Verify that the tubing was placed in the proper
locations for circulation.

The tubing will be replaced every quarter.

19.3 To change the O-rings, first drain the system of all contents. Next,
remove the cell from the instrument and place on a clean paper
towel. Using the Malvern tool, remove the windows from the cell.
Very gently, push the windows out of the holder over the paper
towel. It is important to keep the windows close to the table top so
that they do not fall and break. Once the windows have been
removed, use your finger to remove the O-rings. These can be
thrown away. Place the new O-rings around the windows and very
carefully and gently place them into the window holder. Using as
little force as possible, press the O-rings and windows into the
window holder.
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When O-rings and windows are secure in window holder, replace
into cell with the aide of the Malvern tool.

20.0 NON-ROUTINE MAINTENANCE

If the instrument is having any problems, the following steps are taken.

20.1 Ensure that the Performance Verification is current.

20.2 Check the settings on the instrument. Are they the normal set-up?

20.3 If a problem is encountered, notify laboratory management.

20.4 Ifitis determined that the instrument should be designated as is
Out of Service, place a sign on the instrument which clearly states
“Out of Service” and the date this occurred.

20.5 Contact the instrument manufacturer service technician.

20.6 If the instrument is repaired in-house, then a Performance
Verification will be run to get it back IN SERVICE.

20.7 If the instrument is shipped to the manufacturer for repair, then
upon the return of the instrument it will be re-qualified.

21.0 ADDITIONAL INFORMATION
21.1. Consulting the manufacturer's manual is very important for optical
theory and operation instructions. This is a procedure guide written
to be followed as an adjunct to the PTL SOP.

21.2. Malvern support. Malvern has a technical service
department, which is very helpful.
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22.0 APPROVALS

Originator Date
Director or Laboratory Management Date
Quality Assurance Date

23.0 CHANGE OF HISTORY

Revision # | Date Reason for Change Require
Training?
000 02-21-03 | Original
001 05-14-03 | Revised section 18.1 and added the last
statement into section18.2.
002 09-24-04 | Modified 6.4, 11.11,12.9 and 20.2. Added Yes

“Require Training?” into section 22. Added
sections 23 and 24, “Documentation Review”
and “Impact Assessment” respectively. Added
“Effective Date” into heading.

003 12-13-04 | Modified section 14.3. Yes

004 05-11-05 | Added sections 4.2, 4.3, 4.4, and 8.1. Yes
Modified- 11.18a from “check box always print
results” to “do not check box always print
results (we print them later as needed).”
Section 11.28- added check box “create
average results”

Section 11.29- added “Make sure to uncheck
box “Unable after each aliquot”.

Changed 13.14 to “Hit No after cleaning
system foliow steps 13.5-13.13.
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24.0 DOCUMENTATION REVIEW

Review Date Comments
05-11-05 See section 23.
25.0 IMPACT ASSESSMENT
SOPs # Comments

None

None- 12-13-04

None- 05-11-05
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ﬁﬁ[b’) Designation: D 2974 — 00

—ail’

INTERNATIONAL

Standard Test Methods for

Moisture, Ash, and Organic Matter of Peat and Other

Organic Soils’

This standard is issued under the fixed designation D 2974; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods cover the measurement of moisture
content, ash content, and organic matter in peats and other
organic soils, such as organic clays, silts, and mucks.

1.2 The values stated in SI units are to be regarded as the
standard. No other units of measurement are included in this
standard. ' »

1.3 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 653 Terminology Relating to Rock, Soil, and Contained
Fluids?

D 3740 Practice for the Evaluation of Agencies Engaged in ,

the Testing and/or Inspection of Soil and Rock as Used in
Engineering Design and Construction”

D 4753 Standard Specifications for Evaluating, Selecting,
and Specifying Balances and Scales for Use in Soil and
Rock Testing?

E 145 Specification for Gravity Convection and Forced
Ventilation Ovens?

3. Terminology

3.1 Definitions:
3.1.1 For common definitions of terms in this standard, refer
to Terminology D 653.

4. Summary of Test Methods

4.1 Test Method A—Moisture is determined by drying a peat
or organic soil sample at 105°C. The moisture content is
expressed either as a percent of the oven dry mass or of the
as-received mass.

! These test methods are under the jurisdiction of ASTM Committee D18 on Soil
and Rock and are the direct responsibility of Subcommittee D18.22 on Soil as a
Medium for Plant Growth.

Current edition approved August 10, 2000. Published November 2000. Origi-
nally published as D 2974 ~ 71. Last previous edition D 2974 — 87 (1995).

2 Annual Book of ASTM Standards, Vol 04.08.

* Annual Book of ASTM Standards, Vol 04.06.

42" Test Method B—This is an alternative moisture method
which removes the total moisture in two steps: ( I) evaporation
of moisturé in air at room temperature (air-drying), and (2) the
subsequent oven drying of the air-dried sample at 105°C. This
method provides a more stable sample, the air-dried sample,
whien tests for nitrogen, pH, cation exchange, and the like are
to be made. ‘

4.3 Test Methods C and D—Ash content of a peat or organic
soil sample is determined by igniting the oven-dried sample
frot the moisture content determination in a muffle furnace at
440°C (Method C) or 750°C (Method D). The substance
remaining after ignition is the ash. The ash content is expressed
as a percentage of the mass of the oven-dried sample.

4.4 Organic matter is determined by subtracting percent ash
content from one hundred. -

5. Significance and Use
5.1 This test method can be used to determine the moisture

content, ash content, and percent organic matter in soil.

5.2 The percent organic matter is important in classifying a

. peat or. other organic soil.

Note 1—The quality of ‘the result produced by this standard is
dependent on the competence of the personnel performing it, and the
suitability of the equipment and facilities used. Agencies that meet the
criteria of Practice D 3740 are generally considered capable of competent
and objective testing/sampling/inspection/etc. Users of this standard are
cautioned that compliance with Practice D 3740 does not in itself assure
reliable results. Reliable results depend on many factors; Practice D 3740
provides a means of evaluating some of those factors.

6. Apparatus

6.1 Oven, meeting the requirements of E 145 and capable of
being regulated to a constant temperature of 105 = 5°C.

Note 2—The temperature of 105°C is quite critical for organic soils.
The oven should be checked for “hot spots” to avoid possible ignition of
the specimen.

6.2 Muflle Furnace, capable of producing constant tempera-
tures of 440°C and 750°C.

6.3 Balance or Scale, a balance or scale for determining the
mass of the soil having a minimum capacity of 500 g and

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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meeting the requirements of Standard D 4753 for a balance or
scale of 0.01 g readability. -
6.4 Rubber Sheet, Oil Cloth, or other non-absorbent mate-
rial. '
6.5 Evaporating Dishes, of high silica or
less than 100-mL capacity. -
6.6 Blender, high-speed.
6.7 Aluminum Foil, heavy-duty. : :
6.8 Porcelain Pan, Spoons, and equipment of the like. ‘
6.9 Desiccator. " T

porcelain of not

7. Sampling and Test Specimens

7.1 Place a representative field sample on a square rubber
sheet, oil cloth, or equivalent material and mix thoroughly.

7.2 Reduce the sample to the quantity required for a test

specimen by quartering.
7.3 Place the test specimen and the remaining sample in
separate waterproof containers. ’ Co
7.4 Work rapidly to prevent moisture loss or perforn the
operation in a room with a high humidity. . -

8. Procedure

8.1 Moisture Content Determination

8.1.1 Test Method A ‘

8.1.1.1 Record to the nearest 0.01 g the mass of a high silica
or porcelain evaporating dish fitted with a heavy-duty alumi-
num foil cover. The dish shall have a capacity of not less than
100 mL. _ . .

8.1.1.2 Following the instruction in section 4.1 above, place
a test specimen of at least 50 g in the container described in
8.1.1.1. Crush soft lumps with a spoon or spatula. The
thickness of peat in the container should not exceed 3 cm.

8.1.3 Test Method B ‘

8.1.3.1 This test method should be used if pH, nitrogen
content, cation exchange capacity, and the like are to be tested.

8.1.3.2 Following the instructions in ‘section 4.1 above,
select a 100 to 300 g representative test specimen. Determine
the mass-of this test specimen to the nearest 0.01 g and spread
it evenly on a large flat pan. Crush soft lumps with a spoon or
spatula and let the sample come to moisture equilibrium with
room air. This will require-at least 24 h. Stir occasionally-to
maintain maximum air exposure of the entire sample. When
the mass of the sample reaches a constant value, calculate the
moisture removed during air drying as a percentage of  the
as-received mass.

8.1.3.3 Grind a representative portion of the air-dried
sample for 1 to 2 min in a high-speed blender. Use the ground
portion for moisture, ash, nitrogen, cation exchange capacity
tests, and the like. :

8.1.3.4 Thoroughly mix the air-dried, ground sample. Weigh.
to the nearest 0.01 g the equivalent of 50 g of test specimen on
an as-received basis. Determine the amount, in grams, of
air-dried sample equivalent to 50 g of as-received sample, as
follows:

Equivalent Sample Mass, g = 50.0 — [(50 X M)/100] 3

where:
M moisture removed in air drying, %.
8.1.3.5 Place the sample in a container as described in 8.1.1

- and proceed as in Method A.

8.1.1.3 Cover immediately with the aluminum foil cover -

and record the mass to the nearest 0.01 g.

8.1.1.4 Dry uncovered for at least 16 h at 105°C or -until
there is no change in mass of the sample after further drying
periods in excess of 1 h. Remove from the oven, cover tightly,
cool in a desiccator, and record the mass to the nearest 0.01 g.

8.1.2 Calculations for Test Method A :

8.1.2.1 Calculate the moisture content as follows:

Moisture Content, % = [(A ~ B) X 100)/4

where:
A = mass of the as-received test specimen, g, and
B = mass of the oven-dried specimen, g.

- 8.1.2.1.1 This calculation is used primarily for agriculture,
f forestry, energy, and horticultural purposes and the result
 should be referred to as the moisture content as a percentage of
- as-received or total mass.

8.1.2.2 An alternative calculation is as follows:

Moisture Content, % = [(4 — B) X 100)/B 2)

here:
= as-received test specimen, g, and
= mass of the oven-dried specimen, g.
8.1.2.2.1 This calculation is used primarily for geotechnical

w
A
. B

(N

purposes and the result should be referred to as the moisture '

. content as a percentage of oven-dried mass.
8.1.2.3 Take care to indicate the calculation method used.

323

8.1.4 Calculations for Test Method B
8.1.4.1 Calculate the moisture content as follows:
(S0 -B)x2

Moisture Content, % 4

where: .
B oven-dried sample, g.

8.1.4.1.1 This calculation gives moisture content as a per-
centage of as-received mass.

8.1.4.2 An alternative calculation is as follows:

Moisture Content, % = [(50 — B). X 100)/B

&)

8.1.4.2.1 This calculation gives moisture content as a per-
centage of oven-dried mass. '

8.2 Ash Content Determination

8.2.1 Test Method C :

8.2.1.1 Determine the mass of a covered high-silica or
porcelain dish to the nearest 0.01 g. '

8.2.1.2 Place a part of or all of the oven-dried test specimen
from a moisture determination in the dish and determine the
mass of the dish and specimen. '

8.2.1.3 Remove the cover and place the dish in a muffle
furnace. Gradually bring the temperature in the furnace to
440°C and hold until the specimen is completely ashed (no
change of mass occurs after a further period of heating).

8.2.1.4 Cover with the retained aluminum foil cover, cool in
a desiccator, and determine the mass to the nearest 0.01 g.

8.2.1.5 This test method should be used for all geotechnical
and general classification purposes.

8.2.2 Test Method D

8.2.2.1 Determine the mass of a covered high-silica or
porcelain dish to the nearest 0.01 g.
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8.2.2.2 Place a part of or all of the oven-dried test specimen
from a moisture determination in the dish and determine the
mass of the dish and specimen to the nearest 0.01 g.

8.2.2.3 Remove the cover and place the dish in a muffle
furnace. Gradually bring the temperature in the furnace to
750°C and hold until the specimen is completely ashed (no
change of mass occurs after a further period of heating).

8.2.2.4 Cover with the retained aluminum foil cover, cool in
a desiccator, and determine the mass to the nearest 0.01 g

8.2.2.5 This test method should be used when peats are
being evaluated for use as a fuel.

8.2.3 Calculation for Test Methods C and D

8.2.3.1 Calculate the ash content as follows:

Ash Content, % = (CX 100)/B ©
where:
C = ash, g, and
B = oven-dried test specimen, g.

8.3 Organic Matter Determination
8.3.1 Calculation

8.3.1.1 Determine the amount of organic matter by differ-
ence, as follows:

Organic matter, % = 100.0 - D

0]
where:
D

ash content, %.

9. Report

9.1 Report the following information:

9.1.1 Results for organic matter and ash content, to the.
nearest 0.1 %.

9.1.2 Furnace temperature used for ash content determina-
tions. .

9.1.3 Whether moisture contents are by proportion of as-
received mass or oven-dried mass.

9.1.3.1 Express results for moisture content as a percentage
of as-received mass to the nearest 0.1 %.

9.1.3.2 Express results for moisture content as a percentage
of oven-dried mass as follows: :

(a) Below 100 % to the nearest 1 %.

(b) Between 100 % and 500 % to the nearest 5 %.

-(c) Between 500 % and 1000 % to the nearest 10 %.

(d) Above 1000 % to the nearest 20 %.

10. Precision and Bias

10.1 Precision—Test data on precision is not presented due
to the nature of the soil materials tested by this test method. It
is either not feasible or too costly at this time to have ten or
more laboratories participate in a round-robin testing program.

10.1.1 The Subcommittee D 18.06 is seeking any data from
the users of this test method that might be used to make a
limited statement on precision.

10.2 Bias—There is no accepted reference value for this test
method, therefore, bias cannot be determined.

11. Keywords

11.1 ash content; moisture content; organic s01l peat; % or-
ganic matter

SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section iden-
tifies the location of changes to this standard since the last
edition (95) that may impact the use of the standard.

(1) Section 1.2—Added second sentence to update SI state-
ment.

(2) Inserted new Section 2 on Referenced Documents and new
Section 3 on Terminology. Renumbered subsequent sections as
needed.

(3) Inserted new Section 5 on Significance and Use and
renumbered subsequent sections as needed.

(4) Renumbered Section 5-—Inserted standard Note 1 refer-
encing D 3740 and renumbered following notes as needed.
(5) Inserted new footnotes 2 and 3 for referenced ASTM
documents.

(6) Section 6.1—Inserted reference to E 145.

(7) Section 6 Apparatus—Inserted a balance or scale as 6.3
and a rubber sheet, etc. as 6.4.

(8) Changed heading of Section 7 from Preparation of Sample
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to Sampling and Test Specimens.

(9) Renumbered section 7.1—Clarified procedures for mixing,
subsampling and storing material. »
(10) Added Section 8 Procedure and renumbered sections on
moisture content, ash content and organic matter to fall under
procedure.

(11) Renumbered sections 8.1.1.2 and 8.1.3.2—Deleted “Mix
the sample thoroughly and” with “Following the instructions in
section 4.1 above.”

(12) Renumbered sections 8.1.1.4, 8.1.3:2, 8.2.1.1, 8.2.1.4,
8.2.2.1, and 8.2.2.3—specified determining the mass to the
nearest 0.01 g.

(13) Renumbered section 8.1.3.2—Changed “sample” to “test
specimen.”

(14) Updated Precision and Bias statement.

(15) Added Keywords section.

(16) Added Summary of Changes section.
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The American Society for Testing and Materials takes no positlon respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infingement of such rights, are entirely thelr own responsibility. B R ST

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
it not revised, either reapproved or withdrawn. Your comments are invited either for ravision of this standard or for addijtional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not réceived a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below. o o ’

This standard Is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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1.0 SCOPE OF APPLICATION

1.1 Scope

This method atilizes a gas chrumatograph fitted with a flame ionization detector (FID)
The following petroleum analyses are included in the method*

1.1.1 Quantitative analysis of environmental samples (water, soil, sediment, and ‘
sludge) for residues from commercial petrolenm products such as crude oil,
diese] fuel, waste 01].J fuels oils Nos. 2-6, lubricating oil, processed oils and bunker

fuel.

The method determines Total Semi-Volatile Petroleum Products (TPHC), also
known as Total Petroleum Hydrocarbons. TPHC inciudes paraffinic,
naphthenic, and pelynuclear aromatic hydrocarbons (PAHs).

The methad must not be used for g oasolme canrammared sites.



1.2

13

1.4

1.1.2 Fingex;print - identiﬁcation of unknown petroleum products by comparison of
their chromatograms with chromatograms of known petrolenm product profiles.
~Products that can be identified include diesel fuel, fuel oils Nos. 2-6, lubricating

oils, bunker fuel and processed oils (2).

Apphcable Program

Underground Storage Tanks (UST), New Jersey Spill Fund, Comprehensive
Environmental Response Compensation and Liahility Act (CERCLA), Industrial Site

Recovery Act (ISRA), Sludge Residuals, and Resource Conservation and Recovery Act
(RCRA). . )

Method Advantages

1.3.1 The method replaces the TPHC method based on Freon 113 extraction and
analysis by infrared spectroscopy

1.32 The FID response produces a TPHC chromatogram that can be used to identify
the type of petroleum product present by matching the chromatogram of the
unknown sample with the chromatograms of known petroleum products.

Method Limitations

1.4.1 Quantitative Studies

1.4.2.1 The TPHC is quantitatively restricted to the semi-volatile components
since partial loss of volatiles (b.p. < 60°C) occurs during the
extraction and/or concentration process.

1.4. 2.2 The gas chiromatographic condltlons are not desngned for compounds
with carbon numbers greater than C40

1.4.2.3 Benzene and hydrocarbons that elute from the column before heptane co-
elute with the extraction solvent methylene chioride.

1.4.2 - Identification Studies

1.4.1.1 The method is most successful with fresh spills of petroleam products.
Weathering changes the chromatographic profile. Weaﬂxermg
can be simulated in the laboratory. .

2



1.5

2.0

1.4.1.2 Absorption, adsorption, blologlcal reactions, and chenucal reactions
occur in soil, changing the chromatographic profile which reduces
the ability to make positive identifications. Method OQA-QAM-
018 can be used for more detailed product analysis.

Matrix

1.5.1 Surface water, ground water, and wastewater.

1.5.2 Seil, sediments or high solids sludge (‘>50%).

SUMMARY OF METHOD

2.1

2.3

This quantitative TPHC method is adopted from the "Leaking Underground Fuel
Tanks Field Maoual” of the California State Water Resources Control Board (3). This
method is also derived from "Test Methods for Evaluating Solid Waste” USEPA
Method 8015B and the Florida Department of Environmental Protection, “Method for

the Determmatmn of Total Petroleum Range Orgamcs”(4 25).

This petro]eum method is adapted with modifications from ASTM Methed D3328-82,
and the US Coast Guard Qil Spill Identification Procedure for Total Petroleum (1,2).

Petroleum residues are extracted from Sample matrices with methylene chloride.

Surrogate compounds are added to all samples before extraction. The methylene
chloride extract is analyzed with a gas chromatograph fitted with a capillary column

attached to a FID.

23.1 The TPHC is determined by integration of the FID chromatogram. Calibration
of the gas chromatograph is done with a hydrocarbon standard C8-C40 or
where justified and documented, based on historic site-specific data, a standard

reference petraleum product.

2.3.2 Identification of unknown residues may be done by comparing their
chromatograms with chromatograms of known petroleum products. Samples
from old spills are compared to syntheticaily weathered samples if available.
Identification is established when chromatograms match. Method QAM-118
must be used for detailed pattern recognition (6).

2.3.3 The sensitivity of the method is dependent on the level of interference rather
than on instrumental limitations. The method detection limit (MDL) for TPHC
in soil is approximately 10 ug/g and in water 30 ug/L. These MDLs can be
achieved without concentrating the extract..
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23.4 _Dy‘nainic Range

2.3.41 TPHC

Soil  30-1000 wug/g
- Aqueous . 0.1-500 mg/L

2.3.4.2 Individual Compounds

Soil  1.0-500 ug/g
Aqueous 0.2-200 ug/L

INTERFERENCES

3.1
3.2
33

34

35

36

Method interferences are reduced by washing all glassware with hot soapy water and
then rinsing with tap water, distilled water, methanol, and methylene chloride.

High purity reagents such as Burdick and J; ackson GC2 methylene chloride, Baker
capillary grade methylene chloride or equivalent must be used to minimize interference

problems.

Before processing any sample, the analyst should demonstrate daily, through the
analysis of a method blank, that the entire system is interference-free.

Matrix interferences may be caused by contaminants that are co-extracted from the
sample. The extent of matrix interference will vary considerably from source to source

~ (e.g. fatty acids, biogenic materials, oxidized biodegradation products), depending upon

the nature and diversity of the site being sampled. The cleanup procedure, EPA
Method 36308 can be use to overcome many of these interferences, but unique samples
may require additional cleanup approaches to achieve the method detection limit

(MDL) ).

Naturaily occurring alkanes may be detected by this method and may interfere with
product identification. Naturally occuring plant waxes include odd carbon number
alkanes from n-C,, through n-C,;, and exhbit a dominant odd/even chain length
distribution. Leaf hydrocarbens aiso may be detected.

A vial septum should be pexietnited and extracted with methylene chloride to evaluate
the potential alkane distribution that could occur in re-analyzed extracts. Vial septums

should be changed after each analysis.



3.7 Particulates interfer with the determination of disolved petrolem products in ground

water. Petroleum products adsorb on the surface of particulates. The groundwater

| samples should be filtered through glass fiher filters to determine dissolved TPH.

4.0 SAFETY

4.1

The toxicity or carcinegenicity of each reagent used in this method has not been defined
precisely. Each chemical compound should be treated as a potential health hazard.
Exposure to these chemicals must be reduced to the lowest possible level by whatever
means available. The laboratory is responsible for maintaining a current awareness file

. of Cccupational Safety and Health Administration (CSHA) regulations regarding the

safe handling of the chemicals specified in this method. A referénce file of material
safety data sheets (MSDS) should also be made available to all personnel involved in the
chemical analysis. Additional reference to laboratory safety are available and have

been identified for use by the analyst (8,9).

50 APPARATUS AND EQUIPMENT

5.1

5.2

Sampling Containers

5.1.1 Prior to use, wash bottles and cap liners with aqueous detergent solutions and
rinse with tap water, distilled water, and methylene chioride. Allow the bottles
and containers to air dry at room temperature, place in a 150°C oven for one
hour, then remove and allow to cool in an area kmown to be free of erganic

analytes.
512 Screw cap battle ’-_40"mL PTFE-faced silicone cap liners.
5.1.3 Narrow mouth bottles - 1 liter, amber, PTFE faced silicone czip liners.

5.14 Wide-mouth glass jar-four ounce, amber, PTFE faced silicone cap liners

Glassware

5.2.1 Serum bottles - 100 mL, 10 mL, 2 mL crimp-top, PTFE-faced silicone cap liners.

5.2.2 Pasteur pipets

o
%

52.3 Screw-cap Erlenmeyer flasks - 250 mL, with PTFX faced silicone cap liners.

5.2.4 Volumetric flasks - 10 mL, 25 mL, 100 mL

52.5 Kuderna-Danish apparatus (KD)

3



53

52.6 Sepratory funnels - 2 L Pyrex, Tefon stopcoat

52.7 Soxhlet Extractor

Apparatus

' 5.3.1

532

533

53.4

535

53.6

53.7

'53.8

Rotary shaker table, 350 rpm minimum
Analytical balance capable of accurately weigln"ng 0.0001 g.

A gas chromatograph with split/splitless injector, eqmpped with a capﬂ]ary
column, capable of temperature programming.

5.3.3.1 Column-30m Iong_x 53mm ID, .5um film thickness dimethy polysiloxane
coating (Restek, J&W Scientific or equivalent). This column will
allow for the resolution of alkanes from nC8 to nC44; as well as
the resolution of phytane/nCi8 and pristane/nCl7. This column
will also allow for the resolution of the petroleum products listed
in Section 1.1 (21). Low bleed columns must be used. Equivalent

columns mnybe used.

5.3.3.2 Column - 30m long x 0.32mm ID, 0.25um film thickness, 95% dunethyl—
5% diphenyl polysilsane (J&W Scientific, Restek or equivalent),
This column has simillar resolution to 5.33.1 but high bp
compounds elute Iater. Equivalent columns maybe used.

5.3.3.2 Column - 100m long x 25mm ID., 0.5um film thickness, caplllary,
Protocol DH (Supelco or equivalent (22).

5.3.3.3 Detector - Flame Ionization Detector (TPHC only)
An autosampler is recommended.
Boiling chips - Solvent extracted approximately 10/40 mesh.

Water bath - Top, w1th concentnc ring cover, capable of temperature control.
The bath should be used in a hood.

Gas-tight syringe - One milliliter (mL) with chromatographic needles.

Microsyringes — 10ul, 100ul, 200uL
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53.9 Continuous liquid-liquid extraction apparatus.
53.10 Liquid chromatographic column - 400 x 20mm with course frit, teflon stopcock.

53.11 Magnetic stirrer and 2-inch Teflon coated stirring bars.

'5.3.12 Nitrogen concentration system composed of a precleaned pasteui' pipet, with a

small plug of glass wool loaded at the tip end, and filled with approximately 1-2

~ cm of precleaned alumina. The top of the pipet is attached to a hydrocarbon
free nitrogen gas source using precleaned Teflon tubing, This concentration step
should be performed at room temperatare or lower to retain light end

compounds.

REAGENTS

6.1

6.3

6.4

6.5

6.6

6.7

- 6.8

Purity of Reagents - Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications of the
Committee and Analytical Reagents of the American Chemical Society.:

Reagent water ~ Reaéent water is defined as a water in which an interference is not
observed at the MDL of each parameter of interest. (ASTM Specification D1193, Type

ii).

Methylene. chloride, methanol, carbon, disulfide and hexane - pesticide grade, Burdick
and Jackson GC2, Baker Capillary Grade or equivalent. ‘

Sodium sulfate - (ACS) granular, anhydrous. Purify by heating at 400°C for four hours
in a shallow tray, cool in a desiccator and store in a sealed glass bottie.

Silica gel - Grade 923 (100/200) desiccﬁnt. Before use, activate for at least 16 hours at
130°C in a shallow glass tray that is loosely covered in foil. Cool and store as in Section

6.4.

Silica granular, fine (60-120 mesh) Fisher 5151-10. Purify by Soxhelt extraction with
methylene chloride for four hours. Dry at 80°C. Store in glass bottie.

Hydrochloric acid, 1:1 - Mix equal volumes of (ACS) concentrated HC] and digti]led
water. : . N

Stock Standards

6.8.1 Normal Paraffinic Hydrocarbons - Prepare a Methylene chloride solution
containing 2 mixture of components ranging from octane to tetracontane .

7
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6.8.2

6.8.3

6.8.4

6.8.5

(nC8-nC40), or selected individual normal paraffins 2 mg/ml ea). The standard
must include a minimwm of 12 compounds including C8, C18, C20, C32, and
C40. For product identification purposes the mixture also may contain C17,
pristane and phytane (2 mg/ml ea.) . A separate pristane, phytane, C17, and C18

- column resolution standard may be used. An appropriate dilution of the

mixture is analyzed under normal analytical conditions to determine retepﬁon
times and the Relative Response Factors for the Compounds. A 10% carbon
disulfide/ 90% methlyene chloride solvent mixture may be used if standard do

" not remain in solution. (Mixtures are available from Supelco, Restek (31266),

NSI Solutions and Ultrex).

Diesel and Fuel Gil Profile Standards - Where applicable prepare commercial
diesel, waste motor oil and/or fuel standards in methylene chloride. Weigh -
300mg oil to the nearest 0.1 mg, into a 10 mL volumetric flask. Dilute to volume
with methylene chloride (30 mg/ml). Standards are available from Restek Inc.,

Bellefonte, PA. - :

Surrogates (SS) and Interpal Standards (S) - The surrogates (chlorobenzene,
ortho-terphenyl [OTP] and tetracosane-d50), and internal standard (5~
androstane) are prepared separately by carefully weighing 1060 mg of each
compound in a 100 mI. volumetric flask. Dilute to volume with methylene
chloride. The final concentration of each compound is one ug/ul. The
laboratory is free to choose any two or more surrogates that cover the carbon
range (C8 - C40 ). However chlorobenzene is required. Standards are available

from Restek Inc. '

Quality Control Check Standard (Blank Spike) - The QC check standard

concentrate (30 mg/ml) of fuel oil #2 must be prepared by the laboratory using
stock standards prepared independently from those used for calibration (Section
6.8.2). If the contamination at the site is known, other fuel standards can be
used. Standards are available from Supelco, Restek or Ultrex. '

Matrix spiking standard (MSS) - Brepa're the MSS in methylene chloride from a
Fuel oil #2 standard in Section 6.8.2 or another oil for site speific work . The
laboratory may use the hydrocarbon calibration standard noted in section 6.8.1

as the MSS for unknown petroleum sources.

