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Ms. J. Lyn Cutler 
Section Chief, Special Projects 
Bureau of Waste Site Cleanup 
Department of Environmental Protection 
436 Dwight Street 
Springfield, MA 01103 

Mr. Bryan Olson 
U.S. Environmental Protection Agency 
Waste Management Division 
J.F. Kennedy Federal Building 
HRR-CAN3 
Boston, MA 02203 

Re: DEP # 1-0147P; EPA Area 6 
Housatonic River Site 
Work Plan for Ecological Risk Assessment 

Dear Ms. Cutler and Mr. Olson: 

As discussed at our risk assessment meeting last October, GE's risk assessment 
consultants have prepared, on our behalf, a Work Plan for the Ecological Risk Assessment of 
the Housatonic River Site. Copies of that work plan are enclosed. The work plan proposes 
to rely in part on existing studies and also to conduct a number of additional studies in order 
to complete an ecological risk assessment for the Housatonic River and its floodplain. 

One issue of particular note relates to the proposed schedule. As we advised you at 
our meeting last October, the proposed studies would need to begin by about April 1 in order 
to complete the majority of activities in 1995. This is due to seasonal constraints on several 
of the proposed activities. For example, the proposed fish reproductivity study requires that 
samples of white sucker and largemouth bass be collected during their breeding seasons 
(April and May, respectively). Similarly, the frog reproductivity study requires collection of 
frog samples in the spring, during their breeding season. As another example, the proposed 
study of great blue herons requires that our consultants work with the Massachusetts Division 
of Fish and Wildlife during their next regularly scheduled survey of heron hatching success, 
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which is scheduled for June 1995. Other proposed studies are also seasonally dependent, as 
discussed in the work plan. 

For these reasons, the schedule set forth in the work plan has been developed on the 
assumption that the Agencies' approval of the work plan is obtained by April 1. We realize 
that this is a very short time for review, particularly given the number of other documents 
pending with the Agencies. Unfortunately, if the Agencies' review is not completed until 
later, it will be necessary to develop and submit a wholly revised schedule. The current 
schedule cannot simply be shifted to later months in the same order due to the seasonal 
constraints on particular activities. 

Please let us know how you would like to handle the review of this work plan. We 
would like to meet with you and the Agencies' ecological risk assessment personnel to 
discuss this work plan. We are available for such a meeting when the Agencies are ready to 
do so. 

We look forward to discussing this work plan with you. 

Sincerely yours, 

John D. Ciampa 
Project Manager 

Enclosure 

cc:	 Alan Weinberg, DEP 
Robert Bell, Esq., DEP 
Stephen F. Joyce, DEP 
Stephen P. Winslow, DEP 
Margaret Harvey, DEP 
Gary B. Gosbee, EPA 
Douglas J. Luckerman, Esq., EPA 
Celeste Philbrick Barr, EPA 
Ronald F. Desgroseilliers, GE 
Andrew J. Thomas, Jr., Esq., GE 
Kenneth D. Jenkins, Ph.D., Jenkins, Sanders & Associates 
Ellen S. Ebert, ChemRisk 
Stephen D. Martin, Ph.D., S.G. Martin & Associates 
James Chadwick, Chadwick & Associates 
Daniel Woltering, Ph.D., ENVIRON 
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1.0 INTRODUCTION 

This document constitutes a work plan for the performance of an ecological risk assessment for the 

Housatonic River site. It has been developed, on behalf of the General Electric Company (GE), by 

ChemRisk, the risk assessment division of McLaren/Hart Environmental Engineering, in 

conjunction with Jenkins, Sanders & Associates, S.G. Martin & Associates. Inc., Chadwick & 

Associates, and ENVIRON. This work plan has been developed for submission to the U.S. 

Environmental Protection Agency (EPA) and the Massachusetts Department of Environmental 

Protection (DEP), sometimes referred to jointly herein as the "Agencies." 

The purpose of this risk assessment will be to evaluate whether a significant risk of ecological 

harm may be associated with exposure of ecological receptors to chemicals in soil, sediment, and 

surface water of the Housatonic River site that are related to past or present activities at the GE 

facility in Pittsfield, MA. As defined by the EPA (1992), ecological risk assessment is a process 

that evaluates the likelihood that adverse ecological effects may occur or are occurring as a result of 

exposure to one or more stressors. While ecological risk assessments cannot provide absolute 

proof of adverse impacts or lack thereof (EPA, 1989a), they can provide the quantitative basis for 

comparing and prioritizing risks, as well as a systematic means of improving the understanding of 

risks (Suter, 1993). They can be used to help identify environmental problems, establish priorities. 

and provide a scientific basis for regulatory actions (EPA, 1992). 

This work plan describes GE's plan for evaluating potential risks to ecological receptors in the 

Housatonic River valley that may be presented by chemical releases from the GE fac i l i ty . The 

ecological risk assessment for the Housatonic River site will generally follow the approach outlined 

by the EPA in its 1992 Framework for Ecological Risk Assessment, as well as the approach 

outlined in the Massachusetts Contingency Plan (MCP) (DEP, 1995) for environmental risk 

characterization. In accordance with the EPA (1992) framework, any physical, chemical, or 

biological entity that can induce an adverse response is referred to as a stressor in this work plan. 

The work plan provides a summary of the scientific literature related to potential effects of those 

stressors on environmental receptors, identifies receptors and endpoints of most importance based 

on literature studies and site-specific conditions, summarizes studies that have been conducted to 

date to evaluate the ecosystem, and proposes tasks to collect additional data in order to more ful ly 

characterize potential ecological risks. 
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An ecological risk assessment may be predictive or retrospective Predictive assessments are 

generally performed in advance of the introduction of a potential stressor to an ecosystem, such as 

while a site is being selected for the construction of a waste disposal facility or in advance of a 

permitted discharge Predictive assessments generally require the application of mathematical 

models of food webs to simulate the transfer of a chemical from sediment, soil, or water to lowei 

levels of the food web and from these lower trophic levels to highei trophic levels This modeling 

approach tends to focus on potential effects on individual organisms and assumes that effects 

predicted to individuals can result in effects at the population or community level In contrast, 

retrospective assessments are conducted for sites where stressors weie historically introduced, 

such as river leaches downstream of industrial facilities At such sites, it is possible to use field 

observations and commumt}-level data to determine if wildlife are adversely affected b\ the 

stressor 

While modeling is a useful tool for predicting potential effects, it generally requires substantial 

extrapolation Due to the fact that specific data are generally not available foi the species of 

interest, the toxicological data used are usually derived from studies of laboratory animals which 

must then be extrapolated to natural species Interspecies extrapolations are known to introduce 

considerable uncertainty into an analysis In addition to differences between species the 

tremendous variation in natural populations compared with their laboratorv counterparts w i l l 

oftentimes limit the apphcabilitv of laboratory results to field situations Furthermoie, conditions 

in the wild vary considerably from laboratory conditions due to competition habitat vanabihu and 

predation, and, as a result, laboratory data which are obtained undei artificial conditions ma\ be of 

limited use in predicting what will actually occur in the natural ecosvstem In addition, because 

the input data on toxicity that are required by such models are very limited and are not compiled in 

a single guidance document or database, it is necessarv to conduct a comprehensive literature 

review, compiling a range of toxici ty criteria These studies and data must then be critical 1\ 

evaluated for applicability to the receptors and stressors of interest In the absence of toxicit\ 

criteria handbooks, criteria for selecting i n p u t data and the va lues themselves mav v a r v 

substantially among risk assessors 
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Food web models are limited in their ability to accurately simulate varied food sources for different 

species and for individuals within a species (SAB, 1994). Typically, modelers may input the 

fraction of the diet assumed to be derived from a limited number of locations (e.g., contaminated 

vs. uncontaminated) and/or food group (e.g., vegetation, invertebrates, small mammals). Usually, 

these proportions are assumed to remain constant over time and to be uniform for all individuals 

within a species. In reality, the diets of most free-ranging individuals are extremely variable. 

Because models cannot adequately simulate the dynamics of feeding behavior, considerable 

uncertainty is introduced with respect to the transfer of chemicals up the food web. Conservative 

assumptions regarding diet are generally used to accommodate this uncertainty; however, the result 

is almost certainly an overprediction of potential exposure. 

It is difficult, if not impossible, to adequately simulate the effects of both competition and predation 

in the natural environment. The fundamentals of population ecology assert that the health of a 

community is a function of all interactions within and among species (Begon and Mortimer, 1986). 

as well as of physical and chemical stressors. The primary types of interactions among species are 

competition and predation. While predation is often the focus of food web models, competition 

also plays a critical role in the utilization of limited resources, such as food, water, and breeding 

territory. By neglecting competition, food web models may substantially over- or underestimate 

actual exposure. Finally, modeling procedures cannot account for synergistic or antagonistic-

effects of more than one chemical stressor. Instead, the risk assessor is left with only two options: 

either consider the effects of two or more stressors to be additive, or ignore the potential effects of 

the secondary stressor. Either option can lead to underestimates if synergy is present. 

