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COMMENTS OF THE GENERAL ELECTRIC COMPANY
ON EPA'S PHASE 1 REPORT

1.0 INTRODUCTION

The General Electric Company (GE) submits these
comments on the August 1991 Review Copy of the Phase i Report
issued by the U.S. Environmental Protection Agency (EPA) for its
Reassessment Remedial Investigafion and Feasibility Study (RI/FS)
of the Hudson River PCBs Site.

GE believes that the compilation of existing data
contained in the Phase 1 Report demonstrates that there is no
basis for modifying the Agency's 1984 decision not to dredge
Upper Hudson River sediments. These data establish that

conditions in the Hudson River have steadily and substantially

improved since 1984. The river is cleaning itself naturally, and

PCB levels in water, sediment, and fish have been declining.

The simple facﬁs are: (1) natural dechlorination
processes are continuously and significantly reducihg the impact
of PCBs in the Hudson; (2) important new information relating to
the toxicity of PCBs establishes that EPA's assumptions in its
preliminary risk assessment are scientifically invalid; (3) no
harm to human health or the ecosystem has occurred from PCBs in
the Upper Hudson, and there will be no future unacceptable risk;
(4) no new relevant dredging technologies have been developed
since 1984; (5) dredging will be ecologically destructive with no
corresponding benéfit; and (6) EPA has not evaluated the sources,

fate, and transport of PCBs in the Hudson River to adequately
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characterize the site, to assess risk, or to screen remedial
alternatives.

Despite the strong evidence on tﬁese points; GE is
concerned that EPA may draw incorrect conclusions if it continues
to use an inadequate, qualitative approach to data analysis and
continues to accept old, faulty assumptions without adequate
scientific review. These comments address EPA's method of
analysis and assumptions.

1.1 Background

In deciding to perform this Reassessment RI/FS, EPA
does not wriﬁe on a blank slate. Indeed, EPA's 1984 Record of
Decision (1984 ROD), based on the results of an NUS Feasibility
Study, contains 'an extensive assessment of remedial alternatives
pertaining to the Hudson River, including the no-actién’alter-
native and both full-scale and selective "hot spot" dredging.

Significantly, EPA concluded after a detailed analysis
of remedial alternatives that the no-action alternative was the
most'appropriate way of dealing with PCBs in the Hudson River
sediments (1984 ROD, pp. 5-9). As stated in the 1984 ROD:
"Natural on-going sediment transport mechanisms within the river
have covered many of the PCB contaminated areas (hot and coid
spots) with a less contaminated sediment layer, which signifi-
cantly reduces the migration of PCBs in the water column and
exposure to aquatic life" (1984 ROD, p. 8). }n addition, EPA
found that "the natural assimilative capacity of the river will
continue the downward trend in the levels of PCBs found in the

‘river" (1984 ROD, p. 8). EPA also noted that "[i)f present
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conditions continue, the amount of PCB passing into the estuary
will continue to decrease with time"™ (1984 ROD, p. 9).

Based on these findings, EPA determined that "both Ehe '

modeling and sampling data collected to date indicate a decreaé—
ing threat to public health and the environment" (1984 ROD,
p. 9). In light of this decreasing risk, and because "the actual
reliability and effectiveness of current dredging technologies in
this particular situation is subject to considerable uncertainty"
(1984 ROD, p. 9), EPA correctly issued a "no action" ROD with
respect to Upper River sediments. ‘ b_

In undertaking the present RI/FS, EPA is dete;mining

whether it should reverse its 1984 decision. The 1984 ROD itself

states that that decision "may be reassessed in the future‘if,

during the interim evaluation period, the reliability and
applicability of in-situ or other treatment methods is
demonstrated, or if technigues for dredging of contaminated
sediment from an environment such as this one are further
developed" (1984 ROD, p. 9). Accordingly, the Agency is not freem
to reverse its position and to require some action in the Upper
Hudson without a clear change of conditions.

Under fundamental principles of administrative law, the
burden is upon EPA to establish that the facts have changed. As
outlined below and in the detailed comments that follow, the
Phase 1 Report provides no basis for EPA to reverse its 1984
decision. If anything, recent evidence cohfi;ms the correctness

of EPA's 1984 decision.
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1.2 Overview

1.2.1 No Unacceptable Risk

The fundamental purpose of a remedial investigation is
to determine whether the site poses an unacceptable risk to human
health and the environment, and if so, to determine whether an
effective remedial option exisﬁs to address the identified risk
(40 CFR § 300.430 (a)(1)). A careful review of the information
contained in the Phase 1 Report, as presented in Section 3.0 of
these comments, demonstrates that the PCBs in upper Hudson
sediments have not harmed human health or the environment and do

not pose a future unacceptable risk. EPA has preliminarily come

]

to a contrary conclusion because EPA has relied on out-dated
science, uhreasoneble exposure assumptions( and a flawed analysis
of the existing data.

New evidence since 1984 demonstrates that any risk
present at the site in 1984 has decreased even further:

L PCB levels in Hudson River water have
declined significantly, and PCB
concentrations in fish tissue have also
generally declined (pp. B.3-35, B.4-30,
B.4-42). The 1991 NYSDEC report on PCB
concentrations in striped bass is the
most recent evidence of these
improvements.

° Recent scientific evidence based on
animal, as well as human, studies shows
that the types of PCBs found in the
Upper Hudson River are not carcinogenic.
This new information significantly
reduces the estimated upper-bound risk
at the site. The Phase 1 Report
inexplicably and unjustifiably fails to
use this information in its risk
assessment.
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e  PCBs in the sediments of the Upper
Hudson River have been substantially
altered, thereby rendering them not only
more amenable to complete natural
destruction, but also resulting in PCBs
that have markedly reduced toxicity and
that are less prone to being
concentrated in biota.

. A thorough analysis of fish consumption
rates and River use patterns shows that
real world conditions result in
significantly reduced exposure factors
for whatever PCBs remain in the River.

All of these changes indicate that whatever risk
existed in 1984 is diminished today and will continue to diminish
in the future. The 1984 ROD found that any risk at the site did
not justify remedial action with respect to the sediments. Even
stronger evidence exists today to compel the same conclusion.

EPA's regulations and guidance require that any
Superfund risk assessment be a "baseline" assessment of the risks
posed only by the site that the Agency intends to remedy -- in
this case, the sediments of the Upper Hudson River. The Phase 1
Report, however, combines the risks posed by all PCBs in the
Hudson River, including PCBs discharged by other sources. The
Phase 1 Report also fails to isolate the effect of the remnant
deposits on fish concentrations. GE recently expended $15
million to remediate the remnant deposits in accordance with 1984
ROD. A risk assessment that does not thoroughly take into
account the potential beneficial effect of such remedial work is

not a proper baseline risk assessment under EPA's own regulations

and the NCP.
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1.2.2 No New Dredging Technology

The Phase 1 Report does not identify any advances in
dredging technology that mitigate or eliminate the problems
delineated in the 1984 ROD as the basis for disqualifying
dredging as a suitable remedy. In particular, the 1984 ROD
concluded:

*Dredging activities by their nature tend to

result in some degree of disturbance of the

highly contaminated sediments, and thus re-

sult in some short-term problems, in the form

of elevated PCB concentrations in the water

and air, as well as increased fish contamina-

“tion. . . . Therefore, it is difficult to

conclude at this time that the technology can

be considered feasible or reliable" (1984

ROD, p. 7).

The Phase 1 Report addresses these concerns by simply
reciting that "[d]redging systems identified in the literature
fall into the hydraulic, mechanical and specialty-type ' poe
categories" and then by superficially describing the various
categories (p. C.4-7). But these dredging technologies all
existed in 1984. The Phase 1 Report also suggests that recent
field studies at the much émaller and less dynamic New Bedford
site prove that the cutterhead hydraulic dredge is the most
‘successful in limiting sediment resuspension into the water
column (p. C.4-8). As further discussed in Section 4.0, however,
those field studies are not in any way applicable to Hudson River
conditions and do not provide evidence overcoming the 1984 ROD's
conclusion that dredging was not a feasible remedial technique.

The Phase 1 Report assumes the feasibility of sediment

removal through dredging and then spends most of its discussion
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(Sections C.1 through C.7) on the screening of treatment
technologies. Thus, it passes over one of the important findings
of the 1984 ROD without in any way addressing whether there have
been any technological developments that make it practical or A
feasible to dredge the bank areas of a 40-mile strétch'of the

Upper Hudson River.

1.2.3 Dredging Will Cause Adverse Environmental
Effects

In addition to its failure to address the practicality

or feasibility of dredging, the Phase 1 Report makes no mention
of any adverse environmental and human health impacts of large-
scale dredging. The 1984 ROD, by contrast, specifically rejected
bank-to-bank dredging as an appropriate remedy, because it "could
be environmentally devastating to the river ecosystem and cannot
be considered to adequately protect the environment" (1984 ROD,
p. 6). Nothing in the Phase 1 Report suggests that these adverse
environmental effects are any less serious now than they were in
1984. Indeed, the adverse environmental risks in this situation
are so great that Congress took specific note of them in 1986
during consideration of the Superfund Amendments and

Reauthorization Act:

"(A] cleanup of PCBs in contaminated rivers
like the Hudson, to achieve a cleanup envi-
sioned by [the Toxic Substances Control Act],
could require dredging. This, in turn, could
result in greater exposure and threat to
public health from the disturbed PCBs. . . .
Such an illogical remedy could also cause
serious harm to the river's ecosystem." H.R.
Rep. No. 253, 99th Cong., 1lst Sess., pt. 1,
at 57 (1986) (emphasis supplied).

diy
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Additionally, dredging of PCB containing sediments is
not an isolated activity. The massive volume of removed material
must go somewhere. The risks associated with removal and
disposal must be, but have not been, evaluated to yield a fair
comparative risk analysis. The 1984 ROD, in the course of
evaluating the effectiveness of excavating the remnant‘deposits,
noted for example that "there may be some adverse short-term
impacts on public health" due to the likelihood of PCB reléases
to the air, the health hazards caused by truck trips through
residential areas, and the increase in erosion and resuspension
of PCBs into the river (1984 ROD, p. 11). For the much more
complex and significant remediation of the Hudson River
sediments, the Phase 1 Report does not even attempt such a
superficial gualitative impact analysis.

Finally, as noted in the 1984 ROD, after the sediments
are removed, they must be deposited in a new landfill eifher for
the short term or long term (1984 ROD, p. 8). No such landfill
existed in 1984, and none exists today.

Section 4.3 of these comments takes a more detailed
look at the environmental effects of dredging and spoils han-
dling. By contrast, the Phase 1 Report neither compiles data on
these effects nor identifies a program for Phases 2 and 3 to |
develop information which could serve as a basis for changing

EPA's own 1984 conclusions on this issue.
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1.2.4 An Integrated, Quantitative Approach Shows No
gsignificant Benefit from Dredging

The recent Thomann study, discussed at length in the

Phase 1 Report (section A.4), determined that dredging of Uppé&
Hudson sediments will provide, at most, negligible benefits and
that PCB concentrations in the Lower Hudson and Lower Hudson fish
‘will improve nearly as rapidly without dredging. AI{ EPA desires
to go beyond the determinations of its 1984 ROD andf%he Thomann
study, there is a crucial need for an integrated ané quantitative_
approach toward site characterization and remedial alternative
assessment. '

This is not exclusively a problem of lack of aata, al-
théugh the Phase 1 Report acknowledges and GE agrees that .serious
data gaps do exiét and preclude such an analysis. The pfohlém
also stems from EPAls_currently incomplete and flawed methodblogy
for drawing conclusions from the existing data. 1In particular,
the Phase 1 Report fails to recognize the many complex inter- :
actions of ?CBs in various media in the Hudson River. For
example, any scientifically defensible assessment of remedies
must understand the relationship between sediment PCB
concentrations and water concentrations, between water and biota,
between sediment and biota, and ultimately between all three
media and fish, the primary route of exposure to humans. Those
relationships must also be understood for various types of
sediments and biota, different species of fish, varying flow
conditions, over both long and short distances and over time.

Given these interactions, a quantitative, integrated framework
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for understanding the fate and transport of PCBs in the Hudson
River, as discussed in Section 2.0 below, is essential. Yet none
is currently planned by EPA. .

Instéad, the Agency intends to conduct a simplistic
qualitative analysis of the available data.‘ This is not a sound
- scientific approach to a large and complex river system. It is a
‘methodology that will inescapably produce indefensible conclu-
sions.

1.2.5 Biodegradation Is Effective on PCBs

Since the EPA 1984 decision, numerous researchers
including EPA have found that PCBs, previously believed to be s
Vindestructible, can be degraded in an environment, like the
Hudson River, by naturally occurring organisms. Despite‘nationa1 
emphasis by EPA headquarters on new technologies to  address
remedial problems, the Phase 1 Report dismisses this important
research.

Biodegradation research has established that two
separate and complementary biological degradation processes are
at work in the Hudson River to degrade PCBs. First, anaerobic
bacteria, naturally present in river and lake sediments, remove
chlorine from highly chlorinated PCBs. The resultant lightly
chlorinated compounds are not carcinogenic and accumulate in
Vorganisms to a lesser extent than more highly chlorinated PCBs.
These lightly chlorinated compounds are then further and totally
degraded by aerobic bacteria found in the Upper Hudson River as
well.

HRP 001 1469
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The results of this research on natural PCB
biodegradation have been widely published. They are critical to
the matter addressed in the éhase 1 Report; and there is
absolutely no justification for the Report's failure to properly
appreciate and take that research into account. The
transformation and destruction of PCBs by biological means is a
critical process that must be understood if the fate and
transport of PCBs in the River are to be evaluated in a
scientifically defensible manner. This process is as important
as volatilization, partitioning, and others affecting PCBs.
Unless and until biodegradation affecting PCBs in the Upper.
Hudson is thoroughly evaluated by EPA in this RI/FS, a proper
analysis of risks and remedies cannot be made in a credible
fashion.

1.2.6 Other PCB Sources

The Phase 1 Report acknowledges that there are signifi-
cant current sources of PCBs in the Lower Hudson that are not
related to PCB transport from the Upper River. EPA's
investigation of these and other PCB sources, however, is
insufficient to characterize the site. Without identificétion of
the significant PCB sburces, it is impossible to predict what
impact, if any, potential remedies will have on reducing exposure
to contamination. 1In short, any selected remedy may not address
the actual source of the problem.

Furthermore, when addressing the issue of other
sources, EPA accepts the assumption that historical and p:esent

contamination of the Hudson is dominated by the massive movement
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of PCBs from two GE facilities after the 1973 dam removal. A
thorough reviéw of sediment data, as presented in Section 6.0,
demonstrates that this assumption is false: In fact, the peak
PCB concentration in lowgr Hudson sediments occurred in 1971,
coincident with the peak in'nétional PCB use and releases to the
environment. This same pre-1973 peak has been observed by other
researchers in other bodies of water. A full review of fish
data also confirms that the Hudson is impacted by many'sources of

PCBs, not just one Upper River source. Resident fish species

vary in PCB concentrations independent of their distance from the’

Upper River. They are impacted by local PCB sources. Likewise,
migratdry striped bass accumulate PCBs that did not originate in
the Upper Hudson and did not originate with GE.

The importance of reassessing the fundamental assump-
tion about massive movement of PCBs in the Hudson cannot be
overstated. If historically no massive movement of PCBs
occurred, EPA must seriously re-evaluate what guantity of PCBs

could possibly be transported today over long distances from the

Thompson Island Pool to pther parts of the River. Concerns about

the scour impacts of future floods must be examined in this new
light."

Finally, EPA must consider focusing its limited
resources on controlling these other PCB sources with local
impact rather than pursuing a potentially devastating, expensive,
and ultimately ineffective remedy that requires the dredging of
Upper Hudson sediment. There is no shortage of information for

" EPA to begin the process of identifying these other sources.
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Rather, it is up to EPA to use its investigative tools and
resources.
1.3 Reguired Actions

The data presented in the Phase 1 Report demonstrate
that EPA's 1984 decision was correct. EPA should at this time
recognize the deficiencies in the Phase 1 analysis of the exist-
ing data and perform an analysis of the information that leads to
scientifically defensible conclusions. To accomplish this, EPA
must, at a minimum, do the following?_

1. Use important new scientific information on PCB
toxicity; :

2. Employ realistic site-specific exposures in the
risk assessment;

3. Use the results of current research on the
naturally occurring biodegradation of PCBs;

4. Collect sufficient data to understand

e processes affecting PCBs in the river;

e the spatial and temporal variations of the
processes;

® background levels of PCBs;

e impediments to and adverse environmental
effects of dredging;

5. Analyze the data (existing and to be collected) in
a gquantitative framework that allows complexities
of the river system to be understood and ’
simulated;

6. Investigate the sources of PCBs to the Lower River
and reject erroneous assumptions concerning Upper
River PCB sources; and

7. Analyze the implications of the finding that
striped bass do not receive significant levels of
PCBs from the Upper and Lower Hudson River.

A rough, qualitative approach to the complexities of

the site and PCB fate and transport is unacceptable. When EPA

13 HRP 001 1473



disregarded its national policy of having potentially responsible
parties perform the RI/FS and refused to allow GE to perform the
Hudson River Reassessment RI/FS, EPA promiéed that this would be
a staté-of-the-art effort. If in fact GE or any other PRP had |
prepared and submitted to EPA the Phase 1 Report, the Agency
would have returned it with a demand for'extensiﬁe revisions.
Fundamental fairness and the public interest requife that EPA
hold itself up to the same high standard. ' .
Finally, GE is concerned that EPA is violating legaily
mandated procedural requirements thereby unfairly prejudicing GE
and the public. For example, at no time prior to the issuance of
the Phase 1 Report did EPA create an administrative record for
this Hudson River matter. GE and the public have had no
opportunity to evaluate the information being considefed by EPA
as it prepared its Phase 1 Report. As a consequence, EPA has
deprived GE and the public of an effective right tblcomment.
What is required, therefore, is a truly open process where
- scientific information used by the Agency is available to all
parties for review and discussion on a timely basis, not wedged
in a comment period after EPA has already reached conclusions

that it feels compelled to defend.
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2.0 QUANTITATIVE MODELING

Summary: EPA must construct an
integrated, quantitative model of PCB fate
and transport in the Upper Hudson to
characterize the site adequately and to
assess remedial alternatives meaningfully. U§
Proper characterization of the site requires
an integrated understanding of the numerous
complexities of PCB interactions in Hudson
River sediment, water, air, and biota. The
assessment of remedial alternatives requires
a guantitative tool for analyzing the B
existing data so that predictions of future
PCB conditions under various assumptions may
be reliably made. Absent such an integrated
understanding and quantitative tool, EPA‘'s
gualitative analysis of the existing data
will lead to a faulty understanding of PCB
dynamics at the site and to an erroneous
assessment of the impact on risk reduction by’
remedial alternatives. )

The purpose of an RI/FS is "to assess site conditions
and evaluate alternatives to the extent necessary to selec; a
remedy" (40 C.F.R. § 300.430(a)(2)). In performing this RI/FS,
EPA is therefore required to "[d]evelop a conceptual
understanding of the site based on the evaluation of existing
data" (40 C.F.R. § 300.430(b)(2)). |

GE is deeply troubled by the gualitative approach used
by EPA in the Phase 1 Report to develop a conceptual |
understanding of the Hudson River site. A gqualitative approach
fails to account for the real and important complexities of PCB
fate and transport in the Hudson River system and will
potentially lead to a flawed understanding of: the risks posed
by PCBs in the Hudson River, the effectiveness and feasibility of

removal technologies in the Hudson River, the potential for
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natural bioremediation at the site, and the importance of the
panoply of PCB sources in the Hudson River.

Specifically, in analyzing and synthesizing the
historical data concerning PCBs in the Hudson River, the Phase 1
Report acknowledges that significant data gaps and limitations
exist, but nevertheless proceeds to derive conclusions from the
data regarding the dynamics of PCB transport and the fate of PCBs
in the River. The qualitative and compartmentalized approach
adopted by the Phase 1 Report to draw these conclusions is
grossly inadequate, however, because it does not explicitly
examine the specific mechanisms that control PCB fate and
transport in a complex riverine system. In the absence of a
.quantitative understanding of these mechanisms and the
constraints imposéd by mass balance considerationsvand déta
guality limitations, interpretation of the historical data is
subjective and open to considerable uncertainty.

As discussed in greater detail below, the roles that
sediment transport processes (e.g., scouring, armoring, and
suspension), sediment-water interactions (e.g., diffusion in pore
water and partitioning on particulate matter), and volatilization
play in controlling PCB fate, and the complex interrelationships
among sediment, water column, and biota PCB concentrations cannot
properly be assessed from a merely qualitative analysis that
reduces compiex chemical, physical, and biological processes to
non-physically based measures. Indeed, reliance on such a

qualitative analysis is likely to result in a remedial action
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that neither produces significant environmental benefits nor

reduces public health or environmental risks.

2.1 The Quantitative Modeling Approach

An integrated fate and transport model -- i.e., a model

that defines PCB fate by reference to the physical, chemical, and
biological mechanisms that affect PCBs -- is necessary to answer
questions about the historical transport of PCBs in the system;
the accumulation of PCBs in biota, and the future response of the
system under various alternative remedial scenarios. The use of
an integrated fate and transport model is therefore aﬁ essential
tool for the quantitative evaluation of costs and benefits pf.‘
potential remedial actions and for developing "a conceptual
understanding of the site based on the evaluation of existing
data" (40 C.F.R. § 300.430(b) (2)}).

The use of guantitative fate and transport médels for
assessing water quality in both fresh water and marine systems is
well-established. Over three decades of experience with such
models has shown that the modeling approach provides two distinct
yet complementary benefits: First, quantitative modeling allows
numerous.complex processes to be simulated and thus provides
important scientific insights into the fundamental transfer and
reaction mechanisms that affect the temporal and spatial
distribution of the constituent in a water body. Second,
guantitative modeling provides a practical and effective method
of evaluating, in a meaningful way, various alternatives for

addressing a specific problemn.
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Indeed, over the past thirty years, EPA and many state
and regional agencies have extensively employed the quantitative
modeling approach to address specific Qatef-quality issues. As
an indication of EPA's own support of the modeling approach,
EPA's Office of Solid Waste and Emergency Response recently
issued a draft "Report on the Usagé of Computer Models in
Hazardous Waste/Superfund Programs" (U.S. EPA 1990) summarizing
various administrative approaches toward promoting the effective
use of mathematical models by the Agency. EPA's Region II
recently'sponsored a modeling study for the analysis of nutrient
removal for effluénts to the Long Island Sound. Integrated,
quantitative models have also been developed and refined over the
past decade to analyze the fate and transport of contaminants in
the James River; the Saginaw River; Green Bay, Wisconsin; and New
Bedford Harbor, Massachusetts.

The analysis of kepone in the fresh and marine
stretches of the James River, for example, included models of
hydrodynamic suspended bed solids, physical and chemical mecha-
nisms, and food chain analyses. The models were then incorpo-
rated in an overall framework to address environmental issues
similar to those relating to the present conditions in the Hudson
River. The James River model, incidentally, indicated that
no-action was the most appropriate remedial alternative.

One of the more recent examples of a guantitative
framework that relates sources of PCBs to the concentrations in
fish is the model constructed by Thomann et al. for the Lower

Hudson (Thomann et al., 1989). Thomann's analysis incorporates
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mass balances and estimates significant PCB transfer and loss
mechanisms to calculate PCB homolog concentrations in water,
sediment, and biota -- including striped bass -- over time and in
space. The calculated concentrations were then compared to
observed data to provide a quantitative indication of the level
of understanding of cause-and-effect relationships. The model
has been used to compare, quantitatively, the changes in striped
bass PCB concentrations over time for no-action and removal
alternatives.

