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1 INTRODUCTION

This document is part of a series of data evaluation reports, which were prepared to
support the Remedial Investigation (R1) and Focused Feasibility Study (FFS). Reports in
this series describe different aspects of the Lower Passaic River. Where necessary, data
evaluation reports are cross-referenced to direct the reader to another report that contains
further explanation. Topics discussed in this series include major sediment and water
investigations conducted in the river, boundary conditions on the river, historical
sediment contamination, surface sediment contamination, contaminant inventory
calculations, and biota analysis. The following data evaluation report summarizes the
observations of surface sediment contamination within the FFS Study Area and portions

of Newark Bay, and describes major sampling programs conducted on the river.

1.1 Overview of the FFS Study Area

The FFS Study Area is located within the Lower Passaic River Study Area (LPRSA),
which is the 17-mile, tidal portion of the Passaic River from Dundee Dam [located at
River Mile (RMY) 17.4] to the confluence with Newark Bay at RMO and the watershed of
this river portion, including the Saddle River (RM15.6), Third River (RM11.3) and
Second River (RM8.1) [Figure 1-1]. During a comprehensive study of the Lower Passaic
River, the sediments of the lower eight miles were found to be a major source of
contamination to the rest of the river and Newark Bay. Therefore, the United States
Environmental Protection Agency (USEPA) completed the FFS to evaluate alternatives
to address those sediments in the lower eight-mile stretch from RMO to RM8.3, near the
border between the City of Newark and Belleville Township. The entire 17-mile Lower
Passaic River is the subject of another Remedial Investigation/Feasibility Study (RI/FS)
being implemented by the Cooperating Parties Group (CPG; a group of approximately 70

! The FFS uses the “River Mile” (RM) system developed by the United States Army Corps of Engineers (USACE), which follows the
navigation channel of the Lower Passaic River. The Data Evaluation Reports (Appendix A), Empirical Mass Balance (Appendix C)
and Lower Passaic River-Newark Bay model (Appendix B) were initially developed at the beginning of the 17-mile Remedial
Investigation and Feasibility Study (RI/FS), and thus follow a RM system developed for that RI/FS, which follows the geographic
centerline of the river. RMO is defined by an imaginary line between two marker lighthouses at the confluence of the Lower Passaic
River and Newark Bay: one in Essex County just offshore of Newark and the other in Hudson County just offshore of Kearny Point.
River miles then continue upriver to the Dundee Dam (RM17.4). The two RM systems are about 0.2 miles apart.
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potentially responsible parties who signed an agreement with USEPA in 2007), under
USEPA oversight. The Upper Passaic River watershed (the portion of the Passaic River
located above the Dundee Dam) contributes solids, water, and contaminants that cross
over the head-of-tide, which is represented by the Dundee Dam?, into the Lower Passaic

River.

1.2 Overview of Lower Passaic River Surface Sediment Contamination

Surface sediment data for the FFS Study Area were available from various studies
conducted on the river between 1991 and 2012. The list of sampling programs included
in this report is presented in Table 1-1. The objective of this data evaluation report is to
describe the spatial and temporal characteristics of surface sediment contamination in the
Lower Passaic River, while also noting conditions at the two main boundary areas, the
Upper Passaic River and Newark Bay. A more detailed discussion of the relationship
between Lower Passaic River surface sediment contamination and the various external
sources of sediment can be found in Data Evaluation Report No. 2. The compounds
considered in this data evaluation report are listed in Table 1-2. While surface sediments
in this analysis constitute sediments within the top 6 inches of the sediment bed or less,
there are differences in the age of the sediments contained within those samples,
depending on the local rate of deposition. Given the broad range of deposition rates
observed in the Lower Passaic River, a 6-inch sample may represent any of the
following: i) prehistoric sediments (from a non-depositional area), ii) a few months of
deposition (in a rapidly accumulating location), or iii) a few decades of deposition (in a
slowly or irregularly accumulating location). To distinguish samples containing recently-
deposited sediments, beryllium-7 (Be-7) was measured in the top 2 inches of a subset of
the 0 to 6 inch samples. In all, four types of surface sediment samples are reviewed in this

report:

2 The Dundee Dam represents a hydraulic boundary separating the Upper and Lower Passaic River. The
head-of-tide actual location is downstream of the dam because the Lower Passaic River rises above sea
level close to the dam (refer to Lower Passaic River System Understanding of Sediment Transport [HQI
and Sea Engineering Inc, 2011] for further details on the salt front migration).
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e Surface sediment samples obtained from 0 to 1 inches with measureable levels of
Be-7,

e Surface sediment samples obtained from 0 to 6 inches with measureable levels of
Be-7 in the top 2 inches,

e Surface sediment samples obtained from 0 to 6 inches, and

e Surface sediment samples obtained from 0 to 2 inches.

The technical basis for the use of Be-7 in identifying recently-deposited sediments is

discussed below in addition to a brief description of the sediment sample types listed

above. This discussion is followed by a description of the use of Total Organic Carbon

(TOC) and iron as normalizing factors in the examination of the surface sediment

samples. In addition to the introduction, the remainder of this report describes the

distribution of contaminants in the surface sediments of the Lower Passaic River and is

organized around compound classes as follows:

Section 2.0, Temporal and Spatial Trends of 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) and Total Tetrachlorodibenzo-p-dioxin (Total TCDD): The section
describes the concentrations of 2,3,7,8-TCDD and Total TCDD in surface sediment
from the various historical studies from 1991 to 2012 and outlines the framework of
the conceptual site model that explains the observations of dioxin contamination.
Section 3.0, Temporal and Spatial Trends for Other Contaminants: provides temporal
and spatial trends of concentrations of polychlorinated biphenyls (PCBs), pesticides,
polycyclic aromatic hydrocarbons (PAHSs) and metals in surface sediment from
various historical studies from 1991 to 2012. This section focuses on differences in
the spatial distribution of the other contaminants of potential concern (COPCs) and
contaminants of potential ecological concern (COPECS) relative to that for 2,3,7,8-
TCDD.

Section 4.0, Summary: provides a summary of the surface sediment analyses.
Section 5.0, Acronyms: defines the acronyms used in this report.

Section 6.0, References: lists the references used in this report.

For each of the COPCs and COPEC:s, results are presented as follows:
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0 Maps of contaminant concentrations for 1991 to 2012 to present spatial and
temporal distributions,

o Statistical comparisons of contaminant concentrations across sampling
programs to examine temporal variation in concentrations,

o Plots of contaminant concentrations by river mile for 0 to 6 inch samples, 0 to
2 inch samples, and Be-7 bearing samples to further examine spatial trends,
and

0 Maps of contaminant concentrations by river mile, sediment texture, and
location relative to the navigation channel to further explore the spatial

variation of contamination.

1.2.1 Use of Beryllium-7 to Identify Recently-Deposited Sediments

Recently-deposited sediments can be distinguished from other surface sediments by the
presence of Be-7 in the sediments. Be-7 is a naturally occurring radionuclide with a half-
life of 53.4 days. This radionuclide is detectable in sediments within approximately 4 to 5
half-lives of deposition, or about 200 to 250 days (6-12 months). It is produced by the
impact of cosmic rays on nitrogen and oxygen in the earth's atmosphere. Once produced,
particle-reactive Be-7 rapidly becomes associated with aerosols in the atmosphere, and
then deposited on the earth's surface, continuously and practically uniformly, primarily as
a result of washout by precipitation. A thorough review of the geochemical application of
Be-7 in evaluating sediment dynamics is provided by Kaste et al. (2002).

Once deposited in a river’s watershed, the Be-7 partitions strongly to surface soils.
Studies by Hawley et al. (1986) and You et al. (1989) calculate a soil/water partitioning
coefficient, K, of 10* to 10°. Other field and laboratory evidence has shown that on land,
Be-7 is found solely within the first few millimeters of surface soil, and is not transported
deeper into soils by infiltrating rainwater (Walling and Woodward, 1992; Blake et al.,
1999; Schuller et al., 2006). The hydrophobic nature of Be-7 thus makes this radionuclide
a useful tracer of short-term sediment dynamics (Kaste et al., 2002).
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As surface soils are eroded during rain storms, particles bearing Be-7 are washed from
the watershed into the river, mixing with the suspended sediments in the water column
(Kim et al., 1999; Wallbrink and Murray, 1996). Given the much larger surface area of
the watershed versus the surface area of the river, the vast majority of Be-7 that is in the
water column has its genesis in watershed surface deposition and runoff, rather than in
direct deposition of Be-7 from the atmosphere onto the river surface. With a high Ky, Be-
7 remains sorbed to particles in the water column and does not readily partition to the
dissolved phase. The presence of Be-7 in sediment can therefore be used to track
sedimentation and resuspension regimes in aquatic environments such as lakes, lagoons,
and estuaries (Fitzgerald, et al., 2001; Canuel et al., 1990; DeMaster et al., 1985).

Be-7 is determined by gamma spectroscopy, with the concentration of the isotope
determined by the number of unique decays detected in a given mass of sediment over a
standard counting time, typically 8 to 24 hours. For the purposes of the FFS, Be-7 is
considered to be present when the detected level based on counting statistics exceeds zero
by more than two standard deviations. With the sample sizes available, minimum Be-7
levels of 0.5 pCi/g were generally necessary to obtain positive detections and
interpretable and consistent results. These levels were identified based on the sensitivity
of the analytical method and prior work conducted in the New York metropolitan area
(e.g., USEPA, 1997).

As documented in several studies, the spatial and temporal distributions of Be-7 in
sediments are commonly used to investigate particle cycling (Olsen et al., 1986;
Baskaran and Santschi, 1993; Feng, 1997), sediment deposition rates (Dibb and Rice,
1989; Canuel et al., 1990), and biological mixing intensity (Krishnaswami et al., 1980).
Because fine particle deposition is the most important factor affecting the accumulation
pattern and vertical distribution of Be-7 in estuarine systems (Olsen et al., 1986), fine-
grained sediment locations were targeted for sampling in the Lower Passaic River. These
same particles are expected to carry many hydrophobic contaminants; thus the occurrence
of both Be-7 and various hydrophobic contaminants in a sediment sample indicates that

both were recently in the water column as suspended matter. In the Lower Passaic River
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conceptual site model, the Be-7 bearing sediments are considered representative of
recently deposited materials, allowing them to be compared with recent inputs from the
watershed and Newark Bay to complete a solids and contaminant mass balance for the

Lower Passaic River.

The level of Be-7 activities in the recently-deposited sediments collected in the Lower
Passaic River is comparable to Be-7 activities in settling solids captured in sediment traps
or recently-deposited sediments obtained by surface coring in the various tributaries to
the Lower Passaic River. This is illustrated in Figure 1.2-1, which shows the Be-7
distribution in samples targeted for Be-7 in Lower Passaic River sediments and tributaries
by river mile. Surface sediments and tributary solids all show Be-7 levels on the order of
10 pCi/g. Given the short half-life of this radionuclide, these observations suggest a close
link between these solids. As will be illustrated later in this data evaluation report, the
patterns of contamination can be used to link Be-7 bearing surface sediments and

suspended matter of the Lower Passaic River.