In contrast with predictive modeling, the retrospective procedure ascertains whether diversi ty, 

density, and reproductivity of wildlife living in contaminated areas lie within normal ranges as 

reported in the literature, or whether they compare favorably to populations inhab i t ing 

uncontaminated reference areas. By monitoring the actual ecosystem potentially at risk, this 

approach determines whether wildlife are healthy and if the ecological system on which they 

depend is functional. However, a number of confounding factors can limit the effectiveness of the 

retrospective approach. For example, this process may not be sensitive enough to l ink adverse 

effects with specific environmental conditions, due to the natural variability and variety of 
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additional stressors that may be present in a given ecosystem In addition, it may not be able to 

provide insight into potential effects to receptors with low population densities 01 very large home 

ranges 

Given the high level of uncertainty associated with predicti\e modeling, such modeling will not be 

undertaken in this ecological risk assessment At the same time, lecognizmg the potential 

insensitivities in the retrospective approach, several types of retiospective studies will be 

undertaken in order to develop multiple lines of evidence Some of these studies will focus on 

evaluating biotic communities, while otheis will be aimed at assessing specific toxic effects on 

cntical endpomts, notably reproductive success, foi certain species 

This assessment will focus on the potential effects on receptors of chemical stiessors in materials 

deposited in surface wateis , sediments, and flood plain soils of the mei system Consistent wi th 

the MCP, EPA(1989a,b 1994a b) Suter (1990, 1993) Maughan (1993) and Burgei (1994) this 

assessment will tocus on adverse effects that aie of biological 01 ecological s ignif icance at the 

subpopulation, commumtv,, or system-wide level In most cases, this w i l l be done bv direct 

measurement of endpomts at the subpopulation, community 01 system-wide l e v e l Howeve i in 

cases where direct measurements ot population effects are not feasible effects such as reproductive 

success, which are iclevant to the population as a whole, wil l be evaluated 

1 . 1 Purpose and Objectives 

The purpose and ob]ectives of the tasks outlined m this work plan will be to determine whethei 

histoncal releases from the GE faci l i ty to the Housatonic Rivei site have 01 could be expected to 

adversely affect terrestrial 01 aquatic oigamsms which have potential foi exposure to icleases A 

nsk will not exist unless the stressoi of concern is capable of causing an adverse effect and an 

ecological receptor has the opportunity to co-occur 01 come into contact with that stiessor foi a 

sufficient length of time and at a sufficient concentration to elicit the ef fec t (EPA, 1992) 

The risk assessment will identify those ecological receptois that have a s ignif icant potential tor 

exposure to chemical stressors released from the GE facili ty In addition it will ident i fv based on 

the most current ecotoxicological literature, those taxonomic groups that aie expected to be 

particularly sensi t ive to the ef fec ts of those chemical stressors and the lexicological endpomts 
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most likely to be of concern for those receptor groups It will outline the linkages between 

receptors, their routes of exposure, and the critical effects (if any) resulting from those exposures 

In addition, it will outline the linkages between measurement and assessment endpomts Finally, it 

will provide the linkage between assessment endpomts and determination of risk of harm and will 

use a weight-of-evidence approach to determine whether theie is a significant risk of harm to the 

ecosystem of the Housatonic River site 

1.2 Approach 

Consistent with the approach suggested b\ EPA's Fiame\\oik for Lcoloqital Risk Assessment 

(EPA 1992), the basic framework of orgam/ation followed for this e\aluat ion w i l l consist of thiee 

phases (1) problem formulation, (2) data collection and analysis and O) risk characten/ation The 

following descriptions of the components and ob]ecti\es of each ot these three phases aie largeh 

excerpted from EPA's (1992) Framework Document 

Pwblem Formulation 

Section 2 0 of this work plan piesents the problem formulation phase of the risk assessment 

While this document is intended to provide a work plan foi completing tht ecological nsk 

assessment problem formulation must be considered early in the piocess to establish the goals 

bieadth and focus of the risk assessment and to identi ty sampling needs Pioblem loimulat ion is 

essentially a planning process that identifies and describes the majoi factois to be considered in the 

assessment such as the chemical and/or physical stiessors of interest their beha\ 101 in the 

environment, and their sources, distributions, and concentrations It also iden t i f i es the ecosystem 

potentially at nsk, its geography, topography climate vegetation, habitats, and species 

composition Based on this information, endpomts - measurable responses of the ecosvstem to the 

stressoi(s) - are selected foi study The end product of the pioblem formula t ion stage is a 

conceptual model that identifies characteristics of the ecos>stem to be momtoied and data needed to 

evaluate those endpomts 
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Data Collection and Analysis 

During the data collection and analysis phase, the ecological data necessary for evaluating those 

endpoints selected during problem formulation are collected and analyzed. These data are critically 

evaluated in an effort to relate exposure to the stressor(s) and understand potential ecological 

effects. Based on the available data, an exposure profile is developed to characterize potential 

exposure of biota to the stressor(s). To the extent possible, the exposure profile characterizes the 

pathway, location, and timing of exposure events. In addition to the exposure profile, an 

ecological effects profile is developed during the analysis phase in which the observed or predicted 

effects of the stressor(s) are described. In addition to describing the actual effects observed or 

predicted, evidence of a causal relationship between the stressor(s) and the effects is evaluated. 

Section 3.0 of the work plan discusses the data collection and analyses planned for the ecological 

risk assessment. It provides a summary of studies that have been conducted to date for the 

receptors and endpoints selected in the problem formulation stage, and outlines additional tasks 

which are proposed to fill data gaps and more fully characterize the ecosystem of the Housatonic 

River site. 

Risk Characterization 

The risk characterization phase develops quantitative or qualitative estimates of risk by integrating 

the exposure profile and effects profile. Risks are described for each endpoint and the overall 

ecological impact is determined by weight-of-evidence. In perhaps the most critical element of the 

risk assessment, the ecological significance of the predicted or observed effects is discussed. 

Finally, the risk characterization phase analyzes the uncertainty associated with each element of the 

assessment and summarizes overall confidence in the conclusions. 

Section 4.0 of the work plan presents the approach that wil l be used to complete the risk 

characterization phase of the assessment. It discusses how the results of analyses completed 

during the data collection and analysis phase will be integrated and weighed in order to determine 

whether releases from the GE faci l i ty have or could be expected to adversely affect the river 

ecosvstem. 
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1.3 Description of the Housatonic River Site 

While the Housatonic River Site is described in detail in Section 2 0, the following description 

provides a brief introduction to the overall site The Housatonic Rivei is formed at the confluence 

of the West and East Branches of the Housatonic Ri\er in Pittsfield, Massachusetts It flows south 

through western Massachusetts for approximately 49 n\er miles wheie it enters the state of 

Connecticut approximately one mile north of Canaan Connecticut From there it continues an 

additional 83 miles south through Connecticut to Long Island Sound A number ot tnbutanes 

enter the river as it flows southward, including Hop Brook the Williams Rivei the Green Ri\ei 

and Schenob Brook in Massachusetts, and the Ten Mile Stil l Shepaug Pompeiaug and 

Naugatuck Rive is in Connecticut (Blasland & Bouck, 1991) 

Land use on the flood plains ol the Housatonic Rivei is \anable Between the GL taul i tv and Elm 

Street Bridge land use is primarily urban, characterized by eithei commercial indus t r ia l 01 

undeveloped urban land with some high density urban neighborhoods composed pnmanh of one 

and two-famil} homes As one mo\es downstream towaids Holmes Road the land use is 

primarily residential wi th population density decreasing downstream Below Holmes Road the 

predominant land uses are forested land wetlands, and agricultural land Much of the forest and 

wetlands are owned and maintained by the Massachusetts Department of Fishenes and \\ i ldhte 

(MDFW) as the Housatonic Valle\ Wildlife Management Aiea (HVWMA) 

To the west of the n \e i , in the aiea between New Lenox Road Bridge and Vv oods Pond Dam 

theie is a large tract of undeveloped land that is owned and maintained b> the VIDPVv I his aiea is 

composed pnmanl) of forest 01 wetlands, with a small number of shrub meadow s \o developed 

roads or residential properties are included in this area To the east of the R ive r below New Lenox 

Road is October Mountain Road and the October Mountain State Park Theie are a small numbei 

of residences along this road South of Woods Pond the met meanders thiough a numbei of 

small towns Development in this area is pnmanlv residential in the uppei aiea and agncultural as 

the river moves towards Connecticut 

Sediment and flood plain sampling to date have indicated that polychlonnated biphenvls (PCBs) 

notably Aroclor 1260, constitute the pumary chemical of concern PCBs have been detected in 

surface watei (at very low levels) and in sediments flood pla in soils and b io ta ot the r i v e i 
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Sampling of flood plain soils indicates that the extent of soils with PCB levels higher than 1 0 ppm 

is generally contained within the approximate 10-year flood plain of the river and is tor the most 

part found in the river stretch between the GE facility and Woods Pond Dam (Blasland & Bouck, 

1991. 1992a) Similarly, the highest PCB sediment concentrations are found in depositional areas 

between Pittsfield and "Woods Pond Dam, with the highest consistent concentrations detected m the 

area between New Lenox Road and Woods Pond Dam PCBs ha\e also been detected in the 

tissues of fish obtained from Woods Pond, Rising Pond and other downstream reaches ot the 

n\er 

Although the Housatonic Ri\er site also encompasses SiKei Lake, which is located adjacent to the 

GE facility, this work plan does not address SiKei Lake His to r ica l ly , S i lve r Lake has leceived 

stormwater runoff from several municipal outfalls in addition to tieated process \\ atei non contact 

cooling watei, and stormwatei fiom a portion of the GE facihtv (Blasland, Bouck <k Lee 1994a) 

As a result, Silver Lake contains more constituents at generally higher concentrations than those 

found in the Housatonic Rivei In addition, the ecosystem ol Sihei Lake is considerablv d i f f e r e n t 

from that of the Housatonic Ri \e i Its location wi th in a highly urbanized section ot Pit tst ield 

results in essentially no substantial habitat to support terrestnal wildlife Thus, w h i l e it is possible 

that some birds could occasionally teed tiom the lake, it is un l ike ly , due to the high levd of 

disturbance and human act iv i ty that these birds would \ isi t the aiea on a l iequent basis 

particularly when there aie othei less disturbed feeding aieas nearby Finally the aquativ. habitat of 

Sihei Lake differs from that of the Housatonic in that i t is a lotic ecosvstem w i t h deep sediments 

containing a number of d i f f e r e n t chemical contaminants Foi these reasons Gt proposes to 

address the potential ecological risks at Silver Lake separately from the lest oi the Housatonic 