CALIBRATION

- 7.1

Initial Calibration

7.1.1 Rentention time windows



Before establishing windews, make sure the GC system is within
optimum operating conditions.. Serial injections over less than a 72 hr
period result in retention time windows that are too tight.

' Calénlate the mean and the standard deviation of the three retention
-times (use any function of retention time; including absolute retention
time, or relative retention time) for each surrogate.



c. Plus or minus three times the standard deviation of the miean retention
times for each surrogate will be used to define the retention time window;
however, the experience of the aunalyst shoeld weigh heavily in the
interpretation of chromatograms. The default value for the retetion time
shall be a minimum of +/- 0.05 minutes, if the standard deviation is zero.

d Establish the midpoint of the retention time window for each surrogate
by using the absolute retention for each surrogate from the mid-
concentration standard of the initial calibration. The absolute retention
time window equals the midpoint + 3 SD, where the standard deviation is

determined as described in Section b.

e The laberatory must calculate retention time windows for each surrogate
on each GC column and whenever a new GC column is installed. The

data must be retained by the laboratory.

712 FID Internal Standard Calibration for Quantitation of TPHC - Calibrate the

- 713

GC-FID with an initial fivepoint, (i.e., concentration of individnal components 1
ng/ul, Sng/ul, 10ng/ul, 20 ng/uL, 50ng/ul), Total Petrcleum Hydrocarbons
calibration curve (Section 6.8.1). The lowest concentration point in the '
calibration curve shouald be near the MDL. The highest concentration point
should be twice the expected sampie concentration and within the linear
instrument range. To maintain the standards in solution, a 10% carbon
disulfide/90% methylene chloride solvent may be required. Prepare the

- calibration standard to contain 5.0 ng/ul of surragate and GC internal standard.

The relative standard deviation (RSD) for the surrogates and each calibration
compound's relative response factor (RR¥) must be less than or equal to 20%. If
not, the calibration curve must be used to determine concentration. A minimom
correlation coeffient of 0.95 is required. Also calculate the response for total
petrolenm hydrocarbons (TPHC) which is the average of the RRF's for the
nC8-nC40 compounds (Section 11.2.2). The RSD must be less than 20%. The

.chromatograms should be checked for mass discrimination (Section 7.3).

Standards with concentrations greater than 20 mg/L may need to be
equilibrated to room temperature prior to analysis.

TPHC External Standard Calibration - The Iaboratory has the option of using
an external calibration procedure. Prepare the standards as directed in Section
7.1.2 omitting the internal standard. Calculate response factors (RF) instead of
relative response factors for each compound and the surrogates. The relative -
standard deviation (RSD) of each calibration compound's response factor (RF)
must be less tham 20%. If not the calibration curve must be used to determine
concenivation. A minimum correlation coefficient of 0.95 is required. Also

10



7.1.4

7.1.5

calculate the response for total petroleum liydrucarbons (TPHC) which is the
average of the RFs for the nC8-nC40 compounds (Section 11.3). :

TPHC Petroleum Product Calibration - If the laboratory has a site specific
project and the petrolenm product contamnation is known the GC_FID maybe
calibrated using a reference petrolenm product (Section 6.8.2). Calibrate the
GC-FID with an initial five point, (i.e. concentration total petrolenm 0.1 mg/ml,
0.2mg/ml, 1.0mg/ml, 2.0mg/ml, 3. 0mg/ml) calibration curve. Calculate the
response factor (RF) for TPHC (Section 11.2). The RSD of the TPHC responce
factor mnst be less than 20%. If not the calibration curve must be used to
detirmine concentration. A minimum correlation coefficient of 0.95 is required.

Petroleum Profile Calibration - If the method is used only for qualitative
petroleum product profiling, a single point GC-FID retention time calibration is
required. Prepare a 2 mg/ml standard from the products in section 6.8.2 (23).
Prepare a 20 ng/ul carben number standard from section 7.12.

72  Daily Calibration

721

7.2.3

of the chromatographic column should be checked daily

The resolution check is required for ﬁngerp;:mt determg%on. The resolution
ject two ul of the

calibration mixture (10 ng/ul) (section 7.1.2) into the chromatograph. Visually
inspect the chromatograms for separation between phytane and nC13.

Ifa standard fuel oil #2 is used as the calibration mixture, the resolution of the
chromatograph colemn can be monitored by visually checking the resolution of

- the pair, nCI7-Pristane and nC18-phytane. These compounds occur in all fuel oil

#2 products.

The working calibration curves or calibration factors for TPHC, must be
verified on each working day and after every 12 hours by the measurement of
one or more calibration standards, (10 ag/ul). Calculate the percent difference
(D%) between the verified RF/RRF and the inital responses RF/RRF for TPHC
and the surrogates. The %D must not exceed 20%. If the %D exceeds 20% the
instrument must be recalibrated. Reanalysis of all samples analyzed after a non

compliant standard is required.

The retention times of surrogates in the calibration verification standard
analyzed at the beginning of the analytical shift must fall within the absolute
retention time windows calculated in Sec. 7.1.1b. The purpose of this check is to
ensure that retention times do not continually drift further from those used to
established the widths of the retention time windows. If the retention time of any
surrogate at the beginning of the analytical shift does not fall within the + 3 SD

11
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7.2.4

window (minimum +/~ 0.05 min.), then a new initial calibration is necessary
unless system maintenance (Sec. 7.11) corrects the problem

In addltlon, the retention times of all surrogates in the subsequent eahbratlon
verification standards analyzed during the analytical shift must fall within the

~ absolute retention time windows established in Sec. 7.1.1d.

Surrogate Standards (S8), GC Internal Standard (IS) - The SS and IS responses
and retention times in the calibration check standard must be evaluated during
or immediately after data acquisition. If the retention time(s) for the SS or IS is
outside the determined RT window, the chromatographic system must be
inspected for malfunctions and corrections must be made. If the area(s) for the
SS or IS changes by +/- 50% from the last daily calibration standard check, the
GC must be inspected for malfunctions and corrections must be made.

Mass Discrimination

7.3.1

73.2

73.4

Mass discrimination can take place in the injection port. The heavier molecules

* do not enter the column as a defined plug of vapor with the lighter molecules.

Mass discrimination is minimtized by placing a small plug of silanized glass wool
one centimeter from the base of the glass injection lmer The end of the eaplllary
column is placed just below the giass wool. _

The calibration chromatogram (Secﬁon 7.1.1) is inspected for mass
discrimination. The response factor ratio C32/C20 should be greater than 0.8. If
the ratio is less, reposition the column in the glass liner until mass dlserlmmauon

is minimized.

80  QUALITY CONTROL

3.1

Each Iaboratory that uses this method is required to operate a formal quality control
program which conforms with New Jersey Regulation N.J.A.C. 7:18-4.7 (13). The
minimum requirements of this program consist of an initial demonstration of
laboratory capability and an ongoing analysis of QC samples to evaluate and document
data quality. The laboratory must maintain records to document the quality of data
that is generated. Ongoing data quality checks are compared with laboratory
established performance criteria to determine if the results of analyses meet the
performance characteristics of the method.

811 The ana.lyst must make 2n initiai, one-time demonstration of the ability to

generate acceptabie accuracy and precision with this method (Section 8.2).

12



3.2

3.1.2

8.1.3

8.1.4

8.1.5

8.1.6

8.1.7

In recognition of advances that are occurring in chromatography, the analyst is
permitted to imprave the separations by changing the GC conditions or column.
Each time such a modification is made to the method, the analyst is required to-
repeat and document the procedure in Section 8.2. - '

Each day before calibration and ﬁfter the calibration, the analyst should analyze
a reagent blank (instrument blank) to demonstrate that interferences from the
analytical system are under control :

With each sample batch, the analyst must analyze a method biank to -
demonstrate that interferences from sample extraction are under control.

Target compounds' concentrations in the blank should be no more than 5x
MDL. If blank levels for any component are above 5x MDL and the sample
concentrations present in the samples are greater than 10X then the sampies
may be quantified and qualified. If the blank concentration is greater than 5X
MDL 2nd the sample concentrations present in the samples are less than 10 X
the blank level, the affected samples should be re-extracted and re-analyzed. Ifa
sample cannot be re-extracted or re-analyzed, the data should be qualified as
such. Samples should not be biank corrected. ’

The laboratory must, on an ongoing basis, demonstrate through the analyses of

.quality control cheek standards that the operation of the measurement system is

in contrel. This procedure is described in Section 8.3. The frequency of the
check standard analyses is equivalent to 5% of all samples analyzed.

The laboratory must spike all samples with the surrdgates to monitor recovery.
This procedure is described in Section 8.4. )

The laboratory must spike 2 minimam of five percent or one per batch, which
ever is more frequent of all samples in each matrix, with the MSS (Section 6.8.5)
to monitor and evaluate laboratery data quality. This procedure is described in

Section 8.5. :

To establish the ability to generate acceptable precision and accuracy, the analyst must
perform the following operaticns.

8.2.1

822

A quality control (QC) check sample concentrate is required containing fuel oil
#2 at a concentration of 30 mg/ml in methylene chloride (Section 6.8.4). The QC
check sample concentrates must be prepared by the laboratory using stock
standards prepared independently from those used for calibration.

Aqueous
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83

84

Aﬁnlyze four 1 L aliquots (TPHC) of the well-mixed reagent water spiked with 0.
5 mL QC check sample concentrate and 20 uL of each surrogate according to
the method beginning in Section 10.1. :

82.3 Soil and Sediment | | S

a. Prepare a TPHC QC check sample to contain 200 ug/g of a reference oil
(6.8.2) by adding 0.2 mL of QC standard concentrate to 30g of reagent
sodium sulfate (6.4). Also add the appropriate surrogates.

b. Analyze four aliquots of silica spiked with QC check stand:ird
concentrate according to the method beginning in section 10.3.

8.2.4 For each matrix calculate the average recovery (X) and the standard deviation
of the recovery (s) for #2 fuel, using the four results. The average percent.
recovery should he between 70-120%. samples. The Iaboratory is to establish

the criteria for the standard deviations as described in USEPA Method 8000 A

@)

82.5 The FID retention times of the surrogates and internal standards must match
the calibration standard as described in 7.2.3.

. The laboratory must analyze a Total Petrolewm Hydrocarbon (TPHC) QC check sample with

every 5% of the samples. The check sample shail be prepared as directed in Section 8.2.1, The
recovery of TPHC shall be in ranges specified in Section 8.2. The FID retention times of the
surrogates and intgrnal standards must maich the previous calibration as described in 7.2.3.

As a quality control check, the laboratory must spike all samples with the surrogates chosen in
Section 6.8.3 and calculate the percent recovery (P) of the Surrogate based on the FID

 response.

%P=A, x100
A,

A, = Area response of SS or IS in check sample
A, = Average area response of §S or IS in standard ) ' .

84.1 For the surrogate standards, the lahoratory must develop separate accuracy
: statements of laboratory performance for each matrix. An accuracy statement
for the method is defined as Percent Recovery + Standard Deviation (P +s). The
accuracy statement should be developed by the analysis of four aliquots as
described in Section 8.2, followed by the calcuiation of P and s. Alternatively, the
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8.5

8.4.2

8.4.3

analyst may use four data pomts gathered through the requirement for
continuing quality control in Section 8.3. The accuracy statements should be

| updated regularly. The initial recovery may be set 60 to 120 percent

Calculate upper and lower control limits for %P for the surrogate standard in
each matnx

Upper Control Limit (UCL) = P +3s
Lower Control Limit (LCL)=P -3s

The UCL and LCL c¢an be used to construct control charts that are useful in
observing trends in performance (14).

The following corrective actions can be taken when the percent recovery of
chlorobenzene, androstane and/or tetracosane-dS0 are outside of the recovery

range:
8.4.3.1 Check calculaﬁ_ons to assure there are no errors.

8.4.3.2 Check instrument performance, check the sample preparation procedure
for loses due to temperture control and internal standard and

surrogate solutions for degradation contamination, etc.

8.4.3.3 Reanalyze the sample or extract if the steps above fail to reveal a
problem. If reanalysis yields surrogate recoveries within the

stated limites, the reanaysis data should be used.

8.4.3.4 If the surrogate could not be measured becanse the sample was dilated
prior to analysis, qualify the surrogate recovery. If the surrogate
co-elutes with a compound (as in coal tar), report enly the
recovery of the backup surrogate tetracosane-d50. Qualify the out
of range surrogate on the data table. No addltional corrective

action is required.

Matrix Spike Analysis - - The laboratory must, on an ongoing basis, spike (MS) and
analyze at least 5% of the samples for each matrix from each sample site being
monijtored to assess accuracy. The spike should be the matrix spiking standard (MSS)

8.5.1

' (Sectmn 6.8.5).

Report the recovery as the average of the individual recoveries of the
components nC8-nC40, if the hydrocarbon standard is used.
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9.0

852 The laboratory should establish there 0wn acceptance criteria for %. recovery
(X) as in Section 8.2.4. Recoveries of > 70% should be ac!neved.

8.6  Sample Duplicate - The laboratory must, on an ongomg basis, analyze 5% of the
samples for each matrix in duplicate. Both results are to be reported. (No specific
criteria concerning the relative precent difference (RPD) exists at this time. However,
results should not differ by more than 50%.) The laboratory should establish their own
acceptance creteria for RPD based on control charts. A matrix spike duplicate may be

used if no postive TPHC samples are in the batch.

. 87  Whenever possible, the laboratory should ana.lyze standard reference matenals and

participate in relevant performance evaluation stuches

88 The laboratory shall determine the method detection limits (MDLs) for the fueis of
interest using the methods of 40 CFR 136 Appendix B (7). The MDLs must be -
confirmed weekly by analyzing a low level standard (2zx MDL)., '

SAMPLE COLLECTICON PRESERVATION

8.1  Aqueous Matrix

9.1.1 Collect a representative water sample in 2 1L narrow mouth bottle. A delay
' between sampling and analysis of greater than four hours requires sample
preservaticn by the addition of Sml HCI (Section 6.7). Confirmation of a pH < 2

must be ohtained in tl_le field.

9.1.2 Sample must be chilled to 4+/-2°C on the day of collection and stored at 4+/-2°C
until analyzed.

9.1.3 Samples must be extracted within seven days from the time of collection or five
days from verified sample time of receipt (VSTR). Extracts must be analyzed

within 40 days of extraction.
9.2  Solid Matrix

92,1 Collecta representative soil-sediment sample in a four-ounce, wide-mouth jar
with a minimum of air space.

922 Samples must be chilled at 4+/-2"C on the day of collection and storzd at 4+/-2°C
until analyzed. _

9.2.3 Samples must be extracted within seven days from the time of collection or five
days from VSTR. Extracts must be anaiyzed within 40 days of extraction.
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10.0

PROCEDURES

10.1

Dissolved Product

10,1.1 Sealed Extraction (14)

16.1.2

a.

b‘

f.

Mark the liquid level on the outside of the one liter bottle. Check the

sample for floating product. Measure/adjust pH to 2 with 6N HCI if
necessary. '

Add a two inch teflon stirring.bar, 30 ul of surrogate standards (Sectien
6.8.3), aud 30 mIL of methylene chloride. Seal the sampie bottle.

Place the bottle on a magnetic stirrer. Adjust the speed so that there isa
vortex. Str for five minutes and then release any pressure. Continue

stirring for 15 minutes.

' Transfer the methylene chloride extract to a sermm bottle for storage -

using a Pasteur pipet. Add 30 mL of methylene chloride to the sample
bottle, seal, return to the magnetic stirrer and stir for twenty minutes.
Fill the empty sample bottle to the mark with water. Determine the

sample volume in a liter graduated cylinder.

Combme-the methylene chloride extracts, filter and dry the extract
through glass wool and sodium sulfate. Adjust the extract volume to 50
mL in a volametric flask. Store the extractin a 100 mL crimp top serum

bottle at 4°C.

Emulsions
1. Emulsions can be broken by centrification
2. Continuoﬁs extraction can be used on samples known to form

emulsions, USEPA Method 3520 (4).

Screen the extract before concentrating (Section 10.4). Dry and .
Concentrate the extract as in section 10.1.2.e through 10.1.2i.

Sepéuratory Funnel Extraction (7)

a.

Aqueous samples are usually extracted using separatory funnel
techniques. I:t' emulsmns prevent achieving acceptable solvent recovery

17



f.

with separatory funnel extraction, continuous extraction (Section 10.1.2)
may be used. The separatory funnel extraction scheme described below
assumes a sample volume of 1 L. When a sample volume of 2 L is to be
extracted, use 250, 100 and 100-mL volumes of methylene chloride for the

serial extraction.

Mark the water meniscus on the side of the sample bottle for later
determination of sample volume. Pour the entire sample into a 2 L
separatory funnel. Measure/adjust pH to 2 with 6N HCL. Pipet 30 uL of
the surrogate standard spiking solution into the seéparatory flmnel smd
mix well (Sectlon 6.8.3).

Add 60 mL of methylene chloﬁde to the sample bottle, seal and shake for
30 seconds to rinse the inner surface. Transfer the solvent to the

- separatory funnel and extract the sample by shaking the funnel for two

minutes with periodic venting to release excess pressure. Allow the
organic layer to separate from the water phase for a minimum of 10 min.

If the analyst must employ mechanical techniques to the complete phase
separation, the optimum technique depends upon the sample. The
techniques may include stirring, filtration of the emulsion through glass
wool, centrifugation, or other physical methods. Collect the methylene
chloride extract in a 250 mL Erlenmeyer flask with a glass stopper.

If the emulsion cannot be broken (recovery of less than 80% of the
methylene chloride, corrected for the water solubility of methylene
chloride), transfer the extract to the chamber of a continuous extractor
and proceed as described in Section 10.2.3.

Add a second 60 mL volume of methylene chloride to the sample bottle
and repeat the extraction procedure a second time, combining the
extracts in the Erlenmeyer flask. Perform a third extrac¢tion in the same
manner. Label the combined extract. Screen the extract (Section 10.4)

- before concentrating.

Assemble a Kuderna-Danish (K-D) concentrator by attaching a‘!10 mi
concentrator tube to a 500 mL evaporative flask. Other concentration
devices or techniques may be used in place of the K—D concentrator if the

requirements of Section §.2 are met.

Pour the combined extract through a solvent rinsed drying column
(Section 5.3.10) containing ahont 10 cm of anhydrous sodium suifate, and
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collect the extract in the K-D concentrator. Rinse the Erlenmeyer flask
-and column with 20 to 30 mL of methylene chioride to complete the
quantitative transfer. S

Add one or two clean boiling chips and attach a three-ball Snyder column
to the evaporative flask for each fraction. Prewet each Snyder ceclumn by
-adding about 1 mL of methylene chloride to the top. Position the K-D
apparatus in a hot water bath (60°C to 65°C) so that the concentrator
tube is partiaily immersed in the hot water, and the entire lower rounded
surface of the flask is bathed with hot vapor. Adjust the vertical pesition
of the apparatus and the water temperature as required to complete the
concentration in 15 to 20 minutes. At the proper rate of the distillation
the balls of the column will actively chatter but the chambers will not
flood with condensed solvent. When the apparent volume of liquid
reaches 1 mL, remove the K-D apparatus from the water bath and allow
it to drain and cool for at least 10 minutes. Remove the Snyder column .
and rinse the flask and its lower joint into the concentrator tube with one
to two mL of methylene chloride. A five mL syringe is recommended for

this operation.

h. Add another one or two clean boiling chips to the concentrator tube of
each fraction and attach a two ball micro Snyder column. Prewet the
Snyder column by adding about 0. 5 mL of methylene chloride to the top.
Place the KD apparatus on 2 hot water bath and allow it to drain and
cool for at least 10 min. Remove the Snyder column and rinse the flask
and its lower joint into the concentrator tube with approximately 0.2 mL
of methylene chloride. Adjust the final volume to 1.0 mL with the
solvent. Transfer to a 1 mI GC autosampler vial and add 20 uL of the GC
internal standard (5-androstane). If the internal standard method is

used.

Determine the original sample volume by refilling the sanﬁple battle to -the
mark with water and transferring the liquid to 2 1000 mL graduated
cylinder. Record sample volume to the nearest five ml..

i

Othér extract concentation methods can be used if the recoveies of the
surrogates and the QC check samples mest the requirements of the
method. )

10.2.3 Continuous Extraction (4)

a. Mark the water meniscus on the side of the samplé bottle for later
determination of sample volume. Transfer the sample to the continnous
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extractor. Measure/adjast pH to 2 with 6N HCL Using a pipet, add 30ulL
of surrogate standard spiking solution and mix well. Add 60 mL of '
methylene chioride to the sample bottle, seal, and shake for 30 seconds to
rinse the inner surface. Transfer the solvent to the extractor. :

b. Repeat the sample bottle rinse with an additional 50 to 100 m], portion of
methylene chloride and add the rinse to the extractor. .

c. Add 200 to 500 mL of methylene chloride to the distiliing flask, and
. sufficient reagent water to ensure proper operation, and extract for 24
hours. Allow to cool, then detach the distilling flask. Screen the extract
(Section 10.4) before concentrating. Dry and concentrate the extract as in

section 10.1.2.e through 10.1.2.i.

103 Sample preparation, soils and sediments (1,12)

.103.1

T 1032

1033

Homogenize the soil sample with a solvent-rinsed stainless steel spatula. Weigh
about five grams of the sample to +.01g into a tared aluminum pan. Dry at 105
degrees Celsius for 12 hours and calcuiate the percent solids content (Section

113.4).

Soxhlet Extraction - If the samples contain residual oil and‘tar; the EPA soxhlet
extraction method 3540 should be used (2). Method 3540 may be used for all

sample types.

Quickly blend 10-30g of the solid sample with 10-30g of anhydrous sodium
sulfate and piace in an extraction thimble. The extraction thimble must drain
freely for the duration of the extraction period. A glass wool plug above and
below the sample in the Soxhlet extractor is an acceptable altermative for the
thimble. Add 30uL of the surrogate standard spiking solution onto the sample.
The blending of the soil with the anhydrous sodium sulfate can lead to the loss of
volitile components (C8-C12). If the sample is expected of containing a large
volitle component such as Jet foel, this drying process may be omitted.

" Place 300 mL of the eih‘action solvent ilito a 500-mL round:-botton flask

containing one or two clean boiling chips. Attach the flask to the extractor and
exiract sample for 16-24 hours at 4-6 cycles/hr. :

Allow the extract to ceol after the extraction is complete. Screen the extract
before continning (Section 10.4). Dry and concentrate the extract as in Section

10.1.Ze through 10.12h.

‘

Gyrotory Shaker Extraction
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Add 30g (-!-/- dg) (wet welght) of the sample with a stainless steel spatula

- to 2250 mL acid-cleaned, solvent-rinsed, capped Erlenmeyer flask. Mix

in 30 g of sodinm sulfate. If the sample has excessive moisture, add
additional amounts of sodium sulfate. This procedure must be done .
quickly to reduce evaporation losses .

Add 50 mL of methylene chloride, 30 uL of surrogate standard spiking
solution, screw on the top, and shake the mixture vigorously for 1 minute,

vent the flask (Section 6.8.3).

Place the 250 mL flask on a rofary shaker unit, positioned behind a safety
shieid, in a fume hood. Adjust the agitation rate of the shaker device to:

- 400 RPM and extract the samples under these conditions for exact}y 30

minutes.

. After 30 minutes, the fotary shaker should be turned off and Erlenmeyer

flasks removed to a stationary location. The analyst should permuit
suspended solids and particulate matter in the flasks to settle for

approximately 30 minutes.

Using a pasteur pipet,. carefully transfer the supernatant extract to a 100

‘mL crimp top serum bottle for storage. Do not agitate the sediment layer.

Extract the sample with two additional 30mL volumes of methyiene

chloride. The sample should be sonicated for 0.5 minutes before the last
extraction. This will insure the complete dispersion of the soil. Combine
all of the extracts, in the seram bottle for storage. Screen the extract
before continuing (Section 10.4). Dry and concentrate the extract as in
section 10.1.2e through 10.1.2.h. :

10.3.5 Other Extraction Methods

a.

Extraction methods listed in SW846 may be used such as 3545
Pressurized Fluid Extraction, 3541 Automated Soxhlet Extraction and

3550 Sonication.

The laboratory must conduct 2 one time demonstration of the aﬁﬂity to

generate acceptable accuracy and precision (Sectin 8.2). The
demonstration must include comparisou resuits with real samples that
cover the C8-C40 carbon range. The laboratory must meet the sensitivity
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requirements of Section 2.3.3 the dynamic range of section 2.3. 4 and the
surrogate recovers of sectmn 3.4.1.

¢. . Routine analysis using alternate extractmn methods must meet the
. surrogate regiurements of section 3.4.1.

10.4 Preliminary Analysis of Extracts (Screening)
10.4.1 Adjust the chromatograph for maximum sensitivity.
10.4.2 I.nject 1 vl of the sample extract -using an auto sampler,

- 10.4.3 A complete profile of the extract should be obtained without saturating the
detectors. The largest peak should be a minimum of 50% and a maximaum of
'90% full span. If the response is too high, the extract should be diluted. if the
response is too low, concentrate the extract. If the response meets the criteria,
determine the extract volume and go to section 10.5 or 10.6. - '

10.5 Cleanup for Quantitation (4)

10.5.1 Should the sample require additional cleanup due to interfering compounds,

' polar compounds or a large unresolved hump without destinct peaks, in the
chromatogram, use EPA Method 3630 - silica gel cleanup. Combine fraction 1
(pentane; aliphatics) and fraction 2 (methylene chloride/pentane [ 2: 3 v/v ]
aromatics) for total petrolenm hydrocarbons (TPHC) analysis.

10.6 Chromatographic Analys';is

10.6.1 One milliliter of extract readyr for analysis shou.ld be transferred to a one mi. GC
auto sampler vial

10.6.2 All extracts, standards and blanks, should contain the GC internal standard (30
ug/L) when applicable.

10.6.3 Inject one to two uL of extract using an autosampler device or the solvent plug
method. :

10.7 Recommended Chron;atographic Conditions (21)
10.7.1  Temperature Frogram for RTX-1 Coinmn:

Initial Valuae 40°C '
Initia] Time 2.00 min
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Program Rate 12.00°C/min

Final Value . 320°C - -
Final Time 10 min
Total Run Time 35 min
Carrier Gas He

10.7.2 Injection Port Temperature  330°C
10.7.3 Detector Temperature 330°C

10.7.4 Instrument Performance

a  Allof the peaks contained in the standard chromatograms must be
sharp and symmetrical. Peak tailing must be corrected. If only the
compounds eluting before ethylb enzene give random response, have
unusually wide peak width, are poorly resolved, or are missing, the
problem is usually traceable to the injection port temperature.

b. 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 traceabie to

pneumatic Jeaks.

c. Monitor the retention time for each analyte using data generated from
calibration standards. If individual retention times vary by more than &3
standard deviations (7.1.1) over a twelve hour period, the source of
retention data variance must be corrected before acceptable data can be

generated.

d. The instrument seasitivity must be maximized. Injection of 2ulof a
1ng/ul hydrocarbonstandard should yield a detector signal-to-noise ratio
of between 5:1 and 15:1 for the individual alkanes.

10.8 Analysis Sequence

10.8.1 This method. uses a 12hr clock. The time sequence begins with the analysis of
the first initial cafibration standard. Cont;‘;ming calibrations must be verified

every 12hrs,
10.32 Sequence

1, Instrument Blank
2. Initial Calibration

23



11.0 CALCULATIONS

3.
4,

 Samples (including Method Blanks, and QC samples)

Continuing Calibration (every 12hrs.)

11.1 Concen&aﬁoﬁ of Petroleum Hydrocarbons

11.1.1 To calculate the concentration of total petrolenm hydrocarbons in the sample,
the area response attributed to the petroleum must first be determined. This
area includes all of the resolved peaks and the unresolved "envelope". This total
area must be adjusted to remove area response of the internal standards,

solvent, surrogates and the GC column bleed.

11.1.2 Establishing the baseline

Column bleed is defined as the reproducible baseline shift that occurs
during temperature programming of the GC column oven. To determine
this area, a methylene chloride blank injection should be analyzed at the
beginning of the day and after every 12 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
the end of the run. The area for the blank run that must be subtracted
from the actual sample run, includes all of the area between C; and C,,.

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. The petroleum area must be calculated by
subtracting the baseline area and area for &M{ds from the total
th

area. The TPHC is then calculated according ‘to the equation in Section
11.1.4. '

~ As the cencentration of TPHC in the sample approaches the detection

limit, the baseline correction becomes more critical.

11.1.3. Mass discrimination must be kept to a minimum by placing a small plug of

silanized glass wool one cm from the base of the glass injection liner. The
capillary column should be placed just below the glass wool. A full range
alkane standard should be run to test the degree a mass discrimination
before performing any actual sample analyses. The reponse factor ratio
of C,;/C,, should be greater than 0.8. If less than 0.8, repositicn the
column in the giass liner until the mass discrimination is minimized.

11.1.4 Concentration based on Internal Standard
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S Y SR

- From sample analysis, determine the total area (A) of the unknown and
calculate the concentration. The analyst must take care when calculating

~ total product areas that the appropriate baseline is used. .

