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COMMENTS OF THE GENERAL ELECTRIC COMPANY
TO THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
CONCERNING THE PHASE 2 DATA EVALUATION AND INTERPRETATION
REPORT FOR THE HUDSON RIVER PCBs SUPERFUND SITE (FEBRUARY 1997)

L INTRODUCTION AND EXECUTIVE SUMMARY

The- Gene;'al Electric Co. ("GE") is pleased to submit these commenfs to the United States
- Environmental Protection Agency ("EPA") on the "Phase 2 Report - Review Copy, Further Site
Characterization and Analysis, Volmr;e 2C- Déta Evaluation and Interpretation Report, Hudson
River PCBs Reassessment RI/FS" (February 1997) ("Report"). The Report presents EPA's analysis
6f the sediment and water column data collected during Phase 2 of the Remedial Investigation (“ilI”)
of the Hudson River PCBs Superfund Site ("Site") Reassessment, as well as historical data collected

by GE, the United States Geological Survey ("USGS") and others.

The Report is part of EPA’s Reassessment, which seeks to determine the sources, transport
and fate of PCBs in the Upper Hudson Rivgr for the purposes of remedial_analysi.;;. The Report
analyzes the data collected in the RI and presents conclusions concerning the sources, transport and
fate oAf PCBs in the Hudson River. If the Agency finds that the PCBs pose a risk that it believes
would be prudent to abate, the evaluation and interpretation of the data should aid iri detenniﬁing
where the PCBs come from, how they move throuéh the river system, and how they lgave_the

system. This, in turn, should form the basis for addressing the remedial questions of what will
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happen to the system without further intrusion and whether any particular remedy would abate any

perceived risk more quickly than natural recovery.

Fundamental to these determinations is a technically sound analysis of the data. The Report
- does not provide a persuasive account of the data, and GE respectfully submits that several primary
'~ conclusions of the Report are incorrect as a result of ﬂaWed, incomplete or incorrect analyses. The
Report is notably unilelpful in answering the central qﬁestions that the Reassessment ?nust .address --

the questions of source, transport, fate, and remedial alternatives.

We start with the four major conclusions that the Agency drew from the data analysis and

set forth the basis for our disagreement:

1. The area of the site upstream of the Thompson Island ';mh represents the primary
source of PCBs to the freshwater Hudson. This includes the GE Hudson Falls and

Fort Edward facilities, the Remnant Deposit area and the sediments of the Thompson
Island Pool. Report at E-2. v '
The Report describes the PCB load that passes the Thompson Island Dam ("TID") as moving

in “pipeline” fashion, with little or no loss of PCBs from the water column, to the freshwater.Hudson

downstream of Troy. We disagree with this conclusion in two regards. First, the sediments

downstream of the TID contribute significantly to t‘he water column load as measured at Waterford.
During low flow, this contribution is on the order of 33%. Second, external sources conﬁ*ibute to
the PCB: load in the freshwater Hudson, particularly downstream of Troy. The Albany core analyzed
in the Report indicates that 15% to 25% of the PCB load found at Albapy originated downstream

2
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of the TID and not in the aged sediments of the river. Both facts are inconsistent with the theory of
a conduit between the TIP and the freshwater Hudson. This correction is important. The remedial
analysis must recognize that elimination of the PCB load at the TID will not eliminate the PCB

loadings downstream of the TID.

2. The PCB load from the Thompson Island Pool has a readily identifiable homologue
pattern which dominates the water column from the Thompson Island Dam to
Kingston during low flow conditions (typically 10 months of the year). Report at E-3.

This conclusion suffers from two misleading omissions. First, the Report shows that
approximately 36% of the total annual PCB load passing the TID occurred in the two-month high-
flow period. Second, the high-flow load does not show the hbmologue pattern seen during low flow

and clearly originates upstream of the Thompson Island Pool (“TIP”).

These additic;ns are important. The remedial analysis must recognize that élimin;lting the
low-flow PCB load at the TID or eliminating the PCB load originating in the TIP will not eliminate
50% of the annual PCB load passing the TID.  Only if conditions during the samﬁlihg period are
unrepresentative of present conditions will this not be the case. The Report suggests, \&ithout factual
demoﬁstration from the data, that loading above the TIP has been substantially reduced since the
sampling period. To conduct a remedial analysis with confidence, one must know whether that is
in fact the case. This determination cannot be made until the effects of the remedial work GE has

conducted can be fully evaluated.
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3. The PCB load from the Thompson Island Pool originates from the sediments within
the Thompson Island Pool. Report at E-4.

This conclusion is too vague to be useful in the remedial context. The Report postulates that
the TIP - load . originates in highly dechlorinated sediments deposited before 1984 or in
undechlorinated sediments more recently deposited. In order to know which of these distinct
sedimént classes might be a candidate for remedial action, one needs to know which class

contributes the PCBs to the TIP load. This is important because each class suppbrts distinct

_remedies. The Report is of no help on this issue.

More fundamentally, there is no evidence to support the conclusion that the TIP load
originates from PCBs in highly dechlorinated, highly concentrated sediments. No realistic
mechanism exists to resuspend these PCBs from the sediments into the water column, and the

congener pattern of these sediments does not match the pattern of the TIP load.

GE believes that the increase in PCB load across the TIP originates partially from the
surficial se‘.diments of the TIP (particularly from PCBs deposited from upstream of Rogers Island
ip the recent past) and partially from the PCB load that passes Rogers Island undetected and only
later detected up at the TID after reprocessing through the surface sediments. This limits the
contribution from the sediments to amounts congruent with mechanisms that transfer PCBs from

sediments to the water column; provides a more persuasive match to the congener pattern at the TID;

and takes into account the major releases to the river following the 1991 collapse of the Allen Mill.
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The source of the PCB load at the TID is of central importance to the remedial analysis. If

" current and récent releases from upstream of Rogers island are the source of the load at the TID, the
remedial analysis must focus on sources upstream of Roéers Island. If the source of the load at the
TID is PCBs deposited in the sediments of the TIP several years ago, the remedial analysis is likely

to focus on the sediments of the TIP.

4. Sediment inventories will not be naturally "remediated” via dechlorination. The
extent of dechlorination is limited, resulting in probably less than a 10 percent mass
*loss from the original concentrations.

This conclusion focuses on the wrong issue, mass. Dechlorination reduces the potential
toxicity ana bioaccumulation of the affected PCBs. Dechlorination will reduce the carcinogenicity
of the PCBs; it can reduce the toxic equivalency of the PCBs by more than 90%; and it will reduce "
the bioaccumulation of the PCBs between 4 and 35 fold. Because of these effects, dechlorination
makes a very substantial contribution to remediation and must be considered in the food-web
modeling and risk assessment. Finally, the maJ:or conclusions-fail to address sedimentation that
buries PCBs and effectively removes them ﬁorﬁ the food chain and is an important remedial process

in the dynamics of the river.
The arrangement of the Report’s conclusions makes it difficult to grasp clearly EPA’s view

of PCB sources, transport and fate in the Upper Hudson. We attempt here to array what we believe

are the Report's central positions in an order that reflects sequential movement in the river:
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During periods of low flow, PCBs enter the TIP from above Rogers Island and are
stored in the TIP, despite the fact that this stored PCB load averages approximately

one-third of those PCBs that pass the TID during low flow.

During low flow, PCBs from relatively undechlorinated, aged surface sediments
(which do not include PCBs entering the TIP in the immediate past) or PCBs$ from
dechlorinated and highly concentrated sediments deposited before 1984 are the

source of the PCBs passing the TID.

During low flow, the PCBs that pass the TID dominate the freshwater Hudson to

Kingston.

During high flow, PCBs originating upstream of Rogers Island péss through the TIP

and dominate the freshwater Hudson to Kingston.

Approximately 36% of the annual PCB 'ioad passes the TID during high-flow events.
The Report suggests that this load may now be substantially reduced as a result of

source-control remediation projects at GE’s plant sites.

Apart from the points made in the analysis of the Report's major conclusions, this is not a

plausible account of the behavior of PCBs in the river for the following reasons:
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* The Report offers no persuzsive account or explanation of the fate of the PCBs entering the

TIP from above Rogers Island during low flow.

* The Report ignores established mechanisms of deposition and volatilization in describing the .
fate of PCBs below the TID.
* " The Report treats similar reaches of the river in a dissimilar fashion. For instance, the report

 claims that sediment conditions immediately above the TID signiﬁcantly contribute PCBs

into the water column but similar sediment conditions below the TID do not.

* The Report assumes that the conditions observed in 1993 are repre_sentdtive of long-term
conditions in the river and ignores the atypicéll impacts of the large loading of PCBs to the

river in the 18 months following the colh-apse of the Allen Mill in September 1991.

In these comments, we offer our own account of the behavior of PCBs in the Upper Hudson, |

based on our analysis of the data.

Our account makes the following improvements on the one provided in the Report:

* It incorporates plausible mechanisms for the movement of PCBs through the river.
* It treats portions of the river with similar conditions in a similar manner.
7
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* It recognizes the major known changes in PCB loading to the river over time.

* It addresses all the major processes, including sedimentation, at work in the river.

* It uses a more comprehensive array of data to test and constrain our evaluation of the data

and the conclusions derived therefrom.

These comments focus on testing the analyses and conclusions in the Report against these

benchmarks, and emphasize the importance to remedial analysis of the issues raised herein.

It is apparent that the most significant unresolved matter is the source of the PCB load at the
TID at low- flow which cannot be accounted for by PCBs measured at Rogers Island and PCBs

expected to be diffused from the aged sediments of the TIP. GE has b.¢n and is engaged m the data

collection and evaluation essential to reaching a sound answer as to the source of the unaccounted-

for load. Itis likely that undechlorinated Aroclor 1242 from the Allen Mill collapse and the bedrock
seeps m?ar the GE Hudson Falls plant site has entered the TIP undetected, particularly during higher
flow events, and has been deposi;ed' in the Pool, contributing substantially to the unaccounted-for
PCB load at the TID. This interpretation takes account of the large-scale Allen Mill release,
addresses the fate of the PCBs measured at Rogers .Island, avoids implausible mechanisms for PCB
mobilization within the TIP and is supported by a variety of lines of additional evidenc.e, such as the
match v&ith the congener fingerprint of the PCBs at the TID and the congener fingerprint of PCBs

found in TIP fish.
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Downstream of the TIP it is also important to recognize the effects of deposition and

volatilization as well as external sources. While the size of the PCB load may not be substantially

‘altered between the TID and Troy, PCBs are lost and other PCBs added to the load from sediments.

In addition, the significant contribution of external sources, particularly in the tidal Hudson, must

be recognized, a point we have emphasized with the Agency in the past.

The importance of the high-ﬂdw‘ load to rginedial analysis must also be recognized'and
addressed. The high-flow load described in the Report underscores the importance of determining
the ﬁagtﬁtude and duration of PCB releaseé upstream of the TIP now and over the past several years.
Yet the Report is unable to address this signiﬁéant isgue due to lack of data. To answer the question,
GE has been engaged in collecting and analyzing data following the major remedial projects at its
plants.

In order to complete a teéhniqally defensible remedial analysis, EPA must develop a
consistent and pﬁysically plausible explanaﬁon of the data and ‘thén test that explanatioh against a
calibrated and validated model to ensure that thé true sources of PCBs to fish, wildlife and humans
are identified. The explanation of the data needs to take into account all the processes at work in
the river that are relevant to remedial analyses. Where questions central to remedial analyses cannot
be answered with the data presently at hand, additional data mus't be obtained to resolve ﬁe issues
so that we can have full confidence in the conclusions reached on the basis of data ihterpret#tion and

evaluation.

HRE 003 0007



II. NEITHER DIFFUSION OF PCBS FROM AGED SURFACE SEDIMENTS NOR
RESUSPENSION OF HIGHLY DECHLORINATED, HIGHLY CONCENTRATED
PCBS CAN ACCOUNT FOR THE PCBS THAT PASS THE THOMPSON ISLAND
DAM AT LOW FLOWS. '
The Report concludes that the PCBs passing the TID at low flow are a major source of PCBs

to the freshwater Hudson. Consequently, determining the source of these PCBs is essential to the

remedial analysis of the Reassessment.

The Report concludes that the sediments in the TIP provide\most, if not all, of the PCBs
passing over the TID during low flow. The Report, hpwever, does not specify \‘vhat sediments are
believed to be the source of these PCBs. Whether PCBs are derived from surface sediments (0-1
cm), near surface sediments (0-8 cm); deep sediments; hot spots or other areas is critical to
understanding the ultimate source of PCBs to the water column in the TIP and downstream of the
TID. The Report hypothesizes two possible sedimmt sources: (1) porewater diffusion of rélativ'ely
undechlorinated PCBs at low concentrations m the surface sedirhents or (2) resuspension of
extensively dechlorinated PCBs deposited before 1984. Neither .;.ource can account for all the PCBs
at the TID for at lest three reasons. First, there is an insufficient mass of PCBs in the aged surface
sediment to account for the increased PCB load mieasured across the TIP. Second, there xs no efosive
mechanism to resuspend a sufficient quantity of dechlorinated ageci sediments to provide the
increased load across the TIP and, if such erosion had occurred, sediment bed elevations would be

very different from what has been measured. Finally, the congener pattern of the extensivély

dechlorinated sediments does not match the pattern of the TID load.

10.
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A more careful analysis shows that there is a load passing the TID at low flow which cannot
be accounted for by the loads measured at Rogers .Island and diffusion from surface sediments in the
TIP. This unaccounted-for load is similar to undechlorinated Aroclor 1242 and is probably related
to PCB ioadings from the vicinity of GE’s Hudson Falls plant. The iamﬁﬁcaﬁon of and explanation
for this unaccounted-for load is perhaps the most fundamental difference between GE’s and EPA’s

view of what is happening in the TIP.

A. biffusion of PCBs from surface sediments dep;)sited in the Thompson Island Pool
before 1991 cannot account for the increase in PCB load across the Thompson Island
Pool. _

One of the Report’s hypothesized sources fo.r the increase in PCB load across the TIP is the
diffusion of PCBs from porewater in aged surface sediments to the overlying water column. This
process can account for only a portion of the load of PCBs measured .at the TID. A simple mass
balance calculation demonstrates that if porewater diffusion were providing all the PCBs apparently
coming from thé TIP (the net increase in PCBs between Rogers Island and the TID), the reservoir
of PCBs in surface sediments (as measured in 1984) would be nearly deplet_ed by now. Tﬁe high

resolution cores, however, do not reflect any significant depletion of PCBs from these sediments.

In this mass balance calculation, we assume that the net increase in PCBs between Rogers
Island and the TID (the increased load across the TIP) comes from PCBs in the surface sediments ‘

of the TIP. This calculation uses measured annual paired loadings from Rogers Island and the TID

11
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from 1993 to 1996 using corrected GE data (see Appendix A)' and employs a conservative measure
of the active suiface layer (0-8 cm). Our analyses indicate that the active surface layer is 0-5 cm.
The mass of PCBs'in the surface sediments was estimated using the results of the Report’s analysis
of the 1984 sediment data. The depletion of surface sediment PCB homologues was based on the -

following calculation:

Inventory

Year in which the surface sediment reservoir is depleted = + 1984 1
: Flux rate :
The surface sediment inventory was computed as follows:
CSS -6
Surface sediment inventory = —'D-A-10 2)
W )

s

in which:
c,= surface sediment PCB homologue concentration

w,= average specific weight for sediments in the Upper Hudson = 0.77 g/cm® (Report at
4-30);

D= depth of the surface layer = 8 cm

A= areaof TIP = 2,000,000 m? (Report, Table 4-7)

The results of this mass balance calculation aré presented in Table 1 and show that, by now,

all monochloro and dichlorobiphenyls would have been depleted from the surface sediments. This

! We have not used the period from 1991-1993 in light of the unusually high loadings to the
River during this period resulting from the releases from the Allen Mill.

12
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is particularly significant since current water column measurements show a continuing source of
mainly mono- and dichlorobiphenyls from the TIP, the same congeners that would have been
depleted Awithout continued loading from the upstream source. The significant reserves of PCBs
remaining in the surface sediments of the TIP in 19912 and in the samples collected by EPA indicate
that PCBs fluxed from the surface sediments must comprise a relatively minor component of the

. total increase in PCB load across the TIP in the 1990s.

B. Resuspension of highly dechlorinated, highly concentrated PCBs from the Thompson
Island Pool sediments is implausjble and cannot account for the increase in PCB load
across the Thompson Island Pool.

EPA's other hypothesis -- that highly dechlorinated PCBs at concentrations greater than 120
ppm and deposited pridr to 1984 are the source of the increased PCB load across the TIP -- is also
implausible. The mass of PCBs in these sediments is insufficient to maintain the increased load of
PCBs across the TIP during low flow, and there is insufficient erosion in the TIP to expose and

resuspend such sediments. In any event, the composition of PCBs in these sediments does not match

the TID load on a congener basis.

2 HydroQual has calculated that the average PCB concentration in surface sediments (0-5 cm) of
the TIP was about 30 ppm in 1984 and 20 ppm 1991. : )

13
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1. Resuspension of dechlorinated PCBs is inconsistent with the Thompson
Island Pool bathymetry.

The Report's hypothesis that "dechlorinated" sediments may be the source of the increased
load across the TIP relies on the mechanism of "resuspension” to place these PCBs into the water
column. As resuspension is a surface sediment process, this hypothesis requires that the PCBs
originate from art';as with surface sediments containing PCBs in sufficient concentrations to match

the homologue pattern of PCBs found at the TID. The Report concluded that these PCB

- concentrations had to be greater than 120 ppm. Simple mass balance calculations, however, show

that the increased load could only have been provided by erosion to depths of over 75 cm on average.
Such erosion is implausible and unreasonable. Had it occurred, it would have resulted in changes

in sediment bed elevation levels between 1984 and 1991 that are not ‘seen in measured levels.

To evaluate whether the resuspension of PCBs from these deposits is plausible, we made an
estimate of the surface area in the TIP containing PCB concentrations exceeding a conservative value
of 100 ppm (Am;). The kriging analysis of tne NYSDEC 1984 data presented in the Report provides
an estimate of approximately 69,000 m? (Figure 1) of river bottom in the TIP where such deposits
occur. The average vertical profile qf PCBs within these areas was constructed using results from
the 1984 NYSDEC cores (Figure 2). The average TIP loading increase over the 1993 and 1996
period would require an estimated loading from the sediments of .254 kg/yr since 1984 (W;,d,) (Table

2).
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The following equation provides a calculation of total sediment mass scoured from these

areas on an annual basis:

sed C ‘ (3)

where W, is the mass of sediment loading required on a yearly basis and C,q, is the actual average

surficial sediment PCB concentrations in areas with concentrations greater than 100 ppm.. The depth

_of scour required to a_chie\)e these PCB loading estimates can thén be calculated as follows:

w

sed
D = _ 4
t pl AIOO ( )

where D, is the depth of scour in year t (cm) and p, is the bulk density of the sediment (g/cm?®).
Both C,4 and p, vary as simulated scour removes surface sediments and exposed sediments of

| varying PCB concentration and bulk density.

. Figure 3 presents the depth of scour required on an annual basis to achieve the concentrations
necessary to maintain the TID load. As can be seen, approximately 75 cm of sediments within these
areas would have to have been ereded between 1984 and 1993 to provide the increased load across
the TIP. EPA’s analysis of its geophysical data indicates that such massive scour has not occurred.

Indeed, these data indicate that the aged dechlorinated sediments are largely intact (report at 4-91).
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2. Resuspension of dechlorinated PCBs is inconsistent with the minimal

resuspension of PCBs in the Thompson Island Pool at low flows.
The Report’s hypothesis that highly dechlorinated surface sediments are the source of the
increased load across the TIP is implausible because it requires significant erosion of these sediments

during low flow, when such erosion is known not to occur.

Laboratory and field studies on the resuspet;sidn properties of cohesive sediments from the
TIP show that.a critical shear stress exists bélow which erosion does not occur (HydroQual, 1?95).
Similarly, resuspension of non-cohesive sediments will begin once the bottom sﬁear stress exceeds
a certain critical value, which is typically greater than the cohesive critical shear stress (van Rijn,
1984). Bed armoring processes, in both cohesi\.re and non-cohesive bed areas, will also limit the |
amount of sediment eroded at a particular flow rate (Karim and Holly, 1986; Rahuel et al., 1989;
Ziegler and Connolly, 1995). The result of these well-established sediment processes and observed

measurements is that sediment resuspension under low flow conditions is very limited, and once the

flow rate is below a particular value, no resuspension occurs.

- Sediment transport studies in various riverine systems have shown that .the concé_pt of no or
negligible erosion of the sediment bed during low ﬁow conditions is vafid. An effective method for
quantitatively evaluating resuspension and deposition processes in a river is to use a calibrated and
validated sediment transport model to predict solids fluxes across the sediment-water interface under
various flow.conditions. A sediment transport model of the TIP has been devglb;ied, calibrated and
validated by HydroQual for GE. This model has also been successfully used by EPA in |
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"contaminated sediment studies of the Fox River in Wisconsin (Gailani et al., 1991), Saginaw River
in Michigan (Cardenas et al., 1995) and Buffalo River in New York (Gailani et al., 1996), in addition
to other riverine applications by HydroQual (Ziegler and Nisbet, 1994, 1995). These past studies

~ have shown that this model, if properly calibrated, can simulate se:iiment transport processes with
sufficient accuracy to use it as a diagnostic tool to study resuspension and deposition fluxes in the
Upper Hudson River under low flow conditions.

The se(iiment transport model was thus used to predic£ resuspension and deposition fluxes
in the TIP under low flow conditions. Model simulations show that neéligible gross resuspension
of the cohesive sediment bed occurs for flow rates less than 5,000 cfs (Figure 4). To further
investigate resuspension and deposition dynamics during low flow conditions, a simulation was
performed for a constant flow rate of 3,200 cfs at Rogeré Island. This flow rate corresponds to the
mean value at Fort Edward during the EPA sampling periods in May and June 'of 1993. The data
from this period were the primary basis for the low-flow resuspension ilypotheéis proposed in the
Report. Model results show that net deposition, with only a minimal amount of resuspension, occurs
in the TIP at this flow rate. The gross resuspension ﬂux. in the TIP is about 1,000 times smaller than
the gross deposition flux, and the sediment that is eroded comes from a thin, sﬁrﬁcial layer
(approximately 10 pum thick) that is composed of loosely-consolidated, recently-deposited sediment
(Figure 4). These results, combined with the observed resuspénsion properties of sediments,
demonstrates the implausibility of the Report’s hypothesis that relatively high gross depositioﬁ and
resuspension rates, producing a small net change in water column solids load, caused the observed
changes in PCB loadiﬁg through the TIP during the 1993 low-flow periods. - |
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3. The congencr fingerprint of the PCBs at the Thompson Island Dam shows
that dechlorinated PCBs are not the source; rather the source is likely
relatively unaltered Aroclgr'1242.

The Report relies on homologue fingerprinting, combined with its two "dechlorination"
indiceé, to identify pre-1984 sediments as a possible source of the increased load qf PCBs across tﬁe
TIP. There are two significant problems with the Rei:ért’s analysis. First, while a crude composition
match of PCB TIP load to dechlorinated, aged sediments on a homologue basi§ can be made, a much
- better match can be made on a congener basis or with ﬁe relatively undechlorinated ‘PCBé in surface
sediments. Second, the Report felies ona simplistic "geochemical" analysis ihat purports to show
that all PCBs within the freshwater portion of the Hudson River can be derived from a mixture of
fresh and biologically dechlorinated Aroclor 1242. This analysis fails to recognize that parﬁtio;ling
| c.:an also account for changes in PCB composition observed in the river, leading to a better
understanding of the PCBs seen at the TID.

For the first point, we have examined the similarity between the congener composition of
the total water transect samples and the sediment samples that represent p_otentiallsources to the
water. The TIP high-resolution core slices with more than 100 ppm of PCB were used to represent
the m;)re highly contaminated and dechlorinated sediments of the TIP. The surface slices of the TIP
high-resolutidn cores were used to represent the surface layer. The percent weight of éach congéner
in each total water column sample at TID was plott?d against its average percent weight in the
dechlorinated sediments (Figure 5) and against its average percent weight in the surfécc sédiments
(Figure 6). In these figures all congeners that were not detected were placed on the axes. In both
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cases, there is a positive relationship between water and sediment. However, the scatter about the
rclati_onships is much greater for the dechlorinated sediments. That is, the congener composition of
the water column is more similar to relatively undechlorinated surface sediments than to more
contaminated dechlorinated sediments. Accordingly, contrary to the Repbrt’s hypothesis, the TID

‘load cannot originate from the more contaminated, dechlorinated TIP sediments.-

To the second concern, when partitioning beﬁween solid-and dissolved phases is incorporated
into the analysis, as can be seen from a graphical analysis, the dechlorination indices (“indices”) used
in the Report indicate that particulate and dissolved PCBs sampled at the TID originate from
different mixes of sources, and both include significant contributions of relatively unaitered Aroclor

1242.