River site A separate proposal outlining the proposed approach toi evaluating potential ecological 

risks at Silver Lake will be submitted at a latei date 

1.4	 Relationship of the Health and Environmental Assessment to the Regulatory 
Process 

The RCRA Corrective Action Permit issued by the EPA to GE effect ive January 1 1994 requires 

that a Health and Environmental Assessment (HEA) be conducted for the site Under that permit 

GE is required to i d e n t i f y the env i ronmenta l systems that may be exposed to cons t i t uen t s ol 



ChemRisk^ - A Division of McLaren/Hart 
February 28, 1994 
Page 1 9 

concern, and to include a proposal for determining risks to the environment as a result of past or 

ongoing releases from the facility 

Similarly, the MCP requires that an environmental risk characterization be undertaken in order to 

determine \vhether a level of "no significant risk of harm to the envnonment" exists or has been 

achieved at a disposal site (310 CMR 40 0900, 40 0995) This analysis is required in order to 

pro\ide information that will help regulatory agencies evaluate the need for lemediation of the site 

There are three basic approaches to ecological risk assessment under the MCP The fus t t \vo are 

chemical-specific (Methods and 1 and 2) and compare media concentrations w i t h standards that 

have been de\eloped by Massachusetts DEP These methods ma} be used it contaminants on-site 

are limited to soils and groundsatei If, howevei contaminants are present 01 aie l ikeK to migiate 

at potentially significant concentrat ions to othei media foi w h i c h standards ha \e not been 

de\eloped, then Method 1 cannot be used alone In this case, there are t\\o options ava i lab le to the 

risk assessoi a) eithei use Method 1 lor soils and groundwatei and Method 3 toi othei media 01 

b) complete a Method 3 risk assessment that is site-specific and consideis specific exposuie 

patterns and contaminant distributions Because sediments of the Housatonic Ri \e i have been 

shown to contain PCBs and because GE intends to conduct a site-specihc evaluat ion ol ecological 

risks at the site this risk assessment w i l l utilize a Method 3 analvsis 

Within Method 3, there are two stages of evaluation The fust , known as a Stage I envi ronmenta l 

screening is used to identity all potential exposuie pathways and to conduct a sueenmg l e v e l 

analysis to determine it there is potentially significant exposuie' ol envi ronmenta l icceptors to 

contaminated media II it can be shown that this potential does not exist , then then, is no need to 

conduct a Stage II analysis II, howevei, the potential loi significant exposure cannot be ruled out 

it is necessary to proceed with a Stage II environmental assessment Because the potential loi 

wi ld l i f e exposure to contaminated sediments surface watei and soils exists at the Housatonic 

Rivei site, a Stage II anaKsis wi l l be conducted and a site-specific assessment w i l l be completed 

This nsk assessment wi l l be conducted in accordance with the RCRA Corrective Action Permit and 

the MCP It will also take account of pertinent EPA and DEP guidance including 

EPA, 1992 riame\\otkfoi Ecoloqital Risk Assessment 
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•	 EPA, 1989a, Risk Assessment Guidance for Supetfund, Volume II 
Environmental Evaluation Manual, Interim Final, 

•	 EPA, 1989b, Ecological Assessment of Ha:aidous Waste Sites 4 Field and 
Laboratory Reference, 

ECO Update Bulletins, a series of updates to EPA (1989a) issued intermittently by 
the Office of Solid Waste and Emergency Response, and 

•	 The Massachusetts DEPs guidance for conducting ecological nsk assessments 
(which is currently under development by the DEP) when it is finalized and 
available 
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2.0 PROBLEM FORMULATION 

As defined in EPA's (1992) Framework for Ecological Risk Assessment, problem formulation 

establishes the goals, breadth, and focus of the overall assessment In its most complete form, 

problem formulation includes a preliminary characterization of exposure and effects and an 

examination of scientific data and data needs, policy and regulatory issues, and site-specific 

factors, its purpose is to define the feasibility, scope, and objectives for the ecological risk 

assessment In short, this stage provides an early identification of key factois to be considered in 

order to produce a scientifically sound risk assessment EPA (1992) recommends several 

interrelated efforts within the larger problem formulation stage These include the definition of 

stressor characteristics, identification of the ecosystem potentially at risk, discussion of ecological 

effects, selection of endpomts, and development of a conceptual site model Each aspect of 

problem formulation is necessary to the selection of methods of investigation and as such is 

critical to the development of the work plan 

2 .1 Stressor Characteristics 

A multitude of factors may act to stress the Housatonic River valley ecosystem including both 

physical and chemical stressors Physical stressors may include both natural and anthropogenic 

events, such as extremes in natural conditions, habitat alteration, direct manipulation of wildl i fe 

and resource management practices Chemicals which were historically int ioduced to the 

Housatonic River system thiough industrial, municipal, and agricultural practices could potentially 

stress the ecosystem through direct toxic effects on the species present 

2 . 1 . 1 Physical Stressors 

Several natural conditions may stress the Housatonic Ri\ei valley ecosystem including Hooding 

storms, and extreme temperatures Flooding may result in drowned individuals and destruction of 

food resources, nests, and cover Depending on the timing of floods, individuals may simply 

establish their breeding and foraging territories in different locations during periods of flooding 

Storms, with their associated precipitation, winds and extreme temperatures can stiess wi ld l i fe 

through starvation, freezing, drowning, and nest destruction or abandonment Such extremes in 

weather are not unusual in Massachusetts 
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The most evident anthropogenic physical stressor at the Housatonic River site is habitat alteration 

and destruction Alteration of habitat along the Housatonic River is most apparent within the city 

of Pittsfield, upstream of the New Lenox Road bridge Within this reach, residential, commercial, 

and industrial structures have been constructed, oxbows have been filled, native vegetation has 

either been completely removed or replaced with ornamental shrubs and grasses, and the river 

channel has been straightened for flood control purposes In many areas upstream of the New 

Lenox Road bridge, these activities have resulted in the complete removal of suitable foraging and 

nesting habitats, thereby preventing wildlife from establishing territories in these areas Where 

habitats have not been entirely destroyed, they have been substantially fragmented by buildings, 

parking lots, and roads The roads which dissect the ecosystem of the Housatonic Rivei \al le> 

limit the natuial (and necessary) movements of wildlife as they forage a situation analogous to an 

island existence (Diamond and May, 1976) The basic theoiv of island biogeogiaphv was 

elucidated by MacArthur and Wilson (1967) According to the theoiv- island si?e is of gieat 

importance to the number of species that will inhabit the island Immigration and ext inct ion lates 

intersect to define the equilibrium species number foi an island Smallei islands exhibit lowei 

immigration rates and higher extinction rates, which lowers the equilibrium species numbei 

Ecosystems that are fragmented, such as those in the upper Housatonic River valley cieate small 

islands capable of supporting only small populations of a limited number of species (Love)oy and 

Oren, 1981) 

In the HVWMA downstream of the New Lenox Road bridge, physical stressois associated wi th 

development aie replaced by hunting, trapping, and resource management practices Wildlife 

species legally hunted in Massachusetts include crow, turkey, ruffed grouse, pheasant quail , 

various waterfowl, snowshoe hare, cottontail rabbit, opossum, raccoon, fox, covote bobcat gra> 

squirrel, ]ackrabbit, black bear, deer, bull frog, green frog, and snapping turtle (MDFW 1992) 

Species legally trapped in Massachusetts include fox, coyote skunk opossum weasel bobcat 

fishei, mink, raccoon, otter, muskrat, and beaver (MDFW, 1991) Since HVWMA is act ively 

managed to promote hunting and trapping and since representatives of nearly all levels of the food 

web may be legally hunted 01 trapped, these activities could stiess the overall ecosystem it 

overharvesting were to occur In addition to the direct effects of ki l l ing w i l d l i f e icsource 

management piactices, such as mowing, may stress the ecosystem bv l imit ing covei for feeding 
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nesting, and rearing young for those species not targeted for promotion. Additionally, competition 

for food resources is likely increased because of the mowing regularly conducted in HVWMA, 

while genetic and species diversity may be decreased. 

2 .1 .2 Chemical Stressors 

In addition to the physical stressors described above, chemical contaminants may also stress the 

ecosystem of the Housatonic River and flood plain. Most of the chemical sampling and analysis 

activities to date in these areas have focused on PCBs, since PCBs are believed to be the primary 

chemical constituent of concern in the Housatonic River system. These activities have shown the 

presence of PCBs in the sediments, surface water, flood plain soils, and biota of the river, as 

discussed further below. 

Some limited sampling and analysis activities have also been conducted for other const i tuents . 

Specifically, as part of prior MCP investigations, the sediments and surface water upstream of. 

adjacent to, and downstream of the GE facility were sampled and analyzed for the Appendix IX+3 

constituents (40 CFR Part 264). These data were reported to the Massachusetts DEP and EPA 

(Blasland & Bouck, 1991, 1992a). The Appendix IX+3 data on sediments showed the presence 

of a number of organic and inorganic constituents in sediments adjacent to or downstream of the 

GE facility. However, an evaluation of these data indicated that: (a) the inorganic const i tuents 

were either found at concentrations within the range of concentrations detected in upstream 

sediments or flood plain soils or else were found only in localized areas and not at fur ther 

downstream locations; and (b) the organic constituents detected downstream of the GE faci l i ty 

were found only at low levels and in one or a few localized areas (Blasland & Bouck. 1992a). The 

Appendix IX+3 surface water data showed the presence of several inorganic constituents, as well 

as a few organic constituents (detected only under low-flow conditions). An evaluation of these 

data indicated that: (a) the downstream concentrations of the inorganic constituents were generally 

comparable to upstream levels; and (b) the few organic compounds detected during low-flow 

conditions were found only in localized areas and not in farther downstream locations (except for 

chlorobenzene, which was detected in the three farthest downstream locations sampled) (B las l and 

& Bouck, 1992a). 
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In general, these prior sampling data do not appear to indicate any system-wide distribution of non-

PCB constituents in the Housatonic River. However, GE is currently conducting additional 

sampling of the river sediments, surface water, and flood plain soils for Appendix IX+3 

constituents, under the MCP Supplemental Phase II/RFI Proposal (Blasland, Bouck & Lee, 

1994a), which was approved by the Massachusetts DEP and EPA in September 1994. Results 

from this additional sampling have not been considered or evaluated in developing this work plan, 

since the sampling is not complete. 