" a.

Y] ~ Aqueous Matrix

@ (€ @ (Vo)

C=
(RRF) (A (V) (VD
Where:
c = ‘Concentration of Anﬂyte or concentration of Total
* Petrolenm Products, ug/L
A — =  Area résponﬁe of compdund or TPH to be measured.
D = Dilution Factor
C, = Concentration of interﬁai standard added to extract
A, = = Arearesponse of internal sta.ndard‘

RRF = Relative response factor of analyte (section 11. 2.2). For
TPHC RRF is the average of all the nC8-nC40 RRFs.

V, = Final volume of extract, uL.
Vl = Volume of extract injected, uli

V, = Volume of sample, L

(2) Seil and .S ediment

c | (Aj (CH @) Ve
(RRF) (8) (A Vi

C = Concentration of compound to be meﬁsured, or Concentration of
TPHC, ug/g

S = Dry sample weight, grams
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11.2  The FID Relative Response Factor (RRF) calculation for a specific compound or TPHC.,

G, xA,
RRF = —
A, xC,
Where: A cC, = Concentration of calibration compound or TPHC standard,
ug/ml
C, = Concexitration of internal standard, S-androstané, ug/ml
A, = Area Response of internal standard
C = Area of callbratlon compound or TPHC standard

11.3 External standard cahbratmn The concentration of each analyte in the sample may be

11.4

determined by calcuiating the amount of analyte injected, from the peak response,
using the calibration curve or the calibration facter determined in Step 7.13. The -
concentration of a specific analyte is calculated as follows:

(1)  Aqueous samples

Concentration (ag/L) = (A) D) (Vo)
‘ RF (V) (Vi)

RF = Respomse factor of analyte (Sect[on 7.1.2) or TPHC average response of all th nC8
- nC40 RFs. .

(2) Nonaqueous

Concentration (ug/g) = (A) (D) (Vc) T
RF( VD - :

Matching Chromatographic Patterns - The following provides the basis for

identification of the type of petroleum product. Method OQA-QAM-018 should
be used to make more definative identifications.

114.1 Interpretatmn (from ASTM D 3328, (1))

1. Basis of Matching - The source of a spilled petroleum oil can be identified
- by comparison of the chromatogram to that of a suspected source oil or
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that of a reference oil. Identical petrolemﬁ products give identical
chromatographic peak patterns.

b. Chrematogram Features - The major features of the chromatogi'am that
are used for comparison are listed as follows:

A FID chromatogram shews the features of a homologous series of
normal paraffins, the isoprenoid hydrocarbons pristine and phytane, the
other resolved peaks and the unresolved envelope. All of these features
are used to characterize petrolenm oil ’ ‘

c. Weathering effects: - When petrolenm is spilled on open water or spilled
on open ground, weathering will progress rapidly. A thin slick on open
water may lose significant amounts of its components, up to uC15,271°C,
atmospheric boiling point, within 48 hours of being spilled. Soil samples
will lose the soluble fraction through leaching. Biological degradation of
petroleum begins within seven days. Itis important to be aware of the

' effects of weathering when matching chromatograms of spill samples
more than a few hours old. Itis advisable to compare only those portions
of chromatograms boiling above pentadecane in order to minimize the
difference resulting from weathering. Reference oils can be weathered in
the Iaboratory using the method of Reference 10.

Light distillate fuels cannot survive heavy weathering and have few
hiydrocarbons above C15. Comparison of the residues of these oils can
" only be done qualitatively - from about C3-C15. ‘

d. A direct comparison of chromatograms will establish identity or
nonidentity between samples. The comparison involves a peak-for- peak
matching, noting differences or similarities in relative peak height. If the
chromatograms are the same on the basis of the peak-for-peak matching,
there is a high probability that the samples are from the same source. A
mismatch occurs when the chromatograms are different. The differences
may be due to the presence of one or more components or petroleum
products in one sample relative to another. Spill samples may contain
components such as cleaning detergents, plasticizer, paint vehicles, etc.
The presence of one or two components in a spill sample which are absent
in a suspect petroleum oil is not absolutely indicative of non-identity.

e. If the ratio of pristine/phytane in the unknown and reference petroleum
| oil match with + 15%, the fingerprint match is confirmed.

11.5 Percent Recovery of Surrogate Standard (5)
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Percent recovery is calculated using the 5-androstane GC internal -standard, (CY-

(AD(C) x100
% 88 recovery = -
' (Cod (A
Where: C,= Coﬁcentrhi_ion of surrogate
A;t = Area of surrogate

[l

SS = Surrogate

Percent recovery based on External Calibration -

% S8 recovery = - x 100
Cat .
Where: Cy = Concentration of surrogate found

11.6 Percent Solids (P)

D,
P = x 100

B

T,

D, = Weight dry Sample, g

e
]

Weight wet Sample, g

117 Dry Weight (S)

Wet Weight x P
S =

100

12.0 REPORTING REQUIREMENTS AND DELIVERABLES
The following minimal information must be provided to the Department on request. The
Labgratery must keep this information on ﬁ]e and available for inspection by the Department

as per NJ.A.C. 7:18 (16).
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12.1  Chain of custody documents. For every sample submitted to the laboratory, both field
" and laboratory chain of custody documents MUST be provided at the end of the final
~data report. The chain of custody must show the signatures of the sample custedian,
extraction supervisors and any other personuel who handled the sample. It must
" clearly track the movement of the sample through the laboratory by showing the
relinquishing and acceptance of the sample by each person.

12.2 Methodology Review

The laboratory shall provide a brief narrative outlining the essential points of each
method actually employed in the analysis of the samples subinitted to the laboratory.

123 Non-Conformancé Summary Report

The laboratory shall describe in narrative and/or tabular from any item which does not
conform to the requirements of this method. This shall include but is not limited to a
discussion of missed holding times, of failed Quality Assurance/Quality Control criteria,
sample matrix effects on the analysis, sample dilutions, re-analyses, corrective actions
taken and deviations from the analytical methed specified on the analytical request

form or the preparative methods permitted.
12.4 Sample Data Package - maust contain the following information in sequence:

12.4.1 Quantitative Sample Results Summary (uncorrected for blank), Blank Resaits.
and Method Detection Limits.

12.4.2 Qualative Sample Result Summary (For fingerprint work)
12.4.3 Quantitation Reports

12.4.4 Sample Chromatograms

The chromatogramsr must be clearly labeled with the following information:

a.  Sample identification number.

b. Volume injected. '

c¢. . Date and time of injection.

d. GC Column identification. ’ B

e. GC instrument identification - exact instrument employed.

. Positively identified compounds, either directly above the peak or on &
printout of retention times, if the retention times are printed on
chromatograms. :

g. Internal Standards labeled.
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12.5

12.6

12.7

12.8

h.  Surrogate labeled.
oL Analyst signature,

Quality Control Summary - must centain the folloWihg items:

Surrogate Recovery Summary |

a.
b. QC Check Sample Recovery
c Method Blank Summary -

d. Matrix Spike Summary

e - Duplicate Summary

Standard Data Packages - must contain the following iterns:

Initial Calibration Data Summary .
Continving Calibration Data Summary :
Chromatograms of Standards and Quantitation Reports
Chromatograms of Reference Standards where applicahle-

PP op

Raw QC Data Package - additionally must contain the following items:

a. Blank Chromatograms
b. QC Check Sample Chromatograms
C.. Blank spike Chromatograms.

Qualitative Sample Results Sammary - List Sample Fmgerprmt matches (ASTM
D3328(0)).

a. Based upon the visual comparison of source chromatograms, and after &
considering weathering, report the sample of unknown origin as belonging to

one of the categories below:

1. Match - The chromatogram is identical to one, or more, of the samples
submitted for comparison. .

2.  Probable Match - The chromatogram is similar to one, or moré, of the
samples submitted for comparison, except: (a) for changes which can be
attributed to weathering, or (b) differences attributable to speczﬁc

contamination.’

3. Imdeterminate - The chromatogram is similar to one, or more, of the
samples submitted for comparison, except for certain differences as in 2,
of such magnitude that it is impossible to determine whether the

s
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unknown is the same pétro!euni oil heavily weathered, or a totally
different oil. ' '

4, Mismatch - Unlike the samples submitted for comparison. .

b.‘ ~ Compare unknowns to a library of the products listed in Section 1.1.
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Figure'] - Calibration Standard 50 ué[Kg (CS-C42) |
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- Figure 4 - Diesel Fuel 43/ Methylene Chloride Soxhlet Extraction
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SCOPE AND APPLICATION

This SOP describes the laboratory procedure used to determine the concentration of
alkyltins in aqueous, soil, sediment, waste and tissue extracts. This SOP is applicable to
GC/FPD analysis only. The extraction and derivatization procedure are given in
laboratory SOPs LM-OP-Alkyltins for aqueous and soil matrices.

The routine compound list, reporting limit, and accuracy and precision limits for each
compound in agueous and soil matrices is given in Table 1, Section 17.0.

SUMMARY OF METHOD

Samples are extracted with hexane/tropolone and are derivatized with a grignard reagent
following the procedures given in the above referenced extraction SOPs. The tin
chiorides are determined by gas chromatography with a flame photometric detector
(GC/FPD) and the results are reported as tins.

This SOP is based on Test Methods for Evaluating Solid Waste Physical/Chemical
Methods (SW846) and NOAA Status and Trends.

DEFINITIONS

A list of terms and definitions is given in Appendix B.

INTERFERENCES

Method interference may be caused by contaminants in the extraction solvent. Solvents
should be stored in an area away from organochlorine compounds to minimize
contamination,

Matrix interferences may be caused by contaminants coextracted from the sample. The
extent of the intereferences will vary considerably depending on the nature and diversity
of the samples.

The hexyl magnesium bromide should be lot tested for contamination.

SAFETY

All laboratory employees shall be trained on and adhere to the safety policies and
procedures that are given in the STL Corporate Safety Manual and in this SOP.

Safety Concerns or Requirements

The gas chromatograph contains zones that have elevated temperatures. The analyst
should be aware of the locations of those zones, and should cool them to room
temperature prior to working on the instrument. The GC also has areas of high voltage.
Depending on the type of work involved, the instrument should be turned off or
disconnected from its source of power prior to extensive maintenance.
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5.1.2. Primary Materials Used

Table 2, Section 17.0 lists materials used in this procedure that have a serious or
significant hazard rating along with the exposure limits and primary hazards associated
with that material as identified in the MSDS. The table does not include all materials
used in the procedure. A complete list of materials used can be found in section 7.0.
Employees that perform this procedure must review the information in the MSDS for
each material before using it for the first time or when there are major changes to the
MSDS. Any questions regarding the safe handling of these materials should be directed
to the laboratory’s Environmental Health and Safety Coordinator.

6.0 EQUIPMENT AND SUPPLIES

6.1. Autosampler Vials

6.2 Class “A” volumetric flasks

6.3 Class “A” volumetric syringes (Hamilton) £1% accuracy

6.4 Class “A” volumetric pipets or equivalent

6.5 Disposable glass pasteur-type pipets

6.6 Gas Chromatograph - An analytical system complete with a temperature programmable
gas chromatograph equipped with a split/splitless or purge packed injection port, two

flame photometric detectors, and an auto sampler.

6.7 Recommended Column: A dual fused silica capillary column system that will provide
simultaneous primary and confirmation analyses.

. RTX-35 (30m x 0.32mm ID x 0.25 um)
. RTX-5 (30m x 0.32mm ID x 0.50 um)
. Equivalent columns may be used, provided the elution orders are documented

and compound separations are maintained.
6.8 Dectector: Flame Photometric Detectors
6.9 Autosampler: Capable of makihg 2 ulL injections.

6.10 Data System —Capable of handling a minimum of 200 chromatographic peaks per
detector.

* Fison’s Vax based Multichrom Version 2.0 or higher (Data Acquisition)

STL Burlington
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Target Version 3.5 or higher (Processing & Report Generation)

REAGENTS AND STANDARDS

Solvents: Hexane, Acetone, Methylene Chloride. Store away from other solvents.

Stock standard solutions are purchased pre-certified from commercial vendors. Working
standard solutions are prepared in the laboratory by dissolving a volume of standard
solution in solvent and diluting to a specified volume. The recommended “recipes” for
the standards used in this procedure are provided in Appendix A.

SAMPLE COLLECTION, PRESERVATION, SHIPMENT AND STORAGE
Sample extracts must be stored refrigerated at a temperature of 4°C (+2) until analysis.
The analytical holding time is 40 days from the date of extraction.

Unless otherwise specified by a federal, state or client specific requirement, extracts are
stored from the time of receipt until 30 days after delivery of the reconciled data package
report and then disposed of in a manner that complies with all applicable regulations.

QUALITY CONTROL
Method Blank (MB)

A method blank is analyzed per preparation batch of 20 or fewer samples. The
concentration of target analyte in the MB must be less than or equal to the reporting limit.
If atarget analyte is found in the MB, the source of contamination is investigated and
actions are taken to minimize or eliminate the problem. Samples processed with the
contaminated method blank should be re-extracted and reanalyzed or data should be
qualified if the concentration of target analyte in the blank is at or above the reporting
limit and is greater than 1/10 the amount measured in any sample or if the blank
contamination otherwise affected the sample results per the project data quality
objectives. Unless otherwise noted in the sampling and analysis plan, for DOD work,
the concentration of target analytes in the MB must be less than or equal to 1/2 RL
except for common laboratory contaminants, which must be less than or equal to the RL.

Laboratory Control Sample (LCS)

A laboratory control sample is analyzed per preparation batch of 20 or fewer samples.
The recovery of the LCS should be within the acceptance criteria given in Table 1. If the
LCS recovery is not within limits, the problem should be investigated and corrected. The
LCS and all samples in the associated batch should be re-extracted and reanalyzed or
the data should be reported with appropriate data qualifiers.

Matrix Spike/Matrix Spike Duplicate (MS/MSD)

Matrix spikes are used to assess the effect of the sample matrix on the precision and

STL Burlington
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accuracy of the method. The results of matrix spike are sample/matrix specific and are
not used to determine validity of an entire analytical batch. The client should determine
the frequency of the MS/MSD analysis on their project samples as part of their project
data quality objectives. The minimum frequency recommended for matrix spike analysis
is one MS/MSD per 20 project samples per matrix.

The recovery of the MS/MSD should be within the advisory limits given in Table 1, and
the RPD between the MS and the MSD should be <30%. If the results are outside this
range, the data should be qualified and reported or project data quality objectives should
be used to determine appropriate corrective action.

Sample Duplicate

Sample duplicates are analyzed at the frequency specified by the client and they are
used to provide the data user with information on the heterogeneity of the sample matrix
or to determine the precision of intralaboratory analytical processes for the sample
matrix. The RPD between the two portions of samples should be less than or <30%. If
the results are outside this range, the data should be qualified and reported or project
data quality objectives should be used to determine appropriate corrective action.

Surrogates

All field and QC samples are fortified with surrogate spike prior to extraction and
surrogate spike is added to the calibration standards. The surrogate recovery should be
within the acceptance criteria given in Table 1. If recovery is outside this range, the
effect on individual sample results should be evaluated. QC and field samples should be
re-extracted and reanalyzed for the failed surrogates if sufficient sample is available. If
obvious chromatographic interference with the surrogate is present, reanalysis may not
be necessary. Consult project specific data quality objectives to determine appropriate
corrective action. Any results reported from analyses with surrogate recoveries outside
acceptance criteria should be reported with appropriate data qualifiers.

Retention Time Windows (RT)

The laboratory uses default RT windows for each analyte and surrogate established by
using the retention time for each analyte and surrogate from the mid-point standard
(Level 4) of the initial calibration + 0.05 RRT units. The retention time of the surrogate in
the calibration standards are used to track retention time shifts and when the observed
retention time of the surrogate is outside the established retention time window, the
default RT window may be extended in the same direction as the retention time shift.

CALIBRATION AND STANDARDIZATION

Chromatographic Conditions & Pre-Calibration Routine

Attach a five-meter guard column to the injection port and the analytical columns (via a
glass “y”) then attach the analytical columns to the FPD’s. Set the initial temperature to
100°C and hold for 3.0 minutes. Ramp 20°C per minute to 290°C and hold for 1.0

minute. Set the detector temperature to 290°C and the injection port temperature to

STL Burlington
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225°C. Use helium as the carrier gas. Set the helium flow to approximately 6.0-10.0
mL/min. The hydrogen flow and zero air flow should be optimized for optimum sensitivity
but is generally set to approximately 175 mL/min total flow. Set the autosampler injection
volume to 3ulL.

Initial Calibration, Instrument Performance & Analytical Sequence

The instrument is calibrated using an internal standard (tetra-n-propyltin) calibration
procedure with a minimum of five different concentrations for target analytes.

Analyze a hexane blank to verify that the system is free of contaminants. If
contamination is found, investigate the source and correct prior to analysis of the
calibration and retention time standards.

Prepare the mixed calibration standards using the procedure described in Appendix A.
Analyze each calibration standard and using one of the following options, determine if the
calibration is acceptable. If criteria are not met, correct the problem and repeat the initial
calibration.

Option 1: Linear-Least Squares Regression (Preferred Method)

Calculate the correlation coefficient. If ris > 0.995 or () is > 0.990 for the curve is
considered acceptable.

Option 2: Response Factor

Calculate %RSD of the instrument response against the concentration of the calibration
standard for each target analyte. |f the %RSD is < 20 % for each analyte, the curve is
considered acceptable.

Initial Calibration Verification (ICV)

Immediately following initial calibration, analyze the second source calibration verification
standard (ICV) standard. The recovery of the ICV should be within +25% of its expected
value. If it is not, the problem should be investigated and corrected prior to further
analysis. Recommended corrective actions are provided in Table 3, Section 17.0.

Continuing Calibration Verification (CCV)

Analyze a CCV daily before sample analysis, after every 10 field samples and at the end
of the analysis sequence. All analytes should be within £25%D of the expected value. If
the CCV is not within criteria, correct the problem and reanalyze. If repeat failure, correct
the problem and verify performance with two consecutive CCVs that pass criteria or
repeat the initial calibration. If a CCV exhibits a high response (> 25%D) and the analyte
is not detected in the samples, then the verification standard has demonstrated that the
analyte would have been detected if present and reanalysis of samples is not necessary.

STL Burlington
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11.0 PROCEDURE

111 GC Analysis

All calibration standards and samples are spiked with Internal Standard (Tetra-n-
propyltin) before analysis. Samples are analyzed in an analytical sequence that begins
with instrument calibration or a daily CCV followed by analysis of sample extracts.
Samples are analyzed with the same instrument operating conditions that were used for
initial calibration and must be bracketed by acceptable CCV and retention time criteria.
The sequence ends when the CCV results indicate the calibration relationship is no
longer valid.

An example analysis sequence that includes initial calibration is given below:

Instrument Blank

50 ppb Tin standard
100 ppb Tin standard
250 ppb Tin standard
500 ppb Tin standard
1000 ppb Tin standard
Instrument Blank

Tin ICV

10 Field Samples
250 ppb Tin standard
10 Field Samples
250 ppb Tin standard

Transfer the 100 uL of extract and 10 uL of Internal Standard (Tetra-n-propyltin} to an
auto sampler via! and place the vials in the autosampler. Enter the sample ID’s into the
data acquisition program, start the analytical sequence and acquire the data.

11.2. Qualitative & Quantitative Analysis

Evaluate the resulting chromatograms and calculated sample concentrations. Evaluate
the QC results against the performance standards given in Section 9.0 and perform
corrective action as necessary. Dilute and reanalyze any samples whose concentration
exceeds the range of the calibration. Note: A summary of acceptance criteria for each
QC item is provided in Table 3 Section 17.3 along with recommended corrective actions.

Identify target analytes using the retention times established during initial calibration.

Report quantitative results in appropriate units and significant figures and correct the
results for sample volume, dilution factor and percent solids.

STL Burlington
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12.0. CALCULATIONS
12.1. Aqueous Sample Concentration
tract L
Concentration,,, ;. (ug/ L) = Ami,, (ug ! L)X volume (L) 4
sample volume (L)
Where:
df= dilution factor
12.2. Soil Sample Concentration
extract volume(L) 100

Concentration (ug/Kg)=Amt (ug/L)x

sample extract

sample volume(Kg) % solid

Where:
df= dilution factor

12.3. Percent Recovery (%R) (LCS and CCV)

%R = LU 100%
SA

Where:
SR= Sample Result
SA=Concentration of Spike Added

12.4. Percent Recovery (%R) (Matrix Spike)

MSRecovery(%) = :SE{E‘Aﬁ * 100%

Where:

SSR= Matrix Spike Result

SR= Sample Result
SA=Concentration of Spike Added

12.5. Precision (RPD)

| D - Ds|

D1+ Dz
2

9eRPD = *100

Where:
D1 = Sample result/Matrix spike result
D2 = Matrix duplicate result/Matrix spike duplicate result

STL Burlington
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DATA ASSESSMENT, CRITERIA & CORRECTIVE ACTION

Samples, standards and QC samples are reviewed against the performance criteria
given in section 9.0 for Quality Control. If the results do not fall within the established
limits or criteria, corrective action should be performed. If corrective action is not taken
or unsuccessful, the situation should be documented and reported in the project
narrative. Primary review of the data is performed by the analyst(s) that performed the
procedure. Secondary review is performed by a senior analyst or a data review analyst.
All data that does not meet established criteria must be flagged with the appropriate data
qualifier and noted in the project narrative.

METHOD PERFORMANCE

An Initial Demonstration of Capability is required for each analyst before unsupervised
performance of this method.

A Method Detection Limit (MDL) determination for each test method referenced in this
SOP is performed following the procedure described in the reference method, 40CFR,
Part 136, Appendix B and laboratory SOP LP-LB-009. The MDL is verified or repeated
when a significant change to the method occurs. Significant changes include the use of
alternate reagents or standard reference materials, new instrumentation or the use of
alternate sample preparation procedures.

POLLUTION PREVENTION & WASTE MANAGEMENT

Where reasonably feasible, technological changes have been implemented to minimize
the production of hazardous waste and minimize potential source of pollution to the
environment.

Hazardous waste generated by this procedure is accumulated in satellite containers
located in the work area. The satellite containers are labeled “Hazardous Waste” along
with the type of waste category generated. Authorized personnel routinely transfer the
contents of the satellite containers to the hazardous waste storage room for future
disposal in accordance with Federal, State and Local regulations. The procedures for
waste management are further given in laboratory SOP LP-LB-001 Hazardous Waste.

REFERENCES

Test Methods for Evaluating Solid Waste Physical/Chemical Methods (SW846), Third
Edition, September 1986, Final Update |, July 1992, Final Update IlA, August 1993,

Final Update ll, September 1994; Final Update 1B, January 1995; Final Update lll,
December 1996.

Sampling and Analytical Methods of the National Status and Trends Program, National
Benthic Surveillance and Mussel Watch Projects 1984-1992, Vol. 1V, NOAA Technical

Memorandum, NOS ORCA 71.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS

Table 1: Target Analyte List, Reporting Limits, Accuracy and Precision Limits
Table 2: Primary Materials Used

Table 3: QC Summary and Recommended Corrective Action

Table 1: Routine Compound List, Reporting Limits and Precision & Accuracy Limits

Reporting Limit Accuracy Limit (%R) Precision
Compound Water Soil Water Soil %RPD
(ug/L) (ug/Kg)
Tetrabutlytin .050 1.7 30-150 30-160 <30
Tributyltin .045 1.5 30-150 30-160 <30
Dibutyltin .039 1.3 30-150 30-160 <30
Monobutyltin .031 1.0 0-48 0-48 <30

The alkyltin chloride compounds are quantitated and reported as unsubstituted alkyltin compounds. The
factors used to convert from the alkytin chloride to the alkytin are listed below.

Analyte Conversion Report as
Factor

Tetrabutyltin -- tetrabutyltin
tributyltin chloride 0.89 tributyltin
dibutyltin dichloride 0.77 dibutyltin
monobutyltin trichloride 0.62 monobutyltin
tripentyltin chloride (SS) 0.90 tripentyltin
tetrapropyltin (ISTD) - tetrapropyitin
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Conversion Factors are determined from the following formula:

Where:

Conversion Factor =

MWT - MWC
MWT

MWT= Total molecular weight of the analyte

MWC=Number of chlorides * molecular weight of chloride (molecular weight of

chloride = 35.5)

Table 2: Primary Materials Used

Material Hazards Exposure Signs and symptoms of exposure
(1) Limit (2)
Acetone Flammable | 1000 ppm- | Inhalation of vapors irritates the respiratory tract. May
TWA cause coughing, dizziness, duliness, and headache.
Hexane Flammable | 500 ppm- Inhalation of vapors irritates the respiratory tract.
Irritant TWA Overexposure may cause lightheadedness, nausea,
headache, and blurred vision. Vapors may cause
irritation 1o the skin and eyes.
Methylene | Carcinogen | 25 ppm- Causes irritation to respiratory tract. Has a strong
Chloride | Irritant TWA narcotic effect with symptoms of mental confusion,
125 ppm- light-headedness, fatigue, nausea, vomiting and
STEL headache. Causes irritation, redness and pain to the
skin and eyes. Prolonged contact can cause burns.
Liguid degreases the skin. May be absorbed through
skin.
Sulfuric Corrosive 1 Mg/M3- Inhalation produces damaging effects on the mucous
Oxidizer TWA membranes and upper respiratory tract. Symptoms
Dehydrator may include irritation of the nose and throat, and
Poison labored breathing. Symptoms of redness, pain, and
Carcinogen severe burn can occur. Contact can cause blurred
vision, redness, pain and severe tissue burns. Can
cause blindness.
1 — Always add acid to water to prevent violent reactions.
2 — Exposure limit refers to the OSHA regulatory exposure limit.
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Table 3: QC Summary, Acceptance Criteria and Recommended Corrective Action (Tins)

QC Check

Minimum Frequency

Acceptance Criteria

Corrective Action

ICAL

Initially prior to sample
analysis,
Repeat failure of CCV

Option 1: r> 0.995
Option 2: RSD < 20% for
each analyte

Correct Problem
Recalibrate

Second Source ICV

Once after each ICAL

%R = 25

Correct Problem,
Remake Standards

Recalibrate

RT Window Once per ICAL Center of RT window set at NA

Establishment mid-point of ICAL

RT Window Each CCV Analytes within established Correct Problem

Verification RT window Reanalyze all samples
analyzed since last
acceptable CCV
If necessary, repeat
ICAL and re-set RT
window

ccv Daily before sample All analytes within £25% of Correct Problem

analysis, after every 10
field samples and at
the end of the
analytical sequence

expected value

*High Bias CCV with no
detects in associated
samples may be acceptable

Reanalyze, Repeat
Calibration

Reanalyze samples
since last passing CCV

Method Blank

One per prep batch of
20 or fewer samples

No analytes detected above
RL
DOD <1/2 RL

Correct Problem
Reprep & reanalyze
method blank and all
associate samples

LCS One per prep batch of | %R within limits given in Correct Problem
20 or fewer samples Table 1 or within limits Reprep & reanalyze
specified by project method blank and
High Bias LCS with no associate samples for
detects in associated failed analytes
samples may be acceptable
MS/MSD One pair per 20 %R & RPD within limits Consult Project DQO’s
samples given in Table 1 or within

limits specified by project

Sample Duplicate

Per client request

RPD within limits given in
Table 1 or within limits
specified by project

Consult Project DQQO’s

Surrogate Spike All field and QC %R within limits given in Reprep & Reanalyze if
samples Table 1 or within limits sufficient sample
specified by project available.
2™ Column All positive results RPD< 25 Flag Results

Confirmation

STL Burlington
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The standard preparation tables provided are accurate only when the specified concentrations
and volumes are used. Any time the concentration or volume of any of the components change,
the analyst must adjust the “recipe” accordingly. See laboratory SOP LP-LB-002 Standard
Preparation for further guidance. All prepared standards must be labeled with the lot number,
name of the standard, concentration, and the expiration date. The expiration date for the
prepared standard is 6 months from the date or preparation or date of expiration of the parent

standard(s), whichever is sooner.

All working calibration standards for this method are made by the organic prep department and
derivatized before analysis.

Table Legend:

Cstock = Concentration of Parent Standard(s)

Vstock = Volume of Parent Standard

Vspike = Volume of Prepared Standard

Cspike =Theoretical Concentration of Prepared Standard

Parent Stock Cstock | Vstock | Vspike Cspike
Standard(s) (ug/mL) (uL) (mL) (ug/mL)
Tetra-n-propyltin 2000 625 250 5.0
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Appendix B: Terms & Definitions

Batch: environmental samples, which are prepared and/or analyzed together with the same
process, using the same lot(s) of reagents. A preparation/digestion batch is composed of one to
20 environmental samples of similar matrix, meeting the above criteria.

Calibration Curve: the graphical relationship between the known values or a series of
calibration standards and their instrument response.

Continuing Calibration Verification (CCV): a single or multi-parameter calibration standard
used to verify the stability of the method over time. Usually from the same source as the
calibration curve.