1.2.2 Recently-Deposited Surface Sediments (0 to 1 inch)

Samples from Be-7 bearing locations represent the chemical characteristics of suspended
sediments as they settle out of the water column, generally integrating the prior 6 to 12
months of deposition. Recently-deposited sediments used in sediment characterization
include: 0 to 1 inch 2007-2008 Be-7 bearing sediments collected in the Lower Passaic
River, tributaries and Upper Passaic River, and the 2005-2007 high resolution core tops
in the Lower Passaic and Upper Passaic River. Tributary samples are discussed in Data

Evaluation Report No. 2.

1.2.3 Surface Sediments (0 to 6 inches) at Depositional Locations

Tierra Solutions, Inc. (TSI) sampling programs for the Passaic River in 1995 and for
Newark Bay in 2005 involved the collection of surface sediments in the top 6 inches of
the sediment bed. At every location, a sample of the top 2 inches of sediment was tested

for Be-7 activity. A separate core was obtained close to this location whose 0 to 6 inch
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interval was analyzed for chemical parameters. Depending on the sedimentation rate at
these locations, the 0 to 6 inch segment may integrate several years of deposited
sediments. For example, if the sample was collected at a location with a constant
sedimentation rate of 0.5 inch per year, then the top 6 inches will contain an average of
12 years of sediment contamination. If deposition has been interspersed with erosion at
the location, this interval may include sediments that are decades old.

1.2.4 Surface Sediments (0 to 6 inches) at Non-Depositional Locations

Surface sediment samples where Be-7 was not detected are older than 6 months, either
because they have been re-exposed through the erosion of overlying sediments or because
they are from a location that is slowly (or not) depositional. Like the surface sediments at
depositional locations, these samples may integrate sediments over multiple years or even
decades, depending upon the deposition rate and the frequency and extent of erosion at

the location.

In addition to the TSI and CPG samples where Be-7 was analyzed for but not detected,
samples collected in 1999 and 2000 were obtained from 0 to 6 inches but without
analysis of Be-7. These locations cannot be characterized concerning their time of

deposition.

1.2.5 Surface Sediments (0 to 2 inches)

A subset of sediment samples was obtained from 0 to 2 inches but without any
measurement of Be-7. As such, the age of the sediments in these samples cannot be
surmised. These samples were primarily collected prior to 1995.

1.2.6 Comparison of Recently-Deposited Sediment to Suspended Solids

Daily tides mix, resuspend, and redeposit sediments, thereby reducing the variability in
chemical concentrations in the recently-deposited surface sediments across the Lower
Passaic River. Accordingly, suspended solids should possess the same contaminant

pattern as the recently-deposited surface sediments. Suspended solids data from the
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Infiltrex and Trace Organics Platform Sampler (TOPS) samples collected during the large
volume water column sampling event in 2005 were converted from mass of contaminant
per liter of water to mass of contaminant per mass of suspended solids by dividing the
contaminant concentrations by the TSS concentration of the whole water sample. The
United States Geological Survey (USGS) Water Monitoring Program data were used as
reported to the New Jersey Department of Transportation as part of the Environmental
Dredging Pilot Study. To compare the chemical concentrations of suspended solids to the
corresponding value in recently-deposited sediments, the following evaluations were
completed: 1) comparison of the PCB congener patterns, 2) comparison of the 2,3,7,8-
TCDD/Total TCDD ratio, and 3) principal components analysis (PCA) of both sets of

data. The results of these evaluations are discussed below.

To determine if the PCB congener patterns in suspended solids and recently-deposited
sediments are similar, PCB congeners in both data sets were normalized to the PCB
congener BZ52 (Ballschmiter and Zell, 1980) * and plotted with the lighter weight PCB
compounds on the left and the heavier PCB compounds on the right. Figure 1.2-2
presents the normalized PCB congener pattern for suspended solids measured during the
USGS monitoring program. This figure indicates similar PCB congener patterns in all
water column samples from the different water column sample collections in December
5, 2005, December 6, 2005, and December 10, 2005. Comparison of average normalized
PCB concentrations from the USGS data to normalized PCB concentrations collected by
different techniques during the Lower Passaic Large VVolume Filtration program also
indicate a close agreement in the PCB congener pattern amongst the different
programs/sampling techniques. These water column normalized PCB congener profiles
(Figure 1.2-3) show that the same dominant PCB congeners (BZ20+28, BZ44+47+65,
BZ61+70+74+76, BZ66, BZ90+101+113, BZ110+115, BZ129+138+160+163,

% Ballschmiter and Zell (1980) arranged the 209 PCB congeners in ascending numeric order and assigned
what are commonly termed BZ number. The numbering system has been adopted by the International
Union of Pure and Applied Chemists (IUPAC).
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BZ147+149, and BZ153+168) were identified in the recently-deposited surface
sediments of the Lower Passaic River (Figure 1.2-4).

The concentrations and ratio of 2,3,7,8-TCDD/Total TCDD in the suspended solids and
the surface sediments were also examined. Similar to the PCB congener pattern, the same
ratio observed in the surface sediments was reported in the suspended solids in two
independent programs (Table 1-3). The average concentrations agreed within
measurement error. Together, these results support the hypothesis that recently-deposited
surface sediment and suspended solids are derived from the same pool of solids, tidally
mixed, and distributed throughout the Lower Passaic River.

A PCA was performed to further examine the contaminant patterns of the recently-
deposited sediment and the suspended solids. The recently collected Be-7 bearing surface
sediment and suspended solids data (2007-2008) along with the USGS TOPS and 2005
high resolution core surface sediment data were used in the analysis. All classes of
contaminants were included in the PCA analysis, and the analytes were as follows:
chromium, copper, lead, mercury, 2,3,7,8-TCDD, Total-TCDD, PCB 24+27, PCB 31,
PCB 50+53, PCB 52+69, PCB 61+70+74+76+66, PCB 90+101+113, PCB 180+193,
PCB 196+203 and 4,4’-Dichlorodiphenyldichloroethylene (4,4'-DDE). Three principal
components (PCs) that explain about 86 percent of the total variance were extracted. The
first principal component (PC1) represented 54 percent, the second principal component
(PC2) represented 21 percent, and the third principal component (PC3) contained about
11 percent of the total variance in the dataset.

A three-dimensional orthogonal plot of these three principal components (Figure 1.2-5)
shows the sample points displayed by the principal components. Sample points are
symbolized by different colors for different sources. The PCA result confirmed the
hypothesis that the suspended solids possess the same contaminant pattern as the
recently-deposited surface sediments (Figure 1.2-5), where the USGS TOPS suspended
solids clustered together with the main stem of the Passaic River recently-deposited
surface sediment. Another important observation from the PCA analysis is that the
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suspended solids and recently-deposited surface sediments in the Lower Passaic River are
different from the boundary conditions including: Newark Bay, the Upper Passaic River,
and all the tributaries and combined sewer overflows / stormwater outfalls
(CSOs/SWOs).

1.3 Consideration of TOC and Iron in Normalizing Surface Sediment

Concentrations

Sediment concentrations are often normalized to TOC and iron in order to minimize
differences between samples whose only real difference is the amount of coarser grained
or non-absorbing sediment present in the samples. That is, within two samples, the fine-
grained sediments may have the same chemical properties but the samples may vary in
the fraction of sand and gravel, causing proportionate changes in overall sample
concentration. Iron is used as a normalizing factor for metals contamination since it is
generally associated with the binding sites on fine-grained particles that will absorb other
metal species. TOC is used as a normalizing factor for organic contaminants since it
expected to be present in proportion to the binding sites for organic contaminants such as

pesticides and PCBs.
Prior to their use in normalizing, it is important to first examine the spatial distribution of
these parameters themselves, since they may be influenced by factors other than fine-

grained sediment content. This examination is presented below.

Total Organic Carbon

TOC is most useful as a normalizing factor when the sources of TOC are limited or are
well known. In the Lower Passaic River, the sources are well known but they are not
limited in number. There are a large number of CSOs, SWOs, and the tributaries to the
Lower Passaic River, all of which contribute TOC to Lower Passaic River sediments.
USEPA has amassed a large amount of data to characterize TOC in all of the major

sources, facilitating its use as a normalizing factor in the Lower Passaic River.
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An important concern in the application of TOC as a normalizing factor is the
consistency in reported TOC levels for the same media by the various studies or sampling
events conducted by different organizations. The distribution of TOC in the surface
sediments of the Lower Passaic River as measured by the various studies is shown in
Figure 1.3-1 for RMO to RM2 and RM2 to RM8.* In general, for the six studies
represented in the two diagrams, it was expected that each sampling event would have
encompassed similar ranges of sediment properties in their samples. It was also
anticipated that there might be analytical, year-to-year or seasonal variations that might
affect the mean or median, causing differences in mean or median among the studies.
Nonetheless, given sufficient data, the means and medians across studies would be
expected to converge to an overall mean or median for surface sediment TOC. This was
the case for five of the six studies wherein mean log concentrations (a statistical surrogate
for the median) converged to a fairly narrow range, near 5 percent TOC % 2-1/2 percent.
Additionally, the overall range of values observed in five of the six studies is also fairly
comparable, with extensive overlap across among the distributions. However, these
diagrams also show markedly larger and statistically significant difference between the
1995 TOC measurements and several of the more recent studies (2008 and later). This is
illustrated by the Tukey-Kramer circles shown at the right in the diagram. Circles
represent the mean and its uncertainty for each of the sample groups examined. Circles
that do not touch or intersect only slightly are indicative of sample groups that are
statistically different from each other.” In each diagram, the highest circle represents the
1995 data set, which is statistically different from most of the other studies. While some
of the more recent studies are also statistically different from each other, the differences

are much smaller than the difference between the later studies and the 1995 study.

* The use of the log-transformed data in the figure is in response to the amount of variability and the
somewhat skewed distribution of the data. Given the skewed nature of the data, the statistical test on the
mean log of the data is a statistical surrogate for the median of the distribution. The median is considered
the best estimate of the central tendencies of these distributions since it is not strongly affected by outliers,
unlike a simple arithmetic mean.