Although the Phase 1 Report raises a series of issues
(pp. A.4-5 to A.4-9) in connection with the level of uncertainty
in the Thomann model, these issues do not detract from the
ovérriding benefits derived from a quantitative understanding of
the site. Because of the compelling need for a‘quantitative
analysis of PCB fate and transport, Phase 2 of the Reassessment
RI/FS should not substanfially modify or abandon the Thomann
model without replacing it with tools that are at least as
consistent (i.e., constrained by mass and energy balance
considerations), capable of quantitative projections, and
testable (via comparisons of independent calculations and
observed data). ‘

2.2 The Need for a Quantitative Model of PCB
Fate and Transport in the Hudson River

The need for an integrated, quantitative framework to
provide an adequate understanding of PCB fate and transport in
the Hudson River is clear. For each of the three areas of

investigation identified in the Phase 1 Report (p. B.4-1) --
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migration and redeposition of PCBs in sediment; transfer of PCBs
in sediment to water; and the effect of such transfers on bio-
accumulation of PCBs in fish -- an integraéed and guantitative
model of PCB fate and transport is an essential means of drawing
conclusions from the existing data in a séientifically valid
manner. Indeed, a quantitative model that predicts future PCB
concentrations in fish is directly relevant to the risk
assessment to be performed by EPA as part of this ﬁI/FS.

As the Environmental Engineering Committee of EPA's
Science Advisory Board has urged (U.S. EPA, 1989): "In some
cases involving more complex issues, future projections of
environmental effects, larger geophysical regimes, inter-media
transfer, or subtle ecological effects," all of which
chafacterize the Hudson River site, "mathematical modéls of the
phenomena provide [in addition to adequate data) an essential
element of the analysis and understanding" (emphasis supplied).
This Committee has also recommended (in the same document) that
quantitative models should incorporate, "to the extent possible,
the state-of-the-art scientific understanding of the
environmental problem." EPA's apparent "willingness to abandon
fundamental, scientific approaches" therefore should not be
excused "simply because the required research and data are too
difficult to obtain in a short time span."

Figure 2.2-1 shows, conceptually, a number of
significant interactions of PCBs in the various "compartments"
within the River. Although'some of these processes (e.g.,

partitioning, biological degradation, and solution) can be
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~ described by simple empirical relationships (e.g. partitioning),
many are complex processes tha; do not lend themselves to simple
relations (e.g., resuspension of cohesive éediments). More
important, the movement of PCBs between compartments (e.g., -§
sediment to fish) may involve a number of complex processes.

Attempts to simplify the description of the system
result in interpretations that become less and less;connected to
reality. An example of this is the approach presen;ed by EPA to
understand what is arguably the most difficult coﬁpa:tment to
understand, PCBs in fish. As shown in Figure 2.2-1, fish obtain
PCBs in a very complex way (Figure 2.2-1 does not even'}nclude
bioenergetic issues that need to be understood). 1In the Phase 1
Report, EPA discusses apparent biocaccumulation factors (BAFs),
which are simple linear relationships between PCB levels'iﬁffish
and PCB levels in water. As discussed below, EPA's use of BAFs
is flawed, and the apparent linear relationship does not exist .
for the entire range of PCB concentrations. |

There are two additional levels of complexity that are
not presented in Figure 2.2-1. The first is that PCBs are not a
single compound but rather are a‘unique group of chemicals with
widely varying physical, chemical, and biological properties.
One approximation that can be used to describe this large group
of chemicals is to élassify PCBs into 10 separate compounds,
based on the number of chlorines per biphenyl molecule (i.e.,
homologs). Even with this simplification,‘such an analysis of
PCB fate and transport adds an order of magnitude to the

complexity of the task. 1Indeed, the need for a homolog-specific
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analysis is clear even from a qualitative review of the data,
which show that such a differential treatment of PCBs is needed
to help understand the changes in PCB composition in fish tissue
’(as measured by Aroclors) over time.

The second complicating factor is that spatial and
temporal changes in PCBs within the various compartments must
alsc be understood. It is essential to develop a framework for
simulating changes in time and space. For example, a fundamental’
question to be answered by the RI/FS is to compare the changes in
PCB concentrations and éompositions in various fish species (a)
if natural processes are permitted to occur,.or (b)'if PCB-
contaminated sediment is removed from a section of the River
(i.e., "hot spot" dredging).

The oniy credible way to make suéh a projectién or to
answer such questions is to integrate each of the processes
affecting PCBs into a complete and comprehensive quantitative
model. A piecemeal approach that relies on a combination of
empirical and qualitative descriptions of the system is not
appropriate and will not offer reliable or defensible results.

' GE strongly urges EPA to develop such an approach.
This will be neither simple nor inexpensive. Significant amounts
of data will need to be collected, and GE is prepared to discuss
this more fully with EPA. The following is a basic framework of
a sophisticated, state-of-the-art, computer-based model of PCB
fate and transport in the Hudson River that EPA should develop:

1. A two-dimensional, time-variable hydrodynamic

model of the Hudson River. This will supply a
number of inputs for the rest of the model (e.g.,

22 HRP 001 1481



P
v

spatial and temporal distribution of flow
velocities).

2. A two-dimensional sediment transport model that
accounts for both cohesive and non-cohesive
sediment transport. The model output will include
suspended sediment levels in the water column as
well as identification of sediment erosion and
deposition areas.

3. PCBs will be transported between the sediment and
the water column (and air). A time-variable model
should be constructed from the first two models
and incorporate the important physical, chemical,
and biological processes that affect PCBs. This
model will provide projections of homolog-specific
PCB levels over time and space in the water
column, sediment, and air.

4. The final component will need to incorporate the
PCB dynamics within fish. This will be a time-~
variable model since fish PCB levels can be a
function of prior exposure conditions; it will
also need to incorporate bioenergetics theory.

Given the demonstrated effectiveness and necessity of

integrated fate and transport models for the analysis of complex,

riverine systems, GE views with alarm EPA's lack of commitment to

develop and use an appropriate fate and transport model for the
Upper Hudson. 1If the Agency fails to construct an appropriate
model of the Upper Hudson, it will be left to analyze numérous
data points without any unifying mechanism to interpret the data
within a éuantitative analytical framework. In short, EPA will
be making a decision potentially involving hundreds of millions
of dollars -- about a highly complex, dynamic system -- on the

basis of what are essentially quasi-scientific guesses.
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2.2.1 Modeling of Sediment Transport

The Phase 1 Report's approach toward the analysis of
PCB migration and redeposition in sediment is limited by its
failure to analyze the significant effects of cohesive sediment
transport processes. Detailed comments concerning the proper
modeling of sediment transport in the Upper Hudson appear in
Section 2.3 below.

The importance of understanding the movement of
sediments in the Hﬁdson River cannot be overstated. First, the
presence of PCBs in the sediment in the Upper River has raised
concerns regarding the potential mobilization of these
contaminated, yet buried, sediments as a result of a large_flood
event. To properly evalﬁate the potential impact of a large
flood, EPA must assess the potential of these sediments to scour.
As discussed in Section 2.3.3, the most accurate and
scientifically defensible method is to model sediment movement
using the theory of cohesive sediment transport, coﬁpled with
either a two or three dimensional hydrodynamic model of flow in
the Upper River. |

Second, because PCBs tend to adhere to particuléte
matter, assessing PCB transbort requires consideration of not
_only PCBs dissolved in the water column, but also PCBs absorbed
to suspended sediment in the water column. Under certain
conditions, the latter mode of PCB transport may account for the
bulk of PCB movement. EPA must therefore develop a framework for
determining the amount of suspended solids that will be

transported in the River under a range of flow conditions.
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Moreover, to.understand the effects of various remedial
alternatives, EPA must alsoc predict the sﬁspended sediment load
under varying bed geometry conditions. At a minimum, this task
requires a two-dimensional cohesive-sediment transport model that
accounts for not only the partitioning of PCBs in dissolved and
particulate form, but also the different PCB homologs in the
system.

2.2.2 Modeling of PCB Interactions

The need for an integrated, gquantitative model is
perhaps most acute in light of the many complex interactions
among PCBs in different environmental media in the Hudson River
occurring over time and space. In addition, because PCBs are a
group of 209 different chemical compounds, EPA's analysis must
recognize that different PCBs behave slightly differently in
different media. Even if the 209 congeners are treated in
homolog classes, PCBs muet still be treated as 10 different
compounds.

Among the principal interactions that must be fully
understood before the site is properly characterized are: (1)
interactions between PCBs in sediment and PCBs in water
(partitioning), and (2)’interactions between PCBs in water and
PCBs in air (volatilization).

2.2.2.1 8Sediment-Water Interactions

There are two different, yet equally significant,
interactions between PCBs in sediment and PCBs in the water
column. First, PCBs in the water column may either be dissolved

in the water or absorbed on suspended particulate water. The
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distribution of PCBs in the two phases (dissolved and
particulate) can be determined by equilibrium partitioning
theory. Second, for PCBs that are buried in the sediment,
partitioning between PCBs in the sediment and PCBs in the pore
water will occur. PCBs in the pore water can be transported by
diffusion of advection into the overlying water column.

Laboratory and field data indicate that the parti-
tioning between PCBs in particulate and dissolved phases is a
functioh of PCB chlorination, suspended solids concentration,
organic carbon content, and dissolved organic carbon concen-
tration (e.g., O'Connor and Connolly, 1980; DiToro, 1985; Caron,
1988; Capel and Eisenreich, 1990). Homolog-specific partition
coefficients, for example, have been calculated from suspénded
solids concentrations and water column field data collected as
part of the New Bedford Harbor RI/FS (Battelle Ocean Sciences,
1990) . |

An integrated approach is the best way to account for
the different characteristics of different PCB homologs in
different media. Partition coefficients, for instance, decline
with increasing solids concentration and increase with increasing
chlorination. A further cbmplication in the analysis of PCB
adsorption and desorption is the difference in partitioning
between the water column and the sediment. For example,
partition coefficients calculated from PCB congener concentra-
tions measured in sediment cores from New Bedford Harbor
(Bfownawell and Farrington, 1986) are one to three orders of

magnitude lower than the water column values. Additionally,
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these partition coefficients do not appear to be related to the
classically predicted partition coefficient, given by the product
of the sediment fraction organic carbon (f.) and the octanol-\ '
water partition coefficient (K, ). When the partition .§
coefficients are corrected for the dissclved organic content of
the sediment pore water, however, they do conform to partitioning
theory. .

These data suggest complex and significant differences
in PCB transport in the different fractions, i.e., on suspended
solids and in the water phase. A thorough understanding of these
differences is reguired for a proper characterization 6; the
site, because it is qtherwise impossible to assess the rglative
importance of various transport mechanisms and to predict‘fhg
relative effect of various remedial alternatives. The conse-
guence of these observable differences on PCB fate in Hudson
River sediment and water can only be properly evaluated through.
an integrated, quantitative modeling framework.

2.2.2.2 Water-air Interactions

Volatilization of PCBs is also a significant compli-
cating féctor in the understanding of PCB fate and transport in
the Hudson River. For example, the Upper Hudson contains two
regimes -- flowing water and water flowing over dams -- that must
be treated differently to assess volatilization. The Phase 1
~Report fails to account for the enhanced volatilization that
results during the free fall of water over a dam. Because
different PCB homologs exhibit different fate and transpor£

properties, it is critically important for any acceptable model
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of PCB fate and transport to account explicitly for changes in
PCB homolog distributions as a function of environmental medium,
space, and time.

Moreover, for the determination of Henry's Law
constants, EPA should perform a critical appraisal of the
literature rather than rely solely on the results of one study.
Henry's Law constants for individual PCB congeners have been
reported by Burkhard-ét al. (1585), Murphy et al. (1987),
Dunnivant and Elzerman (1988), Dunnivant et al. (1938), Hawker
(1989), and Brunner et al. (1990), as well as Bopp (1983).
Figure 2.2.2.2-1 shows the mean and range of Henry's Law
constants for different hémologs, as reported by Murphy et al.
(1987), Brunner et al. (1990), and Bopp (1983). This figuré
illustrates declihing Henry's Law constanté'with increasing
chlorination and compares the differences between the three
studies. The declining trend indicates the importance éf
distinguishing between lower chlorinated and higher chlorinated
PCBs when assessing PCB transport. The differences between the
studies indicates that a critical evaluation of the data must be

performed so that appropriate values of this parameter may be

determined.

2.2.3 Modeling of PCBs in Fish

The need for an integrated, quantitative model of PCB
fate and transport is also evident in light of the difficulties
in understanding and predicting PCB levels in Hudson River fish.
Data in the Phase 1 Report (Table B.4-5; Figures B.3-14 to

B.3-17; pp. B.3-29, B.3-34, and B.3-35), for example, suggest
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that Aroclor 1254 concentrations in fish are not declining as
rapidly as they are in other media. Examination of the informa-
tion in Table B.4-5 indicates that PCB concentrations in fish
will be reduced only if the PCBs associated with Aroclor 1254 are
reduced in the fish. To achieve this goal, (1) the factors that
contribute to PCB homolog concentrations in fish must be
identified, and (2) this information must then be used in the
evaluation of remedial alternatives to ensure that the relevant
PCB homologs are being reduced.

2.2.3.1 Factors Affecting PCB
Concentrations in Fish

The complexity of the interactions (over time asAwéll
as space) among PCBs in the water, sediment, and fish in the
Hudson River can only be understood through an integrated and
quantitative analysis. As the Phase 1 Report states (p. B-4.32):
"Estimates of removal rate or haif—life depend on multiple
factors, many or most of which may be unknown or ungquantified."

This complexity is exemplified by the equivocal
statements in the Phase 1 Report concerning the relative effects
of sediment and water concentrations on fish concentrations. On
the one hand, the Phase 1 Report employs the bioaccumulation-
factor (BAF) approach to derive a linear correlation between
water concentrations and fish concentrations (pp. B.4-37 to B.4-
38, B.4-42; Figure B.4.25), at léast for data from the summer loQ
flow seasons. On the other hand, the Report suggests that the

fish concentrations may be declining moré slowly than the water
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concentrations (contrary to the assumption of linearity) "perhaps
via a benthic food chain pathway" (p. B.4-40).

Even though these statements are ‘sufficiently qualified
to avoid any direct contradiction, the Phase 1 Report plainly
reveals a lack of any precise understanding of how PCB
concentrations in fish are affected by PCB concentrations in
other environmental media. In particular, the BAF approach is
very simplistic and has no physical basis. The BAF approach not
only fails to represent or explain the data, it also fails to
provide any meaningful way of assessing the effects of various
remedial alternatives.

Moreover, EPA's reliance on the use of simple time
trends to extrapolate from the historical data is unwarranﬁed by
data limitations (as defined by the data quality objectives of
the various studies). The use of extrapolations of time trends
without an understanding of the underlying causal relationships,
particularly the relationships between sources of PCBs and
concentrations in fish, is unsound and can lead to serious
errors. Here again, an integrated and quantitative model, rather
than quaiitative_suppositiqns, will significantly further an
accurate understanding of the system that will permit a more
rational and defensible assessment of remedial alternatives.

EPA must also develop a food web model to understand
PCB movements in relevant species. A food web model based on
bioenergetic theory, for example, can provide an understanding of
the sources and fate of PCBs in the fish. If such a model is

combined with a time-variable PCB transport model, EPA will be
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able to evaluate the effect of various remediallalternatives on
PCB concentrations in fish. Indeed, EPA followed this procedure
at the New Bedford Harbor Suéerfund site.

Finally, any integrated understanding of the site must
account for the significant and widespread biodegradation of PCBs
in Upper Hudson sediments. PCBs thﬁt have been biologically
altered as a result of natural processes have less of a tendency
to biocaccumulate in biota. As discussed in Section 5.0, EPA must
consider the impact of biodegradation to achieve an adequate
understanding of the site.

2.2.3.2 PCB Concentrations in Fish and the
Evaluation of Remedial Alternatives

The finding that Aroclor 1254 is the most abundant PCB
in Upper Hudson fish also has significant implications for the
determination and definition of remedial alternatives. For a
remedial action to be effective, it must be shown to reduce PCB
concentrations in Upper Hudson fish. This means a reduction in
the penta-chlorinated and hexa-chlorinated homolog PCBs as
characterized by the Webb and McCall Aroclor 1254 measurements.
Appropriate remedial actions afe, therefore, those that address
sources of the particular PCBs that affect the fishery, i.e., the
penta-chlorinated and hexa-chlorinated PCBs. In other words,
remedial actions that reduce PCB sources that are not substantial
contributors to the concentrations of PCBs in fish should not be
considered effective remedial actions that will improve the

fishery or reduce a perceived potential health risk.
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To illustrate this point, consider (by analogy) the
discussion in the Phase 1 Report (p. B.3-39) concerning PCB
concentrations in Chironomids in the Upper 'Hudson. Assume for
the sake of the analogy that Chironomids are the organism to be
protected and that concentrations of the tetra-chlorinated
homolog, which is the most abundant in Chironbmids, must be
decreased to meet PCB standards. If remedial action evaluations
are based on total PCB removal, then a remedial alternative that
reduces di-chlorinated and tri-chlorinated PCB homologs with very
little reduction of tetra-chlorinated homologs could be selected.
This alternative will lower water column PCB concentrations
(becauée di-chlorinated and tri-chlorinated PCB homologs are the
most abundant in the water column), but will have little or no
effect on the tetra-chlorinated PCB homolog concentrations in
Chironomids. Thus, upon proper analysis, such a remedial action
would not be an effective method for reducing PCB concentrations
in Chironomids.

Analogously, in situations such as the Upper Hudson,
evaluations of remedial alternatives that do not consider
individual homologs, mass balances, and fundamental mechanisms,
or that consider all PCBs alike, are likely to result in the
selection of ineffective remedial actions. From this example it
is also apparent that, when concentrations in biota are

controlled by a limited number of congeners or homologs (as thev

dyH

are in the Upper Hudson), the failure to perform a homolog-

specific analysis is biased and overestimates the benefits of
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remedial actions. The integrated analysis discussed above

removes this bias.

2.3 Sediment Transport 4
2.3.1 Flood Frequency Analysis

An accurate estimate of the peak flood flows in the
Upper Hudson River is essential for reliable predictions of the
erosional effects of a 100-year flood. As noted in ‘the Phase 1
Report (p. B.4-6), previous investigators have significantly
overestimated the peak flow rate of the 100-year flood in the
Thompson Island Pool. GE therefore agrees with EPA's c¢onclusion
(p. B.5-6) that prior estimates of sediment bed erosion:due to.
the 100-year flood are probably significantly higher thah the
actual erosion that would occur under EPA's estimate of tﬁe .
100-yeér flood. ’ )

The impact of EPA's estimate of the 100-year flood flow
rate on erosion in the Thompson Island Pool can be assessed from
results of Zimmie's application of HEC-6 (Zimmie, 1985).

Although EPA's estiﬁate of the 100-year peak flow (44,300 cfs) is
lower than Zimmie's 10-year flood peak of 46,000 cfs, results of
Zimmie's model indicated that sediment bed elevation changes at
the 46,000 cfs flow rate were "judged to be relatively
insignificant with respect to erosion of sediment." 1In fact,
erosién was predicted in only 14 of the 32 model elements with
the median erosional depth being about 0.9 inches and the maximum
being 1.8 inches. As discussed below, GE believes that even this

conclusion overestimates the actual scour, because Zimmie's model
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does not employ propef sediment transport theories (i.e., those
that account for cohesive sediment transport).

The Phase 1 Report's flood frequency analysis does
contain one minor anomaly. Estimates of daily average flood flow
rates for the Hudson below Sacandaga are presented on page B.4-3
and equivalent estimates at Fort Edward are listed in Table
B.4-1. A comparison of these tables reveals that daily average
flood flows at Fort Edward are lower than the same flows at the
Hudson below Sacandaga, which is upstream from Fort Edward. Due
tc the signifigant increase in drainage area between Sacandaga
and Fort Edward, the daily average flood flow rates should be

higher at Fort Edward than at the upstream station. The source

of the difference between these two tables is unknown and should

be examined.

In addition, the Phase 1 Report omits one source of
data that may prove useful for further refinement of the flood
frequency analysis. Average daily flow rates at Spiers Falls
have been measured by the Hudson River-Black River Regulating
District since 1930 (Lawler et al., 1978). Spiers Falls is
approximately 17.4 miles upstream from Fort Edward. The
confluence of the Sacandaga and Hudson Rivers is about 10.2 miles
upstream from Spiers Falls. The Spiers Falls data could be used
to determine the accuracy of the Report's present analysis. The
proximity of Spiers Falls to Fort Edward would tend to reduce any
error caused by downstream translation of estimated flood flow

rates.
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2.3.2 Suspended Sediment Analysis
Although the Phase 1 Report generally contains an

adequate analysis of suspended sediment coﬁcentration data, some
interpretations of the data need to be reexamined. The Phase 1
Report and others (Zimmie, 1985) assert that a breakpoint in.
suspended sediment concentration exists at a flow rate of 10,000
to 12,000 cfs at Fort Edward. Under this theory, suspended
sediment concentrations remain at a low, constant level dntil the
river flow rate reaches the breakpoint, above which
concentrations increase as a function of the flow rate. The
Phase 1 Report concludes (p. B.4-9) that "([sluch behavior is .
thought to represent an approximate critical shear stress for
sediments in the river."

This statement should be qualified by two factors that
may alter this interpretation of the data. First, no empirical
evidence presently exists to establish a direct correspondence
between suspended sediment concentrations and sediment bed
erosion in the Thompson Island Pool; direct measurements of
sediment bed erosion or deposition have been neither carried out
nor correlated with sediment concentrations. Second, the
suspended sediment in the river primarily results from two
sources: erosion of the sediment bed and wash load from
tributaries. It is therefore possible that the breakpoint could
correspond to an increase in sediment load from tributaries.
Again, no data are currently available to differentiate between
the portion of the suspended sediment load due to bed erosion and

the portion derived from the tributary wash load. The Phase 1
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Report's conclusion that the breakpoint, at about 10,000 éfs,
appfoximaﬁes a critical shear stress for sediments should
therefore be recognized as a conclusion suﬁported by neither an
empirical model nor any other independent data.

The Phase 1 Report also presents an empi:ical trend
analysis of suspended sediment concentration at Fort Edward,
Schuylervillé, and Stillwater. Although a correlation between
concentration and flow rate has a sound physical foundation, the
attempt to establish a functional dependence of concentration
over time may be flawed. The Phase 1 Report's analysis asserts
that the suspended sediment concentration in the Upper Hudson
River is an exponentially decreasing function of time, with an
average rate constant of -0.03 year!. A half-life of 23 years
for sediment concentration decline is derived from this analysis.
The Phase 1 Report then attempts to justify this correlation by
postulating that the river sediment bed is gradually returning to
an equilibrium condition after removal of the Fort Edward Dam in
1973, »

Although removal of the dam certainly affected the
sediment transport processes in the Thompson Island Pool, other
factors may have also caused the apparent temporal decrease of
suspended sediment concentrations in the Thompson Island Pool.
EPA's unexplained use of an exponential curve to fit the data
collected after 1973 may not adequately determine whether the

sediment bed is returning to equilibrium after the dam removal.
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2.3.3 Sgediment Transport Modeling
As the Phase 1 Report appears to recognize, the Upper

Hudson River has a heterogeneous sediment bed that is compcsed of
fine-grained, cohesive sediments (i.e., silts, clays, and organié
matter) and coarse-grained, non-cohesive sediments (i;e., sands
and gravels). Any sediment transport model that is abplied to
this river must therefore be capable of realistically modelling
the transport processes of both cohesive and non-cohesive
sediments in order to make predictions.