Demonstration of Capability (DOC): procedure to establish the ability to generate acceptable
accuracy and precision.

Holding Time: the maximum time that a sample may be held before preparation and/or analysis
as promulgated by regulation or as specified in a test method.

Initial Calibration: Analysis of analytical standards for a series of different specified
concentrations used to define the quantitative response, linearity and dynamic range of the
instrument for target analytes.

Initial Calibration Verification (ICV): solution prepared from a separate source from that which
is used to prepare the calibration curve.

Intermediate Standard: a solution made from one or more stock standards at a concentration
between the stock and working standard. Intermediate standards may be certified stock
standard solutions purchased from a vendor and are also known as secondary standards.

Laboratory Control Sample (LCS): a blank matrix spiked with a known amount of analyte(s)
processed simultaneously with and under the same conditions as samples through all steps of
the procedure.

Matrix Duplicate (MD): duplicate aliquot of a sample processed and analyzed independently;
under the same laboratory conditions; also referred to as Sample Duplicate.

Matrix Spike (MS): a field sample to which a known amount of target analyte(s) is added.

Method Blank (MB): a blank matrix processed simultaneously with and under the same
conditions as samples through all steps of the procedure. Also known as the preparation blank
(PB).

Method Detection Limit (MDL): the minimum amount of a substance that can be measured
with a specified degree of confidence that the amount is greater than zero using a specific
measurement system. The MDL is a statistical estimation at a specified confidence interval of
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the concentration at which relative uncertainty is +100%. The MDL represents a range where
qualitative detection occurs. Quantitative results are not produced in this range.

Non-conformance: an indication, judgment, or state of not having met the requirements of the
relevant specification, contract or regulation.

Preservation: refrigeration and/or reagents added at the time of sample collection to maintain
the chemical, physical, and/or biological integrity of the sample.

Reporting Limit (RL): the level to which data is reported for a specific test method and/or
sample. The RL must be minimally at or above the MDL.

Stock Standard: a solution made with one or more neat standards usually with a high

concentration. Also known as a primary standard. Stock standards may be certified solutions
purchased from a vendor.
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SCOPE AND APPLICATION

This SOP describes the laboratory procedure for isolating organic compounds from non-
potable water samples in preparation for analysis by GC/ECD.

SUMMARY OF METHOD

A measured volume of sample, usually 1 L, is extracted at a pH of less than 2 with
0.05% tropolone-hexane using the separatory funnel extraction technique. The extract
is concentrated using Kuderna-Danish (K-D) technique, derivitized, and exchanged into
hexane in preparation for Florisil Cleanup. After cleanup, the extract is ready for
analysis by GC following the procedures in laboratory SOP LP-GC-Alkyltins.

DEFINITIONS
Definitions are included in Appendix A.
INTERFERENCES

Method interference may be caused by contaminants in solvents, reagents, glassware
and other sample processing equipment that can cause interference and/or elevated
baselines in chromatography. All reagents and solvents used during this procedure
should be reagent grade or high purity in order to minimize interference. All glassware
must be cleaned in accordance with laboratory SOP LP-OP-Glass and rinsed with
acetone prior to use.

SAFETY

Employees must abide by the policies and procedures in the Corporate Safety Manual
and this document.

Specific Safety Concerns or Requirements

The use of separatory funnels to extract aqueous samples creates excessive pressure.
Initial venting should be done immediately after the sample container has been sealed
and inverted. Vent the funnel into the hood away from people and other samples. This
is considered a high-risk activity, and a face shield should be worn over safety glasses
or goggle when it is performed.

Primary Materials Used

Table 1, Section 17.0 lists those materials used in this procedure that have a serious or
significant hazard rating along with the exposure limits and primary hazards associated
with that material as identified in the MSDS. The table does not include all materials
used in the procedure. A complete list of materials used can be found in section 7.0.
Employees must review the information in the MSDS for each material before using it for
the first time or when there are major changes to the MSDS. Any questions regarding
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the safe handling of these materials should be directed to the laboratory’s Environmental
Health and Safety Coordinator.

EQUIPMENT AND SUPPLIES

Separatory funnel - 2 liter, with Teflon stopcock and stopper

Drying funnel - 75 mm Glass Funnel with Pyrex glass wool at bottom
Kuderna-Danish (K-D) apparatus:

= Concentrator tube - 10 mL, graduated (AMK KD-0015 or equivalent)

= Evaporation flask - 500 mL (AMK KD-0015 or equivalent). Attach to concentrator
tube with clamps or equivalent.

» Snyder column - Three-ball macro (AMK KD-0018 or equivalent)
» Snyder column - Two-ball micro (AMK KD-0013 or equivalent)

Solvents vapor recovery system (Kontes K-545000-1006 or K-547300- 0000, Ace Glass
6614-30, or equivalent)

Boiling chips - Solvent-extracted, approximately 10/40 mesh (silicon carbide or
equivalent).

Water bath - Heated, capable of temperature control (+ 5°C).

pH meter

Adjustable Power Pipette — volumetric range of 0.5 mL to 2.0 mL.
Graduated cylinder - 1 liter (Class A)

Fiberglass wool, 8 um.

Vials and caps: 1.8 and 16 mL with Teflon lined septa and screw caps
Wrist shaker

REAGENTS AND STANDARDS

Reagents

Reagent water: Milli-Q System

Sodium sulfate (granular, anhydrous), Na,SO,. Purify by heating at 400°C for 4 hours in
a shallow tray,
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Silica Gel / Florisil Cartridges, 21 g: Restek, cat # 24049 or equivalent.

Hydrochloric Acid (HCL): J.T. Baker, Cat# 9530-33

Hydrochloric acid solution (1:1 v/v): Slowly add 50 mL of concentrated HCI to 50 mL of
organic-free reagent water in a 1L container.

Hexane CgH4: Pesticide quality or equivalent.

Acetone (CH3)2CO: Pesticide quality or equivalent.

Tropolone: Aldrich, 98%, Cat# T89702

0.05% Tropolone-Hexane Solution; Add 2.00 g of 99% purity tropolone to 4 L of hexane

in a 4L amber bottle.(what type of container?). Tumble for 1 hour. Prepare this solution
each day extraction is performed.

Triethylamine, (C2Hs)sN- Pesticide quality or equivalent
Hexyl magnesium bromide, CH3(CH.)sMgBr- Pesticide quality or equivalent
Standards

Surrogate and spike solutions are prepared from certified stock standard solutions
purchased from commercial vendors. The components and concentration for
preparation of the working standards may vary. In general, a known volume of stock
standard solution is diluted in an appropriate solvent to achieve the desired
concentration. The preparation of working standard solutions is documented in a
logbook designated for this purpose. The lot number of the prepared surrogate and
spike standards is documented on the extraction log along with the concentration and
volume of standard solution used.

SAMPLE HANDLING AND PRESERVATION

Samples should be collected in 1 L amber glass bottles, fitted with screw caps lined with
Teflon. If amber containers are not available, alternate measures should be taken to
protect the samples from light sources. After collection, the samples must be cooled and
maintained at a temperature of 4°C (+2°C) from the time of collection until sample
extraction. Sample extracts must be stored separately from original sample containers
in a temperature controlled storage areas maintained at 4°C (+2°C).

The extraction holding time is 7 days from date of collection.
Unless otherwise specified by client or regulatory program, after extraction and analysis

samples are retained for 30 days and then disposed of in accordance with applicable
regulations.
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QUALITY CONTROL
A method blank (MB) and lab control sample (LCS) are included with each preparation
batch of 20 or fewer field samples. A matrix spike/matrix spike duplicate (MS/MSD)

should be prepared with each extraction batch when sufficient sample is available.
Sample duplicates are performed per client request.

Prior to extraction all field and QC samples are fortified with surrogate spike solution and
the LCS and MS/MSD are fortified with spike solution.

The criteria used to assess quality control samples are given in the analytical SOP for
the determinative method.

CALIBRATION AND STANDARDIZATION

Calibrate the pH meter on each day of use, prior to use using pH 4 and 7 buffer
solutions.

Check the calibration of the balance each day of use prior to use with at least 3 Class S
weights that bracket the range of use.

Check the accuracy of the mechanical pipettes each day of use prior to use.
PROCEDURE

Equipment Set-Up

For each sample:

Add a plug of Pyrex glass wool to a 75 mm glass funnel. Add a sufficient amount of
purified sodium sulfate to each funnel such that the funnel is approximately % full. Rinse

the funnel with ~30 mL of 0.05% tropolone-hexane solution.

Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10 mL concentrator tube
to a 500 mL evaporation flask then attach a K-D setup to each drying funnel.

Extraction

Mark the meniscus of the aqueous on the sample container (1L) with a permanent
marker. Pour the entire sample into the 2 L separatory funnel.

Note: If high analyte concentrations are anticipated, a smaller sample volume may be
taken and diluted to 1L with reagent water. If smaller volumes are used, it may be
necessary to adjust the volume of surrogate and spike solution. Consult with the
Department Supervisor for further guidance.
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Add the appropriate volume of surrogate solution to each field and QC sample then add
the appropriate volume of spike solution to the LCS and MS/MSD. Refer to the
laboratory prepared benchsheet (extraction log) for details on the type, concentration
and volume of surrogate and spike standard solutions.

Rinse each sample container with 60 mL of 0.05% tropolone-hexane and transfer this
rinse solvent to the separatory funnel. Fill the sample container with water to the mark of
the meniscus and measure the volume of water using a graduated cylinder. Record the
sample volume on the extraction log. For the method blank and LCS, use 1 L of reagent
water.

Check the pH of each sample with the pH meter and adjust the pH to <2 using 1:1 HCI
solution.

Seal and shake the separatory funnel vigorously for 15-20 seconds with periodic venting
to release excess pressure. Place the separatory funnel on the mechanical shaker and
shake for 2 minutes.

Initial venting should be done immediately after the separatory funnel has been sealed
and shaken once. Venting of the separatory funnel should be into a hood to avoid
needless exposure of the analyst to solvent vapors.

Allow the organic layer to separate from the water phase for a minimum of 10 minutes. If
the emulsion interface between layers is more than one-third the size of the solvent
layer, use mechanical techniques to complete the phase separation. The optimum
technique depends upon the sample and may include stirring, filtration of the emulsion
through glass wool, centrifugation, or other physical methods.

The organic solvent phase will float on top of the aqueous phase. Collect the water
phase in a clean 1 L amber bottle. Drain the organic solvent layer through the sodium
sulfate drying funnel into the K-D concentrator. Repeat the extraction two more times
using fresh portions of solvent. Rinse the drying funnel with ~ 15mL of 0.05% tropolone-
hexane solution.

11.2. Extract Concentration
11.2.1 Macro Snyder K-D Technique

Add one or two clean boiling chips to the flask and attach a three ball Snyder column.
Prewet the Snyder column by adding about 1 mL of methylene chloride to the top of the
column. Place the K-D apparatus on a hot water bath (15-20° C above the boiling point
of the solvent) so that the concentrator tube is partially immersed in the hot water, and
the entire lower rounded surface of the flask is bathed with hot vapor. Attach the solvent
vapor recovery glassware (condenser and collection device) to the Snyder column of the
K-D apparatus following manufacturer's instructions. Adjust the vertical position of the
apparatus and the water temperature, as required, to complete the concentration in 10-
20 minutes. At the proper rate of distillation the balls of the column will actively chatter,
but the chambers will not flood.
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When the apparent volume of liquid reaches < 10mL, remove the Synder column from
the water bath and allow it to drain and cool for 10 minutes. Remove the Snyder column
and rinse the flask and its lower joints into the concentrator tube with 1-2 mL of hexane.
Concentrate the extract to a volume of 2~3mL using the micro-Synder column technique.

11.2.2 Micro-Snyder Column Technique

Add one or two clean boiling chips to the concentrator tube and attach a two ball micro-
Snyder column. Place the concentrator tube into the water bath so that the concentrator
tube is partially immersed in hot water. Adjust the vertical position of the concentrator
tube and/or the temperature of the water bath to complete the concentration of the
extract in 5-10 minutes. At the proper rate of distillation, the balls of the column will
actively chatter, but the chambers will not flood with solvent. Continuously monitor the
distillation process to ensure sample extracts do not evaporate too quickly.

When the apparent volume of extract reaches ~2-3 mL, remove the Snyder column,
rinse the rinse concentration tube with ~0.2 mL hexane. Transfer the extractto a 16 mL
vial and rinse the concentrator tube with ~ 1mL of hexane. Transfer the rinse into the
vial.

11.3. Extract Derivitization

Add 150 p! of triethylamine and 0.80 mL of Hexyl magnesium bromide to each extract.
Cap the vial and shake the extract using the mechanical wrist shaker for 60 minutes.

Caution: Hexyl magnesium bromide is very hazardous and ether based. Do not use
near any heat source.

After the shake step is complete, slowly add a sufficient amount of 1:1 HCI to each
extract to dissolve the precipitate. Perform this step in a fume hood because the
addition of HCI produces a gas.

Centrifuge each extract to separate the solvent extract from the acid. Transfer the
extract layer to a K-D concentrator tube. Rinse the acid layer with 2.0 mL of hexane
then transfer the rinse to the concentrator tube.

Concentrate the samples 1-2 mL using the micro synder column technique. Solvent
exchange the samples with ~ 10mL of hexane. Concentrate the samples back to 1-2mL
using the microsynder column technique.

11.4 Extract Cleanup

Pre-clean silica/florisil cartridges by attaching the cartridges to the vacuum box using a
teflon insert. Elute 100 mL of methylene chloride through each cartridge followed by 100
mL of hexane at gravity flow rate. Remove the cartridge and teflon insert and connect it
to the top of a KD flask. Elute the sample extract through the cartridge and rinse with
100 mL of hexane.
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Concentrate the extracts using macro and micro-snyder techniques. When the apparent
volume of liquid reaches <1 mL, remove the Snyder column and rinse the concentrator
tube with ~0.2 mL of hexane.

Adjust the final volume of sample extracts to 1.0 mL with hexane. Transfer the extract to
a labeled PTFE-lined screw cap vial in preparation for analysis.

Preparation of Standard Curve

Extract the curve standards following the procedures given in Section 11.1 through 11.5.
Adjust the final volume of the curve standards to 5.0 mL in hexane.

CALCULATIONS
This section is not applicable to this SOP.
DATA ASSESSMENT, CRITERIA & CORRECTIVE ACTION

The extraction log is completed the primary analyst who also performs primary review of
his or her work. The extraction log is reviewed for accuracy and completeness by the
Department Supervisor, or designee prior to the transfer of paperwork and extracts to
the analytical department. Problems encountered during the extraction process are
documented on the extraction log.

METHOD PERFORMANCE

Each analyst must complete an Initial Demonstration of Capability prior to unsupervised
performance of this method.

A Method Detection Limit (MDL) Study is performed at initial method set-up when there
are significant changes made to the procedure. The procedure and acceptance criteria
for MDL studies are given in laboratory SOP LP-LB-009 Method Detection Limits.

POLLUTION PREVENTION & WASTE MANAGEMENT

Where reasonably feasible, technological changes have been implemented to minimize
the potential for pollution of the environment. Employees will abide by this SOP and the
policies in section 13 of the Corporate Safety Manual for “Waste Management and
Pollution Prevention.”

Waste Streams

The following waste streams are produced when this method is carried out.

= QOrganic Solvents

» Extracted water samples
» Vials containing extracts
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Neutralize extracted water samples with 50 g of baking soda prior to disposition in the
non-regulated water waste stream. Transfer the waste stream(s) to the appropriate
satellite container(s) located in your work area. Notify authorized personnel when it is
time to transfer the contents of the satellite containers to the hazardous waste storage
room for future disposal in accordance with Federal, State and Local regulations. The
procedures for waste management are further given in laboratory SOP LP-LB-001
Hazardous Waste.

REFERENCES

Test Methods for Evaluating Solid Waste Physical/Chemical Methods (SW846), Third
Edition, September 1986, Final Update I, July 1992, Final Update IIA, August 1993, Final
Update I, September 1994; Final Update IIB, January 1995; Final Update I, December
1996.

Sampling and Analytical Methods of the National Status and Trends Program, National
Benthic Surveillance and Mussel Watch Projects 1984-1992, Vol. IV, NOAA Technical
Memorandum, NOS ORCA 71.

A Manual for the Analysis of Butyltins in Environmental Samples, The Virginia Institute of
Marine Science, College of William and Mary, Gloucester Point, Virginia, November
1996.
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STL Burlington



Table 1: Primary Materials Used

SOP No. LP-OP-3510-OR560
Revision: 5

Revision Date: 03/08/05
Effective Date: 04/28/05
Page 10 of 12

Material (1) Hazards Exposure Signs and symptoms of exposure
Limit (2)
Hexane Flammable | 500 ppm- | Inhalation of vapors irritates the respiratory
Irritant TWA tract. Overexposure may cause

lightheadedness, nausea, headache, and
blurred vision. Vapors may cause irritation
to the skin and eyes.

Acetone Flammable | 1000 Inhalation of vapors irritates the respiratory

ppm-TWA | tract. May cause coughing, dizziness,

dullness, and headache.

Hydrochloric Corrosive 5 ppm- Inhalation of vapors can cause coughing,

Acid Poison Ceiling choking, inflammation of the nose, throat,
and upper respiratory tract, and in severe
cases, pulmonary edema, circulatory
failure, and death. Can cause redness,
pain, and severe skin burns. Vapors are
irritating and may cause damage to the
eyes. Contact may cause severe burns
and permanent eye damage.

Methylene Cancer 25 ppm Causes irritation to respiratory tract. Has a

chloride causing (TWA) strong narcotic effect with symptoms of
mental confusion, light-headedness,
fatigue, nausea, vomiting and headache.
Causes irritation, redness and pain to the
skin and eyes. Prolonged contact can
cause burns. Liquid degreases the skin.
May be absorbed through skin.

1 — Always add acid to water to prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.
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Appendix A: Terms & Definitions
Acceptance Criteria: Specified limits placed on characteristics of an item, process or service.
Aliquot: A discrete, measured, representative portion of a sample taken for analysis.

Analyst: The designated individual who performs the extraction / test method and the one who
is responsible for applying required laboratory practices and other pertinent quality control
measures to meet the required level of quality specified by the project or by the laboratory’s
quality system.

Batch: environmental samples, which are prepared and/or analyzed together with the same
process, using the same lot(s) of reagents. A preparation/digestion batch is composed of one to
20 environmental samples of similar matrix, meeting the above criteria.

Conformance: An affirmative indication or judgment that a product or service has met the
requirements of the relevant specification, contract or regulation; also the state of meeting
requirements.

Corrective Action: action taken to eliminate the causes of an existing non-conformance,
defect, or other undesirable situation in order to prevent recurrence.

Demonstration of Capability (DOC): procedure to establish the ability to generate acceptable
accuracy.

Holding Time: the maximum time that a sample may be held before preparation and/or
analysis as promulgated by regulation or as specified in a test method.

Laboratory Control Sample (LCS): a blank matrix spiked with a known amount of analyte(s)
processed simultaneously with and under the same conditions as samples through all steps of
the procedure.

Matrix: The component or substrate that contains the anlayte of interest.
Matrix Spike (MS): a field sample to which a known amount of target analyte(s) is added.

Method Blank (MB): a blank matrix processed simultaneously with and under the same
conditions as samples through all steps of the procedure.

Method Detection Limit (MDL): the minimum amount of a substance that can be measured
with a specified degree of confidence that the amount is greater than zero using a specific
measurement system. The MDL is a statistical estimation at a specified confidence interval of
the concentration at which relative uncertainty is £100%. The MDL represents a range where
qualitative detection occurs. Quantitative results are not produced in this range.

Non-conformance: an indication, judgment, or state of not having met the requirements of the
relevant specification, contract or regulation.
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Precision: The degree to which a set of observations or measurements of the same property,
obtained under similar conditions, conform to themselves.

Preservation: refrigeration and/or reagents added at the time of sample collection to maintain
the chemical, physical, and/or biological integrity of the sample.

Quality Control: The overall system of technical activities whose purpose is to measure and
control the quality of a product or service so that it meets the needs of its users.

Reporting Limit (RL): the level to which data is reported for a specific test method and/or
sample. The RL must be minimally at or above the MDL.

Sample Duplicate (SD): duplicate aliquot of a sample processed and analyzed independently;
under the same laboratory conditions.

Spike: A known mass of target anlayte added to a blank sample or sub-sample used to
determine recovery efficiency or for other quality control measures.

Stock Standard: a solution made with one or more neat standards usually with a high
concentration. Also known as a primary standard. Stock standards may be certified solutions
purchased from a vendor.

Surrogate: A substance with properties that mimic the analyte of interest but it is unlikely to be
found in environmental samples.
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1.0 SCOPE AND APPLICATION

1.1.  This SOP describes the laboratory procedure for isolating organic compounds from solid
and tissue samples in preparation for analysis by a variety of chromatographic
procedures.

20 SUMMARY OF METHOD

2.1. A known mass of sample, usually 30 grams is transferred into a beaker. The soil sample
is sonicated and tissue sample is tissuemized. The extract is then dried and
concentrated using a Kuderna- Danish (K-D) apparatus. The extract is then derivitized,
hexane exchanged and silica gel/florisil cleaned. The final extract is 1.0mL.

2.2.  This procedure is based on EPA Method SW-846, 3550B.
3.0 DEFINITIONS

3.1.  Definitions are included in Appendix A.

4.0 INTERFERENCES

4.1. Method interference may be caused by contaminants in solvents, reagents, glassware
and other sample processing equipment that can cause interference and/or elevated
baselines in chromatography. All reagents and solvents used during this procedure
should be reagent grade or high purity in order to minimize interference. All glassware
must be cleaned in accordance with laboratory SOP LP-OP-Glass and rinsed with
acetone prior to use.

5.0 SAFETY

5.1.  The toxicity or carcinogenicity of each reagent used in this method has not been fully
established. Each chemical should be regarded as a potential health hazard and
exposure should be minimized when reasonably possible. A reference file of Material
Safety Data Sheets (MSDS) is made available to all personnel.

5.2. Safety glasses, gloves and protective clothing (lab coat) must be worn while performing
this method.

5.3.  All laboratory personnel must be familiar with the laboratory environmental health and
safety plan described in the STL Corporate Safety Manual.

6.0 EQUIPMENT AND SUPPLIES

6.1. Kuderna-Danish Apparatus:

6.1.1. Concentrator tube - 10 ml graduated (AMK KD-0018 or equivalent)

6.1.2. Evaporation flask - 500 ml (AMK KD-0015 or equivalent) attached to concentrator tube

with clip.
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6.2.  Snyder column - three ball macro (AMK KD-0011) and two ball micro (AMK KD-0013).

6.3. Heating mantle rheostat controlled for water bath capable of temperature control (+ 5°C).

6.4. Boiling chips - silicon carbide, approximately 10/40 mesh, solvent extracted with
methylene chloride.

6.5. Disposable glass Pasteur pipettes and bulb.

6.6.  High Intensity Ultrasonic Processor - Tekmar 600-watt Model Dual Qutput with pulsing
capability, 3/4" standard disrupter horn (1/8" disrupter horn for medium level
extractions).

6.7.  Tissuemizer-Fisher Scientific, Power-gen 700 with 20mm rotor shaft.

6.8. Balance - capable of weighing 100 g to +£ 0.01 gram.

6.9. Filtering funnels - 100-mm diameter for filtration/drying.

6.10. Filter paper - No. 541 Whatman 18.5 cm circles, or equivalent.

6.11. Beakers - 400 mL. Stainless steel or Teflon spatulas.

6.12. Adjustable pipette for surrogate and matrix spiking solutions.

6.13. 5 and 10 ml comparison vials.

6.14. Vials and caps: 1.8, 4, 8, and 16 ml with Teflon lined septa and screw caps.

6.15. Wrist Action shaker.

6.16. Vacuum Box with teflon inserts.

7.0 REAGENTS AND STANDARDS

7.1. Reagents:

Reagent grade chemicals shall be used. Unless otherwise specified, all reagents shall
conform to the specifications of the American Chemical Society or equivalent national

standard where such specifications are available.

7.1.1. Sodium Sulfate (granular, anhydrous), Na2SO4. Purify by placing in oven set at 400°C
for 4 hours.

7.1.2. 21 Gram Silica Gel/ Florisil Cartridges- Restek, cat # 24049

7.1.3. Methylene Chloride, CH2C12- Pesticide quality or equivalent
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. Hexane, C6H14- Pesticide quality or equivalent
. Acetone, (CH3)2CO- Pesticide quality or equivalent

. Hydrochloric acid solution (1:1 v/v), HCI. Slowly add 50 ml of HCI to 50 mi of organic-free

reagent water.

. 0.05% Tropolone/Hexane solution. Add 2.00g of 99% Tropolone to 4L Hexane and

tumble for an hour. This solution is to be made fresh each day extraction is performed.

. Triethylamine, (C.Hs);N- Pesticide quality or equivalent

. Hexyl magnesium bromide, CH;(CH,)sMgBr- Pesticide quality or equivalent

Stock Standard Solutions

Purchase standard solutions pre-made, pre-certified or prepare by accurately measuring
a volume of stock standard (Vstock), dissolving the stock standard in solvent and diluting
to volume (Vspike) in a volumetric flask. The “recipes” for the preparation of standard
solutions used for each determinative method are provided in lab SOP-LP-OP-
Standards, refer to Table 1 in Appendix A of this SOP.

SAMPLE HANDLING AND PRESERVATION
Sample Collection and Preservation:

Soil samples may be collected in level 3, pre-cleaned, certified 250ml amber wide mouth
glass containers. Specific requirements for site sample collection may be outlined in the
client site sampling plan.

All samples must be iced or refrigerated at 4°C (2 °C) from the time of collection until
extraction. Sediment and tissue samples may be frozen upon receipt and holding times
will begin from the point that the samples are brought back to room temperature.

Required Holding Times:

Extraction of soil/sediment samples by sonication must be started within 14 days of
sample collections. Soil/sediment samples collected for EPH extraction must be started
within 7 days, and soil/sediment samples collected for New York State extraction must
be started within 10 days of collection. CLP methods must be completed within 10 days
of receipt or 14 days from collect, whichever comes first.

All extracts must be analyzed within forty days of sample extraction.

Samples, extracts and digestates are stored from the time of receipt in the laboratory
until 60 days after delivery of the reconciled data package report. Unless otherwise
specified by a federal, state or client-specific protocol, samples, extracts and digestates
are disposed of after 60 days in a manner that complies with all applicable regulations.
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QUALITY CONTROL

A method blank and lab control sample (LCS) must be performed with each preparation
batch. A matrix spike/matrix spike duplicate is performed at the frequency specified in
the client project plan or at a frequency of one MS/MSD per every 20 field samples per
site-specific matrix over time. [f insufficient sample volume is available to perform the
MS/MSD, a lab control sample duplicate (LCSD) must be performed.

All field samples, QC samples (MB, LCS, LCSD) and the matrix spikes (MS/MSD) are
fortified with surrogate standard prior to extraction.

The LCS, LCSD, and the matrix spikes (MS/MSD) are fortified with spike solution that
contains all analytes of interest prior to extraction.

The criteria that are used to assess quality control samples are described in the SOP for
the determinative method.

CALIBRATION AND STANDARDIZATION

pH meter: Calibrate on day of use following procedures described in laboratory SOP LP-
LB-0011 Organic Maintenance.

Autopipettes: Calibrate on day of use following procedures described in laboratory SOP
LP-LB-0008 Pipette Calibration.

PROCEDURE
Prepare glassware using the procedures described in laboratory SOP LP-OP-Glass.

In the inverted hood, place an 100mm glass funnel. Fold a 185mm Whatman® 54 filter,
or equivalent, and place in the funnel.

Fill funnel ~3/4 full of baked sodium sulfate, rinse with ~30 ml Tropolone/hexane.
Discard solvent rinse and place K-D setup (see section 6.1) under funnel.

Obtain samples from sample management and obtain preparation bench sheet. Sign
any internal COCs from sample management.

Tare the balance with a cleaned and labeled 400-ml beaker on it.

Mix sample thoroughly, especially composite samples. Discard any foreign objects such
as sticks, leaves and rocks. Tissue Samples may need to be homogenized prior to
extraction. (See SOP LM-OP-HOMOG).

Weigh 30 grams of sample to the nearest +/- 0.05 grams into the 400ml beaker. Tissue
samples are prepared following SOP LM-OP-TISSUE. See Table 1 for specific method
requirements.
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Prepare the remaining samples, method blank, laboratory control sample and matrix
spike and matrix spike duplicate if required. The soil/tissue method blank and the
laboratory control sample (LCS) consist of 30 grams of baked granular sodium sulfate in
each.

Add sufficient volume of granular sodium sulfate (until free flowing) to sample in 400 ml
beaker, and mix thoroughly with a Teflon spatula. If the sample/sodium sulfate mixture
does not have a dry sandy texture, more sodium sulfate may be added to the sample.
Using a calibrated adjustable pipette, add 10ml of 1:1 HCI and mix.