Based on the findings described above, this work plan focuses on PCBs as the principal chemical 

stressor of concern in the Housatonic River system. It should be noted, however, that the field 

and laboratory studies proposed herein, which will evaluate biota actually inhabiting the 

Housatonic River and floodplain, would also account for other constituents (if any) released by GE 

into the Housatonic River. In any case, in the event that the current sampling program should 

identify additional chemicals in the Housatonic River or flood plain that can be attributed to GE 

releases, and if such findings would affect the activities described in this work plan or require 

additional studies, an addendum to this work plan will be submitted to the Agencies to address 

those issues. Further, the Supplemental HEA Proposal/Risk Assessment Scope of Work to be 

submitted to the Agencies at the conclusion of the ongoing investigations wi l l describe the 

procedures to be used to select, from all detected constituents, the potential constituents of concern 

for evaluation in the HEA/risk assessment. 

Characterislics of PCBs 

PCBs are a group of synthetic organic compounds composed of a biphenyl molecule with one to 

ten chlorine atoms. Their production and use were banned in July 1979. Commercially used PCB 

mixtures, which were marketed under the trade name Aroclor, were composed of i nd iv idua l 

polychlorinated biphenyl congeners. The Aroclors were differentiated based on the number of 

carbon atoms on the biphenyl molecules and the overall degree of chlorination. For example, 

Aroclor 1260 is a mixture of congeners with twelve carbon atoms on the biphenyl molecules and is 

60 percent chlorinated (by weight). The PCBs detected in the Housatonic River and it.s flood plain 

consist primarily of Aroclor 1260; hence all discussions of PCBs in this report pertain to Aroclor 

1260, unless otherwise noted. 
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PCBs occur as colorless or yellow crystals or oily liquids (ATSDR, 1993). In general. PCBs have 

low water solubility, high solubility in organic solvents, and are known foi their insulating 

properties, thermal stability and resistance to oxidation and various chemical agents (ATSDR, 

1993). The environmental fate and transport of PCBs involve adsorption to particulate and organic 

matter, volatilization, biodegradation, and photolysis The low solubility, strong sorption to soils. 

and hydrophobicity of PCBs cause them to be extremely persistent and virtually immobile in soils 

(ATSDR, 1993) The presence of co-contaminants, particularly organic solvents, generally 

enhances leaching (Overcash et al , 1991) 

Higher chlorinated Aroclors, such as Aroclor 1260, tend to resist aerobic biodegradation but aie 

susceptible to anaerobic dechlonnation (Brown et al , 1987a,b; Abramowicz and Brennan. 1991) 

In addition to the Aroclor mixture, biodegradation rates depend on concentration, type of microbial 

population, available nutrients, and temperatute (ATSDR. 1993). Although volati l izat ion of highlv 

chlorinated Aroclors is generally l imi ted by their strong adsorption to par t icula te mattei . 

volatilization is enhanced in soils with low oiganic carbon, due to the lovveied potent ia l foi 

adsorption (Shen and Tofflemire, 1980) Soil moisture also influences volatilization, since 

codistillation of PCBs with watei enhances volati l ization (ATSDR. 1993) Work b> Haque et al 

(1974) suggests volatilization half-l ives from sand of 10. 25, and 40 days foi te t iachlorobiphenvls . 

pentachlorobiphenyls, and hexachloiobiphenyls, tespectively Aroclor 1260 is composed oi 12*7 

pentachlorophenyls and 42% hexachloiophenvjs, by weight (ATSDR, 1993) 

Potential Sources of PCB\ 

As described by Blasland & Bouck (1991). PCBs weie used at the GE facility in Pi t tsf ield f ioni 

1932 unti l March 1977, as part of a flame-resistant, insulating liquid foi select transioimei 

applications This synthetic oil. reteired to as Pyranol, was used in less than f i v  e peicent of 

transformer products manufactured at the facil i ty Befoie 1977, inadvertent releases oi these 

materials reached the storm sewei system associated with the facility and weie subsequent!) 

conveyed to the East Branch of the Housatomc River A number of remediation piojects were 

initiated in the late 1960s to reduce releases of PCBs, and the use of PCBs at the lacihtv was 

discontinued in 1977 Aftei 1977, ongoing remediation proiects w e i e supplemented w i t h 

additional programs to control the release of PCBs to the river system 
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Spatially, historic sources were likely clustered around the city of Pittsfield. As is the case with 

any publicly-accessible water body, other contributors of PCBs to the Housatonic River system 

may exist that are unrelated to the GE facility. Releases to the river could occur from many 

adjacent public, private, or commercial properties, or be conveyed to the river through permitted or 

unpermitted discharge points. These potential sources can be categorized as: industries and other 

commercial operations; permitted discharges; landfills and hazardous waste sites; and non-point 

sources. Additional potential sources exist along the branches of the Housatonic River, while still 

others exist both upstream and downstream of Pittsfield. Various industries and wastewater 

treatment plants (WWTPs) exist upstream of Woods Pond, near the towns of Lee and Lenox 

(between Woods Pond and Rising Pond), and between Rising Pond and the Connecticut border. 

Blasland & Bouck (1991) further details potential sources of PCBs in addition to GE. 

Distribution of PCBs 

The distribution and concentrations of PCBs in the sediments, surface water, flood plain soils, and 

biota of the Housatonic River have been measured on numerous occasions. In the early 1980s, 

Stewart Laboratories (1982) conducted a comprehensive sampling and analysis study of PCBs in 

the sediments, water, and biota of the river. Additional, more limited sampling efforts were 

carried out for GE by Blasland & Bouck in the late 1980s (Blasland & Bouck. 1991). In the early 

1990s, pursuant to the MCP, Blasland & Bouck carried out another extensive study for GE. 

obtaining additional PCB data on sediments, surface water, flood plain soils, and biota (Blasland 

and Bouck, 1991, 1992a). Subsequently, additional flood plain soil sampling for PCBs was 

conducted at specific properties as part of an evaluation of the need for short-term measures 

(STMs) at certain flood plain properties (Blasland & Bouck, 1992c, 1993, 1994b) and again as 

part of avian and mammalian studies conducted by ChemRisk (1994) and discussed in Section 3.2. 

The results of these various studies are summarized below for each medium. GE is currently in the 

process of collecting more data on PCBs in sediments, surface water, flood plain soils, and biota 

in the river pursuant to the MCP Supplemental Phase II/RFI Proposal for the river site (Blasland, 

Bouck, & Lee, 1994a). Preliminary results from this investigation are not included in this 

summary, since the investigation is not complete. However, the results from that investigation will 

be considered, along with all prior data, in the ecological risk assessment for this site. 
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As discussed by Blasland, Bouck & Lee (1994a), data on PCBs in river sediments have been 

compiled into a single database that provides information on both the horizontal and vertical extent 

of PCBs in sediments of the Housatonic River. Additional sediment sampling is also planned as 

part of the RFI. The database demonstrates that significant quantities of sediments containing 

PCBs are located between the GE facility in Pittsfield and the Woods Pond Dam. PCBs are also 

present in river sediments downstream of Woods Pond Dam, but at substantially lower 

concentrations. The distribution of PCBs in sediments of the Housatonic River are summarized in 

Table 2-1. The sample locations and PCB results for all sediment sampling efforts in the river 

reaches between the GE facility and Woods Pond Dam are shown in Figures A-l through A-l 1 in 

Appendix A. As illustrated on those figures, concentrations of PCBs in sediments are highly 

variable. This variability reflects the variabili ty in the rivers's physical characteristics, flow 

conditions, and sedimentation characteristics. 

As with the sediments of the Housatonic River, numerous studies conducted since the mid-1970s 

have produced an extensive data base regarding the occurrence of PCBs in the water column of the 

Housatonic River. The surface water data base indicates that PCBs in the water column measured 

during prior MCP Phase II activities were generally at concentrations close to the analyt ical 

detection limits. Approximately 30 percent of the results for total PCBs were reported as less than 

the detection limits. For filtered water samples, approximately 90 percent of the PCB data from the 

MCP investigation were reported as non-detect (Blasland & Bouck, 1991). The most recent water 

column monitoring program was conducted on a monthly basis between October 1990 and 

September 1991. These data indicate that, in the river reach between the GE faci l i ty and New 

Lenox Road bridge,• concentrations of PCBs in the water column ranged from 0.03O  to 0.39 us/1, *O  i — 

with an average concentration of 0.12 ug/1. Between New Lenox Road bridge and Woods Pond 

Dam, the concentrations of PCBs in the water column ranged from 0.06 to 0.58 ug/1, with an 

average concentration of 0.19 Ug/1. Downstream of Woods Pond Dam, the concentration of PCBs 

in the water column ranged from 0.02 to 0.45 ug/1, with an average concentration of 0 .11 ug/1 

(Blasland & Bouck, 1991). 