Index values for ‘sediment samples, dissolved and particulate . ater column saniples, and
Aroclor standards are plotted in Figure 7, similar to the index plots provided in the Report. The
index values of the particulate PCBs sampled at Rogers Island and at the TID {filled squares and

circles on Figure 7) center on Aroclor 1242 (large open square symbol at the position (0.14,0.00),

demonstrating that the source of these PCBs is unaltered or very slightly altered Aroclor 1242.

Partitioning of PCBs between the solid and the dissolved phases can alter the composition
of PCBs and therefore the values of the indices. To demonstrate this, the original Aroclors (large

open square symbols) and the dissolved material that would result from paﬂitioning from original

Aroclor sorbed to particulate material (large open triangles) are plotted on Figure 7. The
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composition of dissolved partitioned material was computed using partition coefficients derived
from data set forth in the Report. Computed dissolved partitioned Aroclor samples are always to the
right and above the originél Aroclors. In addition, the dissolved partitioned Aroclor 1242 and 1016
samples lie close to the scatter of sediment samples, demonstrating that in the Upper Hudson, simple
partitioning can result in dissolved water column samples with index values similar to dechlorinated
sediments. That is, when the indices employed in the Report are applied to water samples, they do

not necessarily characterize dechlorination.

Computed dissolved PCBs partitioned from dechlorinated sediments also appear within the
scatter of the sediment data, to the right of the sediment source. For example, the large inverted
triapgles represent the average aged surface sediment concentration in the TIP computed from the
1991 GE data (0-5 cm depth; filled: sediment, open: computed dissolved partitioned material). A

~comparison of the positions of computed parﬁﬁoned Aroclor 1242 and 1991 TIP surface sedimgnts
suggests that the degree of dechlorination of the source material for dissolved PCB s@plw can be
characterized frbm the posiiion of a dissolved sample on this plot. However, in contrast to the
method used in the Report, the measured dissoiveci samples must be compared with the computed

positions from fresh and dechlorinated particulates.

The dissolved PCBs sarﬁpled at Rogers Islaﬁd are located within the scatter of the sediment
d;lta, slightly to the right of their respective particulate samples. In genergl, the Rogers Island
samples do not lie as far right as partitioned Aroclor 1242 andAlie slightly below dissolved
partitioned Aroclor 1254. This suggests that disso]ved material at Rogers Island may be a
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combination of partitioned Aroclors 1242 and 1254 and that this material does not originate from

dechlorinated sediment.

The dissolved PCBs sampled at the TID are also located within the scatter of the sediment

data, between the computed dissolved materials partitioned from the 1991 surface sediment data and
from Aroclor 1242. Thus, dissolved PCBs at TID are not likely to originate entirely from
dechlorinated sediments; they are more likely to originafe from a combination of sources that on
_average is less dechlorinatéd than the partially altered 1991 surface sediments. As a result, unaltered
or very slightly altered Aroclor 1242 must be an important contributor to dissolved PCBs at the TID,

a fact that the Report does not recognize.
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III. THE PCB LOAD AT HIGH FLOW ACCOUNTS FOR MORE THAN ONE THIRD
OF THE ANNUAL LOAD OF PCBS THAT PASS THE THOMPSON ISLAND DAM
AREA. THIS LOAD ORIGINATES NEAR GE’S HUDSON FALLS PLANT SITE.

A. There is no dispute that discharges from the vicinity of the Hudson Falls site
contributed at least half of the annual PCB load to the Thompson Island Dam and
downstream areas in the form of undechlorinated Aroclor 1242.

The Report’s analysis of water column PCB monitoring data collected during the 1993 spring
high flow event showed that an estimated 250 kg qf PCBs originating upstream of the Roger's Island
monitoring station were transported thfough the system. This represents approximately 36 percent
of the total PCBs which passed TID for the entire year and all the TID load at high flow. This PCB
load differs from the loading from the TIP in that it is largely in the particulate matter phase and

exhibits a PCB congener distribution of non-dechlorinated Arocior 1242, similar to that observed __

within the Allen Mill and entering the river from bedrock fractures.

More specifically, the spring high flow event data collected by the EPA demonstraie that a
major portion of the total PCB.loadings to the system originate fr‘om the Hudson Falls plant site area
and occur over a very short time frame. Such time variable PCB loading from Hudson Falls is
further supported by the observation that the flow weighted average PCB l‘oacﬁng from ﬁ_pstream of
Roger's Island was approximately 50% of that measured during a transect monit.oring event collected
under similar flow conditions. The Report attributes this difference to the variable loading dynamics
associated with the GE Hudson Falls source. That is, short term PCB loadings captured by the
transect sampling were not present in the flow-averaged event samples. Mo_réover, as the l;rar'lsect
4 data were collected after the river reached an initiai peak of ap_proxima?ely 20,000 cfs (Figure 8),
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‘we believe that the EPA data underestimates the actual loading from the Hudson Falls Plant site
area. This is because we believe that PCBs are mobilized at lower flows along the rising limb of the

spring event hydrograph than that sampled.

Although the EPA water column data suggest that the spring high flow event loading passes
through the system, the EPA high resolution sediment cores show recent deposition of non-
dechlori;lated Aroclor 1242 similar in composition to that mobilized duﬁng the spring high flow
event. These.observations are consistent with cﬁnent undérstanding of sediment depositional
processes: sediments are generally deposited during elevated flow events. This is significant
hecause it suggests a link between the Hudson Falls Plant Site area loadings and surfape sediment

PCB levels, which control the sediment water column interaction and biota PCB exposure levels.

B. GE has undertaken extensive remedial work at the Hudson Fallé site but the extent

of the source reduction and control is presently unknown.

In September 1991, elevated river water levels of PCBs wére detected by GE upstream of
the TIP. Intense subsequent investigations localized t.he source area to the eastern shoreline near
river mile 196.8, in the vicinity of the GE Hudson Falls plant site. The results of these ﬁvétigaﬁons
revealed the presence of active seeps of Dense Non;Aqueous Phase Liquids (DNAPL) along the
eastern cliff face and the rock face of the eastern raceway within fhe Allen Mill. In addition, free
phase PCB oil (Aroclor 1242) and oil contaminated sediments (up to 70,000 ppm) were found ».vithin

the Mill and the tailrace tunnel.
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A number of different remedial measures have been implemented to mitigate the seepage of
PCB:s from the vicinity of the plant site to the River: 1) DNAPL seepage from the rock face of the
eastern raceway is now routinely captured;.2) hydraﬁ]ic control of conduits through the Mill was
achieved in 1993; 3) a slurry wall was constructed within the eastern racev\}ay in 1994 to reduce -
seeps from this region; 4) removal of DNAPL and oil-contaminated sediments from the Allen Mill
containing 50 tons of PCBs was completed in 1995; 5) DNAPL-recovery wellé have been installed
| in the vicinity of the plant site that have recovered more than 8000L of DNAPL to date; and 6)
barrier wells utilizing h)"draulic control to Afurther reduce DNAPL transport ﬂﬁough subsurface
fractures are being installed. These remedial efforts have reduced the PCB loading of
undechlorinated Aroclor 1242 to the Hudson River, but it is not yet possible to determine the degree

of control that has been achieved or to predict how much PCB is still likely. to enter the River.
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IV. DURING BOTH HIGH AND LOW FLOW, A SUBSTANTIAL PORTION OF THE

PCBS PASSING THE THOMPSON ISLAND DAM ORIGINATES FROM NEAR

THE HUDSON FALLS PLANT SITE.

The Report demonstrates that during the Phase 2 sampling period,' Aroclor 1242 recently
entering the river from the area of the Hudson Falls plant site makes up almost all of the PCB load
at the TIP during high flow and that high flow loads make up more than one third of the annual PCB
load at the TIP. The data ‘show that this Hudson Falls source also contributes a substanﬁal pox_’tioh
of the PCB load at the TIP during low flows. First, some PCBs are measured at Rogers Island
entering the TIP during low flow. Next, mass balance shows that a PCB loa& passes the TID during
low flow that cannot be accounted for by the sum of the load entering the TIP and the load attributed
to diffusion from the aged sediments of the TIP as they were prior to 1991. Next, the PCB congener
fingerprint of this unaccounted-for load indicates that its likely sdurc;.a is undechloﬁnated Aroclor
1242. The PCB fingerprint of the fish in the TIP corroborates this, also indicating an '
undechlorinated Aroc;lor 1242 source. The fluctuation .from year to year of the unaccdunted;for load
at the TID since 1992 clearly suggests a close connection between the releases from the Hudson
Falls site area and the magnitude of the unaccounted-for load. Monitoring results af Rogers Island
do not reflect a PCB load congruent with identifying the Hudson Falls sources as the origin of the
unacc;ounted-for load; but EPA’s 1993 data, 1992 GE data, and a comparison of load .behavior in
1995 and 1996 all indicate that unaltered fresh PCBs are flushed ix;lto the TIP as flows ris.ebat Hudson
Falls. Such time-variable flows are likely fo pass Rogers Island undetecfed by a weekly sarhpling

program. GE is presently collecting data to evaluate this proposition.

»*
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A. At low flow, there is a PCB load at the Thompson Island Dam that is unaccounted
for by the sum of the measured load entering the Thompson Island Pool and the load
that would be diffused from aged Thompson Island Pool sediments.

1. Calculation of unaccounted-for load by mass balance.

The data show a PCB load at the TID that is not accounted for by the sum of the measured -
PCB load entering the TIP and the load that would be diffused from the aged sediments. The
existence and magnitude of the unaccc;unted-for load at the TID can be determinod by subtracting
ﬁ'om the water column PCB load at the TID (1) the load attributable to sediment porewatér diffusion
"and (2) the water column load of PCBs entering the TIP at Rogers Island. The diffusive fluxes of
PCB congeners from the surface sediment were calculated using GE’s 1991 surficial sediment PCB
«ata and EPA’s equilibrium partitioning concepts, including the use of temperature-corrected
ﬁartitioning coefficients. The water column PCB load increase across the TIP was calculated by
subtracting water column PCB loads at Rogers Island from those at the TID using paired Rogers
Island and TID watet column samples from the corrected GE database (Appendix A) for 1991-1996

and daily average USGS flow measurements.

The following mass flux equation calculates the diffusive flux of individual PCB congeners'

from TIP sediment porewater to the water column:

JI = Kf As (C(.i - ch) . i (5)

-where J, is the diffusive mass flux of individual PCB congeners (kg/day),- K, is the sediment/water

exchange coefficient (m/day), As 1s the sediment surface area of the TIP (m?), C4 is the mean
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surficial sediment porewater PCB concentration (kg/m®) calculated from the 0-5 cm section of

sediment cores collected in 1991, and C, is the water column PCB concentration (kg/m?).

Total dissolved porewater PCB concentrations (C,;') contain two components: freely

dissolved PCBs (C,) and that adsorbed onto dissolved organic carbon (C,,.):

c =C, +C, _ - (6)

Freely dissolved PCBs are in equilibrium with PCBs sorbed to sediment organic carbon. This

relationship is described by:

C, = —— ' (7)

where C; and £, are the mean surficial sediment (0-5 cm) PCB concentration (mg/kg) and fraction
organic carbon calculated from the 1991 sediment survey data, respectively, K, is the'orgahic
carbon-based PCB partition coefficient (L/kg) calculated using EPA water celumn partitioning data
and corrected for temperature using temperature correction functiens appearing in Appendix A. C,,

is in equilibrium with C; and can be calcnlated as:

C._=C,m,_K " (8)

where my, is the porewater dissolved organic carbon concentration (mg/L) calculated as the mean

surficial sediment (0-5 cm) TIP dissolved organic carbon measurements from the 1991 sediment

survey, and K, (L/Kg) is the equilibrium constant describing partitioning between freely diesolved
; 27 . |
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"PCBs and PCBs adsorbed to dissolved organic carbon, which was assumed equal to 0.1 K.
Substituting Equation 7 and 8 into Equation 6 yields the following expression for porewater PCB

concentrations:

C

Cc; = (1 * mdoc-Kdoc) f ;( ] ’ (9)

oc oc

Using Equations 5 and 9, the sediment diffusive flux equation becomes:

J, =K. A

c .
s [(1 * mdoc Kdoc) f ;( ] - chl . (10)

oc oc

Equation 10 allows calculation of sediment diffusive flux of PCB congeners from known sediment

PCB congener concentrations using principles of equilibritm partitioning.

The sediment water exchange coefficient (Kf)' can be estimated by substituting the water
column PCB congener flux estimates for the summer low flow period of 1991 into eq;at.ion 10 and
adjusting K; to minimize the sum of differences invindividual PCB congener loading estimates.
Negative PCB congener loadings due to detection limits for the ‘higher PCB congeners in water

column samples are disregarded (Figure 9; panel d).
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Based upon 1991 sediment PCB measurements including PCB congener concentrations, the
sediments of the TIP can contribute through diffpsive mechanisms an estimated 200 to 300 g/day
of PCBs to the watc;r column for 1991 to 1996 (panel b; Figures 10 through 15). The PCB congener
distribution of this load is shifted toward the lighter end of the congener spectrum due to the .

relatively low K, values for the lightly chlorinated PCBs.

* When the actual PCB load increase across the TIP‘is calculated for periods after 1991, more
PCB is present than can be explained by the diffusion calculation. The water coluﬁm PCB congener
load increase across the TIP (J,,) can be calculated for the summer low flow periods (June -August)

of 1991-1996 using the following expressidn:

J,. = QC,C) a1

where Q,; is the daily average flow recorded at the Rogers Island monitoring station on the day of
sampling, and C,,; and C,; are the individual corrected PCB congener conceritrati‘ons (Appendix A)

at the TID and Rogers Island monitoring stations, respéctively.

3 Sediment diffusion load varies due to differences in mean summer surface water temperatures _
and their effect on K. :
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The unaccounted-for load at the TID (J,) can be calculated on a PCB congener basis by
subtracting the estimated diffusive flux of PCBs (J,) from the difference in water column PCB

loadings between the TID and Rogers Island as follows:

J =J -J (12)

The results of this calculation for the summer low-flow period (June-August) of 1991 to 1996 are
presented on a homologue basis in Figures 10 through 35 (Panel ¢). The 1992 unaccounted-for PCB
load was 559 g/day. This is twice the surface sediment diffusive flux: calculated using the 1991
surface sediment PCB data. This increased to approximately 1000 g/day in 1993 'and 1994 and
declined in 1995 to less than 250 g/day. In 1996 the unaccounted-for PCB load was approximately
1200 g/day.

B. The fingerprint of the unaccounted-for load at the Thompson Island Dam mdlcates

the likely source is undechlorinated Aroclor 1242.

The composition of this unaccounted for load indicates its probable source. On a homologue
basis, this unaccounted-for load was dominated by dichlorobiphenyls apd generally resembled the
homologue mass loadings attributable to diffusion from surface sediments (Figures 10 through 15;
panel ¢). Assuming the unaccounted for PCB load.is derived exclusively from a surficial sediment
diffusional process, one may calculate the expected mean surface sediment and porewater PCB

composition which would produce this load by diffusion.
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The sediment phase PCB homologue distributions required to produce the unaccounted for
PCB load were calculated on a yearly basis for the summer low flow period (June;August) for 1992
through 1996 and monthly for 1996. These results are summarized in Tables 3 and 4 and preserited

as PCB homologue distributions in Figures 10 through 15, panel d.

As can be seen in these Tables and Figures, the homologue composition of the unaccounted-
for load closely resembles Aroclor 1242. The congener composition of the unaccounted-fot load
is markedly similar to surface sediment PCB congener distributions (Figure 16) and deviates

considerably from deep dechlorinated sediments on the TIP (Figure 17). These data indicate that

the unaccounted-for load from the TIP originétes from an undechlorinated Aroclor 1242 source.

C. The PCB fingerprint in the TIP fish is consistent with PCBs recently entering the

river above the Thompson Island Pool.

Analysis of PCBs in fish supports the conclusion that the source of the unaccounted-for load
atthe TID is relafively undechlorinated PCBs, and thé homologue and congener composition of the
fish provides a way to identify PCB sources to.the food web.

Two analyses were performed to test whether fish body burdens are representative of PCBs
originating in sediments containing dechlo.rinated or relatively undechlorinated PCBs. First, usiné
the GE bioaccumulation model, the relationship between the homologue compqsitibn in ﬁéh and the
homologue compositions of surface sediments and the water columﬁ can be explored. One may
assume that varying degrees of dechlorination in exposure sources result in differing homologue
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distributions in the fish. These compositions can be computed and compared with the observed
composition in TIP fish in order to characterize the likely composition of the exposure sources.
Second, congener-based fingerprinting indices can be used to assess the similarity in PCB

composition between surface sediments and fish.

.The total PCB bioaccumulation model developed by HydroQual was modified to compute
bioaccumulation on a homologue-specific basis. Table.S identifies the sources of the parametef
_values for individual honiologues. To characterize the homologue composition of the exposure
sources, several model simulations were performed using exposure concentrations and distributions

derived from TIP data. Table 6 identifies the basis for the derivation of the exposure values.

Figures 18 through 21 computed and observed homologue distribuﬁons in fish. Modgl
results for pumpkinseed were compared with pumpkinseed data collectgd in the TIP after 1989.
Model rt;,sults for largemouth bass were compared with largemouth and smallrﬁquth bass data
collected in the TIP after 1989 using fish greater than 400 g. The dashed lines represent the spread

of the mean of the data +/- two standard errors.

The data best match pumpkinseed homologue distributions computed using the surface slice
of the high-resolution cores and the measured water column distribution (Figure 18). The
largemouth bass distributions computed using either surface slices, 0-2 cm (Figure 18) or the 0-5 cm
.layer (Figure 19) best reproduce the observed distributions. As the degree of dechlorination in the
exposure sources increases, the model results diverge from the measﬁred homologue.distributions
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(Figures 18 through 21). Thus, the PCB composition of the fish is most consistent with a relatively

unaltered source.

Several indices of dechlorination have been developed (Appendix C). These are ratios
between the proportions of individual congeners in a sampie. The numerator is thg proportion of a
congener that is dechlorinated and the denominator is the propbrtion of a congener that is left
relatively unmodified by dechlorination. For each ratio, congeners within the same homologue
group are used, so that partitioning and-bioaccumulation differences are minimized. The degre’e to
which these ratios indicate dechloﬁnaﬁon can be tsted.by comparing their valﬁes to other indices
of dechlorination in sediments; for example, the number ~f~'* ° =s per biphenyl. They are found
to be indicators of dechlorination in sediments. I'I:he ratios can be used in a diagnostic fashion to _

compare samples collected from sediment, water and fish. | \

These ratios decline as dechlorination proceeds. For example, four of thesg ratios are plotted
against the number of chlorines per biphenyl (CI/BP) using high-l.'esolution core sediments from the
Upper Hudson (Figure 22). The dashed lines indicate values of the ratios and CI/BP for Aroclor
1242. The ratios in the sediments approach the Aroclor 1242 value in sanir;les in which CI/BP
approaches the Aroclor 1242 value. In addiﬁoﬂ, -values of the rati;) decline jn dechlorinated

sediments.

Figure 23 presents the values of these four ratios in fish collected from the TIP by NOAA
in 1993. Comparison of the fish ratios with the sediment ratios in Figure 22 indicates that slightly
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" altered Aroclor 1242 is the source of PCBs to these fish. Similar results are obtained with fish

caught in earlier years.

D. The behavior of the unaccounted-for load is consistent with the Allen Mill collapse
and seeps from the bedrock.

-

Having established that the source of the unaccounted-for PCB load at the TID appears to

_be relatively undechlorinated Aroclor 1242, possible sources for these PCBs must be explored. The

releases of DNAPL PCB oil from the Allen Mill and/or the bedrock seeps near GE's Hudson Falls
facility are the likely sources and the temporal parallels between the behavior of the unaccounted-for

PCB load and the sources near Hudson Falls suggests a close connection between the two.

The USGS and GE data sets provide a 20-year récord of water column PCB data that can be
used to assess long-term spatial and temporal pattemns of PCB loadings in the upper Hudson River.
Historical loadings from the TIP were estimated from the corrected USGS PCB data. Low flow
PCB loading from the TIP was calculated as the difference in PCB loadings based on pair,ed flow
and PCB data at Schuylerville and Fort Edward dudng periods of flow less than.10,000 cfs at-Fort
Edward from 1980-1989 (Figure 24).* Loads for the period 1991-1996 were calculated u.;sing paired

flow and PCB data collected as part of GE’s water column monitoring program.’

4 The USGS record did not contain data from the Fort Edward or Schulerville Station at flows
less than 10,000 cfs for 1990 - 1995. Large loadings calculated for 1977 - 1979 period were
excluded in this figure to highlight observed changes between the late 1980s and early 1990s.

3 GE collected data in 1991 to provide preliminary estimates of the bias in the USGS
methodology and to “correct” historical USGS water column PCB records (see Attachment 1).
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The PCB .loads from the TIP declined stqa@ily from approximately 1.2 Ibs/day during the
early 1980s to an ;stimated 0.5 Ibs/day in the late 1980s (Figure 24).% These data document the
recovery of the system from the impacts of process discharges and the erosion of PCB-contaminated .
sediments after the removal of the Fort Edward Dan_i in 1973. The principal processes contribpting
to t!iis recovery likely includ.ed the reduction of PCB deposition from sources within the remnant

reach of the River and the deposition of clean solids from the tributaries.

Summer low flow loadings in 1991, prior to the September 1991 Allen Mill collapse, were
comparable to the loadings calculated using the USGS data for late 1980s (Figure 24). In 1992,
low flow PCB loadings from the TIP increased by a factor of 4 from an estimated 0.5 lbs/day in the

late 1980s to approximately 2 Ibs/day (Figure 24).

Thus, the unaccounted-for load from the TIP is temporally correlated with PCB releases from
the Allen Mill. Considering its estimated magnitude, the Allen Mill release is likely the cause of
this increased loading. PCBs discharged from the Mill were likely transported downstream and

deposited within the surficial sediments of the TIP and subsequently released to the water column

3 (continued...) The GE data have been corrected for the analytical bias in quantitation of peaks 5,
8, and 14, which contain coeluting congeners BZ#4 and 10, BZ#5 and 8, and BZ#15 and 18,
respectively. '

¢ PCB levels monitoréd at Schuylerville were used to infer PCB levels at the TID for the perfods
in which data were unavailable. '
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as a dissolved phase loading through the processes of partitioning between sediment and oils and

sediment porewater, with subsequent diffusion into the overlying water.

Under this scenario, loadings from the TIP should decline as the 1991-1993 loads are eluted
‘ from the surficial sediment porewater, buried by the deposition of clean solids, dechlorinated and
transpoi-ted out of the TIP. The unaccounted-for PCB load originating in the TIP declined from
approximately 1.0 kg/day in 1993 to less than 0.25 kg/day in 1995 (Figure 12 through 14, panel c).
This reduction suggests that the system was recovering from loadings from the Allen Mill between
1991 and 1993. The 1996 unaccounted-for PCB loadings increased from 1§95 levels to
approximately 1.2 kg/day. This suggests that between 1995 and 1996 additional PCBs originating
upstream were deposited on surficial sediments in the TIP. |

2

E The monitoring at Rogers Island appears to understate the PCB load entering the
Thompson Island Pool. '

It is clear that the unaccounted-for load of PCBs in the TIP resembles unaltered Aroclor

1242. The most likely source of this material is located upstream in the vicinity of Hudson Falls.

However, for this source to explain this unaccounted-for loading requires that the PCB pass the

monitoring station at Rogers Island undetected. Given that the PCBs from this source are dense,

nonaqueous phase liquids (DNAPL) and the limited monitoring, this is likely the case.
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First, the presence of DNAPL in the vicinity of the Hudson Falls Site is well established.
Numerous river bed seeps were exposed upon the dewatering of Baker’s Félls when Adirondack
Hydro Development Corp.’s hydroelectric facility was being constructed along the western shore
of the Falls. Recent work at GE's Hudson Falls plant has shown that PCB DNAPL oils are
transported through bedrock fractures and enter the Hudson River from river bed seeps adjacent to
the Hudson fal]s plant site. These seeps represent a significant source of PCB DNAPL to the River.
At one of these seeps (Seep 13), discovered within the Baker’s Falls plunge pool during an
underwater inspection by divers, an estimated 16 liters (22.5 Kg) of PCB DNAPL oils were collected
over a period of 3-1/2 months beginning in'Septeum '~ 7 Tigure 25).” Second, the weekly
monitoring at Rogers Island will not detect events of limited duratipn that might mobilize PCBs for

this region of the river, such as high flow events.

L. Flushing of DNAPL during high flow is likely to escape detection at Rogers
Island.

Oil-phase loads from the Allen Mill and.the bedrock seeps introduce indeterminate errors in
water column monitoring designed to measure particulate and dissolved‘phase PCB loads. The
behavior of DNAPLs within natural aquatic systems is not well understood. It is likely that DNAPL
oil droplets from bedrock fractures will behave in a manﬁcr similar to particleg possessing the same

)

diameter and density and likely will settle onto the river bed during low flows. As flow velocities

? Localized groundwater pumping efforts appear to have mitigated PCB losses through Seep 13
(Figure 25). '
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along the sediment/water interface increase during periods of elevated flow, the DNAPL droplets
will become resuspended in the water column and will be Umspoﬁed downstream. Such
resuspension occurs almost instantaneously at the point when critical sheer velocities are reached
‘at the scdimen£ bed surface. It is possible th.at oil discharges near the Hudson Falls Plant Site |
accumuiate within quiescent regions of the river adjacent to the site and are mobilized during high

flow events.