Using a calibrated adjustable pipette, add the appropriate surrogate solution to all
samples. (See Table 1)

Using a calibrated adjustable pipette, add spiking solution to the LCS and each matrix
spike sample. (See Table 1)

Immediately add 100 ml of 0.05% tropolone/hexane and stir with the spatula. Tissue
samples are extracted following SOP-LM-OP-TISSUE. Soil samples are extracted as
specified below.

Sonication:

11.12.1. Sonicator Tuning - Each instrument must be tuned each day used.

Tuning procedures are as follows:

Attach one converter to the bottom connector only. Set pulsar to off (For TM-500
sonicator only). Set output control to 10. Set % duty cycle, making sure it reads 50.
Momentarily hold down tune switch and rotate the tuning control clockwise or
counterclockwise until a minimum reading is obtained on the power meter. (Meter
should read less than 20%). Re-attach upper converter if using both converters. Record
attunement in designated logbook.

11.12.2. Sonicating:

11.13.

11.14.

After tuning, clean horns 3 times with reagent water, acetone, hexane, and a Kimwipe.
Place the samples underneath horns, and drop converters down into acoustic enclosure.
Adjust jackstands so that horns are approximately % inch into the solvent. Set timer for
2 minutes, and turn on power.

After the sonication is complete decant the extraction solvent through a sodium sulfate
funnel into a labeled 500 m! K-D set up.

Sonicate the sample 2 more times with 0.05% tropolone/hexane. After the sonication is
complete decant the extraction solvent through the sodium sulfate funnel into the same
K-D set up.
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11.15. Rinse down the sodium sulfate funnels with ~30 ml MeCl, or Hexane, depending on
extraction solvent. When the funnels have completely drained, remove the funnels from
the K-D apparatus and discard the sodium sulfate.

11.16. Extract Concentration:
11.16.1. Concentrate tissue and soil samples using Macro Snyder K-D technique:

Add one or two clean boiling chips to the flask and attach a three ball Snyder column.
Pre-wet the Snyder column by adding about 1-mL of methylene chloride to the top of
the column. Place the K-D apparatus on a hot water bath (15-20° C above the boiling
point of the solvent) so that the concentrator tube is partially immersed in the hot
water, and the entire lower rounded surface of the flask is bathed with hot vapor.
Attach the solvent vapor recovery glassware (condenser and collection device) to the
Snyder column of the K-D apparatus following manufacturer’s instructions. Adjust the
vertical position of the apparatus and the water temperature, as required, to complete
the concentration in 10-20 minutes. At the proper rate of distillation the balls of the
column will actively chatter, but the chambers will not flood. When the apparent
volume of liquid reaches just <10-ml, Hexane exchange (if specified in table 1 of
Appendix A), and boil down to <10-ml. If Hexane exchange is not required, remove the
K-D apparatus from the water bath and allow it to cool and drain for at least 10
minutes. Remove the Snyder column and rinse the flask and its lower joints into the
concentrator tube with 1-2-mL of solvent (see Table 1). The extract is further
concentrated by using the microsynder column techniques.

11.16.2. Micro-Snyder Column Technique:

Add one or two clean boiling chips to the concentrator tube and attach a two ball
micro-Snyder column. Place the concentrator tube into the water batch so that the
concentrator tube is partially immersed in hot water. Adjust the vertical position of the
concentrator tube and/or the temperature of the water bath to ensure that
concentration of the extract is complete within 5-10 minutes.

Caution: Care should be taken with 8270 PAH- it should not be boiled below 1ml,
compounds volatize easily.

11.16.3. Continuously monitor the distillation process to ensure sample extracts do not
evaporate too quickly. At the proper rate of distillation, the balls of the column will
actively chatter, but the chambers will not flood with solvent. When the volume of liquid
in the concentrator tube reaches 5-mls (much lower and monobutyl tin is lost), remove
from the hot water bath. Bring extract to the appropriate concentration to perform
cleanup methods indicated in Appendix A table 1. Cleanup methods are described in
SOP LM-OP-Cleanup.

11.17. Add 150ul Triethylamine.

11.18. Add 0.80ml Hexyl magnesium bromide. Place mixture on wrist shaker for 60 minutes.
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11.19. Slowly add 1:1 HCI to dissolve precipitate. Caution: Samples give off a gas, so be sure
to do this in the hood.

11.20. Remove extract from acid and add to clean K-D bottom. Hexane exchange with 10ml of
hexane.

11.21. Concentrate samples to ~5ml. Pre-clean a 21g silica/florisil cartridge by attaching the
cartridge to the vacuum box using a teflon insert. Using vacuum, elute 100mL of
Methylene Chloride through the cartridge followed by 100mL of Hexane. Remove the
cartridge with teflon insert and place on top of KD flask.

11.22. Elute sample through cartridge with 100ml of hexane and collect in KD flask.

11.23. Concentrate samples using macro and micro-snyder techniques. Continuously monitor
the distillation process to ensure sample extracts do not evaporate too quickly. Atthe
proper rate of distillation, the balls of the column will actively chatter, but the chambers
will not flood with solvent. When the volume of liquid in the concentrator tube reaches
<1.0 ml . Remove the Snyder column, rinse the concentrator tube with ~0.2 mls of
Hexane. Adjust the final volume to 1.0mL.

11.24. Nitrogen Blowdown Technique (if necessary):

This technique may be employed if there is difficulty boiling down a sample due to high
viscosity.

11.24.1. Place the concentrator tube in a warm bath (65°C) and evaporate the solvent to final
volume (See Table 1), The internal wall of the tube must be rinsed several times with the
appropriate solvent during the evaporation. While evaporating, the solvent level in the
tube must be positioned to prevent water from condensing into the sample. (i.e., the
solvent level should be below the level of the water bath). Under normal operating
conditions, the extract should not be allowed to become dry.

CAUTION: When the volume of solvent is reduced below 1ml, semivolatile analytes may
be lost.

11.24.2. Final volume is determined using a calibrated, graduated concentrator tube for sample
volumes < 1.0ml. Calibrated comparison vials are used for volumes greater than 1.0ml.

11.25. Transfer sample to a labeled PTFE-lined screw cap vial.

11.26. Complete the preparation bench sheet, enter data into the Organic Extraction Module,
attach all corresponding papers and submit paperwork and samples to supervisor or
designee to route to the analytical department.

11.27. An alkyl tin curve is generated for GC as requested. See Table 1 for spiking specifics.

12.0 CALCULATIONS

See Method SOP for the determinative method being performed.
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DATA ASSESSMENT, CRITERIA & CORRECTIVE ACTION

All data generated in the extraction laboratory shall be reviewed and documented by the
primary lab analyst, and then are reviewed for accuracy by the Department Supervisor,
or designee prior to the transfer of paperwork and extracts to the analytical department.

Problems encountered during the extraction process are documented using the
nonconformance form in Q-Pulse. The NCR documents the non-conformance condition,
investigation of root-cause, action taken, and the result of action taken. The NCR is
maintained as part of the data record for the project file.

Data that does not meet the minimum acceptance criteria is flagged using data
qualifiers. When necessary a complete description of the outage is written in the case
narrative provided with the data package report.

For systematic problems noted, a corrective action report is initiated for investigation and
follow-up.

METHOD PERFORMANCE
See Method SOP for the determinative method being performed.
POLLUTION PREVENTION & WASTE MANAGEMENT

Pollution prevention encompasses any technique that reduces or eliminates the quantity
or toxicity of waste at the point of generation.

. The extraction laboratory uses a chilled water solvent recovery system during extract

concentration. As the extract concentrates, the waste solvent is condensed, collected
into a 55-gallon drum and disposed in accordance with state and local regulations.

The quantity of chemicals purchased and prepared should be based on expected use
during the shelf life as well as the disposal costs for unused material.

There is a regulated system within the laboratory to assure proper waste disposal. All
containers are labeled with proper identification and warning labels.

The laboratory optimizes technology to minimize pollution and reduce the production of
hazardous waste whenever possible.

The laboratory procedures for waste management comply with applicable federal, state,
and local regulations and are described in SOP LP-LB-001HAZWD.

REFERENCES

Code of Federal Regulations, Title 40, Part 136; U.S. Government Printing Office:
Washington, DC, July 1, 1997.
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16.2. National Environmental Laboratory Accreditation Conference, Constitution, Bylaws, and
Standards, EPA600/R-98/151, US EPA Office of Research and Development, July 1999.

16.3. Test Methods for Evaluating Solid Waste Physical/Chemical Methods (SW846), Third
Edition, September 1986, Final Update I, July 1992, Final Update IIA, August 1993, Final
Update I, September 1994; Final Update IIB, January 1995; Final Update 111, December
1996.

17.0 TABLES, DIAGRAMS, FLOWCHARTS
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Table 1
Test Method Summary OR560 : Alkyl Tin Extraction
Spike | Additional Pre- Post |Theoretical Cleanup
Test Surrogate Spike Exchange| cleanup | Cleanup Final
Method Bench Sheet EX pH Volume (mL) v?'::’f; e Volume Solvent Solvent | Volume Volume Volume o g g 4 @
(mL) (mL) (mL)* (mi) 3 g: & §' §'
. 1.0ppm Tripentyl " 0.05%
3550 | 3950_ORSEOMissU| acipic | Tin Chloride | -0PPMTIN|  nya | Tropolone/ | Hexane | -5 10 10 |NA|YES| NA | WA |VES
emizer_OR560 Mtx  0.500
0.500 Hexane
) Second 1.0;
1.0ppm Tripentyl ,:M())(ppSW 01;(;1 Source: 1.0;
Tin Chloride 0 10'0_ '[1.0ppm Tin| 0.05% 5.0;
CURVE CURVE_ORS560 N/A 0.050;0.100; ‘nen. |Surr. 1.250;| Tropolone/| Hexane ~5 1.0 /5.0 1.0; N/A | YES | N/A | N/A | YES
; ) 1.250; ;
1.250; 0.500; 0.500- 1.0ppm Hexane 1.0;
1.000 1'000' Tin Mtx 5.0 (nd
’ 1.250 source)

*Post-cleanup volume is the volume sent down to MS and GC.
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Appendix A: Terms & Definitions

Batch: environmental samples, which are prepared and/or analyzed together with the same
process, using the same lot(s) of reagents. A preparation batch is composed of one to 20
environmental samples of a similar matrix, meeting the above mentioned criteria. Where no
preparation method exists (example, volatile organics, water) the batch is defined as
environmental samples that are analyzed together with the same process and personnel, using
the same lots of reagents, not to exceed 20 environmental samples. An analytical batch is
composed of prepared environmental samples, extracts, digestates or concentrates that are
analyzed together as a group. An analytical batch can include prepared samples originating
from various environmental matrices and can exceed 20 samples.

Calibration Curve: the graphical relationship between the known values or a series of
calibration standards and their instrument response.

Chain of Custody (COC): an unbroken trail of accountability that ensures the physical security
of samples, data and records.

Continuing Calibration Verification (CCV): a single or multi-parameter calibration standard
used to verify the stability of the method over time. Usually from the same source as the
calibration curve.

Corrective Action: action taken to eliminate the causes of an existing non-conformance,
defect, or other undesirable situation in order to prevent recurrence.

Demonstration of Capability (DOC): procedure to establish the ability to generate acceptable
accuracy and precision.

Equipment Blank: a portion of the final rinse water used after decontamination of field
equipment; also referred to as Rinsate Blank and Equipment Rinsate.

Holding Time: the maximum time that a sample may be held before preparation and/or
analysis as promulgated by regulation or as specified in a test method.

Initial Calibration: Analysis of analytical standards for a series of different specified
concentrations used to define the quantitative response, linearity and dynamic range of the
instrument to target analytes.

Initial Calibration Verification (ICV): solution prepared from a separate source from that which
is used to prepare the calibration curve.

Internal Chain of Custody: an unbroken trail of accountability that ensures the physical
security of samples, data and records. Internal Chain of Custody refers to additional
documentation procedures implemented within the laboratory that includes special sample
storage requirements, and documentation of all signatures and/or initials, dates, and times of
personnel handling specific samples or sample aliquots.
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Intermediate Standard: a solution made from one or more stock standards at a concentration
between the stock and working standard. Intermediate standards may be certified stock
standard solutions purchased from a vendor and are also known as secondary standards.

Laboratory Control Sample (LCS): a blank matrix spiked with a known amount of analyte(s)
processed simultaneously with and under the same conditions as samples through all steps of
the procedure.

Matrix Duplicate (MD): duplicate aliquot of a sample processed and analyzed independently;
under the same laboratory conditions; also referred to as Sample Duplicate.

Matrix Spike (MS): a field sample to which a known amount of target analyte(s) is added.

Method Blank (MB): a blank matrix processed simultaneously with and under the same
conditions as samples through all steps of the procedure. Also known as the preparation blank
(PB).

Method Detection Limit (MDL): the minimum amount of a substance that can be measured
with a specified degree of confidence that the amount is greater than zero using a specific
measurement system. The MDL is a statistical estimation at a specified confidence interval of
the concentration at which relative uncertainty is £100%. The MDL represents a range where
qualitative detection occurs. Quantitative results are not produced in this range.

Non-conformance: an indication, judgment, or state of not having met the requirements of the
relevant specification, contract or regulation.

Preservation: refrigeration and/or reagents added at the time of sample collection to maintain
the chemical, physical, and/or biological integrity of the sample.

Reporting Limit (RL): the level to which data is reported for a specific test method and/or
sample. The RL must be minimally at or above the MDL.

Stock Standard: a solution made with one or more neat standards usually with a high

concentration. Also known as a primary standard. Stock standards may be certified solutions
purchased from a vendor.
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STANDARD OPERATING PROCEDURE 713 REVISION 8
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1. SUMMARY, SCOPE AND APPLICATION
1.1 SUMMARY

Gamma emissions from radionuclides are detected by a semiconductor germanium
crystal, which provides a small electronic pulse for each gamma interaction, where the
pulsc hcight is proportional to the gamma incident energy. This electronic data is
converted to digital data by an analog to digital converter (ADC) and stored in a
multichannel analyzer (MCA). The data collected by the MCA is subsequently
interpreted by a complex software program, generating results in units of radioactivity per
unit sample volume. The analysis software used by PAI is Seeker®, Gamma
Spectroscopy Software, Version 2.2., a product of Vertechs Software Solution, Inc.. This
procedure is a more detailed vanant of EPA Procedure 901.1 and DOE/EML Procedure
4.5.2.3, and incorporates all of the intentions of EPA 901.1 and DOE 4.5.2.3.

1.2 SCOPE AND APPLICATION
This procedure describes the steps necessary to perform gamma emissions analysis of
samples of various media using high-resolution intrinsic germanium gamma
spectrometry. This procedure is applicable to all gamma spectrometry analyses performed
at Paragon.

2. DISCUSSION/COMMENTS
The physical shape of thc source and its proximity to the detector is critical to the efficiency
calibration and these factors define the “counting geometry”. The calibration geometry and
the sample geometry must match within +/- 0.5cm of the line on the sample container.

3. REAGENTS AND APPARATUS

3.1. REAGENTS
No reagents are used by this procedure. The operator should be aware, however, that
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water samples are preserved to pH <2 with HNO;.

3.2. APPARATUS
This procedure is conducted with the use of installed gamma detection and analysis
equipment consisting of ten intrinsic germanium gamma spectrometers mounted in lead
shields for the reduction of ambient background radiation, a personal computer analysis
system with multichannel analyzer interfaces, three NIM-bin based multichannel
analyzers, gamma analysis software, and associated nuclear electronics and cabling.

4. PROCEDURE
4.1. OPERATING CONDITIONS
The gamma spectrometry systems shall be operating with detector bias as specified by the
detector manufacturer and amplifier and MCA settings as required to obtain a nominal
0.5 keV/channel energy calibration across a range of 47.5 to 2000 keV. The operating
conditions shall be verified daily by performance of the daily quality control checks (see
Section 5.1).

4.2. PROCEDURE
4.2.1. Spectrum Acquisition

The detector must be calibrated for the geometry that is being loaded. Efficiency
calibration procedures are defined in Section 5.2. A list of current geometries,
calibration date and the dates the calibrations expire, and standards used for
calibration is attached to the top of each detector. Samples shall be placed directly
on the detector, inside the lead shield, and should be level and centered over the
detector.
After samples have been loaded in the detectors, select the desired detector in the
spectral display control menu. After the detector has been selected, select the
“TOOLS’ icon. The next prompt will ask for the ID and the desircd live time or
count time. Enter the sample ID as it appears on the benchsheet followed by a space
and then the batch ID (i.e. 0011222-3 GS09999). After the ID has been entered,
select the ‘ID SET’ icon to save the sample ID. Enter the desired count time in
seconds in the box labeled ‘LIVE TIME’ and then select the ‘PRE SET’ icon to save
the count time. Sample count times depend on the sample volume, geometry, and
the client’s required MDC. An outline of the geometries and their respective matrix
and/or volume can be found in Appendix C. The LCS samples are typically counted
for 1800 seconds (30 minutes) and blank samples will be counted for as long as the
longcst sample count time. After the sample ID and count time have been entered
and saved, clear the previous spectrum by selecting the erase icon. Begin spectrum
acquisition by selecting the ‘GO’ icon and exit the “TOOLS’ window by selecting
‘DONE".

Enter all samples that are analyzed in the Gamma Spectroscopy Logbook, on the
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current page with the date that the sample is being counted. Ensure that the
detectors being used have passed the Daily QC checks. Necessary information
includes: the PAI sample ID , the detector number, the geometry, the duration of the
count, the count start time, and the operators initials. Additionally, for counting
geometries 7 and 8 a puck must be used. A run log notation should be entered
denoting that the puck was used for these geometries.

4.2.2. Spectrum Analysis
Upon completion of the sample count the data must be transferred to the workspace
and analyzed . First select the appropriate analysis/application type in the
application select on the menu bar.  Then select <Read MCA> on the menu bar.
By “reading the MCA”, the data acquired during the analysis count is transferred to
the workspace and default settings and files from the application are applied. (i.c.,
efficiency, library, units, etc.) When “Read MCA” is selected the spectrum
parameters screen is prompted. At this time the file name is generated and should
be recorded in the gamma spec. run log. The analyst will need to enter some
parameters and also has the opportunity to change existing parameters for a
particular analysis.

Sample ID: This should be automatically transferred, but corrections can be
made here.

Spec. Code: This is entered the same as the file ID, except ends in a given
letter instead of .SPC. For example if the file ID is 001111.SPC, the Spec.
Code would be 001111A. This code is used to store the spectral data in
the database file and later transfer the data to Radchem for reporting. The
letter 1s used to designate multiple analyses of the same spectra (ie.
001111A for the first analysis and 001111D for the fourth analysis).

Sample Size: Enter the volume, weight, or number of filters as appropriate.

Units: This will be transferred automatically as a default, but can be changed
as needed.

Sampling Start and Stop: Enter the collection date of the sample in both
boxes. This is normally the same date and time for both the start and stop.
The time of day is generally 12:00:00 for all samples.

Efficiency File: This line should be generated automatically by the computer
and is in the form (Dxx)(ShGG).EFF where xx is the detector number, and
GG is the geometry of the sample. If changing the efficiency file, make
sure the detector of the efficiency file is for the detector the sample was
counted on and that the efficiency file has not expired.

After all the parameters and values are satisfactory, select ‘OK’ to exit the ‘Read

MCA’ window. By selecting ‘OK’, all of the parameters and values are saved
under the file ID and can be retrieved later to further analyze. By selecting
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‘CANCEL’, all of the parameters are lost and the file ID is not saved.

Next, the spectrum must be analyzed to identify peaks at the various energies.
To do this, select ‘PEAK SEARCH’ on the menu bar and the software will apply
the resolution calibration to the acquired spectrum to define peaks and peak height.
This will prompt the next window, which allows the analyst to see alil of the peaks
identified, and the counts acquired for each peak. The analyst shall review the peak
search results to identify peak shifts, multiplets, etc. After the peak search results
are considered to be satisfactory, select ‘DONE” to exit the peak search results
window.

To calculate activity concentrations, select the ‘Calculate’ icon under ‘Activity’
on the menu tool bar. This will prompt an activity report parametcrs window.
Select the desired library to be used in the column labeled ‘Library File’. Next
select the background file to be used according to the detector and the count date.
Background files are named so that the first two numbers correlate to the detector,
the next two correlate to the month the background counted, and the next two
correlate to the day of the month. Background files can be used for one week after
counting. The LSF File should remain as ‘NONE’. The ‘Results File’ and the
‘Printout File’ should be the same as the .SPC file, except ending in .RSF and .TXT,
respectively.

Select ‘OK” after the correct library and background have been selected and the
library search results window will be shown. This allows the analyst to review
peaks that have been matched to specific peaks in the library.

To finish the calculations, select ‘OK’ to prompt the raw data printout. This
window allows the analyst to review all of the parameters used in the analysis. To
savc the data select ‘Database’ to prompt the results export parameters window.
Here the Spec. Code is used to transfer the raw data to a database later used for
reporting. Select ‘GAMMA.SDF: Example’ in the Export Defs File column and
then select ‘OK’ to transfer the data. Then print the raw data by selecting the printer
icon.

5. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)
5.1. QC MONITORING
Quality Assurance and Quality Control practices will be performed in accordance with
the procedures set forth in PAI’s Environmental Radiochemistry Quality Assurance Plan.
Standards for Daily QC Checks shall be traceable to the National Institute for Standards
and Technology (NIST). All Daily QC monitoring should be recorded in the gamma
spectroscopy run log.

5.1.1. Daily QC Energy Calibration Checks

A daily QC check involves performing an energy calibration (as well as monitoring
the resolution and efficiency calibrations). Each detector has a labeled calibration
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standard. Center the appropriate calibration standard on the corresponding detector.
Count each Daily Check standard as described above for 20 minutes using the
sample ID “DAILY CHECK”. When the count is complete select ‘Daily
Performance Check’ under the Application Select menu and then select ‘Read
MCA’ and the edit parameters screen is then prompted. Select ‘OK’, as the
parameters should be the default.. On the menu bar select <PEAk Search> as
described above and then select <Q.C.> on the menu bar and then <Detector> .
The calibration parameters screen is then prompted and the energy bullet should be
selected. Select <OK>. Choose <Merge PSR>, then select <Curve Fit> and then
select <Save>. This will save the energy calibration for that day The program then
compares the results of the energy recalibration to the Q.C. parameters (found in the
Q.C. editor) established for the specified detector.

Corrective Action for Daily QC failures

If a detector is not within established control limits for any of the bounds tests
corrective action must be taken. The first course of action is to re-run the QC
check. If the observed parameter is still outside normal acceptance criteria after
the second analysis, the procedure is as follows:

.1.2.1.  Daily Energy Calibrations

If one of the centroids exceeds the bounds test (i.e. 662 keV), the peak
location should be adjusted. This is done by placing a calibration source
on the detector (preferably a Laboratory Control Sample--LCS) and
starting the detector Clear the current spectrum by typing <F4> (Clear).
The acquisition can then be started by typing <F2>. Move the cursor to
the appropriate centroid (i.e. 662 keV) and check the actual location. The

peak can be moved by adjusting the fine gain, located on the amplifier.
Note that it only requires a minute adjustment (one click) to move the peak
three to five keV.

After the peak has been moved to the correct location, re-run the energy
calibration.

If the failure includes one of the other parameters (i.e. FWHM or
efficiency), the Daily QC can be re-run (if the QC fails for a second time
the detector is taken off-line and the lab supervisor should be contacted).
Note: A gain adjustment or/and a pole-zero adjustment can be conducted
in the case of a FWHM failure. 1. Attach a co-axial cable from the *1
Meg” port associated with the vertical input on the oscilloscope to the
“uni” output on the amplifier. 2. The scope settings should be as follows:
Volts/Div(Vertical)= 0.1

Polarity= DC

Trigger Selector= EXT{(-)

Mode= DC

Triggering Level=0

Stability= Preset

Time/Div= 20us
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Variable= Calibrated

3.Place a source on the detector and adjust the signal so that it is as close
10 the baseline as possible by using the "PZ ADJ” dial found on the
amplifier.

The energy calibration can now be run again. If any parameter still fails,
tag the detector out of service and notify the lab supervisor.

NOTE: Record all calibration operations in the run log, including fine gain
adjustments, bounds re-calculations with start and end dates, and calibration re-
runs.

5.2. EFFICIENCY CALIBRATION PROCEDURES

Standards for calibration shall be traceable to the National Institute for Standards and

Technology (NIST). Standards will normally be of the mixed-gamma, multiple-energy

type available from several commercial suppliers. The analysis systems shall be

calibrated for each physical form of sample to be analyzed (e.g., water, soil, filter, etc.) at

least annually. A FWHM calibration should also be performed at least annually. Note

that there is only one FWHM calibration per detector, and it is not geometry specific.

Before starting an efficiency calibration, consult with a Senior Instrument Technician.

All efficiency calibrations should be recorded in the gamma spectroscopy run log.

5.2.1. Spectrum Acquisition
Place the calibration source for the appropriate geometry on the detector to be
calibrated. The efficiency calibration will be initiated like that of a sample count.
First, an internal workorder number must be obtained from the current non-client
workorder notebook (located in the radium/strontium Iab). Use this workorder
number and follow the same procedure used to count a sample. Be sure to enter
the appropriate dates and time for the calibration standard. ( 2 hours and/or a
duration long enough to acquire 10,000 cts/per energy line that will be used in the
calibration.

5.2.2. Spectrum Analysis

5.22.1.  After the acquisition is complete the MCA of the sample spectrum should
be read. In the edit parameters screen enter the standard calibration ori gin date,
and the appropriate volume/sample size.  Select <Pk Search> and then
select <Calibrate>. The types of calibrations given are: Energy, FWHM, and
Efficiency, select <Efficiency>. The calibration parameters screen is
prompted, at which time the operator must choose the appropriate calibration
standard, aliquot size and the appropriate fit formula for the efficiency curve
(exponential fit is used in most cases). Select <OK>, at which time the
calibration workspace is prompted. Transfer the peak search results by
selecting <Merge PSR>, then select <Curve fit>. View the results of the
calibration. The % difference for the measured efficiency should be less than
+/- 5 for all nuclides, but may be up to 10% with specific written approval
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from the instrument lab supervisor . If the measured difference exceeds this
criteria5 the calibration will have to be redone. If efficiency limits are met
select <OK> , <Save>, and then print the calibration printout. This calibration
should be done annually or when extensive maintenance has been conducted
on the detector.

5.2.2.2.  Ifthe observed efficiencies need to be adjusted to optimize the fit of the
calibration curve this may be done with the approval of the lab supervisor. DO
NOT ADJUST THE CS-137 EFFICIENCY. If the other efficiencies need to
be adjusted, manually calculate the new efficiency, by cither increasing or
decreasing by a known percentage (usually 5 to 10%). After adjusting a peak
re-start the calibration process (choose the print to screen option until the
efficiencies have been accurately adjusted). Manual adjustments are conducted
in the calibration work space.
NOTE: DO NOT MANUALLY ADJUST EFFICIENCIES WITHOUT FIRST
CONFERRING WITH A SENIOR INSTRUMENT TECHNICIAN.
In all cases, manual adjustments of peak efficiencies will be noted on the
calibration output page.

5.2.2.3.  After the calibration has been stored, analyze an LCS with the appropriate
geometry for 1800 sec to verify the calibration. This analysis must pass normal
LCS acceptance criteria.

5.3. Weekly Background Calibration

5.3.1 A background calibration is performed weekly. If this is the first weekly calibration
of the month check out an internal work order number from the logbook located in
the preparation laboratory. If you are running the second set of calibrations since the
beginning of the month, add 10, etc. to the sample number. Assume that one set of
calibrations has been run since the beginning of the month, and the second
calibration is about to be started. The counts would be named, for example,
9813001-11 for detector 1, 9813001-12 for detector 2, and so on.

5.3.2Make sure there is no sample in the detector shield. Consult the Gamma Spec
Maintenance Logbook to see if the detectors have been cleaned within the past
month, if not the detectors need to be clcaned as described in Section 5.3.5.

5.3.3 Start the counts for 1000 minutes (60000 seconds) for each detector in service.
Geometry and aliquot are irrelevant.

5.3.4Record detectors that have been started in the logbook.  After the count is
complete, read thc MCA and do a peak search as described above. In the peak
search results save the background calibration by selecting ‘Save As BkgSub’. Save
each background file as DET#MMDD.BKG, where ‘##’ is the detector number and
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‘MM’ and ‘DD’ is the month and day the background was started. Then select
‘Background’ under ‘QC’ on the menu bar. Select ‘OK’ to analyze the background
and see if the count is within control limits. Record any failures in the run log ,
clean the detector, and restart the background calibrations.

5.3.5Weekly Calibration Failures
The inside of the detector must be thoroughly cleaned with a paper towel
dampened with Radiacwash®, or an equivalent EDTA solution. Then wipe the
detector with a paper towel dampened with DI water. Record the cleaning date in
the Gamma Spec Maintenance Logbook.
After this has been done, the background calibration can be run again. If the
detector fails after cleaning, the lab supervisor must be notified and the detector
must be tagged out of service until the problem is resolved.