Given the presence of PCBs in the sediments of the Housatonic River, PCB-containing sediments 

appear to have been transported and deposited onto the outlying banks and flood plain of the river 

during flooding events. Extensive flood plain soil sampling has shown that concentrations ot 

PCBs greater than 1 ppm are generally contained wi th in the approximate 10-year flood pla in 
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Table 2-1. Distribution and Concentrations of PCBs in Surficial Sediment (mg/kg dry weight) 

Minimum Maximum Mean 
Reach Concentration Concentration Concentration 

GE Facility to New Lenox Road ND 290 267 

New Lenox Road to Wood Pond Headwaters ND 270 290 

Woods Pond ND 220 250 

Woods Pond Dam to Rising Pond Headwaters ND 220 457 

Rising Pond ND 370 581 

Rising Pond Dam to Connecticut Border ND 2  3 059 

Connecticut Border to Stevenson Dam ND 32 060 

Source Blasland and Bouck, 1992a, Lawler, Matusky & Skelly, 1994 
ND not detected 
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(Blasland, Bouck & Lee, 1994b) The sample locations and PCB results from all flood plain soil 

sampling efforts in the river reach between the GE facility and Woods Pond aie illustrated in 

Figures A-12 through A-22 in Appendix A Surficial flood plain soil samples collected between 

the GE facility and New Lenox Road bridge ranged from 0 05 to 230 mg/kg, with an average 

concentration of 20 mg/kg Surface flood plain soil samples collected between New Lenox Road 

bridge and Woods Pond dam ranged from 0 05 to 75 mg/kg, with an average concentration of 10 

mg/kg However, it should be noted that most of these samples were collected immediately below 

New Lenox Road bridge The limited number of samples collected further downstream of this diea 

typically have lower PCB concentrations Further floodplam transect sampling is currently being 

performed, this should provide more accurate data on the spatial distribution of PCB l eve l s 

Surface flood plain soil samples collected downstream of Woods Pond dam ranged horn 0 05 to 

4 0 mg/kg, with an average concentration of 0 6 mg/kg 

Since 1980, investigations of Housatonic River biota have generated data on concentrations of 

PCBs in fish, frogs, a turtle, and benthic macromvertebrates Fish samples collected bv Stewar t 

Laboratories Inc (1980, 1982) between Bailey Road Bridge and the headwaters of Woods Pond 

ranged in concentration from 2 2 to 228 mg/kg (net weight) and averaged 26 mg/kg In Novembei 

1990, fish from Woods Pond and Rising Pond weie sampled and indiv idual skin on f i l l e t s we ie 

analyzed for PCBs The samples from Woods Pond (from the headuateis to Wood Pond dam) 

ranged in PCB concentration fiom 4 2 to 119 mg/kg, concentrations varied among species w i t h 

mean concentrations ranging from 8 4 for yellow perch to 13 8 for brown trout The samples 

fiom Woods Pond Dam to the Connecticut State line ranged in concentration from 6  1 to 33 0 

mg/kg and averaged 18 mg/kg PCB concentrations in fish in the Connecticut portion of the 

Housatonic River generally range fiom 0 03 to 29 mg/kg ( w e t weight basis), w i t h an aveiage of 

3 3 mg/kg (Blasland and Bouck Engineers, 1991 The Academy of Natural Sciences of 

Philadelphia, 1993) 

In 1982, a single composite sample of 12 frogs collected from Woods Pond was analyzed for total 

PCBs, the concentration detected was 4 4 mg/kg In 1992, thiee seven-frog composite samples 

(leg muscle only) showed total PCB concentrations ranging from 2 2 mg/kg to 5 3 mg/kg and 

averaged 4 0 mg/kg A single turt le collected by Stewart Laboratories, Inc (1982) f rom Woods 

Pond contained 2 1 mg/kg total PCBs Finally, invertebrate sampling data collected in Connecticut 

aie summarized in Table 2-2 
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Table 2-2. Summary of Invertebrate Data Collected from Connecticut (mg/kg)a'b 

Filter Feeding0 Predatoryd 

Larvae Larvae 
Date Total PCB cone Total PCB cone 

1978 189 229 
1979 82 56 
1980 92 66 
1981 62 46 
1982 NAe NAe 

1983 NA NA 
1984 37 29 
1985 05 08 
1986 28 28 
1987 79 5  2 
1988 42 23 
1989 56 46 
1990 1 2 1 9 

a Reference Pizzuto, 1991 
b Samples consisted of approximately 20 gram composites 
c Filter feeding larvae are caddisfly (Hydropsychidae) 
d Predatory insects are average values of hellgrammite larvae (Condalus) and 

stonefly nymphs (Perhdae) 
e NA = Not analyzed 
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2.2 Ecosystem Potentially at Risk 

The ecosystem within which effects potentially occur provides the ecological context lor the risk 

assessment To that end, the geography, topography, climate, vegetative habitats, and food web 

of the ecosystem potentially at risk are described in this section This risk assessment focuses on 

that portion of the Housatonic River and flood plain where the most substantial exposures aie 

expected due to high PCB levels, while confounding factors aie minimized These at tnbutes 

should ensuie that any effects observed as a result of exposuie to PCBs within the identif ied legion 

are representative of the woist-case effects expected to occui anywheie along the Housatonic 

River Conveisely, if no effects are observed within the identified region, it would be reasonable 

to conclude that no effects would occur elsewhere along the Housatonic Ri \e i as a result ot PCB 

exposuie 

As detailed in the pieceding characterization of stressors the leach of the Housatonic Ri \e i wi th 

the highest concentrations of PCBs is between the GE fac i l i ty and Woods Pond Dam Fiom the 

GE facility to the New Lenox Road bridge, tenestnal habitats have been substantial destioved 

alteied, and/or fragmented, which would confound 01 make impossible anv meaningful eva lua t ion 

of terrestrial communities within this reach Foi these reasons, as discussed fur thei in Section 

2 2 2 , the present study will focus on the river icach between the GE facilit\ and Woods Pond foi 

purposes of evaluating the aquatic ecosystem and on the mei reach between the New Lenox Road 

budge and Woods Pond for purposes of evaluating the terrestrial ecosystem Foi the evaluation of 

wetland communities the study aiea will include the n \c r reach between the r i v e r '  s confluence 

with the West Branch and Woods Pond which is the aiea containing the ma]orr t \ of wet lands All 

of these river reaches are illustrated on Figures A- l through A - l l (Appendix A) (\\e note 

h o w e v e r , that the aquatic sampling w i l l extend be>ond the study aiea as necessarv to obtain data 

from appropnate icference sites ) 

2 . 2 . 1 General Description 

The East Branch of the Housatonic R i v e t immediately downstream of the GE i a c i h t v f l o w s 

through an urban aiea where the watei is shallow (average 1 3 ft deep) and slow mo\mg The 
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river is characterized by riffle/pool complexes with woody snags and a substrate of sand, silt and 

gravel Further downstream of GE, the river widens and flows through a less developed area but 

remains a slow moving stream with riffles, pools, and snags It is in this area that the East and 

West Branches of the Housatonic River converge Between the New Lenox Road bridge and 

Woods Pond, the river is much deeper (up to 7 ft) with low watei velocity and deep pools This 

area is characterized by dense growths of overhanging bank vegetation 

The flood plain south of New Lenox Road to Woods Pond Dam is relatively wide Approximately 

one-half mile south of New Lenox Road, the flood plain along the east bank of the mei is 

confined by Octobei Mountain, while the west bank has a relatively flat topogiaphv lesult ing in an 

extended flood plain (Blasland & Bouck, 1991) Within this reach, the Housatonic R i \ e i is 

associated with substantial wetland flood plains and backwatei areas Heie the nvei is slow-

mixing and meandering as it tra\els thiough relatively flat and level areas of local topogiaphv 

Deposition of sediment within the backwatei aieas is pionounced, sediment depth averages 22 

inches (Stewait Laboratories, Inc 1982) Fot the most pait , the channel is shallow and the 

stream banks are not well defined in this reach In general, channels with these chaiactenstics 

provide hydraulic conditions favorable foi sediment deposition onto the flood plain (Blasland & 

Bouck. 1991) Downstieam of the confluence of the East and West Branches, the Housatonic 

generally ranges in width from 75 to 120 feet w i t h gradients ranging fiom 0 03 peicent to 0 43 

peicent (Chadwick & Associates Inc , 1994) Selected watei chemistrv paiameteis at 10 locations 

on the Housatonic River are summarized in Table 2-3 

The climate of the Housatonic Rivei valley is tempeiate. with warm, humid summeis and cold 

winters The NOAA weather station in Stockbndge, MA has compiled data on the normal climate 

in this case, normal refers to the average of all daily values except extreme (i e lecoid-bieaking) 

values The normal annual temperature is 46 3° F, the normal maximum annual temperature is 

57 9° F and the normal minimum annual temperature is 34 7° F The normal temperatuie in J u l v 

the warmest month, is 68 9° F, while the normal temperature in January, the coldest month, is 

21 4° F Normal annual precipitation in the form of rain and snowfall is 43 47 inches pei vea i 

ranging from 2 84 inches in February to 4 36 inches in August (NOAA. 1992) Prevailing winds 

are from the west The average growing season in the upper basin is 120 days (NERBC 1980) 
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Table 2-3. Ranges of Selected Water Chemistry Parameters 

Water Total Unionized 
Temp DO Ammonia Ammonia Nitrate 

(mg/L) (mg/L) (mg/L) (mg/L) Sitea (°C) PH 

Shallow Sites Upstream of GE Facility 
EP1 9-28 78-102 NM NM NM NM 
WB1 12-30 69-91 NM NM NM NM 

Shallow Sites Downstream of GE Facility 
EB2 11-27 66-94 NM NM NM NM 
HR1 11-32 67-88 79-83 ND-0 23 0-002 033-081 
HR3 12-30 79-126 80-90 ND-0 08 0 092-240 
HR4 13-29 66-192 79-85 ND-0 21 0 071-1 70 

Deep Sites Downstream of GE Facility 
HR2 12-26 62-84 NM NM NM NM 
HR5 12-29 71-110 81-88 NM 0 14 0-001 068-140 
HR6 14-29 60-152 80-86 NM-0 14 0 0 44-0 84 