There is evidence for flushing of significant amounts of PCBs from the River in the EPA
.hi gh flow water column transect study. PCB loading from the region upstream of the TIP during
this event contributed approximately 18 Kg/day PCB, primarily in the particulate phase. This
particulate phase PCB transport occurred in the gbsence of sediment resuspension. These data
generally support the hypothesis that oil phase PCB loading may be occurring during periods of high
flow. EPA monitor;ng did not occur on the risipg limb of the event hydrograpﬁ (_Figure 8) and
probably missed the peak PCB load, because critical sheer velocities for oil resuspension were likely
reached priér to the EPA sampling. Similar hiéh flow data collected by GE in 1992 showed elevated .
PCB loadings from upstream of the TIP with little or no evidence of sediment scour (Figure 26).
Finally, neither the EPA water column monitoring program nor the GE high flow monitoring
program collected sediment bed load samples. Such loads are likely to represent a significant
portion of PCB DNAPL transport, particularly during periods of high flow. As observed in the EPA

.transect data, particulate PCB loads from upstream are preferentially deposited within the TIP. This
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indicates surface sediment PCB contamination mechanisms which are consistent with the increased

loads following the Allen Mill collapse and DNAPL PCB seeps from the Hudson Falls area.

Seasonal patterns in the unaccounted-for PCB loading at the TID in 1996 also suggest that
PCB oils collect near the. Hudson Falls Plant Site aﬂd are moﬁilized during high flow events.
Monthly calculations of the unaccounted-for TIP load for 1996 indicate that, prior to the April high
flow event, PCBs within the water cdlumn bould largely be derived from sediment diffugive
mechanisms considering the 1991 surficial sediment PCB concentrations (Table .4). Following the
spring high flow périod, an unaccounted-t.'or: load was apparent, varying in magnitude from 0.6 to
2.0 Kg/day during April through August and decreasing steadily to less than 0.2 Kg/day by October
(Table 4). This seasonal variability and correlation with spring high flow suggests that PCB
loadings from the vicinity of the Hudson Falls plant site are associated with high flow events. This
is supported by the observation that the unaccoun,ted-fof loadings in 1995; a low flow year in which
spring high flows never exceeded 15,000 cfs, were considerab.ly lower than the 1994 and 1996

unaccounted-for loads.

2. Hydro plant operation likely causes flushing from Baker’s Falls plunge pool.

Another possible method for PCBs to enter the TIP from sources in the vicinity of Hudson
Falls undetected is related to the operation of the newly constructed hydroelectric facility at Baker’s

Falls. In front of the turbine intakes this facility has trash racks which are cleaned every few days.
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During the cleaning process, a water bypass structure is used which discharges significant amounts
of water into the plunge pool at the base of Baker’s Falls. This has been observed to transform the

plunge pool from calm to turbulent.

Divers have observed PCB oils seeping into the plunge pool and accumulating on the niver
bed. The flushing of water iﬁto the plunge pool during the trash rack cieaning is likely to move
PCBs downstream in pulses that would not be detected by the Weekly monitoring at Rogers Island
unless coincider;;ally synchronized with the trash rack cleaning. In the Fall of 1996, one round of

monitoring was conducted to coincide with this cleaning and was intended to monitor the potential

movement of a pulse of PCBs downstream. PCB levels at Rogers Island increased from 15 ppt to.

42 ppt. Since flow conditions are generally low during the cleaning, it is likely that PCB oil would
be deposited in to the pool and would only later be detected in “dissolved” form at the TID. GE is
conducting additional sampling this spring and summer to determine the importahce of this transport

mechanism.

3. GE i1s working to resolve the Rogers Island measurement issue.

Preliminary results of the PCB DNAPL transport study conducted by GE in the Fall of 1996
(HydroQual, 1996) suggest that PCB DNAPL oils emanating from Hudson Falls are retained within
the reach of the river between Hudson Falls to the TID. This is based on the observation that only

2 percent of the fluorescent particles (selected to represent PCB DNAPL) were transportcd
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downstream of the TID (Figure 27). To the extent that these fluorescent particles simulated DNAPL
transport, these dat;l suggest that DNAPL originating from Hudson Falls is largely retained within
the river upstream of the TID. Moreover, preliminary analysis of ﬂudrescent particle size -
distribution data indicates that particles with an average diameter of approximately 100 um constitute

the majority of the mass of particles retained within the Hudson Falls to Fort Edward reach of the

river. These larger particles were not transported downstream under the flow conditions during the

study (est 800-8000 cfs)‘suggesting that oil dmpléts with mean particle diameter of greater than
approximately 100 um are retained near Hudson Falls at flows less than 8,000 cfs and are likely
transported downstream during higher flow periods. A~+**" ° aalysis of these data is underway,

and a full report will be submitted to EPA.
Additionally, as reported to EPA, GE is imdertaking an extensive data collection program

focused on this potential loading mechanism. . Due to the importance of the unaccounted-for TIP

loading in evaluating remedial options, it is imperative that the source be determined.
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V. THE CONTRIBUTION OF PCB SOURCES DOWNSTREAM OF THOMPSON

ISLAND DAM MUST BE RECOGNIZED AND QUANTIFIED

The Report concludes that PCBs in the water column are conservatively transported
downstream from the TID to the freshwater tidal Hudson with little or no loss or gain. This implies
that sediments downstream of the TID or other extémal sources of PCBs, such as a point source or
tributary, are insignificant. This is inaccmte. Consequently, the significance of the ioad passing
the TID is overstated and the benefits of reducing that load will be overstated. A more careful
analysis demonstrates that sediments in the reaches o_f the Upper River below the TID are important
PCB sources and that the contribution of the PCBs passing the TID decreases downstream. In the
freshwater portion of the lower Hudson, EPA’s own analysis shows that external sources of PCBs

contribute significantly to the sediment -- for instance, 25 percent at Albany.

A PCBs passing the TID are decreased downstream by volatilization and deposition.

The Report contends that the PCBs passing the TID are &msmned downstream from Reach
7 through Reach 1 and into the Lower River with little or no loss in PCB mass: the data indicate “the
occurrence of quasi-conservative transport of wa;er column PCBs (i.e., no apparent n'et losses or
gains) throughout the Upper Hudson to Troy” (Report at E-3), and that the PCBs "pa;s relatively
una]teréd, as through a conduit, through the length of the Upper River during vx_'inter and spring
conditions" (Report at 3-87). GE agrees that the net load of PCBs in tﬁe water column dpes not vary

markedly through these reaches of the upper Hudson River; however, we disagree that the region
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above the TID sets water column PCB concentrations and loads downstream of the TID to Kingston.
The Report’s conclusion rests on an incomplete consideration of the physical transfer processes

which affect the fate and transport of PCBs in the Upper Hudson River.

;I‘he fate and transport mechanisms relied on in the Report to explain spatial patterns in PCB
loadings in the various reaches of the Upper Hudson River are inconsistent. "The Report
“hypothesizes various mechanisms to describe PCB dynamics within the TIP during the different
water column monitoring eveﬁts. For example, sediment deposition, sediment rcsuépension,
porewater difﬁlsioxi, and groundwater advection are cited as possible causes of changes in PCB
lgading patterns across the TIP. In contrast, reaches downstream of the TID are described asa
pipeline in which upstream loads are transported downstream with very little sediment/watgr
interaction. Interpretation of the spatial and temporal patterns observe_d in the data should be
described from a consistently applied mechanistic perspective. There is no ‘sound- explanation for
why sediments within the TIP would be highly reactive while sediments downstream of TIP
containing 'similar PCB concentrations and suﬁjected to similar physical forces would behave_
differently. Moreover, the more plausible account for both thg TIP and the downstream reaches is
that which the Report implies downstream of the TID: aged, dechlorinated PCBs in sediments

deposited several years ago make a very limited contribution to the PCBs found in the water column.

Several transport mechanisms change water column PCB loads in the Upper Hudson River,
including particulate settling, volatilizétion, dilution due to tributary solids, and inputs from local
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sediments. Deposition zonés and several so-called PCB "hot spots” are found in a number of
locations downstream of the TID, indicating that settling of PCB-contaminated particles occurs in
this region. Volafilization of dissolved-phase PCBs will occur at all locations in the rijer aﬁd at all
times, with the transfer rate across the air-water interface varying spatially and temporally,
depending upon local conditions. Addition of tributary solids and flow will dilute water column
PCB concentrations in the main stem of' the Uppcr Hudson; however, the additional tributary solids
will also reduce the PCB load due to partitioning of dissolved PCBs onto un#:ontaminatéd tribu.tary
. sediments and subsequent deposition of these solids. Tributary sediment l‘oadings; to the River occur
downstream of the TID (HydroQual, 1995), are significar+ -~ r'esult in reduced PCB transport.
These processes reduce water column PCB load; downstream of the TID. These losses are offset | '

to some degree by the addition of PCBs to the water column from the sediments in Reaches 7

through 1.

The impacts of fate processes can be evaluated in the .context of a mass balance model.
EPA’s report does not contain such an analysis. The GE model, however, has been used to examine
the fate processes acting upon PCBs in the upper Hudson River: transpori_'.with thcil_'iver flow;
adsorption-desorption among dissolved, particulate and colloidal phaseé; settling and resuspension
of tﬁe particulate phase; diffusion between ihe water column and the surface sediment and within
the sediment; volatilization from the water column dissolved phase to the atmosp.here; and burial of

sediment-associated PCBs through sedimentation. This model has been cbmpaf@d to water column

and sediment data over a 14-year period at locations throughout the Upper River. Based on the
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model’s ability to reproduce these data using well-accepted descriptions of the fate processes, it can

be used to examine PCB dynamics within the system.

Figure 28 compares the three EPA estimates of loading through the Upper Hudson River for
the June to August 1993 period with the model simulation for the same period. The dashed-line
profile répr&sents the‘conservative transport of PCBs that EPA claims cxi§$ from the TID to Troy.

| The model sh;)ws a 19% loss of PCBs in the downstreaﬁ direction that is the net result of
volatilization, net deposition of solids and sorbed PCBs, and the addition of PCBs to the water
column from downstream sediments and, to a lesser degree, by downstream tribﬁtary inputs. This
net loss is small enough to be within the uncertainty bounds of the data. The EPA data collection
in the summer of 1993 found an approximately 20% incfease in the .PCB load between the TID and
Waterford. This was a period during which the increase in the PCB load across the TIP reﬂected the
impact of the Allan Mill release. Conditions downstream of the TID m#y also have been influenced

by the same event.

Figure 29 provides further clarification of the origins and fate of the TID PCB§ m the river
during this period. Here, the lowér limit of the shaded region represents the profile of water column
PCB load without a sediment source in Reaches 1-7. PCB load in the river decreases by 45.1%
between Thompson Island Dam and Waterford. This decrease is a result of the combined _effécts of
settling (the unshaded region, 17.4%) and volatilization (the shaded region, 27.6%). Considering
the results of Figures 28 and 29 together, the sediments in Reaches 7 - 1 contﬁbuté 32.3% fo the
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downstream load passing Waterford with upstream sources and TIP sediments contributing the

remainder.

B. In the freshwater Lower River, external sources contribute significantly to the PCB
load.

" The Report uses a simple dilution model (PCB/'”CS) to estimate the contribution of Upper

River PCBs to PCBs in~ the sediments of the freshwa.te‘r Lower River and to supﬁort its contention
that PCBs are conservatively transported from tﬁe TID to Kingston. The methodology is flawed
because it fails to account for the increasing solids yield from the draihage basin below the TID-and
the losses of PCBs to volatilization and deposition, as described in the previous section, and‘cannot
explain the variability of cesium data upsﬁ‘eam of Stillwater. EPA should have recégnized these
deficiencies and abandoned this approach wheﬁ it could not describe the change in PCB/*'Cs

between the TIP and Stillwater. -

The Report's PCB/*’Cs model is based on an stumption of uniform distribution of cesium
in sediments throughout the Hudson River. While thls ﬁniformity of cesium inputs from tributaries
may be true at any given point in time (cesium levels are known to be décreasing over time), the
demonstration of this spatial uniformity using data on Figure 3-63 from the Repbrt is wrong Bécause
.the cesium data upstream of Stillwater are inexplicably variable and ﬁ'equently at levels much ﬁigher
than downstream. This is an instance where the Report's analysis is not consistently applied

throughout the river system. The dilution analysis did not work in the segment of the river upstream
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of Stillwater; therefore it was only employed downstream of Stillwater, ignoring what is arguably

the most important part of the River from a PCB source standpoint.

Further, the data downstream from Stillwater should not necessarily be expected to be
uniform, over a fixed depth interval. This is because spatial variation in deposition rate would m‘akev
the sediments in this fixed 0-2 cm layer representative of different tirneAperiods at different locations,
and hence different cesium levels;. Moreover, the presence of a mixed surface layer with varying
mixing depths at different locations would also complicate the assignment of sediments to a known
time period. These difficulties are compounded when PCB and the (PCB/"*’Cs) are considered,
because again, the 0-2 cm layer which is assumed to represent sediment deposited between 1991 and
1992 is not necessarily representative of this period‘. The analysis also neglects the decrease in PCI;
concentrations in the water column resulting from net deposition and - ulaiilization from the water
column, processes which are part_ially offset by sediment sources of PCB. Accordingly, simple
dilution by tributary solids cannot account‘ for all of the decrease in downstream PCB sediment

concentrations.

Significant increases in the solids load due to tributary inputs as one moves downstream also
invalidate the Report’s simplified dilution analysis: The sediment yield, i.e., annual sediment load
per square mile of drainage area, increases by about a factor of five between Fort Edward and the
Federal Dam at Troy (Phillips and Hanchar, 1996). The large sediment load from tribu.taries in the

Upper Hudson River enhances the deposition of PCB-contaminated solids in the river and modifies
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the rate of change of the PCB/cesium ratio from that which would occur by simple dilution. Both

of these effects complicate the PCB/cesium analysis and undermine the Report’s dilution hypothesis.

EPA used comparisons between the PCB composition in the high resolution core collected
at RM 177.8 near Stillwater and cores in the lower _River to imply the contribution of upper River
PCBs to the PCBs in the lower River. The Agené); characterizes this conhibution as that of the
“combined TI Dam load” (report at. 3-120); although, as discussed earlier, the load from the Upper
River to the Lower River reflects contributions from sediments below the TIP as well. Using cores
collected at Albany and Kingston, the Agcnéy concludes ' * > importance of the Upper River
PCB source has varied over time, being most important during the period between 1975 and 1981
and less important more recently. Comparison of the congener patterns in the t‘op sections of the
Albany and Stillwater cores reveals differerices that were attributed to the addition of other Aroclors
between Stillwater and Albany. Simple mixing of the Stillwater core composition with the PCB
compositions cl)f Aroclors 1016 and 1260 was used to imply that about 22 percent of the PCBs in the

core were derived from non-Stillwater sources.

The EPA analysis of the Albany core probably underestimates the contribution of sources
other than the Upper River. Any Aroclor 1242 (the most widel‘y-used mixture) entering the river
between Stillwater and Albany was attributed to the Upper River. Further, thp co'mpositibn of the
Albany core top is biased toward the ﬁpper River because of the high Zloadings from the uf)per River

that occurred in the fall of 1991 and summer of 1992. Thus, it is likely that sources other than the
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upper River contribute substantially to the PCBs in the sediments of the lower River. The
conclusions of the report fail to cite the evidence of other loadings that it found in its own analysis

and thus mischaracterized the importance of upper River sources to PCBs in the lower River.
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V1. SEDIMENTATION AND DECHLORINATION ARE IMPORTANT REMEDIAL
PROCESSES
The Report understates the importance and benefits of natural recovery processes, including
sedimentation and PCB dechlorination/biodegradation. These processes combine to reduce the
availability of PCBs to the water column and biota and reduce the toxicity and bioaccumulation of

the PCBs that remain. GE has explained to EPA the importance of sedimentatioﬁ in previous

submittals (HydroQual, 1995, GE/HydroQual, 1996), and we will not repeat these here.

The Report fails to recognize dechlorinatibn as an important risk-reduction process and this
failure is reflected in the Report’s misplace.d emphasis on mass rather than toxicity and |
bioavai]al_:)ility. The importance of dechlorination is not mass reduction bl;t its effect in reducing the
toxicity and bioaccumﬁlation potential of PCBs. The indices used in the Report to measilfe

dechlorination fail to capture the complexity and variability of dechlorination processes and are

insensitive measures of dechlorination.

_ The Report also overlooks microbial PCB dechlorination in the -sedi;nent of flje Hudson
River as a critical tool for distinguishing the source of PCBs to speciﬁ-c receptor;. Dechlorination
produces unique, congener—speciﬁc; changes in PCB pdngener distributions that bermit precise source
identification, as is described in detail in Appendix C. Briefly, this Appendix identifies several peak
ratios that can “fingerprint” PCB sources in more than 30 species of Hudsop -River fish collected

during a 16-year period. This analysis shows that PCBs in the fish of the TIP have not undergone
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dechlorination because they have been continually exposed to a supply of fresh PCBs reaching that
s}ection of the river from the Hudson Falls source. This finding underscores that the aged, buried,
dechlorinated PCBs in “hot spots’; are not the predominant sourcvc to Upper Hudson River ﬁsh.A
Instead, the fish are accumulating recently deposited PCBs with a composition very similar to
unaltered Aroclor 1_242 (and with bioaccumulation and toxicit-y properties similar to those of Aroclor

1242), consistent with a known source of undechlorinated Aroclor 1 242 in the vicinity of the GE

Hudson Falls piant. '
A. Dechlorination is an important mechanism in reducing the bioaccumulation and
toxicity of PCBs. :

There are environmentally important benefits to dechlorination:

-- Dechlorination reduces the tendency of PCBs to bioaccumulate.

- Dechlorination sharply reduces the levels of the particular PCB congeners that appear
responsible for producing potential risks to wildlife and humans. '

-- Dechlorination of the more heavily chlorinated PCB congeners to iightly chlorinated
congeners facilitates biodegradation and provides a route for the ultimate destruction
of PCBs. '

The benefits of dechlorination are discussed at greater length in Appendix D. In summary,

dechlorination reduces both the total chlorine level of the PCB mixture and the cqncentration of

specific coplanar congeners. Reduced chlorine level results in significant reductions in PCB

carcinogenic potentiél (USEPA, 1996). For mixtures containing onlAy' mono- throu_gh
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tetrachlorobipheﬁyls, carcinogenic potential has.been reduced 100 fold. Coplanar congeners can
determine acute toy;icity, and déchlorination. in Hudson River sedin;ents has been shown to reduce
the concentration of these congeners by up to 97 percent (Quenson, et al, 1992b). Dechlorination
also dramatically reduces the potential for envimnmental receptors to be exposed to PCBs in PCB-
coqtaminated Upper Hudson River sediments. Dechlorination reduces the bioaccumulation potential

of this'mixture four to 35 fold. It also facilitates aerobic biodegradation by converting the mixture

to readily degradable congeners.

The insensitive dechlorination indices developed in *~~ ™ ~vort, which only measure the final
phases of dechlorination, are incapable of measuring these benefits because potential toxicity,
carcinogenicity and exposure are reduced by even modest levels of dechlorination as the initial

stages of dechlorination provide disproportionaté reductions in these endpoints.

B. The Report's Dechlorination Indices are Flawed and Insensitive.

~

. The Report characterizes PCB dec’hlorination‘ in terms of two indices: a so-called "molar
dechlorination product ratio" and a "fractional change in molecular weight". PCB homologue
distributions can be affected by other known physical processes, such as the selective extraction into
the water column, in addition to microbial dechlorination and by diffefent mixtures of Aroclors.
Laboratory experiments show that when water is passed over Aroclor 1242, the extracted PCBs are
genérally enriched in the lower homologues, particularly BZ 1, 4, 8, 10 and lé that were used in the
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Report in calculating molar dechlorination product ratios, and these same congeners are depleted in
the other phases. The e:nrichments observed in the water phase, relative to the tetrachlorobiphenyls,
are about 40-fold for the monochlorobiphenyls, 10-fold for the dichlorobiphenyls .and 3-fold for the
trichlorobiphenyls. 'fhus, no simple index of homologue distribution, whether expreésed as
‘ “product” ratios or as mean molecular weight, can provide definitive information about the
dechlorination state of PCBs formed in ;wate;-extract, and all statements regarding the extent of

dechlorination in media susceptible to such extraction based on these indices are questionable.

An additional seriousl shortcoming of the "molar dechlorination product. ratio” is its
insensitivity, due to the selection of only "terminal” dechlerination products, to assess the extent of
dechlorination. Due to this insensitivity, it is capable only of detecting extensive dechlorination ix;
sediments containing the dechlorination activity that carries out near! -.‘,co.mplete removél_l of meta
and para chlo?ines from congeners with 2-4 chlorines per biphenyl (described above as the activity
limited to the upper Hudson River). It would barely register dechlorination in sediments containing
only moderate dechlorination activity, and it would completely miss those sediments containing the
dechlorination activity found throughout the upper and lower Hudson that carries out partial
dechlorinations of higher PCB congeners (i.e., those with 4-7 chlorine atoms per biphenyl), but
producing very little of the lower homologues (with‘only 1-2 chlorines). As this other dechlorination
activity still produces significant re(iuctions in toxicity and exposure, its benefits as well as its

detection are completely missed by the analysis in the Report.
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An illustration of the insensitivity in this flawed dechlorination index is the impact of
dechlorination of BZ 8. The most abundant congener in Aroclor 1242, BZ 8 is dechlorinated to BZ
1. However, this activity would be completely missed in EPA’s molecular dechlorination product
ratio because the sum of these congeners never changes due to dechlorination. Moreover, many of
the other most abundant PCB congeners in Aroclor 1242 would be dechlorinated to BZ 1 via BZ 8.

‘Therefore, this methodology would not detect the final chlorine removal stép.
C. Dechlorination Occurs at Concentrations Less Than 30 ppm.

The Report relies on the analysis shown in Figure 4-22 to conclude that dechlorination does

not occur predictably at PCB concentrations <30 ppm. This misrepresents the data. The data clearly

~show that the majority of upper river sediments samples register as dechlorinated, even with the
insensitive dechlorination index used in the Report. Moreover, the analysis shows that the majority
of the lower ﬁvér samples lie below the line, demonstrating that the approach is inappropriate for
the lower Hudson. For the upper Hudson dat.a at <30 ppm (0.8 to 30 ppm), nearly 80% of the
samples displayed on the graph are above the molar dechlorinatiox; product ratio (MDPR) for
unaltered Aroclor 1242. This fraction would only increase as more sensitive dechlorination indices
are utilized. For the lower Hudson, ~75% of the samples <30 ppm lie below the MDPR for
unaltered Aroclor 1242. It has been well established that the contribution of more highly cﬁlorinated
Aroclors increases in the lower Hudson, particularly in the estuary r.egion (EPA Phase 1 Report).

The addition of higher Aroclors would both invalidate the application of the MDPR analysis and
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predictably drive this measure below that of Aroclor 1242. The peak ratio methods described in
Appendix C overcome both of these limitations, as they are a more sensitive index to identify
dechlorination (able to detect a variety of dechlorination processes, including Process B, B’, C, H,
and H’ dechlm:ination), and they are_ relativeiy insensitive to partitioning and variable Aroclor

compositions.

Numerous studies in the laboratory and the field have detected anaerobic PCB dechlorination
over a broad range of concentrations (reviewed in Bedard and Quensen, 1995). Figure 30 shows that
anaerobic PCB dechlorination has been observed in controlled laboratory studies at concentrations
' as low as 10 ppm (Abramowicz et. al., 1993; Fish, 1996, the et. al. 1995). Taken tog‘etherf the
studies demonstrate that there is a linear relationship_ between PCB concentration and dec'hlorination.

rate without a threshold concentration.

Although field studies of PCB dechlorination are limited by analytical detection limits at low
concentrati('ms, longer incubation times ir; the field have permitted the detection of PCB .
dechlorination at even 5 ppm (Table 1, Abramowiczet. al., 1996). These researchers noted that even
at the lowest concentration range analyzed (5-10 ppm), 63% of the samples still met the established

criteria for extensive dechlorination.

Additional support for environmental dechlorination at low concentrations has been obtained

through direct comparisons of surface PCB congener profiles in the Hudson River to Aroclor 1242

55

HRF 0063 oos3



and completely dechlorihated Aroclor 1242 congener profiles. A sediment sample was collected
from the TIP site known as H7. A fraction of this sample was extracted and analyzed for PCB
content and the measured concentration was 6.2 ﬁpm. From the PCB distribution, the number of
chlorines per biphenyl (C/BP) was 2.71. Since Aroclor 1242 contains 3.26 CI/BP, even at this low

PCB concentration some dechlorination took place in the environment.