® The size of the circle reflects the uncertainty in the mean log value, with larger circles reflecting larger
uncertainty. Thus small sample sizes or highly variable data sets have larger circles than those of large data
sets or low variability data sets. Circles for means that are significantly different either do not intersect, or
intersect slightly, so that the outside angle of intersection is less than 90 degrees. If the circles intersect by
an angle of more than 90 degrees, or if they are nested, the means are not considered significantly different
at an alpha level of 0.05 (95 percent confidence level).
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The differences between the 1995 study and later studies are likely to be due to analytical
differences between the studies and not due to changes in TOC over time. Notably, the
dated sediment cores from the Lower Passaic River, which include a record of TOC
concentrations from 1995 to 2005 do not show large variations in TOC from year to year,
generally less than 25 percent, more typical of the variations among the later studies. This
is further illustrated in Figure 1.3-2, which shows the TOC concentrations as a function
of river mile for the entire 17-mile Lower Passaic River Study Area. While there are
trends with river mile within the data, most data sets scatter within the same range. The
notable exception being the 1995 data set, which is clearly higher than the rest of the
TOC data. The variability in TOC concentrations shown in Figures 1.3-1 and 1.3-2 limits
the usefulness of TOC normalization between the 1995 study and subsequent studies,
since variations in the absolute TOC level among programs may introduce variation in
normalized concentrations that are due to analytical issues and not due to real changes.
The application of TOC normalization within the same study or across the more recent
studies, however, is still useful to minimize differences between samples whose only real
difference is the amount of coarser grained or non-absorbing sediment present in the
samples.

lron

In contrast to TOC, iron presents a more internally consistent variable for normalization.
This is illustrated in Figure 1.3-3, which shows the distribution of iron concentrations for
the various sampling programs for RMO to RM2 and RM2 to RM8. Below RM2, only the
2008 USEPA data set is different. This may be due to the sampling distribution of this
data set, which was obtained exclusively between RM0 and RM1. For RM2 to RM8, no
data set was statistically different but the 2010 CPG data may be slightly higher than the
other sets. This likely reflects the near-exclusive focus on shoal samples for this program,
with higher fine-grained sediment contents. Overall, these data sets present a generally
consistent level of iron concentrations across the programs, suggesting this variable will
be useful for normalization across all studies. This is further supported by Figure 1.3-4,

which shows iron concentrations as a function of river mile. In this diagram, iron content
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increases gradually from Dundee Dam across the length of the Lower Passaic River and
into Newark Bay, consistent with the anticipated increase in fine-grained sediment
content. Note that the scatter in iron concentrations is greater above RM8, consistent with
the higher frequency of coarse-grained samples and much greater extent of coarse-

grained areas above this river mile.
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2 TEMPORAL AND SPATIAL TRENDS FOR 2,3,7,8-TCDD AND
TOTAL TCDD

This section describes the spatial and temporal variations in 2,3,7,8-TCDD, Total TCDD,
and the ratio of these two parameters in the surface sediments of the Lower Passaic River.
Because the concentrations of 2,3,7,8-TCDD and Total TCDD are quite elevated in the
sediments of the Lower Passaic River relative to all external sources (see Data Evaluation
Report No. 2), these contaminants may be used to trace the migration of contaminated
sediments from the RMO to RM12 region of the Lower Passaic River into Newark Bay

and the upper portion of the Lower Passaic River above RM12.

2.1 Spatial Distribution of 2,3,7,8-TCDD Concentrations

The first set of figures in this section presents the historical record of surface sediment
monitoring in map form, beginning in 1991 and extending to 2012. Figure 2.1-1 presents
the surface sediment sampling results from 1991 to 2000, including the extensive 1995
sampling program conducted by TSI and the near shore sampling programs conducted by
TSI and USACE in 1999 and 2000. The map presents the region of the Lower Passaic
River between RMO0 and RM8, since nearly all of the samples collected during this period
were obtained below RM8. As a background on this and all subsequent maps presented in
this data evaluation report, the results of a 2005 side-scan sonar survey are presented,
which defined sediment texture throughout the river. The side-scan sonar data illustrate
the extensive areas of fine-grained sediments found in this region of the Lower Passaic
River, as indicated by the blue (silt areas) and green (silt and sand) areas. The
coincidence of 2,3,7,8-TCDD contamination and various sediment textures can be used to

infer contaminant levels in unsampled areas.

Notable in the map is the spatial extent of elevated sediment levels. The vast majority of
sediment samples between RMO to RM8 have levels above 100 pg/g (picograms per
grams of sediment or parts per trillion), at least an order of magnitude above background
levels of 2 pg/g observed in the sediments above Dundee Dam. Additionally, there are

extreme values greater than 1,000 pg/g scattered throughout the eight-mile reach
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presented here. Symbols of yellow, orange and red indicating concentrations of 1,000
pg/g or higher occur within each river mile interval from RM2 to RM7. They occur in an
apparent random fashion throughout the river, on both the inside and outside of river
bends.

Figure 2.1-2 presents the results from 2005 to 2012, covering the entire length of the
Lower Passaic River. Notable in the first map in the sequence (Figure 2.1-2a),
representing the region above RM12, is the substantially lower levels of 2,3,7,8-TCDD
contamination above RM13, as denoted by the extent of blue symbols. This region is also
marked by extensive areas of coarse-grained sediments as compared to the region below
RM8. The lack of 2,3,7,8-TCDD contamination above RM13 indicates that tidal
circulation is limited in its ability to transport contamination from the lower portions of
the Lower Passaic River much upstream of RM12. As will be shown later in the
discussion, the influence of the tidal transport of contamination gradually declines from
RM12 to RM15. Additionally, the lack of fine-grained sediments in this region would
indicate that there are few areas for contaminant-bearing fine-grained sediments to

accumulate.

Figure 2.1-2b represents the middle portion of the Lower Passaic River, RM8 to RM12.
This region is more contaminated than the upstream area and more heterogeneous in both
2,3,7,8-TCDD concentrations and sediment texture than the downstream region (compare
with Figures 2.1-1 and 2.1-2c¢). While this region also has extreme levels of 2,3,7,8-
TCDD contamination, it also has a much higher frequency of samples with low levels of
contamination. In both regions, i.e., below RM8 and in RM8 to RM12, high
concentrations of 2,3,7,8-TCDD occur within areas of fine-grained sediments. However,
nearly all of the region below RM8 is fine-grained, resulting in relatively random
locations with extreme values whereas, between RM8 and RM12, most of the bottom is
coarse-grained and the extreme values are limited to very small portions of the river

bottom where fine-grained sediments accumulate.
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The last map in the sequence, Figure 2.1-2c, shows similar levels of contamination to
those observed in 1995.The occurrence of extreme values can be found throughout the
river on the inside and outside of river bends as well as in the channel. The impact of the
navigation channel and its history on the distribution of surface sediment concentrations

are further explored in Section 2.4

2.2 Spatial and Temporal Comparisons of 2,3,7,8-TCDD Concentrations

A quantitative analysis of surface concentrations of 2,3,7,8-TCDD shows that there is no
trend in surface concentrations of 2,3,7,8-TCDD over time. Figure 2.2-1 presents the
concentration distributions from 0 to 6 inch samples for the large 1995 sampling
program, as well as the various post-2005 sampling programs, grouped by the river mile
intervals 0 to 2, 2to 8, 8 to 12 and 12 to 17.4. The break points recognize the various
regions of the Lower Passaic River, with the RMO to RM2 interval characterizing the
most depositional region; RM2 to RM8 being the large, contaminated fine-grained region
of the Lower Passaic River; RM8 to RM12 being the contaminated but predominantly
coarse-grained region; and RM12 to RM17.4 being the least contaminated (with respect

to 2,3,7,8-TCDD) coarse-grained region.

In each diagram, the distribution of 2,3,7,8-TCDD concentrations are shown for each data
set available in the region. At the far right of each diagram is a set of circles representing
the Tukey-Kramer test for statistically significant differences. The diagrams are plotted in
log scale and the Tukey-Kramer tests are also done in log-scale to provide an analysis of
the central tendency in each data set while minimizing the effects of extreme values,

essentially a test of medians.

For both RMO to RM2 and RM2 to RM8, there are no statistically significant differences
in the data sets between 1995 and 2012. The median values (calculated for the period
between 2008 and 2012) for RMO0 to RM2 and RM2 to RM8 are 208 and 280 pg/g,
respectively. These results indicate that since 1995 there has been no statistically
significant change in the surface concentration of 2,3,7,8-TCDD below RM8. This is
consistent with the dated sediment core results described in Data Evaluation Report No.
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3, which concluded that only a very gradual decline was occurring. Given the variance in
the surface sediment samples and their depth, such a gradual decline would be difficult to

detect by measurements of surface sediments alone.

In Figure 2.2-1b, the distributions for RM8 to RM12 and RM12 to RM17.4 are shown. In
these areas, there are no data sets prior to 2008 of the 0 to 6 inch interval of sufficient size
to provide a useful statistical test. The diagrams compare the results among the most
recent studies. For RM8 to RM12, the four CPG studies have essentially the same
median. The USEPA study, which sampled silt areas exclusively, has a somewhat higher
value than the surveys but the difference is statistically significant only when the 2008
USEPA study is compared against all other CPG studies treated as a single group. The
CPG studies were not limited to silt areas, but also incorporated samples from the less
contaminated coarse-grained areas, resulting lower medians relative to the silt-only 2008
USEPA study. The simple median value for the entire set of samples for RM8 to RM12
(294 pg/g), which represents a combination of coarse- and fine-grained material, is very
similar to that of RM2 to RM8 (280 pg/g), which represents fine-grained material only.
However, the sampling locations above RM8 preferentially sampled silts rather than
coarse-grained sediments. Coarse-grained sediments are spatially much more extensive
above RM8. An area weighted geometric mean concentration (based on the mean of the
logs of the concentrations) for the RM8 to RM12 region is only 200 pg/g, reflecting the

generally lower concentrations observed in the coarse-grained areas.

Above RM12, concentrations drop off rapidly, as shown in the lower diagram in Figure
2.2-1b. The overall median value is only 3.3 pg/g. While all five data sets agree
statistically, the USEPA samples are visibly higher than nearly all other measurements.
However, these samples were obtained just upstream of RM12 in a fine-grained sediment
deposit and cannot be considered spatially representative of the entire region above
RM12. The 2010 and 2012 CPG data have the same caveat.

Figure 2.2-2 represents a similar sequence of results for Total TCDD. Given that 2,3,7,8-
TCDD typically represents about 70 percent of the Total TCDD mass, these results
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should and do repeat the patterns seen in the 2,3,7,8-TCDD concentrations. Note that
there are no results shown for Total TCDD for the 2008 CPG data set. This is due to
analytical issues that prevented the calculation of a comparable Total TCDD value for
these samples (see CSC and Interface, Inc., 2010 and 2011for a more detailed
discussion). For this reason, there are also no results for the 2,3,7,8-TCDD to Total
TCDD ratio for the 2008 CPG data as discussed below.

Figure 2.2-3 represents a similar sequence of results for the 2,3,7,8-TCDD to Total
TCDD ratio. While there are some minor differences in the ratio for the 1995 and 2012
datasets relative to the 2008-2010 datasets, all sample results below RM12 yield values
close to 0.7, which is the characteristic dioxin ratio of the Lower Passaic River. RM2 to
RM8 and RM8 to RM12 have medians that are within error of this value, whereas RMO
to RM2 has values slightly lower, around 0.6, likely due to the influence of solids from
Newark Bay.°

Above RM12, the distribution of this ratio becomes more variable, reflecting the mixing
of sediment from above Dundee Dam with those of the Lower Passaic River. Thus the
range extends from background values (about 0.05) to that of the highly contaminated
areas of the Lower Passaic River (0.7). The variation of this ratio with river mile in the
consistent manner just described is an important line of evidence supporting the
conceptual site model and the premise that the sediments of the Lower Passaic River

present a unique ratio signature easily identified against possible external sources.