Previous attempts to model the sediment transport pro-
cesses in the Upper Hudson River (Lawlervet al., 1978; Zimmie,
1985) have used the HEC-6 model (U.S. Army Corps of Engineers,
1977). GE agrees with the Phase 1 Report's critiqisms (section
B.5.2) of the HEC-6 model. As the Phase 1 Report notes (p.
B.5-3), HEC-6 has significant limitations that render the
applicability of that model to the Upper Hudson questionable.
Specifically, HEC-6 priﬁarily simulates the transport of
non-cohesive sediments and does not explicitly model cohesive
sediment transport. As the Phase 1 Report correctly recognizes
(p. B.5-3), cohesive sediments "may play an important role in
Hudson River PCB transport."

in addition, the HEC-6 model is a one-dimensional model
that accounts for neither lateral variations in the composition {
of the sediment bed nor hydrodynamic effecté due to water depth
changes. HEC-6 is therefore incapable of realistically
simulating variations in a river that has a deep, central channel

composed of sands and gravel as well as shallow, nearshore areas
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containing fine-grained, cohesive sediments -- a typical sediment
bed structure in the Thompson Island Pool.

The Report identifies DYNHYD5 as the hydrodynamic model
and STREAM as the sediment transport model to be applied to the
Thompson Island Pool. Although these models are improvements
over HEC-6, they are nevertheless constrained by serious limita-
tions that call into question their ability to simulate sediment
transport processes in the Thompson Island Pool in an accufate
and realistic manner.

DYNHYDS is a one-dimensional hydrodynamic model that
essentially solves the same equations of motion and continuity as
HEC-6. The Phase 1 Report proposes to use DYNHYDS to model
hydrodynamics in the Thompson Island Pool in a quasi-two-
dimensional manner by creating a link-node network with a maximum
of three lateral channels. Although this application of the
model does provide a rough approximation of the lateral |
variability in sediment bed structure and current velocities, it
does not produce a true two-dimensional model. This is so
‘because the link-node network, which determines the structure of
the flow field, is still constructed externally and has no a
priori theoretical basis. In addition, certain flow conditions
may be incorrectly represented by the defined linkage. Only a
true two-dimensional,»vertically-integrated hydrodynamic model is
capable of properly simulating lateral velocity variations. At
the very least, the Phase 1 Report should acknowledge the model's

weaknesses and identify possible sources of error.
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The sediment transport model identified by the Phase 1
Report (STREAM) presents more §erious problems that cannot be ig- .
nored. The Phase 1 Report correctly emphaéizes the importanc% of 
cohesive sediment transport in the Thompson Island Pool Aﬁ
throughout section B.5. Contrary to this recognition, the model
selected by EPA is-a non-cohesive sediment transport model and
has no capability for explicitly modeling cohesive s5adiment
processes. = Although the Report states that a sediment
erodibility parameter, e, in Equation (24) "represents the
resistance to erosion due to cohesion or other bonding proper-
ties," the STREAM model is simply not designed to handig cohesi?e
sediments. In short, EPA's simplified model does not contain an
appropriate physical basis for modeling cohesive sedimenté-and is
therefore wholly inadequate for the important task at hand. . To
establish its scientific and technical credibility, EPA must
consider the use of a more sophisticated and rigorous cohesive -
sediment transport model.

Several other problems exist with the STREAM model,
although these deficiencies are minor compared with the model's
inability to simulate cohesive sediment transport processes. For
example, the details of the sediment bed model are presented in
section B.5.4 but several key points are omitted. No mention is
made of the specific transport capacity formula that will be used
to calculate T, in Equation (17). A large number qf formulations
are available, with different equations producing varying degrees

of success, depending on the problem being examined (Garcia and

Parker, 1991; Yang and Wan, 1991). Choosing the proper transport

39

867T 100 quy



capacity formula for the Thompson Island Pool is a critical issue
and should be addréssed. Another detail requiring discussion is
the sediment size class distribution choseé for use in the calcu-
lations.

Although the Report presents an elaborate streambank
erosion sub-model in section B.5.4.2, the need for analyzing the
effects of streambank erosion in the Thompson Island Pool
sediment transport model is questionable. Significantly, the
sub-model has a large number of parameters that are difficult to
measure. Moreover, calibration and verification of the
streambank erosion sub-model will be extremely difficult.
Finally, it is not clear that the banks of the Thompson Island
Pool represént a significant source of sediment or PCBs.

Despite the above-described flaws in the Phase 1
Report's discussion of sediment transport modeling, the Phase 1
Report mentions a model that is particularly well-suited for
studying the Upper Hudson River. Specifically, the Phase 1
Report cites (p. B.5-5) an application of the Ziégler-Lick
sediment transport model (Gailani et al;, 1991a) to the Fox River
in Wisconsin. The Phase 1 Report acknowledges that this model is
able to simulate cohesive sediment transport in a river that is
similar to the Upper Hudson River. This model includes effects'
of flocculation on sediment deposition and bed compaction on
erosion, both of which are time-dependent. Significantly, the
model uses a true two-dimensional, vertically-integrated
hydrodynamic and sediment ﬁransport algorithm. The model also

includes a non~cohesive sediment transport sub-model that has
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been shown to produce reasonable results on the Fox River
(Gailani et al., 1991b). Due to the successful results of the
EPA sponsored Fox River project, the Zieglér-Lick sediment
transport model is well-suited for application to the Upper
Hudson River.

Of particular importance in determining the erosional
effects of a 100-year flood in the Thompson Island Pool are the
resuspension properties of fine-grained, cohesive sediments. The
Ziegler-Lick model uses an experimentally based formula that
predicts the amount of cohesive sediﬁent that can be resuspended
for a given sediment bed shear stress. After a finite amount of
sediment is resuspended, the bed becomes armored. This armoring
process is an important and fundamental difference in the
behavior of cohesive and non-cohesive sediments. The amount of
cohesive sediment resuspended is given by (Gailani et al.,

1991a):

(A)

where € is the net amount of resuspended sediment per unit

surface area in qm/cmi, a, is a site-specific constant, t; is the
time after deposifion in days, n is dependent upon the deposition
environment, m is approximately equal to 3, 7 is the shear stress

(dynes/cm2?) generated by wave action and currents, and 7, is an
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effective critidal shear stress that varies from approximately
0.1 dyne/cm2 for freshly deposited sediments to approximaﬁely 1
dyne/cm? for t, greater than 1 day. Results of the Fbx River
study (Gailani et al., 1991a) indicate that Equation (&), as
utilized in the Ziegler-Lick model, accurately simulates erosion
of a cohesive sediment bed in a river during a major flood event.
As previously mentioned, the Phase 1 Report indicates
that erosion of fine-grained, cohesive sediments may be simulated
by modifying a non-cohesive sediment bed model. EPA proposes to
calibrate the model by adjusting the sediment erodibility
parameter, e, in Equation (24) of the Report. This approach,
however, overlooks a key observed phenomenon that differentiates
coﬁesive from non-cohesive sediments. Cohesive sediments |
resuspend a prescribed guantity of sediment for a given shear
stress and time after deposition. After this resuspension, bed
armoring eliminates further erosion unless the shear stress
increases. The approach proposed in the Phase 1 Report has no
experimental foundafion and fails to represent correctly the
complex interactions at the cohesive sediment-water interface.
Even if calibration of the proposed model (by the
adjustment of e) is possible, e then becomes a lumped model
parametér without definable relationships to fundamental
mechanisms. The value of the lumped parameter e will vary in
unknown ways. Thus, projections of sediment and PCB transport
during extreme flow events, an acknowledged critical element of
the model, cannot be relied upon. The use of guantitative models

developed under EPA's sponsorship -- models that integrate funda-
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mental physical, chemical, and biological mechanisms =-- can

eliminate these problems and provide the basis for a credible

analysis of transport during extreme flow events.

The aforementioned difficulties with the STREAM model

make its use problematic, especially since the Ziegler-Lick model

is unquestionably superior for the modeling of cohesive sediments

and has been utilized by EPA on other rivers similar to the Upper

Hudson.

A documented version of the Ziegler-Lick model (Ziegler

et al., 1990) is contained in Appendix E and should be applied by

EPA.

2.3.4 2dditional Data Requirements

To use this more appropriate sediment transport model,

additional data concerning the properties of cohesive sediments

in the Thompson Island Pool should be collected. Specifically:

1.

Shaker studies, similar to those conducted on the Fox
River and Buffalo River (Xu, 1991), should be carried
out to determine the in situ resuspension potential of
Thompson Island Pool sediments. These field
measurements will determine the in situ value of a, in
Equation (A) for the Thompson Island Pool. Spatial
variability of a, in the Thompson Island Pool could
also be investigated.

The Fox River study (Gailani et al., 1991a) also
indicated that inclusion of an easily-resuspendable,
surficial sediment layer, i.e., a fluff layer, is
necessary to simulate flood events accurately. The
presence of a fluff layer in rivers, lakes and
estuaries is well-known from field and laboratory
studies. Measurements of the thickness and sediment
concentration of the fluff layer in the Thompson Island
Pool could be made in conjunction with any shaker
studies.

The compaction of fine-grained, cohesive sediment beds,
particularly those beds which contain a high fraction
of very fine sand such as is found in the Thompson
Island Pool, has a significant impact on the
resuspension potential of the bed. Laboratory
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investigations using an annular flume (Xu, 1991) should
be conducted on Thompson Island Pool sediments to
determine quantitatively the effects of compaction time
on resuspension potential. The value of n in Equation
(A) has been experimentally determined to be
approximately 2 for sediments deposited in a lake
environment. Recent laboratory results (Xu, 1991)
indicate that cohesive sediments deposited in a
riverine environment compact much differently than
lake-deposited sediments; the value of n for river
sediments is probably significantly different from 2.
Flume studies could be used to determine a realistic
value of n for cohesive sediments in the Thompson
Island Pool. These field and laboratory studies are
essential for the development of accurate and reliable
estimates of the parameters that control cohesive
sediment bed erosion.

2.4 Other Modeiing Issues
2.4.1 Radionuclide Dating of Sediment Cores

The Phase 1 Report relies on radionuclide core dating
techniques (pp. A.3-1, A.3-2, B.3-12) for the analysis of PCB
fate and transport. Iﬁdeed, the Phase 1 Report goes so far as to
conclude (p. B.3-12) that the data from the interpretation of
cores "demonstrate[s] that the sediments of the Upper Hudson
could be used to determine PCB transport history." |

Radionuclide core dating techniqués were originally
developed for bcean and lake sediments. The application of these
techniques to river systems, which are characterized by
differential sediment settling and scour over both time and
space, introduces limitations on the usefulness of the analysis.
These limitations make inferences of PCB sources, loadings, or
fate and transport unreliable when they are based solely on core
analysis. Thus, although the core data (vertical PCB or
radionuclide profiles) can be used in an integrated modeling

effort as one part of the total calibration and verification
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database, and although the data may have limited use on its own

terms (e.g., where the radionuclide peaks occur in cores that are

close in time and space to the radioactive.source), any broadqf
inferences drawn solely from core analysis will likely lead to§
unknown but potentially large errors.

In addition to the significant limitations inherent
with the use of radionuclide dating techniques in a riverine
system, the core data on which the Phase 1 Report relies are not
representative of the sediment database. 1In fact; only a very
small number of sampled cores produced verticél profiles of
radionuclides or PCBs that could be interpreted in theigdealized
context used to define interpretable cores. Other sampling |
stations did not have vertical profiles of radionuclides or PCBs
that could be used in this context.

This selective use of the totality of the database
indicates that the sampling stations that have interpretable
cores may be different from the rest of the river in a number of
important respects. These differences, of course, may be

explained by a number of reasons:

1. Observed data from sediment samples indicate a large
heterogeneity in types of sediment solids and PCB
concentrations.

2. This heterogeneity is observed between stations in

areas dominated by scour and areas dominated by
settling. In addition there is heterogeneity between
stations in the same area.

3. The rate of sediment accumulation is different between
stations in the scour and settling dominated areas and
within a given area. The accumulation rates vary with
time. :
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4. Sediment from one location may be scoured and
re~deposited at different locations depending on the
sequence and magnitude of scouring flows.

5. = The concentrations of PCBs are different between
stations in the scour and settling dominated areas and
within a given area. The accumulation rates vary with
time.

6. The organic carbon content is also different between
stations in the scour and settling dominated areas and
within a given area. Organic carbon deposition rates
vary with time.

7. The percentages of PCBs in the water column that are
deposited are different at stations in the scour and
settling dominated areas and within a given area.
These rates also vary with time.

Because of these factors, the Phase 1 Report's
conclusion that the radionuclide core analysis may be used to
determine PCB transport histcry is questionable. The differences
between sediment areas characterized by interpretable cores and
areas characterized by non-interpretable cores impose profound
limitations on the uses and extrapolations.of information
developed from analysis of data from interpretable cores. These
data limitations render the use of this information for
developing conclusions regarding PCB sources, loadings, and fate
and transport highly unreliable.

2.4.2 Upstream PCB Source

The Phase 1 Report observes (p. B.4-24) that "it
appears that a significant PCB load is in the river upstream of
the hot spot areas (see Figure B.4-19)." If this is true,
removal of sediment from the Thompson Island Pool will not have

as significant an effect on PCB concentrations in the Upper

Hudson River system as otherwise assumed.
HRP 001 1505
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The existence of an upstream source of PCBs therefore
changes or eliminates many of the assumptions held by EPA and
others regarding the possiblé sources of PéBs in Upper Hudson
fish. It is incumbent on EPA to understand the impact of this
source during Phase 2 of the Reassessment RI/FS as part of proper
site characterization and risk assessment. 1In particular, the
contribution of this source to PCB levels in sediment, water, and
biota must be investigated to draw a proper conclusion fegarding
the relative effects of potential remedial alternatives. Failure
to do so will result in an overestimation of the risks associated
with PCBs in the sediment and the selection of an ineffective and
arbitrary remedial action. 1Indeed, EPA's identification of an

upstream source provides yet another compelling reason to

construct an integrated framework for a quantitative and homolog-

specific cause-and-effect analysis that relates PCB sources to
fCB concentrations in fish.

2.4.3 The Effect of Floods on Fish Concentrations

The Phase 1 Report suggests (p. B.4-32) that the
decline in Upper Hudson fish PCB concentrations during the 1980s
may have been caused by low flows during that period, which in
turn resulted in reductions in the availability of the lower
chlorinated PCBs. The implicit assumption, of course, is that
when higher flows occur, fish PCB concentrations will increase
because the lower chlorinated homologs will then be scoured and
will accumulate in the fish. The report therefore characterizes
its projected declines in PCB concentfations as ﬁbest case" esti-

mates.
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The hypothesis adopted in the Phase 1 Report is only .
one of many that can explain current PCB trends. As an example
of the contradictions that often result from this type of
speculation, the Phase 1 Report also observes (p. B.4-24) that
"[t]lhe spring flood in 1983 (35,200 cfs) was even greater than
that of 1979[,) and PCB loads increased sharply during this
year." The effect of the increase in PCB load in the spring of
1983 is not evident in the fish data, however, because fish do
not respond to short term fluctuations in PCB water
concentrations. This contradiction illustrates how a "back of
the envelope," qualitative analysis can lead to misleading or
unreliable conclusions. ,

In addition, EPA must account for the fact that
sediment that is scoured during a flood will contain PCBs that
have been naturally biodegraded, i.e., are lightly chlorinated.
EPA must therefore consider:

1. If the PCB-contaminated sediments are transported
downstream, they will be in an aerobic
environment. This will facilitate complete
biological destruction. '

2. If these lightly chlorinated PCBs enter the food
web, they will have relatively short residence
times within biota that tend to biocaccumulate
these types of PCBs.

3. Because these lightly chlorinated PCBs tend to
dissolve more readily into the water column and
then volatilize more readily into the air, these
PCBs will likely be less available to fish.

An integrated and quantitative cause-and-effect analy-

sis -~ one that incorporates mass balances, fundamental physical,

chemical, and biological mechanisms, and homolog-specific
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differences among PCBs -- is essential to performing an adequate
site characterization and to predicting the effectiveness of
remedial alternatives. 1In particular, the sediment erosion model
is one part of an overall integrated framework. Such a model caﬁ
be used to predict, in a quantitative manner, the effects of a
given flood and to determine the distribution of sediment and
PCBs after the flood for any remedial action. The post-flood
distribution of sediment and PCBs can be used in the fate and
transport model to make projections over time of PCB conditions
after the flood event. These projections can then be used to
obtain a quantitative comparison of the relative costs and
benefits of the various remedial alternatives under
consideration. Given the acknowledged complexity of determining
PCB fate and transport in the Hudson River, proper site
characterization (as required by the NCP) regquires no less.
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3.0 RISK ASSESSMENT

Summary: PCB concentrations in Hudson
River water, sediment and fish have
significantly declined since the 1984 ROD.
Whatever risk existed then is less today and
continues to decline. In addition, new
science about the relevant types of PCBs in
the Hudson River demonstrates they are
neither carcinogenic in humans nor the
etiological agents for any significant non-
carcinogenic human health effects. Even if
adverse health effects are assumed to be
caused by PCBs, a properly conducted risk
assessment shows that the baseline condition
of the Upper Budson sediments does not
present an unacceptable risk to human health
or the ecosystem. The Phase 1 Report fails
properly to (a) account for the trends, (b)
identify the baseline conditions, (c)
evaluate PCB toxicity, (d) use realistic
exposure scenarios, and (e) appreciate the
current biological integrity of the Upper
Hudson ecosysten.

3.1 cCurrent Trends in Hudson River Data

All Indicate A Reduced Risk Since 1984
The Phase 1 Report concludes (pp. A.3-5, B.4-16) that

PCB concentrations in the water column in both the Upper and
Lower Hudson have declined significantly over time since 1984.

GE agrees with this conclusion (Figure 3.1-1). In addition, the
Phase 1 Report correctly recognizes (pp. B.3412, B.3-14)vthat the
historical data for PCBs in Upper Hudson sediments are
inconsistent and difficult to quantify (see Appendix B), but aléo
notes that there has been an apparent decline in PCBs in the
sediment samples since 1978. The Phase 1 Report also
acknowledges (pp. B.3-35, B.4-30, B.4-37, B.4-42) that PCB
concentrations in fish are not rising and in fact have generally

been declining over time.

/M

52

TIST 100 dqum



It would appear, then, that the risk in the Upper
Hudson associated with PCBs in the water c?lumn, sediments, and
fish has declined below the risk present in 1984 when EPA decided
that the risk was acceptably low and no action was warranted. If
the risk in 1984 did not justify undertaking remedial action,
current conditions compel the same result with greater confidence
because exposure to PCBs and associated risk is declining. The
lower PCB concentrations in water, sediments, and fish, and the
associated lower risk to health and the ecosystem, today support
reaffirmation of EPA's 1984 no action decision.

3.1.1 PCB Concentrations in the Water Column

The Phase 1 Report states that “there has been a
statistically significant downward trend in_conceﬁtratioh during
the period of monitoring signifying a negative correlation
' between concentration and year" (p. B}4-16). This trend is
illustrated in Figure B.3-12 in the Phase 1 Report.

Based on data provided by the U.S. Geological Service
(USGS), the average PCB concentrations in the River (from mile
posts 194 to 160), during summer average flow periods, decreased
from about 0.5 pg/l in the late 1970s to about 0.03 ug/l in the
late 1980s (Table B.3-13). The data show a significant and
steady decline in suﬁmer average water column PCB concentrations
to well below the detection limit of 0.1 ug/l (p. B.3-24; Table
B.3-13). Indeed, although year-to-year variations exist, the
general trend is a 50 percent reduction in total PCB loading
every three years (Figure 3.1-1). A similar trend is observed -

duri high flow events.
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According to USGS data, concentrations at the Watefford
monitoring station declined from 0.40 ug/l in 1970 to 0.033 ug/l .
in 1989, and since September 1982, no PCB concentration greatéﬁ
than the detection limit of 0.1 ug/l was found in either raw h
intake samples or treated water samples taken from the Waterford
water treatment plant (p. B.3-25). 1In addition, monitoring at
Schuylerville showed a decline from 0.66 ug/l in 19?7 to 0.038
g/l in 1989; monitoring at Stillwater indicated th;t PCB
concentrations had declined from 0.74 g/l in 19?7 fo 0.045 ug/l
in 1989; and monitoring at Rogers Island at Fort Edwara.showed a
decline from 0.22 ug/l in 1978 to 0.026 wg/l in 1989 (Table
B.3-13).

3.1.2 PCB Concentrations in Sediments ‘

The Phasé.l Report documents (pp. B.3-12, B.3-14)ithe
decline in PCB concentrations in sediments since 1978. Figure
A.3-1 in the Phase 1 Report shows that total PCB levels in datéd
Hudson River sediment cores have declined since the early_197oé{ -
Likewise, Figure A.3-3 in the Report illustrates the decrease in
PCB levels in the Hudson River sediment over time.

3.1.3 PCB Concentrations in Fish

The Phase 1 Report further states (p. B.4-30; Tables
B.3-16 tobB.3—19; Figures A.3-4 to A.3-7) that PCB levels in fish
have declined exponentially over the last ten years, with some

stabilization in recent years. Specifically, EPA concludes that

o
"Ipllots of concentrations versus time for fish in the Upper G
Hudson indicate that PCB levels in all fish species appear to §
have declined in recent years" (p. B.4-30), and that "[a]verage .
o

54 w



lipid-based PCE concentrations in brown bullhead show a regular
exponential decline for Aroclor 1016 components and a less
dramatic decline for Aroclor 1254".(p. B.4;42).

Moreover, according to the Phasevl Report, the upper 95
confidence limits of the projected 30-year average (1991 =- 2020)
PCB concentration of largemouth bass and brown bullhead.are
already at or below the 2 ppm FDA action limit (p. B.4-37).

The Report's analysis of PCBs in fish nevertheless has
deficiencies. The use of the 1980 through 1988 fish data to
determine time trends for extrapolation to the future is
significantly flawed. The Report states (p. B.4-33) that lipid-
based PCB concentrations in large mouth bass increased slightly
between 1981 and 1988. GE's analysis, however, indicates a
slight decline (Figure 3.1.3-1). EPA's results reflect the
inappropriate use of a simple arithmetic average of the data,
rather than the more appropriate log-~normality analysis.

3.1.4 Lower River PCB Concentrations

The Phase 1 Report also states (p. A.3-3; Figure A.3-3)
that the exponential decay rate of PCB concentrations in Lower
Hudson River sediments appears to be the same as that in Upper
River sediments.

Similarly, water column monitoring by USGS between 1978
and 1981 shows consistently lower PCB levels in the Lower River
(p- A.3-6). As EPA concludes:

"Like the Upper Hudson, the PCB levels in the

Lower Hudson water column showed a declining trend
in time over the monitoring period" (p. A.3-5).
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In addition, a time series trend of total PCBs on a ppm

wet weight basis in‘the spring-collected striped bass from the

Lower Hudson shows a large decline from 1978 to 1979. The

geometric mean shows a decline from 1979 to 1987 (p. A.3-10).

Finally, the declining PCB trend in striped bass

observed from 1978 to 1987 has continued. Recently, the State of

New York released the results of its 1990 striped bass survey as
a follow up to its 1987 sampling. The 1990 survey concluded:
"overall; PCB concentrations are significantly lower then they
were in 1978" (NYSDEC, 1991 (emphasis supplied)).