The use of intra-homologue peak ratios to assess dechlorination. at various 1"CB
concentrations is shown in Figure 31. Four peak ratios are utilized (BZ 56/49,-23-34-/24-25-CB;
BZ 60749, 234-4-/24-25-CB; BZ 66/49, 24-24-/24-25-C® ™7 74/49, 245-4-/24-25-CB). These
ratios represent the change in the dwhloﬁnaﬁon sensitive tetrachlorobiphenyls (mono-ortho _
substituted) to the more resistant tetra‘chlorobiphenyl congener 24-25-CB (di-ortho substituted).
The result of this peak ratio analysis demonstrates that significant dechloriﬁation occurs at all

concentrations, even at sub-ppm levels. There is also a clear trend demonstrating more extensive

dechlorination at higher PCB concentrations, consistent with laboratory experiments.
. D. Dechlorination has not stopped in the Hudson River.

The Report incorrectly states that dechlorination has stopped in the Hudson River, based
upon the analysis of high resolution cores (Report at 4-70). This conclusion is flawed since the
indices used.to monitor dechlorination are insensitive to some dechlorination'processes and since

it ignores the ongoing dechlorination of fresh Aroclor 1242 in surficial sediments. Evidence for
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dechlorination in surficial sediments exists in several forms. First, surficial sediments collected from
the “fluff” layer from the TIP display Pattern A dechlorination (described in Appendix C). Second,.
microcosms that simulate the fate of fresh Aroclor 1242 in Hudson River sediments Ydisplay Pattern
A dechlorination at early time points (4-6 weeks, Fish, private communication). Third, fish in the
TiP display a PCB distribution consistent with Pattern A dechlorination. This pattern is likely the
result of the initial stages of dechlorination, with more extensive dechiorinatibn occurring over

longer time periods, when additional burial sequesters this material.

These surficial biotransformations (Process A initially and Process Y later) and subsurface
dechlorinations (Process C) which were observed in nQicrocosfn experiments (Fish and Principe,
1994 and Fish, 1996) demonstrate rapid dechlorination ahd degradation of Aroclor 1242 in Hudson
River surface .;.ediments.- The changes observed in these physical river models 6losely correspond

to changes observed in the environment.

Additional evidence to demonstrate that dechlorination is still occurring in the upper Hudson
is found in Figure 32. This Figure represents the application of the intra-homologue p‘ee'xlk ratios to
the EPA Phase 2 high resolution sediment cores. To minimize the impact of concentration on the
rate of dechlorination, only a narrow concentration range was utilized (all 3-30 ppm core segments
from all Upper Hudson high-resolution cores). Note that the extgnt of dechlorination cor;tinﬁes to
change in a smooth continuum with increasing depth in the core. This data demonstrates that the

extent of dechlorination strongly correlates with increasing depth and increasing agé of the sediment,
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inconsistent with thé Report’s claim that dechlogir!ation has stopped in the upper Hudson. These
analyses also derr;onstfate the strength of peak ratios as effective indices of anaerobic PCB
dechlorination in environmental media, assessing concentration and temporal effects even under -
conditions when partitioning, variable Aroclor compositions, or modest level of dechlorination’ are

present, conditions that can confound other dechlorination indices.
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VII. CONCLUSIONS AND RECOMMENDATIONS

In order to evaluate remedial options properly, EPA must understand the sources, transport
and fate of PCBs in the Upper Hudson River. This Report provides a geochemical analyses of the
data, based on several inconsistent hypothesis, that do not provide a realistic and accurate view of

the river system.

The Report offers various hypotheses to explain the spatial and temporal patterns in the PCB
data. Many of the hypotheses are incompatible, and the Report chooses from among them to reach
‘overall conclusions. In most cases, the choices are based on qualitative arguments that are not
rigorously evaluated. In these comments, we have presented techni;:al arguments that refute the
primary hypotheses that form the basis of the Repprt’s conclusions. Our arguments aré based on
| geochemical ﬁngemﬁnting techniques similar to those used by EPA; a quantitative 'deterr'nination
of the PCB fate mechanisxﬁs required by the hypothesis; and PCB mass-balance calculations. The
last two types of analyses are a requirement of hypothesis-testing because théy examine the

plausibility of the stated hypothesis.

Because EPA’s approach to data interpretation is restricted to a geochemical examination of
the data, it is sufficient for developing hypotheses but not for testing them. The Agency must
acknowledge this limitation and conduct furthg:r analyses to test the hypotheses within the

framework of the mass-balance model currently under development. As we have done in our
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evaluation of the Report conclusions, the Agency must use the model to examine the consistency
of each hypothesis with the estimated rates and magnitudes of relevant fate processes and with
historical information regarding the spatial and temporal distributions of .PCBs in water, sediment
and fish. An integrated interpretation that accounts for all the sourc;es and losses of PCBs is |
necessa?y to develop conclusions about the relative importance of the various PCB sources and the
rate of recovéry.
f

The utility of the Report and its conclusions are ﬁmdamentally undermined by its numerous

inconsistent statements. An exhaustive review of each of such statements is beyond the scope of

these comments, but the examples set out below demonstrate this shortcoming:

. The Report hypothesizes resuspension of dechlorinated _sediments vfrom the TIP
despite its own analysis that ¢xplains that resuspension is not occurring. On page;s 3;62 and 3-63,
the Report concludes that resuspension of TIP sediments is of limited importance to the load.
measured a't the TID because there is no evidence of resuspension during low flow and during high.
flow, when resuspension would be expected, the load above Rogers Island is transported relatively
unaffected through the TIP. Notwithstanding this sound conclusion, the Report later hypothesizes
that a possible source of the increased load across the TIP seen most prominently during low-flow
periods is resuspension of sediments containing highly concentrated, highly dechlorinated PCBs.

This hypothesis, presented as one of the primary conclusions of the Report, is obviously inconsistent
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with the observation made at 3-62 and 3-63 that resuspension within the TIP is not an important

process.
. The Report emphasizes ﬁe importance of sediments as PCB cqrm'ibutors to the TIP
and de-empbhasizes its own analysis that shows that the current sources near Hudson Falls are more
important. On page 3-90, the Report describes thé mass of PCBs pfovided by the different internal
and external sources in the Upper' River in 1993: 370 kg from the sources aboye Rogers Island; 225
kg from the TIP; 25 kg from the “Schuylerville” source; and 83 kg from scour.from the Hoqsic-
driven scour of surficial sediments during Transect 3. Using these figures, the soﬁrces above Rogers
Island provide approximately 50% of the annual load during 1993. This fact, however, is ignored
in the Report’s primary conclusions, which, in particular, attribute increased loads to the TIP |

sediments):

"The PCB‘ load from the Thompson Island Pool . . . dominates the water column from

the Thompson Island Dam to Kingston during low flow conditions” (Report at E-3);

“The sediments of the Thompson Island Pool strongly impact the water column,
generating a significant water column load (as documented in Chapter 3) whose

congener pattern can often be seen throughbut the Upper Hudson” (Report at 4-91).
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. The Report dismisses the importance of the more recent load originating near Hudson ~~
Falls attributed to 1991 - 1993-era loads from the Allen Mill, which the Report concludes have been

essentially eliminated:

“Recent remedial efforts by GE have greatly decreased the PCB loads originating -
. above Rogers Island. As a result, the total annual loads to the water column have

decreased but the importance of the TI Pool load has increased.” (Report at 3-91).

Not only are there no data to support this conclusion, it ignores the likelihood that the large
releases from the Mill were deposited above and within the TIP, where they are now contributing

to the water column.

. The Report is inconsistent in its reliance on different méchanisms above and below
the TID. On the one hand, the Report posits a number of possible physical mechanisms Within the
TIP -- settling or volatilization of the load entering the TIP and porewater diffusion or resuspension
of TIP sediments -- to explain the increased loading of PCBs across the pool. At the sah?c time, the
Report appears to ignore or discount these same mechanisms in the aréa below the TID in reaching
the conclusion that the load at the TID is transported without significant loss of PCBs to the water
column through the rest of the freshwater Hudson. Yet, the sediments in the areas above and Below
the TID are very similar, and the Report itself identifies an increase in PCB load downstream of the

TID during low flows (Report at 3-84). It is unreasonable to invoke these processés where they tend
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to support one’s conclusions, but ignore them when they do not comport with those same

conclusions.

In order to complete a technically defensible remedial analysis, EPA must develop a
consistent and physically pla‘usible explanation of the data and then test that explanation againsta
calibra'tea and validated model to ensure that the tme sources of PCBs to fish, wildlife and humans
are identified. The explénation of thie data needs to ﬁke into account all the précesses at work in
the river that are relevant to remedial analyses. Where questions central to remedial analyses cannot
be answered with the data presently at hand, additiona! d=*- * be obtained to resolve the issues
so that we can have full confidence in the conclusions reached on the basis of data interpretation and

evaluation.
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APPENDIX A

SUMMARY OF ANALYTICAL BIAS CORRECTIONS FOR
- USGS AND GE DATABASE

Corrections for analytical biases in both the USGS and GE water column databases were
developed to support the data analyses presented in this document. Summaries of the rationale and
data used to develop these corrections are presented below. More detailed reports documenting the

development of these corrections will be presentéd in the future.
A. Quantification of The Analytical Bias in The USGS Data

The USGS data contains analytical biases, however, we believe that these biases cah be
bounded and used to "correct” the existing datat')ase. The analytical biases within the USGS
database relate to the packed column methodology for PCB separation enipldyed during the period
of 1977 to 1989. This separation and quantitatic;n method failed to resolve the mor;é-chloﬁnated
biphenyls as they elute with the’solvent peak'on the packed column. Based upon the PCB loading
patterns observed in the Hudson, this bias would‘ tend to uﬂderestimate the PCB loading from.

sediment porewater, which is enriched in mono-chlorinated biphenyls.

In anticipation of these potential biases, GE analyzed a subset of the water column data

~collected over a five month period during 1991 by both congenef methods (NEA608CAP) and
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packed column USGS methods (Schroeder and Barnes, 1983). These paired data provide a means

of quantifying the low bias in the USGS data.

Based upon linear regression analysis of the difference between paired USGS and capillary
column PCB data and the weight percent of homologues quantified by the capillary column method,
the low bias in the USGS data (Figure A-1) appears to be strongly' correlated w1th the concéntration
of mono-chlorinated biphenyls in the sample (Figure A-2). Addition of dichlorinated biphenyls to
the regression strengthens the correlation suggesting that a portion of the ‘bias may also be
attributable to an underquantification of the dichloripated biphenyls (Figure A—S). Therefore, it
appears that the bias associated with the USGS data is dire‘ctly related to the concentration of mono-,
and to a lesser extent, the dichlorinated biphenyls. Since there is no direct measure of the mono-
chlorinated biphenyls in the historical USGS data, a straight linear regression between capillary.
column and USGS total PCB concentrations was performed to assess the analytical bias in the USCS
data. This regression was perfdrmed for each samrling station due to differences observed in mono-
and dichlorinated PCB concentrations; at the different static;ns in subsequent congener PCB

monitoring programs.

The results of the regression analyses for the different stations a{:pear ip Figure A-4. At the
Fort Edward station, where water column samples contain only a small amount of mono- and di-
chlorinated biphenyls, the low bias in the USGS methodology is estimated at 29 percent (bias
determined by the slope of the relationship). Similarly, PCB measurements by USGS methodologies
underestimate Schuylerville PCB concentrations i>y an estimated 40 percent. Stillwater and
A-2. ‘
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" Waterford correction factors were similar to those of Schuylerville. Biases at downstream stations
are greater than those calculated for the Fort Edward station due to the higher proportion of mono-
chlorinated biphenyls in samples ﬁom these downstream stations. These correction factors were
applied to the USGS data for the entire period of record (1977;1995). The corrected data were then
used to analyze long term spatial and temporal patterns in PCB loading in the upper Hud.son River,

specifically, the historical loading observed from the TIP region of the river.
B. Quantification of the Analytical Bias in NEA Peaks 5, 8, and 14

Comparison of 1993 water column PCB con~~>-* measured at the Fort Edward and
Thompson Island Dam stations by GE with those measured in the EPA Phase II study suggested that -
analytical biases were present in the ‘GE data set. -Aﬁhough total PCB levels and homologue
distributions in the two data sets exhibited consistency in magnitude and temporal trends,
examination of specific dechlorination products suggested that analyti;:al biases are manifested in
individual PCB congeners. Differences between GE and EPA data for capillary column peak 5
(PK5), which contains PCB congeners 2,2' dich}or;)biphenyl (BZ4) and 2,6 dichlorobiphenyl

(BZ10), are especially evident in the 1993 data from TID (Figure A-5)."

Biases in individual congeners may significantly affect data analyses used in developing an
understanding of PCB fate and transport mechanisms in the Thompson Island Pool (TIP). For the

case of PK5, the low bias of the GE data (Figure A-5) causes the TIP loading to be underestimatéd;
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and may significantly affect conclusions drawn from data analyses regarding the relative importance

of sediment diffusive flux and dechlorination as PCB fate and transport mechanisms.

The primary cause of analytical biases in the GE data is related to the capillary column (DB-
1) method used to separate PCB congeners. Coelution of congeners with differing relative response
factors (RRFs) causes DB-1 results to be sensitive to the assumption made regarding their relative
amounts within the given peak. Also, coeluting congeners can cause the shape of a chromatograph
peak to deviate from an ideal Gaussian distribution, 'resulting in afea calculatioﬁ errors. Biases in
the GE data set were also attributed to errors in the original Mullin calibration of the PCB standard
used in DB-1 analyses. The weight percent of peak 5 components §vithin the 25: 1‘8:18 mixture of
Aroclors 1232, 1248, and 1262 of the Green Bay Mass Balance Study mixeci Aroclor standard (US

EPA, 1987) was apparently miscalculated.

Preliminary attempts to “correct” the GE database fcr anz;lytical biases were focused on the
revised Mullin calibration of the Green Bay Standard (Mullin, 1994). However, temporal trends in
1993 GE water column data recomputed with the revised calibration did not cbmpare well with EPA
data. Remaining differences were attributed to differénces in RRFs among individual congeners
within a given DB-1 peak containing coeluting congeners, as the ratio of coeluting congeners can

be altered upon dechlorination or by other processes.

To further explore the coelution issue, peaks with coeluting congeners were first ranked
based on their potential for analytical bias. Archived extracts from Hudson River water column
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samples were then reanalyzed in the laboratory to separate out coeluting congeners from selected
target peaks. Regression analyses were used to quantify single peak analytical biases by relating

DB-1 measurements to congener sums.

Peaks targeted for reanalysis were ranked by a surrogate parameter chosen to reflect their

contribution to PCB loadings in the TIP and the effects of coelution. For peak I, containing j=1,..,n

coeluting congeners, the potential bias index, ®, was defined as the product of its relative range in
congener RRFs and its average weight percent (W7ID) in 1991-96 summer low flow GE water

column PCBs measured at TID:

RRF g1, & RRF OThew
<I>x = WTID, RRF_ | x100%
B n

The DB-1 peaks with the five highest ®’s are listed in Table A-1.
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Table A-1.
. S’
DB-1 PCB Peaks with the highest potential for analytical bias in the
GE water column dataload. Congener RRFs obtained from Table 7-IV
(Erickson, 1992). ' .
DB-1 | IUPAC Congener #s Congener RRFs ‘Relative | Avg
Peak # Rangein | TID ®
Ist | 2nd | 3rd [ 4th | 1st | 2nd | 3rd 4th -RRFs (%) | WT%
5 4 10 0.037 | 0.262 150.03 | 10.15 | 1523
8 5 8 0.119 | 0.206 53.54 7.90 | 423
14 15 18 0.107 {0.313 98.10 3.68 | 361
25 20 | 21 | 33 | 53 | 0.724 |1.060| 0.361 | 0.447 | 107.93 3.16 | 341
17 16 | 32 0.447 | 0.278 46.62 5.68 | 265
26 | 22 | 51 1.094 ! 0.600 58.28 2.82 | 164
1993 water column data for the five peaks listed in Table A-1 were compared with measured
values from the EPA data set and the largest biases were found to be in peaks 5 (low), 8 (high), and
14 (low). Therefore, these peaks were selected as target peaks for further analyses. ~
Laboratory separation of the congéners within target peaks was performed on a CP-SIL
5/C18 (C18) gas chromatograph column, manufactured by Chromopack, Inc. Thi_s column was
selected primarily on its ability to resolve low molecular weight PCB congeners including those
coeluting in peaks 5, 8, and 14.
Historical archived GE Hudson River water column sample extracts selected for laboratory
reanalysis included recent samples (1995-1996) with total PCBs greatér than 40 ng/L collected from
_FE, TID, and the Hudson Falls plunge pool, and historical paired samples collected from FE and TID
A-6 S
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during the summer low flow periods of 1991-1996. The paired samples chosen for reanalysis
exhibited a strong TIP loading signal (i.e., large difference in total PCBs between FE and TID). The

selected data set enabled examination of the variation in single peak correction factors for different

time periods and sampling locations, and for data that were expected to have signiﬁcahtly different

PCB compositions.

Comparison of results from DB-1 analyses of archived extracts with original data indicated

. that the laboratory achievéd good analyte recovery (i.e., storage loss was not significant). Extracts

were reanalyzed on the C18 column, and linear regression analyses were performed to relate C18

congener sums with DB-1 results. Regression analyses for - " e target peaks (PKS, PK8, PK14)

.are plotted in Figure A-6. Results from the regression piots suggest that the analytical bias in the

target peaks is systematic and independent of sample time and location (i.e., correiation coefficients

close to unity and small y-intercepts). Based on these results, correction factors were developed to

- account for analytical biases in peaks 5 (3X), 8 (O_.SX), and 14 (1.5X). Regression statistics for the

three target peaks are summarized in Table A-2.

Table A-2

Statistics for regression of DB-1 and C18 data.

I B-1
eak

Structure
of PCB
Congeners

Reanalyzed Extract Data

Regression Statistics

Number

Max Conc.
[ngiL]

Min Conc.

[nghL]

Slope

y-intercept
[ng/L]

R?
.

Standard
y-Error [ng/L]

Significance
(P-value}

122'+26

38

30.7

0.0

14

0.931

58

1.7E-22

23+24

38

102.7

0.0

294
0.47

03

0.995

0.9

9.9E-44

14

44'+22'5

38

83.8

0.9

153 -

-1.2

0.996

1.6

£45 ]

30645

«
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The correction factors devéloped from regréssion line slopes were applied to the 1993 GE
water column data set for comparison with GE data from the same period. 1993 total and target peak
PCB water column concet'ltrations are plotted in Figures A-7 and A-8 for the FE and TID sampling
stations, respectively. Inspection of Figures A-7 and A-8 suggests that application of the correction
factors to thé GE data set dramatically improved iis comparability with the EPA data. This

improvement is most notable for PCB data collected at TID.
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APPENDIX B

DNAPL SOURCES IN THE VICINITY OF HUDSON FALLS

Source Identification:

In September 1991, elevated rivér water lgvéls of PCBs were detected by GE upstream of
" the contaminated sediments in the TIP. Intense investigations localized the source area to the eastern
»shorelin;e near river mile 196.8, in the viciniiy of the GE Hudson Falls plaﬁt site. Access to this area
was hampered .due to complex site geography, the éresence of a steep cliff and the Baker’s Falls, a

150 year old mill (Allen Mill) in poor structural condition and several hydraulic conduits.

The results of these investigations revealed the presence of active seeps of Dense Non- .
Aqueous Phase Liquids (DNAPL) along the eastern éliff face and the rock face of the eastern
raceway within the Allen Mill. In addition, free phase PCB oil (Aroclor 1242) and oil- contaminated
sediments (up to 70,000 ppm) were found within the Mill and in the iailrace tunnel (the tailrace
tunnel, a 200 foot tunnel discovered below the Mill in the fall of 1992, outlets into the plunge pool

at the base of Baker’s Falls).
As part of the reconstruction of the Baker’s Falls dam by Adirondack Hydro Development

Corporation, the eastern portion of the Falls was dewatered in the first quarter of 1996, revealing

additional seeps in the river bottom.
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Remediation:

A number of different remedial measures have been implemented to mitigate the seepage of
PCBs from the vicinity of the plant site to the River.‘ It is now recognized that DNAPL is present
in fractured bedrock below the site. Remedial efforts are briefly summarized below: 1) DNAPL
seepage from the rock face of the easten racewayvis now routinely captured; 2) hydraulic cor;trol
of conduits through the Mill was achieved in 1993 to allow access and additional investigation of
- the M‘ill; 3) a slurry wall was constructed within the eastern raceway in 1994 to ;educe river seeps
from this region; 4) rcr;loval of DI;IAPL and oil-contaminated sediments from the Allen Mill
containing 50 tons of PCBs was compléted in 1995 (this matenal represents approximately twice
the amount of PCBs estimated to reside in all of the TIP sediments); 5) construction of a WWTP to
allow expansioﬁ of recovery efforts at the site jn 1995; 6) installation of DNAPL-recovery wells in
the vicinity of the plant site that have recovered >éOOOL of DNAPL to date; and 7) the ongoing
installation of barrier wells utilizing hydraulic control to further reduce DNAPL transport through
subsurface fractures. Clearly th,ese remedial efforts have reduced tl;xe PCB loading of
undechlorinated Aroclor 1242 to the Hudson River, but it is not yet possible to determine the degree

of control that has been achieved.

Recent Efforts:

Additional chemical characterization of DNAPL fluids from seeps and subsurface wells has
recently been undertaken to aid DNAPL control efforts at the site. Chemical characterization of
thege fluids by GC/MS has identified the major chemical components of the DNAPL in the bedrock
at Hudson Falls to be Aroclor 1242 (PCBs), phenyl-xylyl ethane (PXE), bis-(2-ethylhexyl) phthalate

- B-2
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(BEHP) and trichlorobenzene (TCB). The level of PCBs in the DNAPL ranged from 12 to 100,
weight percent. The other components also varied considerably. Although there was considerable
variation in the composition of the DNAPL recovered from different locations at Hudson Falls, the

composifion of the DNAPL falls into four distinct categories.

‘The four categories’ of DNAPL récovet‘ed from 38 different locations, including wells and
in-river seeps, c.an be deﬁged as 1) PCB; only (primarily PCBs), i) all compoxients (PCBs, PXE,
BEHP and TCB), 3) all components lesé TCB (PCBs, PXE and BEHP), and 4) low PCBs
(containing less than 50% PCBs, and variable quantities of PXE, BEHP and TCB). The presence
o1 these four categories of DNAPL suggest that there are at-least four unique DNAPL reservoirs
present in the vicinity of the plant site. These DNAPL reservoirs are located as follows and are

shown in Figure B-1:

. TABLE B-1

Chemical éharacterizatidli 'of DNAPL reservoirs in the.
vicinity of the Hudson Falls Plant Site. "

.

DNAPL composition . - ...

Seeps 1 & 5; vertical seep control
borings in tunnel; Eastern Raceway

Seep 13; RW-104; angled seep . _

PCBs only

All components

control borings in tunnel
All components less TCB | RW-100 & east of RR tracks
Low PCBs Bldg 1 & south of John St. “
B-3
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Note that the river seeps fall into two distinct reservoirs. Seep 13 was discovered in the fall
of 1996 by divers at the base of Baker’s Falls. DNAPL collected from this river seep totaled over
16 liters by early January 1997. This represented ~0.5 Ibs/day of potential PCB loading to the river
that was being captured since its discovery in late 1996. The location and chemical characterization
of this seep was distinct from the other river seéps, suggesting additional controis would be
necessary to capture this material. Recovery well RW-104 was installed to capture this material and

Vit quickly began capturing DNAPL with the same chemical composiﬁon as tﬁat previously coliécted
from Seep 13. Moreover, production ceased from Seep 13 in nearly the same time frame. The new
recovery wells in the Eastern Raceway, installed as a portion of the barrier wells near the River’s

edge, may also be capturing DNAPL that is impacting Seeps 1 and 5.