2.3 Variation of Dioxin Concentrations with River Mile

After confirming the comparability of the various Lower Passaic River data sets in the
previous discussion, it is then useful to combine them and examine the trends in dioxin
contamination with river mile. As will be shown below, the 2,3,7,8-TCDD concentrations

show less than a factor of 2 change in the median concentration between RM2 and RM12

® Also notable on the figure are the occurrence of values greater than 1. While this is theoretically
impossible based on the definition of the 2,3,7,8-TCDD to Total TCDD ratio, in reality, these quantities are
actually determined separately. As a result, analytical variability can result in values slightly greater than 1.
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when normalized to TOC. In contrast, 2,3,7,8-TCDD concentrations increase by more
than 2 orders of magnitude between RM17.4 and RM12 as relatively clean Upper Passaic
River solids are mixed with the highly contaminated solids of the Lower Passaic River. A
similar but less steep gradient occurs below RM2, as less contaminated solids from Upper
New York Bay are mixed with Lower Passaic River solids across Newark Bay and the
lower 2 miles of the Lower Passaic River. The relative lack of a trend in concentrations
with river mile in RM2 to RM12 indicates the effects of tidal mixing. The observation
that this same stretch is 1 to 2 orders of magnitude more contaminated than the regions
upstream and downstream indicates that a very large source of dioxin exists in this
region. As shown elsewhere (e.g., the Empirical Mass Balance in Appendix C), this

source is the legacy’ sediments of the Lower Passaic River.

Figure 2.3-1 presents the results for 2,3,7,8-TCDD for 0 to 6 inch samples for the Lower
Passaic River as well as Newark Bay and the Upper Passaic River. Note the vertical
scale: in order to represent the full range of concentrations observed in this 30 mile

portion of the Passaic River and Newark Bay, the diagram spans 7 orders of magnitude.

It is evident from Figure 2.3-1 that the various data sets are similar in range and central
tendency. Presented in this fashion, the surface concentrations describe several domains:

e The Upper Passaic River, with its extremely low 2,3,7,8-TCDD concentrations
(less than 3 pg/Q),

e RMI12 to RM17.4 region, characterized by a two-order of magnitude gradient in
the median 2,3,7,8-TCDD concentration, the result of the mixing of Upper
Passaic solids with resuspended solids originating in the Lower Passaic River,

e RM8 to RM12 region, characterized by highly variable concentrations of 2,3,7,8-
TCDD, ranging from about 5 to 23,000 pg/g but with relatively few samples
around the median concentration of 294 pg/g.

" The term “legacy sediments” is used to refer to contaminated sediments deposited in the river during the
period that it was filling in, and that are the legacy of the long history of industrial and municipal
discharges to the river.
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e RM2 to RM8 region, characterized by a similar range in the 2,3,7,8-TCDD
concentration (1 to 34,000 pg/g) but a stronger central tendency to the
distribution, with many samples close to the median of 280 pg/g.

e RMO to RM2 region, characterized by a shallower gradient than that observed at
RM12 to RM17.4, declining from about 280 to 100 pg/g, as solids from Newark
Bay are mixed into the Lower Passaic River.

e Newark Bay, where the gradient that begins at RM2 extends through the bay, as
less contaminated solids from Upper New York Bay are mixed with solids from

the Lower Passaic River.

Also shown on the diagram are samples from the tributaries to the Lower Passaic River,
but below the head of tide. Because they were obtained below the head of tide, they may
be impacted by solids transported from the Lower Passaic River during hide tide periods.
Nonetheless, they are much lower than samples from the main stem of the river (less than
10 pg/g), consistent with the lack of 2,3,7,8-TCDD contamination in these water bodies,

as concluded in Data Evaluation Report No.2.

Of particular note in Figure 2.3-1 is the lack of a concentration gradient in the RM2 to
RM12 portion of the river. While surface sediments exhibit a large degree of variability,
the central tendency remains the same, unlike the regions outside these river miles. This
observation is strong evidence of the extent and intensity of tidal mixing. In this portion
of the Lower Passaic River, gradients along the axis of the river are minimized and
surface concentrations are the result of both recent deposition as well as the erosion of the

legacy sediments.

Figure 2.3-2 presents the data available for samples 2 inches or less in thickness from the
historical record for the Passaic River only. Samples for this interval were obtained only
from 1991 to 1993 (0 to 2 inches) and in the 2007-2008 (0 to 1 inch) USEPA studies.
While these data are much more limited, they still describe the same trends in
concentration evident in Figure 2.3-1 while also exhibiting less variability at any given

river mile interval. This is partially attributable to the sampling programs involved. The
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2007-2008 USEPA programs specifically targeted recently-deposited Be-7 bearing
sediment (discussed further below). This targeting produced the observations of low
contaminant concentration variability in recently-deposited sediments. The objectives of
the 1991 to 1993 programs were not as focused on Be-7 bearing sediments but were
concentrated at the downstream end of the Lower Passaic River where sediment
concentration variance tends to be reduced (see Figure 2.3-1). Nonetheless, the
observation of greatly reduced variability in the 0 to 2 inch samples indicates that the 0 to
6 inch samples include more highly contaminated sediments, either as samples from
highly contaminated areas or as samples from locations where highly contaminated
sediments underlie more recently deposited sediments. Data Evaluation Report No. 3
provides evidence that highly contaminated sediments equate to older sediments. Thus,
the presence of more contaminated sediments in the 0 to 6 inch samples also means that
much older sediments, deposited in the 1950s and 1960s, lie at or very close to the

sediment-water interface.

Figure 2.3-3 presents the results for recently-deposited sediments in the Lower Passaic
River (0 to 1 inch, Be-7-bearing samples) as well as for samples from depositional
locations (0 to 6 inch samples at locations with Be-7 present in the 0 to 2 inch interval).
As noted previously, in the Lower Passaic River, the latter samples are not considered
recently-deposited, but rather represent a mixture of recent deposition and older (pre-
1990s), underlying sediments. The Newark Bay samples were collected in the same
manner, also representing 0 to 6 in sediment intervals. However, the Newark Bay
samples presented here were further restricted to channel areas, which are generally
subject to frequent dredging. As such, much of the sediment in these samples is likely to
be deposited since the last dredging event. As a result, these samples are expected to
consist of sediments no more than 3 to 5 years old (the typical interval between dredging
events). The reduced level of variation in these samples relative to similar samples
obtained by the CPG in the Lower Passaic River suggests that the Newark Bay samples
selected in this manner do avoid inclusion of older (pre-1990s), more contaminated

sediments.
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The recently-deposited sediments presented in Figure 2.3-3 describe a tightly defined
function, with little variance between RMO and RM12. The absolute concentration varies
only about 2.5-fold over this interval (i.e., from 250 to 550 pg/g), but variation between
neighboring points (separated by 0.5 to 1 mile) is generally less than 25 percent. This is a
dramatic reduction in the nearly 4 orders-of-magnitude variability (3 to 15,000 pg/g)
observed in the 0 to 6 inch samples from this portion of the Lower Passaic River, as
exhibited in Figure 2.3-1. The concentration gradients at RMO to RM2 and RM12 to
RM17.4, which became apparent only after the collection of many hundreds of 0 to 6

inch samples, are apparent here with just a few samples.

In the lower diagram of Figure 2.3-3, the 2,3,7,8-TCDD concentrations have been
normalized to TOC in the samples. This normalization further reduces the gradient in the
recently-deposited samples from RM2 to RM12 to about 2 fold, indicating that some of
the gradient in the absolute 2,3,7,8-TCDD concentration is simply due to higher organic
content in the Be-7 bearing samples upstream. Notably the normalization does little for
the variability observed in the 0 to 6 inch samples obtained from depositional zones,
further supporting the assertion that these samples do not represent recently-deposited
sediments alone but incorporate a significant fraction of older, more contaminated

sediments.

Figures 2.3-4 to 2.3-6 present the same sequence of results for Total TCDD. As expected,
the distribution of this parameter closely mimics that of 2,3,7,8-TCDD, given the high
percentage of 2,3,7,8-TCDD in the Total TCDD. Note that there are no Total TCDD
results for the 2008 samples obtained by the CPG due to analytical issues as discussed

above.

Figures 2.3-7 to 2.3-9 present the same sequence for the 2,3,7,8-TCDD to Total TCDD
ratio. This ratio behaves somewhat differently from the concentration data, showing an
even steeper gradient in the RM12 to RM17.4 portion of the river. This is expected since
the ratio will remain fairly constant as Lower Passaic River solids are diluted with the
much less contaminated Upper Passaic solids. Only when the mass contributions to a
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sediment sample from the Upper Passaic River and Lower Passaic River are comparable
(i.e., concentrations of 2,3,7,8-TCDD are less than 10 pg/g) will the ratio deviate from
that observed in the main portion of the Lower Passaic River. The same arithmetic
applies across Newark Bay. Thus with the elevated dioxin ratios observed in the Bay, it
can be concluded that the vast majority of the 2,3,7,8-TCDD burden in Newark Bay
sediments is due to loads delivered by the Lower Passaic River.

2.4 Influence of the Navigational Channel and Sediment Texture

The next sequence of figures considers the influence of the navigation channel and
sediment texture on the concentrations of 2,3,7,8-TCDD. In Section 2.1, the examination
of 2,3,7,8-TCDD concentrations and sediment textures on a map basis suggested that the
region above RM8 was different than that below RM8. In this section, the distribution of
concentrations from RMO to RM12 is examined more closely to further explore these

observations.