In sum, PCB concentrations in all relevant media --

water, sediment, and fish ~-- in all parts of the Hudson River

have significantly declined since 1984. These favorable trends

will continue. As a result, the potential for human exposure to
PCBs has decreased and continues to decrease. Whatever risk

existed from such potential exposure has thus been diminished by

natural processes.
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3.2 Human Health Risk Assessment

Section B.6 of the Phase 1 Report contains a
preliminafy human health risk assessment. ‘This assessment
concludes that there are unacceptable human health risks from the
PCBs currently in the Upper Hudson River. This conclusion is
inconsistent with the conclusion reached in the 1984 ROD.
Because all of the trends since 1984, as noted above, point
toward reduced human exposures to PCBs, the conclusion of the
Phase 1 Report is inexplicable. The Phase 1 Report makes no
attempt to reconcile these different findings.

GE believes that there are three principal reasons for
the Phase 1 Report's erroneous conclusion:

First, EPA's failure to characterize the site
accurately has led to an overestimation of the PCB concentrations
at the point of exposure attributable to the Upper River
sediments. A correct use of the techniques explained in Section
2.0 will eliminate this error in the future.

Second, EPA has not performed a proper toxicity
assessment, has used outdated science on the carcinogenicity of
PCBs, and has summarily derived an ad hoc PCB Reference Dose
without any valid scientific basis.

Third, EPA has not used proper exposure pathway
assumptions and has failed to develop realistic exposure
scenarios.

A properly conducted health risk assessment shows that

there are no unacceptable risks from the Upper Hudson sediments.

HRP 001 1516
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3.2.1 EPA's Assumption About the Toxicity
of PCBs is- Incorrect

In its assessment of PCB toxicity in the Phase 1 S

Report, EPA relies heavily on outdated information and
assumptions concerning PCB toxicity. Appendix D of these
comments contains a full discussion of recent science on PCB
toxicology. e

The Phase 1 Report properly takes note fothis new
science (p. B.6-2), but the Report then fails to uéé the new
science in its human health risk assessment, deferring. to Some
unspecified "scientific review process." This dodge is;clearly
improper. The EPA staff responsible for the RI/FS has ahd‘
affirmative obligation to respond to the information it ha§ 
received that casts undeniable scientific doubt on the PCB -
toxicity information it is using.

The applicable guidance (RAGS I, p. 7-14) requires the
"regional staff" to consult the EPA IRIS coordinator and |
establish a verification workgroup when confronted with
information demonstfating that IRIS toxicity values for PCBs are
outdated or inapplicable. The "it's not my job" or "it's out of
my hands" attitude expressed in the Phase 1 Repo:t is improper
and, if continued, will perpetuate the errors contained in the
Phase 1 risk assessment. More importantly, it will use
inaccurate risk conclusions to drive a decision-making process to
an incorrect and inappropriate result.

As discussed in more detail below, the major errors in

_the Phase 1 toxicity assessment are:
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1. It assumes that all of

the 209 PCB cohgeners have

identical toxicological characteristics; this is
not true. The congeners GE discharged into the

Upper Hudson have been
carcinogenic.

shown to be non-

2. It relies on an assessment of carcinogenic
potential that is now known to be incorrect.

3. It fails to consider the epidemiological evidence
demonstrating that exposure to PCBs do not result
in elevated cancer risks in humans.

4. It neglects to account

for the effect of natural

PCB biodegradation on the cancer potency of PCBs

in the environment.

5. It uses an unconfirmed

and technically flawed PCB

Reference Dose to characterize non-cancer risks

and misuses the literature on the non-carcinogenic

effects of PCBs.

3.2.1.1 cCarcinogenicity of PCBs

In the assessment of carcinogenic potential of PCBs,

EPA relies on outdated information.

In July 1991, GE submitted a

report to EPA (Moore, 1991) demonstrating that the PCB mixtures

similar to those found in the sediments of the Upper Hudson River

are not carcinogenic in rats and that
chlorinated PCB mixtures have a lower
assumed by EPA (see Appendix b). The
in the Phase 1 Report is incorrect in
scientific information, and the human
performed using this erroheous factor

conclusions.

other, more highly
carcinogenic potential than
cancer potency factor used
light of this new

health risk assessment

comes to invalid

3.2.1.1.1 1988 EPA Assessment

EPA's interim risk assessment in the Phase 1 Report

uses estimates of the carcinogenic risks posed by PCBs currently

set forth in IRIS and based on the revised carcinogenic potency
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assessment developed in the Drinking Water Criteria (U.S. EPA,
1988). In that assessment, fPA considered.five studies of the
carcinogenicity of PCBs in rodehts. Published reports of these
studies indicated that mixtures of PCBs with 42 and 60 percent
chlorine were carcinogenic, but that those with 54 percent were
not. (In the case of the 42 percent mixtufes the carcinogenicity
was based on an increase in benign tumors).

EPA's actual estimate of carcinogenic potency for PCBs
as a group was based on only one of these studies: the Norback
and Weltman (1985) study of Sprague-Dawley rats. This study
found that female rats exposed to a commercial mixture of PCBs
containing 60 percent chlorine by weight demonstrated the '
greatest carcinogenic response of any PCB mixture tested. The
carcinogenic potency (or cancer slope, g;*) was estimated using
the Global 86 linearized multistage low-dose response model and a
Ybody surface area factor" to scale the animal potehcy to humans.
Based upon this analysis, the potency of all PCBs was estimated
to be 7.7 (mg/kg/day)’' (U.S. EPA, 1988).

3.2.1.1.2 New Findings

Recently, the liver tissue slides from each of the five
original studies were screened by a panel of expert pathologists
using current guidelines for interpreting liver lesions. These

guidelines were developed by the National Toxicology Program:

o
(Maronpot et al., 1986; McConnell et al., 1988) and have been 33
endorsed by EPA. The panel's proceedings were observed by S

b
representatives from EPA, FDA, Experimental~Pathology

o

[

(=]
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Laboratories, Inc., the Institutes for Evaluating Health Risks,
and participants in the original studies (@oore, 1991).

Although this review confirmed that the rats exposed to
60 percent chlorine mixtures developgd tumors, the expert panel
found that the number of animals with benign or malignant liver
tumors was less than originally reported. More important, the
review resulted in a reversal of the original conclusions of the
Clophen A30 (a mixture containing about 42 percent chlorine)
study (Schaeffer, 1984), concluding that the results were
negative as to the carcinoginity of this PCB mixture. Finally,
the panél confirmed that the study of Aroclor 1254 (a mixture
coﬁtaining 54 percent chlorine) performed by the National Cancer
Institute was negative (NCI, 1978). |

The basic conclusions of this 1991 review were that N
different PCB mixtures héve significantly different carcinogénic.
effects and that some mixtures were not carcinogens. Therefore,
the appropriate regulation of PCBs requires distinguishing
bétween different PCB mixtures.

3.2.1.1.3 Reassessment of the Potency of
PCBs on a Percent Chlorine Basis .

It has been a basic policy of EPA to assume that
individual chemicals in a chemical class will differ in their
carcinogenic potential. In the OSTP guidelines on chemical
carcinogens, it was concluded that "Ordinarily, not all chemicals
belonging to any class are carcinogenic, nor are all those

compounds within a class which exhibit carcinogenicity equally

100 ddH

.potent™ (OSTP, 1985).
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- EPA has recognized the need to adjust potency estimates
for certain members of chemical classes. For example, EPA's rule
on incidental generation of PCBs in manufaéturing operations N
recognizes the difference between very lightly chlorinated PCBs
and 6ther PCBs by applying discounting factors of 50 and 5,
respectively, for the toxic potential of mono- and
di-chlorobiphenyls. Thus, for purposes of determinéhg if a
chemical mixture containing incidentally generated fCBs reaches
the regulated level of 50 ppm, the concentration'ofzmono-
chlorinated biphenyl is divided by 50, and the concentratién of
di-chlorinated biphenyl by 5. .

In addition, in recent policy decisions pertaining to

the PCDD (polychlorinated dibenzo dioxin) and PCDF (poly-

chlorinated dibenzo furan) families, the EPA has determined'ihat
approximately ten peréent of the individual PCDD and PCDF
congeners are considgred toxic enough to be measured for risk
assessment purposes. In performing risk assessments involving -
exposures to PCDDs or PCDFs, EPA has developed a system to
account for the differing potencies of the different members of
fhese chemical classes.

Thus, a clear policy and precedent exists for treating
different PCBs differently.

- Nonetheless, in its assessment of PCBS, EPA selected
the study by Norback and Weltman (1985) for estimating the
potency of all PCBs. Based on this study, EPA decided in its
1988 assessment that it could not apply its policy of

differentiating between chemical classes to PCBs, but instead

1Z¢ST 100 duH
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would assume that all PCBs had the same carcinogenic potential as
the most highly chlorinated mixture, Aroclor 1260, for which it
had bio-assay results.

The 1991 reread, using current scientific methodology,
clearly indicates that the EPA 1988 conclusions are not valid.
The Schaeffer (1984) study of Clophen A30 (42 percent chlorine)
is now clearly known to be negative. Thus, the only positive
animal studies remaining in EPA's 1988 reassessment are those
using PCB mixtures containing 60 percent chlorine, and, even in
those studies, the estimate of carcinogenic potency was
significantly overestimated.

3.2.1.1.4 Implications for the Upper Hudson
River

The issue of selecting the most appropriate pdtehcy for
PCBs is critical for a proper analysis of the Upper Hudson, since
the PCBs released from the GE facilities héd less than 60 percent
chlorination. These included Aroclor 1254 (54 percent chlorine),
Aroclor 1242 (42 percent chlorihe) and Aroclor 1016 (<40 percent
chlorine). . Sales records for the period 1957 to 1977 indicate
that 98% of GE's purchases of PCBs for use in the manufacture of
~¢apacitors at Hudson Falls and Fort Edward, NY, were Aroclors
1242 and 1016 (~42% chlorinated PCB). The balance was Aroclor
1254. Although Aroclor 1260 is commercially used in the
manufacture of transformers, GE did not use Aroclor 1260 in the
manufacture of the capacitors produced at the two Hudson River

plants.
HRP 001 1522
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3.2.1.1.5 Proposed Approach

On the basis of the recent scientific studies described
above, a clear and sufficient scientific bésis is now available
to warrant regulation of PCBs by their degree of chlorination
{("closest Aroclor" approach).

With respect to the studies of the lower chlorinated
PCB mixtures, the results do not show a statistically significant
increase in tumor incidence over control groups (Moore, 1991).
Therefore, under current risk assessment guidelines, these
compounds should not be regarded as caréinogens (OSTP, 1984).
This position has been taken by the Science Advisory Panel of the
State of California in its regulation of PCBs under Proposition

65.

3.2.1.1.6 Reevaluation of the Rat Liver
Model for Determination of Human

Risk
A review of the PCB animal studies also shows that:

e The PCB-exposed rats, including those with liver tumors,
lived significantly longer than the controls (unexposed
rats).

e The PCB-exposed rats had significantly fewer cancers of
all types, i.e., sum of all cancers, than did the
controls (unexposed rats).

e The liver tumors, although formally classified as
cancers, did not metastasize to other organs or invade
blood vessels.

In other words, PCB exposure in rats appears to produde'
non-invasive, non-life-threatening rat liver tumors and indeed
may well produce beneficial effects (significant life extension

and reduction in number of other cancers relative to the

controls). These conclusions seriously call into question the
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relevance of the rat liver tumors to human risk. They provide
additional assurance that a declassification of PCB mixtures
having less than 60 percent chlorination a; animal carcincgens
can be made without endangering human health.

Results of several PCB experiments (Bandiera et al.,
1982, Poland and Knutson, 1982; Safe et al., 1985) support
previous in vitro mechanistic PCB studies which suggest that
doses below a certain threshold should not activate the Ah
receptor or induce enzymatic activity. Based on PCB structure-
activity relationships, the most active congeners are the para
and meta positions of both phenyl rings (Goldstein et al., 1977;
Safe, 1989). These studies suggest that a PCB exposure level
that produces neither a positive Ah receptor respénse nor
induction of the cytochrome P450 system may be defined.

3.2.1.1.7 Evidence from Epidemiology studiés,

After stating that epidemiological studies of human
exposure to PCBs are "inconclusive" (p. B.6-31), the Phase 1
Report illogically goes on to conclude that PCBs cause cancer and
a variety of other undesirable endpoints in humans (p. B.6-32).
This conclusion is supported by an inaccurate and misleading
tabular summary of epidemiological studies (Tables B.6-7 and
B.6-8).

In fact, recent human epidemiology studies do not
support the conclusion that exposures to large concentrations of
PCBs result in elevated cancer risks in humans{ Data from these
studies have failed to demonstrate any consistent tumorigenic

effect among populations exposed to high concentrations of PCBs. s
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The Phase 1 Report's treatment of these studies misinterprets

them and produces an alarming, but incorrect, summary of PCB's
’ )
carcinogenic potential. B

Perhaps the most shocking inaccuracy is the Phase 1

Report's repeated reference to the so called "Yusho incident."
No responsible epidemiologist or toxicologist conﬁiqpes to
believe that PCBs were the etiological agents respdﬁgible for the
health effects observed in the Yusho incident populétion. In the
Yusho incident, about 1,500 persons in Japan in 1968 became ill
after consuming rice oil accidently contaminated with é.PCB
mixture known as Kanechlor 400 (48 percent chlorine) (Aﬁuno et
al., 1984; Kuratsune 1986). Numerous adverse short-termlhealth
effects were noted in the exposed persons, and studies sugqe#ted
possible long-term effects, including increased cancer. Howéver,
recent re-evaluations of the Yusho incident haﬁe led to the ‘
conclusion that it was not a case of PCB poisoning but probably
poisoning by polychlorinated dibenzofurans. The scientific |
community's consensus on this new conclusion was reported by Drs.
Kimbrough and Goyer of the National Institutes of Health in 1985
and confirmed in 1986 by the Halogenated Organics Subcommittee of
EPA's Science Advisory Board, which concluded that:

"a discussion of the human health

effects of polychlorinated

byphenyls should not use Yusho as

an example."

Subtracting Yusho from Table B.6-7 in the Phase 1

Report leaves ten other referenced epidemiological studies, six

of which (Brown and Jones, 1981; Brown, 1981; Gustavsson et al.,
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1986; Davidoff and Knupp, 1979; Brown, 1987; and Zack and Musch
1979) reported no incidence of cancer significantly elevated
above calculated endpoints. EPA interpreté the other four
studies (Bahn et al., 1976, 1977; Bertazzi et al., 1987; Sinks et
al., 1990; and Liss, 1990) as presenting evidence that exposure
to PCBs causes cancer. This interpretation is not consistent
with good science, as the following discussion shows.

Bahn et al. (1976; 1977) evaluated the incidence of
tumors occurring in a New Jersey petrochemical facility where
Aroclor 1254 had been used from 1949 to 1957. A significantly
increased incidence of malignant melanomas was observed among
research and development workers (2 of 31) and refinery personnel
(1 of 41). 1In an update of that same study, NIOSH (1977b as
cited in ATSDR, 1988) observed 8 cancers in the total study
populétion (5.7 expected). Three of these tumors.were melanomas
and two were pancreatic cancers. The incidence of these tumor
types was reported to be significantly above calculated
expectations, although no data were presented (ATSDR, 1988). The
results of this study were fufther confounded by the small cohort
size and the fact that the workers in this facility were exposed
fo numerous other chemicals (Bahn et al., 1977; Lawrence, 1977).

Bertazzi et al. (1987) conducted a retrospective cancer
mortality study of 544 male and 1,556 female workers who had been '
employed for at least 1 week in the manufacture of PCB-
impregnated capacitors in an Italian plant between 1946 and 1978.
Mortality was examined for that cohort from 1946 to 1982 and was

compared to both national and local mortality rates. Mortality
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due to all cancers (14 observed vs. 5.5 national and 7.6 local)
and due to cancer of the gastrointestinal tract (6 observed vs.
1.7 national and 2.2 iocal) was significan£ly increased among
male workers. Death rates from hematologic neoplasms and from
lung cancer were also elevated, but not significantly. Overall
mortality was significantly increased above local rates (34
observed vs. 16.5 local) in the female population. Total cancer
deaths (12 observed vs. 5.3 local) and mortality from hematologic
neoplasms (4 observed vs. 1.1 local) were also significantly
elevated over local rates in the female population. The results
of the Bertazzi et al. (1987) study are limited by the small
nunber of canber cases observed and the limited latency period
(ATSDR, 1988; Kimbrough, 1987). A major problem in the study
design was the one week minimum period of employment required for
inclusion in the study and the inclusion in the cohort of workers
who had no PCB exposure. This makes it difficult to assume that
excess cancer cases are attributable to PCB exposures rather than
to other factors. This stﬁdy also did.nbt show a dose-response
relationship or any direct relationship between latency and the
disease.

Liss (1989 [unpublished]) conducted a retrospective
cohort mortality and cancer incidence study of 1073 workers
employed between 1960 and 1976 at a transformer manufacturing
plant (Ferranti-Packard Ltd.) in Ontario. Cohorts were defined
in this study by exposure intensity and frequency to characterize
those who had worked, and those who had never worked, inva job

considered to be "exposed." Among females, there were few
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deaths; one each occurred due to cancer of the lung and of the
breast in the "ever exposed" -group, and one death from lung
cancer occurred among the "nonexposed" group. Overall mortality
among males was less than expected when compared to the
population of Ontario. Mortality dﬁe to all malignant neoplasms
was elevated, but not significantly so, in "ever exposed"
workers. This elevation was due primarily to statistically
significant increases in deaths from cancer of the brain and
nervous system (4 observed vs; 0.8 expected) and prostate (5
observed vs. 1.2 expected). The brain cancer incidence rate
among “ever exposed" males was significantly elevated over the
expected rate (4 observed vs. 0.9 expected) and the prostate
cancer incidence rate was elevated, but not significantly so. A
separate analysis of 159 men who had ever worked in the "highest
exposure"‘jobs indicated that deaths from all malignancies weré
fewer than expected, and no deaths due to cancer of the brain or
prostate were observed. 1In this "highest exposure" group, no
significant increase in cancer incidence rates were observed.
Among male workers not known to have been exposed, deaths from
malignant neoplasms were less than expected, and deaths due to
cancer of the gallbladder or bile ducts were significantly
elevated (2 observed vs. 0.11 expected).

From these results, the author (Liss, 1989
[unpublished]) concluded that, because no brain or prostate
cancers were observed in the "highest exposure" group, the
relationship of these excesses to PCB exposure is not confirmed.

In addition, no liver, biliary tract or gall bladder cancers were .
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observed among workers in exposed jobs, nor were deaths or
incident cases from tumors of the lymphatig and hematopoietic
tissue significantly'elevated above expected rates. ii
Sinks et al. (1991) conducted a retrospective cohort'
mortality analysis of 3,588 workers who were employed for at
least one day at an electric capacitor manufacturing plant
between 1957 and 1977. Aroclor 1242 was used in tﬁig plant
through 1970, and Aroclor 1016 was used from 1970 t§ 1977.
Mortality from all causes and from all cancers were less than
expected. A significant increase in mortality rate waé,observed
for skin cancer (8 observed vs. 2 expected) and death rates from
brain and nervous system cancers were non-significantly élevatgd
over expected rates. (Table B.6-7 of the Phase 1 Report |
erroneously reports'that brain cancer was significantly
elevated). No excess deaths were observed from cancers of the
rectum or lung, liver biliary and gall bladder, or from
hematopoietic malignancies. Based on a cumulative dose estimaté,“
which incorporated information on job station history, limited
PCB environmental sampling data, and serologic data, the authors
were not able to establish a clear relationship between latency
or duration of emplbyment and risk for malignant melanoma. Sinks
et al. (1991) point out that the skin cancer excesses are not
consistent with those of similar studies. Though an excess of
malignant melanomas was reported by Bahn et al. (1976; 1977),
there were a number of problems with that particular study

(discussed above) which confound the results. The authors also

point out that mortality may not be the best index of risk for
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malignant melanoma, as survival can be affected by differences in
health care Quality. In addition, other limitations include the
lack of évaluation of exposures to other cﬁemicals (metals,
solvents, etc.), the relatively short latency period, the small
number of deaths within the cohort, and possible
misclassification of brain cancer cases.

By contrast, the largest study of PCB expoéed workers
involved a cohort of 6292 persons employed for at least three
months during the period 1946-1976 at the GE Hudson Falls and Ft.
Edward facilities (Taylor, 1988). These plants are the alleged
source of the PCBs in the Upper River which the Phase 1 Report i
human health risk assessment is supposed to be about. This study
showed no increase in cancer mortality or in overall mortality
compared to national averages. Neither deaths due to malignant -
melaﬁbma, lymphopoietic cancers or the combination of liver,
gallbladder and biliary cancers were significantly elevated and
brain cancers were well below the expected value. PCE exposure
was shown to be negatively associated with cancer mortality (all
types combinedf and lung cancer (the only cancer outcomes with
numbers of cases sufficient to permit a regression analysis). In
6ther words, as PCB exposure increased, the numbers of overall
cancer deaths and lung cancer deaths decreased. This study was
initiated when Dr. Taylor, an employee of NIOSH, was assigned to
the New York State Department of Health (NYSDOH), and involved
collaboration with other scientists at NYSDOH. Lt\is astonishing
that Table B.6-7 of the Phase 1 Report fails even to mention the
largeét and most relevant epidemiological report in existence! -
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None of cancer incidence and mortality studies cited by
the Phase 1 Report, as reviewed in this section, demonstrates a
cause-effect relationship between PCB expoéure and cancer. Not
only do the individual studies fail to show causation, but the
weight of the evidence from the studies taken collectively fails
to establish any such relationship.