Woods Pond 
WP1 12-33 32-11 2 NM NM NM NM 

Note Data collected by Blasland and Bouck Engineers at study sites on the Housatonit River system, 199^ Water temperature 
and dissolved oxygen ( D O ) measured weekly from 5/25/93 to 9/22/93 Other parameters measured monthl> from 5/25/93 
to 9/22/93 NM = Not measured ND = Not Detected 
a Sites correspond to sampling stations evaluated by Chadwick & Associates, Inc. (1994) 
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Based on Land Use and Property Ownership Maps (Blasland & Bouck, 1992b). National 

Wetlands Inventory maps, and field observations, much of the land between New Lenox Road and 

Woods Pond Dam that is potentially affected by a 10-year flood event is comprised of flood plain 

forests, shrub meadows, and cattail marshes The vegetation of these three habitat types is 

described below 

The Housatonic flood plain forest is dominated by mixed hardwood trees with scattered pine It is 

intermittently flooded and has well developed ground, shrub, and tree strata Ground cover is 

prevalent, consisting mainly of ferns The shrub stratum, which covers approximately one-third ot 

the flood plain forest, is relatively diverse and is dominated by arrowood and sugar maple The 

tree stratum is well developed both in terms of density and diversity The diversity is typical of a 

forest controlled by flooding, while many species of trees (balsam poplar, black oak, black cherry, 

white and yellow birch, ironwood, etc ) are icpresented, one species dominates (sugai maple) 

The ground, shrub, and tree strata together comprise a dnerse ecosystem with high quality habitat 

for song birds and small mammals 

Shrub meadows along the Housatonic River between New Lenox Road and Woods Pond Dam ate 

early successional ecosystems dominated by giass-forb-shrub communities Within the legion of 

interest, most shrub meadows are actively managed foi wildl i fe and hunting by mowing and othei 

practices Vegetation is abundant, even in mowed aieas The ground covei is comprised of 

grasses and forbs, interspersed with occasional emergent shrubs 

As their name would suggest, cattail marshes are dominated by a single plant species, cattails, 

although limited numbers of red osier dogwood, wi l low, and silver maple die interspeised among 

the cattails Arrowheads, water hyacinths, and l i ly pads are generally present in the backwaters of 

the river along the cattail marshes Because the cattail stands aie of limited si7e, i iequent ly 

inundated with water, and aie dominated by a single plant species, they do not l ike ly support 

extensive 01 diverse terrestrial wildlife populations 

In addition to habitat characteristics, the species of animals present help define the ecosystem 

Based on field work conducted since 1993, a schematic diagram, piesented as Figure 2-1 , was 

developed for the terrestrial and aquatic foodweb of the Housatonic Rivei ecosystem 
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2 .2 .2 Selection of Focused Study Areas 

Given the large areal extent of the Housatonic River and flood plain, it is necessary to select 

focused study areas within the aquatic, terrestrial, and wetland systems for more detailed 

evaluation. The criteria used in making this selection were to identify areas that have the most 

substantial potential for exposure of the organisms and biotic communities to the chemical of 

potential concern (PCBs), while at the same time minimizing confounding factors. 

Based on these criteria, and the characterization of stressors and the ecosystem presented above, 

the aquatic system study area selected is the reach of the Housatonic River from the GE facility in 

Pittsfield to Woods Pond. Because this reach is predicted to have the greatest potential for 

exposure of the aquatic community to PCBs, it is assumed that if an absence of r isk is 

demonstrated for this reach, other (less affected) reaches would also be without risk. The 

converse, however, is not true. That is, if a risk is demonstrated in the study area selected, then an 

additional evaluation and possibly supplemental data may be required in order to determine the 

extent of risk (if any) in other, less affected reaches of the river. 

A focused study area for the terrestrial ecosystem was also identif ied using the same criteria 

described above. Based on these criteria and the characterization of stressors and the ecosystem, 

the study area selected for the terrestrial community encompasses the approximate 10-year flood 

plain between the New Lenox Road bridge and Woods Pond Dam. In the upstream area between 

Pittsfield and New Lenox Road bridge, the flood plain of the Housatonic River is substantially 

more developed and the wildlife habitat more fragmented than downstream of the bridge. These 

characteristics of the habitat upstream of New Lenox Road bridge would l ikely confound any 

ecological evaluation of the terrestrial community. Thus, the area that best reflects the combination 

of high exposure potential and minimization of confounding factors is the reach between the New 

Lenox Road bridge and Woods Pond. As with the aquatic community, a finding of an absence of 

biologically significant risk in the terrestrial study areas would suggest that other, less affected 

areas would also be without risk. However, should there be a finding of potential risk within the 

terrestrial study area, it may be necessary to undertake a supplemental evaluation of less affected 

areas to determine the extent of risk (if anv) in those areas. 
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The study area for the wetland ecosystem was identified based on consideration of the major 

wetlands and "high priority si tes ' within the approximate 10-year flood plain of the Housatonic 

River between the GE facility and Woods Pond dam National Wetland Inventory (NWI) maps 

and the Massachusetts Natural Heritage Estimated Habitat Maps (which estimate the extent of 

wetland habitats for reported occurrences of state-listed animal species of special concern, as wel l 

as what are called "high priority sites for rare wetland animals plants and/oi significant natuial 

areas/communities) were used to define the wetland study area This area encompasses the 

approximate 10 year flood plain between the confluence of the East and West Branches and Woods 

Pond dam Because the available maps do not identify wetlands 01 other high pnontv sites on the 

Housatonic River between the GE Facility and the confluence wi th the West Branch this aiea \\as 

not included in the study aiea foi the wetland ecosystem 

2.3 Ecotoxicological Effects 

One of the critical components of the problem formulation phase is the de te immat ion of the 

taxonomic groups, species, and assessment endpomts to be evaluated This determination tequnes 

an evaluation of the pertinent ecotoxicological literature in oidei to assess the s e n s i t i v i t v of var ious 

species and various toxicological endpomts to the chemical stiessoi of interest lo piovide a 

suff icient ly conservative assessment of the potential foi ecological risks at a site it is important to 

t iy to select several taxonomic gioups that are sensitive to the chemical stressoi of in te res t and 

within those groups to select highly sensitive toxicological endpomts that have biological 01 

ecological significance at the subpopulation community 01 s>stem wide level 

This section piovides an oveiview ol the scientific literature as it peitams to the ecotoxicological 

effects of PCBs Because the data to date have identified Arocloi 1260 as the pnmaiv chemical 

stressoi of interest in the Housatonic Rivei and flood plain and because theie appeals to be 

considerable vaiiabihty in the toxicological effects of different PCBs this overv iev\ focuses on the 

demonstrated effects of the moie highly chlorinated congeners and mixtures In addition because 

fungi, plants, invertebrates reptiles, amphibians, fish birds and mammals all have some potential 

for exposure to PCBs in the Housatonic River ecosystem the toxicologic effects of PCBs that are 

reported in the published scientific literature have been evaluated heiein for each gioup of potential 

icceptors The published lesults of the available scientific studies aie then used to select receptois 

of interest and assessment and measurement endpomts to be evaluated m the nsk assessment 
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2 . 3 . 1 Toxicity to Fungi 

Fungi differ from both plants and animals and. therefore, have been assigned to their own 

phylogenetic kingdom Like plants, fungi are predominately sedentary with plant-like cell walls 

However, because fungi lack chlorophyll and cannot manufacture their own food they must obtain 

complex high-energy nutrients from their environment through absorption 

Cole et al (1979) reported that certain species of fungi may bioaccumulate PCBs, however, theie 

are few data leported in the scientific hteratuie pertaining to toxic effects associated with tissue 

concentrations in the fungi Rather, studies of the lexicological effects of PCBs on fungi have 

generally evaluated adverse effects associated with PCB concentiations in laboiatoiv media 

Tejedor et al (1979) and Murado et al (1976) studied the growth of veasts exposed to vanous 

PCB mixtuies Tejedor et al (1979) reported that Aroclors 1232, 1242 1248 1254 and 1260 all 

inhibited growth of Sacchatotmce1* cete\niae at concentrations of 25 mg/L Muiado et al ( 1976) 

reported that the growth of Aspeigillus f l a \ i i s in liquid cultures containing Arocloi 1254 ranging 

from 5 to 50 mg/L, was reduced in a dose dependent fashion and reported that the magnitude of 

this effect was greatest foi Aroclor 1232 and lowest for Aroclor 1260 

The concentiations that have been tested and shown to have no adverse effects on f u n g i are 

substantially higher than concentrations of PCBs that have been measured in the Housatonic Rivei 

As a result toxic effects of PCBs to fung i should not be of concern foi this ecological risk 

assessment 

2 .3 .2 Toxicity to Plants 

Phytoplankton, including algae, diatoms, and othei microscopic aquatic plants, aie present in 

almost every aquatic environment They form the basis of many aquatic food webs by acting as 

primary producers and as food sources for higher trophic-level organisms It has been shown that 

phytoplankton can accumulate PCBs and, therefoie, represent a means of intioducing PCBs into 

the food web (Harding and Phillips, 1978, Keil et al 1971. Fishei et al 1976, Sodergien 1971 

Morgan, 1972) Brown et al (1982) demonstrated that the rate of uptake oi Aiocloi 1254 is 

partially dependent on organism size and that the extent of PCB accumulation appears to be 
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species-specific Stange and Swackhamer (1994) reported that the bioaccumulation of PCB 

isomers with log Kow values of 6 0 or greater varied substantially among species, likely as a result 

of mterspecies differences in lipid fraction of the cell membrane and dissolved organic carbon 

content These authors reported bioaccumulation factors for individual PCB isomers in thiee 

species of phytoplankton that ranged from 1,000 to 100,000 

Despite the fact that bioaccumulation of PCBs by phytoplankton has been reported b> a number of 

authors, there is little information legaidmg toxicity associated with those tissue concentrations 