In Figure 2.4-1, 2,3,7,8-TCDD concentrations from RM8 to RM12 are contrasted with
those observed from RM1 to RM7 based on 0 to 6 inch samples. In this comparison, the
interval from RM1 to RM7 was used since it was extensively sampled in both 1995 and
2008. Notable in the figure for the RM1 to RM7 interval is the close agreement of the
median values for 1995, the 2008 to 2010, and the 2012 samples, as represented by the
horizontal lines. In this region, both coarse and fine-grained sediment samples from the
2008 to 2010 sampling programs have comparable median concentrations. The median
values for the 2012 fine-grained sediment from RM1 to RM7 are almost the same as the
median values for the 1995 and 2008 to 2010 samples. No median is represented for the
2012 coarse-grained sediment since the data are too limited in number. Note that the
coarse and fine-grained sediment assignments for 2008 to 2012 are based on a 2005 side-
scan sonar survey and not the individual sample descriptions. 1995 samples were not
sorted in this manner since grain-size distribution data were not obtained for these
samples and the 2005 side scan sonar survey was not considered representative of 1995

conditions due to the passage of time.
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Above RM8, concentrations for coarse and fine-grained sediments for the 2008 to 2010
dataset as defined by side scan sonar differ by a factor of 3, with coarse-grained sediment
concentrations (140 pg/g) about 3 times lower than fine-grained sediments concentrations
(370 pg/g). Fine-grained sediments above RM8 are comparable in concentration to
samples below RM8 (370 vs. 294 pg/g, respectively). For the limited 2012 dataset, the
median values of the concentrations for fine-grained sediment are about 80 percent higher
than the corresponding median values for the 2008 to 2010 dataset (578 vs. 370 pg/g,
respectively). While the difference between the 2008 to 2010 and the 2012 datasets
appear relatively large, similar median values are also observed for subsets for the 2008-
2010 dataset, such as the 2008 USEPA dataset for RM8 to RM12 (median value 538
pag/g). In contrast, the median values of the concentrations for coarse grain sediments for
2012 dataset are 5 times lower than the corresponding median values for the 2008 to
2010 dataset (18 vs. 140 pg/g, respectively). The reason for the difference is not known
but may be due to effects due to Hurricane Irene, which preceded the 2012 sampling
event, or due to the limited sample size for 2012 (8 samples), among other possible

causes.

The general consistency in the mean 2,3,7,8-TCDD concentrations in fine grained
sediments throughout RM2 to RM12 is taken as further evidence for the dynamic and
extensive nature of tidal mixing in the Lower Passaic River, generating comparable levels
of fine-grained sediment concentration throughout the lower 12 miles of the estuary,
particularly between RM2 and RM12. Given that the majority of fine-grained sediment
areas are located below RM8.3, this observation also provides direct support for the focus

of the FFS on the lower eight miles.

The Lower Passaic River has a navigation channel from RMO to RM15. Maintenance
dredging of this channel ceased in the 1950s to 1980s (depending on river mile). The
coincidence of chemical disposal in the river prior to restrictions arising from the Clean
Water Act, along with the construction and subsequent limited maintenance of the
navigation channel, created an ideal situation for contaminated sediments to accumulate

in the Lower Passaic River. The deepest portions of the channel were constructed below
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RMS8, with minimum channel depths of 16 ft or greater. This has led to the accumulation
of thick beds of contaminated sediment both in the channel as well as in the shoals below
RMS8 (see Chapter 4 of the RI).

The region below RM8 was further examined, taking into account the navigation channel.
Specifically, samples were assigned as in the navigational channel or in the shoals based
on the USACE channel boundaries. These two populations of samples were then
examined to see if concentrations in the navigational channel were in reality lower than
those in the shoals, akin to the observations above RM8. To make the comparisons
robust, all of the available 0 to 6 samples obtained in this portion of the Lower Passaic

River were used in the analysis.

To make this comparison, log-transformed concentrations were compiled for channel and
shoal areas for RMO to RM2 and RM2 to RM8, reflecting the observed change in the
2,3,7,8-TCDD concentration trend with river mile that occurs around RM2, with the
intention of maximizing the probability that a statistically significant difference would be
observed if present. The results of these calculations are shown on an absolute
concentration basis in Figure 2.4-2a and on a TOC-normalized basis in Figure 2.4-2b. In
both river mile intervals, the results indicate no statistically significant differences
between channel and shoal areas on an absolute basis. On a TOC-normalized basis, shoal
and channel concentrations agree with uncertainty from RMO to RM2 and channel
concentrations are about 50 percent lower than the shoal concentrations from RM2 to
RMS8. The difference in channel and shoal is considered minor in comparison with the
four order of magnitude variation in 2,3,7,8-TCDD concentrations observed in each of
these areas. The channel and shoal areas equally show local variations but no systematic
trends with river mile, consistent with expectations given the history of the channel
dredging as described above.

The analyses presented in Figures 2.4-1 and 2.4-2 were repeated for Total TCDD but are
not shown here since the results were essentially the same as those of 2,3,7,8-TCDD. A
parallel analysis was conducted for the 2,3,7,8-TCDD to Total TCDD ratio, replicating
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the presentations in Figures 2.4-1 and 2.4-2. These results are shown in Figures 2.4-3 and
2.4-4. In Figure 2.4-3, it is evident that, unlike the 2,3,7,8-TCDD concentration results,
the 2,3,7,8-TCDD to Total TCDD ratio shows little difference among sediments types or
with river mile between RM2 and RM12 for the 2009 to 2010 data. The median values of
the ratio for coarse-grained sediments between RM8 and RM12 for the 2012 dataset are
the same as the corresponding the median values of the ratio for the 2009 to 2010 dataset
(approximately 0.7), but the median values of the ratio for fine-grained sediments
between RM8 and RM12 are slightly higher (0.8). The close agreement of the ratio across
sediment texture and river mile reflects the fact that all of the 2,3,7,8-TCDD
contamination in this portion of the Lower Passaic River is derived from the same
industrial source or sources and bears the same 2,3,7,8-TCDD to Total TCDD ratio
fingerprint. The slightly higher ratio and higher concentrations in the fine-grained
sediments above RM8 for the 2012 data may identify these samples as older sediments
present at the river bed surface. Dated sediment core results from this river section show
higher 2,3,7,8-TCDD concentrations and higher 2,3,7,8-TCDD to Total TCDD ratios for
older sediments. The differences in concentration in the RMO to RM12 region are largely
due to variations in fine-grained sediment content or TOC, variations that will not change
the characteristic ratio. The 1995 results did yield a slightly higher 2,3,7,8-TCDD to
Total TCDD ratio than the 2008 to 2012 results for RM0-8; however, these differences
are minor in comparison to typical baseline ratios of 0.04 to 0.06. The reason for the
difference between 1995 and subsequent studies is unknown but may be due minor
analytical differences between 1995 and 2009 to 2012 studies in the Total TCDD sum
(particularly since the median concentrations of 2,3,7,8-TCDD agree closely between the

two periods®).

® The lack of change in the median concentrations of 2,3,7,8-TCDD accompanied by the small decline in
the ratio between the two studies indicates an increase in the reported Total TCDD values between the two
periods. While the reason for the increase in Total TCDD is not known, a slight difference in analytical
techniques is likely. The observation of a 0.07 decline in the value of the ratio needs only a 10 percent
increase in the average Total TCDD value. This deviation is well within the likely accuracies of the studies
involved.
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The comparison of channel and shoal areas yielded no difference in ratio for the RMO to
RMZ2 portion but did show a statistically significant but substantively unimportant
difference in the 2,3,7,8-TCDD to Total TCDD ratio (a difference of 0.04 on a mean
value of 0.7). This difference parallels the difference between the 1995 results and those
of the 2009 to 2012 dataset, illustrated by the horizontal median lines seen in Figure 2.4-
3. The reason for this small difference is not known but it is similar in size to the small
differences observed among analytical programs. Figure 2.4-5 contrasts the distribution
of the ratio for the two study periods for the RMO to RM2 and the RM2 to RM8 portions
of the Lower Passaic River.

While these observations identify minor differences in the dioxin ratio among programs,
the main conclusion to be drawn from the ratio analysis is that the ratio is nominally 0.7
with minor variations everywhere the same, regardless of sediment texture (note the
small variability in linear scale in Figures 2.4-3, 2.4-4, and 2.4-5), and markedly different
from all known external sources of 2,3,7,8-TCDD. This observation is a major supporting
line of evidence to the conclusion that estuarine circulation in the Lower Passaic River
mixes fine-grained sediment over its entire length, particularly from RM2 to RM12.
Further, these observation are important evidence for the absence of external sources of
2,3,7,8-TCDD of any consequence.

2.5 Summary of Dioxin-Related Observations

Taken together, these quantitative analyses confirm the lack of change in surface
sediment concentrations of 2,3,7,8-TCDD over time, as well as confirming the unique
2,3,7,8-TCDD to Total TCDD ratio first observed by Chaky (2003). The 2,3,7,8-TCDD
concentrations in the top 6 inches of sediment show nearly 4 orders of magnitude
variation within 1 mile intervals between RM2 and RM12, but less than a factor of 2
change in the median concentration over the same distance when normalized to TOC. An
essentially identical trend is observed in recently-deposited Be-7 bearing sediments when
normalized to TOC. In contrast, 2,3,7,8-TCDD concentrations increase by more than 2
orders of magnitude between RM17.4 and RM12 as Upper Passaic River solids are mixed

with the highly contaminated solids of the Lower Passaic River. A similar but less steep
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gradient occurs below RM2, as less contaminated solids from Upper New York Bay are
mixed with Lower Passaic River solids across Newark Bay and the lower 2 miles of the
Lower Passaic River. The observations regarding the 2,3,7,8-TCDD to Total TCDD ratio
further support these observations, as the ratio varies little between RM2 and RM12 and
then declines across the concentration gradients at either end of the Lower Passaic River.
Surface concentrations within RM2 to RM12 are affected by spatial variations in fine-
grained sediment content, which occur primarily above RM8. Below RMB8, the channel
and shoal areas are comparably contaminated, with local variations but no systematic
trends with river mile. While the variations in fine-grained sediments affect the
distribution of 2,3,7,8-TCDD concentrations, they do not affect the 2,3,7,8-TCDD to
Total TCDD ratio. In total, these observations are well explained by the historical
industrial discharges of 2,3,7,8-TCDD and the occurrence of extensive tidal mixing and
reworking of the sediment bed, generating locally variable concentrations as legacy
sediments are exposed while recent deposition is evenly contaminated over intervals of
several miles, yielding the observations seen in 0 to 6 inch samples and in recently-

deposited Be-7 bearing sediments.
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3 TEMPORAL AND SPATIAL TRENDS FOR OTHER
CONTAMINANTS

This section describes the temporal and spatial distribution of the other COPCs and
COPEC:s for the Lower Passaic River, constructed along the same analyses performed in
Section 2. The other contaminants of the Lower Passaic River often follow the spatial and
temporal trends observed in the 2,3,7,8-TCDD results, but there are occasional
differences. Many times these differences are due to more significant external sources
relative to those for 2,3,7,8-TCDD. In the following discussions, only the differences
between the distributions of the various compounds of concern and the distribution of
2,3,7,8-TCDD are noted. The compounds of concern are addressed by compound class
since trends are often similar within the class. The discussions are organized in this
manner to keep the narrative text brief and focused on the important issues. However, the

attached figures parallel the analyses completed for 2,3,7,8-TCDD.

For each compound examined, 1995 sampling results are contrasted with more recent
measurements. While statistically significant differences are often seen in these
comparisons, there are analytical issues due to changes in analytical techniques during
the intervening years. For this reason, changes in surface sediment concentrations are
noted but not considered definitive of the rate or even the direction of change. The dated
sediment cores described in Data Evaluation Report No. 3 are used to estimate long term

trends in surface sediment concentrations.