The scientific convention applied in weight-of-the-
evidence evaluation of epidemiological studies requires (a) the
observation of a specific cancer endpoint, and (b) the meeting of
other criteria (strength of association, dose-response
relationship, temporally correct association, specificity of the
association, and biological plausibility) before a causal

relationship between an agent such as PCBs and cancer can be

‘inferred (Hill, 1965; Mausan and Kremer, 1985; OSTP, 1985; Kelsey

et al., 1986; IARC, 1987). In the PCB studies, small increases
in a wide variety of cancer endpoints were seen in different
populations with no common thread, and many studied populaﬁions
showed no increases at all! The discrepancies can be explained
in innumerable ways, including exposures to other chemicals,
population life styles, and even chance, other than by inferring
that PCBs were the’causal agent. The statement in the Phase 1
Report that the epidemiological "findings are usually consistent
with those from animal research" is not supported by an objective
review of these data. Little evidence exists that PCBs are human
carcinogens, and the weight of the evidence fails to establish a
definitive causal relationship between exposure to PCBs even in

high concentrations, and the incidence of cancer in humans.
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©3.2.1.1.8 Reality Check
The Phase 1 Report "itself contains a reality check that
demonstratés that the EPA methodology of calculating PCB cancer
risk is incorrect. Page B.6-36 of the Phase 1 Report éhows that
if the EPA cancer slope factor is applied to the maximum allowed
OSHA PCB exposure limit in the workplace, an estimated cancer
risk of 3.4 in an exposed population of 10 would exist. Since
the literature contains numerous epidemiological studies of
capacitor worker cohorts having significant long-term high
exposures to 42 percent and 54 percent chlorinated PCBs in the
workplace, and no virulent cancer epidemic such as would have
been predicted by the current EPA approach has been discovered,
‘this is a further demonstration that the Phase 1 Report's
treatment of all PCBs as probable human carcinogens is
unsupported by empirical evidence and good science.
3.2.1.1.9 Effect of Biodegradation on the
carcinogenic Potency of Hudson
River Sediments
As discussed above, the revised analyses of the rodent
biocassays indicate that PCBs with an average of 6 chlorines per
biphenyl (Aroclor 1260, Clophen A60) are carcinogenic, whereas
mixtures that have an average of 3 or 5 chlorines (Clophen A30,
Aroclor 1254) are not carcinogenic (Moore, 1991). The
correlation of carcinogenicity with the degree of chlorination
strongly implies that a conversion of PCBs with 5 or more
chlorines to PCBs with 3 or less will reduce the carcinogenicity

of the mixture.
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Anaerobic degradation processes (see Section 5.0 of

these comments) will significantly reduce the carcinogenic risks

associated with PCBs in Hudson River sediments. During anaerohic

degradation, PCBs sequentially lose chlorines. By this process,
highly chlorinated PCBs are reduced to a mixture of mono- and di-
chlorinated PCBs and eventually primarily to mono;qg}orinated
byphenyl. 1In the Upper Hudson River, the most stud;;d system to
date, natural anaerobic dechlorination is widespreaé and nearly
ubiquitous. 1Indeed, anaerobic microorganisms have beep shown to
have significantly reduced the average number of chlorines per
biphenyl in the anaerobic sediments of the Hudson (Abramowicz,>
1991). |
-Anaerobic PCB dechlorination is particularly effeqtive
in removing the meta and para chlorines (Abramowicz, 1990).
Indeed, one of the signatures of anaerobic degradation is the
relative enrichment of mono- and di-ortho substitutea PCBs in

environmental samples. However, recent studies have suggested

that anaerobic dechlorination may remove ortho-chlorines as well

(Van Dort and Bedard, 1991). Anaerobic microbial dechlorination
alone has the potential, therefore, to reduce not only the degree
of chlorination but also the total amount of PCBs. Recent
studies have demonstrated that both the number of chlorines and
the total level of PCBs tend to decrease with sediment depth.
Currently the average number of chlorines per biphenyl for PCB in
sediments in the Hudson is less than 3 (Abramowicz, 1991). Over

time this degree of chlorination is expected to decrease even
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further. Natural biodegradation is therefore reducing any
conceivable cancer risk. )
3.2.1.2 Non-Carcinogenic Effects of PCBs

When it comes to carcinogenity, the Phase 1 Report
‘ignores the data and the new science and accepts, without
question, the cancer slope factor contained in IRIS. When it
comes to alleged noncarcinogenic effects of PCBs, the Phase 1
Report is even less scientific, rational, and consistent with EPA
guidances.

As the Phase 1(§eport notes (p. 8.6-25),7no Reference
Dose for PCBs exists in IRIS. RAGS I set forth a procedure for
de§eloping a Reference Dose where none is provided in IRIS. Not
only does the Phase 1 Report fail to use this procedure, but it
also (a) misrepresents the literature on the noncarcihogenic
effects of PCBs, and (b) adopts a Referencé Dose that is not
supported by either the literature or by any valid science.

Numerous agencies and researchers have examined the
association between exposure to PCBs and noncarcinogenic effects
in human populations (ATSDR, 1989; EPA, 1988; Kimbrough, 1987;
Swain, 1991). The effects attributed to PCB exposures have
included chloracne, skin irritation, burning eyes and skin and
effects on the liver (Alvares et al., 1977; Baker et al., 1980;
Brown and Jones, 1981; Drill et al., 1981; Emmett, 1985; Fishbein
et al., 1979, 1982, 1985; Guzelian, 1985; Kimbrough, 1987;
Kreiss, 1985; Lawton et al., 1985; Maroni et al., 198la; Meigs et
al., 1954; NIOSH, 1977; Ouw et al., 1976; Smith et al., 1981a,

' 1981b, 1981c).
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Because PCBs are sometimes contaminants in, or are
contaminated by, other halogenated aromatic compounds, the
interpretation of both animal toxicity and'human health effects
studies has been difficult. The first commercial use of PCBs was
as a low-level additive in chlorinated napthalenes, which are
known to be chloracnegenic and to cause liver toxicity. These
mixtures were used as solid electrical insulating compounds
called "Halowax" or "Chlorowax." Exposure to these mixtures
during their manufacture and use resulted in reports of chloracne
and liver disease.

Following one such occurrence, Bennett, Drinker, and
Warren (1938) conducted studies of rats given doses of individual
components of the Halowax compound and reported that "chlorinated
diphenyl gave evidence of being the most toxic." A year later,
Drinker reported that this compound had been erroneously labeled
as chlorinated diphenyl. An authentic sample of é68-percent-
chlorinated biphenyl proved to be "almost non-toxic" (Drinker,
1939). As noted by NIOSH in 1977, "[tlhese animal experiments
reported by Drinker and by Bennett have continued to be
erroneously cited" (NIOSH, 1977).

Follo&ing a review of the studies that reported toxic
effects on the liver, ATSDR (1991) concluded that the effects are
not consisﬁent, that they may be within the normal range for the
population, and that they have not been shown to be associated

with hepatic dysfunction.

With respect to chloracne and PCB exposure, the first

incident was reported in 1936 (Jones and Alden, 1936). After
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performing skin patch tests with suspect chemicals, including
PCBs, on PCB-exposed workers; the authors of this report
concluded that the cause was an impurity in the benzene used to
make the biphenyl, and that "the chlorinated diphenyl can
absolutely be absolved as the irriaﬁing agent."

The second episode involving PCBs and chloracne
occurred in 1950 and 1951, when 14 people were exposed to PCB
vapors (reported at 100 pg/m’) from a leaky heat exchanger, and
seven of the 14 developed chloracne (Meigs et al., 1954). A
third episode was noted in the early 1960s when 13 of 16 people
exposed to vapors from an oven in which PCB-plasticized enamels
were being baked were similarly affected (Birmingham, 1964).
Other occurrences of chloracne have involved PCB ﬁsage abroad,
where data on conditions of use or contaminant concentrations do
ﬁot permit reliable conclusions to be drawn about the cause of
the health effect.

In light of thé circumstances surrounding these
isolated PCB incidents, i.e.,_impurities in the materials and the
heating of PCBs under oxidative conditions, it seems reasonable
to attribute the chloracne to contamination by polychlorinated
dibenzofurans (PCDFs). As demonstrated by the Yusho/Yucheng
incidents, and as confirmed in the laboratory, PCDFs also occur
in varying concentrations in commercial PCB mixtures, with higher
concentrations in Japanese and European products than in
Aroclors. As pointed out by NIOSH (1977), "[c]hloracne has
frequently been associated with processes where the PCBs were

heated.*
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Perhaps most revealing, however, is the fact that in
the three largest and most recént studies of capacitor _
manufacturing and transformer repair workers, not one case of§§
chloracne was identified (Smith et al., 1982; Lawton et al.,
1985; Emmett et al., 1988). This result is particularly
significant because the mean PCB serum levels in ons of the
studies were two orders of magnitude greater than ngtional
population mean levels, and because one of the researchers, Dr.
E. Emmett of Johns Hopkins University, was a dermatologist and
made a special seafch for signs of chloracne. ;,

In short, much like the initial hypotheses that
surrounded the Yusho incident, subsequent study has shown”fhat
any relationship between PCB exposure and chloracne is likely
spurious. ﬁo reliable study has shown that, Absent confounding

factors, PCB'exposure causes chloracne.

3.2.1.2.1 Neurodevelopmental Reproductive
Toxicity of PCBs '

A number of studies have been conducted to evaluate the
impact that PCBs or other environmental contaminants have in
uteri (Fein, 1984; Fein et al., 1984; Gladen et al., 1991;
Jacobson et al., 1984a, 1984b, 1985; Rogan et al., 1986a, 1986b,
1988; Taylor et al., 1984). The difficulty associated with

evaluating the effects of moderate to low PCB exposures is

m
. . . . . )
considerable, especially when considering the question of L]
potential adverse neurodevelopmental effects. The following 8
i : et

discussion reviews a number of the more significant human
' o
w
~
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epidemiology studies that have focused on this toxicological
endpoint..

One of the early studies to evaluate the impact of PCBs
on reproductive outcome was conducted by Taylor et al. (1984),
who reported a slight decrease in mean birth weight and
gestational age of 51 infants born to women with a history of
high exposure to Aroclors 1254, 1242, and/or 1016. As with many
epidemiological studies, the inability to control a variety of
confounding factors compromised the study. According to ATSDR
(1989), "the results of this study are considered suggestive but
inconclusive because the effects were small and confounding
factors such as smoking and alcohol consumption, prenatal care,
underlying medical conditions, maternal height, and previous
history of low birth weight were not considered."

In a recent report, Harold Humphfey, Ph.D, Michigan
Dept. of Public Health, discusses the evidence assciating
environmental contaminants and reproductive outcomes. He
summarizes a series of studies carried out by Fein, Jacobson and
himself as follows:

"In a Michigan study of 242 children born of

mothers who ate sport-caught Lake Michigan

Fish and 71 comparison children, .

investigators used maternal fish consumption

and maternal serum and cord blood PCB levels

to estimate exposure. They found an

association between maternal fish consumption

and smaller birth size, and an association

between cord blood PCB levels and depressed

Brazelton scales and poorer visual

recognition memory at seven months of age.

Like the Bayley scales used in North

Carolina, the Brazelton scales represent an

indication of poorer cognitive performance
that could possibly be related to learning.
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When the Michigan children were evaluated
again at age four, researchers found that
deficits in body size (weight gain) persisted
and indicators of poorer cognitive
performance (McCarthy verbal and guantitative
performance scales) continued to be present
and associated with in utero exposure as
measured by cord blood PCB levels."

In the same publication, Nigel Paneth, MD, MPH of
Michigan State Univ. points out numerous shortcomings in the
Jacobson, et al., studies, including:

the difficulty of assessing exposure through
interviews of mothers regarding fish .
consumption, especially individual fish
species. The selection of cases and
controls. All mothers with intermediate
levels of fish consumption were eliminated
from the study. The control sample was
restricted to one-third the size of the
exposed group, placing "enormous weight on
the 71 women chosen (as controls) to
represent the entire universe of unexposed
mothers." A random, rather than a matched
sample, of controls was chosen. This
decision may have introduced major
confounding factors, since a variety of
socioeconomic and other maternal
characteristics greatly influence such
outcomes as birthweight and cognitive
function. For example, powerful factors such
as increased consumption of alcohol, caffeine

. and cold medicines, and lower maternal weight
were reported for the exposed mothers
relative to the controls. This introduces a
strong bias toward adverse
reproductive/developmental outcomes in the
exposed group that may be impossible to
correct.

Paneth also points out that fish consumption did not
predict PCB exposure based on maternal serum levels. Therefore,
if any relationships of adverse outcomes are real, they must be
associated with factors othér than PCBs. Obvious chemicals for

consideration are pesticides, heavy metals, and chlorinated
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dibenzofurans and dioxins. ~ (Unfortunately, these chemicals were
not evaluated as part of the 'study.) This‘possibility was also

recognized by Jacobson, who noted "since behavioral deficits are
unrelated to cord blood level, it is possible that toxins other

than PCBs found in these same contaminated fish are responsible"
(Jacobson, et al., 1985a).

In her review of the Fein et al. (1984) and Jacobson et
al. (1983, 1984) studies, Kimbrough (1991) concluded that the
findings are difficult to evaluate because: (1) exposure in the
population was not well defined; (2) dose response relationships
were not well established; (3) other potentially confounding
factors, such as exposure to heavy metals were not considered;
and (4) the mothers’ lifestyle, well-being, and génetic make-up
‘were not considered. Kimbrough concluded that while these
findings need to be studied further, it appears that if PCBs méke
‘any contribution to the factors affecting birth weight, growth,
and development, their contribution is likely to be minor.

Rogan et al. (1986b) reported the results of a
prospective study of 912 children born between 1978 and 1982. 1In
that study, cord blood PCB levels, maternal milk PCB levels, and
formula PCB levels were measured at birth. Maternal milk PCB
levels were measured periodically for the duration of lactation.
A modified version of the BINBAS (Jacobson et al.,'1984b) was
administered to all neonates within 31 days of birth. Multiple
regression analysis was_used tb assess the relationships between
birth weight, head circumference, and the BNBAS scores to PCB and

DDE levels in maternal milk. Although the authors analyzed for
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PCBs in cord and maternal serum, 6nly nilk fat PCB levels were
used in the statistical analysés. Parameters used as covariates
in the BNBAS analysis included mother's age, educatibn, §§
occupation, smoking history, alcohol consumption, and level of
fish consumption during pregnancy, as well as the infant’s race,
sex, birth weight, age at which the BNBAS was administered, and
number of hours since the infant was last fed. In ;ontrast to
Jacobson et al., Rogan et al. (1986b) found no asso#iation
between levels of PCB and birth weight or head circumference.
The only significant findings for the BNBAS were for tonicity and
reflex cluster scores. Within the tonicity cluster, hi;her PCB
levels were found to correlate with reduced muscle tone and
activity, but oniy at the highest PCB levels. Within the réflex
cluster, both PCBs and DDE were associated with hyporeflexia.
The PCB effect was observed only at the highest PCB levels
whereas the effect of DDE increased as dose increased. The
authors concluded that although they observed hypotonicity and.
hyporeflexia associated with PCBs, "there remains the possibility
that even the measured amount of PCBs or DDE is a surrogate for
some other agent" (Rogan et al., 1986b).

In a follow-up study, Gladen et al. (1988) assessed

mental and psychomotor development in 858 children from the

earlier Rogan et al. (1986a, 1986b) studies. In this study, the

didh

Bailey Scales of Infant De§elopment were applied at age 6 and 12

months. Again, an estimate of the mother’s body burden of PCBs

LUy
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and DDE at birth (i.e., breast milk levels expressed as levels in‘
. n

milk fat at the time of birth) was used as a measure of exposure 3
N
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to the neonates prior to birth. Neither postnatal PCB or DDE
exposure were found to be related to eithe; the Mental
Development Index (MDI) or the Psychomotor Development Index
(PDI) scores. For prenatal exposure, these authors reported
decreasing PDI scores with increasing maternal milk fat PCB
levels and increasing MDI scores with increasing maternal milk
fat DDE levels. Correlation coefficients for both effects were
statistically significant (p<0.05). When discussing their
findings Gladen et al. (1988) noted that their observed
association between the Bailey Scales of Infant Development and
exposures to PCB and DDE "is an observation rather than an
experimental finding and is seen for the first time at these
exposure levels; it is, of course, possible that it is related to
some factor that we did not measure, or to residual uncontrolled
confounding."

Gladen‘and Rogan (1991) recéntly reported the results
of a follow-up study to the Rogan et al. (1986a, 1986b, 1988)
cohort. These investigators administered the McCarthy Scales of
Children}s Abiiities at 3, 4, and 5 years of age. In addition,
report card grades for at least one school year were evaluated
for each child. Exposure measurements were identical to those of
Rogan et al. (1986a, 1986b, 1988). Gladen et al. (1991) found no
association between transplacental PCB exposure and McCarthy
scores. For postnatal exposure, there was an insignificant
decrease in verbal and memory scores iﬁ the mid-exposure group,
but not in the high exposure groups in 3-year-old children. No

relationships were observed in the same children at 4 and 5 years o
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of age. The authors concluded that "in these data the
association of prenatal PCB exposure with gelayed development,
seen previously up to 2 years of age in these children, does not
persist. We were unable to confirm an association between
prenatal PCB exposure and scores on the McCarthy Memory and
Verbal Scales at 4 years of age."

Upon review of the Gladen, et al. (1988) étudy, Cole
(1991) commented that

"The association reported between PCBs and
PDI is almost certainly attributable to
chance, bias or to residual confounding....
More importantly, the study provides as much
or more evidence in refutation of a causal
interpretation of this association as it does
in favor. This contracausal evidence appears
in the paper's Table II which shows PDIs at 6
ad 12 months according to 'Transplacental'’
PCB exposure divided into 8 levels. The
lowest exposure category (0.0~--0.9 ppm PCB)
has a PDI score (at 6 months) of 118.0 while
the highest (4.0+ ppm PCB) has a score of
110.9. However, the PCB-PDI association is,
in fact, found only if these two extreme
exposure groups are compared with one
another. When one looks within the data
there is no suggestion of a continuous (or
dose-response) relationship. 1Indeed,
excluding the two extreme exposure groups
(both of which include relatively small
numbers of children) leaves a pattern that
suggests that higher PCBs are associated with
a higher PDI. For example, children in
exposure levels 2 and 3 (1.0--1.4 and 1.5--
1.9 ppm PCB) have a PDI score of 115.0
(N=461) while those in exposure levels 6 and
7 (3.0--3.4 and 3.5--3.9 ppm PCB) have a PDI

score of 116.4 (N-52). The information at =
age 12 months also suggests that any overall A
association derives primarily from findings 7>
in extreme categories. 3
2o
"Despite the statistical significance of the <
PCB-PDI findings, chance remains a highly o
credible explanation. For one reason, if 8 » __
independent evaluations of non-existent v A
N
\IN
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associations are made, there is a 50% chance
that one statistically significant finding
will emerge. In this study there is only one
independent finding regarding PCBs. For
another reason, we do not know how many
comparisons were actually made. The METHODS
section of the paper clearly indicates that
observations were made at 9 different ages. .
(It is not clear whether PDI and MDI were
assessed at each age.) Why were findings at
6 and 12 months the only ones presented?

"Bias is a substantial possibility as an
explanation of these results. Examiners were
aware of the children's nursing status and,
no doubt, of many other aspects of each child
(i.e., in effect, socio-economic status).
There could easily be a tendency to score low
those children who appeared poorer (of
course, such children would tend to have
higher PCB levels) and vice-versa. In this
regard it is important to keep in mind that a
slight, almost trivial, bias of this sort
could produce the weak and inconsistent -
association that was reported.

"Finally, both residual confounding by
factors studied (e.g., education) and
complete confounding by those not studied
(e.g., income) could produce the weak result
seen. While good efforts were made to
control confounding for some factors, such
efforts are always imperfect. Uncontrolled
factors, of course, could have enormous
effects.

"In conclusion, this study provides some
evidence that PCBs and PDI at ages 6 months
and 12 months are not inversely related and
may even be directly related. The weak
inverse association reported can not be
interpreted in casual terms."

While numerous epidemiological studies have
investigated the potential relationship between PCB exposure and
adverse neurodevelopmental effects, the results of these studies
are generally inconclusive (ATSDR, 1989%9; Kimbrough, 1987, 1991;

.Paneth, 1991). Although maternal milk PCB levels and cord serum

w@g? 0o |544

85 ant 1RA4



PCB levels may be markers of exposure, it is possible that the
observed effects may result from confoundipg factors such as
exposuré to other environmental chemicals that are not measurgg
rather than from exposure to PCBs that are now measured
routinely. (Rogan et al., 1986b, 1988).

3.2.1.2.2 Reference Doses (anl;°f PCBs

The Phase 1 Report proposes to use a Refé%;nce Dose
(RfD) of 1 x 10® mg/kg-day that is based on studies!that have not
undergone complete evaluation and critique. Additionally, EPA's
own publicly available data systems (IRIS and Health Effects
Assessment Summary Tables) do not list an RfD for PCBs.m,The
Phase 1 Report, in effect, arbitrarily selects an RfD fof~PCBs
without formal data analysis or interpretation, without peerj
review, and without verification by an intra-Agency RfD
Workgroup. This violates established EPA policy as set forth in
RAGS I and elsewhere. The human health risk assessment in the
Phase 1 Report is driven by the inapplicable RfD and, therefore;
is invalid.

Even the most cursory review of the literature from
which the Phase 1 Report's RfD was derived demonstrates how weak
the evidence for it is. |

An RfD of 1 x 10* mg/kg-day was proposed in 1987 as
part of the 1988 Drinking Water Criteria Document for PCBs.
However, the RfD was not actually used by EPA in the
establishment of drinking water criteria. The proposal was based
upon a rhesus monkey study (Barsotti and Van Miller, 1984).

During the public comment period for this document, the
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toxicological basis for the RfD was a source of significant
controversy. As a result, tﬁe RfD was withdrawn in the final
document, and the EPA's Office of Environmental Criteria and
Assessment ceased advocating the use of the value.

In the study that provides the basis for the Phase 1
Report's RfD valﬁe, Barsotti and Van Miller (1984) investigated
the effects of Aroclor 1016 on adult female rhesus monkeys that
were fed 0, 0.25, or 1.0 ppm in their diets. Breeding was
initiated in the seventh month following the start of the
experiment. Each attempt to breed consisted of placing the
female in the male’s cage for 96 to 120 hours. All animals
conceived within 3 attempts, carried their infants to full ternm,
and delivered viable offspring. The only difference observed
between exposure groups was a statistically significant (p<0.01)
lower mean birth weight in the high dose gfoup when compared to
controls. Infants in.the‘control group weighed, on average, 512
g with a standard deviation of 64 g whereas the mean birth weight
of infants in the high dose group was 422 g with a standard
deviation of 29 g. Therefore, the 1.0 ppm exposure level
represents the lowest observable adverse effect level (LOAEL) and
the 0.25 ppm exposure level represents the no observable adverse
effect level (NOAEL) for rhesus monkeys.

These findings suffer from several problems. First,
the differences in birth weights could be the result of non-dose
related factors such as genetic differences, pre-pregnancy birth
weight, length of gestation, maternal age, and sex of the

offspring. There is significant reason to expect that control
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animals differed from treatment animals for several of these
factors. Barsotti and Van Miller (1984) report that all animals
were feral and that the control animals wefe purchased in 1973,
whereas the experimental animals were purchased in 1977. Because
the control animals had been in captivity longer than the
experimental animals, pre-pregnancy maternal weights were likely
greater in the control animals due to the extended controlled
diet and limited exercise.

It is also possible that significant‘differences in
genetic makeup exist between the two groups of monkeys. Barsotti
(1980) reports that feral animals were captured in India, but did
not describe the size of the area from which the animals were
captured. Animals obtained from different geographic areas may
be different strains or of different genetic makeup; these
variations may affect the birth weight of offspring. ' Finally,
because control animals and experimenfal animals were purchased
four years apart, the control animals were likely, on average, to
be older than the experimental animals. The authors do not
report maternal age or individual maternal body weights in the
study. |

Second, although birth weights of animals in the high
dose group and the control group statistically differed, both
groups appear to be within the range of historical measurements.
Van Wagenen and Catchpole (1956) report on infant birth weights
in their study of physical growth in rhesus monkeys. These
authors report a mean and standard deviation birth weight of 465

and 70 g for females and 490 and 60 g for males. These data
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suggest that normal birth weights within one standard deviation
for animals of both sexes range from 395 g to 550 g. The birth
weights of infants (both controls and expefimental) in the
Barsotti and Van Miller (1984) study appear to have rénged from
393 g to 576 g. On the low end of birth weight, nearly all the
animals were probably within the normal range of birth weights.
Oon the high end, however, the control animals in the Barsotti and
Van Miller (1984)1study may have been moderately heavier than
normal. Therefore, the difference between the 1.0 ppm group and
controls may be the result of control animals that were not truly
representative of experimental animals with respect to birth
Weights. In addition, although there may have been a
statistically significant difference within the high dose and the
-.control animals in the Barsotti and Van Miller (1984) study,
there appears to be no significant difference between the high.
dose and historical measurements (Figure 3.2.1-1).