5.4 QC Samples
One LCS and blank, per geometry, should be analyzed with every 20 samples. A set of
shared QC samples can be used for multiple work orders.

6. INTERPRETATION OF DATA
6.1. RESULTS INTERPRETATION

The spectrum analysis capabilities of the analytical software are only as good as the
software set up. It is essential that appropriate analysis geometries, efficiency files, and
library file be used to ensure accurate analyses. Results data must be reviewed as soon
as it becomes available to ensure that the efficiency file used was appropriate to the
sample volume and container design, to ensure that all peaks in the spectrum were
matched to a radionuclide, and that, where applicable, the presence of a given
radionuclide is supported by the presence of other significant gamma emissions from that
radionuclide. All unknown peaks greater than 5 times the listed critical level must be
qualitatively identified in the case narrative. In some cases, at the supervisor’s or client’s
request, these radionuclide concentrations may need to be quantified..
The spectrum must also be reviewed to ensure that characteristic peaks, such as K-40 at
1460 keV, and the annihilation peak at 511 keV, do not show evidence of a gain shift. A
gain shift would show up as a secondary peak slightly offset from all the normal
characteristic peaks in the spectrum. A spectrum that shows evidence of a gain shift must
be rejected and thc sample re-counted. The detector showing the gain shift must have the
fine gain on the amplifier adjusted as described above.

7. PERIODIC MAINTENANCE
7.1. LIQUID NITROGEN
Each detector has a Dewar filled with liquid nitrogen to keep the germanium detector
cold. Twice per week, the detector Dewar must be filled with liquid nitrogen. Allow 15
minutes after filling before resuming data acquisition.
It a Dewar runs out of liquid nitrogen between fillings, the red bias display, located on
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the “BIAS SUPPLY” control board, will be shutdown. If this occurs, tag the detector out
of service, and do not operate the detector until the Dewar can be re-filled. The detector
may need to be cycled through ambient room temperature before being re-cooled. The
lab supervisor must be notified before proceeding.

7.1.1 Filling the Dewar
After the nitrogen lines have been attached to the “LIQUID” output of the
new tank, flip the “SOLENOID CONTROL” switches to the “ON”
position. This switch is located on the “AUTO FILL EXPANSION
CONTROL” board. Then depress the red “Manual” fill button on the
“AUTO FILL CONTROLLER”. Once the Dewars have been filled, the
red LED read-out on the “AUTO FILL CONTROLLER” should read
“168.0”, which indicates the number of hours until the next fill should be
done.
If a tank has not been completely filled, an alarm will sound. To silence
the alarm, depress the “ALARM RESET” button on the “AUTO FILL
CONTROLLER?”. Once the alarm is shut off, check the “AUTO FILL
EXPANSION CONTROL” board to see which detector LED lights are on
(note that the “SOLENOID CONTROL” switch will still be in the “ON”
position if a Dewar has not been completely filled).
To re-fill a partially filled Dewar, the nitrogen lines must be allowed to
defrost for about 4 hours. After the lines have defrosted, depress the two
red “ERROR RESET” buttons on the “AUTO FILL EXPANSION
CONTROL” board and then depress the “MANUAL” fill button.
Each detector is equipped with an overflow line. If this line appears to be
bleeding an excessive amount of liquid nitrogen, the “SOLENOID
CONTROL” switch should be turned to the “OFF” position.
Record all liquid nitrogen fills and re-fills in the “Gamma LN2 Fill”
logbook.

8. DEVIATIONS FROM THE METHOD
Where EPA drinking water methodologies are required by the client, the LCS and Matrix
Spike recovery acceptance criteria shall be + 20%, irrespective of the lab’s internally derived
acceptance criteria.

9. SAFETY, HAZARDS, AND WASTE DISPOSAL

9.1. SAFETY

Nommal laboratory safety procedures (gloves, safety glasses, and lab coats, where

necessary) must be complied with during the conduct of this procedure. No special

safety requirements are mandated by this procedure.

9.2. HAZARDS

9.2.1 Bias applied to detectors is typically in the range of 1000 to 4000 volts DC. This

can result in electric shock if bias cables are disconnected while bias is applied.

CONFIDENTIAL



PARAGON ANALYTICS, INC.
SOP 713 REV 8
PAGE 10 OF 13

To minimize the possibility of electric shock, bias will be turned off to any
detector before any cabling is disconnected.

9.2.2  The liquid nitrogen used to fill the Dewars is at -196°C. Exposure to the skin can
cause severe frostbite. Use insulated gloves when handling frozen lines, valves,
etc.

9.2.3 Large spills can displace room oxygen and cause asphyxiation. In case of a large
spill, open the lab doors and allow the liquid nitrogen to dissipate before re-
entering the lab.

9.3. WASTE DISPOSAL
The gamma spec instrument technician is responsible for returning the samples to the
sample custodian or to the sample storage area after analysis, completing the internal
chain of custody paperwork.
Some samples will be returned to the client after analysis. Samples or sample wastes
containing radioactive maternials, which are not being returned to the client, must be
disposed of according to PAI's procedures for disposal of radioactive materials. Contact
the site WDC for more information.

10. REFERENCES
10.1. Lloyd A. Currie, "Limits for Qualitative Detection and Quantitative Determination,”
Anal. Chem. 40, 586-93, March 1968.
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Drinking Water, Method 901.1, Gamma Emitting Radionuclides, August 1980.
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APPENDIX A
MINIMUM DETECTABLE ACTIVITY CALCULATION

The equation below is taken from "The Minimum Detectable Activity Concept"(l), and
implemented by Paragon’s gamma analysis software.

MDA =K * (2.71 +3.29 * §y,),

where K = 1/(VATCE e(-At);

A = the fractional abundance of the radiation emission;
V = the sample volume;
T = the counting time for the background count;
C = the conversion from count rate to activity units;
E = the fractional counting efficiency;

e(-At) = the decay correction from sampling to counting;
Sp = the standard deviation of the background counts.
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APPENDIX B
COMMON GAMMA ENERGIES AND CHANNEL LOCATIONS

This section is provided to assist in determining proper channel locations during calibrations and
QC checks.

NOTE:

NUCLIDE ENERGY (keV) TARGET
CHANNEL
Am-241 59 120
Cd-109 88.04 176
Co-57 122.06 244
Cs-137 661.65 1324
Y-88 898.04 1796
Co-60 1173.22 2346
Co-60 1332.49 2664
Y-88 1836.06 3672

Paragon uses a 2.0 keV matching tolerance for nuclide/energy matching; this will
allow up to a 4 channel deviation from target channels. In addition, the QC checks
perform energy versus channel calibrations each time they are run (normally daily),
correcting for small changes in peak channel locations.

APPENDIX C
GEOMETRY/EFFICIENCY LIST

Geometry || Geometry Description || Default count Efficiency file Standard file
number time (min.) number number
01 1 liter H;O in 2 liter 01 01

Marninelli 300
02 3.5 liter H,0 in 4 liter 02 02
Marinelli 300
07 47 mm Filter 60 07 07
13 500 g Solid 30 13 13
11 100 g Solid 30 11 11
17 215 g Solid 30 17 17
26 215 g Solid (Ra-226) 30 26 26
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APPENDIX D. SUMMARY OF INTERNAL QUALITY CONTROL (QC)

PROCEDURES AND CORRECTIVE ACTION
QC Check Frequency Acceptance Criteria Corrective Action
Efficiency Daily Within derived control | Recount, re-evaluate, service instrument,
Check limits. if necessary or document why condition is
acceptable.
Peak Resolution | Daily Within derived control | Recount, re-evaluate, perform pole-zero
Check limits. adjustment, if necessary, and repeat daily
performance checks.
Encrgy Daily Within derived control | Recount, re-evaluate, perform fine gain
Calibration limits. adjustment, if necessary, and repeat daily
performance checks.
Peak Weekly Within derived control | Clean detector, recount, re-evaluate, or
Background limits document why condition is acceptable.
Calibration
Efficiency Yearly, for Each fitted value is Tag geometry off-line. Determine and
Calibration each counting | within 5% of the correct problem; verify source activity;
geometry. observed value. recount and/or rccalibrate. With
Subsequent LCSs pass | supervisors written approval, fitted values
within normal may be within 10% of observed value.
acceptance criteria.
Peak Resolution | Yearly Each fitted value is Perform pole-zero adjustment, if

(FWIIM) within 10% of the necessary, and repeat.
Calibration observed value.
Subsequent LCSs pass
within normal
acceptance criteria.
Gain shilt Each sample Review each spectrum | Recount sample after daily performance

to ensure that
characteristic peaks @
511, 1460 KeV are
present, not shifted
during the count, and
properly ID’d by

software.

checks are successfully performed.

Note: This SOP and SOP 715 contain acceptance criteria and corrective action for method
blank, laboratory control samples, duplicate samples and matrix spike/matrix spike duplicates.
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PARAGON ANALYTICS
STANDARD OPERATING PROCEDURE 739 REVISION 8

TITLE: PREPARATION OF SAMPLES FOR ANALYSIS BY
GAMMA SPECTROSCOPY

FORMS:

APPROVED BY: @JQ @
TBCHNICAL MANAGER paTE | / e } of”

QUALITY ASSURANCE MANAGER 24 ) M7 DATE _ //5//6 5
LABORATORY MANAGER __ X1 AL DATE _ ) J3ifes
71

HISTORY: Rev0, 9/20/93; Revl, PCN #104, 1/24/94; Rev2, PCN #412, 3/21/95; Rev4, 10/12/00; Revs, 3/11/02;
Revé, 4/07/03; Rev7, 8/27/03; Rev8, 10/3/03 and 1/31/05 (no revisions).

1. SCOPE AND APPLICATION
This standard operating procedure (SOP) describes the steps used to prepare soil, water
and sludge samples for gamuma spectroscopy analysis. Vegetation, air filter and bicassay
samples are not addressed in this SOP, and must be handled on a case-by-case basis.

2. SUMMARY
Soils and sludges are prepared (i.e., dried and sieved) per SOP 721, prior to beginning the
procedure outlined in this SOP. Some soils and sludges may omit such preparations if
approval is given by the Radiochemistry Manager or Project Manager. Waters are either
filtered or left unfiltered prior to preparation as per work order or Radiochemistry
Manager instructions. Waters are measured volumetrically into an appropriately sized
Marinelli beaker. Soils are measured gravimetrically into a Lermer jar or an aluminum
can, as appropriate for the sample size and the analyte. The gamma spec containers are
sealed with their lids, and wiped with a damp paper towel to remove potential
contamination.

3. RESPONSIBILITIES
3.1  Itisthe responsibility of the technician to perform these procedures according to
this SOP and to complete all documentation required for review.

3.2  These procedures are to be performed only by personnel who have demonstrated
the ability to generate acceptable results utilizing this method. This
demonstration may come in the form of Supervisory/training review, results of
precision and accuracy tests, or the successful completion of an unknown
proficiency test sample.

3.3  Itisthe responsibility of all personnel who work with samples involving this
method to note any anomalies or out-of-control events. Any discrepancies must
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be noted and corrective action taken and documented.

INTERFERENCES

4.1

42

4.3

4.4

4.5

4.6

Gamma spec samples must be produced only in the specific geometry for which
the Instrumentation Group has calibrated their spectrometers.

New containers ordered for gamma spec must be equivalent to those currently in
use. The Instrumentation Laboratory Supervisor must approve the use of alternate
containers or supplies in advance.

Gamma spec containers are not reusable due to the possibility of carry-over in the
next analysis. Once the analysis is complete, the container is returned to the
sample storage area.

The prep and instrumentation technicians maintain the internal Chain of Custody
(COC). When the original client sample container is taken by a prep technician
from the sample storage area, he/she logs the sample out as normal. Because
gamma spec is a non-destructive test, samples that are designated for other tests
may be used. Check with Group Supervisors if there are questions concerning
sample availability or if samples are turn-around-time sensitive.

The prep technician is responsible for creating a gamma fraction on the chain of
custody. The prep analyst logs out the gamma container on behalf of the counting
room analyst and relinquishes the sample along with the benchsheet. After
counting, the gamma spec analyst will return the samples to the sample storage
area and check them in on the COC. If the aliquot taken for gamma spec is
needed for other analyses, log in/log out activities are recorded on the chain of
custody.

The standard filter geometry is a 47mm diameter filter mounted in a 2" stainless
steel planchet. For Ra-226 analysis of a solid/soil sample, the packing must be
done in 2 can as a GEO 17. Usually the can packing will be done on an “As
Received” basis, and the % moisture data will be provided to report on a dry
weight basis. If the sample volume is limited, regular Gamma can be packed asa
GEOQ 11 and the “Ra-can” could be packed with the available sample. Ifthe can is
not filled to the top, the technician should mark a line on the outside of the
container indicating the height of the actual sample and write a Quality Assurance
Summary Sheet (QASS), Form 302, This documentation will help the counting
analyst write a narrative about the unusual situation.

Filter samples can be digested using SOP 773 or SOP 767, then the digestate is
diluted to 1000mL with DI water and packed for Gamma as GEO 1. Samples like
vegetation, debris, gloves, wipes, iron bar, lead blocks, ashes, fruits, fish, cloth,
wood chips ete., will be treated with different methods based on the nature of the

CONFIDENTIAL



PARAGON ANALYTICS, INC.
SOP 739 REV 8
PAGE3 OF 8

samples and conditions. The samples may be leached using different acids or
digested and packed with different GEO. However, all geometry preparations
will be documented on a2 QASS and a copy will be attached to the benchsheet.

REAGENTS AND APPARATUS
5.1 Deionized (DI) water, obtained from the laboratory’s DI water system
5.2  Balance, top loading, 0.01g sensitivity
5.3  Scoops, spatulas, and tongue depressors
54  Graduated cylinders, 1L, type TD (to deliver)
5.5  Marinelli beakers, 21 Ga-ma # 138G, with lids, or equivalent*
5.6 Lermer Jars, 160z., plastic, with 89mm screw lid *
5.7  Large glass/plastic funnel
5.8  Vinyltape
59  Parafilm
5.10  Qualitative filter, VWR brand 313 fluted filter paper or equivalent
5.11 Cans for Geo 17, House of Cans #3104 or equivalent*
* Equivalent containers require approval by the Instrumentation
Laboratery Supervisor.
PROCEDURE
6.1 PROCEDURE FOR WATER SAMPLES

6.1.1 Samples must be properly preserved before aliquotting. Verify that the
pH is less than 2, per SOP 733. If the sample contains visible sediment
or other conditions exist that make preservation impractical, notify the
Project Manager (PM) of the lab’s intent to proceed with the
unpreserved sample and document the situation on a Quality Assurance
Summary Sheet.

6.1.2 Do not prepare water samples in the same workspace where soil
samples are being prepared. This avoids cross contamination by dust.

6.1.3 If the sample contains sediment or suspended solids, check the work
order for specific instructions as to whether or not the sample should be
filtered. If it is not specified, filter per SOP 721. If the project
instructions specify “Dissolved” or “Filtered”, filter the sample
through a fluted filter into a clean 1L graduated cylinder. Pre-filtering
may be required for especially turbid samples. If the project
instructions specify “Total” or “As Received,” shake the sample
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container to mix thoroughly and aliquot as received.

Liquid samples are prepared in 2L Marinelli beakers. Measure the
appropriate volume of water sample in a clean 1L type TD graduated
cylinder to the nearest 0.01L (i.e., 10mL). Empty the sample into a
clean, labeled Marinelli beaker.

The gravimetric method is adapted for liquid samples other than water.
Place an empty Marinelli beaker on the top loading balance and tare the
balance to zero. Add the sample slowly into the Marinelli beaker untit
the final weight is 1000 + 0.01g.

If the sample volume provided falls short of the desired geometry,
dilute to the appropriate geometry with DI water (e.g., dilute 600mL to
1L). Make sure to record the original volume on the container and on
the benchsheet.

A method blank is made by adding a representative volume of DI water
to an empty, labeled Marinelli beaker. The aliquot size used for the
blank is the average volume of the sample volumes involved in the
batch. The collection date for the blank is the date the samples are
packed.

A Laboratory Control Sample (LCS) needs to be created on the
benchsheet for every batch of twenty samples. The prep technician
does not physically prepare the LCS, instead, the gamma spec analyst
uses a pre-made LCS obtained from an outside vendor. The
information to be filled in on the benchsheet for the L.CS varies
depending on the GEO size. For waters, indicate the following:

GEO
NUMBER LCS ALIQ.SIZE
1 1.0L

Attach the lid of the Marinelli beaker and seal the lid using vinyl tape.
Wipe the exterior of the container with a damp paper towel to remove
potential contamination. Make sure the container is labeled with the
sample ID, aliquot size, date of prep and initials.

Submit the prepared samples to the counting room. The counting room
will analyze the samples in the manner described in SOP 713. Upon
completion of gamma counting, the sample fraction wall be returned to
the sample storage area and the gamma spec analyst will check the
sample back in to the storage area and fill out the internal COC.
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6.2  PROCEDURE FOR SOIL AND SLUDGE SAMPLES

6.2.1

6.2.2

6.2.3

Unless approval to the contrary is given, all soil samples must be dried
and sieved through a number 4 sieve prior to preparation for gamma
spec analysis. Consult SOP 721 for drying and sieving procedures.

Containers for gamma spec soils are usually prepared when the soil is
being prepared for other analyses under SOP 721. The gamma spec
prep worksheet for soils should be filled out manually by the prep
technician at the time of packing gamma, and the electronic benchshest
will be created later on. The prep worksheet will be attached to the
benchsheet when the sample is relinquished to the counting room.

The benchsheet provides information about the prep date, technician,
balance number, report basis, etc., as well as all the information about
how the sample was packed. Any unusual situation will be documented
on a QASS (Form 302).

When using Lermer jars, fill the container to the appropriate level
according to the desired geometry. If enough sample is provided, use
Geometry 13 (500g). If not, reduce the sample volume to Geometry 11
(100g).

6.2.2.1  Sample volumes should be maintained to within 4 cm of the
correct geometry height in the container.

6.2.2.2  Zero out the container weight on the balance prior to
weighing out a sample.

6.2.2.3  Soil samples should be well settled into their containers by
gentle shaking with the lid on. Do not pack or compress
soils into the containers.

6.2.2.4  Consult the Radiochemistry Manager or Group Supervisor if
the sample volume provided is less than a Geometry 11. The
analysis will usually still be conducted, but the Project
Manager will need to be informed because of the effects on
the efficiency calibration and detection limits.

For Ra-226 analysis by gamma spec, the samples will be packed as a
GEOQ 17. Generally, the samples will be packed on a “Dry” basis,
however, due to rush turn around times, the sample can be packed “As
Received”, To accomplish this, transfer the sample to an aluminum can
(appropriate for GEO 17), until it is filled to the top. Tap the can to
remove air pockets and to settle the sample. Do not press or “pack” the
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sample into the can. Add more sample to fill the can to the top. To
ensure a tight seal, place a piece of Parafilir.over the top of the can then
cap the can with the metal lid and seal with the can sealer. Remove any
excess Parafilm from the outside of the can.

A Laboratory Control Sample (L.CS) needs to be created on the
benchsheet for every batch of twenty samples. The prep technician
does not physically prepare the LCS, instead, the gamma spec analyst
uses a pre-made LCS obtained from an outside vendor. The
information to be filled in on the benchsheet for the LCS varies
depending on the GEO size as follows:

GEO

NUMBER LCS ALIQ.SIZE
11 100g

13 500g

17 215¢g

26 215g

7 1s

8 1s

After the preparation worksheet and the benchsheet are completed, fill
out the tracking sheet and attach a copy of the work order(s) to the
benchsheet. Submit the packet for a peer review.

Submit the samples prepared as above to the counting room. The
counting room will analyze the samples in the manner described in
SOP 713. Upon completion of gamma counting, the sample fraction
will be returned to the sample storage area and the instrument analyst

will check the sample back in to the storage area and fill out the internal
COC.

Update the status sheet with a “c” indicating that the prep is complete.

CALCULATIONS

TPU FACTORS. As defined in SOP 743, the following preparation uncertainty
factors should be applied during the final reporting stage of the analysis as a
component of the Total Propagated Uncertainty (TPU).

6.3.1

Water samples require a preparation uncertainty factor of 0.0504 at the
one-sigma level. This is based on one gross aliquoting (sample
homogeneity) and one volumetric measurement. See the following
equation:
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0.0504 = v/0.05% +0.006>
6.3.2 Solid samples require a preparation uncertainty factor of 0.0501 at the

one-sigma level. This is based on one gross aliquoting (sample
homogeneity) and one mass measurement. See the following equation:

0.0501 = 1/0.05% + 0.003?

6.3.3 In practice, these two TPU factors are substantially equivalent. To
simplify the data reporting procedure, the greater of the two (0.0504)
may be used for both matrices.

QUALITY ASSURANCE

7.1

7.2

7.3

Method blanks will be run at a frequency of five-percent (i.e., one per 20 field
samples) with a minimum of one per batch. Method blanks for water consist of
deionized (DI) water. Method blanks for solid samples consist of an empty
container, appropriate for the geometry (i.e., 13, 11, 17).

Laboratory Control Samples (LCS) will be run at a frequency of five-percent with
a minimum of one per batch. The LCS consists of a pre-made source from an
outside vendor.

Duplicate samples will be run at a frequency of ten-percent with a minimum of
one per batch, If insufficient volume is available for a duplicate, a count duplicate
may be used.

SAFETY, HAZARDS AND WASTE DISPOSAL

8.1

SAFETY AND HAZARDS

8.1.1 Read the MSDSs prior to preparing standards or using any solvents or
reagents for the first time.

812 Wear gloves, safety glasses, and a lab coat when working with any
chemical materials (e.g., standards, solvents, reagents, or samples) or
when handling materials or equipment potentially contaminated with
chemicals.

8.1.3 Soil samples should be handled in a hood as much as pessible to avoid
inhalation and cross contamination with dust. Workspaces should be
wiped down with damp paper towels whenever dust is evident and
always at the end of the shift.

8.14 Any non-original containers that are used to hold reagents (e.g., wash
bottles or automatic dispenser bottles), shall be labeled at minimum
with: 1) the compound name, 2) NFPA Health, Flammability, and
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Reactivity ratings, and 3) date.

&2  WASTE DISPOSAL
8.2.1 All waste materials (e.g., filter papers, paper towels, etc.) shall be
surveyed for radioactivity and disposed of accordingly.

8.2.2 All empty solvent bofties are disposed of according to the appropriate
SOPs. Please note that all labels and markings must be defaced prior to
disposal.

REFERENCES
SOP 743, “Estimating Total Propagated Uncertainties for Radiometric Analyses.”
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STANDARD OPERATING PROCEDURE 704 REVISION 7
TITLE: ANALYSIS OF TRITIUM AND OTHER BETA-EMITTING NUCLIDES

BY LIQUID SCINTILLATION COUNTING -- METHOD EPA 906.0

FORMS: NONE

APPROVED BY: EC“
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QUALITY ASSURANCE MANAGER __JA/;
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1. SCOPE AND APPLICATION
This standard operating procedure (SOP) describes the steps necessary to perform
analysis of samples of various media using Paragon’s two Beckman (L.S6000 and
L.S6500) liquid scintillation counters (LSCs). These counters are each capable of
sequentially and automatically a:quiring data from more than 300 samples. Samples
will normally be liquids in a 20mL scintillation vial, which may represent the sample
directly (water samples) or indirectly (extracts from soil samples).

This procedure provides the analysis portions of EPA Method 906.0. This procedure is
applicable to the determination of tritium, as well as **C, ®Ni, *Tc, **'Pu, *Pb, '’Pm,
5*Fe and other beta-emitting nuclides.

Paragon also utilizes one Wallec LSC. Operation of the Wallec instrument is found in
Paragon SOP 784.

2. SUMMARY
Beta emissions are detected by a fluor (i.e., a fluorescing molecule) mixed with the
sample in a 20mL liquid scintillation vial, which in turn emits light in direct proportion to
the beta emission energy and intensity. This light pulse is converted to an electronic
pulse and recorded as a beta emission event on the instrument's multi-channel analyzer
(MCA). The data collected by the MCA are subsequently interpreted by a software
program, generating results in units of radioactivity per unit sample volume.

3. RESPONSIBILITIES
3.1  Itis the responsibility of the analyst to perform the analysis according to this SOP
and to complete all documentation required for review.

3.2  Analysts must demonstrate the capability to generate and interpret acceptable

results utilizing these methods. This demonstration may come in the form of
Supervisory/training review, results of precision and accuracy tests performed, or
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the successful completion of an unknown proficiency test sample.

3.3  The Department Supervisor or designee performs final review and sign-off of the
data. Initialing and dating the workorder file indicates that this review for
precision, accuracy, completeness, and reasonableness is complete and
satisfactory. Any errors that are found require corrective action, which includes
notification to the technician/analyst who performed the work and documentation
of measures taken to remediate the data.

3.4  Itis the responsibility of all personnel who work with samples involving this
method to note any anomalies or out-of-control events associated with the
analysis of the samples. Any discrepancies must be noted and corrective action
taken and documented.

APPARATUS AND MATERIALS

This procedure is conducted with the use of installed beta detection and analysis
equipment, consisting of a liquid scintillation counter (LSC), analysis software, and
associated nuclear electronics and cabling. In the case of the LS6000, the data may be
transferred directly to a floppy disk using a PC with the appropriate interface hardware
and software. The LS6500 has these features built-in and can write to a floppy disk with
an internal disk drive.

REAGENTS
None.

SAMPLE COLLECTION, PRESERVATION, HANDLING AND HOLDING TIMES
Chemical preparation steps performed for this analysis are detailed in Paragon SOPs 700,
754, 737,799, 755, 748, 758, 726 and 772. Samples to be analyzed by this procedure

will have been prepared by radiochemical procedures that include distillation of liquids,

or azeotropic distillation of soils/solids.

PROCEDURE

7.1  OPERATING CONDITIONS
The liquid scintillation counter shall be operated according to the instructions
provided by the manufacturer. All instrument settings shall be as determined
during instrument installation and/or calibration. The operating conditions shall
be verified daily by performance of the daily quality control checks (discussed
subsequently in this SOP).

7.2  SAMPLE LOADING
Be sure the samples have been allowed to dark-adapt for a period of at least 3
hours. Normally, the samples will be placed in the rack in the order they are listed
on the benchsheet. Place the rack(s) in the counter with the front (side with rack
number and/or user number) facing away from the operator. The first rack to be
counted must have a user number (see below for a description of user number)
installed in the left (looking at the front of the rack) card slot. Subsequent racks
will not have a user number card unless a different analysis is required for that
rack. Ensure that the counting position of each sample is correctly recorded on
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the liquid scintillation benchsheet and that the user number has the correct

settings.

USER NUMBERS

User numbers provide the count and data output parameters. User number
programs can be set by pressing the “Main Menu” button, then using the cursor
arrows to highlight “Review and Edit User Programs”. Using the cursor arrows,
highlight the user number to be edited, then highlight the parameter to be set, and
follow any prompts given at the bottom of the screen. For more details on setting
the user number parameters, see the instrument’s operating manual.

Default settings for all of the user numbers are:

Count Blank: NO
Two Phase: NO
Scintillator: LIQUID
Low Level: YES
H# YES

IC#: NO

LUMEX: YES (This option is available only on the LS§6000. The
LS6500 doesn’t correct for luminescence.)

Half Life Correction Date: NONE
Sample Repeats: 1

Cycle Repeats: 1

Cycle Repeats: 1

Low Sample Reject: 0

Printer: STD

RS232: STD

Other parameters may vary for each user number. These are:

Manual Window Settings: In order to determine the manual window
settings, a source and blank are counted on the instrument. The user
number is set with Window 1 at WIDE, and the raw data output is set
for Spectral Data, to give a channel by channel output. Once the data
are collected, a figure of merit (FOM) is calculated to optimize the
windows in order to minimize the MDC (minimum detectable
concentration). Windows are set for each analysis type (i.e., *H, *“C,
etc.), and for each geometry type (i.e., 10mL or SmL).

Count Time: This depends on the required MDC and sample volume.
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. Counting Precision: The instrument can be set to stop counting once a

required numbers of counts have been accumulated.

74  DATA COLLECTION
7.4.1 The following procedure is for the LS6000 only. To use this option,
the user number used to count the samples must have the STD RS232
Format selected.

From the Main Menu of the support computer for the
186000, choose "Tritiwun Data Capture" and press <Enter>.
When the Data Capture software starts, choose "1. LS6000"
<Enter>, then "1. RECEIVE data from instrument” <Enter>.

The program will provide a table with the header "Drive and
Subdirectory"; press <Enter>. Send the data to the b:\ drive
(be sure that a disk is inserted into the b drive). The upper
left corner of the display will read "Awaiting Response™.

Press the "Main Menu" key on the front panel of the counter.
Use the cursor arrows to highlight "Automatic Counting",
then press "Start" to begin counting.