The following observations made for 2,3,7,8-TCDD were also confirmed by all other
COPCs and COPECs:
e Surface concentrations are locally variable but largely without trend in river mile
from RM2 to RM12.
e When upstream contamination is less than that of the Lower Passaic River, a
decreasing concentration gradient occurs from RM12 to RM17.4.
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When downstream contamination is less than that of the Lower Passaic River, a
decreasing concentration gradient occurs from RM2 to RMO0 and sometimes
extends to the southern end of Newark Bay.

For organic contaminants, normalization to TOC reduces the longitudinal
variation within the Lower Passaic River for Be-7 bearing sediments but does
little to reduce local variability in 0 to 6 inch samples from depositional locations.
Additionally, with the exception of PAHs, normalization to TOC reduces the
concentration gradients observed above RM12 and below RM2. A similar
statement for metals normalized to iron is made in the next set of bullet points
below.

Surface concentrations within RM2 to RM12 are affected by variations in fine-
grained sediment content, which occur primarily above RM8. From RM2 to RM8,
where the river bottom is dominated by fine-grained sediment, bank to bank, each
contaminant showed comparable median concentrations in channel and shoal
areas, with local variations. No contaminant showed a systematic trend with river
mile between RM2 and RMS8.

The spatial distribution of the other COPCs and COPECs in the Lower Passaic
River are well explained by the occurrence of extensive tidal mixing and
reworking of the sediment bed, generating locally variable concentrations as
legacy sediments are exposed while recent deposition is evenly contaminated over

distances of several miles.

The following observations were made from several of the other contaminants, and add to

the list above:

Some component of the gradient above RM12 is due to the greatly reduced
presence of fine-grained sediment above this river mile. In some instances,
normalization to TOC or iron largely eliminates the gradient, indicating that the
Upper Passaic River is contributing contaminant concentrations on a fine-grained
particle basis that are comparable to those observed in the Lower Passaic River.
Extreme values of many other compounds of concern do not always coincide with

extreme 2,3,7,8-TCDD surface concentrations. This is likely to stem from
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extensive tidal mixing and reworking of the sediment bed and from differences in
release history relative to 2,3,7,8-TCDD, respectively.

e For metal contaminants, normalization to iron reduces sample-to-sample
variability across sampling event, often fairly substantially, and typically more
than TOC normalization does for organic contaminants, indicating that fine-
grained sediment content, which parallels iron levels in the sediment, may control
metal contamination levels more closely than organic contamination levels.

e Some compounds appear to have lower surface concentrations in the 2008-2012
sampling period than in 1995, unlike 2,3,7,8-TCDD. These observations are
inconsistent with those from the dated sediment cores (see Data Evaluation
Report No. 3) and probably result from analytical differences among sampling
programs, an issue that is not a concern for the dated sediment cores since they
were all analyzed over a six month period by the same laboratories and analytical

techniques.

Because of the apparent variations in surface sediment concentrations over time for some
contaminants [mercury, DDT and its metabolites (noted as Total DDx), and dieldrin in
particular] and the associated analytical issues, summary statistics of surface sediment
concentrations were compiled based on the 2008 to 2012 data alone. This summary is
based on 0 to 6 inch samples only and includes both CPG and USEPA sampling efforts
from this period. The summary statistics are provided in Table 3-1. The compiled values

in the table are considered estimates of current surface sediment conditions.

3.1 Temporal and Spatial Trends of PCBs in Surface Sediments

In general, the observations of PCBs concentrations in the surface sediments of the
Lower Passaic River are very consistent with the observations of 2,3,7,8-TCDD
concentration trends. The primary analysis of PCBs was done as the sum of PCBs, or
“Total PCBs”, rather than individual congeners, homologues, or Aroclors. Not all data
sets quantified PCBs in the same manner. Both the 1995 TSI data set and the 2008
USEPA data estimated Total PCBs as the sum of Aroclors, while all other recent

sampling efforts collected PCB congener data. In order to reconcile the two PCB metrics,
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an adjustment factor was developed from a subset of the 2008 USEPA and CPG data in
which both Total PCBs by congener and Total PCBs by Aroclor were developed (see
Attachment B of Data Evaluation Report No 3). Based on matched pairs of congener
analysis and Aroclor analysis, the congener sum was found to be, on average, 1.25 times
higher than the Aroclor sum. On this finding, the 1995 TSI and 2008 USEPA Aroclor
data were multiplied by a factor of 1.25 to make the measurements equivalent to the

2008-2010 CPG results and enables a much more extensive and robust series of analyses.

Unlike the 1995 TSI and 2008 USEPA data for PCBs, there were no matched pairings of
PCB Aroclor and PCB congener analytical results made as part of the 1999-2000 surface
sediment study by TSI and the Minish Park Study. To create a rough basis for
comparison and enable some mapping of the 1999-2000 shoreline data in Figure 3.1-1,
the 1999-2000 Total PCB concentration was estimated based on the sum of the reported
10 congeners multiplied by 17.8. This factor was based on the ratio between the average
1999-2000 surface sediment concentration and the average Total PCB concentration in
the 1999-2000 horizons of the dated high-resolution sediment cores collected in 2005.
Because of the uncertain nature of this factor, the 1999-2000 data are presented only in
Figure 3.1-1 and were not used in any of the subsequent statistical analyses for PCBs
presented later in this data evaluation report.

Figures 3.1-1 to 3.1-9 present a set of analyses that parallels the analyses done for
2,3,7,8-TCDD. Additionally, Figure 3.1-7 presents the results for three PCB congener
peaks for the 2005 to 2008 Be-7 bearing samples and CPG samples containing Be-7.
(Note that the 2012 CPG samples were not analyzed for Be-7 and so are not represented
here.) The three PCB congeners were plotted to represent a range of PCB molecular
weights, from light (BZ52+69), medium (BZ90+101+113), and heavy (BZ180+193).
These diagrams represent the results of congener-specific analyses and were plotted to
confirm that the trends seen in the Total PCB analyses are also observed on a congener
level. In addition to confirming many of the 2,3,7,8-TCDD observations discussed above,

the PCB analyses also yield the following observations:
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e Surface sediment concentrations of Total PCBs appear unchanged over time, with
some allowance for the difficulties in comparing the two analytical methods used.
No statistically significant differences were observed. This is consistent with the
very gradual decline in concentration observed in the dated sediment cores. A
similar comparison of the two periods is made in Figure 3.1-8, but for RM1 to
RM?7 as opposed to the intervals used in Figure 3.1-3a. In this instance, the
median value for the adjusted Total PCB concentrations in 1995 is within 10
percent of the 2008-2010 value for RM1 to RM7. Given the assumptions and
uncertainties involved in applying the adjustment factor, any real change in the
surface sediment concentration is too small to be distinguishable from the
uncertainties and variability in the data sets.

e Relatively minor concentration gradients are observed above RM12 and below
RMZ2, especially after TOC normalization of the Be-7 bearing sediment samples
(Figure 3.1-6). Specifically, the RM2 to Newark Bay gradient for TOC-
normalized PCB concentrations is reduced to a factor of 2 over its length and the
Upper Passaic River to RM12 gradient is essentially eliminated. This indicates
that surface sediment concentrations of Total PCBs in the Lower Passaic River
are more similar to those found in the Upper Passaic River and Newark Bay as
compared to the very large (2 orders of magnitude) gradients observed for 2,3,7,8-
TCDD concentrations in these areas.

e The Total PCBs concentrations in Be-7 bearing sediments in the Upper Passaic
River are very similar in concentration to concentrations in Be-7 bearing
sediments in the Lower Passaic River, especially when TOC-normalized. This
suggests that the load of PCBs from the Upper Passaic River is a significant
portion of the Total PCB budget for the Lower Passaic River. This indication is
confirmed by the Empirical Mass Balance Analysis (see Appendix C).

e Similar to 2,3,7,8-TCDD, Total PCB concentrations above RM8 are about twice
as high in fine-grained sediments as compared to coarse-grained sediments, but
show no difference in time (1995-2010) or river mile (RM1 to RM13, comparing
fine sediments). Total PCBs concentrations also and show no significant

difference between channel and shoal sediments below RMS8.
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3.2 Temporal and Spatial Trends of Pesticides in Surface Sediments

The three pesticides identified as COPC and COPECSs in the risk assessment were
analyzed for surface sediment concentration trends: Total 4,4’-DDT, including all 3
forms (4,4’- Dichlorodiphenyltrichloroethane (4,4’-DDT) and its metabolites 4,4’-
Dichlorodiphenyldichloroethane (4,4’-DDD) and 4,4’- Dichlorodiphenyldichloroethylene
(4,4’-DDE); abbreviated here as Total DDx), dieldrin, and total chlordane. Pesticides
generally confirmed the observations obtained from the analysis of 2,3,7,8-TCDD. In
particular, the observations relating to the current distribution of contamination along the
main axis of the river, where the 0 to 6 inch surface concentrations are highly variable but
show no trend with river mile from RM2 to RM12. Like 2,3,7,8-TCDD, the pesticides
show decreasing concentration gradients with river mile above RM12 and below RM2.
However, there are apparent differences in surface concentrations over time for two of
the pesticides. Changes in analytical techniques during this period make it difficult to
determine if these differences are real. Among other concerns, 4,4’-DDT quantitation in
1995 was relatively poor due to the presence of significant interference, resulting in many
rejected and nondetect analyses. Note that gas chromatography/electron capture detector
(GC/ECD) SW-846 Method 8081A used in 1995 was rejected in favor of high resolution
gas chromatography/high resolution mass spectrometry (HRGC/HRMS) USEPA Method
1699 and NYSEC HRMS-2, WS-ID-0014 in the later studies. For this reason,
comparisons involving the 1995 data set are done on the basis of 4,4’-DDE alone (this
compound was fairly frequently detected in surface sediment samples) while later
comparisons use the sum of the 3 DDT forms (4,4’-DDE, 4,4’-DDD, and 4,4’-DDT).
Figures 3.2-1 to 3.2-25 present the sequence of analysis for these pesticides, paralleling
the 2,3,7,8-TCDD analyses. Following are the additional observations from the analysis
of the pesticide results, including differences from the 2,3,7,8-TCDD observations:
e 4.4’-DDE, dieldrin, and total chlordane did exhibit higher concentrations in fine-
grained sediments versus coarse-grained sediments above RM8 (2-3 times), as was
observed for 2,3,7,8-TCDD. However, the concentrations in the fine-grained

sediments above RM8 were notably higher than those below RM8 (about 1.5 to 2.0
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times as high). This is different from the behavior for 2,3,7,8-TCDD, wherein fine-
grained sediment concentrations were the same upstream and downstream of RM8.