Third, Barsotti and Van Miller (1984) and Barsotti
(1980) provide only limited information on other potential co-
factors. Neither report includes the individual birth weights or
sex of individual offspring. 1In addition, although the authors
note that all animals carried their infants to term, the length
of gestation is not reported. As é result of this lack of data,
the effects of possible differences in the maternal age, pre-
pregnancy maternal weight, sex of offspring, or length of
gestation cannot be evaluated. Each of these factors could

significantly affect birth weights.
s Y s HRP 001 1548
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Fourth, Barsotti and Van Miller (1984) do not discuss

the apparent polybrominated biphenyl (PBB) contamination of

monkey chow, which was previously reported elsewhere by Barsoégi N

(1980). During analysis of subcutaneous tissues; PBBs were
detected in animals from the 0.025 ppm group. Barsotti (1980)
concludes that "the 0.025 ppm Aroclor 1016 group fegeived PBEB
diets for an undetermined time due to a mix up at ﬁge pelleting
site." Although Barsotti (1989) does not report Pqé feed
analysis for the other dose groups, the possibility exists that
other feeds were also contaminated. ‘

Finally, in addition to the PBB contaminatioﬁ»of the
monkey chow, a review of the gas chromatograms suggests that
other highly chlorinated compounds were present which werenf
tentatively identified by Barsotti and Von Miller as PCBs, Sut
which probably were not. The presence of these compounds in
samples analyzed as part‘of the study demonstrates another
contamination problem that further weakens the validity of the
study in linking PCB exposure'to effects -in the monkeys.

" In summary, a number of methodological problems with
the Barsotti and Van Miller (1984) study must be evaluated, and
important questions should be answered before this study should
be considered for use in the establishment of regulatory

criteria. These are:

L Did pre-pregnancy maternal body weights influence
birth weights?

L Did maternal age influence birth weights?

° Did PBB contamination of feed and the presence of

other contaminants confound the results?
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L Did the ratio of male/female infants impact the
results?

L Could length of gestation have affected the out-
come?

The Phase 1 Report, therefore, is in error when it used

an RfD of 1 x 10* mg/kg-day.
3.2.1.2.3 Conclusion

The Phase 1 Report's evaluation of the noncarcinogenic ‘
health effects of PCBs on humans is flawed. It does not conform
to the procedures set forth in RAGS I; it misrepresents the
~ literature on the subject; and it adopts an unapproved,
unsupportable Reference Dose. The Phase 1 Report's risk ¢
assessment based on such Reference Dose is therefore
scientifically indefensible.
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3.2.2 Current Exposures To Hudson River
PCBs Do Not Present Unacceptable Risks

The Phase 1 Report's analysis of potential exposure
pathways and exposure concentrations are unduly conservative.
When combined with EPA's erroneous position on cancer potency,

EPA's risk assessment becomes even more unrealistic and

inaccurate. When more realistic yet conservative assumptions are

employed, the hypothetical risks due to exposure to PCBs in the
Hudson River are significantly below those presented in the Phase
1 Report and indeed are in the acceptable risk fange.

At the outset, the exposure concentrations employed by
the Phése 1 Report include not only exposures from PCBs derived
from contaminated sediments, but also exposures from sources

above the U.S. Geological Survey monitoring station at State

Route 197, such as the remnant deposits. The scope of the

Reassessment RI/FS is to:

"reassess the 1984 no action decision of the

U.S. Environmental Protection Agency (USEPA)

concerning sediments contaminated with

polychlorinated biphenyls (PCBs) in the Upper

- Hudson River" (p. I-1) (emphasis supplied).

GE has pointed out to EPA in its Phase 1 Work Plan
comments and in a letter to the EPA Project Manager dated June
14, 1991, that the existing data on fish and water PCB levels
reflects contributions from both sediments and upstream sources.

Therefore, it is not possible for EPA to perform a "baseline"

risk assessment because an unspecified portion of the risk is due

to sources outside the scope of the study. Thus, the preliminary

health risk assessment in the Phase 1 Report does not reflect in

100

659T 109 dyH



a meaningful way the risk associated with the PCBs in the
sediments in the Upper Hudson River.

As pointed out in Section 2.0 of these comments,
without fully understanding the dynamics of PCBs within this
complex physical, biological, and chemical system,vit'is
impossible to prepare any assessment of risks or perform an
analysis of remediation benefits. If one does not understand
which PCBs are going where and by what means within the systen,
one cannot know what PCBs result in exposures and what PCBs to
control if it is desirable to reduce exposures. Just as the
failure to arrive at this understanding has prevented the Phase 1
Report from adequately characterizing the site, it also prevents
the Phase 1 Report from validly developing appropfiate exposure
pathways.

The Phase 1 Reﬁort's interim risk assessment detérmines
guantitative estimates for five exposure pathways.

Fish consumption
Drinking water
Dermal contact with river water

Dermal contact with river sediments
Accidental ingestion of river sediments

The Phase 1 Report concludes that the most significant
source of exposure is fish consumption. The remaining sources of
exposure are estimated to result in risk estimates that are 2 to
4 orders of magnitude lower than the risks associated with the
fish consumption pathway and thus present negligible risks to
human health. The Report discusses but does not develop
quantitative estimates for other potential exposure pathways,

which were correctly not used as the basis for estimating risks.
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GE agrees with EPA’s conclusions concerning the
relative significance of the va:ious exposure pathways. EPA Qfs
preliminarily determined ihat fish consumption is the only tﬁ
potential route of exposure that could conceivably result in
intakes that are of toxicological interest. GE has, therefore,
focused on this route of exposure and has developed;glternative
expcsure and risk estimates that are scientifically;more'accurate
than those presented in the Phase 1 Report. |

3.2.2.1 Fish Consumption

Accurate characterization of the risks associgted with
human ingestion of fish depends on the use of appropriate, sité-
specific fish consumption rates. Most of the fish consumﬁtipn
estimates that are reported in the scientific literature are
based on national surveys or are specific to a particular régioﬁ
of the United States (Puffer et al., 1981; Pierce et al., 1981; .
Humphrey, 1978; Javitz, 1980; Rupp et al., 1980). Many of these
surveys have not adequately characterized the types of fish
consumed, nor have they distinguished betweenkthe consunmption of
commercially~-harvested and recreationally-harvested fish (Javitz,
1980; EPA, 1989%a). Thus, these surveys overestimate consumption
of sport-caught fish from waterbodies like the Hudson River where
fishing is limited to the recreational angler.

In addition, factors such as regional variations in
consumption of preferred species, the availability of those
species, ease of access to productive fisheries, length of

fishing season, and cultural heritage can greatly influence fish

ingestion habits. When characterizing potential exposures and
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associated human health risks from PCBs found in the Hudson
River, the most accurate state- or region-specific data should be
used to account for differences in fish consumption (EPA, 1989Db).

3.2.2.1.1 EPA’s Estimates of Fish
Consumption

In developing its Ambient Water Quality Criterié
(AWQC) , EPA uses a human fish consumption estimate of 6.5 g/day
(EPA, 1984). Of this total consumption, 1.7 g/day is attributed '
to freshwater fish and 4.8 g/day to estuarine fish (EPA, 1989%a;
Table 2-14). The EPA estimate is based on the national average
per capita rate of fish consumption and includes éll i
commercially-harvested and recreationally-caught freshwater and
estuarine fish and shellfish (EPA, 1989%9a). Although the EPA
values may be appropriate fof estimating an average consumption o
rate for the U.S. population as a whole, it is inappropriate for
estimating actual regional consumption or consumption by
recreational anglers or other Subpopulations.

EPA has recommended the use of two other fish
consumption estimates when site-specific data are unavailable. A
value of 20 g/day, which represents the average consumption of
ﬁarine, estuarine, and freshwater fish (USDA 1984), is
recommended as an estimate of consumption_of all types of fish by
the general population of the United States. A value of 30 g/day
is recommended as an average consumption rate for recreational |
anglers (EPA, 1989b). The'latter value is used by the Phase 1

Report and is inappropriate for the reasons discussed below.
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3.2.2.1.2 Reported Basis of the 30 g/day
Estimate

~The EPA consumption rate of 30 g/day is the average of
the median values reported for sport anglers by Puffer et al.
(1981) and Pierce et al. (1981). Puffer et al. (1981)
investigated the fish consumption habits of successful marine
fishermen on Los Angeles Harbor. Pierce et al. (1981)
interviewed fishermen on Commencement Bay, a marine/estuarine
fishery in Puget Sound near Tacoma, Washington. Published
studies indicate that the consumption of marine and estuarine
fish far exceeds the consumption of freshwater fish (EPA, 1989;
Rupp ef al., 1980). Therefore, application of marine/estuarine
derived estimates of fish consumption is inappropriate.

There are several reasons why consumption rates based
on marine or estuarine studies are likely to overstate the amount
of fish eaten from the Upper Hudson River or other freshwater
bodies. First, both Puffer et al. (1981) and Pierce et al.
(1981) investigated consumption of marine and estuarine species
by successful fishermen but did not ask anglers to characterize
their consumption of freshwater species. While many different
species of fish available in the marine waters of the studies
cited, only freshwater species are available in the Upper Hudson
River. 1In addition, since marine fish tend to be considerably
larger than freshwater species, a single marine fish is likely to
provide several meals while a single freshwater fish likely
provides only one fish meal. Finally, as marine environments are

generally more fertile and productive than riverine environments,
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more fish per unit area are expected, increasing the relative
ease of catching marine species. Consequently, consumption rates
from marine fisheries are considerably higﬁer than rates from
freshwater fisheries. For these feasons, marine and estuarine
studies are not appropriate for use in approximating fish
consumption from the Upper Hudson River.

3.2.2.1.3 Availability of Region-Specific
Data

State- and region-specific consumption data are
available from an angler survey conducted in New York State
(NYSDEC, 1990). Because there are a number of region-specific
factors that can affect overall consumption for a specific area,
this region-specific data must be used to characterize
consumption more accurately. EPA (19%91a) has stated that the
NYSDEC (1990) data support the estimate of 30 g/day recohmended
for sport anglers by the EPA (1989b). However, a closer
evaluation of the NYSDEC data indicates that this is not
completely accurate. The NYSDEC (1990) report estimates that the
average New York angler consumes an average of 45.1 meals of fish
annually. If the average meal size is 227 g (1/2 pound), the
average angler consumes approximately 28 g of fish daily.
However, this is an estimate of consumption of all types of fish
available to the angler, including market, restaurant, gift, and
sport-caught fish. In other words, a variety of fresh, frozen,
and canned, marine, estuarine, and freshwater fish obtained from
sources both within and outside of New York State are available

~to and are most likely consumed by New York anglers. The NYSDEC
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(1991) value of 45.1 fish meals per year clearly overestimates
consumption of fish from the Upper Hudson River, because only
sport~-caught freshwater species can be obt;ined there. NYSDEéE‘
(1990) did not report on statewide consumption of sport-caught-
fish alone. |

Another factor not detailed in the NYSDEC‘(1990) fish
consumption rate is the fact that sport-caught fish_Zre likely to
be taken from several waterbodies in the State, ratﬁer than from
a single source. Thus, the use of NYSDEC’s (1890) Qalue to
"estimate consumption from a single waterbody such as tﬁe Upper
Hudson River is unreasonable, because anglers are like1§ to fish
in a number of fishing locations.

This view is supported by an evaluation of the effbrt‘
reported by anglersvin the New York angler survey (NYSDEC, l§90).
Table 47 (NYSDEC, 1990) reports fishing efforts by Albany County
residents. According to Table 47, Albany'County residents speﬁﬁ
only 19.9 percent of their total angler-days fishing within
Albany County, while 12.5 percent of angler-days were spent in
Rensselaer County,‘lo.s percent in Saratoga County, and 10.2
percent in Warren County. Thus, 47 percent of the total angler-
days spent by Albany County residents were spent fishing in
counties not adjacent to the Upper Hudson. Of the 53 percent of
the angler-days spent in counties that are adjacent to the river,
it is reasonable to conclude that anglers fished other lakes,
ponds, streams, or rivers at least a portion of the time.
Therefore, it is unlikely that all of their freshwater fish

intake would come from the Upper Hudson.
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3.2.2.1.4 Other studies of Freshwater Fish
Consumption

A review of the available fish consumption data from
other studies is useful in providing perspective on regional
variétions in fish consumption (Table 3.2.2-1).

National Studies

Rupp et al. (1980) used data developed by NPD Research
to estimate consumption by age group and by regidn of the
country. Rupp et al. (1980) report that in addition to regional
variétions in fish consumption, there are substantial variations
in fish consumption patterns among individuals living in the :
‘Middle Atlantic region of the United States (New York, New
Jersey, and'Pennsylvania). The authors report that only 10.6
percent of the fish consumers surveyed in that region consumed
freshwater fish, whereas 92.2 percent of the individuals surveyed
consumed saltwater fish (Rupp et al., 1980). These results
clearly suggest that ﬁost people in that region do not eat
freshwater fish.

In estimating a'freShwater fish consumption raté, Rupp
et al. (1980) report that the average rate of consumption of all
adults sampled was 0.35 kg/year (0.96 g/day) and the median rate
of consumption was 0 g/day. Based on additional information
provided by Rupp et al., the average rate of consumption among
those members of the population sampled who indicated that they
consumed freshwater fish can be estimated to be 9 g/day. This
estimate would include freshwater fish from all commercial and

recreational sources in those states.
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Using the same data developed by NPD Research for the

NMFS survey, SRI International, Inc., (Javitz, 1980) calculated

average fish consumption rates among fish consumers in the United

States. Unfortunately, the distinction between sport-caught and
purchased fish was not maintained in the original compilation of
the data (EPA, 1989a). Javitz estimated that the total mean rate
of consumption was 14.3 g/day (EPA, 1989a). When Javitz’s
species-specific consumption rate estimates are separated by
marine/estuarine and freshwater species (EPA, 1989a),'the
estuarine/freshwater fish portion of the total consumption rate
can be estimated to average 6.8 g/day. This estimate includes
sport-caught and commercially obtained bluegills, crab, herring;
lobster, oysters, scallops, shrimp, and other estuarine species
that would not be found in the Upper Hudson, where there is no
tidal influence.
Regional or Statewide Studies

ChemRisk (1991a) conducted a statewide mail survey of
Maine’s licensed resident anglers for the 1989/90 ice fishing and
1990 open water fishing season. Anglers were asked to indicate
the number, species, and average length of fish caught and
consumed from Maine’s inland fisheries, and to indicate where the
fish were obtained. Analysis of the data indicated that the
median rate of consumption from all types of fisheries in the
State was 2.0 g/day with a mean consumption (77th percentile) of
6.4 g/day. For river and stream fisheries, median consumption
was 0.99 g/day with a mean consumption of 3.7 g/day (Slsf

percentile). The data indicated that only about 44 percent of
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the survey respondents who reported that they had caught and
consumed fish had obtained a portion of that fish from any of the
state’'s rivers or streams. Results of the’survey indicate that
participation and effort are much greater on lakes and ponds than
they are on rivers and streanms (CheﬁRisk, 1991b) .

The Wisconsin Division of Health (WDH, 1987) initiated
a study in 1985 to assess the participation and consumption
habits of Wisconsin anglers. Based on the data obtained from the
survey respondents, WDH estimated that the mean freshwater
consumption rate was 12.3 g/day. The median consumption rate was
estimated to be 6.2 g/day (MPCA, 1990).

West et al. (1989) estimated an average consumption
rate of 18.3 g/day for Michigan anglers. However, this
consumption rate was based on consumption of all types of self-
caught, purchased, gift, and restaurant-purchased fish. The data
reported in Table 19 of the West et al. (1989) report indicates
that only 39 percent of the meals reported were sport-caught,
while the femaining fish meals were restaurant-purchésed, store-
bought, or gift fish. If this percentage is applied to the rate
of total fish consumption (18.3 g/day) estimated by West et al.
(1989), it can be estimated that, on average, Michigan anglers
consumed only about 7 g/day of sport-caught fish.
Waterbody-Specific Studies

Honstead et al. (1971) conducted a diet recall survey
of 10,900 individuals from households in which there was at least
one angler who fished the Columbia River in the Hanford area of

Washington. The average size of a fish meal was estimated to be
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approximately 200 grams per meal, and individuals reportedly
consumed an average of 14 such meals per year. Thus, the annual
average rate of consumption was 2.8’kilogréms per year, or 7.?¥
g/day. |

In a creel survey of recreational anglers who fished in
the same area of the Columbia River, the distribufi?n of species
reeled and consumed was similar to that reported ihf%he Honstead
et al. (1971) diet recall survey. From the data ggéerated from
the Soldat (1970) creel survey, an average conspﬁption rate of
1.8 g/day can be estimated. .

In a fishery study of the Savannah River, Tur&gtte
(1983) reported that average consumption by anglers on the.non-
tidal portion of the river study area was 11.3 kg/year. Thié
estimate was based on creel survey data for angler days, trips
taken, and total fish weight caught. In calculating the
consumption rate, it was assumed that 50 percent of the fish wéé
edible. EPA (1989b) suggests that 30 percent is a more
reasonable estimate of the edible portion of finfish. If it is
assumed that 30 percent of the fish is edible, then maximum
consumption for the average angler will be 6.8 kg/year or 18.6
g/day. However, it is likely that the average angler shares most
if not all of his or her catch with ofher.fish-consuming family
members (Pierce et al., 1981; ChemRisk, 1991c, 1991d). If it is
assumed that one or two other family members'sharevthe catch,
then it can be estimated that the average angler consumes between

6.2 and 9.3 g/day. Thus, the true consumption by average anglers

on the Savannah River most likely falls between 6.2 and 18.6 g/day.
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3.2.2.1.5 Estimates of Fish Consumption for
the Hudson River

Available studies_on fish consumption (see Table 3.2.2~
1) indicate that there is considerable variatioh in the levels of
consumption of freshwater fish. This variation is due to
differences in species availability, productivity of the waters
fished, access to those waters, species preferences, and cultural
differences. To characterize Upper Hudson River fish consumption:
rates based on studies from other regions of the country and |
different types of waterbodies may result in inappropriate
estimates of fish consumption. In addition, the use of estimates
from marine or estuarihe fishing surveys is clearly inappropriatee
- and will result in an overestimation of freshwater fish
consumption rates.

There are issues that need to be addressed in assessing
the exposure that could potentially result from eating fish from
the Upper Hudson. 'Currently, recreational fishing on the Upper
Hudson River is banned. Therefore, actual consumption by anglers
will be significantly depressed in comparison to other rivers.
Because the purpose.of the assessment is to demonstrate the
exposures that could potentially occur in the absence of
institutional controls (fishing bans), it is possible to provide
a reasonable estimate of what fish consumption might be in the
absence of the ban by examining fishing effort on nearby rivers
that are not affected by the ban. These estimates do not
indicate current risks but rather suggest what risks might be if

no ban were in place. Fortunately, the "New York Statewide
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Angler Survey" (NYSDEC, 1990) contains information that can be
used to make an educated guess as to the levels of consumption
from the Upper Hudson River that might exist if no ban were in
effect.

To characterize rates of fish consumption that might
occur if the fishing ban were removed from Upper Hudson River, it
is necessary to choose a surrogate waterbody for which data are
available. The Mohawk River joins the Upper Hudson just above
Federal Dam. It is reasonable to assume that becausé of the
fishing ban on the Upper Hudson River, anglers in the area would
choose to fish from another nearby location on which there is n§
ban. The Mohawk River is an appropriate substitute. 1Its
proximity to the‘Hudson, and its status as a river on which there
is a ban on only one fish species, make it a good substitute.

Information on angler effort on the Mohawk River is

provided in the NYSDEC (1990) report. 1In Table 29, NYSDEC (1990)

reports that the mean number of angler trips to the Mohawk River
was 9.8 trips. If it is éssumed that the average angler obtains
2 meals per trip (Pierce et al., 1981; Schmitt and Hornsby,
1985), it can be estimated that the average angler harvests 19.6
meals per year from the Mohawk River. This equates to a daily
consumption rate of 12.2 g/day. This estimate is plausible and
likely to be conservative when one compares it to estimates of
mean consumption of sport-caught, freshwater fish reported for

other river fisheries (Honstead et al., 1971; Soldat, 1970;
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ChemRisk, 1991a; Turcotte, 1983).
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3.2.2.1.6 Fish Tissue Concentrations

Extensive efforts to sample fish tissues from the Upéer
ﬁudson River have been ongoing since PCBs Qere first discovered
there. Early sampling indicated that PCB levels in certain fish
were above acceptable regulatory leVels (EPA, 1991b).- Sihce that
time, however, additional sampling has indicated that PCB levels
have decreased over time due to remediation of the site and
natural degradation processes.

The EPA Phase 1 risk assessment estimates the potential
human exposure associated with the fish consumption pathway from
combined fish tissue concentrations of total PCBs for all species
collected between River Mile (RM) 153 and RM»195 from 1986 to
1988. EPA uses the 95 percent upper confidence limits on the
mean fish tissue concentration as its estimate of the level of -
PCBs in fish consumed by recreational anglers.

There are several problems with EPA’s approach. First,
EPA did not carefully select data from relevant sampling
locations for its analysis. The purpose of EPA’'s Phase 1 risk
assessment was to assess risks to individuals who would consume
fish that were potentially exposed to PCB-contaminated sediments
between Fort Edward and the Federal Dam. Fish collected at RM
153 were collected below the Federal Dam. EPA states that it
collected those fish because it believed that those fish might be
exposed to PCBs that were potentially released from the dam.

This assumption is probably invalid (see Section 6.0 of these
comments). However, even if the assumption were valid, it is not

appropriate to include the tissue concentrations of PCBs in those —
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fish in estimating exposure resulting from the influence of river

‘sediments above the dam on fisﬁ tissue PCB levels. Even if fish ~

below the dam are exposed to some levels of PCBs that have begg
discharged from the dam, those levels are not likely to be
representative of levels present above the dam because the dam
acts as a significant barrier. In»addition, thosé fish collected
below tﬁe dam may potentially be exposed to a numbeg of other
sources of PCBs located below the dam. This is parﬁicularly true
for the striped bass, which are migratory fish that only spend a
portion of their lives in the waters below the Federal;Dam.

Thus, tissue concentrations in fish collected below the*dam are
not representative of fish tissue concentrations affectéd&by PCB~-
containing sediment above the dém and should not be included'in
the risk assessment.

Second, EPA's analysis includes a number of yearling>_

pumpkinseéd sunfish that range in size from 58 to 100 mm (2 to 4

inches). These fish are not likely to be consumed by anglers due’

toc their size. In addition, many of the PCB concentrations
measured in pumpkinseed were whole body rather than fillet
concentrations. Because human consumers are not likely to
consume the entire fish, inclusion of these data points in the
analysis is inappropriate and introduces unnecessary uncertainty
in the form of overstated exposure estimates into the analysis.
Third, EPA group all species together in its analysis.
As indicated in Table B.3-15 of the Phase 1 Report, PCB levels
are significantly different in the different species sampled.

The assumption that all fish are to be treated the same implies
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that the distribution of species sampled is exactly the same as
the distribution of species harvested by anglers. This is
clearly hot the case. PCB ievels are highest in the goldfish
{(carp) wﬁich is a relatively undesirable foodfish. By giving
carp equal weight with other more desirable species, actual PCB
intakes are likely to be overestimated.

Fourth, the statistical approach used by the EPA, the
85 percent upper confidence limit (UCL) on the mean PCB fish
conceﬁtrations, is inappropriate. This approach inherently
assumes that the data follows a normal distribution. EPA has
offered no analysis to justify this assumption. A casual review
of'the PCB data suggests that in nearly all cases, the
distributions of fish concentrations from samples taken from the
Upper Hudson do not follow a normal distribution. For certain
species like American eel, there are too féw data points to
determine the shape of the distribution. For fish species with
more data, the distributions are highly skewed and truncated,
making it difficult to determine which indicator of central
tendency should be used. In addition, by analyzing all fish
;peciesktogether, the distribution of concentrations derived is
likely to be multimodal due to the differences among the
individual species. Because of these problems, EPA’'s attempt to
select a single estimate of fish tissue levels by its proposed
statistical method is statistically unjustified.