These recent results suggest that targeted remedial activities at the Hudson Falls site are -

* currently reducing the upstream source responsible for the contamination of surface sediments in the
TIP. As these surface sediments represent a source of PCBs to the biota and water column from the
TIP, impacting the upstream source (undecﬁlorinated Aroclor 1242) should have a direct benefit on
water and fish PCB levels. The negative impact on both of these media was observed after the Allen
Mill releases in 1991-1993. We would expect correspondingly positive impacts on both media due

to the recent controls implemented on the Hudson Falls plant site.
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APPENDIX C

APPLICATION OF INTRA-HOMOLOGUE PEAK RATIOS TO
CHARACTERIZE PCB SOURCES

ABSTRACT

“The origin of the persistent PéB levels in Hudson River fish has remained controversial:
primarily, we believe, for lack of chemicz_ll “ﬁpgexpﬁﬁting” procedures thz:n would permit
distinguishing between alternative soufccs for the fishes’ PCBs. Past attempts to provide such
fingerprinting via descriptions of PCB congener distribution or principal components analysis have
been generally unproductive; largely, it now appearé, because of data confounding by variabilities
- in such proeesses as elutriation, bioaccumulation, and depuration. Since these processes impact
‘r.nuch more heavily on inter-homologue ratios than on intra-homologue, or isomer, ratios, we ﬁave
explored the use of isomer ratio data sets as inform.ation indicators of the environmental alteration
state, and hence environmental pathways, taken by the fishes’ PCBs. Exalhinéfion of over 300 such
data sets, determined for the PCBs in Hudson Rlver fish belonging to 30 species, 21 éénera, and 11

families, collected over a 200-mile stretch of the river over a 16-year period, showed that the resident

fishes’ isomer ratio “fingerprints” have generally corresponded to those of the local surficial

sediments in all sections of the river, except as altered by metabolic processes that were found
characteristic of 9 of the 21 genera studied. Since 1977, the PCBs of the fish of the Thompson
Island Pool (upper Hudson River Reach 8) have exhibited surficial se(-iiment. Pattern A, indica&ive
“of recently deposited Aroclor 1242. Those of fish tak_en a hundred mile;e. d;)wnstream in the mid-

estuary have instead exhibited subsurficial sediment dechlorination Pattern H’, indicative of PCB

C-1

HEE 003 0O7 3



compositions, such as hydraulic fluids, that had long been present in the sediments. In between,
there has been a smooth transition in pattern, indicating a decrease in the extent of fish PCB
dechlorination with decreasing distance from the known source of undechlorinated Aroclor 1242

input at Hudson Falls.

INTRODUCTION

¢ The Hudson River is the major waterway draining eastern New Yofl; State (Figure C-1). Its
fish have been known to be carrying elevated levels of PCBs (polychlorinated biphenyls) since 1970
(1). All industrial uses of PCBs ceased in the 1970’s .and‘the levels of PCBs in.Hudson River fish
have declined only slowly since the mid 1980s.‘ Continuing c_ontroversies as to the sources of the
fishes’ PCBs revolve around such questions as: whether the PCBs in upper Hudson fish are coming
from old local high level sediment depbsits (“hot spots™) or from ongoing drainage from rock
fractures under a contaminated plant site; whether the PCBs in lower Hgdson resident fish .are
coming from old deposits in the local sediments or from ongoing inputs from the upper Hudson; and
whether the PCBs in lower Hudson migratory fish are coming ﬁ';m either of these sources, or from

the sediments and sewers of the New York metropolitan area.

The commerciél PCB products (e.g. Aroclors) that were releaseci into the environment were
complex mixtures of isomers (PCBs of the same Cl-Number) and homologues (PCBs of different
Cl-Number), which are generically referred to as congeners. The original distributions of such
congeners can be altered by biological processes in each of the environmental cémpartments erough
which the PCBs may péss, e.g., by aerobi; microgialtbiodegradation near the sediment surface
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| (4,5,6); by anaerobic microbial dechlorination in subsurficial sediments (7,8,9,10); by limited
microsomal me_tabolism in some fish species (11); and by more extensive microsomal metabolism
in crustaceans, piscivores, and man (11, 12). Since each of these processes alters the PCB congener
distribution in a different way, it should, in ;;rinciple, be possibie to identify the set of niches through

which any environmental PCB has passed via observable alterations in congener distribution.

In prgctice, this has generally préved difﬁcult, primarily because K, ~-dependent phenomena
such as evaporation, elutriation, bioac_cumulation, and depuration, as well as variations in Aroclor
proportions in the original release, can produce variations in homologue distributions large enough
to obscure the effects on congener distribution produced by niche-specific biological activities. It
occurred to us, however, that this problem could be minimized by simply using isomer ratios rather -
than congener levels as indices of chemical composition. Accordingly,; we undertook to determine
énough PCB isoiner ratios on enough types of fish samples to determine whether ‘an isomer ratio data

set could indeed provide a robust indicator of PCB source and alteration history.

MATERIALS AND METHODS

: S_n&D_Qsmp_ngn - The lower 156 mi. (251 km) of the Hudson River, from Troy to New York
City, is a tidal e;tuary herein referred to as the lower ﬁudson (see Figure C-1). The next ca. 80bmi‘.
(ca. 125 km), i.e., the lower paﬁ of the upper Hudson, consists of a series of dammed stillwaters
called “reaches,” numbered in order starting from the Federal Dam at Troy. Distances-along the

Hudson are measured as “river miles” (RM) starting from the Battery at the southern end of
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Manhattan Island (New York City). Several descriptions of the contamination of the Hudson River

by PCBs have been published (13, 14, 15, 16, 17).

Fish Data Used. - The fish samples or analytical data used in this study came from -

collections made by seven other investigators:

" 1. From R.J. Sloan of the New York Staie Dept. of Environmental Conservation (DEC) we
obtaiﬁed about 800 archi\./ed a‘nalyticél extracts of fish from his 1977-82 collectior;s (2) that had been
returned by his analyst after low resolution packed column analysis. We selected 75 specimens that
reflected a variety of fish species, PCB levels, and Arocler ratios and submitted them to Northeast
Analytical Services of Schenectady, NY (NEA) for DB-1 capillary gas chromatqgraphic (GO)
analysis by described procedures (18). These analy'ses revealéd that ﬁ few of the extracts, notably
those of the goldfish and eels, had been allowed.to dfy out and lost lower congeners, but that most

still exhibited homologue distributions in accord with the vriginal “Aroclor” determinations.

2. From P.A. Jones, also of DEC, we obtained splits of the fathead minnow samples
collected in his 1985 study (19) of Hudson River PCB uptake by caged minnows, which were
analyzed at GE (18). |
‘ 3. From J.M. O’Connor, then of New York University, we obtained the original packed

column GCs of the gammarus collected in 1980 as a part of the NYU Hudson River Survey (20).
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He also supplied us with a dozen lower Hudson striped bass, collected in 1985, that were analyzed

at GE (18).

4. From B.K. Shephard, then of Harza Engineering Co., we obtained both NEA GCs and
" data for samples of sediments, Hester-Dendy (periphyton) plates, dialysisvbags, invertebrates, and
fish collected during his 1988-1998 survey of PCBs in the lower Hudson River, New York Harbor,

and western Long Island Sound.

5. From J.G. Haggard of General Electric we obtained 90 frozen fish that had been collected
from upper Hudson Reaches 1-11 by Law Environmental Services i 1990. These were submitted
to NEA for a 118-peak DB-1 analysis (18), along with a separate analysis for congener 77, which

is not well resolved from PCB 110 on DB-1.

6. From W.A. Ayling of O’Brien and Gere Engineers, Inc. of Syracuse, NY we obtained
NEA chromatograms and data for fish, invertebrates, and sediment surface scrap'ihgs collected from
the Thompson Island Pool in May, 1992, eight months after the major PCB loading event of

September, 1991 (21).
7. From L.J. Field of NOAA, Seattle, WA, we received 145-congener dual column PCB data

files for 115 fish samples that he had collected in collaboration with RJ Sloan (DEC) at ten

collection stations between RM 40 and 200 on the upper and lower Hudson m the autumn of 1993.
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The sediment reference samples for A, B, C, H and H' alterations were taken from individual

core sections that exhibited these patterns as previously described (7-9).

Data Processing. From each PCB congener data set we calculated, if not already provided,
the total PCB level, the PCB/lipid ratio, the levels of the homologue groups, the ratios between
successive homc;logue groups, and the ratios of about 40 of the stronger single congener peaks to

“those of a selected isomeric refere;ice congener, as well as site and species ﬁverages. The seiécted
reference congener(s) were, for the tri-CB (hereinafter CB(s) = chlorobiphenyl(s)), the sum of PCBs
28 + 31 (these are normally the highest and second highest level tri-CBs, respectively; but they elute
so closely on a DB-1 column that we were.conccmed about the reliability of the peak splitting
calculation); for most tetra-CBs, PCB 49 (which maintains a felatively constant level during the
early stages of dechlorination); for the tetra-CB PCB 70, which is readily metabolized by the AP-
ICT activity, the non-metabolized PCB 74 (which is also more similar in K, to PCB 70 than PCB
49); for most penta-CBs, the rather slowly dechlorinated PCB 110, with PCB 99 as a non-

metabolizeable alternate; and for the hexa-'CBs, PCB 153.

Adjustment for Reference Congener Depuration - We noted that the ratio between isomers

74 and 49, which differ somewhat in water solubility, became elevated in individual ftsh that were
heavily depurated, as indicated by low levels of di- and tri-CB’s. In such fish the elevation in log
(PCB 74/PCB 49) averaged about 0.2 times that in log (tetra-CB/tri-CB). chordingly, a possible

depuration adjustment to the 74/49 ratio was calculated on that basis.
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RESULTS

Table C-1 lists the fish species examined, abbreviations used, and metabolic alteration

patterns observed. Table C-2 presents the mean values of the upper and lower Hudson River fish

PCB homologue levels and selected PCB isom_er ratios for the 1977-78, 1990, 1992, and 1993 fish

collections, along with reference vah.ie_s for a 90:10 Aroclor 1242:1254 mix and Hﬁdson River
sediments exhibiting alteration patterns A, B, C, H, and H'. The variability of all tetra-CB and some
penta-CB homologue levels, and the upper Hudson PCﬁ isomér ratids involving penta- and hexa-
. CBs was low (5 - 20% Rélative Staﬁdard Deviation (RSD)). Tri- and hexa-CB homologue levels,
and the other isomer ratios involving tetra-, penta-, or hexa-CBs displayed somewhét greater
» waability (20 - 40% RSD). Generally, however, the % RSD’s were only about half as great for the
-isomer ratios as for the homologue levels. Much of this remaining variance in the Table C-Z isomer
ratio data, §vhich arose from measurements of the PCBs in many different species of fish, taken over
large geographical ranges, could be correlated with speciﬁc variables. These will be considered in

turn.

Variations arising from PCB depuration. - Some of the individual fish collected from the.

upper Hudson in November, 1990 showed levels of tri-CBs that were reduced td as little as 10% of
their usual values, and displayed even greater reductions in di-CBs; Such fcductions in lower
homologue levels occurred most fréquently in walley (WAL), smallmouth bass (SWM),\-and
largemouth bass (LMBY), and significantly influenced the average lower homologue levels reported

for 1990, since SMB had been selected as the species to be measured in triplicate in every reach of

the upper Hudson. The depurative losses could have resuited from either a late-season cessation of
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feeding, or from periods of feeding in uncontaminated tributary streams. These losses were much
less prominent in the 1977-1978, 1992, and 1993 collections. However, the observation of the
effects they might have on the PCB 74/49 isomer ratio prompted the inclusion of a possible 74/49

ratio adjustment for depuration in Table C-2.

Variations arising from atypical Aroclor inputs,  Occasional fish in most collections

exhibited congener profiles clearly divergent from the majority. Thus, most of the very lightly
contaminated: (<lppm) fish taken from above Glens Falls sho@ed only the -broad homologue
distribution pattern and DDE content characteristic of atmospheric deposition, as did also the local
sediments, those of the Mohawk River, and thos§ of some mountaintop peat from the summit of Mt.
Algonquin (elev. 5114°) in theb Adirondacks. However, two (out of 17? of the 1993 NOAA fish
collected in this area exhibited patterns resembling Aroclor 1242, one showed the pattern of Aroclor
1268, and one 1990 fish showed Aroclor 1260; all probably reflecting exposure to local areas of fow
level contamination with these Aroclors. One of the 1990 Reach 8 LMB showed the low total PCB
level and broad homologue distribution of the upstream regio;1, indicating recent translocation.

Both the 3 - 4 year age group of the 1982 Albany pumpkinseed (PKS) and the 1980 NYU gammarus
collections from several lower Hudson stations showed substantial levels of Aroclor 1260‘,: indicating

the occurrence of a significant, but short-lived, Aroclor 1260 contamination event around 1980.

Of more general significance, the homologue distributions in Table C-2 showed that thére
were higher levels of penta-, hexa-, and hepta-CBs in the lower Hudson than in the upper section,
and also higher ratios of hexa- and hepta- to penta-CBs, which would not have been effected by
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' elutriative, evaporative, or depurative losses of lower congeners. Evidently, the original source of
the lower Hudson River fish PCBs had been an Aroclor mix containing higher proportions of more

heavily chlorinated Aroclors than that contaminating the upper Hudson.

Variations correlatable with fish species or genus, The PCBs in certain of the fish species

showed consistent depletions of particular groups of congeners, thus deﬁning an alteration battem
(AP), ;;resumably arising from a specig;-speciﬁc PCB metgbolizing activity (Table C-1). The
commonest, Pattern AP-ICT (for Ictalurus, the ‘ﬁrst_ genus in which noted) was previously designed
“P450-1A-like” (11); however, thét term now seems better restricted to the somewhat different
pattern seen in higher énima]s (12). AP-ICT shows a marked reduction in PCB 70 (and hence the
70/74 ratio) and lesser reductions in PCBs 16? 17, 18, 22, 27, 33, 40, 49, 56, 91, 97, and pbssibiy :
101, 110, and 174; all of them congeners with adjacent ﬁnsubstituted 4-positions. By contrast, AP-
PET (for Petromyzon) showed reduced levels of the 4.4'-substituted PCBs 28, 74, 118, 105, 128,
167, and 156, and also of PCBs 49, 52, and 174, ieaving the peak given-by the cbeluting pz_:li'r, PCBs
64 + 71, as the strongest in the chromatogram. Pattern AP-ESX (for Esox where it appeared
occasionally) showed clear reductions in every'resol;'ed congener carrying a 2, 3-dichlorophenyl
group, i.e., PCBs 22, 40, 42, 44, 56, 82,‘ 84,97, and 129. Pattern AP-LEP (for Lepomis) showed
clear reductions in just two of the above, namel_y; PCBs 40 and 44. Finally in AP»-CAT.(for
Catostomus) the only clear reduction was in congener 52. Thus, .the only observed fish alteration

patterns that would affect a PCB 74/49 isomer ratio were AP-ICT and AP-PET.
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A very different set of variations was observed in the anadromous (migratory) fish of the
lower Hudson River. The STB (for Striped Bass) and AMS (for American Shad) all showed
substantial levels of DDE, sometimes accompanied By DDD or DDT; trans-nonachlor, sometimes
‘accompanied by a- and y-chlordane; and other pesticides as well, generally producing enough *
interfering peaks in the tri- through hgxa-CB range to make calculation of isomer ratios from GC-
ECD data problematical. The observed pesticide/PCB ratios geﬁerally corresponded to those seen
in the sediments of the New York metropolitan area, including w&ste‘m Long Island Sound, which
is where these species c;verwinter. 'Conversely, the two Atlantic tomcod (A’l"i‘) examined, both
collected at RM 41 in January, 1978, showed only low levels of Aroclor 1242-like PCB

contamination, without any pesticides, not even the low level of DDE present in the lower Hudson.

M@uﬁms_dmmmmmwm Congéner distributions in Hudson
River subsurface PCB dechlorination Patterns B and C (7,8,10) and H and H’' (9,10) have been
préviously described. Generally speaking, Pattern C dechlorination, which gi\}es the most éxtensive
conversion to mono- and di-CBs, is seen in the most heavily contaminated sedimenits of the upper
Hudson; Patterns B and B’ are seen in somewhat less heavily contaminated sediments as far
downstream_z_as.Albany; and the rather selective Pattérns H and H' are uncc;mmon in the upper
Hudson, but dominant in most of the more lightly contaminated 16wer ﬁudmn (9). Bedard has
argued that these patterns may all result ﬁbm the dechlorination activities of just three mic;robial
| strains, all separable in anaerobic laboratory cultures, designated M, Q, and H or H' (10), witﬁ most
dechlorination of the higher congeners coming from the H/H' activity. This could explain why the
pat'tems of higher congener loss are essentially identicz?l for the observed alterative patterns B, C,
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H, and H’, even though the distributions of the more lightly chlorinated PCB congeners formed are

quite different.

The columns on the left side of Table C-2 éreserit the homologue distributions and selected

‘ PCB isomer ratios for s.ome representative specimdns of subsurface sediment PCBs exhibitin'g those
patterns, along with comparable data for a 90:10 Arocior 1242:1254 mxx, selected as a representative
example of an unaltered Aroclor release. Tl}e marked compositional changes effected by anaerobic

dechlorination are evident.

Geographical variations in dechlorination state. Surficial PCB alteration Pattern A was noted

as far back as 1984 (7), but was not seen free from admixed Pattern B until recently. It has now been
observed in the 0-1 cm. sediment laye;'s and “ﬂuﬁ” layers collected in the Thompson Island Pool
at the same time as the 1992 fish sampling, and repeatedly reprodueed in the upber (O-Smm.),
presumably microaerobic, sediment layers in laboratory‘ microcosms where upper Hudson sediments
were spiked with fresh Aroclor 1242 (21). The Pattern A alteration ~appeared‘v in the microcosms
within six weeks. Its microbiological basis is uncertain; one speculation is that it arises from a
combinatioh of an oxygen-tolerant,.meta-se-lective dechlorination process followed l;y an aerobic
biodegradation of the most of the dechlorination products. In sediments, it appears to effect limited
removal of PCBs 17, 18, 33, 97, 99, 101, 153, and 167 without attacking 40, 44, 56, 60, 66, 70, 74,
87, 105, 114, or 128, and to result in increases in 47, but not in 19 or 27. Its most sensitive indicator -

is a depression in the ratio 33/28+31, or if separately measurable, just 33/28. Such depressions,
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usually paralleled by increases in the 47/49 ratio, are almost universally observed in PCBs recovered

from aquatic environments.

Table C-2 shows that in general the isomer ratios observed in upper Hudson fish fell between
the values for fresh Aroclor and Pattern A altered PCB, with no obvious contribution from the
subsurface Pattcfn B and C PCBs, with their high levels of dechlorination product PCBs 19 and 27,

"and l\owAlevels of readily dechlorinated PCBs 74, 87, 97, and 105. By contrast, fhc Table C-é data
for isomer ratios in lower Hudson River fish generally fell between the values for dechlorination

patterns H and H', indicating as much dechlorination as in the local sediments.

The 1993 NOAA analyses by a dual column procedure permitted resolution of a number of

congeners that were less readily quantified by the NEA single column analyses. Table 3 presents -

. mean isomer ratios, calculated from the NOAA data, for 17 PCB isomers known (9) to be sensitive
to Pattern H/H' dechlorination at various stations between the Thompson Island Pool (RM ~192)
and Iona (RM .40). The levels of all of 'the dechloﬁnation-éensitive.congeners were found to
decrease with distance downstream: most rapidly in the case of the toxic coplanar PCB 77; quite
slowly for congeners 118 or 1538; and with the major mono-ortho tetra-CBs 56, 60, 66, 74, and

penta-CB 105 in between.

The 1993 EPA water and sediment analyses by the same procedure, as pres;ented graphically
in Figs. 3-73 to 3-80 of a recent report (17), were noted to show the same changes for congeners 56,
60, 66, 70, and 74. Their levels in upper Hudson water at RM 177.8 were similar to those in
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undechlorinated Aroclor 1242, while those in lower Hudson Pattern H/H' - dechlorinated sediments

at RM 143.5, 88.5 or 43.2 were only half as great.

Figure C-2 shows the trend for unadjusted 74/49 ratios not only for the 1993 NOAA fish, but
also for the 1990 and 1992 fish collections, the 1985 caged minnow study, and the 1989 gammarus,
periphyton, and dialysis bags. In all cases there appeared a smooth transition bctwéen value;
‘characteristic of the Pattern A sediment sut;face of the Tﬁompson Island Pool and the Patterm H/H'

. dechlorinated sediments and water of the lower Hudson.

DISCUSSION

Utility of isomer ratio analysis. The above results show that PCB isomer ratio aﬁa]ysis can
be used t6 identify and quantify the niche-specific biological alteration processes to which an
environmental PCB }'elease may be subjected. These ijcesses include the‘ubiquitops but enigmatic,
bossibly microaerophilic, microbial alteration process A at the sediment surface; the well-
characterized subsurficial anaerobic microbial dechlorination processes leading to alteration patterns
B,C,H or'H’; the genus-dependent fish PCB alteration processes leading to the pattems AP-ICT,
AP-PET, AP-CAT, AP-ESX, and AP-LEP described above; and the microsomal P4502B-like
alteration process exhibited by many crustaceans (which are frequently prey of the fish exarhined
here) as well as by higher vertebrates (12). Characterization of such processes can be useful in
defining the set of environmental niches through which a PCB composition has passed on its way

from point of release to accumulation in a fish.
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One complication of isomer ratio analysis is interferences between the effects of different
processes, especially as they effect the reference congeners used. For example, reference tri-CB 31,
reference tetra-CB 49, and possibly penta-CB 110 are all potentially subject to metabolism by the
AP-ICT system, and the first two of these also to losses under conditions of heavy depuration. We
have presented here a procedure for correcting the 74/49 ratio for such losses of PCB 49 as a possible
adjustment. An alternative would be to simply avoid the use of ixeavily depurated 'individuals, or
of lampreys, eels, icterids or goldfish, in making quantitative determinations of local PCB a]tetatioh

state via isomer ratio analysis.

Previously, the most popular approach to handling environmental PCB congener distribution

data has been by principal components analysis. This defines PCB composition in terms of two or

three enigmatic “principal components.” These may permit the grouping of samples into related
sets, but do little to explain the chemical nature of the differences, It is_now evident Why t'his
happens: there are simply many more sigﬁiﬁcant alteration processes affecting PCB composition
than there are mathematically resolvable “components,” so that the resolved “components”
inevitably .represcnt combinations of thie effects of multiple alteration processes in  various

proportions.

Sources of the PCBs in Hudson River fish. The PCB (and pesticide) “fingerprinting”
provided by isomer ratio analysis, along with data from other environmental studies, shows that the

PCBs in Hudson River fish originate from four readily-distinguished sources. -
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The first, and least important of these, is atmospheric deposition. This PCB sour;:e is
characterized by homologue and pesticide distributions that are very different from those of the other
sources, and is responsible for the low level PCB (and DDE) contamination seen in the fish and
sediments of the upper reaches of the Hudson, the Mohawk River, and presumably other tributaries

as well.

The second identifiable souréc consists of the sewers and sediments of the New York
Metropolitan area, which is where twol importént anadromous fish of the lower Hudson, the striped
bass (STB) and the American shad (AMS) spend the winter before migrating upriver to spawn.

. uese sediments are known to contain substantial levels of DDT-derived, chlordane-derived, and

other pesticide residues (13), as well as PCB mixtures reflecting heavy contributions from Aroclors -

1254 and 1260, which were particularly extensivelj used in railroad and substation transformers in
that area. The 1978, 1982, and 1985 STB and AMS in our collection generally showed PCB
homologue distribution and pesﬁcide/PCB ratios comparable to those of the sediments of New York

Harbor and western Long Island Sound, indicating the significance of those sources.

- The third distinguishable source cnnsists of the moderately i’attem H/H'-dechlorinated PCBs
of the sediments of the lower Hudson, which exhibit an isomer ratio “fingerprint” closely matching
that of the lower Hudson resident fish. These PCBs have been tnere a long time. RnQionuclide
dating has shown that most were deposited in the 1950’s and 1960’s (14) and elevated levels in fish
were seen in 1970 and 1973 (l),. all before the removal of the Ft. Edward darn and sedjmént
scouring/redeposition‘events of 1974-76 caused the heavy I;CB contamination of .the upper Hudson
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(16). One original source is the formerly extensive industrial usage of PCB-based hydraulic systems
in many of the riverside communities. Available-Monsanto sales records for 1957-1977 document

purchases by such users of over 3 x 10° Ibs. of PCB products, especially the hydraulic fluid Pydraul

A-200, an Aroclor 1242-1248 blend. Releases of such compositions into the river would result in

the moderate elevations in higher homologue levels exhibited by lower Hudson sediments and .ﬁsh
(Table C-2). A less plausible, source would be inputs of dissolved PCBs eluted from upstream
depos;its, since these are depleted, rather than enriched, in the higher homologues (17), and

* substantially undechlorinated, as noted above.

The fourth fingerprintable source of the 1977-1993 Hudson River fish PCBs consists of
Aroclor 1242-like compositions that have been on the surface of the sediments of the Thompsbn
Island pool only long enough to have undergone a iimited Paﬁerﬁ A alteration, thus indicating a
continuing deposition. The ultimate source of tilis PCB input may be Aroclor 1242 seeping‘from
the fractured bedrock near the former capacitor manufacturing plant at Hudsoﬁ Falls. Seepage from
this reservoir i.s now known to have been entering the River as droplets of undechlorinated oil-phase
Aroclor 1242 that conta;ninate surface sediments of Fhe Thompson Island Pool. There, the PCBs
soon undergo Pattern A alteration and partial extractioﬂ into the water column and its biota, leading
to the appearance of undechlorinated Pattem A PCBs in the fish. l.':'ventl‘xally, of course, ongoing
sedimentation covers each increment of PCB and allows anaerobic microbial dechlorination 'to the

Pattern B- or C-dechlorinated PCBs of the local subsurface accumulations.
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APPENDIX D

BENEFITS OF PCB DECHLORINATION

Reduced Toxicity. The toxic effects produced by PCBs in inbred strains of laboratory
rodents, and possibly in a few wildlife species, are now generally recognized to be mediated by
binding to a particular cytoplasmic protein, called the Ah-receptor (AhR), which has the abilig to
‘induce expression of cytochrome P450 isozymes »l.Al,. 1A2 and‘lBl, and several Phase 2 drug-
. metab;)lizing enzymes as well. The magnitude df this AhR-agonist activity is.most commonly
determined by measuring the ability of a PCB congener (or other toxicant of concern) to iﬁduce the -

ression of cytocﬁrome P4501A1 in a test animal or cell culture, as indicated by ethoxyresorufin-
-O-deethylase (EROD) activity, and generally reported as “toxic equivalency,” e.g., the fatio of the
EROD aciivity exhibited by the test congener to that exhibited by dioxin, which is the strongest
known AhR agonisf. Using this test, and direct méasures of toxic response, the particular PCB
congeners that are the most active of Ah-receptor agonists have been found to be those lacking ortho
substituents, such as the “coplanar” congene(s_having substitution patters 34-34, 345-34, and 345-
345 (Safe, .1 992). Several “near coplanar” analogs of these congeﬁers, i.e., mono-ortho substituted,
analogs such as 234-34, 245-34, and 2345-34, may also have some AhR-agonist aciivity [Safe,
1992}, but this is much weaker than that of the coplanar congeners in rodents, and often undetectable
in other species.