e Both Total DDx and dieldrin exhibited little difference between shoal and channel
areas for RM2 to RM8, as was observed for 2,3,7,8-TCDD. However, median
channel and shoal concentrations for the two pesticides were different in RMO to
RMZ2, with shoal concentrations about 25 and 45 percent lower than channel,
respectively for Total DDx and dieldrin. Total chlordane exhibited lower
concentrations in the shoals than in the channel everywhere below RM8: about 25
percent lower for RM2 to RM8 and 45 percent lower for RMO to RM2. The reason
for the channel-shoal differences in pesticides that were not evident in 2,3,7,8-TCDD
and PCBs is unknown. Nonetheless, while these differences are significant based on
statistical considerations, they do not represent substantive differences between
channel and shoal in the level of risk posed by these compounds. Specifically, risks to
biota and humans are linearly related to environmental concentrations (see Data
Evaluation Report No. 6). As a result, only order of magnitude changes yield
substantive changes in risk. Therefore, the channel and shoal sediments would be
expected to yield comparable risk levels for the same exposure scenarios since the
concentration differences between channel and shoal sediments are a factor of 2 or
less (i.e., less than 50 percent).

e The concentration gradients with river mile above RM12 and below RM2 are
substantially shallower than those observed for 2,3,7,8-TCDD. The Be-7 bearing
sediments and TOC normalized data reduces the concentration gradients with river
mile for pesticides even further. This observation highlights the greater importance of
the Upper Passaic River in the mass budgets for these compounds in the Lower
Passaic River. The substantive reduction of the gradient above RM12 by controlling
for time (Be-7 bearing) and TOC content indicates that the Upper Passaic River is
currently delivering solids with concentrations for these three pesticides that are
comparable to Lower Passaic River concentrations on a TOC basis. Variations in
absolute concentrations for these compounds between RM12 and RM17.4 are largely
a factor of the organic carbon content and by inference, the coarse-grain sediment

fraction. In a similar construct, the shallowness of the concentration gradient to
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Newark Bay highlights the presence of substantive levels of these compounds on
NY/NJ harbor suspended matter. In total, these observations indicate that these
compounds are more strongly influenced by external solids loads to the Lower
Passaic River, unlike 2,3,7,8-TCDD. The relative importance of external sources and
resuspension of legacy sediment is quantitatively estimated in the Empirical Mass
Balance Analysis (see Appendix C).

e The concentrations observed for 4,4°,-DDE and dieldrin in the 1995 TSI study mimic
the spatial distribution of these contaminants in 2008 to 2012 (i.e., highly variable but
with little to no trend with river mile). However, the absolute concentrations of these
two pesticides are 2 to 5 times higher in 1995 than in 2008 to 2012 period for DDE
and dieldrin, respectively. This observation is not borne out by other lines of
evidence, such as the dated sediment cores (see Figures 3.2-26 and 3.2-27 and Data
Evaluation Report No. 3) and fish body burdens (see Data Evaluation Report No. 6).
For 4,4’-DDE, the decline in surface sediment concentrations appears much more
rapid than the dated sediment cores or the fish tissue. Figure 3.2-26 shows the very
slowly declining concentrations of 4,4’-DDE across all five dated sediment cores. For
dieldrin, the dated sediment core evidence from both the Upper and Lower Passaic
River indicates that concentrations for this compound are increasing over time at all
dated sediment locations (see Figure 3.2-26), whereas the 1995 to 2008- 2012 trend
for the surface sediments indicates a decline in concentration.

e Comparisons involving the 1995 data set for DDT were done on the basis of 4,4’-
DDE alone, because of analytical concerns for 4,4’-DDT and its other metabolite in
the 1995 data set. Specifically, the 1995 results were obtained using SW-846 Method
8081A, which involves GC/ECD. Quantitation by this method was relatively poor
due to the presence of many interferences, resulting in many rejected and non-detect
results. Comparisons among the later data sets are able to use the sum of the three
DDT forms (4,4’-DDE, 4,4’-DDD, and 4,4’-DDT) to represent Total DDx
concentration trends, because quantitation was improved through the use of a
HRGC/HRMS (USEPA Method 1699 and NYSDEC HRMS-2, WS-1D-0014). In
2008, the CPG analyzed chlorinated pesticides by both the HRGC/HRMS method and
the standard SW-846 GC/ECD method. The results show that the HRGC/HRMS
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procedures offer greater sensitivity, improved accuracy, and enhanced compound
identification.

e Given these concerns and observations, the calculated decline in concentrations from
1995 to 2012 suggested by the 0 to 6 inch samples for these compounds is unlikely to
have actually occurred. Rather, the declines described by the dated sediment cores are

considered more reflective of the true changes in these compounds over time.

3.3 Temporal and Spatial Trends of PAHSs in Surface Sediments

Recognizing the close correlations among individual PAH compounds, PAHs were
treated in three groups rather than as individual compounds for this analysis. Parallel
analyses were conducted for high molecular weight (HMW) PAHSs (4 or more rings per
molecule), low molecular weight (LMW) PAHSs (2 to 3 rings per molecule), and Total
PAHSs. The analyses are presented in Figures 3.3-1 to 3.3-24. In general, PAH compounds
closely replicated the trends for 2,3,7,8-TCDD in nearly all aspects below RM8 and had
no trend with river mile to RM12. The notable differences involved the following
observations:

0 The PAH concentration trend above RM12 lacked a downward gradient
toward RM17.4,
0 The correlation between PAHs and sediment characteristics above RM8
differed from the 2,3,7,8-TCDD spatial trends, and
o0 A comparison of the 1995 to the later studies suggested an apparent increase
in PAH concentrations to the present (i.e., 1995 sediments were statistically
lower than more recent samples).
The last observation is attributed to analytical differences between programs and is not
considered accurate since the high resolution cores do not support increasing surface
sediment PAH concentrations over time, indicating instead that PAH concentrations in
surface sediments have remained nearly constant since about 1975 (see Data Evaluation
Report No. 3). The following are the main observations derived from the PAH results:
e The trends with river mile for the three PAH sums are similar to each other and to
observations from 2,3,7,8-TCDD concentrations, indicating the mixing ability of tidal

transport, scour, and deposition.
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PAH concentrations do not decline appreciably above RM12, unlike 2,3,7,8-TCDD
and to a lesser extent, 4,4’-DDE. If concentrations are normalized to TOC, they
actually increase above RM12 for both coarse and fine-grained sediments.

PAH concentrations in the Upper Passaic are comparable or higher than those
observed in the Lower Passaic River. This is most easily evident when Be-7 bearing
sediments are normalized to TOC; Upper Passaic River sediments are clearly higher
in PAH concentrations. This difference indicates an on-going source of PAHSs to the
Lower Passaic River from the Upper Passaic River, given the magnitude of flow and
solids that enter the Lower Passaic River from the Upper Passaic River. This data-
based observation is confirmed by the Empirical Mass Balance analysis (see
Appendix C), which finds the Upper Passaic River to be the most significant PAH
source of benzo(a)pyrene and fluoranthene to the Lower Passaic River.

A comparison of the PAH concentrations in fine-grained and coarse-grained
sediments above RM8 yielded the smallest differential between the two sediment
types for any of the organic compounds examined. Median concentrations on coarse-
grained sediments were only 25 percent lower than the concentrations on fine-grained

sediments. By contrast, most other organic compounds were at least 40 percent lower

on coarse-grained sediments.

3.4 Temporal and Spatial Trends of Metals in Surface Sediments

The last compound class considered in this analysis of surface sediment contamination is

the metals. In this analysis, cadmium, chromium, copper, lead, and mercury are examined

for their spatial and temporal trends. Of these, copper, lead, and mercury are COPCs or

COPECs. The other two metals were examined here due to their potential usefulness i
geochemical data interpretation and the Empirical Mass Balance (see Appendix C).

Figures 3.4-1 to 3.4-40 present the various analyses conducted for these five metals.

All five metals examined closely follow the spatial distribution pattern described by

n

2,3,7,8-TCDD, the main difference being the steepness of the concentration trend with

river mile below RM2. In general, Newark Bay metal concentrations on solids are not
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very different from those observed in the Lower Passaic River so the concentration

gradient below RM2 is rather shallow. The trend of metal concentrations with river mile

above RM12 is more pronounced and more closely mimics the shape of the 2,3,7,8-

TCDD trend. Overall, the spatial trends in metal concentrations confirm the observations

based 2,3,7,8-TCDD. The important additional observations are noted below:

e Iron normalization significantly reduces the variability in concentrations in most
metals for both Be-7 bearing samples as well as 0 to 6 inch samples obtained from
depositional locations. As noted previously, this reduction in variance reflects the
geochemistry of iron in that it is generally associated with the binding sites on fine-
grained particles that will also absorb other metal species. Thus, increased iron levels
indicate increased binding sites and increased fine-grained particle content in the
sample. Iron normalization typically exhibited a greater effect reducing sample-to-
sample variability for metal contaminants than TOC normalization did for organic
contaminants, indicating that fine-grained sediment content may control metal
contamination levels more closely than it controls organic contamination levels.

e Iron normalized data in RM2 to RM12 exhibit significantly reduced variability for
four of the five metals (variability among Be-7 bearing mercury analyses did not
decline as a result of normalization to iron). Sample to sample variability for three of
the four remaining metals was + 15 percent of the value or less. For lead, the
variability was reduced to + 20 percent.

e Based on the low degree of variability in recently-deposited sediments from RM2 to
RM12, it can be inferred that variations in water column fine-grained suspended
matter contaminant burdens (i.e., the particles that are the source of these recently-
deposited sediments) are reduced to the same degree or less on the scale of 6 months
to 1 year. That is, water column concentrations of metals on suspended matter vary
less than +20 percent between RM2 and RM12 when averaged over a 6 to 12 month
period. It is likely that water column concentrations of organic contaminants have a
similar level of agreement over this portion of the Lower Passaic River, based on the
similarly low variability noted in TOC-normalized samples. The distribution of metal
concentrations is considered further evidence for the dynamic and extensive nature of

tidal mixing in the Lower Passaic River.
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e Metals contamination in 0 to 6 inch surface sediments exhibit the same spatial
variation patterns as 2,3,7,8-TCDD, i.e., surface sediments exhibit a large degree of
variability but the central tendency remains the same from RM2 to RM12. The central
tendency in the 0 to 6 inch samples is generally coincident with the mean value of the
Be-7 bearing samples.

e Overall metal variability is less than that observed for the organic contaminants. This
is most easily noted by comparing the number of log cycles on the organic sample
presentations (typically 6 cycles) with those for the metal sample presentations
(typically 4 cycles).

e For cadmium, chromium, copper, and lead, shoal and channel samples were within
statistical agreement below RM8, while for mercury the data suggest some
differences in channel and shoal although the differences were not statistically
significant. All metals results showed reduced concentrations for coarse-grained
sediment samples upstream of RM8 relative to fine-grained sediment samples.

e All five metals showed a decline in 0 to 6 inch sediment concentrations from 1995 to
2008-2012 for RM2 to RM8, with the greatest decline observed for mercury. While a
decline in these concentrations is expected given the results of the dated sediment
cores, the magnitude of the change obtained by comparing surface concentrations is
much greater than predicted by other lines of evidence and suggests there may be
analytical issues across the 0 to 6 inch sediment sampling programs leading to this
observation. Notably, fish tissue concentrations in the Lower Passaic River for
several of these metals have not declined consistently over this period, varying in
trend from study to study and among species (see Data Evaluation Report No. 6). The
dated sediment cores indicate much slower rates of decline across the entire river
post-1995, but these rates appear consistent with the dated core-based rates of decline
estimated for the post-1980 period. Because of the continuous nature of the records,
their internal analytical consistency and their agreement across 12 miles of the Lower
Passaic River, the rate of decline in metals concentrations from the dated sediment
cores is considered the best estimate of the actual rate of decline in metal

concentrations.
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4 SUMMARY OF DATA EVALUATION REPORT NO. 4

The analysis of surface sediment contamination in the Lower Passaic River has provided
a series of observations that form much of the basis for the conceptual site model. These
observations provide insight into the processes at work in the Lower Passaic River that
govern the fate and transport of the contaminants found there. In conducting the analysis,
2,3,7,8-TCDD was used to glean many of the original insights due to the scale of the
differences between Lower Passaic River sediment concentrations and those of the
external sources of solids. The analysis of the other 13 compounds, representing the
compound classes PCBs, pesticides, PAHs and metals, confirmed the insights in nearly
every instance, providing an extensive series of observations to support the construction
of the conceptual site model. In a limited number of instances, the interpretation of the
other compounds provided a more nuanced understanding of the processes involved, but
did not change the main conclusions drawn from the 2,3,7,8-TCDD-based observations.
This analysis and the conclusions that follow are based on a review of data from 16
different studies of sediment contamination in the Lower Passaic River, involving

sampling intervals from 0 to 1 to O to 6 inches thick.