To address the deficiencies in the EPA's approach, GE
has reanalyzed the data collected between 1986 and 1988. Only

" fish from the appropriate reaches were considered, and only
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pumpkinseed tissue data from fish that were greater than five
inches in length were included. Whole body concentration data
for pumpkinseed sunfish were excluded from’the analysis. Fish
samples were sorted by species so that species~specific
distributions of total PCB concentrations could be generated and
used as the basis of the risk assessment.

3.2.2.1.7 Estimating PCB Intakes from the
Fish Ingestion Pathway

As discussed previously, it can be conservatively
estimated that the average Upper Hudson River angler might
consume 19.6 fish meals per year (12.2 g/day) from that waterbody
if there were no fishing ban. 1In assessing the potential for
exposure via this pathway, it is essential that éonsideration be
given to the species of fish that are actually likely to be
consumed. Differences in the numbers of fish meals eaten for
each species and the differences among tissue concentrations
measured in the various species will have a marked impact on the
estimated intake of PCBs by Upper Hudson River anglers.

According to NYSDEC (1990; Table 30), 38 percent of the
angler days spent on the Hudson River were spent fishing for
bass, 6.5 percent were spent fishing for brown trout, and 55.5
percent were spent fishing for "other" species. For the purpose

of estimating species-specific consumption rates from which to

estimate potential exposures, it is reasonable to assume that %
’consumption is proportional to angler effort and to adjust the S
overall waterbody-specific consumption rate accordingly. Thus, "
it can be estimated that of the 19.6 meals per year consumed, g
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7.45 meals are bass, 1.27 meals are brown trout, and 10.88 meals
are "other" species. '

Individual estimates of consumption for each species
that contributes\to the "“other" category can be calculated from
the data pfovided by NYSDEC (1990).‘ In Table 6 of that report,
statewide angler effort is reported for 12 target species and one
category for "other species" in addition to brown trout and bass.
A comparison with Table B.1-3 of the Phase 1 risk assessment
indicates that 8 of these 13 other species designatiohs listed in
Table 6 (NYSDEC, 1990) are actually found in the Upper Hudson
River. If it is assumed that these 8 species groups represent
the 55.5 percent of effort (or 10.88 remaining meals) for "other"
species on the Upper Hudson indicated in Table 30 of the NYSDEC
(1990) report, relaﬁive consumption rates by species can be
estimated.

The total effort for these 8 species groups as reported
in Table 6 (NYSDEC, 1990) was 9,510;820 angler-days. Of the
total for the effort for these species, 18 percent of the effort
was for yellow perch, 25 percent was for walleye, 12 percent was
for northern pike, 12 percent was for bullhead, 15 percent was
for brook trout, 9 percent was for sunfish, 3 percent was for
chain pickerel, and 6 percent was for “other" species (Table
3.2.2-2). For this analysis, GE has assumed that the "other"
category is comprised solely of American eel, white perch, and
goldfish, and effort is equally distributed among the three

species. Thus, it is assumed that approximately 2 percent of the

total effort is for each of these species (Table 3.2.2-2). S
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' GE has also made the reasonable assumption that the

percentage of total effort directed toward these individual

. L N .
species is proportional to the percentage of the remaining 10{%8

meals per year consumption rate estimated (for all species except
bass and bfown trout), as discussed previously. If these
relative percentages are applied to the remaining‘lg.sa fish
meals, an estimated number of meals can be estimateg for each
species. Table 3.2.2-2 indicates the number of me;is attributed
to each individual species contributing to the "other" effort on
the Upper Hudson River described in Table 30 (NYSDEC, ﬁ990). GE
therefore estimates that consumption rates are 1.99 meéis per
year for yellow perch, 2.73 meals per year for walleye,‘1¢27
meals/year for northern pike, 1.32 meals per year for builhéads,
1.59 meals per year for brook trout, 0.943 meals per year fér
sunfish, 0.367 meals per year for chain pickerel, and 0.225 meals
per year for each American eel, white perch, and goldfish. Using
the estimates for the number of meals by species, plausible |
estimates of exposure can be made using species-specific fish
concentrations.

To avoid having to make assumptions about the
distributions of the species-specific fish data, GE chosé to
estimate exposures through a Monte Carlo simulation using the
actual fish data from the Upper Hudson River rather than try to
select a single value to represent the body of the data. Each of
the distributions of species-specific tissue conéenﬁrations were
entered into the program. It was assumed that each meal consumed

by the hypothetical angler was made up of a single fish. The
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appropriate number of fish were selected by species based on the
estimated number of meals (Table 3.2.2-2).. For example, for bass
it has been estimated that 7.45 meals would be consumed annually.
Thus, the program randomly selected 8 fish from the distribution.
For seven of those fish, it was assumed that a single meal of
227 g (1/2 pound) was consumed and intake for each of those meals
was estimated by multiplying 227 g by the tissue concentration in.
the individual fish. For the partial meal, the same method was
used. A single fish was randomly selected from the'distribution.
Its concentration was then multiplied by 227 g and by 0.45 meals
to estimate intake. This method was used to estimate potential
intake of each of the individual species according to the number
of meals allotted to the species as described in (Table 3.2.2-2).
Then, the total intakes for all species were summed to calculate =
the average daily intake over a lifetime. .

The distributions of fish concentrations were entered
based on the available data. Separate distributions for American
eel, bass (including smallmouth and largemouth), brown bullhead,
sunfish (including pumpkinseed and redbreast), goldfish, and
white perch were included in the simulation using actual data.
For several species for which consumption rate estimates were
made, there were no sampling data available for the relevant
reaches. For each of these gamefish species, walleye, yellow
perch, brown trout, northern pike, brook trout, and chain
pickerel, fish tissue concentrations were selected from the bass

tissue concentration data. The bass distribution was

HRP 001 1578 | o
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conservatively selected because bass are gamefish that are near
the top of the agquatic food chain.

Ten thousand iterations of the simulation were run.
Results of the simulation are provided in Table 3.2.2-3. The
median estimated lifetime average intake level of PCBs resulting
from the consumption of Upper Hudson River fish over a 30 year
exposure period is estimated to be 0.47 ug/kg-day, ﬁhe mean which
appears at the 60th percentile of the distribution is 0.55 ug/kg-
day, and the 95th percentile is 1.2 pug/kg-day (Table 3.2.2-3;
Figure 3.2.2-1).

3.2.2.1.8 Cooking Loss

Most anglers and their families will cook the fish that
they obtain from the Upper Hudson River before they consume it.
As discussed previously, PCBs in the fish will be most highly
concentrated in the body lipids. Because there is fat lost
during cooking, it is likely that some of the PCBs will be
removed.when the fish are cooked so that tissue concentrations in
the cooked fish will be loﬁer than those measured in the raw
fish.

Chemical losses have been observed in various methods
of cooking of whole fish and fish fillets containing PCBs (Zabik
et al., 1979, 1982; Puffer and Gossett, 1983; Smith et al.,
1973). The average percentage reductions in the concentrétions
of PCBs resulting from various cooking methods are presented in
Table 3.2.2-4.

Zabik et al. (1979) studied the changes in Aroclor 1254

levels in lake trout fillets after cooking by broiling, roasting,
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baking, and microwaving. Broiling reduced the concentrations by
an average of 53 percent, while roasting reduced levels by an
average of 34 percent. Cooking fillets by microwave reduced
levels by an averége of 26 percent. |

Zabik et al. (1982) found similar reductions in the
concentrations of total PCBs in carp fillets cooked by various
methods. Total PCB levels, expressed on the basis of the fat
content of the fillet, were reduced by 25 percent by deep-frying,
27 percent by poaching, 25 percent by charbroiling, 33 percent by
microwaving, and 20 percent by roasting. However, conflicting
information presented in that report results in a level of
uncertainty in the experimental results that compromises the
reliability of the report’s findings and conclusions.

Smith et al. (1973) reported that baking of chinook and
coho salmon fillets reduéed concentrations of Aroclors 1248 and
1254 by 11 to 16 percent. Poaching resulted in 2 to 6 percent
reductions of the two Aroclors (Smith et al., 1973).

Puffer and Gossett (1983) reported cooking losses of
Aroclors 1254 and 1242 resulting from pan frying of white |
croaker, a bottom feeding fish from the southern coast of
California. 1In croaker obtained from Santa Monica Bay, 65
percent of the PCBs were lost during pan frying, while 28 percent
of the PCBs were lost from the croaker obtained from Orange
County. These differences were assumed to be a function of the
differences in the initial levels of PCB contamination in the

fish obtained from these two areas. Fish taken from Santa Monica
HRP 001 1580
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Bay contained PCB levels four times greater than fish taken from

Crange County.

v
Other studies (cited in Puffer and Gossett, 1983) ha¥e

reported greater reductions in PCB levels. However, these
studies have compared concentrations in whole raw fish to
concentrations in cooked fillets and thus are of little use in
estimating cooking loss from the fillet portion alone. Based on
a review of the PCB cooking losses reported in the scientific
literature, it is reasonable to conclude that at léast.zs percent
of the PCBs found in the fish fillet will be ldst as a;result of
cooking. |

‘ In this analysis, a plausible estimate was made‘that a
25 percent reduction occurs in the concentrations of PCBs in fish
fillet as a result of cooking. If estimated exposure levels are
reduced by 25 percent due to cooking loss of PCBs, the resulting
intake levels are 4.1 x 10* mg/kg-day (mean) for EPA's Scenario 1
(1986-1988 upper 95 percent confidence based on mean) and 5.2 x
10° mg/kg-day (mean) for EPA's Scenario 2 (30 year mean trend).

3.2.2.1.9 summary of Fish Exposures
The Phase 1 Report uses a very coarse estimate of PCB

exposure from the human fish consumption pathway, one that is
inaccurate and grossly overstates realistic exposures. GE has
performed a more sophisticated analysis that accounts for the way
in which anglers in the Upper Hudson area might actually behave
in the absence of a fishing ban, the distribution of fish
actually likely to be consumed, species-specific PCB levels, and

'the manner in which PCBs are prepared for human consumption.

122

186T 100 ddH



GE's analysis shows that the Phase 1 Report's exposure estimate
of chronic daily intake (Table B.6-5) is a}most an order of
magnitude greater than that warranted by the data. GE's
calculation does not, of course, account for the effect of the
fishing ban. Common sense suggests that the fishing ban provides
an additional level of protection and that, with the‘ban, actual
site-specific exposures are virtually non-existent.
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3.2.3 Reassessment Of Risks Associated With
PCBs In Hudson River Sediments

3.2.3.1 cCarcinogenic Potency Assessment

As discussed in Section 3.2.1.1 above, the recent re-
evaluation of the rodent PCB bioassays provides an appropriate
mechanism for separately assessing the carcinogenic potency of
the various Aroclor mixtures containing less than A60 percent
chlorine.

The finding that PCBs, other than the highly
chlorinated Aroclor 1260 and Clophen A60, have no carcinogenic
potential is very significant for the assessment of PCB risks in
the Upper Hudson River. PCBs found in the Upper Hudson River do
not include highly chlorinated PCBs. Therefore, the most likely
estimate of carcinogenic risk is zero. |

Another way, which would be contrary to EPA policy in
dealing with negative studies (OSTP,.1984) and which GE believes
is scientifically invalid but which is sometimes used
nevertheless, to perform a human health risk assessment for the
lower chlorinated PCBs is to assume some carcinogenic potential
based on tumor inc@dence regardless of statistical significance.

Using the recent reread results (Moore, 1991), and
statistically forcing the negative bioassays to produce non-zero
estimates of potency, a potency of 0.4 (mg/kg/day)’ can be
estimated for Aroclor 1254 and 0.2 (mg/kg/day)! for Aroclor 1242.

A toxicologically equivalent human dose can be
estimated by scaling the rodent bioassay resulcs based on body

weight. This is consistent with Federal Drug Administration
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(FDA) and Center for Disease Control (CDC) methodologies (FDaA,
1986; Bayard, 1988). This is the correct scaling methodology for
PCBs because the compound itself rather than a metabolized
product is the active agent. The EPA policy of extrapolating
from rats to humans on the basis of relative surface areas is
inappropriate in this context since it is based on a study by
Freireich et.al. (1966). This study did not consider carcinogen-
ity as the endpoint of concern and thus is inapplicable to
extrapolating from rats to humans when deriving cancer potencies.
Recent reviews at interspecies scaling factors indicate that all
measures of dose, except dose rate per unit of body weight, tend
to overestimate human risk (Mordenti, 1986; Brown et al., 1988;
Crunp et al., 1989). ,

Thus, using the FDA and CDC scaling methodology and the
calculated rat potency based on the tumor incidence data, the
resulting cancer slope factor (or q,*) is 0.037 (mg/kg-d)?! for
the lower chlorinated PCB_mixtures.

3.2.3.2 Consumption of Fish
3.2.3.2.1 PCB Concentrations in Fish Tissue

The Phase 1 Repoft develops two estimates of total PCB
intake. The first assumes that levels of PCBs will remain
constant at the 1988 levels for the next thirty years. The
second assumes that the concentrations of PCB will decline in the
future.

As discussed in Section 3.2.2.1, the estimates of fish
consumption produced in the Phase 1 Report suffer from a number

of technical problems, including improper statistical
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assumptions, improper grouping of fish, and overestimates of fish
consumption. Revised estimates of fish copsumption have been
prepared using a Monte Carlp model of PCB levels in fish and
species specific;consumptidns estimates; The results‘of this
model have been applied to both the steady-state and declining
estimates of long-term PCB levels.
3.2.3.2.2 Human Exposure Via Fish Ingestion

As discussed above, estimates of species-specific
consumption raﬁes were made for the Upper Hudson River based on
data from fishing surveys performed in New York State. Table
3.2.2-3 presents estimates of total PCB intake by anglers who
might potentially fish the Upper Hudson River if there were no
fishing ban there. The estimated lifetime averagé daily intakes
have a mean of 0.41 pug/kg-day, assuming that 1986-1988 conditions
(as hypothesized by the fhase 1 Report) continue for 30 years,
and a mean of 0.052 ug/kg-day, assuming the mean of trends
extrapolated for the next 30 years (as hypothesized by the Phase
1 Report).

3.2.3.3 Other Exposures

The other exposure pathways gquantitatively investigated
by EPA include ingestion and dermal exposure to sediments and
surface water. In general, these exposures ranged from 2 to 4
orders of magnitude below fish consumption. Bécause of the
limited potential for exposure from these routes, the Phase 1
Report concludes that estimated upper-bound risks from these
sources are within an acceptable risk range. GE agrees but

comments that EPA makes a number of unreasonable assumptions both
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in the extent of exposure and in the level of PCBs to which

people were exposed. In partiéular,\EPA fgiled to consider

future declines in environmental concentrations of PCBs when é&

estimating long-term risks from these other pathways. |
3.2.3.4 Conclusions

Table 3.2.3-1 and Figure 3.2.3-1 indicafeﬁthe effects
of different assumptions on the estimated upper-boﬁ;d risks
associated with the fish consumption exposure pathyéy. The risk
estimates are divided into the two scenarios postulated in the
Phase 1 Report: (1) PCB levels in fish remain steadyiﬁor 30
years, and (2) PCB levels decline over the next 30 yeaf;. The
Phase 1 Report concludes ‘that the cancer risk from eatihguUpper
Hudson fish is about 2 in 100 for the first scenario and.ahéut 2
in 1000 for the second scenario. .

As discussed above, these estimates are based on an
outdated and technically incorrect estimate of potency. Using-
EPA’s preferred study, Norback and Weltman (1985)_as re-read by
Moore (1991), the potency decreases from 7.7 to 5.1 (mg/kg/day)’’.
Using a geometric average of all positive studies (as advocated
by Moore (1991) for PCBs containing 60 percent chlorine) the
potency decreases to 1.9 (mg/kg/day).

However, PCBs released to the Hudson contained less
than 60 percent chlorine. Because there is no evidence that
these lightly chlorinated PCBs are carcinogenic, the best
estimate for the carcinogenic risks from intake of fish
contaminated with these compounds is zero. A highly conservative

alternative assumption to this zero estimate can be made by
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interpreting the negative bioassays to produce non-zero estimates
of poten;y. Using this approach a potency of 0.2 (mg/kg/day)*
can be derived. Using this'potency, the estimated risk range is
5.5 x 10% to 4.4 x 104,

EPA’s assumptions of the level of PCB exposure from the

consumption of contaminated fish, 0.0022 mg/kg/day, greatly over-
- estimates the actual intake of PCB for fish consumers. Using a .
site-specific estimate for fish intake based on factors such as
species-specific PCB measurements and local fish consumption

rates, the lifetime annual daily intake for PCB is estimated to

be 0.00041 mg/kg/day. Using this revised estimate of exposure,

which does not account for the fishing ban currently in effect,
the range of carcinogenic risk (assuming a potency of 0.2
(mg/kg/day)™) is 1 x 10° to 8 x 107.

As discussed in Section 3.2.1.1.?, the uée of surface
area 5caling appears to be unwarranted for PCBs. Use of a body
weight scaling factor on the 0.2 (mg/kg/day)’® potency and the

revised estimates of PCB exposure from fish consumption results

in an estimated risk of 1.9 x 10° to 1.5 x 107,
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Carcinogenic Risks Associated With Consumption of Fish

EPA Scenarioc 1 EPA Scenario 2

Phase 1 Report Estimate 2 x 107 2 x 10°%

Estimate if Rat Re-read 0 0
Results Are Used

Estimate if Rat Re-read 4.4 x 10* 5.5 x 107
Results Are Forced to
Produce a Non-Zero Factor

And Proper Exposure. Estimates 8 x 107 1 x 10°
Are Used

And Body Weight Scaling Is 1.5 x 10°% 1.9 x 10°%
Used

Note: EPA Scenarios and Phase 1 Report Estimates are from

Phase 1 Report Table B.6-5.

The Phase 1 Report's approach clearly results in a-

gross overestimate of risk from fish consumption. By contrast,

GE estimates that the maximum realistic risk of cancer from fish

consumption ranges from zero (assuming the rodent bicassay

results are correctly used and that different factors are applied

to PCB mixtures depending on the degree of chlorination) to 1.5 x

10°% (assuming negative bioassays are forced to produce non-zero

estimates of potency). Even the latter value is an overestimate,

if the purpose is to determine the risk from sediments in the
Upper Hudson study area, because it includes background levels
and contribution from other sources and ignores the declining
trend in PCB body burdens in fish.

Given the range of risk estimated by GE using the new
science and more site-specific data, the Phase 1 Report

incorrectly concludes that there are unacceptable potential
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cancer risks associated with the ingestion of fish from the Upper
Hudson ﬁiver.

With respect to non-carcinogenic effects of PCBs, the
speculation as to chloracne and impaired liver function has been
dispelled. Additionally, there has been no validation of the
hypothesized relationship between reproductive or
neurodevelopment effects in human and low-level PCB exposures.
Long-term epidemiological studies have failed to link PCB
exposure to excess mortality or to any other significant human
health problems. Thus, there is no scientific basis for deriving
a Reference Dose based on human data.

Finally, the Phase 1 Report's attempt to derive a PCB
Reference Dose based on unexamined, unreviewed, aﬁd unvalidated
subhuman primate studies is misplaced. The use of this Reference
Dose in the Report's preiiminary health risk assessment is in |
error. In the absence of supporting evidence, the Phase 1
Report's conclusion that there are unacceptable non-cancer human
health risks associated with the ingestion of Upper Hudson River
fish is erroneous.

3.2.3.5 References
Bayard, S.P. 1988. (Quantitative implications of the use of
different extrapolating procedures for low-dose cancer risk
estimates from exposure to 2,3,7,8-TCDD. Review Draft. Appendix
A. EPA 600/6-88/007RAa and Ab. U.S. Environmental Protection
Agency, Office of Health and Environmental Assessment.
Washington, DC.
Brown, S.L., S.M. Brett, M. Gough, J.V. Rodericks, R.G. Tardiff

and D. Turnbull. 1988. Review of interspecies risk comparisons.
Reg. Tox. Pharm. 8:191-206.

HRP 001 1592

133



Crump, K., B. Allen, and A. Shipp. 1989. Choice of dose measure
for extrapolating carcinogenic risk from animals to humans: An

empirical investigation of 23 chemicals. Health Phys. 57:387-
393.

FDA. 1986. Biological Basis for Interspecies Extrapolatlon o§
Carcinogenicity Data. U.S. Food and Drug Administration.
prepared by Life Science Research Office & Federation of American
Societies for Experimental Biology ‘and submitted to the Center

for Food Safety and Applied Nutrition, Department. of Health and
Human Services, Washington, DC. July.

Freireich, E.J., E.A. Gehan, D.P. Rall, L.H. Schmidt, and H.E.
Skipper. 1966. Quantltatlve comparison of toxicity of
anticancer agents in mouse, rat, hamster, dog, monkey, and man.
Cancer Chemotherapy Reports 50(4) 219-244.

Mordenti, J. 1986. Man versus beast: Pharmacoklnetlc scaling in
mammals. J. Pharm. Sci. 75(11):1028-1040.

¢6sT 100 d¥H

134



3.3

Ecological Risk Assessment

Section B.7 of the Phase 1 Report is entitled "Interim

Ecological Risk Assessment." It concludes:

"Based on the limited available data, it is
premature to conclude whether ecological
risks specifically attributable to PCB
contamination from the Upper Hudson River
exist." (Synopsis to Section B.7.)

This eqﬁivocal statement can hardly serve as the basis to

conclude that PCBs present any ecological risk to the Upper

Hudson River system.

GE's specific comments are:

The most appropriate way to conduct an ecological
assessment of the Upper Hudson River is to examine the
biological integrity of its ecosystem, looking at
species composition and diversity, nutrient and energy
flows and production, consumption and decomposition,
and then to determine whether the biological integrity

" of that system has been impaired by the presence of

PCBs.

The available evidence suggests that the presence of
PCBs in the Upper Hudson River ecosystem has not
significantly compromised its bioclogical integrity and,
whether due to declining PCB loads or otherwise, the
trend is toward even more balanced, integrated, adapted
communities of organisms with species compositions,
diversity, and functional organizations substantially
unimpaired by PCBs. :

Even modeling ecological risks at an "interim" level of
assessment, however, EPA has made methodological, data
use, and analytic errors that may be compounded if not
corrected.

The Phase 1 Report fails to identify the data needed to
assess the impact dredging will have on the ecosystem.

The jump to an ecological risk characterization through
the use of PCB criteria and guidelines is premature,
theoretical, not site specific, and scientifically
invalid. ‘
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3.3.1 A Systems roach Is Most

The basic problem with Section B.7 of the Phase 1
Report is that it ritualistically adheres to the reporting format
derived from RAGS 1IX (U;S. EPA, 1989a) but pays scant attention
to the substantive purposes of the ecological assessment in the
RI/FS process: (1) To decide if remedial action is necessary
based on ecological considerations, and (2) to compare and
evaluate the potential ecological effects of remedial
alternatives. |

RAGS II makes it clear that these purposes are served
only if a systems approach is used in the assessment:

Because it encompasses all of the relevant

physical and biological relationships
governing organisms, populations, and

communities, the ecosystem is generally

considered the fundamental unit of ecoloqy. e
RAGS II, p. 16 (emphasis supplied).

The systems or holistic approach to ecological
assessment is not unique to the RI/FS process, but is the
standard scientific method applicable to many other situations in
which the goal is to determine the health of an ecosystem of the
effect of a perturbation on the system (e.g., USEPA 1990a)).