The particular types of PCB dechlorination activities present in the subsurface “hot spots”

of the ﬁpper Hudson have been found to result in dramatic reductions in the levels' of the toxic'
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coplanar and near coplanar congeners (Quensen et al, 1992a; Quensen et al, 1992b). The net effect
of these reductions, as measured by the EROD activity of the dechlorinated mixture, was a 97% loss
of toxic equivalency. In general, the percent toxicity decrease was much greater than the percent
decrease in meta and para chlorine level. It has also recently been shown that microbial
dechlorination markedly reduced or eliminated the adverse effects observed with Aroclor 1242 on
mouse gamete fertilization (Mousa et al,, 1996). The reductions i;n concentrations of coplahar PCB
congeners in environmental samples due to microbial anaerobic dechlorination has now been
documented in several sediments, including the Hudson River, Sheboygan River, Waukegan Harbor,

and Lake Ketelmeer (reviewed in Bedard and Quensen, 1995).

In the case of the lower Hudson River fish PCBs, Table C-3 of Appendix C shows that the
relative levels of the one coplanar congener measured (PCB 77; 34-34 CB) were only 19—20% of
those in the PCBs of Thompson Island Pool fish, and those of several “ne_ar coplanar” cbngeﬁers
between 10 and 35% of such values, indicating a.>80% overall loss of toxic equivalency, despite the

very modest level of dechlorination in the local sediments.

Reduced Carcinogenicity. Currently, the EPA employs a default. éssumptic;p, that any
positive finding in a high dose rodent bioassay implies a proportionat;e human ‘cancer risk. In the
most recent statement of application of this policy to PCB risk assessment (USEPA, 1996) the
Agency recognizes that Aroclors 1016, 1242, and the higher Aroclors 1254/1260 can differ
considerably in their calculated carcinogenic potency, with uppei'-bound cancér slope factor (CSF) _
values of 0.07, 0.4, and 2.0 per mg/kg-day, relspectively.l However, the Aroclor 1242 CSF value of
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" 0.4 is applicable only for Aroclor 12_42 uptake by inhalation. For sediments or fish contaminated
by Aroclor 1242, EPA uses the CSF value (2.0) as it would if they were contaminated with Aroclor
1254 or 1260. Likewise, the guidance document recognizes that the CSF may be sharply increased,
and in proportion to toxic equivalency, by the presence of copl.anar or near coplanar congeners with
AhR-agonist activity, but does not allow for a reduction in the CSF when the levels of toxic
congeners have been reduced. Thus, although the current guidelinos permit the risk ass&sor to
ignore t.he beneficial effects of PCB dechlor'inatioo upon presumed cancer risk, they also clearly
indicate the p‘resumed oancer risk is depeﬂdent upon btoth the overall degree of PCB chlorination
(which may be moderately reduced by dechlorination) and the content of toxic congeners (which is

sharply reduced by dechlorination, as indicated above).

Reduced Exposure via Aerobic Degradatioo. The aerobic bacterial biodegradation of
PCBs is widely known and has been well studied (AbrmoWicz 1990; 'Bedard, Al 990; Alder, 1993;
Bedard and Quensen, 1995; Furukawa, 1986). Numerous microorganioms havo been isolotéd that
can aerobically degrade a wide variety of PCBs, although the more‘lightly chlorinated congeners are
- preferentially degraded. These orgaxﬁsms attack PCBs \.lia the well known 2,3-dioxygenase pathway,
converting PCB congeners to their corresponding chlorobenzoic acids. These chlorobenzoic acids
can then be readily degraded by indigenous bacteria, .resulting in the production of carbon dioxide,

water, chloride, and biomass. (Harkness, 1993).

The ability of native microbes to aerobically metabolize PCBs has been demonstrated in 2
field test in the Hudson River. There are two lines of evidence that strongly indicate that natural
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aerobic PCB ﬁiodegxadaﬁon is occurring in the upper Hudson River. First, significant aerobic PCB
biodegradation was observed in the field without the addition of microorganisms, nutrients, or
supplemental oxygen (although mixing was perforrﬁed) in the field test. (Harkness, 1993) This
result suggested that these sediments contain all the necessary elements forlin situ aerobic activity. -
To prove this hypothesis, a sensitive analytical method was déveloped to detect chlorobenzoic #c.:ids,
the intermediate products of aerobic PCB biodegradation, in undisturbed cores taken from the River.
PCB metabolites were found in all PCB contaminated samples, but not in any of the uncontaminated
sediments from further ﬁpstream (flanagan and May, 1993). Moreover, the concentrations and
congener distributions of the observed chlorobenzoic acids closely matched the predicted

degradation products from the PCBs mixture in the samples .

The detectibn of chlorobenzoic acids of aeroﬁic PCB biédegradation in contaminated upper
Hudson River sediments provides persuasive c.vidence that aerobic PCB biodegradation occurs
naturally in the environment. This finding is consistent with previous studies indicating that aerobic
PCB-degrading bacteria with broad congener specificities are widely distributed in contaminated
soiis and sedimeﬁts. It could be argued that the PCB biodegradation metaBolites observed by the
Flanagan and May (1993) study represent evidence éf ongoing aerobic biodegradative activity,
remnants of past activity, or both. There is evidenc\:e to suggest thai the r'netabolites are formed in
ongoing biodegradative activity since in a microcosm study, designed to mimic unperturbed Hudson

| River conditions, the same chlorobenzoic acids are formed and then degraded in the cburse of

approximately 3 months. (Fish, 1996).
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Reduced Bioconcentration. The lightly chlorinated PCB congeners resulting from |
dechlorination in Hudson River sediments (e.g., 2-CB and 2-2-CB) display an approximatély 450-
fold reduction in their tendency to bioconcentrate in fish, as compared to the more highly chlorinated

tri- and tetra-chlorinated PCBs present in the original Aroclor 1242 mixture. (Abramowicz, 1994).

* Thus, natural anaerobic PCB dechlorination reduces the potential risk associated with PCBs via

direct reductions in carcinogenic potency, dioxin-like toxicity, and exposure.

Reduced Bioavailability. An additional reduction in PCB exposure results from long-term
contact of PCBs with sediment particles, and consequent reductions ih bioavailability. It is well
.. .ablished that the desorption of many nonionic organic compoﬁnds from sediment display bimodal

kinetics; a “labile fraction” of the contaminant desorbs readily, while a “resistant fractionf" desorbs

- orders of magnitude more slowly (Karickhoff and Morris, 1985). This phenomenon has been

observed with PCBs both in spiked and environmentally contaminated sediments (Cafroll et al.,.
1994, Coates and Elzérman, 1986, Witkowski, et al., 1988). The desorption ki_netics of PCBs from
environmentally-contaminated Hudson River sediment and spiked sea sand using XAD-4
(polystyrene bead resin) as a “PCB sink” is shown in Figure D-1. PCB levels on the y-axis are
normalized to the starting PCB levels of the sa:;d and sediment before desorption (13 and 25 ppm, ,
respectively). PCBs from Aroclor 1242 spiked sand were readily desorbed (85% in 8 hours). In
contrast, roughly half of the PCBs from H-7 sediment desorbed within tﬁe first 8 hogrs (the labile
fraction), with little additional desorption observed over the remaining 162 hours (Carroll et al., -
1994). :l'he slowly desorbing fraction represents the proportion of PCB molccixles that have diffused
into the organic material of the sediment over an extended period of time. Under these cbnditic‘ms .
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PCB molecules are not available to bacteria and other river biota making them resistant to uptake
and degradation. Longer-term desorption experiments demonstrated that resistant fraction PCBs

desorb from Hudson River sediment with a half life of approximately 1 year (Carroll et al., 1994).

The bioaccumulation model developed by Hydr_oQual for GE was used to compute total PCB
concentrations iﬁ fish for a variety of sediment and water column homologue compositions and

" concentrations. Depending on the relative concentrations in the sediment ahd water, as well as on

the structure of the food web, dechlorination can lead to reductions in total PCB concentration of

between 4 and 35-fold lower than with relatively undechlorinated exposure sources.
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APPENDIX E

ADDITIONAL COMMENTS AND CLARIFICATIONS

1. Dechlorination Pattern H/H’
The Report recognizes that a variety of more highly chlorinated PCB congeners are very

susceptible to losses (pg. 3-119), but instead of recognizing this as a widespread example of

“anaerobic dechlorination (pattem H and H’), it hy'pothesizes an unknown selective degradation

. process that favors thesé tetra-chlorinated congeners (BZ 56, 60, 70, and 74). In fact, the data

displayed to demonstrate this unknown selective degradation (Figures 3-73 to 3-75) are further

evidence that dechlorination occurs at low concentrations (down to 1 ppm). Due to the insensitivity

- of the dechlorination indices used by EPA, the Report fails first to identify this proces§ as process

H/H’ PCB dechlorination, and more important, fails to recognize its widespread occurrence.
Although this pattern is uncommon in the uppér Hudson, it is widesp_r}aad m areas of low
contamination in fhe lower Hudson. Process H/H; dechlorination does not produce significant leve)s
of the terminal PCB dechlorination prdduqts, but even such modést dechlorination signiﬁéantly
reduces pé)tential exposure, toxicity, and carcinogenicity, as the initial stages of dechlorination

provide disproportionate reductions in these endpoints.

2. Partitioning

One major failing of the analysis of equilibrium partitioning performed by the

TAMS/CADMUS/Gradient group 'is the inclusion of the Remnants and Rogers Island Stations in

the determination of global partition coefficients. The stations above the TI Dam show much
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different behavior from those below the dam. Figure E-1 shows the average and range of total PCB
partition coefficients for Transects 002-006 vs. river milé. Note the relatively constant values for
K, beginning at the TI Dam of about 50000 I’kg and the distinctly higher values upriver. This
difference cannot be attributed to a change in organic content of the solids. Figure E-2 shows
estimated log Koc values plotted against log Kow (as reported by Hawker and Connell). For the
Thompson Island Dam, Schuylerville, and Waterford stations, the.Koc pattern is relatively Auniform
throughout all transects, and is reasonably well represented by Kow. The Fort Edward station
estimates show a much different pattern, being generally higher than the other stations and exhibiting

a higher degree of variability.

The Report states on pp. 3-13 and 3-14: “Noticeable in all transects are the generally

cpnsister_lt values for K;, and Ko, estimates for most congeners within a given transect beginning
at Station 5, the TI Dam (RM 188.5). This suggests that approximate equ?libn'um conditions 'are
established within. the Pool and remain consistent throughout the remainder of the freshwater
Hudson. The result;for Rogers Island, Station 4, are &istinctly different ﬁ'om those downstream and
probably reflect its proximity to the Hudson Falls source resulting in a lagk of water column
equilibrium partitioning.” The Report further states on p. 3-20, “All ‘coﬁgeners teﬁd to show
increased estimates of Kpo, at RM 196.8 (Rogers Island) [note: Rog;ars Islgnd is actually at RM

. 194.6}, which may represent presence of non-equilibrated sediment in these samples.”

This observation of markedly different partitioning above and below the TI Dam is apparent

and the conclusion of parfitioning non-equilibrium above the TI Dam and equilibrium below is valid.
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* With this conclusion, it is incorrect to include Remnant and Rogers Island data in the determination

of equilibrium partition coefficients. Estimates including this data will yield partition coefficients

well above equilibrium.

The analysis of the temperature dependencé of partition coefficients (p 3-16) is based upon

historical data reported in Warren, et al (1987). It is not clear why this data was used to determine

- the temperature dependence of partition coefficients when the Phase 2 data collected covers a

sufficient range in temperature to determine temperature dependence directly. Figures E-3 and E-4

show log K. vs 1/T for congeners 10 and 27.

It should be noted that these values of temperature have been corrected to ambierit river .
temperature. Figures E-3b and E-4b show log K. vs-llT for congeners 10 and 27 based on the
temperature reported in the Phase 2 data. That this temperature is not ambient is ‘evident by the large
temperature differences- Within transecfs as well as the reporting of hiéh (~20 degC) temperatures
in the early Spring surveys. Figure E-5 shows a comparison of mﬂbimt TI Dam water temperature
data collected by OBG as compared to those n:ported~ in the Phase 2 transect data. In ali transects
the reported Phase 2 temperature is higher than ambient. It is not clear when and wh;er.; the Phase
2 temperatures were taken, especially in relation to .the time of filtration of water samples. If the
filtration was performed before samples reached equilibrium at thé higher temperatﬁres, values of

K,.(20) will be biased high.
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3. Volatilization

The e(;ua.tion used to determine PCB .volatilization during low-flow conditions is
inappropriate for river systems. Eq 3-33.(Report ét 3-55) is an empirical model developed by
Hartman and Hammond from their studies of San Francisco Bay. This model is driven solely by
wind shear and is only appropriate for large open Watqr bodies such as lakes and bays where water
velocities are minimal and there exists sufficient fetch to generate appreciable surface shear forces.
Even under extreme low-flow conditions in the Hudson River (~1000cfs) flow-induced shear
dominates gas exchang;:. The equétion developed by O’Connor and Dobbin; (Eq. 3-34) is an

appropriate model for rivers.

Additionally, these models only estimate the liquid film iransfer coefﬁcieqt. Prevailing
theory holds that gas exchange across a gas-liquid ir;terface is s..ubject. to both a liquid and gas film
resistance. For substances with a high Henry’s eonstant, such as oxygen, the liquid film resistance
dominates and it can be assumed that the overall transfer coefficient is cqual to the liquid film

transfer coefficient. This assumption is incorrect for PCBs and other chemicals with much smaller

v

Henry’s constants. Gas film resistance must be considered for PCB volatilization.

The conclusion at 3-56 in the Report that there exists nc; seas'onal dependence on gas
exchange is not accurate. Both ice cover and temperature variations play a major r.ole in
volatilization, whereas wind does not. As the Report states at 3-55, “during the winter months;, when
ice cover is extensive, the effective gas-exchange rate is reduced to near zero.” At 3-56, it further
states, “K| increases by approximately a factor of two between 0°C and 25°C as a result of the
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temperature dependence of water viscosity.” Both these observations are accurate. Wind, however,
will not appreciably affect gas exchange in the Hudson River for reasons discussed above. The net

effect is a significant seasonal variation in PCB volatilization.

- 4, Analytical Issues (EPA Appendix C)
Pgl-14.

The congener-specific PCB analysis method lists 126 congeners which can be measured, as
listed in Table 1-4. Inspection of the list reveals some whose possible reported presence should be
regarded with su;spicion: PCBs 12 and '126 should appear in Aroclors at very low levels, and their
ECD response factors are low, making any reported detection 'suspect, especially ;s they have no
ortho- chlorines and would not be expected to build up as bacterial dechloxinaﬁon products of bther,
more abundant congeners. PCB 20 coelutes with PCB 33 on the HP-5 column and with PCB 28 on
the octyl column, and would therefore appear difficult or impossible tc; quantify in the system

described.

PCBs 23, 58, 69, 96, 140, 143, 169, and 184 have been found to be present at only trace
levels in Aroclors, and are unlikely dechlorination products, (Frame, G.M., Cochran, J.W., and
Bowadt, S.S., J. High Res. Chromatogr., 19, (1996) 657 - 668), so any reported values of these

should be viewed with skepticism.
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Yolume 2C, Book 3
Pg. A-1

Principal target congeners are listed as 1, 4, 8, 10, 18, 19, 28, 52, 101, 118, 138, and 180.
Those in bold and underline have some analytical problems acknowledged in the report and

additional ones noted here below.
Those underlined only are measurable only. with the octyl/Apiezon system, and some of the
values might be affected by the problems of retention time instability noted both by Aquatec and

GE-CRD in 1993 with octyl columns.

PCB 1. This is a critical congener contributing substantially to the dechlorination index

defined by PCBs 1,4,8,10 and 19 using dechlorination products only. PCB 1 has a very low ECD

- relative response factor, and interferences or substandard detector operation can introduce large
errors into its quantitation. In section A.5.4, mention is made that SDG 169803 samples did not
display peaks fof BE-I on the octyl cplumn; but the results from the HP-5 column were accepted on
the grounds that the peak is expected. The octyl non-detect probably represents substandard
opératioh of the detector on that column at that time rather than a column problem, and highlights

the potential for detection and quantitation problems for this congener when using ECD quantitation.

PCB 8. This congener was separable from PCB 5 on octyl/Apiezon L only, and considerable
" problems in quantitation confirmation were encountered until the coélution criterion with PCB 5 was

relaxed.
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PCB 18. This is a critical congener assessing the amount of Aroclors 1016/1242 present.
Data had to be requalified for this congener (see pg A-26) based on the known general presence of
this in these sediments, and GC-ITD confirmation. ‘Note however that guantitation of 'this congener
is suspect, even if its presence is reasonable on the grounds of its general appearance in these
sediments and the GC-ITD confirmation. In section A.5.2.7 it is stated that “TAMS/Gradient
considered quantitative differencs between the GC-ITD and GC-ECD results less than a factor gf
'5 acceptable, while differences greater than five txmes wére considered unacceptable and associated
. results rejected.” Quantitétive uncertainty of this niagnitude may not require rejection of a finding

of detection of this key congener, but it renders its use in quantitative modeling highly suspect.

PCB 118. When the shift was made from octyl to Apiezon L, the potential for a small
difference due to coelution with PCB 122 on Apiqzon which does not occur on octyl was ignored.

This will likely cause only a minor quantitative error.

PCB 138. The fact that PCB 138 coelutes on both octyl and HP-5, but not on Apiezon L,
with subst'antial amounts of PCB 163 when they come from Aroclors 1254 or 1260, was not,
recognized. This could cause discrepencies between data collected before and after 1993, when the
shift from octyl to Apiezon L was ma(ie. In somb‘e- fish the relative rates of metabolic clearance of
138 and 163 differ strongly, so failure to realize that both could be present in the peak in varying

amounts can result in quantitative difference errors if calibration was only against a 138 standard.
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In the listing of 126 congeners measurable in the dual column system in Table 1-4, it is not
clear why PCB 46, 2,2°,3,6-tetrachlorobiphenyl, (present at ~0.4 weight% in Aroclor 1242, and
cleanly resolvable from all other Aroclor congeners on both the HP-5 and octyl columns) was
dropped from the list of non-target congeners as noted at the top of page A-12. This congener should

have been clearly iidentified and reported in this study.

In the corrections to relative response factors obtained by nieasurement of the actual
congenerS in 1993 and 1994 for congeners previously _quantiﬁed only against th; PCB 52 response,
there is no indication of how stable and comparable the previous responses being corrected actually
were. Individual congener’s ECD response factors can t;asily vary by as much as a factor of 2 on
different detectors at different times, especially if temperature and/or carrier make-up flows are
changed. One needs to know how well these variables were controlled over t.he whole period of ciata
gathering to assess how consistent the quantitation and the quantitative correction which was

retroactively applied to the non-target congeners is.

On pg A-3 it is stated for core tops collected in 1992 that “RPI dried and archivé@ core tops
(0-2 cm) from these cores for eventual PéB congener analysis.” Aqua;ec subsequently analyzed a
small subset. The behavior and congener distributions of PCBs in the topm'ést layers of Hudson
River sediments is critical to evaluation of competing models of their fate and transport. How were
tﬁesc samples dried? Excessive drying, especially in air with heat, can result m uncontrolled losses .
of mono- and di- chloro PCBs which are major corr;ponents of EPA’s d;chlorination index.
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On pg. A-4 appears the statement “Aquatec extracted sediment samples with hexane, and
performed applicable cleanup procedures prior to analysis by GC/ECD, as detailed in Appendix A3
of Phase 2A SAP/QAPP.” Referepcé to the latter document reveals that the protocol for sediments
requires Soxhelet extraction with hexane/gcetone. Which solvent was used? Hexane extraction
alone is inadequate to remove all PCBs from sediments unless they are previously dried so

strenuously as to risk losing by evaporation subsiantial amounts of lower congeners, which are

- critical to assessing dechlorination procesé&_s.‘ A call to Kurt Young of ITS Environmental in

Colchester, VT (successor company to Aquatec Chemistry Division) on 3/14/97 elicited thé
Statement that the information to answer this question was stored in a warehouse, not instantly
aqcessible, and in any event would require EPA authorization to be made ava;ilable. A reqﬁest for
information to resolve this question was made orally by phone to Douglas Tomchuck of the EPA -

on the same date. As of 4/1/97 no reply has been received by GE-CRD.

s. Miscellaneous Issues
Report at 4-49: The document states that remobilization by sediment resuspension or
porewater displacement can serve to return PCBs to the water column long after any point source

contributions have been eliminated.

Response: EPA failed to determine the depths of the scour and porewater displacement

~ contribution to the water column. Answering these questions will give an index of relative sediment

PCB importance as a function of depth. |
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Report at 4-50: The document states that in general, aerobic processes affect only the lightest

congeners, and are ineffective at altering heavy congeners under environmental conditions.

Response: It should be pointed out that several microorganisms including MB1, H850 and
L400 have been enriched from the Hudson River and are capable of degrading PCBs containirig as
many as six chlorines. In addition, there are several later remarks suggesting significant amounts
of degradation may have taken place in some instances. It should be pointed out that Flanagan and
| May (1993) showed thaf PCB metabolites have been found throughout the riv& even in relatively
deep sediments and that these metabolites are short lived, with lifespans on the order of weeks (Fish,
1996) in physical models of the Hudson River. This points to the possibility that biodegradation

does take place even in non-surficial sediments.

Report at 4-50: The document states that in the absence of 6xygen, the only

biotransformation possible is dechlorination.

Response: It has been repeatedly found in surface sediment microcoém sediments that both
aerobic and anaerobic PCB biodegradation takes plac'e (Fish, 1994; 1996). This has a significant
impact because the surface sediments are where the newest releases 6f Pst are settling and where
the fish are getting their PCBs from. There is the potential for decrease in chlorine content anci mass

reduction in this layer.
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Report at 4-51: The document states that the dechlorination process is more effective on the

heavier PCB homologues.

Response: No generalizations about PCB dechlorination are valid except that there is no
- conclusive evidence for ortho- dechlorination in the Hudson River. A good review of the literature

offered in Bedard and Quensen (1995).

| Report at 4-51: The document states that there is no reduction in the total number of PCB

molecules.

Response: There is ~3 mole% of PCBs that can be reductively dechlorinated to biphenyl and
then easily degraded, namely the dioxin-like congeners including 34-4-CB, 4-4-CB, 34-34-CB, 345-
34-CB. The dechlorination of these congeners would significantly reduce the risk associated with

toxicological effects.

Report at 4-51: More chlorinated congeners are often associated with carcinogenic endpoints
while the literature su_g\gests that less chlorinated congeners are more likely to produce neurological

impairment and developmental damage.

Response: The Battelle rat bioassay demonstrated that chlorine content does affect potential
carcinogenic potential in rats, and that potency is markedly reduced as c:ompared to previous
estimates. This study served as a basis for EPA’s recent reassessment of PCB cancer slope factors.
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Furthermore there have been questions regarding the validity of the neurological impairment studies

as these studies are generally considered flawed and they have not been repi‘oduced in six separate

attempts.

Report at 4-51: The document states that little evidence has been demonstrated for anaerobic

degradation in sediments.

Response: As discussed above, the presence of metabolic PCB biodegradation products in
anaerobic sediments is indicative of degradation processes even at low oxygen concentrations. The

transient nature of these metabolites also indicates that at least some low level of the degradation

process occurs.

Report at 4-52: The document states that the issue of anaerobic dechlorination will be

revisited in a Phase 3 report, incorporating the results of both high and low resolution coring.

Response: This provides EPA and its contractors with an opportunity to develop and use

more sensitive dechlorination indices.