Listed below are the main conclusions of this data evaluation report:

e Surface concentrations are locally variable but largely without trend in river mile
from RM2 to RM12. Of note, concentrations of 2,3,7,8-TCDD in 0 to 6 inch
samples can vary over 4 orders of magnitude within a single river mile interval.
However, 2,3,7,8-TCDD concentrations in recently-deposited sediments vary less
than a factor of 3 from RM2 to RM12, slowly and regularly increasing in value
moving upstream. This gradual increase is further reduced when concentrations
are normalized to TOC. Other compounds show a similar distribution, with highly
variable local concentrations but little variation in the concentrations measured in
recently-deposited sediments from RM2 to RM12.

e When Upper Passaic River contamination on recently-deposited sediments is less
than that of the Lower Passaic River, an increasing concentration gradient occurs
from RM17.4 to RM12.
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e When downstream contamination is less than that of the Lower Passaic River, a
decreasing concentration gradient occurs from RM2 to RMO0 and sometimes
extends to the southern end of Newark Bay.

e For organic contaminants, normalization to TOC further reduces concentration
variation within the Lower Passaic River for Be-7 bearing (i.e., recently-
deposited) sediments but does little to reduce variability in 0 to 6 inch results from
samples in depositional locations. This is because 0 to 6 inch samples tend to
incorporate much older materials (pre-1990s), which are generally more
contaminated, thus reducing the interpretative value of normalization.

e Some component of the concentration gradient above RM12 is due to the greatly
reduced presence of fine-grained sediment in this region. In some instances,
normalization to TOC or iron largely eliminates the gradient for recently-
deposited sediments, indicating that the Upper Passaic River is contributing
contaminant concentrations on a fine-grained particle basis that are comparable to
those observed in the Lower Passaic River for contaminants such as PAHSs,
dieldrin and Total Chlordane.

e For metal contaminants, normalization to iron reduces sample-to-sample
variability, often fairly substantially, and typically more than TOC normalization
does for organic contaminants, indicating that fine-grained sediment content may
control metal contamination levels more closely than organic contamination
levels.

e Iron-normalized data in RM2 to RM12 exhibit significantly reduced variability
for cadmium, chromium, copper, and lead. Sample to sample variability for
cadmium, chromium, and copper was + 15 percent or less of the mean value for
RM2 to RM12. For lead, the variability was reduced to + 20 percent. Variation in
mercury concentrations is larger (roughly +45 percent) and was not reduced by
normalization to iron. The reason for the lack of improvement in mercury
variation has not been explored.

e The low variability in recently-deposited sediments indicates that tidal mixing
homogenizes water column fine-grained suspended matter contaminant burdens

(i.e., the particles that are the source of these recently-deposited sediments). That
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is, water column concentrations of metals on fine-grained suspended matter vary
less than + 20 percent between RM2 and RM12 (when averaged over a 6 to 12
month period, which is the measurement period of Be-7). It is likely that water
column concentrations of organic contaminants have a similarly low range of
variability over this region, based on the similarly low variability noted in TOC-
normalized samples.

e Surface concentrations within RM2 to RM12 are affected by variations in fine-
grained sediment content (i.e., percent fines). Most variation in fine-grained
sediment content in surface sediments occurs above RM8, where most of the river
bottom is characterized as sands and coarser sediment with pockets of fine-
grained sediments. In RM2 to RM8, each contaminant showed comparable
concentrations in channel and shoal areas, with local variations. No contaminant
showed a systematic trend with river mile in RM2 to RM8.

e Extreme values of the COPCs and COPECs occurred somewhat randomly across
the river bottom and do not always coincide with extreme values of other COPCs
or COPECs. These observations occurred in the 0 to 6 inch and 0 to 2 inch non-
Be-7 bearing samples. The randomness of these values indicates that care is
necessary in estimating local concentration averages. These extreme values are
likely the result of differences in release history for the various compounds such
that different compounds reach maximum values at different horizons with the
sediment bed. Their presence at the riverbed surface is evidence for reworking of
the sediment bed after initial deposition and burial. Alternatively, and probably
less likely in the channel and deeper shoals, their presence at the riverbed surface
may be evidence for lack of burial subsequent to deposition 30 to 40 years ago.

e Samples obtained from 0 to 6 inches integrate sediments over highly variable time
scales, whereas Be-7 bearing samples represent just the last year of deposition or
less. As aresult, 0 to 6 inch samples have inherently more variable
concentrations, incorporating deeper, more contaminated sediments.

e The observations of parallel trends in median contaminant concentrations across
the Lower Passaic River from both 0 to 6 inch samples and the Be-7 bearing

sediments is the result of the estuarine processes at work in the river. The spatial
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distribution of the COPCs and COPECs in the Lower Passaic River is well
explained by the occurrence of extensive tidal mixing and reworking of the
sediment bed, generating locally variable concentrations as legacy sediments are
exposed and reworked, while recent deposition is evenly contaminated over
distances of several miles.

e Some compounds such as DDT, mercury and dieldrin appear to have lower
surface concentrations in the 2008 to 2012 sampling period than in 1995, unlike
2,3,7,8-TCDD. The comparison of 0 to 6 inch samples indicated higher PAH
concentrations in 2008 to 2012 relative to 1995. These observations are
inconsistent with those from the dated sediment cores (see Data Evaluation
Report No. 3) and probably result from analytical differences among sampling
programs and over time. Analytical differences are not an issue for the dated
sediment cores since a single analytical technique was used across all cores for all
core layers for any given analyte. Thus, the magnitude of the differences
suggested by comparison across the various surface sediment sampling programs
may not be real.

Based on these observations, the Lower Passaic River Study area can be divided into
the following regions for the purposes of the conceptual site model of contaminant
transport:

e The Upper Passaic River exhibits a generally low level of contamination relative
to the Lower Passaic River when viewed on a simple concentrations basis; the
exception is PAHs. Normalized concentrations further reduce the differences
between the Upper Passaic sediments for PCBs, dieldrin, and chlordane, which
appear comparable to or higher than normalized levels in the Lower Passaic
River. This indicates that the level of contamination in Upper Passaic River fine-
grained sediment is comparable to levels found in recently-deposited Lower
Passaic River sediments for PAHs, PCBs, dieldrin, and chlordane. Irrespective of
normalization, however, the Upper Passaic River is still orders of magnitude
lower in 2,3,7,8-TCDD concentrations relative to the Lower Passaic River.
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e The RM12 to RM17.4 region is characterized by an increasing concentration
gradient with decreasing river mile (a two-order of magnitude gradient in 2,3,7,8-
TCDD concentration). This is the result of the mixing of cleaner Upper Passaic
solids with more contaminated resuspended solids originating in the Lower
Passaic River,

e The RM8 to RM12 region is characterized by highly variable contaminant
concentrations but little-to-no trend in concentration with river mile. Some of the
concentration variability can be explained by variations in fine-grained sediment
content. In particular, the RM8 to RM12 region has wide areas of coarse-grained
sediments and relatively few areas of fine-grained sediments. Higher contaminant
concentrations occur primarily in fine-grained sediments in this region.

e The RM2 to RM8 region is also characterized by highly variable contaminant
concentrations but has a stronger central tendency to the distribution compared to
the RM8 to RM12 region, with many samples close to the median concentration
for each contaminant. This is attributed in part to the more spatially extensive
fine-grained sediment texture that is characteristic of this region. There is little
area characterized as coarse-grained in RM2 to RM8.

e The RMO to RM2 region is characterized by a shallow concentration gradient for
most contaminants. This gradient is still substantively steeper than any trend
observed from RM2 to RM12. For 2,3,7,8-TCDD, the gradient in this region is
much shallower than that observed in the RM12 to RM17.4 region. The gradient
in the RMO to RM2 region is attributed to the mixing of solids from Newark Bay

into the Lower Passaic River as the result of tidal exchange.
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Be-7
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COPC
COPEC

CPG

CSO

DDD
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DDT

FFS

GC/ECD
HMW
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LMW
LPRSA
NYSDEC
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PAH
PCA
PC1
PC2
PC3
PCB

RI

RM
SWO

5 ACRONYMS

2,3,7,8-Tetrachlorodibenzo-p-dioxin
Beryllium-7

Ballschmiter and Zell

Contaminants of Potential Concern
Contaminants of Potential Ecological Concern
Cooperating Parties Groups

Combined Sewer Overflow
Dichlorodiphenyldichloroethane
Dichlorodiphenyldichloroethylene
Dichlorodiphenyltrichloroethane

Focused Feasibility Study

Gas Chromatography/Electron Capture Detector
High Molecular Weight

High Resolution Gas Chromatography/High Resolution Mass
Spectrometry

partitioning coefficient

Low Molecular Weight

Lower Passaic River Study Area

New York State Department of Environmental Conservation
picograms per grams of sediment

Polycyclic Aromatic Hydrocarbon

Principal Components Analysis

First principal component

Second principal component

Third principal component

Polychlorinated Biphenyl

Remedial Investigation

River Mile

Stormwater Outfall
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TOC Total Organic Carbon

TOPS Trace Organics Platform Sampler

Total DDx Sum of the three DDT metabolites (4,4’-DDE, 4,4’-DDD and 4,4’-
DDT

Total TCDD Total Tetrachlorodibenzo-p-dioxin

TSI Tierra Solutions, Inc.

USACE United States Army Corps of Engineers

USEPA United States Environmental Protection Agency

USGS United States Geological Survey
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