The counter will analyze each sample and generate results in
CPM for each vial counted. The Data Capture software will
have a message in the upper left corner which reads: "Status:
Receiving Record XXXX", where XXXX is the number of
the data record which will increase as samples are analyzed.
The Data Capture software will now also display the
filename in which the data is stored in the center of the
screen. This file is named "\TRITITUM\UNXX-YYY.BSF",
where XX is the user number, YYY is the next sequential
number for files created with that user number, and .BSF is
the default extension for Beckman Standard Format files.
Note this file name in the filename section of the benchsheet.

When the count is complete (i.e., LS6000 Main Menu has
returned to the display), complete the liquid scintillation run
log.

To process the data, press <Esc> on the LS6000 support
computer. The Status message in the upper left corner of the
display, will read "Capture Completed”. Press <Esc> twice
to return to the Data Capture software main menu. Remove
the disk from the b:\ drive and take the disk to the tritium
reporting PC.

Copy the correct file to the ¢\ drive of the reporting PC.
Open the “dc” program on the ¢:\ drive by typing “dc” then
<Enter>. Use the cursor arrows to move the highlight bar to
"DATA CAPTURE SUPPORT", press <Enter> to choose
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this option, then choose "3. Convert BSF to dBASE File",
then press <Enter>. Press 1 (Convert); the software will then
prompt for "Input Filename (.BSF)" and "Output Filename
(.DBF)". Type the name of the file recorded on the
benchsheet, without an extension (for example, "UNO1-
001"), and press <Enter> for each prompt. The software will
then present a default format titled "Tritium"; press <Enter>
to accept this format.

A message at the bottom of the screen will read "Use actual
dBase file structure (Y/N) [Y]"; press <Entet> to accept the
default "Y". Then data will then be converted and displayed
on the screen, with the message "Conversion Completed !".

Press <Esc> 4 times to return to the PC's Main Menu. Copy
the new file to the r:\tritium directory. The data may now be
accessed from any PC that is a part of the Paragon network.

The following procedure is for the LS6500 only.

To start the sample count, press the "Main Menu" key on the
front panel of the counter. Use the cursor arrows to highlight
" Automatic Counting", then press "Start" to begin counting.
The counter will analyze each sample and generate results in
CPM for each vial counted.

When the count is complete (LS6500 Main Menu has
returned to the display), complete the liquid scintillation run
log.

To create a disk to transfer run information from the LSC to
the tritium reporting PC, select “Data Management” from the
main menu on the LS6500. Next select “Access Data
Buffer/Disk”, then select “Move Files to Disk™. Enter the
user number for the files that you want to move.

7.5 SAMPLE ANALYSIS (FROM EITHER THE LS6000 OR LS6500)

Move the desired .ASC file into “I:\Operations\LSCALIMS Data.”
‘When the file is moved, add the letter “Y™ in front of the file name to
denote that the file is from instrument LS6500 or add the letter “X* in
front of the file name to denote that the file is from instrument LS6000.
The file can be opened in Excel and reviewed to ensure that the correct
file has been chosen. CAUTION - when exiting Excel, be sure that the
file is not saved in the incorrect format.

The tritium data is analyzed using the LIMS (Laboratory Information
Management System). Open the LIMS program and create an
analytical run by selecting “Laboratory” and “Analytical Run Entry”
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from the main menu. Analytical runs are typicaily named by adding a
letter to the prep batch ID. For example, the analytical run created from
prep batch 3H051204-2 would be 3H051204-2a.

For the analytical run, the instrument ID is ‘LIQSCINT”, the analytical
department is ‘LS, and the analysis method is ‘PAI 704°. Note there
are several PAI 704s listed (i.e., PAI 704_Tc99).

Enter the “RackNum” and “PosNum.” These are the rack and position
numbers. Go to the “Radiochemistry Data Import Menu” page. Enter
the file name (i.e., YU0573102) and the analysis method, and click
‘Import Data Files’.

After the data is imported, select ‘Review Import Results’. This is the
location where the background values are entered (in the BkgCPM
column) and efficiency values (in the EffBase column).

The efficiency will be entered as a decimal (i.e., enter 0.347 for an
efficiency of 34.7%). Next select “Move Data Files to Holding Area”,
followed by “Merge Analytical Run”.

Return to the “Analytical Run Information” page. Select “Validate
Run”. After the run is validated, return to the “Radiochemistry Data
Import Menu®.

Select “Process Preliminary Results”, followed by “Merge Analytical
Data”. Return to the main menu and select “Reporting” and “Results —
Reporting”. Enter the Analytical Run ID, the Prep Batch ID, the QC
Batch ID, and the QC Order Number.

Select “Manage Data Packages™ and “Create/Add” to create the data
package. You may print out a Raw Data Results Summary page by
selecting “Radchem/Summary Review” and “Generate Reports”. This
print out should be checked for accuracy. Ifthe data was manually
entered, every data point needs to be checked.

7.6  CALIBRATION PROCEDURES

7.6.1

Efficiency Calibration Standards for calibration shall be traceable to
the National Institute for Standards and Technology (NIST). Standards
for tritium counting will normally be prepared from commercially
available NIST-traceable stock solutions. The analysis system shall be
calibrated at least annually.

. Three blanks of the same geometry are prepared with DI
water and cocktail, and are used for background correction.

" A one-point efficiency is highly accurate and will be used for
the calculation of all results showing the Quench Indicating
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Parameter result corresponding to the average observed for
the calibration standard (within £10 % relative efficiency or
lacking this calibrated range, +15 of mean H-numbers). Any
sample falling outside this range will be calibrated by sample
specific addition of a minimum known volume (<200 uL) of
NIST-traceable standard. The efficiency from sample
specific standard additions is calculated as defined below:

( SSGrCPM - SmplGrCPM )

SpkDpm
In some instances, it may be necessary to prepare a guench
curve to establish a relationship between the counting
efficiency and the Quench Indicating Parameter (H#). In
general, the standards will be prepared by spiking each with
a known concentration of the standard and the same volume
of cocktail. A quenching agent, such as nitromethane, will
be added in increasing increments. The sample specific
efficiency will be determined as a function of the H#.

Deteff =

Background calibration (reagent blank) An aliquot of DI water
equivalent to the calibration geometry is transferred to 2 scintillation
vial independent of the preparation process and cocktail added such that
the calibration geometry is recreated. One reagent blank is submitted
for each preparation batch and counted for a time period equal to or
greater than the longest sample count. For samples counted in the
default calibration geometry (i.e., 10mL water + 10mL cocktail), CPM
results (as well as blank ID and count time) of the reagent blank count
are entered into a spreadsheet (see below for location of spreadsheets),
which tracks the running mean of the last seven reagent blanks, and
compares each blank to historical control limits established from the
first 30 data points in the population (+3 sigma).

The current ranning mean of the reagent blank CPM is used as the
background in the calculation of associated results for the associated
preparation batch. For other beta-emitting analyses which are
performed infrequently or for which the “running mean background”
mentioned above would not be appropriate, a Reagent Blank should be
counted with each batch. The result of the Reagent Blank count will be
used as the instrument background for reporting purposes.

Reagent blank spreadsheets are located at R:\inst\lsc\1s6500 or
1s6000\prg\: rb_cl4.xls, rb_fe55.xls, rb_h3.xls, rb_ni63.xls,
tb_tc99.xls, b_tota.xls, rb_h3 5.xls, and rb_p241.xls.
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8. QC MONITORING

GENERAL

Where EPA drinking water methodologies are required by the client, the LCS and
Matrix Spike recovery acceptance criteria shall be £20%, irrespective of the
laboratory’s internally derived acceptance criteria.

8.1

8.2

DAILY QA CHECKS

Standards for Daily QA Checks consist of unquenched *H and *“C standards
(NIST-traceable), a flame-sealed, vendor-supplied background, and an in-house
prepared blank sample.

8.2.1

8.2.2

8.2.3

Place the unquenched *H calibration standard in position 1, the
unquenched C calibration standard in position 2, the blank in position
3, and the vendor-supplied background in position 4 of the sample rack
labeled "User No. 1", and place the rack in the right front position in
the counter. Place the "HALT" (red) rack immediately after the "User
No. 1" rack.

Start the Daily checks by pressing "Main Menu", selecting "Automatic
Counting" from the menu with the cursor arrows, then pressing "Start"
to begin the counting sequence. The QA Check process will initiate a
10 minute count of the *H standard, the '*C calibration standard, the
blank, and the vendor-supplied background. At least 100,000 counts
should be acquired for the *H and '*C check sources.

When the count is complete, enter the count results for the standards
and blank in the LSQA spreadsheet (located at R:\inst\Is6000\prg\
1sga6000.x1s or R:\inst\ls6500\prg\lsqa6500.xIs) using a network
computer. Count results from Window 1 are used for the ’H standard,
count results from Window 2 are used for the “C standard, and count
results from Window 1 are used for the blank and vendor-supplied
background.

The spreadshect compares each count result to historical control limits
established from the first 30 data points in the population. Control
limits are set at +3 standard deviations (above and below) the means for
the standards and blank. If any of the current data points fall outside
the default control limits of £10% of the mean, re-analyze the QC
samples. If the current data points are still outside of control limits, do
not operate the instrument until notifying the Supervisor and resolving
the problem. Note that Paragon does not control on the results of the
flame sealed vendor-supplied background sample.

9. CALCULATIONS AND INTERPRETATION OF DATA

DATA CALCULATIONS

The liquid scintillation instrument calculates sample counts per minute (CPM) for
each sample. This "raw" data is provided to an analysis computer, either by

5.1
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manual entry or by transfer via RS-232 serial protocol. Both data transfer
methods provide the user with several full-screen, editable sample information
pages to be used for verification of sample and counting data. The "raw" data
provided to the analysis and reporting program is modified in several ways to
generate final results, as described below.

0.1.1 Sample Result or Activity (A), reported as activity/unit mass or
volume.

Ao SampleCPM — BlankCPM
VCEe™

where:
V = the sample volume; normally 0.01L
C = the conversion from count rate to activity units; normally
2.22 DPM/pCi. If sample result is desired in Bg, this factor
is 1/60 (1 Bq is 1 disintegration per second (DPS))
E = the fractional counting efficiency

e(-At) = the decay correction from sampling to counting

9.1.2 The counting uncertainty (CU) is reported in units of activity per mass
or volume. It is determined for the 1o level of uncertainty.

CU = K+[SampleCPM - T + BlankCPM - T

where:
T = the time elapsed during sample counting

K = 1/(VTCE e(-M))

Total Propagated Uncertainty (TPU)at the one sigma level

TPU =/CU? + (JU * 4)* + (PU * 4)?
where:
A = the sample activity or result

IU = 0.056
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PU = the uncertainty propagated by sample preparation (see Test
specific Paragon SOPs)

9.1.3 Sample specific Minimum Detectable Concentration (MDC)

MDC =K -(2.71+4.65-5,)

where:
K = 1/(VTCE e(-At))
= the sample volume
the counting time for the background count

= the conversion from count rate to activity units

m o =3 <
i

= the fractional counting efficiency
e(-M) = the decay correction from sampling to counting
Sb = (T*BKG Count Rate)"”

This MDC equation is fundamentally the same as those offered in
references (12.3) to (12.4), which represent industry standard
methodology for analyses of these types.

0.14 Decision Level (DL)
DL=233-§,-K
where:
= 1/(VTCE e(-Ab)
= the sample volume
= the counting time for the background count
the conversion from count rate to activity units

= the fractional counting efficiency

L W o 3 < R
I

-M) = the decay correction from sampling to counting

Sb = (T*BKG Count Rate)'?
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9.1.5 The analysis results, along with all of the related sample information, is
written to a comprehensive database of analyzed tritium samples.
When all of the sample data has been entered into the program and the
operator discontinues data entry, the database is searched for all new
data entries from the current session. New data is sorted by client for
reporting. The reporting software then generates individual reports by
client as requested by the operator.

9.2  INTERPRETATION OF DATA

5.2.1 Analysis results should be spot-checked on a monthly basis, with one
sample being checked manually for accurate calculation of the result or
MDC by the reporting software. This may be aided by the use of a
spreadsheet with the appropriate equations, provided the spreadsheet
has been validated by the QC Officer. (See SOP 315). The results of
the manual calculation should be filed by the analyst for subsequent
auditing purposes.

9.2.2 Analysis results should be checked for consistency between results of
duplicates, blanks, and spiked samples, and the MDC results should be
checked to confirm that the client’s required MDC is met. All resuits
must be reviewed according to PATI SOP 715, Review of Radicanalysis
Data.

DEVIATIONS FROM METHOD
This procedure contains no known deviations from EPA 906.0.

SAFETY, HBAZARDS AND WASTE DISPOSAL
11.1  SAFETY AND HAZARDS
11.1.1  Normal laboratory safety procedures must be complied with during the
conduct of this procedure. No special safety requirements are
mandated by this procedure.

11.1.2  High voltage in the range of 1000 volts DC is applied to the
photomultiplier tubes in these instruments. This can result in electric
shock if the instrument is disassembled with power applied. To
minimize the possibility of electric shock, turn off the power and
unplug the instrument prior o any disassembly.

11.2 WASTE DISPOSAL
Liquid scintillators contain a solvent and an emulsifying agent to promote mixing
with aqueous samples. The solvents used by Paragon are biodegradable, but may
not be suitable for sewer disposal. Additionally, the samples may contain
concentrations of radioactivity above sewer disposal limits. Contact the Waste
Disposal Coordinator and/or Radiological Safety Officer (RSO) for disposal
instructions.
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TABLE 1
SUMMARY OF INTERNAL QUALITY CONTROL (QC) PROCEDURES AND
CORRECTIVE ACTION
QC Check Freguency Acceptance Criteria Corrective Action
Efficiency, Daily Within derived control Recount, re-evaluate, service
Background and limits, imstrument, if necessary or
Quench Factor document why condition 1s
Checks acceptable.
Efficiency Yearly For single point efficiency | Tag method off-line. Determine
Calibration calibrations, the value and correct problem; verify
must be within +5% of source activity, recount and/or
the previous calibration recalibrate or document why
value. condition is acceptable.
For quench curves, the
fitted values shall be
within +5% of the
observed value for each
point on the curve.
Post-calibration method
spikes (L.SCs) shall meet
normal LCS acceptance
criteria.
Background Continuous Control limits set from Tag method off-line. Determine
Calibration initial calibration run. and correct problem, re-establish
limits; or document why
condition is acceptable.
Chemical Yield Each sample, Each sample meets Re-prep; or qualify or narrate
where method current control limits for | why condition is acceptable.
allows analysis.
Spectral Evaluate each WIND?2 count rate within | Re-prep/recount affected samples;
Interferences result for current control limits or consult with Supervisor or
spectral interfering activity does Department Manager; determine
interferences 1ot compromise and correct problem,; or qualify or
quantitation narrate why condition is
acceptable.

NOTE: This SOP and SOP 715 contain acceptance criteria and corrective actions for
method blank, laboratory control samples (LCSs), duplicate samples and matrix
spike/matrix spike duplicates (MS/MSDs).
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1. SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the steps necessary for preparation of
environmental soils, sediments, and waters for quantitative measurement of #°Pb.

2. SUMMARY

2.1  Pbin soils and sediments is solubilized using nitric, hydrofluoric and hydrochioric
acids.

22  Pbis pre-concentrated by passing the sample through a cation exchange column.
A chromatographic resin with a high affinity for Pb is used to isolate *'°Pb from
potentially interfering radionuclides. In nitric acid, Pb is retained on the resin
while other unwanted sample constituents are not. Pb is stripped from the resin
with hydrochloric acid. The purified solution containing Pb is mixed with liquid
scintillation cocktail and counted in a liguid scintillation counter (LSC
instrument). Stable Pb, added into the samples at the beginning of the procedure
to monitor the chemical recovery, is measured in the sample by ICP AES before
and after chemical separation.

2.3 Air filters may be analyzed by using the soil procedure.

2.4  This procedure may also be used for suspended solids deposited on filters. The
dried filter may enter the procedure directly at the grinding stage of sample
preparation. The sample aliquot weight, in this case, will have to be adjusted to
account for the weight of the filter. The adjusted weight should be calculated on 2
Quality Assurance Summary Shest (QASS, Form 302) and recorded on the
benchsheet as the sample weight. The remainder of the preparation procedure is
identical to that for a soil sample.

25  The resin also retains Sr, and with some slight modifications, this method can be
utilized for a sequential preparation of both Pb and Sr. Pb and Sr are both loaded
onto the column in nitric acid. Sr is stripped from the column in dilute nitric acid
while Pb is retained. Once the Sr has been removed, Pb is stripped from the
cotumn with HCL. Refer to SOP 707 for the preparation of Sr samples.
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Actinides are not retained on the resin, and will pass through when Pb and Sr are
loaded onto the column. Therefore, the column effluent from the load solution
and subsequent rinses can be collected and saved for vse in actinide separation
and purification methods.

RESPONSIBILITIES

3.1

3.2

3.3

34

It is the responsibility of the analyst to perform the analysis according to this SOP
and to complete all documentation required for 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 method. This demonstration may come in the fonm of
Supervisory/training review, precision and accuracy tests, or the successful
completion of an unknown proficiency test sample.

Final review and sign-off of the data are performed by the Department Supervisor
or designee. Initialing and dating the workorder file information indicate that this
review for precision, accuracy, completeness, and reasonableness is complete and
satisfactory. Any errors that are found require corrective action, which includes
notification to the technician/analyst who performed the work and documentation
of measures taken to remediate the data.

It is the responsibility of all personnel who work with samples involving this
method to note any anomalies or out-of-control events associated with the
analysis of the samples. Any discrepancies must be noted and corrective action
taken and documented.

INTERFERENCES

This SOP is applicable to water and soil samples that do not contain significant
concentrations of organically complexed Pb. Organically complexed Pb may not be
retained by the cation exchange column. Consequently, samples that are suspected to
contain organically complexed Pb should be muffied at 450°C for at least one hour.

APPARATUS AND MATERIALS

5.1

5.2

53

Disposable ion exchange columns: 15mL resin volume with attachable funnel to
receive 2L bottle (Environmental Express part nos. R1010 and R1030).

Cation exchange column: Precondition a disposable plastic column with 2-3mL
of methanol (the fiit at the orifice of the column is hydrophobic). Transfer
AG50x8 (or AG50x4) resin to the stem of the column as a slurry with DI water to
the 7cm mark. Attach the funnel to the column (make certain that the column and
funnel fit tightly).

Sr Resin™ column: Use a Bio-Rad column (catalog #731-1553) or equivalent and
transfer the Sr Resin to the column as a slurty with water. Add resin up to
approximately the 1.6mL mark on the column. The Sr Resin is held in place by a
layer of clean silica sand on top of the resin bed.
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5.4  Eppendorf pipets, or equivalent

5.5  Pipettips

5.6  QGraduated cylinder, 1L

5.7  Disposable plastic bottles, 2L

5.8  Polypropylene beakers with lids, 250mL (8 oz)

59  Polypropylene beakers with lids, 100mL

5.10 Balance with 0.01g resolution

5.11 Test tubes, disposable, 15mL

5.12  Plastic graduated cylinder, 25mL

5.13 Disposable glass cups

5.14  Liquid scintiliation vials

5.15 Transfer pipets, 7mL polyethylene disposable (VWR Cat. No. 14670-103 or
equivalent)

5.16 Parafilm

5.17 Hot Block (Environmental Express or equivalent)

5.18  Steam bath

5.19 Vortex mixer

REAGENTS

NOTE: TLV and other hazard information may be given here. Any chemical with a

6.1
6.2

Threshold Limit Value (TLV) below 50ppm must be worked within a
laboratory fume hood. The absence of this information does not imply that the
substance is not hazardous. The employee should be familiar with all pertinent
MSDSs before proceeding.

NIST-traceable *°Pb spiking solution.

Pb carrier, 1.0 mg Pb/mL: Dissolve 1.60g Pb (NO,), in 1000mL of DI water.
TLV = 0.05mg/m’ = 0.006 ppm (TWA).

The Pb carrier reagent must be analyzed by ICP to accurately determine the Pb
concentration. This is accomplished by diluting the Pb carrier reagent 1000-fold
with ICP diluting solution. Prepare in triplicate and submit to the Metals Lab for
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analysis. The preparation and standardization of this reagent must be documented
in the Reagent Preparation Logbook.

Nitric acid 16N, concentrated, reagent grade. TLV = 2ppm (TWA). Irritant,
corrosive.

Hydrofluoric acid, 48% reagent grade. TLV =3 ppm.
Hydrochloric acid 12N, reagent grade. TLV =5 ppm (ceiling}. Irmitant, corrosive.

Nitric acid, 8N : Cautiously add 500mL of conc. HNO; to approximately 400mL
of DI water and dilute to 1 L. See 6.3 for TLV.

Nitric acid. 0.1N: Add 6.3mL conc. HNO, to approximately 900mL DI water and
dilute to 1L. See 6.3 for TLV.

Nitric acid, 0.05N: Add 3.1mL conc. HNO, to approximately 900mL DI water
and dilute to 1 L. See 6.3 for TLV.

Nitric acid, IN: Add 63mL conc. HNO, to approximately 900mL DI water and
dilute to 1L. See 6.3 for TLV.

Hvdrochloric acid. 6N: Add 500mL of conc. HCL to 400mL of DI water and
diluteto 1 L. See 6.5 for TLV.

Hydrochloric acid, 4N: Cautiously add 330mL conc. HCI to S00mL DI water and
dilute to 1L. See 6.5 for TLV.

Hydrogen Peroxide, ACS grade, 30%. TLV = 1 ppm (TWA).

ICP diluting solution: Carefully add 10mL of conc. nitric acid and 50mL of
hydrochloric acid to 940mL of DI water. See 6.3 and 6.5 for TL'Vs.

Cation exchange resin, AG50x8 or AG50x4.

Sr Resin™ chromatographic resin (particle size 50 - 100 pm). Purchased from
Eichrom Industries, Inc. (Darien, IL).

Radiacwash®.
Methanol, reagent grade. TLV =200 ppm (TWA).

Ultima Gold LLT™ liquid scintillation cocktail.

SAMPLE COLLECTION, PRESERVATION AND HANDLING

7.1

Tt is recommended that samples be preserved at the time of collection by adding
enough 1N HNO, per liter of sample to bring the pH to 2 (15mL of IN HNO; per
liter of sample is usually sufficient). If samples are to be collected without
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preservation, they should be brought to the laboratory within 5 days, then
preserved (A), and held in the original container for a minimum of 16 hours
before analysis or transfer of the sample.

7.2 The container choice should be plastic (rather than glass) to prevent loss due to
breakage during transportation and handling.

8. PROCEDURE

8.1  SOIL PREPARATION- Soils/sediments must be prepared through the grinding
stages of SOP 721.

NOTE: The acid dissolution procedure for **°Pb in soil is identical to SOP 773 -
Dissolution of Solids for Determination of Actinides, except for the
Jollowing:

o Soils that require muffling will be muffled at a maximum
temperature of 450°C.

e Conc. HCl is added to the sample when re-dissolving the salts at
the end instead of conc. HNO,.

e Boric acid is not added to the sample when redissolving the
salts at the end.

8.1.1 Weigh 2.0g of soil (dry and finely ground) into a 250mL polypropylene
beaker. Record weight (W) on the benchshest.

8.1.2 Prepare a blank and blank spike per Section 9.1. If other tests are being
prepared sequentially with Pb, the appropriate tracers, spikes and/or
carriers should be added at this time.

8.1.3 Add 1.0mL of 1.0mg/mL Pb carrier solution.

NOTE: A replicate 1.0mL aliquot (or similar known volume from a
calibrated pipettor) of Pb carrier is diluted by adding SmL of
concentrated HCl and diluting to 1L with DI water. After
mixing thoroughly, a 10mL aliquot of this dilution is
transferred to a test tube labeled “reference carrier” and
submitted with the initial and final tubes for ICP analysis.

8.1.4 Add 25mL conc. HNO, to each beaker using a volumetric dispenser.
8.1.5 Using a plastic graduated cylinder, add 25mL cone. HF to each beaker

(do not allow HF to come into contact with any type of laboratory ware
made of glass since HF will dissolve glass).
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Add 25mL of conc. HC to each beaker. Place a 100mL polypropylene
beaker as a cover onto the 250mL beaker containing the sample.

Allow the samples to pre-digest at least 1 hour at room temperature to
allow any vigorous reaction to subside.

Place the beakers on the steam bath and heat for at least 4 hours.
Uncover the beakers and take to dryness on the steam bath.

For samples with low organic content, skip Section 8.1.13. For samples
with significant organic content proceed to Section 8.1.11.

Remove from the steam bath and add 10mL conc. HNQO,. An additional
5mlL 30% H,0, can be added to assist with dissolution of difficult
matrices. Since the addition of H,0, can result in a vigorous reaction,
the samples should be allowed to stand at room temperature for a few
minutes. After the reaction has subsided, return the beaker to the steam
bath and take to dryness.

Remove from the steam bath and add 10mL conc. HCL and about
140mL DI water to solubilize the solids. Mix well. Return beakers to
the steam bath for about 15min. to warm solution and enhance
dissolufion of salts.

Transfer the sample through a qualitative fluted filter paper into a 1L
graduated cylinder. Rinse the beaker two or three times with DI water
and transfer the rinsate 1o the filter.

Dilute to 2 final volume (V) of 1L with DI water and transfer to a
clean, labeled 2L plastic bottle.

Mix each sample thoroughly by capping and shaking. Pipeta 10mL
aliquot from each sample into a disposable test tube. Cover with
Parafilm and label with the sample ID and “initial Pb” (C,).

Prepare a cation exchange column per Section 5.2. Attach a funnel to
the column, making sure they fit tightly to avoid leaking. Condition the
column with ~30 mL of IN HNQO,.

Pass the sample through the column at a rate of about 1-2 mL/min.
This is accomplished by inverting the 2L bottle into the funnel that is
attached to the top of the cation exchange column. The sample will
feed automatically through the column.

After the sample has completely passed through the resin, rinse the
column with 10mL of 0.1N HNO,.
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Discard the feed and rinse solutions into the Paragon wastewater
treatment facility.

Elute Pb and other cations with 50mL of 8N HNO,. Collect the
solution in a labeled 250mL beaker.

Place on a steam bath and evaporate to dryness.

Extrude the resin from the column and collect in a wide mouth jar
labeled “hazardous waste-used acidic resin” in the satellite
accumulation area. When the satellite container is full, notify the site
Waste Management Officer for further instructions. Soak the empty
columns in RadiacWash®, rinse with tap water, and discard into the
sanitary trash.

Once dry, dissolve the salts in SmL of 8N HNO, solution. Add the acid
to the specimen cup while the sample is still on the steam bath to
facilitate complete dissolution of the salt residue.

Proceed to Section 8.3 of this SOP.

WATER PREPARATION

8.2.1

8.2.2

823

824

825

Using a graduated cylinder, measure the sample to the nearest
graduation and transfer into a 2L disposable plastic bottle (usual sample
volume = 1L). If the sample is not 1L, dilute with deionized water to
1L. Record the volume on the bench sheet (V).

Prepare a blank and blank spike per Section 9.2. If sample is to be run
sequentially for other tests, the appropriate tracers, spikes and/or
carriers should be added at this time.

Add 1.00mL of 1.0mg Pb/mL carrier (1.0mg Pb) (S).

NOTE: A replicate 1.0mL aliquot (or similar known volume from a
calibrated pipettor) of Pb carrier is diluted by adding SmL of
concentrated HC] and diluting to 1L with DI water. After
mixing thoroughly, a 10mL aliquot of this dilution is
transferred to a test tube labeled “reference carrier” and
submitted with the initial and final tubes for ICP analysis.

Mix sample thoroughly by inverting bottle several times and remove a
10mL aliguot (R,) for ICP determination of Pb. Place aliquot in 15mL
test tube, seal with Parafilm and label with sample LD. and "initial-Pb"

(C).

Prepare a cation exchange column per Section 5.2. Attach a funnel to
the column, making sure they fit tightly to avoid leaking. Condition the
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column with ~30 mL of IN HNGO,. Pass the sample through the column
at a rate of about 1-2 mL/min. This is accomplished by inverting the
2L bottle into the funnel that is attached to the top of the cation
exchange column. The sample will feed automatically through the
column.

After the sample has completely passed through the resin, rinse the
colupon with 10mL of 0.1N HNO,.

Discard the feed and rinse solufions into the Paragon wastewater
treatment facility.

Elute Pb and other cations with 50mL of 8N HNO,. Collect the
solution in a labeled 250mL polypropylene beaker. Place on a steam
bath and evaporate to dryness.

See section 8.1.22 above for column and resin disposal.

Dissolve the salts in 5mL of 8N HNO; solution. Add the acid to the
specimen cup while the sample is still on the steam bath to facilitate
complete dissolution of the salt residue.

Proceed to Section 8.3 of this SOP.

Pb PURIFICATION WITH Sr Resin™

8.3.1

8.3.2

8.3.3

8.3.5

Precondition a Sr Resin™ column (see Section 5.3 for preparation of St

Resin™ columns) with 5mL of 8N HNO,, collecting the rinsate in a
disposable waste cup.

Transfer the sample solution to the column using a disposable transfer
pipet.

Using the disposable transfer pipet, rinse the beaker with 2m[. of 8N
HNO, and add the rinsate to the column. Allow the entire sample
solution to pass through the column.