Report at 4-88: The document concludes that the degree of in situ PCB dechlorination is not

a function of time but rather dependent upon the total PCB concentration within the sediment.
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Response: This conclusion is based in part on the use of an insensitive index of
dechlorination, and the lack of understanding dechlorination biochemistry. A more detailed analysis
of the data using a more appropriate index of dechlorination would show that concen&ation effects
the rate as has been shown in lab studies (Abramowicz et al., 1993; Rhee et al., 1995) and .
microqosm studies (Fish, 1996). Sokol et al. (1994) and Rhee et al. (1995) indicate that the belief
that in situ dechlorination may not occur in areas with relatively low PCB contamination is based

‘on “dechlorination poténtial” and by definition is ﬂ_awed. The phrase dechlorination potential is
. defined as relating to tﬁe length of the lag phase before which dechlorination occurred. This
definition is not an indication of the dechlorination potential of a congener at a given concentration,
but an indication éf the acclimation time for anaerobic microorganisms to respond in laboratory
| -studies. Note that this investigation only addressed BZ 138 and BZ 21. In the case of BZA138 which
is 0.1 5-0.-54 wt % of Aroclor 1242, no dechlorination was detected below 35 Vppm,. but the
invesiigators probably did not run the experimenf long enough to overcome the lag time for
acclimation observed in these experiments. In comparison, these investigators -looked at the
concentration effects of dechlorination of BZ.I.ZI, which does not exist in Aroclor 1.242, but they did
show a 70;’A; decreag,‘e in concentration in 7.5 months of incubation. Even at 4 ppm in ther latter.
paper, the concentrations used to evaluate the concentration were somewhat };igh, but complement
rates found by Abramowicz et al. (1993) who used a mixture of Aroclors 1242, 1254 and 1260, and
Fish (1996) who used much lower concentrations of Aroclor 1242 in test tube microcosms. When
all of these data are combined, they produce an interesting correlation ’that(- passes through the origin

as discussed above.
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Report at 4-52: The document introduces the concépt of measuring the degree of

dechlorination resulting from PCB storage based on PCB sources and usage.

Response: This dramatically overestimates the usefulness of simply comparing final
| products to the starting congener mix and underestimates the complexity of the task. It ignores the
fact that there are a variety-of selectivity processes and sets the stag? for using an mappropnate index
of dechlorination. Even if this methodology did work, it would rely upon the hémogeneous mixing
of the Aroclors throughout the Hudson River with a single pair of reference points, namely Aroclor
1242 and completely dechlorinated Aroclor 1242. Earlier in the documerit, it is ;tated that as much
as 25% of the. load south of Waterford is Aroclor 1254. Thus, their estimate of molecular weight is
underestimated by ~6%. This may at first glance appear to be trivial, bu.t is most likely part of the
reason for the unusually low (<0% dechlorination) indices calculated for tﬁe lower Hudson River.
There is also an extensive discussion of PCB partitioning to porewater and' the water column oﬁ a
congener basis. After such an extensive discussion on these principles, it is surprising that the
indices of dechlorination do not account for “washout” of the lighter congeners from sediment and
porewater. In fact, congeners used to caiculate MDPR are up to 10x more likely to be lost to the

water column than are the heavier ones.

Report at 4-49 to 4-56. The use of BZ 8 as an indicator peak itself poses some serious

problems. First of all it is the most abundant congener in Aroclor 1242. Thus even at the onset 'of

dechlorination, small changes in a large peak of the chromatogrémwill meet with uncertainty. In

addition, if BZ 8 is dechlorinated to BZ 1 there would be no change in the MDPR.
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Report at 4-56: The document states that MDPR is a measure of the number of affected PCB

molecules.

Response: MDPR is a measure of thevlast one or two dechlorination steps for mixtures
éontaining/3.26-3.7 chlorines/biphenyl: Dechlorination via processes H’ and H that are active in the
lower Hudson River (where the PCB concentration is genérally lower) primarily attacks -higher

: homolc;gues and will not be picked up by this index of dechlorination. vTherefore, a significant
percentage of ’PCB molecules could be affected by these processes and still be missed by EPA’s

analysis.

Report at 4-57: The document states that due to the lack of ortho-chlorine removal, the -

dechlorination process is theoretically limited in its ability to reduce the PCB sediment inventory.

| Response: The dechlorination processes that are known to occur in the ﬁudson River serve
to reduce the ability of PCBs to bioaccumulate an important risk-re&uction benefit. This also-ignores
the possibility of other loss mechanisms, such as photc;-destmction and biodégradation. In fact, the
latter two are mentioned later to account for the <25% of the PCB alterations iﬂ the lower river. If
the Agency believes that these are the prdcss&s Mible for <25% of the PCB alterations in the
lower river, there is no reason to believe that they are not also occﬁrring in other parts of the river.
Furthermore, Fish (1994, 1996), has shown that in surface sediments,» combined '-reductive :
déchlorination and aerobic degradation serve to reduce a significant amount of mass in as sh_ort.as
140 days. Both indicés of dechlorination will tend to account for this as eithe"r rb net mass loss or’
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even as mass gain (in the case of aerobic degradation with little dechlorination) as shown in MDPR

vs. AMW at low concentrations in the lower Hudson River samples.

Report at 4-59: The mean molecular weights of Phase 2 sediment samples with low -
concentrations of dechlorination products have been found to be close to that of Aroclor 1.242,
indicating that processes other than dechlorination have not greatly modified the sample PCB

content.

Response: Alternatively, both higher and lower homologues are lost due to process H’ and
H or moderate process C, M or Q (as their chromatogram:s indicate) plus loss of lighter congéners
from degradation and partitioning. The Agency’s analysis could rcsult in insignificant changes in

MDPR and AMW.

Report at 4-60: The document states that the sensitivity of MDPR has a larger range (relative

to AMW), and thus is more sensitive to changes in the PCB congener composition.

Response: The congeners used to measure the MDPR have the lowest response factors by
electron capture detection and are the most insensitive measure and thus most susceptible to
uncertainty, especially for BZ 1. In addition, any dechlorination due to para attack on BZ 8 will

not be evident from the calculation. This is 7.65 weight percent of the total PCBs in Aroclor 1242.
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Repoxj at 4-62: The document states:- “The Lower Hudson sample MDPRs tend to cluster
just bélow the Aroclor 1242 value of 0.14. The mean MDPR for the Lower Hudson is 0.11,
suggesting the presence of a minor contribution by heavier Aroclors, or more likely, possible loss
of BZ 1,4,8,and 19 pﬁor to deposition due to their generally greater solubility and degradability.
* The congener pattern comparisons made in Chapter 3 (Subsection 3.3.3), suggest that both pr.ocesscs
_probably occur to some degree. It is unportant to note the absence of any significant degree of
dechlorination in the sediments of the Lower Hudson bBased on this observation, it would appear

that dechlorination will not decrease the sediment PCB inventory of the Lower Hudson.

Response: The paragraph immediately discusses the Upper Hudson and ignores the
possibility that same loss mechanisms (partitioning and degradation) would reduce mass." It is
scientifically invalid to have one set of paradigms for one reach of the river and another set for other

parts. _ ' , .

Report at 4-65: The document states that there is a maximum decrease of 26% mass due to

dechlorination.

Response: This does not account for any of the degradation that was sﬁgg&sted earlier in the
document, for which Flanagan and May (1993) have found evidence. Furthermore, Fish (1994,

1996) have shown this in a physical model of the Hudson River in the laboratory.
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Report at 4-69: The document states that no significant change in AMW occurs in PCB

concentrations less than 30000 ug/kg.

Response: If there were slow steady-state dechlorination with steady washout of mono-

trichlorobiphenyls, one would expect the plots of AMW vs. PCB concentration to look as they do.

Report at 4-70: This presents a discussion on the age of sediments and degree of
| dechlorination as a function of sediment age. The document does not address the upstream source
and low-level recent contamination of the newest sediments. Also the “sampling” is skewed: there
are >2x the number of “new stiment sampl&é’ than “old sediments” used to construct Figure 4-28a.
Furthermore, the discussion of concentration effects on de;chlorination should take into account the
different processes and end products expected as a function of concentration. In -particular,
. processes B,B’ and .C are common in the Upper Hudson and can lead to non-selective extensive

dechlorination, whereas processes H* H and A are more selective with different end products.
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Table C-1.  Species-Characteristic PCB Alteration Patterns Observed in the Hudson

River.

Fzm?lz

Lampreys (Petromyzontidae)
Sea Lamprey
Freshwater Eels (Anguillidae)
American Eel
Herrings (Clupidae)
. American Shad
Bullhead/Catfish (Ictaluridae)
Brown Bullhead
Yellow Bullhead
A White Catfish -
Suckers (Catostomidae) ’

Northern Hogsucker .

" White Sucker

Minnows (Cyprinidae)

Carp

Goldfish

Golden Shiner

"Minnows"

Fathead Minnow
Pikes (Esocidae)

Chain Pickerel

Northern Pike
Codfish (Gadidae) ‘

Atlantic Tomcod
Temperate Bass(Moronidae)

Striped Bass

White Perch
Sunfishes (Centrarchidae)-

Largemouth Bass

- Smallmouth Bass

Rock Bass

Black Crappie

White Crappie

Bluegill

Longear Sunfish

Pumpkinseed

Redbreast Sunfish
Perches (Perchidae)

Yellow Perch

Walleye

Tesselated Darter

'YBH
- -'WCF

STB
WPR

SLP  Petromyzon marinus
AME Anguilla rostada

AMS Alosa sapidissima

BRB ctalurus nebulosus
Ictalurus natalus
Ictalurus catus

Hypentelium nigricans
Catostomas commersoni

NHS
CAR Cyprinus carpio

GLF Carassius auratue

GSH Notemigonis crysoleucas
MMM Cyprinia spp.

FHM Dimephales promelas

CHP
NOP

Esox niger
Esox lucius

ATT Microgadus tomcod

Morone saxatilis
Morone americana

LMB
SMB

Micropterus salmoides
Micropterus dolomieui
RKB Amblophites ropestris
BLC Pomoxis nigromaculatus
WCR Pomoxis annularis

BLG Lepomis macrochirus
LSF Lepomis megalotis

PKS Lepomis gibbosus

RBS Lepomis quritus

YPR Percha flara
WAL Stizostedion vitreum
TES Etheostoma olmstedi

Common Nare 3_‘:}_" Spcc;;,, newe Alr'n. PaTlery

AP- PET
AP-1ET

None

AP-1CT
MAp-1eT

AP~ CAT
AP -CAT (3)

Neone
APs\eT

None
None
Nen<e

AP- ESX (D)

Nene

AP-lcr

Nore (v

Nenc (b

Nont (b)
None Cb)_
N one
None
Nowne
AP-LEP
AP- LEP
-LEP
:p’- rep(d)

Nore
None
‘ None

(&) TviTinction alteralion Seen b Sewe, be? et ol 18 (v als

Cb) Sewe i 1Quals showed weak sad varable AP-'CT-V‘II'&
depressions 1n PeB 70, wed o'ccas:inaur alsp P‘IQZB-P&
depresstams & PeB 10, presvmebly alhes 1 Prey 3 peclés.
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Parameter Referance Distributions Upper Hudeon River Mesne Lower H.R. Means
Aroclor Dechlorination Psttems 1977-1978 1990 1992 1993 1877-1078 | 1993
jso:10] A ] [ (] H Mean % [Moan % [Mean % IMean % [Mesn % JMean %,
Wik | Wi%  Wi% W% Wik wix Wi% RSO| Wi% RSOl Wi% RSOl win RSO wvin RsO] wix »-~|
Eﬂmmm - 1 2 2 2 2 2 3 4 s [ 7 s
INo. of Fish in Meen - ne1@ nw$ neil n=38 n=18 Nnadb
[Hemolog Distdbytion
%1 40| 6861 2.20 2004 90 1.03 .20 °° .37 o 21 e 47 °° .04 o0 .01 oo
%20 12.96] 13.89 33.76 4801 18.77 10.79 388 ° 100 **| 262 | 226 ° 241 °°) 14
%“3Q 42.14] 31.72 3338 10.39 30.38 4272 23.49 18.39 24.3% 18.79 18.50 16.93
%40 30.95] 32.11 1602 595 21208 20.7% 45.44 46.19 46.28 ., 40.90 43.79 30.04
%6Q 9.05] 6.79 €81 268 11.09 11.28 | 1506 19.64 15.95 21.83. 20.02 24.55
L X X a.uﬂ 383 303 201 650 364 042 10.26 .69 7.04 1.2 1395
%70 o1 .86 85 720 127 122 207 208 ° 223 **] 10t .20 408 °
%eQ .01 A8 A8 a8 4 20 .40 8 °° .60 °° Y I a9 133 ¢
%eQ 0ol .08 .0 .16 .10 .3 a7 ° 12 *° R IR 05 °* A7 oo 23 °
Mean %RSD sl 2C-9C1 uL 4 [ I 48 4zt
IMesn [Mean Mesn Mean . Mean Mesn JMesn RSO JMesan RSD F@ RSO [Msen RSO fMesn RSO [Mean RSD
08l .10 49 176 00 04 07 e 08 °° .02 °*° o ° .08 °°* .10
68 .29 43 97 93 S5 A5 12 ° 13 .18 27 ° 34
M) 23 a2 27 48 23 2 a3 ° A3 R} 22 * .28
08 .00 .28 118 :-.10 .08 .10 08 °°| . 03 ° | 00 °* A1 e 12
o8] .14 .32 .23 2 .18 .10 .12 .10 16 16 .24
43| 38 22 38 20 M2 .11 . .24 2 12 .20
9] 33 07 10 a8 .07 A1 .20 .27 17 .11 1
Tetrachiorobiphenyle ) . )
52/49 1.40] 1.38 132 180 124 100 .99 1.29 1.24 1.00 1.08
47/49 38 86 .74 192 0 .79 1.06 .72 .64 .51 .85
44149 1.2] 137 o8 .27 &8 .28 . .48 .78 98 51 .64
40/49 A 4 o4 07 25 .19 13 .18 18 .08 ¢ 1
T4/48 81 73 04 5 33 .22 .70 9 8 .78 .50
daper'n odf. Yv/pr .61 n 08 39 38 26 .52 59 62 52 .4
17/48" 13 2 ° .10
70774 2.21] 276 186 115 152 164 .76 1.89 2.30 1.41 72 °
Pentachiorobiphenyls .
101/98% 1.69] 193 307 304 180 102 1.3 .00 1.76 1.50 " 1.40
87/101 67| 103 83 3% a3 .22 49 .80 1 .82 48 42
1017110 .9 53 49 S5 76 .99 1.18 n .6’ KT} K]
99/110 54] .28 7 18 42 83 - .88 42 A1 .64 .87
972/110 48] .29 08 08 .2t .19 .38 3t .28 - .38 .25
87/110 .81 54 26 A 5 22 X 1] 87 58 48 A1 X
11e/110 98] .87 63 .72 .89 113 1.69 1.20 1.18 1.19 1.22 1.26 -
105/110 59 .74 A7 25 . .69 K] .83 .63 .39 49 P
Hezachiorobiphenyls
148/153 4] 26 80 73 a5 .28 .22 24 27 M .21 .36 E
1417153 48] 41 00 00 a2 .07 12 .26 .20 .18 13 .10 '
138+ 16163 1.10] 143 383 191 104 137 1.20 .22 .34 1.38 1.18 1.04
126/163 25 28 a7y 0 9 e | .22 .22 i .20 15 AS
187183 N 03 o0 08 .09 .07 .09 03 .03 K. 07 0 ®e
1584 171/183 A7 42 18 12 14 a8 .23 .32 .39 .19 .14 2
[Mean XASD 129 Ratios] 7 30 — 36| 22] KD 3]
1. Mixture of Aroclors 1242:1254 in rstio of 90:10
2. Mesans {n= } of sediment cors values: A (3} B (3); C {1); H {3} H° (1)
3. GBRB, 12LMB8. 1977-78, Upper Hudson Mile 175
4. 1 AME, 3BLC, 3 CAR, 2 CHP, 1 LMB, 1 NOP, 2 PXS, 3 RSS, 3 RKB, 3 SMB, 3 WAL, 1 WSR, 3 YPR. Autumn 1990, Upper Hudson Mie 191
S. 2 BRB, 2 CHP, 2 PXS, 2 RKS, 2 SMB, 2 WSR, 1 YPR. May 1992, Upper Hudson Miles 174, 188, 192
6. 6LMB, 13 PKS, 8 RBS, 8 TESS, 4 YPR. NOAA Autumn 19983, Upper Hudson Mile 192
7. S BRS, 3LMB, 2 SMB, 2 WCF, 3 WPR. 1977-78, Lowser Hudson Miles 112, 126, 183 i
8. 3 BAB, 3 LMB. 8 PXS. 6 RBS, 3 SMB, 3 WCF, 19 WPR. NOAA Autumn 1993, Lower Hudson Miles 143, 135, 123, 88, 40 )
9. ADJ = 74/49 ratio sdjusted for graster ehstion of PCB 49, as estimated from trichlorobiphenyltetrachiorobiphenyl Fetis < hange

® indicates RSD in range of 50% - 70%: °*° indicetes RSD > 70%
Table C-2. Mean Values of PCB Homologue Levels‘ And Isomer ﬁaﬁos in Upper and
Lower Hudson River Resident Fish Collected 1977-1993."
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a onmne

Tetrachlorobiphenyls

Isomer Cl Level - Pentachlorobiphenyls Hexachlorobiphenyls
No. of Ortho- Cls - 1 1 1 1 1 1 0 T 1 1 1 2 2 1 1 2 1
2 2 2 ¢33 8 8 8 8 3
' BZ#/BZ# 2 2 2 2 g2 2 2 = =z =z zZz1ls =T =z = g <
S S 5 5 £ 3 Y 8 =T =2 g3 88 8 5 8 5
. wn 0 (7] (7o) © ~ ™~ - - - - - - - - - -
NOAA River Species {no.)
Station Mile
2,34 “192 Pumpkinéeed (13)§ .37 37 .11 1.13 .06 .69 .09] 40 .07 .82 .01] .26 143 A7 .03 .17 .0
All Species (36)| 42 44 .12 1.25 .07 .78 .10} .47 .09 .90 .01} .26 1.38 .16 .03 .16 .09
8 176 Pumpkinseed (~5) .28 .26 .08 .85 .04 .55 .05] .33 .04‘ 73 {21 135 .13 .02 .12 .07
All Species (1)1 .29 .29 .09 89 .04 59 .05 .39 .06 .83 1.20 131 .13 .02 .11 .06
10 143 Pumpkinseed (4) | .21 .08 .64 .02 .44 .04] .31 .03 .76 .16 1.12 .10 .01 .09 .20
All Species (18) ] .20 .19 .08 .65 .04 .46 .04] .32 .04 .81 .15 1.05 .09 .01 .09 .10
11 135 White Perch (4) | .25 .18 .09 .74 .05 .56 .04} .29 .05 7 .69 .00] .16 1.11 .10 .02 .11 .06
12 123 White Perch (5) | .18 .15 .08 .54 .02° .40 .03] .24 - .04 .71 14 95 .08 .01 .09 .09
15 88 Pumpkinseed (4) | .10 - .06 31 .00 .24 01| .17 .00 .61 A2 92 .07 .07 .04
All Species (19)1 .09 .10 .08 42 .02 31 .01} .23 .02 .72 17 1.08 .08 .02 .09 .11
17 40 White Perch (5) iz .05 .05 .35 .02 .21 .02] .14 .01 .52 A3 .85 .06 01 .07 .OGE

" (a.) Ratnos of PCB isomer Ievels as reported by Aquatech; not translated into Northeast Analytical equwalents as in Table 2.

‘Table C-3.

Downstream Declines in 1993 NOAA Fish PCB Isomer Rations (a.) that are

Reduced by Subsurface Dechlorihation Proccsses




Total PCBs (ng/L)
NEA Capillary Column Method
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USGS Packed Column Method

Figure A-1. Comparison of water column PCB concentrations calculated by the NEA
capillary column method versus the USGS packed column method.
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Difference between NEA
and USGS Total PCBs (ng/L)

Figure A-2,
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The correlation of differences between NEA and USGS total PCBs and
monochlorobiphenyls.
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Difference between NEA
and USGS Total PCBs (ng/L)

Figure A-3.
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Regression Analysis:
Total PCBs at Fort Edward
140
N~ ;E? 120
L 400
.
i
. ;é' ©
"
&
32
£
o .
° v 20
Total PCBe (nglL) - USGS Method
Regrassion Analysis:
Total PCBs at Schuylerville
250
] Linear Regression . .®
g +/ Prediction Limits .’
§ 1 (95% Conndence) L=t
}
3
g 100
~—— ? «
]
0
[¢]
Total PCBe (ngll) - USGS Method
Regression Analysis:
Total PCBs at Stillwater
200
<180 § Linear Regression e e
3 | ## Prediction Lims .®
gm {95% Confidence)
S0
)
=
S0}
z
;§~ ®
‘" 60
]
g 40
2o
° N — < 1 e + -
o 10 2 20 ] & 60 70 .0 %0 100
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M- Figure A-4. Comparison of total water column PCB congientrations calculated by the
NEA capillary column method versus the USGS packed column meéthod at

» Fort Edward, Schuylerville and Stillwater.
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Figure A-5. Comparison of GE and EPA analyses; of 1993 water column DB-1 capillary
column peak 5 components (BZ#4 plus BZ#IO) collected atFort Edward and

the Thompson Island Dam. ' . - —
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Total Pcﬁs [ng/L]

Pesk 5 [nglL]

Peak 8 [ng/L]

Peak 14 [ng/L]

® EPA Data

GE Data - - Corrected GE Data

Figure A-7. Comparisons of EPA, GE and corrected GE texi:poral 1993 water column
concentrations of total PCBs, peak 5 (BZ#4 plus BZ#8), peak 8 (BZ#S) and
peak 14 (BZ#15 plus BZ#18) at Fort Edward.
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concentrations of Total PCBs, peak 5 (BZ#4 plus BZ#8), peak 8 (BZ#8) and
peak 14 (BZ#15 plus BZ#18) at the Thompson Island Dam. »

l ' _ : HRF 003 o127



Figure B-1. Map of Hudson Falls plant site indicating locations of DNAPL and. =~
groundwater recovery locations which are color coded for composition,

.
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Figure C-1.  Hudson River Drainage Basin.
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1 058 . 0.055 - ~ 1995
2 1.4 o 0.117 1996
3 1.0 0.062 L 2000
4 0.41 | 0.016 2009
5 0.13 0.002 2040

Sum 3.52 ' 025 -

= 0.69 kg/day

(1) Mass.of total PCB in surface sediments = surface sedlment concentratlon* X Spemﬁc welght of
~ sediments* x 8 cm depth x area of TI Pool*
* Values based on EPA analysis.

(2) Homologue mass based on homologue composition of EPA low resolution cores '

(3) Load from TI Pool = Load at TI Dam - load at Rogers Island; all GE data, 1993-1996.
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s

202.2

1993 49
1994 34 296.9
1995 45 ’ 84.3
1996 57 406.6
Overall 185 253.9

"Loadings calculated from GE database (corrected for

samples collected at Fort Edward and Thompson Island Dam.

oias), based on daily average flows
measured at Fort Edward and differences between paired water column PCB concentrations from

{ §If.;: 360

i

3
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1992 0.56 11.8 199) 421 234] ‘18] 11l ool 0ol oof odf
1993 0.99 75 17.8] 288] 317 121] - 22| 00l o0of o0 09
1994 0.97 93] 224 338] 280] 64f 02 o0l o0l ool od
1995 023 23] 148] 201 354] 150 33| 0ol 00} oo] o
1996 118 a4] 1831 369l 204] 94l 16 o0l oo ool od
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thi

*Magnitude and Composition

1| Unaccounted-:

for PGB

d

Jun 2.06 -4.9 1 15.6 | 359 | 309 | 111 1.6 0.0 00 | 0.0 0.0
Jul 0.68 4.9 284 | 35.1 | 212 8.7 1.7 | 00 0.0 0.0 0.0
Aug 0.92 3.9 19.1 40.3 30.4 4.7 1.7 0.0 0.0 00 | 00
Sep 0.56 2.3 17.9 | 33.0 | 323 13.7 0.8 0.0 0.0 0.0 0.0
Oct 0.27 239 | 420 12.7 16.0 4.9 0.5 00 | 00| 00 0.0
Nov 0.38 19.2 | 40.1 19.1 124 | 83 0.8 0.0 0.0 0.0 0.0.
Dec 0.19 0.0 356 | 382 102 | 13.7 2.2 0.0 0.0 0.0 0.0
Bibep

903 o14g




‘IﬁfOrmatidn‘Soilrées' for Hoivnl'o‘l‘(;g-Si)ecllﬁélPa'riﬁmetersh of the
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Benthic invertebraic :zdiment accumulation
| factors ‘ '

EPA mvertebrate data unsorted total all .

samples

‘Water column invertebrate/water column
particulate trophic transfer factors

| trophic transfer factors

Green Bay zooplankton/phytoplankton

‘Water column partlculates/dlssolved partltxon
coefficient

EPA partitioning data as analyzed by
HydroQual

Assimilation efficiencies at the gut and gill

Values applied in the Green Bay model
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Y ed

26)

Realistic water,

Reutistic water,

.Heavily .