Under the systems approach, the key féctors are the
structure and functions of the system, the effect of the presence
of a contaminant on the functioning of the system, and impairment
(if any) of the biological integrity of the system by the |
contaminant.  Thus, rather than looking at the concentrations of
contaminants in specimen organisms and the effect of such

concentrations on those organisms, or organisms considered to be
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analogoué or indicators in othéi places, the systems approach
requires a look at the response of the communities of organisms
in that specific ecosystem.‘ Such response is measured in ter%i
of structure and function rather than on an organism-by-organiém,
or even species-by-species basis.

Unfortunately, the Phase 1 Report preseht; only “an
initial evaluation of potential ecological risks zé;_gglgg;gg
species" (p. B.7-2) (emphasis supplied). The Repo;£ mentions the
systems approach (p. B.7-7; Subsection B.7.3.1), but this is more
a mechanical incantation than a meaningful descriptioﬁ'pf the
"functional system of complementary relationships and ﬁ;ansfer
and circulation of energy and matter" (RAGS II, p.16). To-
produce a useful product for the RI/FS, upon which meaningiﬁl
decisions regarding risk and remedial alternatives can be bésed,
a systems approach should be used, and all future ecological
assessment work in Phases 2 and 3 should proceed in such mannef.

3.3.2 No Impairment to the Ecosystem From the
Presence of PCBs '

Section B.7 speaks of the "very limited available data"
(pp. B.7-2, B.7-8, B.7-9) in the ecosystem description.
Nevertheless, the available data, as well as simple observations
of the Upper Hudson River corridor, show a river system bounded
by abundant riparian wetlands, teeming with fish, and having a
large variety of migraht and resident birds, reptiles, and
mammals; Diversity, distribution, and abundance of species exist
at all trophic levels, and no evidence suggests that the

ecosystem is any worse or different below Ft. Edward than it is
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above Ft. Edward. Although the portion of the River below Ft.
Edward contains greater masses and concentrations of PCBs in
certain compartments, this distinction does not appear to affect
the ecosystem's structure and function.

Thus, GE does not believe that the ecosystem data is
too limi£ed to permit the conclusion that the biological
integrity of the Upper Hudson River ecosystem is unaffected by
the presence of PCBs. While the data may be too limited to
attribute premature or unnatural biological endpoints in
individual members of particular species to specific PCB burdens
in such species, for the Upper Hudson River site this limitation *
is of no effect. While that limitation might not allow for any
meaningful analysis of the ecological risks present at a small
site, the Upper Hudson River is itself a large and significant
ecosystem that can and should be evaluated in a systematic rather
than an compart- mentalized way. Such an evaluation can proceed
on the existing database. That database shows a healthy
ecosystem, and one that is continuously becoming better balanced,
and more diverse.

As an example, because the condition of fish
bopulations in the Upper Hudson River has long been a concern due
to the presence of a variety of contaminants, the information on
fish populations in the Upper Hudson River is more extensive and
covers a wider time frame than information presented for
previously discussed communities. A review of this available
data shows that there haé been a qualitative improvement in the

fish population over the past 20 years. Species composition,
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diversity and abundance show relative well-being of the fish
populations in the Upper Hudson River. Studies show a diverse
fish community representing a variety of habitats.

Future assessment activities should include an
identification of the habitats which support these fish
populations so that such habitats are preserved when considering
remedial alternatives.

Even if the existing evidence is not conclusive
regarding the well-being of the Upper Hudson River ecosystem, it
is at least suggestive of such a hypothesis. GE, therefore,
believes that if any further ecological assessment work is to be
done as part of the RI/FS, it should be planned to test this"
hypothesis, because no evidence to suggest an alternative
hypothesis exists.

However, to do this, EPA must use correct methods, must
properly use and analyze data and literature, and must conduct a
proper data collection program. Even if EPA were to reject this
systematic approach and reiy instead on the approach to
ecological risk assessment set forth in the Phase 1 Report, EPA
must address the deficiencies in its Phase 1 analysis. The next
portion of these comments will address these subjects.

3.3.3 Methodological and Analytical Flaws in
The Phase 1 Ecological Assessment

The first step in an ecological assessment of the Upper
Hudson River ecosystem is to describe the existing setting or
baseline conditions in a manner that will allow an evaluation of

(a) its existing biological integrity; (b) the effect of the
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presence of PCBs on its integrity; and (c) the effect on such
integrity of actions to alter the existing PCB condition. The
Phase 1 Report's approach to evaluating baseline ecological risk

contains a number of major deficiencies including:

. Failure to Address Background Conditions

. Lack of PCB Occurrence Data Reflecting Current
Conditions

. Failure to Specify Endpoints

3.3.3.1 Failure to Address
Background Conditions

Since the function of an ecological assessment is in
part to demonstrate how PCBs in the Upper Hudson River affect the
biological integrity of the ecosystem, it is essential to isolate
the effect of PCBs in that site from the effect of other
conditions, whether anthropogenic or otherwise. To accomplish
this objective, an identification of background conditions is
reqﬁired.

The Phase 1 Report does not adeguately addfesé
background ecological conditions at the site. For example,
populations of aquatic organisms of various trophic levels in an
on-site reach of the river should be evaluated for population
demographics, density, variation, and general health. This data
should then be compared to similar population parameters
determined for organisms inhabiting a reference reach. Without
an identified background, there is no way to use the description

of the on-site ecosystem to accbmplish the goals of the RI/FS.
HRP 001 1599

140



3.3.3.2 Lack of PCB Occurrence Data to
Reflect Current Site Conditions

Both historical data and recent monitoring results ,
indicate that levels of PCBs are continuously declining in the"
river. Therefore, the data used for this baseline evaluation
must be current to developing a relevant and accurate
representation of existing site conditions. The Phise 1 Report
relies on the historical PCB data for water, sedimeﬁt, and biota.

Based on the the references cited by EPA;fdata selected
in the Phase 1 Report are generally two to five years pld.' Due
to the time lag between report preparation and data coliection,
these reports probably reflect site conditions no more réqent
than three to seven years ago. Given the observed naturai
decreases in PCB levels, use of this data without adjustmeﬁﬁ for
natural attenuation to reflect current time conditions is
inappropriate. 1In addition, to assess the effectiveness of
remedial alternatives, the data should be adjusted to reflect
conditions in 1993,'at which time any remedy would potentially
begin. Considering this time factor, the data cited in the Phase
1 Report becomes five to nine years out of date.

3.3.3.3 Failure to Specify Endpoints

RAGS II states that, based on the available information
concerning the site, contaminants, and likely exposure pathways,
the analyst should identify and select appropriate toxicological
endpoints for the assessment. 1In order to address»the
uncertainties associated with ecological risk, the level of study

must be identified. Endpoints can be evaluated ranging from
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death to sublethal effects such as altered population dynamics, .
reproductive potential and fecundity, species diversity, and
histopathology. The report discusses a variety of unrelated
ecologicalkendpoints. EPA does not identify the overall
ecological endpoints and goals for site evaluation.

3.3.4 Insufficient Data is Presented to Allow

Evaluation of Ecological Impacts During
the Remedial Selection Process

Superfund remedies are to be protective of the
environment. To achieve this goal, EPA must evaluate both the
benefits to the Hudson River ecosystem that will be achieved by
the implementation of the various remedial alternatives and the
detrimental impacts to the ecosystem that would result from such
implementation. Once baseline conditions are established, the
ecological risks and benefits of each remedial alternative must
be identified. These risks and benefits must be weighed to
select a remedy that is truly protective of the environment.

In other sections of this comment document, GE has
voiced its concern that removal or treatment of éontaminated
sediment in the Upper Hudson River will not achieve any great
ecological benefit, due to natural attenuation of PCBs, the
location of other sources of PCBs and the lack of any apparent
ecological risk attributable to the presence of PCBs in the Upper
Hudson. As the ecological benefits to be achieved by remedial
action are dubious at best, the detrimental impacts of remedial
alternatives must be carefu;ly examained. 4

The Phase 1 Report fails to address the adequacy of the

existing data to allow proper quantification of the damage and

po—
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risks to the ecosystem that would result from the implementation
of remedial alternatives, particularly dredging. EPA must
carefully analyze these potential adverse impacts and collect the
data necessary so a'proper assessment of the benefits versus
damages can be made.

EPA must define the aquatic ecosystem structure and its
reiationship to key habitats that will be impacted by dredging.
This will require that both emergent and riparian habitats be
mapped, classified and species dependent on those habitats be
'identified. Aquatic vegetation is mentioned as.being reported in
a 1933 survey along a portion of the Upper Hudson River study .
area. No recent inventories of aguatic macrophytes have been
carried out. The Phase 1 Report does not discuss the value of
aquatic macrophyte communities as habitat. Nor does the report
discuss potential impacts to macrophytes and associated fishery
habitats from dredging if that remediation option should be -
recommended. EPA must document the current site-specific
location, composition, and distribution of these important
macrophyte communities and aséociated aquatic and riparian
habitats before it can consider the impacts of remedial
alternatives.

Additionally, EPA will need to evaluate more thoroughly
the data on the benthic invertebrate community to determine if
their complete destruction during dredging will irreversibly
destroy the current benthic community structure. EPA will also.
need to determine if any invertebrate species will be adversely

impaired due to siltation that will occur during and after dredging.
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3.3.5 PCB Exposure Assessment

The purpose of an exposure assessment is to estimate

the contact a potential receptor may have with a contaminant and

the concentration of that contaminant at the point of .contact.

RAGS II makes clear that before the effects of a contaminant on

an organism can be evaluated, it is necessary to know how much of

the chemical is actually or potentially reaching the point of
exposufe. Because this potential for eprsure depends on the
interplay between the characteristics of the contaminant,vthe
organism and the environment, a valid ecological exposure
assessment must rely upon site-specific data. Recognizing the
limitations of available site-specific PCB exposure data, the
Phase 1 Report states that "the data available specific to PCBs
are inadequate to evaluate species, population and community

health dynamics which are necessary components of an ecosystem

approach" (p. B.7-19). Thus, the PCB exposure assessment in the

Phase 1 Report is inadequate due to the limitations of the
simplified ecological framework used for evaluation. 1In future
phases of evaluation current site-specific information must be
applied to the exposure assessment.

The Phase 1 Report mixes site-specific data with
general PCB occurrence aﬁd ecology information cited from the
literature. Although this approach is not invalid per se, this
mixing in the Phase 1 Report has potentially misrepresented
and/or obscured pertinent, realistic, site-related exposures.
failing to take into account the limitations of the available

.data and by neglecting to identify background PCB levels, the
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Phase 1 Report overstates the potential for ecological risk _
attributable to the éite-specific presence of PCBs. Further, EPA
did not propose activities or approaches which would correct.égis"
deficiency in future phases.

In addition to this pervasive problem, there are
specific weaknesses relating to the information pfe§ented in the
Phase 1 Report on exposure pathways, receptors (ind;cator
species), exposure quantification, and toxicity,»Which will be
discussed in detail below.

3.3.5.1 Exposure Pathways

A complete exposure pathway is defined by tr;Eking a
contaminant to an exposure point‘where a receptor may |
realistically contact the contaminant. The concentration of the
contaminant used to estimate exposure must be realistically
representative of the media and point of exposure. This matching
of exposure point concentration, location, and media with the
receptor is critical to evaluating food chain exposures and
potential ecological impacts. Such information is relevant both
to establishing a baseline and to evaluating any benefits that
would be achieved by implementation of various remedial
alternatives.

The Phase 1 Report fails to integrate the information
presented for pathways, indicator species, exposure
quantification and toxicity. The relationships between the fate
and transport of the contaminant to the sitefspecific exposure

pathways, exposure routes, potential receptors and habitats
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should be presented in the Phase 1 Report. Failure to do so
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results in confusion in interpreting the information in Section
B.7.3 and its relevance to current site-specific exposures.

3.3.5.2 Identification of Indicator Species
(B.703.2’ .

For an ecosystem as large and complex as the Upper
Hudson River, an exposure assessment can only realistically be
performed through the use of indicator species to represent the
various trophic levels. Although GE recognizes that the
selection of indicator species for the.Upper Hudson River
ecosystem may need to be driven in part by the availability of
data regarding various species, it is critical to the development
of a realistic site-specific exposure assessment that the i
validity of the selection and the applicability of the available
data to the site be assessed. The Phase 1 Report fails'tov
undertake such an assessment. Comments regarding particular
indicator species selected are presented below.

3.3.5.2.1 Herring Gulls

Birds can function as useful indicator species because
of their diet and sensitivity. 1Indeed, some of the best
available PCB toxicity data focuses on Herring Gulls. Hdwever,
most gulls found in the Upper Hudson River area are migratory,
thus data in the literature regarding habitats, feeding and |
breeding behaviors, and toxicity of PCBs must be adjusted to
reflect the conditions present in the study area.

The Herring Gulls is opportunistic in its feeding
habits; consequently, any generaliéation about its diet would be

invalid away from the immediate time and place of measurement.
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Herring Gulls frequent landfills, where they feed on wasted food,
and they have been known to eat such fare as bird's eggs and
berries. Thus, assuming a diet of 50 percent fish for Herring
Gulls along the Upper Hudson is probably not accurate. 1If
information were available for Hudson River Herring Gull diet and
PCB bioaccumul;tion, it would be difficult to genefalize from it,
because groups of gulls on different sections of the River
probably have widely varying diets, based on location of dams,
landfills, towns, etc.

Herring Gulls are not known to breed along the Upper
Hudson River, and are migratory. They breed along the Atlantic
Coast, in the Adirondacks, and around the Great Lakes, and would
occur along the Upper Hudson as winter visitors or sub-adult,
non-breeding visitors at other seasons (Andre and Carroll, 1988).
Any'one individual would probably only spend a portion of its
life along the Upper Hudson. Even if a bird spent every winter
on the River, it might be there no more than 50 percent of its
life.

Even if EPA were to collect Herring Gulls for analysis
from within the study area, these data limitations would remain..
Birds could theoretically ingest a contaminant in a different
system such as the Great Lakes, and be collected on the Hudson
River; it may be incorrectly assumed that contaminants were
locally ingested. 1In addition, if EPA were to rely instead on
reported data on Herring Gulls populations on the Great Lékes,

the difference in composition of the background contaminants
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would confound direct comparisons of exposure and toxicological
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effects between Herring Gulls on the Upper Hudson River with the
Great Lakes.

In the Upper Hudson River, few organochlorines other
than PCBs are present at potentially environmentally significant
levels. 1In contrast, the Great Lakes are thought to have the
highest contamination by chlorinated hydrocarbons in North
America (Vermeer and Peakall, 1977). The concurrent presence of
a large number of different organochlorine compounds, some of
which share structural and toxicological similarities to PCBs,
makes interpretation of results and derivations of conclusions
very complicated and sometimes impossible. The potential
additive, antagonistic, and synergistic relationships between the
various chemicals makes it difficult or impossible to determine
which are the principal contributors to the observed effects.
Recent research innovations and congener-specific analyses are
increasing the ability to define effects and derive conclusions.

The important factor is that the chemical exposure and
cumulative toxicological circumstances are probably much more
complicated in the Great Lakes than on the Hudson, making it
difficult to compare, with any degree of certainty, ekposure
qualifications, bioaccumulation factors (BAFs), and toxicological
endpoints from gulls on the Great Lakes to gulls on the Upper
Hudson. Because of the simultaneous occurrence of many other
toxic chemicals, a no-effect value for a single chemical derived

from research on the Great Lakes is probably a conservative one.
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3.3.5.2.2 Mink

EPA has selected mink as an indicator mammalian spe;ies 
based not on existence or prevalence in the area, but on the §§
availability in the literature of PCB toxicity data. Although'
the mink is a piscivorous mammal that inhabits regions of upstate
New York, data suggests that populations of mink élgng the river
itself are very small or nonexistent. Thus, the reievance of the
reported information to a site-specific ecological_fisk
assessment is dubious. Notwithstanding the questionable
relevance, the applicability of the available literatu}g data to
whatever minks do inhabit the Upper Hudson River area mhst be
examined.

Much of the information on the toxicity of PCBé iﬁ'mink
has been derived from observations of reproductive failure in
ranch mink that were fed Great Lakes fish contaminated with PCBs
and other organochlorines in the 1960's (Hartsough, 1965), and.
from laboratory feeding studies hsing similar fish stock '
(Aulerich et al., 1970; 1971; 1973; Ringer et al., 1981). To
date, there are over 30 studies examining chemical toxicityvto
mink with the majority emphasizing the effects from PCBs (Wren,
1991). Certainly, the accumulating toxicological data base on
the effects of PCBs in this species provide an opportunity for

species~specific comparisons to modeled or measured exposure

values for mink in the Upper Hudson River area. However, it is %
important to note that thg chemical exposures and cumulative . o
toxicological circumstances in the Great Lakes areﬁbrobably very =
different, if not more complicated, than the conditions on the 5

(-]

149



Upper Hudson. At the least, toxicity values derived from
research based on Great Lakes mink population are probably very
conservative. Future phaseé of the ecological risk assesgment
must take these limitations into account.
3.3.5.2.3 Brown Bullhead and Largemouth Bass

Brown bullhead and largemouth bass were selected as
indicators for fish species based upon data availability, rather
than upon the value of such data to an ecological risk
assessment. Their appropriateness to an ecological risk
assessment is questionable. The selection of indicator species
at various trophic levels must take into account the links !
between such trophic levels. Without such a link, the pathway is
incompleté, and the validity of the overall exposure assessment
is questionable, at best. The Phase 1 Report fails to show where -
these species fit into the pathway and how; based on linkage,
they are appropriate indicators.b

3.3.5.3 Exposure Quantification (B.7.3.3)

Once exposure pathways and receptors have been
identified, the next step in the assessment process is a
quantification of exposure. At this step, site specific
information is critical to a valid assessment. In dealing with a
system as dynamic as the Upper Hudson River, changes in PCB
concentrations and constituents ére expectéd, and have been found
to occur. Without current data on levels of PCBs in both abiotic
and biotic components of the Upper Hudson River, exposure

quantification errors are greatly magnified.
HRP 001 1609
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In addition, current knowledge of PCBs is expanding in
the area of toxicity differences of PCB cohgeners. Saying that a
certain amount of PCBs is harmful or fatal to an organism is now
considered to be fairly meaningless, because the toxicity of
highly chlorinated, coplanar PCB congeners differs dramatically
from less-chlorinated ones. The impact of these flaws, and other
analytical problems are discussed below for the various media
present in the Hudson River.

3.3.5.3.1 VWater ‘

The discussion of PCBs in water should provide
information concerning solids concentrations in the water. Weré
the samples filtered and how much variation of PCBs in the water
column is related to solids content? This information is
iﬁportant in the assessment of PCBs available to biota in the
water column through suspension of contaminated solids.

3.3.5.3.2 8ediments

Information concerning sediment depths used in the PCB
exposure analyses should be provided. Surface sediments are
nofmally more available ﬁo the biota than deeper sediments.
Therefore, if the surface sediments are different than the deeper
sediments, then the use of PCB concentrations found in deeper
sediments to determine toxicity potential to benthic animals may
result in misestimation of the concentrations of PCBs available

to biota through this exposure route.
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3.3.5.3.3 Herring Gull
To guantify the exposure of herring gulls to PCBs, the
Phase 1 Reports relies upon available information regarding fish
PCB concentration. As a result, the estimated exposure may be

incorrect for several reasons:

. Herring gulls are opportunistic feeders, and may
not in fact be consuming the estimated levels of
fish.

. The relationship to amount of PCBs ingested and

the tissue levels in birds is unknown.

The EPA report assumes that 50 percent of the herring
gull's diet is comprised of fish and that an adult gull consumes
an average of about 20 percent of its body weight each day. The
first factor, the percentage of fish in the diet, can vary
markedly among individuals and among gull populations. The
Vdesign of the Phase 2 data collection program should include a
component to obtain specific information on this for the
"indicator" gulls breeding along the Upper Hudson River. It is
probable that this population of gulls secures more of its food
resources from upland fields and municipal waste disposal sites:
than do gulls breeding on offshore islands in the Great Lakes.
This would reduce the overall proportion of fish in the diet. A
more diverse feeding ecology is expected in populations of
migrant gulls whose individuals become exposed to and accustomed
to feeding in different habitats and on different food types
during migratory transit and at their wintering locations.

To estimate the quantity of PCBs consumed by gulls, the

assessment uses total PCB concentrations for the three fish
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species in the Upper Hudson River for which recent analytical
information is available. Two errors appear in this assessment:
. 3
. Instead of using mean PCB concentration values,
the 95 percent upper confidence bound of the mean

(95 percent CB = mean + t (0.975)) -+ SE) was used
for the exposure assumptions.

. The fish species comprising the analyzed data set
(Largemouth Bass, Pumpkinseed, Brown Bullhead) are
larger in body mass in comparison to 'the forage
fish that gulls typically feed on. Being at a
lower trophic level than bass and pumpkinseed,
shiners (forage fish) probably have lower body
burdens of PCBs. Moreover, the bullhead is a
bottom feeder that is not prone to being taken by
herring gulls. The range of 95 percent upper
confidence bound concentrations in the fish that
were assumed in EPA's assessment is 2 to-50 ug/g.
Adjusting this range to meet the assumption that
50 percent of the gull's diet is fish, gives a
dietary range of 1 - 25 ug/g. If values for the
bullhead are not considered, the range becomes 3
to 13 ug/g and the adjusted range 1.5 to 7.5 ug/g.

In Table B.7-1 of the Phase 1 Report, the daily rate of

PCB intake by the herring gull (listed as 0.1 - 5 ug/g body

weight/day) is in error. The correct range, using EPA's data énd
assumptions, is 0.1 - 2.5 ug/g/day. |

To calculate estimated whole body concentrations of
PCBs in herring gulls and their eggs, EPA used empirically-
derived bioaccumulation factors from residue analyses performed
on biota inhabiting the Lake Ontario basin. The BAFs are
tabulated in Braune and Norstrom (1989); they relate PCB
concentrations in the Alewife prey of gulls, to PCB
concentrations in gull eggs and to body burdens in adults. These
BAFs were used in conjunction with the range of concentrations of
PCBs in Upper Hudson River fish to estimate the ranges of body

and egg burdens that are listed in Table B.7-1 of the Phase 1
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Report. While these BAFs are probably very useful for describing. —
concentration relationships between prey and gulls on the Great
Lakes (where herring guils are year-round residents), they are
invalid for use on the Hudson River because these gulls are
migratory.

Adult gqulls inhabiting the Lake Ontario environs are
continuously at steady state with respect to PCBs (except for thew
temporary dip in female PCB levels associated with translocation
of contaminants to the eggs), whereas migrant individuals may
never reach steady-state kinetics and are especially unlikely to
be in steady-state condition at the time eggs are deposited. :
Accordingly, applying a BAF determined for birds at steady state
to birds (and tﬂeir eggs) at less than steady-state levels
results in overestimation of body and egg concentrations. o
Depehding on the specific accumulation and depuration kinetics,
this overestimation could prove to be substantial.

In its Phase 1 assessment, EPA used BAFs that'were
calculated based on total PCB concentrations. Braune and
Norstrom (1989) also tabulated BAF values for all the PCB
congeners that were detected in Alewife, Herring Gulls, and gull
égg samples. This tabulation demonstrates major congener-
specifid differences in bioaccumulation between fish and gulls.
The preferential and sometimes dramatic accumulation of non-ortho
chlorine substituted PCB congeners in higher animals, relative to
the total mix of congeners in tﬁe original commercial PCB mixture
and the biota lower in