Collect the solution that drains from the column in a disposable waste
cup. Repeat this rinse as described in the previous Step two more times
for a total of three rinses, allowing each rinse to pass completely
through the column before adding the next.

The contents of the waste cup can be discarded into the Paragon
wastewater treatment facility via the laboratory sink followed by plenty
of cold tap water. The disposable cups may be rinsed with
RadiacWash® solution and tap water and re-used for collecting waste
column effluent. If the cups are not needed they may be soaked in
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RadiacWash®, rinsed with tap water, and discarded into the sanitary
trash.

Rinse the column with two SmL aliquots of 0.05N HNO,. Collect the
solution that drains from the column in the disposable waste cup.
Record the date and time to the nearest 10 minutes of the end of the last
rinse on the benchsheet. This is the starting time of the *'°Bi ingrowth.

The contents of the waste cup from Step 8.3.6 should be discarded into
the Pb process waste container provided by the Waste Management
Officer.

Elute Pb from the column with 30mL of 6N HCL (Vy,). Collect the
eluate in a labeled disposable glass cup.

Add 5mL of 16N nitric acid to the eluate. This will aid in breaking
down organic constituents in the column effluent.

Take the samples to dryness by placing the glass cups on a Hot Block
set at 100°C.

Once dry, dissolve the residue by adding 1.0mL of 4N HCl. Cap the
glass cups and vortex to mix completely. Allow to stand and vortex
intermittently several times to be sure all of the Pb is in solution. Add
5.0mL of DI water. Cap and vortex again.

Pipet 0.1mL from the thoroughty-mixed sample and transfer to a test
tube labeled with the sample ID and “final-Pb” (Cy). Dilute to 10.0mL
by adding 9.9mL of ICP diluting solution. Cap the test tube and invert
several times to mix thoroughly.

Submit the “initial” and “final” aliquots to the metals department for
ICP determination of Pb for calculation of the chemical yield.

Upon the return of the ICP sample fractions to the lab, and after
satisfactory review of the chemical yield data, the ICP fractions may be
discharged into the Paragon waste water treatment facility (down the
drain in the lab sinks with plenty of cold tap water). The test tubes may
be rinsed with RadiacWash® solution, followed with tap water, and
discarded into the broken glass receptacie.

From the remaining sample in the glass cups, pipet 5.0mL into a plastic
liquid scintillation vial. Add 15mL of Ultima Gold LLT™ cocktail to
each vial. Cap and shake well to mix. Since the liquid scintillation vial
is an optical surface, all labeling should be done on the cap, not on the
vial itself. Wipe each vial down using a kimwipe moistened with
methanol.

CONFIDENTIAL



8.3.16

PARAGON ANALYTICS
SOP 726 REV 4
PAGE 10 OF 14

Relinquish the samples to the instrument lab for counting by liquid
scintillation with all appropriate documentation. The LS vials will be
analyzed and ultimately disposed of in the manner described in SOP
704.

84  PREPARATION OF CALIBRATION STANDARDS

8.4.1

8.4.2

Provide the counting lab with a total of twenty-four liquid scintillation
vials consisting of twelve blanks and twelve LCSs with approximately
1000-2500dpm of NIST-traceable °Pb in each. The blanks and LCSs

should be guenched with nitromethane in increments of 15uL.

To accomplish this, label twenty-four 2L disposable plastic bottles. Fill
each with 1L of acidified DI water. Add 1mL of Pb carrier to each.
Spike the twelve LCSs. Process like water samples, following this SOP
(starting with Section 8.2.4). Once samples have been transferred to
liquid scintillation vials and cocktail has been added, quench with a
range of 0-165uL of nitromethane in 15puL increments for both the
blanks and LCSs. Shake to mix and wipe the vials with a kimwipe
moistened with methanoel. Relinquish to the counting lab with
appropriate documentation.

CALCULATIONS

The following parameters must be recorded on the benchsheet. The parameters are
necessary to calculate chemical recovery and also to provide the instrumentation group
with the sample aliquot size to be used in calculating the final results.

9.1 PARAMETERS

9.1.1

9.1.2

Soil Samples

W, = dry weight of soil (g). Refer to Section 8.1.1.

V, = final volume of sample (mL). Refer to Section 8.1.14.

C. = concentration of Pb determined in "initial-Pb" aliquot (pg/mL).
Refer to Section 8.1.15.

C; = concentration of Pb in eluate (ug/mL). Refer to Section 8.3.12.

Vp, = volume of eluate (mL). Refer to Section 8.3.8.

Water Samples

V, = initial sample volume (nL). Refer to Section 7.2.1.

1

A = volume of acid added to bring sample to 0.1N acidity (mL).
Refer to Section 7.1.
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S = volume of Pb carrier solution spiked into sample (mL). Refer to
Section 8.2.3.

R, = volume of solution removed for "initial - Pb" ICP analysis (mL}).
Refer to Section 8.2.4.

C = concentration of Pb determined in "initial - Pb" aliquot (ug/mL).
Refer to Section 8.2.4.

Ve, = volume of Pb eluate (mL). Refer to Section 8.3.8.

C; = concentration of Pb in Pb eluate (ug/mL). Refer fo Section 8.3.12.

9.2  CHEMICAL RECOVERY CALCULATIONS
Calculate chemical recovery using the following caleulations:

9.2.1 Soil Samples
Pb, = initie! mass of Pb (ug) = (Cj) (V.- 10)
The factor of 10 accounts for the aliquot removed for ICP analysis.
Refer to Section 8.1.15.
Pb: = (Cp) (Vi) (100)
The factor of 100 accounts for the dilution made prior to ICP
analysis. Refer to Section 8.3.11.
% Pb recovery = (Pbg/Pb;)100

Chemical recovery results must be submitted to instrumentation
group.

9.2.2 Water Samples
Pb; = initial mass of Pb (ug)=(C) (Vi + A + 8 - Rj)
Pb, = final mass of Pb recovered (ug) = (Cp) (Vp,)100

% Pb recovery = (Pby/Pb;j) (100)

Chemical recovery results must be submitted to instrumentation
group.
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SAMPLE ALIQUOT SIZE TO BE USED IN FINAL RESULTS
CALCULATION

8.3.1

932

933

For soils, the sample aliquot mass to be used in calculating the final
results must be reduced slightly since two aliquots were removed to

determine chemical recovery. This correction is rather insignificant
(approximately 2%).

W, = sample mass used in calculation of final results (g).
= W;x[(V,-10) / (V] x[(10-0.10)/(10)]

For waters, the sample aliquot volume to be used in calculating the final
results must be reduced slightly since two aliquots were removed to
determine chemical recovery. If 1 L of water is used for analysis, this
correction is rather insignificant (approximately 2%). The correction
becomes more significant for smaller initial sample volumes.

V, = sample volume used in calculation of final results (mL).

= V,[Vi+A+S-R)/(Vi+ A+ 9]

W, and V_ must be submitted to the instrumentation group in order to
allow calculation of the final results.

ACTIVITY CALCULATION

Calculate 2'°Pb activity in pCi/aliquot as follows:

(GCPM — BCPM)
= (Wcoer) *2.22* ChemicalYield * Pbefficiency * decay

TPU FACTORS
As defined in SOP 743, the following preparation uncertainty factors should be

applied during the final reporting stage of the analysis as a component of the Total
Propagated Uncertainty.

9.5.1

Water samples require a preparation uncertainty factor of 0.1033 (1s).
This is based on one gross aliquotting, two quantitative transfers, one
volumetric measurement, and one ICP yield determination.
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0.1033 = +.05% +.0252 +.025% +.006° - .0832

9.5.2 Solid samples require a preparation uncertainty factor of 0.1062 (1c).
This is based on one gross aliquotting, three quantitative transfers, one
volumetric measurement, and one ICP yield determination.
0.1062 = .05% +.025% +.0257 +.025? + 003’ +.083
9.5.3 In practice, these two TPU factors are not significantly different. To
facilitate the use of the radiochemistry reporting software, the greater of
the two (0.1062) may be used for both matrices.
QUALITY CONTROL
10.1 SOIL SAMPLES
10.1.1  One blank using 2g of quartz sand is run per batch of 20 samples, or at
a 5% frequency.
10.12  Omne sample duplicate is run per 10 samples, or at a 10 % frequency.
10.1.3  One laboratory control sample (spiked quartz sand) is run for each
batch of 20 samples (5% frequency) with a range of 10 to 30pCi
21%b/per gram.
10.2 WATER SAMPLES
10.2.1  One blank using 1L containing SmL of concentrated HCI and 995mL of
DI water is run per batch of 20 samples or at a 5% frequency.
10.2.2  One sample duplicate is run per 10 samples or at a 10% frequency.
10.2.3  One laboratory control sample (spiked blank, 1L, containing SmL of

concentrated HC] and 995mL of DI water) is run for each batch of 20
samples (5% frequency) with a range of 10 to 30 pCi #'Pb.

SAFETY, HAZARDS, AND WASTE DISPOSAL
SAFETY AND HAZARDS
Care should be taken when diluting acids. Always add acids to water, not water

11.1

11.2

to acid.
WASTE DISPOSAL
11.2.1  Aqueous waste from Sections 8.1.19, 8.2.7 and 8.3.5 can be disposed

11.2.2

down the laboratory sink drain.

Solutions collected in Section 8.3.7 should be placed in a waste
container provided by the Waste Management Officer.
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12. REFERENCES

12.%

12.2

E.P. Horwitz, R. Chiarizia, and M. Dietz, "A Novel Strontium- Selective
Extraction Chromatographic Resin", Solvent Extraction and Ion Exchange, 10 (2),
313-336 (1992). Note: This reference presents data that shows the strong
retention of Pb by the SreSpec chromatographic resin. Pb retention exceeds Sr
retention by more than two orders of magnitude at certain activities.

Don Nelson, Argonne National Laboratory, Personal Communication, March
1993.
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METHOD 3510C
SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 This method describes a procedure for isolating organic compounds from aqueous
samples. The method also describes concentration techniques suitable for preparing the extract for
the appropriate determinative methods described in Section 4.3 of Chapter Four.

1.2 This method is applicable to the isolation and concentration of water-insoluble and slightly
water-soluble organics in preparation for a variety of chromatographic procedures.

1.3 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.

2.0 SUMMARY OF METHOD

2.1 A measured volume of sample, usually 1 liter, at a specified pH (see Table 1), is serially
extracted with methylene chloride using a separatory funnel.

2.2 The extract is dried, concentrated (if necessary), and, as necessary, exchanged into a
solvent compatible with the cleanup or determinative method to be used (see Table 1 for appropriate
exchange solvents).

3.0 INTERFERENCES
3.1 Refer to Method 3500.

3.2 The decomposition of some analytes has been demonstrated under basic extraction
conditions. Organochlorine pesticides may dechlorinate, phthalate esters may exchange, and
phenols may react to form tannates. These reactions increase with increasing pH, and are
decreased by the shorter reaction times available in Method 3510. Method 3510 is preferred over
Method 3520 for the analysis of these classes of compounds. However, the recovery of phenols
may be optimized by using Method 3520, and performing the initial extraction at the acid pH.

4.0 APPARATUS AND MATERIALS
4.1 Separatory funnel - 2-liter, with polytetrafluoroethylene (PTFE) stopcock.

4.2 Drying column - 20 mm ID Pyrex® chromatographic column with Pyrex® glass wool at
bottom and a PTFE stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly contaminated
extracts have been passed through. Columns without frits may be purchased.
Use a small pad of Pyrex® glass wool to retain the adsorbent. Prewash the
glass wool pad with 50 mL of acetone followed by 50 mL of elution solvent prior
to packing the column with adsorbent.
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4.3 Kuderna-Danish (K-D) apparatus.

4.3.1 Concentrator tube - 10-mL, graduated (Kontes K-570050-1025 or equivalent).
A ground-glass stopper is used to prevent evaporation of extracts.

4.3.2 Evaporation flask - 500-mL (Kontes K-570001-500 or equivalent). Attach to
concentrator tube with springs, clamps, or equivalent.

4.3.3 Snyder column - Three-ball macro (Kontes K-503000-0121 or equivalent).
4.3.4 Snyder column - Two-ball micro (Kontes K-569001-0219 or equivalent).
4.3.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

NOTE: The following glassware is recommended for the purpose of solvent recovery
during the concentration procedures requiring the use of Kuderna-Danish
evaporative concentrators. Incorporation of this apparatus may be required
by State or local municipality regulations that govern air emissions of volatile
organics. EPA recommends the incorporation of this type of reclamation
system as a method to implement an emissions reduction program. Solvent
recovery is a means to conform with waste minimization and pollution
prevention initiatives.

4.4 Solvent vapor recovery system (Kontes K-545000-1006 or K-547300-0000, Ace Glass
6614-30, or equivalent).

4.5 Boiling chips - Solvent-extracted, approximately 10/40 mesh (silicon carbide or
equivalent).

4.6 Water bath - Heated, with concentric ring cover, capable of temperature control (£ 5°C).
The bath should be used in a hood.

4.7 Vials - 2-mL, glass with PTFE-lined screw-caps or crimp tops.
4.8 pH indicator paper - pH range including the desired extraction pH.
4.9 Erlenmeyer flask - 250-mL.

4.10 Syringe - 5-mL.

4.11 Graduated cylinder - 1-liter.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be 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. Reagents should be stored in glass to
prevent the leaching of contaminants from plastic containers.
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5.2 Organic-free reagent water - All references to water in this method refer to organic-free
reagent water, as defined in Chapter One.

5.3 Sodium hydroxide solution (10 N), NaOH. Dissolve 40 g NaOH in organic-free reagent
water and dilute to 100 mL. Other concentrations of hydroxide solutions may be used to adjust
sample pH, provided that the volume added does not appreciably change (e.g., <1%) the total
sample volume.

5.4 Sodium sulfate (granular, anhydrous), Na,SO,. Purify by heating to 400°C for 4 hours
in a shallow tray, or by precleaning the sodium sulfate with methylene chloride. If the sodium sulfate
is precleaned with methylene chloride, a method blank must be analyzed, demonstrating that there
is no interference from the sodium sulfate. Other concentrations of acid solutions may be used to

adjust sample pH, provided that the volume added does not appreciably change (e.g., <1 %) the total
sample volume.

5.5 Sulfuric acid solution (1:1 v/v), H,SO,. Slowly add 50 mL of H,SO, (sp. gr. 1.84) to 50
mL of organic-free reagent water.

5.6 Extraction/exchange solvents - All solvents must be pesticide quality or equivalent.
5.6.1 Methylene chloride, CH,Cl,, boiling point 39°C.
5.6.2 Hexane, C4H,,, boiling point 68.7°C.
5.6.3 2-Propanol, CH,CH(OH)CH,, boiling point 82.3°C.
5.6.4 Cyclohexane, C¢H,,, boiling point 80.7°C.

5.6.5 Acetonitrile, CH,CN, boiling point 81.6°C.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

See the introductory material to this chapter, Organic Analytes, Sect. 4.1.

7.0 PROCEDURE

7.1 Using a 1-liter graduated cylinder, measure 1 liter (nominal) of sample. Alternatively, if
the entire contents of the sample bottle are to be extracted, mark the level of sample on the outside
of the bottle. If high analyte concentrations are anticipated, a smaller sample volume may be taken
and diluted to 1-L with organic-free reagent water, or samples may be collected in smaller sample
bottles and the whole sample used.

7.2 Pipet 1.0 mL of the surrogate spiking solution into each sample in the graduated cylinder
(or sample bottle) and mix well. (See Method 3500 and the determinative method to be used for
details on the surrogate standard solution and matrix spiking solution).

7.2.1 For the sample in each batch (see Chapter One) selected for use as a matrix
spike sample, add 1.0 mL of the matrix spiking standard.
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7.2.2 If Method 3640, Gel-Permeation Cleanup, is to be employed, add twice the
volume of the surrogate spiking solution and the matrix spiking standard, since half of the
extract is not recovered from the GPC apparatus. (Alternatively, use 1.0 mL of the spiking
solutions and concentrate the final extract to half the normal volume, e.g., 0.5 mL instead of
1.0 mL).

7.3 Check the pH of the sample with wide-range pH paper and adjust the pH, if necessary,
to the pH indicated in Table 1, using 1:1 (v/v) sulfuric acid or 10 N sodium hydroxide. Lesser
strengths of acid or base solution may be employed, provided that they do not resuit in a significant
change (<1%) in the volume of sample extracted (see Secs. 5.3 and 5.5).

7.4 Quantitatively transfer the sample from the graduated cylinder (or sample bottle) to the
separatory funnel. Use 60 mL of methylene chloride to rinse the cylinder (or bottle) and transfer this
rinse solvent to the separatory funnel. Ifthe sample was transferred directly from the sample bottle,
refill the bottle to the mark made in Sec. 7.1 with water and then measure the volume of sample that
was in the bottle.

7.5 Seal and shake the separatory funnel vigorously for 1 - 2 minutes with periodic venting
to release excess pressure. Alternatively, pour the exchange solvent into the top of the Snyder
column while the concentrator remains on the water bath in Sec. 7.11.4.

NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial
venting should be done immediately after the separatory funnel has been sealed
and shaken once. The separatory funnel should be vented into a hood to avoid
exposure of the analyst to solvent vapors.

7.6 Allow the organic layer to separate from the water phase for a minimum of 10 minutes.
If the emulsion interface between layers is more than one-third the size of the solvent layer, the
analyst must employ mechanical techniques to complete the phase separation. The optimum
technique depends upon the sample and may include stirring, filtration of the emulsion through glass
wool, centrifugation, or other physical methods. Collect the solvent extract in an Erlenmeyer flask.
If the emulsion cannot be broken (recovery of < 80% of the methylene chloride, corrected for the
water solubility of methylene chioride), transfer the sample, solvent, and emulsion into the extraction
chamber of a continuous extractor and proceed as described in Method 3520, Continuous Liquid-
Liquid Extraction.

7.7 Repeat the extraction two more times using fresh portions of solvent (Secs. 7.2 through
7.5). Combine the three solvent extracts.

7.8 If further pH adjustment and extraction is required, adjust the pH of the aqueous phase
to the desired pH indicated in Table 1. Serially extract three times with 60 mL of methylene chloride,
as outlined in Secs. 7.2 through 7.5. Collect and combine the extracts and iabel the combined
extract appropriately.

7.9 If performing GC/MS analysis (Method 8270), the acid/neutral and base extracts may be
combined prior to concentration. However, in some situations, separate concentration and analysis
of the acid/neutral and base extracts may be preferable (e.g. if for regulatory purposes the presence
or absence of specific acid/neutral or base compounds at fow concentrations must be determined,
separate extract analyses may be warranted).

7.10 Perform the concentration (if necessary) using the Kuderna-Danish Technique (Secs.
7.11.1 through 7.11.6).
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7.11 K-D technique

7.11.1 Assemble a Kudema-Danish (K-D) concentrator (Sec. 4.3) by attaching a 10-mL
concentrator tube to a 500-mL evaporation flask.

7.11.2 Attach the solvent vapor recovery glassware (condenser and collection device)
(Sec. 4.4) to the Snyder column of the K-D apparatus following manufacturer's instructions.

7.11.3 Dry the extract by passing it through a drying column containing about 10 cm of
anhydrous sodium sulfate. Collect the dried extract in a K-D concentrator. Rinse the
Erlenmeyer flask, which contained the solvent extract, with 20 - 30 mL of methylene chloride
and add it to the column to complete the quantitative transfer.

7.11.4 Add one or two clean boiling chips to the flask and attach a three-ball Snyder
column. Prewet the Snyder column by adding about 1 mL of methylene chloride to the top of
the column. Place the K-D apparatus on a hot water bath (15 - 20°C above the boiling point
of the solvent) so that the concentrator tube is partially immersed in the hot water and the
entire lower rounded surface of the flask is bathed with hot vapor. Adjust the vertical position
of the apparatus and the water temperature as required to complete the concentration in 10 -
20 minutes. At the proper rate of distillation the balls of the column will actively chatter, but
the chambers will not flood. When the apparent volume of liquid reaches 1 mL, remove the
K-D apparatus from the water bath and allow it to drain and cool for at least 10 minutes.

7.11.5 If a solvent exchange is required (as indicated in Table 1), momentarily remove
the Snyder column, add 50 mL of the exchange solvent, a new boiling chip, and reattach the
Snyder column. Alternatively, pour the exchange solvent into the top of the Snyder column
while the concentrator remains on the water bath in Sec. 7.11.4. Concentrate the extract, as
described in Sec. 7.11.4, raising the temperature of the water bath, if necessary, to maintain
proper distillation.

7.11.6 Remove the Snyder column and rinse the flask and its lower joints into the
concentrator tube with 1 - 2 mL of methylene chloride or exchange solvent. If sulfur crystals
are a problem, proceed to Method 3660 for cleanup. The extract may be further concentrated
by using the technique outlined in Sec. 7.12 or adjusted to 10.0 mL with the solvent last used.

7.12 If further concentration is indicated in Table 1, either the micro-Snyder column technique
(7.12.1) or nitrogen blowdown technique (7.12.2) is used to adjust the extract to the final volume
required.

7.12.1 Micro-Snyder column technique

If further concentration is indicated in Table 1, add another clean boiling chip to the
concentrator tube and attach a two-ball micro-Snyder column. Prewet the column by adding
0.5 mL of methylene chloride or exchange solvent to the top of the column. Place the K-D
apparatus in a hot water bath so that the concentrator tube is partially immersed in the hot
water. Adjust the vertical position of the apparatus and the water temperature, as required,
to complete the concentration in 5 - 10 minutes. At the proper rate of distillation the balls of
the column will actively chatter, but the chambers will not flood. When the apparent volume
of liquid reaches 0.5 mL, remove the K-D apparatus from the water bath and allow it to drain
and cool for at least 10 minutes. Remove the Snyder column, rinse the flask and its lower
joints into the concentrator tube with 0.2 mL of methylene chloride or the exchange solvent,
and adjust the final volume as indicated in Table 1, with solvent.
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7.12.2 Nitrogen blowdown technique

7.12.2.1 Place the concentrator tube in a warm bath (35°C) and evaporate the
solvent to the final volume indicated in Table 1, using a gentle stream of clean, dry
nitrogen (filtered through a column of activated carbon).

CAUTION: New plastic tubing must not be used between the carbon trap and
the sample, since it may introduce contaminants.

7.12.2.2 The internal wall of the tube must be rinsed several times with
methylene chloride or appropriate solvent during the operation. During evaporation, the
tube must be positioned to avoid water condensation (i.e., the solvent level should be
below the level of the water bath). Under normal procedures, the extract must not be
allowed to become dry.

CAUTION: When the volume of solvent is reduced below 1 mL, semivolatile
analytes may be lost.

7.13 The extract may now be analyzed for the target analytes using the appropriate
determinative technique(s) (see Sec. 4.3 of this Chapter). If analysis of the extract will not be
performed immediately, stopper the concentrator tube and store refrigerated. If the extract will be
stored longer than 2 days it should be transferred to a vial with a PTFE-lined screw-cap or crimp top,
and labeled appropriately.

8.0 QUALITY CONTROL

8.1

Any reagent blanks, matrix spikes, or replicate samples should be subjected to exactly

the same analytical procedures as those used on actual samples.

8.2

Refer to Chapter One for specific quality control procedures and Method 3500 for

extraction and sample preparation procedures.

9.0 METHOD PERFORMANCE

Refer to the determinative methods for performance data.

10.0 REFERENCES

None.
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Analytical Methods

Total Organic Carbon

415.1



ORGANIC CARBON, TOTAL
Method 415.1 (Combustion or Oxidation)

STORET NO. Total 00680
Dissolved 00681

1. Scopeand Application

1.1  This method includes the measurement of organic carbon in drinking, surface and saline
waters, domestic and industrial wastes. Exclusions are noted under Definitions and
Interferences.

1.2 The method is most applicable to measurement of organic carbon above 1 mg/1.

2. Summary of Method

2.1  Organic carbon in a sample is converted to carbon dioxide (CO,) by catalytic combustion
or wet chemical oxidation. The CO, formed can be measured directly by an infrared
detector or converted to methane (CH,) and measured by a flame ionization detector.
The amount of CO, or CH, is directly proportional to the concentration of carbonaceous
material in the sample.

3. Definitions

3.1 The carbonaceous analyzer measures all of the carbon in a sample. Because of various
properties of carbon-containing compounds in liquid samples, preliminary treatment of
the sample prior to analysis dictates the definition of the carbon as it is measured. Forms
of carbon that are measured by the method are:

A) .soluble, nonvolatile organic carbon; for instance, natural sugars.

B) soluble, volatile organic carbon; for instance, mercaptans.

C) insoluble, partially volatile carbon; for instance, oils.

D) insoluble, particulate carbonaceous materials, for instance; cellulose fibers.

E) soluble or insoluble carbonaceous materials adsorbed or entrapped on insoluble
inorganic suspended matter; for instance, oily matter adsorbed on silt particles.

3.2 The final usefulness of the carbon measurement is in assessing the potential oxygen-
demanding load of organic material on a receiving stream. This statement applies
whether the carbon measurement is made on a sewage plant effluent, industrial waste, or
on water takqn directly from the stream. In this light, carbonate and bicarbonate carbon
are not a part of the oxygen demand in the stream and therefore should be discounted in
the final calculation or removed prior to analysis. The manner of preliminary treatment
of the sample and instrument settings defines the types of carbon which are measured.
Instrument manufacturer’s instructions should be followed.

Approved for NPDES
Issued 1971
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Sample Handling and Preservation

4.1 Sampling and storage of samples in glass bottles is preferable. Sampling and storage in
plastic bottles such as conventional polyethylene and cubitainers is permissible if it is
established that the containers do not contribute contaminating organics to the samples.
NOTE 1: A brief study performed in the EPA Laboratory indicated that distilled water
stored in new, one quart cubitainers did not show any increase in organic carbon after
two weeks exposure.

4.2 Because of the possibility of oxidation or bacterial decomposition of some components of
aqueous samples, the lapse of time between collection of samples and start of analysis
should be kept to a mjnimum. Also, samples should be kept cool (4°C) and protected
from sunlight and atmospheric oxygen.

4.3 Ininstances where analysis cannot be performed within two hours (2 hours) from time of
sampling, the sample is acidified (pH < 2) with HCI or H,SO,.

Interferences

5.1 Carbonate and bicarbonate carbon represent an interference under the terms of this test
and must be removed or accounted for in the final calculation.

5.2 This procedure is applicable only to homogeneous samples which can be injected into the
apparatus reproducibly by means of a microliter type syringe or pipette. The openings of
the syringe or pipette limit the maximum size of particles which may be included in the

sample.

Apparatus

6.1 Apparatus for blending or homogenizing samples: Generally, a Waring-type blender is
satisfactory.

6.2  Apparatus for total and dissolved organic carbon:

6.2.1 A number of companies manufacture systems for measuring carbonaceous
material in liquid samples. Considerations should be made as to the types of
samples to be analyzed, the expected concentration range, and forms of carbon to
be measured.

6.2.2 No specific analyzer is recommended as superior.

Reagents

7.1 Distilled water used in preparation of standards and for dilution of samples should be
ultra pure to reduce the carbon concentration of the blank. Carbon dioxide-free, double
distilled water is recommended. Ion exchanged waters are not recommended because of
the possibilities of contamination with organic materials from the resins.

7.2 Potassium hydrogen phthalate, stock solution, 1000 mg carbon/liter: Dissolve 0.2128 g
of potassium hydrogen phthalate (Primary Standard Grade) in distilled water and dilute

to 100.0 ml.

NOTE 2: Sodium oxalate and acetic acid are not recommended as stock solutions.

7.3 Potassium hydrogen phthalate, standard solutions: Prepare standard solutions from the
stock solution by dilution with distilled water.
7.4 Carbonate-bicarbonate, stock solution, 1000 mg carbon/liter: Weigh 0.3500 g of sodium

bicarbonate and 0.4418 g of sodium carbonate and transfer both to the same 100 ml

volumetric flask. Dissolve with dis.illed water.
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7.5 Carbonate-bicarbonate, standard solution: Prepare a series of standards similar to step

7.3.

NOTE 3: This standard is not required by some instruments.

7.6 Blank solution: Use the same distilled water (or similar quality water) used for the

preparation of the standard solutions.
8. Procedure

8.1 Follow instrument manufacturer’s instructions for calibration, procedure, and

calculations.

8.2 For calibration of the instrument, it is recommended that a series of standards
encompassing the expected concentration range of the samples be used.

9. Precision and Accuracy

9.1 Twenty-eight analysts in twenty-one laboratories analyzed distilled water solutions
containing exact increments of oxidizable organic compounds, with the following results:

Increment as Precision as Accuracy as
TOC Standard Deviation Bias, Bias,
mg/liter TOC, mg/liter Yo mg/liter
49 393 +15.27 +0.75
107 8.32 4 1.01 +1.08

(FWPCA Method Study 3, Demand Analyses)

Bibliography

1. Annual Book of ASTM Standards, Part 31, “Water”, Standard D 2574-79, p 469 (1976).
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