“Exposure basis: -  Realistic water, ‘
‘top.2 cm of top 5 cm of  heavily dechlorinated
sediment bed sediment bed dechlorinated sediments and

) ’ ‘sediments ‘water.
Water column 20 ng/L 20 ng/L 20 ng/L computed from
dissolved tPCB | (TIP late 1980s) | (TIP late 1980 ' “T'P late 1980s) | water column
concentration . particulates®™

Water column

“Avg of summer

Avg of summer

‘Avg of summer

Computed from

~ dissolved data 91-96 at data 91-96 at data 91-96 at water column
homolog - Ft.Edward and | Ft.Edwardand | Ft.Edward and particulates!”)
composition TIDam  TIDam TIDam ‘
Water column | Computed from | Computed from | Computed from - Same as
particulate dissolved® dissolved™ dissolved" ~ sediment bed
tPCB ~ particulates -
concentration ‘
 Water column | Computed from | Computed from Computed from - Same as
particulate ~ dissolved® dissolved® - dissolved!” sediment bed
homolog particulates
composition &
Sediment 400 ug/gOC 400 ug/gOC 400 ug/gOC 400 ug/gOC
particulate (TIP late 1980s, | (TIP late 1980s, | (TIP late 1980s, | (TIP late 1980s,
tPCB fate model) fate model) fate model) ‘fate model)
concentration ! T '
Sediment TIP EPA hires TIP 1991 GE TIP EPA hires TIP EPA hires
particulate cores, top slice data, top slice core slices with | core slices with
homolog ' ' ' <2 CY/BP <2 CI/BP
composition S -

(1) Water column dissolved composition was =z-mputed from particulate composition (and vice versa)
using partition coefficients based on anaiysis of ZPA data. '
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| Figure 1. | Areas of TIP with surfaée sediment PCB concéntrationé greater than 100 ppm.
HydroQual, Inc. ' '

HRF QO3 0182 —

- -



0
s}
10 }
;f A
15t
£
£ ,
é —r
20 4
2% 4
30 +
0 10
Total PCBs [ppm dry]
Figure 2. Average 1984 sediment PCB profile for areas with surfacei sediment PCBs greater ~

than 100 mg/Kg.

HRF 00O3Z  O153



T Scoured Depth in:
1984
2 k J
1985
aF 41 1986
1987
¢ 1988
1989
. -
1990
10 o
. 1991
é 1992
"ﬁ- 14} i
a 1993
- 16} -
[~
[
%

: 1
(7] 1994
20] J
221 -

19956

24| A
26 .

F 1996
28} i
30 L

o 1 20 30 40 & .0 70 80 20 100

Total PCB {ppm dry]
-~ (Average from TIP Historic Cores)
Figure 3. Annual sediment scour depths required to achieve water column concentrations

\

necessary to maintain the TIP load.

HRF 003 oy a4



1.50

Sediment Mass

" Total Mass of Eraded Sediment -

MEAN FLOW

L] T T

1.25]
— 1.00,
-
=
o
=3 .
o 0.75|
‘=
b
[
E ool
0.25)
0.00
3
4l
-
=
o 7 3]
e 5
g€ 8
$E 12
e
wi
1l
()
80
80|
K=
b
% —
o g
- a0l
E S
s E
e
[ 7]
20}
0
[
Figure 4.

2000 4000
Flow Rate

(cfs)

Predicted cohesive sediment bed erosion in the TIP under low flow conditions.

HRF 003 o155



50 _,

Water Column Total
BZ Weight % at TID

Avg. Deep Sediment
BZ Weight % in TIP

Total Water Column Data Source: EPA Phase 2 Transect Studles at TID
Deep Sediment Data Source: EPA Phase 2 High Res Core slices in TIP

with tPCB > 100 ppm

sediment.

Transect 1 50

Traﬁsect 4

0.00am1 0.01 0.1 1 10 50 0.0001 0.0t
Avg, Deep Sediment
BZ Weight % in TIP

Figure 5. Comparison of TID water column PCB signature with TIP deep dechlorinated

D154

Q0

HRF



Transect 1 Transect 4

0.000®t 001 0.1 1 10 60

Transect 2 | Transcct

10
&0
L 1
E L]
R
S 0.1
SE )
-Q®
[}
‘i; 0.01
=H
0.001
- : 0.0005
0.00@®1 001 0.1 1 10 &0 o.0om1 0.01 0.1 1 10 60
50, Transect | 50, Trasect 6
0.00a®1 0.01 0.1 1 10 60 0.00001 0.01 0.1 1 10 60
Avg. Surface Sediment A;%. Surface Sediment
BZ Weight % in TIP . Weight % in TIP
Total Water Column Data Source: EPA Phase 2 Trans - dles at TID

Surface Sediment Data Source: EPA Phase 2 High Re. . slices in TIP

Figure 6. Comparison of TID water ¢ 1 PCB signature with TIP surface sediments.

0157

Q03

HFF



cidH

=00

BRTO

Fractional Molecular We

ight Change

Relative to Aroclor 1242

0.30 T | ) | T T T T T T
0.20|_ ' _ """ R

. . . - ‘.
8 AA . ° .:b - . |

L] . b‘ ... o@ bé Y v
0.10| . . D0 -
" A.{ﬂ-;::& AR W 2
L@ Qe e
Rt c BRI -
' ' L0 Pe
0.00 entB0B.T8 Laboidi ) -
DX bt -
‘ A |y Rogers isiand Water Column, diss and part -
‘ .O Thompson Island Dam Water Column, diss and part
0.10 & Hi-vres core data - Upper Hudson .
¥ Hives core data - Lower Hudson - freshwater only
. . [16 Annbnonp'&*nleumnudpm'w
- S W, 1991 TIP surfsed data & compd porew

-0.20 w| | -
= % -

-0.30 | N t 1 1 i R | 1 1

0.1 00 01 . 02 03 04 0.5 0.6 07 08 0.9 1.0
Molar Dechlorination Product Ratio -
Figure 7. Molar dechlorination product ratio versus fractional molecular wexght change relative

‘to Aroclor 1242,




M+

G

!

EETO

T1 T2 T3 T4 F1 F2 F3 15 F4 F6 T6 F6

40000

30000

20000

hos

Figure 8. Location of EI"A sampling events relative to 1993 hydrograph.




1000

g

PCB Load [g/day]
3

Corettad for Iblhmm
5,8, ond 14 0t ond Sediment)

Sun'mor 21 V!;lur colu'mn

Total = 304 giday

Negative Load -
Differences [g/day}

‘ ‘Flgure 9.

Kf = 0.005 m/day. Nm,mmnwmrmm-n@m T

Summer 1991 congener pesk’ foading - a) water oollfitm load, b) (Salculaied
diffusive sediment load c) unaoconfued-for load; d) negatwe congener loadmgs

0160

DO3E

HRF



PCB Load [g/day]

PCB Load
Differsnce [g/day]

PCB Load [g/day)

Sediment H :
Distribution (WT%]

Corrected for Analytical Bias in NEA Peaks 5, 8, and 14 for Water and Sediment
Congenel mperature Dependence

r Kocs Corrected for Te:
600 T ¥ LS L) L] T T — v -
500 . Summer 91 Water Column Load
m -
T Total = 304 giday -
m -
s ¢ ? s ’ 10
from 1881 Sediment Survéy Averages-
. Total = 294 ”dly o
m -
100/ G ]
L B BB . o
! 2 : 4 s . 7 s ’ 10
800 T T T L4 ¥ Y T 1 v . Y
800 Summer 91 Unaccounted for Load
- m . A
m -
= 45
o RN " e L . . . .
1 2 3 4 5 . 7 . . o
] T L L) T T Y I
vauuanumauu
% Yield Sunmor 21 un.oeounud for Load.
‘o -y
30 -
20 . -
10} , -
0 m —t ¢ E:E:E.. . . . )
1 2 3 Y B ¢ 7 s . 10
Homolog Group
Figure 10. Summer 1991 TIP PCB - ~r.ologue loadmg a) watcr column’ denved load b)

calculated diffusive sedime:
required to yield unaccour

i.-ad; c) unaccounted-for load; d) sedlment oomposmon

:-for load.

HRF 00X 0161

\ E
M



PCB Load [g/day] . PCB Load [g/day]

PCB Load
Difference [g/day]

Sediment Homolog‘
Distribution [WT%

* Corrected fe- Anslytical Blas in MEA Pesks 5. 8, and 14 for Water and Sediment
awlmmblhmnmbo;om

m ¥ LE ¥ L] v
500 Summer 92 Water Column Load
400 .
300 Total = . 769 giday -
200 o (oo .
100 . 2 : J

’ .

(/] | m ' —d i 2 el 1

1 2 3 4 s . 7 s ) 10
" Calculated Diffusive Sadiment Load
from 1991 Sediment Survey Averages-
Total = 237 . g/day 4

7 8 9 0
. m L] Ll 1 ] L] ¥ L) Ll | | 1] L]
sooI_ Summer 82 Unaccounted for Load
400| J
adorr i
200]. . : ‘ J
‘°°|- o ::.:.: XXy ’ . - TM = 669 g@ay )
[} B m rl I ' 1
1 2 3 Y S ] ] 7 s ® 10

% A
ediment Composition Needed
50 Yield Sflmmcr 92 Umeem_mtu'i“for I.o::-
40 o d
30 -
20 X \
= K .
o B -
o R4 IS0 . o , ) , .
1 2 3 § 8 7 8 9 10
Homo_log Group I
Figure 11.  Summer 1992 TIP PCB homologue loading - a) water column derived load; b)

calculated diffusive sediment load; ¢) unaccounted-for load; d) sediment composmon
required to yield unaccomted—for load.

4

N

D14

O0x

HRE



Cosrected for Analytical Bias in NEA Peaks 6, 8, and 14 for Watsr and Sediment
Congener Kocs Comrected for Temperature Dependence

_..M, m de
m .
I {-
2

g

ORI .
DOCOOOO0 OO

..................

s e 00
OO0
OO

OO
OO

»
0

.

)
00

X
000

.
0

[Aep/B] peo §0d

QOO ~
8

2

L .—./ - "‘. R d w
from 1991 Sediment Survey Averages
N .

230 g/dey

Total

-

' [Asp/B] puoy g9¢

© 10

"

Stumrsau;uoemuéforl.old
834 g/day
] 10

Sediment Composition Nesded to

Total =

Yield Summer 93 Unaccounted for Load-
.

A

7
T
N3
7

a.
3 g [ o m‘ m .
. . g
s . m.o o » m
[~
x
B :
L - - R .
I-..-_.
i i RRRRRY
X
B egeeeiest - B m -
UM NN SN SN E——
§ 3§33 ¢° s8¢ 8Ec .
[Aup/B] eousseHq (% LM uopnquisid
peo’ 80d Bojowoy Juewipes

b)
sition

4

-ologue loading - a) water column derived load

Summer 1993 TIP PCB L
calculated diffusive s

Figure 12.

sedig;ent com
HRF

po:
S 0147

MO

C

d) se

or load.

~ad; ¢) unaccounted-for load

&
4

e

required to yield unaccou:.



LS

Summer 94 Water Column Load

Congener

ﬁ

1185 g/day

Total =

OOCOOOOOOOS
DOOOOOOOOOE

DOOOOCUCSOO
DOOOOOOOCOK

QOO0

1o e e e e s e B

10

H

from 1991 Sechant

10

M {e
|
3

0t
1

EREERE

[Avp/B] soussenq
'PeoTg0d
)

. Sediment Composition Needed to
Msmﬂ.umdfwm

10

»

ccounted for 10ad; d) sediment composition

 loading --a) water colurhn derived:load

Summer 1994 TIP PCB homol
calculated diffusive sediment
yie

2
1

e

B

1d unaccountéd

2

red to

requi

Figure 13.

164

Q)

-
)

QOE

HRE



PCB Load [g/day]

.

PCB Load

Difference Ig/day]

Sediment Homo!

Corrected for Analytical Biss in NEA Pesks 5, 8, and 14 for Water and Sediment
Congener Kocs Comrected for Temperature Dependence

600 - r . ' v . . -~
500 Summer 895 Water Column Load
m -y
: Total = . 504 glday .
200 ' - ]
B -
° m L, s
3 -4 [ [ ]

Tol= 288 gidey -

PCBLoad Ig/dey}.

1 2 3 4 s s 7 s ® °

T T T T L) v ' WSSUM“’M

100 Total = wuld-y |
| o BH OBR e oo .
1 2 3 4 L [ 7 [ ] ] 10

t‘omolog Group

Figuré 14.  Summer 1995 TIP PCB Lcmclogue loading - a) water oolumndenvedload,li)
calculated diffusive sedimc . 2ad; c) unaccounted for load; d) sediment composition .
reqhired to yield unaccou::: " -for load. ‘ e
HRF ooz 0165



«

5. 8, and 14'Tor Water and Sediment

i for Temperature Dependence

Blee
Kot

frr

PI

Summer 96 Water Column Load

Total =

10

SW“WMM
1176 giday

.

Totsl =

R

T —— e

[Aep/B] &..e.:a
peo7 8dd

10

u “ | . i
i .

.l[.lflllpl[
£ 8 3 8 8 8 °©

%LM] uoginquisia
OJOWIO JuswWpes

10 .

11664

siI_ion

C

"
-

30

]

ve;i 1
ent'compo:

HRF

lumn deriv

g - a) water co

Jo

&) bnaccounted for load; d) sedim

Summer 1996 TIP PCB ho
calculated di
d to

ive sediment
1d unaccounted-

yie

require

Figure 15.



v atnamm

Note: Peaks > 16%&’%”!!0‘*&::

15

L L} L4 L] L] L L

1991, 1984 -

1" L v L ] L)
1992 ‘
£ 4 . ]
2
& 91. ]
3 .
. j
Q o
- s
S e/ o
& 3 e/l . \ .
’ o o .
0 3 8 s 12 15
15 L] _l Ll L
1993 - i
5 12| .
("] ’ 9'!' J
i .
g )
; 3l o 3 o 4
o0
o 3 e 9 12 1B o 3 e el 2. as:
Avg TIP Surface Sediment : - - Avg TIP Surface Sediment. = -
(1992 EPA HR Cores 0-2 cm) (19$'E,PA HR Cores 0-2cm)  °.

Figure 16. Comparison of PCB congener composition betwgen avmge TIP surfaee sedimems
. and unaccounted-for TIP load (summer 1991 - 1996) ‘ PO .

HRF 003 0147



e

Note: Peaks > 15% by weight are et plottad

i
n
®
:
£
S
a.
-
0
Figure 17.

L ' o A

3 e 9 12 . o 3 s 9 '13  15
Avg TIPDeopSodlmont ‘ A

vg TIP Deep Sediment -
(EPA HR Cores tPCB > 100 ppm) (EPA HR Cores tFCB > 1oo ppm)

Companson of PCB congener composmon between average T[P deep dechlonnated
sednments and unaccounted-for TIP load (summer 1991 - 1996)

- A‘A———A—d‘—*‘———*'*"

HRE Q03 01468



c
2
t
o
8‘ 12 3 45678 910 . 12 3 46567 8 910
= 1.0 ey 1.0 — — .
2 Surface Sediment ] Periphyton
o 0.8 Deposit Feeders | . 0.8] {ug/g0C) ]
; ] h—
0.6 .
123 458678910 : 1t 23 466 7 8 98 1
1.0 R
Water Column 4
0.8 pPc8
i ing/L) ]
0.6
123 45678910 _ 12 3 456780910
Figure 18. Stead)f state food webmod.  -vlation of TIP (exposure: realistic water, top 0-2 cm
- of sediment, see Table 6). : ' : : «

HRF 003 01469



08
c
2
t
o
=3
(2]
E 39
.
r] 1.0
l?
s 0.8
0.6
Figure 19,

Lt

1.0

' Ll'rgemouth Bass

<

2 3 456 6 7 8 9 10

’

i Suu"fac'o Sc.dm'ont-
Deposit Feeders |

1

2 3466 78 910

1.0

10

0.8

1.0

" Pel
pi

12 3 46 ¢ 7 8 9

10

0.8]
X
0.4

0.2

Dissolved PCB
(ngL)

12 3 486 6 7 18 9

P

10

Steady state food web model simulation of TIP (exposure realistic water, top 0-5 cm

of sediment, see Table 6)

HRF

QO 0170



1.0

3 Largemouth Bass “
0.8 ] ~

c
2
=]
a
o 12 3 46678 910 12 3 45867 8 910
1 3
Q.
¥ — Y —
R=y ! Surface Sediment| Periph ] .
E 0.8 Deposit Feeders | 0.8 . (ug/gOC) ] ——’
0.6}
123 46678910 : 12 3 46678 910
i'o v T———— T T T g v "o g v T v v v
1 Sediment ' ‘Water Column
0.8 | 0.8 Dissolved PCB |
: {ngl)
0.6}
04 4
0.2 '
0.0 - —
1 23 456785910 : 12346678910
Figure 20. Steady state food web model simulation of TIP (exposure: realistic water, heavily

dechlorinated sediments, see Table 6).

HRF 003 0171



(

1.0

3 Largemouth Bass
0.8

9

Aeemndhendh

c
2 1
k- .
g ——
° 1234658782910 123 465678910
™Y .
a .
E “ . : e —
K- ! Surface Sediment s R Periphyton
s 0.} Deposit Feeders | 0.8} (ug/g0C)
0.8} ] 0.6} 4
04}
0.2} ]
i : C
‘ 0.0 .~
123460678910 123 466788910

1.0

P

12345078910 12 3 485 6 7 8 9 1

Figure 21. Steady state food web model simulation of TIP (exposure: heav1ly dechlorinated
sediments and partitioned water, see Table 6).

HERE OO0 0172



100

T T T T T T T 1] T E T T T ] ] T v T Y i
A | i ]
° - - pesasssssas I ----------------------------------
= 1 e } -
5 i {4 w0 -
o . - :
E 101}L - C .
E 1 | ]
S " : F @ ’
: o - b o
1)
g s o
- 1 " "
10 2 i 1 1 /] 2 1 2 (] L [ 1 N | 1 1 1 1 .1 3 ]
66:49 74:49
L) I Ll ' L l ) l L ] L} l L] ' R l L] l L]
111 S ] 10 -
o - o @ 3 ; 8 :
= C ] I, Rt LE LI ~p-eessececessaaad]
& ; . 1 [ e & ;
= .
g | 11 } .
2 ¢
< - - - -
z ®
] 1011 4 10 { : -
T : 3 E h
Q o ] a ]
w P -y - -
o o ot 3 -
1. 1 1 1 1 1 !_1 ] A 2 1 A i N ] I 1 I .
5 4 3 2 1 0 5 4 3 2 1 0
NUMBER CHLORINES ‘ NUMBER CHLORINES
PER BIPHENYL o PER BIPHENYL

Data are Geometric Means +  Gtandard Errors (0.5 CL/BP bins)
Horizontal Dashed Line Repre: - Ratio in Aroclor 1242

Figure 22. Relationship between PCt . oner dechlorination ratios and number of chlorines
- per biphenyl in EPA Phas ‘vh resolution sediment cores.

HRF QO3 0173



10 2L ouned s sroenl

100
o
s
2
2
_ § [ 3
@ C
° o
-l
: -
]
o L
o
10 0
o
-
<
.«
2
=]
B
< b
=
3 -1
S it
= C
X
o C
o b
0.1
Figure 23.

1

PROBABILITY

Probability distribution o

samples.

Upper Hudson (RM > = 153)

Aot o2 daal

-
Lol oo 1) leenges Jeutes )
1020 650 80 90 99 999

100

10 -

10 2

100

10 -1

‘ e BT |
020 650 8090 29

60:49

rrvyvrrrrg

|

LA J LRI |

et 2 2 a0l

T 3. 3.7

T s vV T)

|

1 32 1 2.2 |

...............

| N . |

s s a2t

| TTTEN s HTE

0.t 1

PROBABILITY

HRF

9.9

f PCB congener dechlorination Tatio in 1993 NOAA fish

oons 0174

-



AMH

L0

LTO

"
=

Al Data Corrected for Analytical Bias

1° L] L4 L L] L) L] L) LE ) §
A _ @ USGS dets between Fort Edward and Schuylerville
o ®  GE data between Fort Edward and Thompson Isiand Dam
8(.
3 7l
=y
L8 O s
=g .
i) I
SE I
88 9
BT :
e 4-
-0
—l+ i
8—' 3L
20 I " !
' ®
i M ) J.
1L . J. I l T T ® 1 l
» T ® T
5 1 4 “ [ | l I 1
’o ' A i 1 i L L i . 2 2 2 2

Flow at Fort Edward < 10,000 cfs, High loads from 9/91 to 12/91 excluded

(’ “vure 24. Annual average TIP region loading (1980-1 9962,



i

=l

00

FLTO

CUMMULATIVE P_CB'DNAPL COLLECTED (Liters)

Figure 25.

(

GENERAL ELECTRIC COMPANY
" HUDSON FALLS PLANT SITE
Seep 13 DNAPL Recovery

15

10

27

-124

" N 1 1 1 1 L 1 1 1 3

s o N D J F
~ MONTH (1996-1997)

Cumulative PCB DNAPL oils collected from seep 13 (1996-1997).

(6)) d31931102 WWVYNG 82d IALLYINWINND




Flow [cfs]

o

12

TSS [mg/L]

PCB Loading [kg/day]
8

Julian Day (Starting 4/1/92)

PCB data are corrected for analytical bias

Figure 26. PCB and solids trans~2+: during 1992 spring high flow. MRE 003 0177



Fluorescent Particle Mass Balance '

Transported Downstream of .
Thompson Island Dam . ]

Retained between Hudson Falis to
- Fort Edward
30%

Retained in Thompson lsland Pool
51%

o - Retained between Fort Edward and
Rogers Island

; 7%

o .

o )

~J

0

Figﬁre 27. PCB DNAPL transport study fluorescent particle mass balance.




AdH

o

SO0

HLTO

~ad (ib/d)

T ol
¢

. Average PC:

Figure 28.

195 - 155).

Thompson ;
3.5 " Island Pool Batten Kill Hooslc River
) . T T T T T . T T
30 4
251 -
2.0 —_— B
1.5 -
1.0 -
0.5 «COnservative Load N
. —=Run x0297-1
. ® EPA estimates
0.0 : : L L. 1
200 186 180 176 170 166 160
Hudson River Mile
Predicted average June-August 1993 Hudson River PCB loading profile (river mile

166




X+

SO0

e

OBTO

“Average PCB Load (Ib/d)

Thompson
35 Island Pool Batten Kill Hoosic River
) I T T J T T L T
3.0 -
2.5 = -
¢
2.0 -
1.5
- y
1.0 - -
o6l 0 e e b T T e Conservative Load 2
. ~——Run x0397-1
- - « Run x03974
0.0 g i 1 ] - ] I 1 1
200 195 190 185 180 175 170 1685 160 155
Hudson River Mile
Figure 29. Predicted settling and volatilization components of average June-August 1993

Hudson River PCB loading profile (river mile 195-155).




g 200 | I l
2
5
"o 150
e 2
€5
[y ]
.6 €
£ 2 100
£ 5
Q. 50
&
»
E
L
T 0 | l
m )
=2 0 1000 2000 - 3000
PCB Concentration {nmoles / g sediment dry weight)
Figure 30.  Absolute amount of chlorines rzmoved from PCBs as a @ction of concentration.

HERFP 003 0181



'60:49

101
o - -
E I ? ]
= i ] a0
4 i T - e
<] : <
g i l .
I o]
= . {1 1w+
5 [ o,
g - 1 -
[ 7
10 2 10 -2
74:49
101 101 ‘
Q
= :
& 100 100
z i
o :
E :
< .
= :
& :
9 10 10 -1 ;
= . :
3] :
w '
o :
10 2 ; 10 2 i
10 102 10? 107 10° 10" 10* 10 10* 10° 10? 107" 10° 10" 0? 0°
TOTAL PCBs TOTAL PCBs
{ppm dry) (ppm dry)

USEPA Phase Il High Resolution Sediment Core Data (UPPER HUDSON)
- Data are Geometric Means + /- 2 Standard Errors (0.5 log unit bins)

Vertical Dashed Line Represents Total PCBs = 30 ppm dry

Horizontal Dashed Line Represents Ratio in Aroclor 1242

Figure 31. Intra-homologue PCB dechlorination peak ratio as a function of PCB concentration.

HRF ooz 0182



AMH

SO0

E8TO

i

t
" N

. AVG, DEPTH AVG. DEPTH
{cm) {cm)

" AVG. DEPTH
{em)

Figure 32.

56:49

' DECHLORINATION RATIO

104 10%102 10" 10° 10" 10
105:110

L
e
L ]
L

8
BRI

. . _

402992107 0% 10" 10?

DECHLORINATION RATIO

core segments with total PCB less then %(\ opm.

%

10 :: _:
5 ° ]
20| L] - J

10

t.855

®
1

3

10* 102 10* 10" 10° 10! 10
. 114:110 s
°m
——i
- e 4
1ol d A
I Y ]
2| bt -
. ) . i
2 ° A
|
“ .
10% 107102 10" 9° 10! 102

DECHLORINATION RATIO

Intra-homologue PCB dechlorination peak ratio as a function of sediment depth for

—