Rather, phytotoxicity has been generally studied based on the PCB concentrations in the 

surrounding water Although Stange and Swackhamer (1994) observed that total PCB 

concentrations of 6 9 |ig/L did not produce toxic effects in three phytoplankton species othei 

studies have shown that the growth of marine and freshwater algae is substantialh leduced b\ 

highei concentrations PCB concentiations (Keil et al , 1971, Cole and Plapp, 1974 Glooschenko 

and Glooschenko, 1975, Hawes et al 1976) The toxicity of different PCB congeners to algae 

\anes considerably, in general the lower chlonnated biphenyl mixtuies ate moie toxic than the 

more highly chlorinated mixtures (Craigie and Hutzmger, 1975, Hawes et al 1976 Zul le i and 

Benecke, 1978) In addition theie are substantial differences in sensi t ivi ty among species It 

appeals that toxic effects of PCBs to phytoplankton may occur at concentiations iangina f i o m 1 

|ag/L (Moore and Harris, 1972) to 1000 (ig/L (Mosser et al , 1972) It should be noted h o w e v e i 

that phytoplankton sensitivity has been shown to vary with tempeiatuie, geographic location 

interspecific competition, cell density, osmotic pressure, and the piesence ol othei tox ican t s 

(Fishei and Wurstei, 1973, 1974, Fishei et al , 1973, 1974, Mossei et al 1974, 1976 C ole and 

Plapp, 1974) 

There is verv, little available information in the scientific l i terature legarding the uptake 

accumulation, metabolism, and toxicity of PCBs in aquatic plants In a review papei Pal et al 

(1980) reported that three species of aquatic plants bioconcentrated significant amounts of PCBs 

from water, while two species did not Mahanty (1975) evaluated the toxicitv, of Aiocloi 1242 in 

duckweed at concentrations of 0, 5 10, 20, 30, 40 50, and 100 mg/L in watei and repoited that 

PCB concentrations of 100 mg/L weie lethal The lowest dose that significantly reduced g r o w t h 

was 20 mg/L, indicating a LOFC of 20 mg/L and a NOEC of 10 mg/L loi reduced e i o w t h f o i 

Aroclor 1242 in this species 
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The majority of the scientific research regarding PCB toxicokmetics and toxicity in different 

species of terrestrial plants has focused on agriculturally important plant species, because of the 

potential human health concern related to the mgestion of foods containing PCBs The majority of 

the PCBs entering terrestrial plants do so from atmospheric deposition of contaminated dusts or 

from volatilization from contaminated soil surfaces, rather than via translocation (Sheppard et al 

1991, Greichus and Dohman, 1980, Fries and Marrow, 1981) EPA (1994c) reports that 

translocation of PCBs from roots to above ground portions of plants is negligible compared with 

other mechanisms 

There is evidence suggesting that lower chlorinated PCB congeneis with highei \olatihty are more 

readily available for absorption by plants than other more highly chlorinated and less volatile PCB 

congeners (Sawhney and Hankin 1984) Schonhen and Reiderer (1989) suggested that because of 

the low water solubility and high hpophilicity of highly chlorinated isomers and mixtures PCBs 

tend to partition from the \apoi state to inert lipophihc materials such as the w a x v covering of the 

leaves of vascular plants However, several studies have shown that uptake through the leaves is 

very low (O'Connoi et al 1990) While absorption of PCBs through plant roots is negligible foi 

terrestrial plants, it has been shown that root crops wi th peels containing a high hpid content mav 

accumulate PCBs but that accumulation is low (biomagmfication factois of <1) compaied to 

concentrations present m soils (Iwata et al 1974 Wallnofei et al 1975 Iwata and Gunthei 1976 

Lawrence and Tosine, 1977 Suzuki 1977 Moza et al 1979 Weber and Mrozek 1979 Sawhnev 

and Hankin 1984 Sheppard et al 1991, Webber et al 1994) Fmallv the level of PCBs in 

fruits of crop plants is several orders of magnitude less than that in the rest oi the plant (Sawhnev 

and Hankin 1984 Cetmkava et al , 1985) 

Generally, PCBs are not toxic to terrestrial plants except at very high concentialiens Most 

studies available in the published literature have evaluated the effects of PCBs on growth Webei 

andMrozek (1979) and Strek et al (1981) reported that high concentrations of PCBs (lOOOmg/kg 

Aroclor 1254 in soil) inhibited crop growth in sensitive species (sov/beans and fescue) but that no 

effect on these species was observed at a soil concentration of 100 mg/kg Strek et al ( 1 9 8 1 ) 

reported that com and sorghum were unaffected at similar concentrations 
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One study by Klekowski and Klekowski (1982) evaluated the frequenc) of somatic and 

gametophytic mutation in ostrich ferns growing within a PCB-contammated floodplam of the 

Housatonic River. These authors reported that the gametophyte mutation frequency among those 

ferns was qualitatively different from the frequency among the controls Howevei, the mutation 

events measured in this study would not necessarily be passed on to future generations, as the 

ferns were tested during the haploid stage of their life cycle At this stage, only a single copy of 

each gene is present in each cell. In contrast, during the diploid stage of the fern l ife cycle, each 

cell has two copies of every gene A mutation in one gene of the pair may not affect the plant 

because diploid cells have the ability the excise mutations using the good gene as a template 

In summary, PCBs do not appear to be toxic to plants, except at very high levels This is large!) 

due to the fact that plants do not take up PCBs to an appreciable degree and those that are found in 

plant tissues aie generally either the result of adsorption of PCB contaminated soils to root tissues, 

or volatilization from the soil to the waxy covering of the leaves Because ol this low level of 

uptake, it is necessary to have watei concentrations gieatei than 1 |ig/l and soil concentrations 

greater than 100 mg/kg before any adverse effects may occui These conditions aie not generally 

present in the Housatonic River ecosystem 

2 . 3 . 3 Toxicity to Invertebrates 

Many aquatic and terrestrial invertebrates dwell in sediment and soil iespect i \e lv , so the\ aie in 

intimate contact with the substrates which constitute majoi sinks for PCBs Some gioups such as 

filter-feeders, ingest sediments incidental ly due to then feeding strategies Otheis such as 

terrestrial earthworms and aquatic ohgochetes, ingest bulk sediment dnectly and th i s can act as an 

important, if not dominant, PCB uptake route (Lee, 1992) 

Aquatic Invertebrates 

Aquatic invertebrates have been reported to accumulate and bioconcentrate PCBs (Lowe et al 

1972, Sanders and Chandlei, 1972, Courtney et al , 1978) PCBs bioconcentrate at di i terent rates 

and accumulate to different levels in different species of aquatic invertebrates BCPs in v a n o u s 

species have been reported to range fiom approximately 10 in scud to as much as 101 000 in 

young oysters (Lowe et al . 1972, Nebekei and Pughsi. 1974) In one laboiatois s t udv . seve ia l 
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freshwater invertebrates accumulated Aroclor 1254 residues up to 6300 times greater than those to 

which they were exposed (Mayer et al , 1977). When sea stars (Asterias rubens) were fed 

PCB-contammated mussels for 5 months, the gonads of male and female sea stars contained 7 to 9 

times the concentration of PCBs as the contiol sea stars and exhibited disturbed embryonic 

development of oocytes (den Besten et al , 1989) Bioaccumulation rates in invertebrates are site-

and species-specific and are affected by various factors, such as food source, particulars size, 

organic carbon content, species lipid content, trophic level, surrounding environment, sex, age, 

and length ot exposure (Sanders and Chandler, 1972, Harding and Addison, 1986, Larsson. 

1986) In addition, two species weie reported to have accumulated higher levels of the less-

chlorinated PCB isomers than highei chlorinated ones over time (Lester and Mclntosh. 1994) 

Dillon et al (1990) compared the concentration of PCBs in invertebrates to those of othei aquatic 

species and reported that aquatic mvertebiates had concentrations one to several ordeis of 

magnitude lower than in fish 

Sediment-dwelling organisms have much highei direct exposures to PCBs than then pelagic ( l i ee 

swimming) counterparts because sediments have PCB concentrations at least thiee ordeis of 

magnitude greater than the overlying watei (DiPmto et al . 1993) Lowei chlorinated PCB 

mixtures are reported to be moie toxic than those with higher chlormation (Stall ing and Mayei, 

1972, Nebeker and Pughsi, 1974, Sencano et al., 1991) The acute toxicity of PCBs to various 

aquatic invertebrate species can vary with sex, life-stage, and age (DiPmto et al , 1993 Kahn et al . 

1976, Lowe et al., 1972, Courtney et al , 1978) In addition to lethality, other obsei\ed e f f e c t s 

include growth inhibition and altered ion transport For certain PCB isomeis. h o v v e v e i . the effects 

appeal to be reversible 

A few laboratory studies have evaluated the effects of PCB spiked sediments on seveial different 

species of marine aquatic invertebrates DiPmto et al (1993) investigated the effect of exposing a 

species of copepod (Microarthridian httorale) foi 96 hours to sediments containing 21 to 333 

mg/kg of Aroclor 1254. The authors reported that 83 mg/kg of Aroclor 1254 significantly affected 

copepod survival, but concentrations of 42 mg/kg or less did not They reported that the LC>o 

values foi females and males were 251 mg/kg and 117 mg/kg. respectively DiPmto et al ( 1993) 

also examined the reproductive impairment of the copepods exposed to a range of 4 to 83 mg/kg 

Arocloi 1254 foi 12 days Egg production and total reproductive capacity was s ignif icant!) 

reduced in 4 2 mg/kg spiked sediments and a reduction of larval copepods was obseived in 8 3 
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mg/kg spiked sediments. In a study on the sand shrimp, McLeese and Metcalfe (1980) exposed 

adult shrimp to either Aroclor 1242 or 1254 for 96 hours. They reported a LCso of >0.78 mg/kg 

for Aroclor 1242 and >3.4 mg/kg for Aroclor 1254. When a species of marine sandworm (Nereis 

diversicolor) was exposed for 128 days to an undefined mixture of PCBs at concentrations ranging 

from 18.7 to 89.6 mg/kg, the LTso ranged from 31 to 48 days compared to the LT^o of 62 days 

for control sediments (Polikarpov et al., 1983). In a related experiment, these authors reported 

significant adverse effects on sandworm survival for concentrations of 14.7 mg/kg but not for 

concentrations of 1.7 mg/kg. A study on the exposure of an infaunal amphipod to Aroclor 1254 

for 10 days reported an LC50 of 10.8 mg/kg (Swartz. et al.. 1988). 

MacDonald (1994) reported the results of a field study in which marine sediments were co-sampled 

for benthic invertebrates and PCB concentrations. The study concluded that the benthic 

invertebrate community structure was affected by PCBs because species richness, infaunal index, 

and echinoderm abundance were influenced by the sediment concentrations of Aroclor 1254. Low 

densit ies of echinoderms (3.1±4.5/m2) were found when sites had PCB concentrat ions of 

1.48±2.77 mg/kg whereas high densities (229+60 per O . l m  2 ) were found in sites w i t h 

0.015±0.017 mg/kg PCBs. Similarly, low densities of arthropods and low species richness were 

found at sites with 4.88+4.09 and 1.05±2.5 mg/kg PCB. Although it is difficult to establish cause 

and effect relationships with these kinds of correlations, changes in invertebrate communi ty 

structure are observed at PCB concentrations of similar magnitude to those which cause toxic i ty in 

laboratory experiments. Hence, community structure seems to be a reasonably sensitive endpoint . 

Terrestrial Invertebrates 

PCBs are rapidly taken up and bioconcentrated in earthworms (Diercxsens et al.. 1985; Rodrique/.-

Grau et al., 1989; Goven et al., 1993). Crickets have also been shown to accumulate PCBs 

through air transfer to the crickets themselves or to the crickets ' food, but body burden 

concentrations were less than 20% of those in soil (Paine et al.. 1993). Crickets collected from a 

hazardous waste site were reported to have body burdens of only 0.31 mg/kg while shield-backed 

bugs and ants had body burdens of 13.9 and 60 mg/kg (Watson et al.. 1985). 

http:4.88+4.09
http:1.48�2.77
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The acute toxicity of Aroclor 1254 to earthworms has been estimated to have a 5-day LD^o of 251 

mg/kg in soil, corresponding to a whole body concentration of 930 mg/kg wet weight (Rhett et al , 

1989), and a 14-day LCso of 240 mg/kg in soil The threshold body mass foi reduced 

immunologic competence in earthworms has been reported to be 76 mg/kg (dry weight) of Aroclor 

1254 (Rodnguez-Grau et al , 1989) The LDso of Aroclor 1254 in house crickets was estimated to 

be 1,200 mg/kg (dry weight), however, PCB soil levels up to 9,320 mg/kg did not adversely affect 

cnckets (Paine et al , 1993) 

Terrestrial invertebrates are a predominant tood source for many organisms highei up the food 

chain and thus the uptake and accumulation of PCBs by tenestnal invertebrates ma\ be of potential 

ecological concern wheie soils ate contaminated with PCBs The data presented above, howevei , 

suggest that terrestrial invertebrates are less sensitive to the toxic effects of PCBs than aie aquatic 

invertebrates 

2 .3 .4 Toxicity to Fish 

Laboratory and field studies have been conducted to evaluate the effects of PCBs in lish (Harding 

and Addison, 1986, Haltei and Johnson, 1974, Hansen et al , 1974, Nebekei et al 1974 Mauck 

et al , 1978) Results of available studies indicate that PCBs make then wav into fish b\ one ol 

two major exposure routes 1) bv direct uptake fioin the watei column and/oi sediment and 2) b\ 

ingestion of contaminated prey d e lood web transfei) In leviewing the literatim, it appeals that 

concentrations of PCBs in watei alone in the lange of 1 ug/1 (1 ppb) 01 lowei do not adveiseh 

alfect the s u r v i v a l of adult fish or then offspring (Hansen et al , 1974 Snarski and Puglisi 1976) 

PCBs aie hydrophobic and tend to adsorb to sediments rathei than lemaimng dissolved in the 

water column Accumulation of PCBs in fish as a result of food web transfei 01 secondanh f iom 

incidental uptake of sediments, has been shown to affect the health of fish Consequently watei 

concentrations alone may not be the best piedictois of the potential toxicity of PCBs in f i s h lathei 

tissue concentrations provide a bettei measure of exposuie 

Once assimilated, PCBs tend to sequestei in the fatt> tissues (Lieb et a l , 1974) Ihe i e lo i e the 

degiee of PCB uptake appeal s to be dependent upon the hpid content of diffeient fish species in 

addition to then behavioi and the degree of chlormation of the PCBs to which the f i sh aie exposed 

(Opperhuizen and Schrap, 1988, Rasmussen et al 1990, Connolly 1991) \ \ h i l e u p t a k e b \ f i s h 
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appears to be rapid, elimination is slow and appears dependent upon species and gender. 

Elimination half-lives have been reported to range from 50 days to 92 weeks (Guiney et al.. 1979; 

Vodicnik and Peterson, 1985; DeKock and Lord, 1988), depending upon the PCB and fish species 

studied. 

In general, the acute toxicity of PCBs to fish varies with PCB mixture, species, age, sex. and 

condition. PCBs are more toxic to early life stages than to later life stages (Nebeker et al.. 1974; 

Schimmel et al., 1974; Mauck et al., 1978) and toxicity varies among fish species (Hansen et al., 

1971; Mayer et al., 1977). LCsoS derived from tests of longer duration are usually lower than 

those derived from shorter tests, indicating that PCBs are cumulative toxicants in fish (Harding and 

Addison, 1986). LCsos range from 0.93 ug/1 for Aroclor 1254 in sheepshead minnows to 15 ug/1 

for Aroclor 1242 in fathead minnows. The only LCso reported for Aroclor 1260 is 3.3 ug/1 in 

fathead minnows. The NOEC for Aroclor 1260 has been reported to be 1.3 ug/1 (DeFoe et al. , 

1978). 

While a number of studies have been undertaken to determine if PCBs affect the growth and 

survival of adult fish, it appears that these may not be critical toxicological endpoints. Rather, it 

appears that fertilization success, hatching success, and survival immediately post-hatch are more 

critical endpoints in fish. Sublethal effects such as alterations in normal gonad development and 

spawning may manifest themselves in adult fish, and maternal transfer of PCBs to the eggs has 

been illustrated by a substantial decrease in the body burdens of the adult female (Butler and 

Schutzmann. 1979; Niimi, 1983; Harding and Addison, 1986; Larsson et al.. 1993). Spawned 

eggs may not be competent to be fertilized and those eggs which do become fertilized may not 

survive or hatch normally to develop into juvenile fish, especially in those species where a yolk sac 

is absorbed by the fry (Spies et al., 1994). Several authors have reported that concentrations of 

PCBs that affect the survival of offspring do not seem to affect the health of adult fish (Nebeker et 

al., 1974; Schimmel et al., 1974; Mauck et al., 1978). 

Several authors have also evaluated the relationship between adult body burdens and spawning 

success. Bengtsson (1980) reported delayed spawning and hatchability in adult cyprinid minnows 

with whole body tissue concentrations of 170 mg/kg. Similar results were reported by Holm et al. 
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(1993) who observed lower spawning success in three-spmed stickleback that had whole bodv, 

concentrations of 289 mg/kg No effect in spawning success was observed with sticklebacks 

having tissue concentrations of 102 mg/kg or lower 

A substantial body of evidence is available from field studies showing a relationship between PCB 

contamination of maternal fish and the hatchability of their eggs Baltic floundei wi th o\anes 

containing more than 120 ng/g PCB exhibited a reduction in the viable hatch of then eggs where 

viable hatch was measured as fertilization x hatching success (von Westernhagen et al 1981) 

Johansson et al (1970) found that coho salmon with PCB levels of 7 7 to 34 ug/g (on a lipid 

weight basis) exhibited a conelation between PCB levels and an egg mortality rate of 29 to 100% 

(measured as unfertilized eggs and non viable embryos) In another study Lake trout captured in 

the Gieat Lakes exhibited a significant iclationship between embryonic mortahtv (measuied as egg 

death) and the concentration of total PCBs in the eggs and adults (Mac et al 1993) These authois 

also leported a negative coirelation between PCB concentration and the peicentace of eggs 

hatching successfully, howevei the> did not obse ivc a relationship between PCBs and f i  v 

mortality 

Seveial additional studies have indicated an association between PCBs in fish eggs and adve i se 

effects on both the hatching success of the eggs and the subsequent surv iva l ol fr\ Monod ( 1 9 8 5 ) 

collected charr from Lake Geneva and reported a significant and positive correlation between PCB 

levels in eggs and total mortality rates (measuied fiom fcitih/ation through to volk sac lesoiption) 

piovided that the concentrations of PCBs weie expiessed on a lipid weight basis \\ hen total 

moitahtv was bioken down into mortahtv taking place at d i f l e i en t phases of development then, 

was a significant correlation between PCB levels and mortality in eggs during the eaity stages of 

embrvo development, but no significant correlation was associated with latei phases ol 

development (Monod, 1985) Hansen et al (1974b) reported that an average concentration of 170 

Ug/g of Aroclor 1254 in eggs of sheepshead minnows significantly icduced hatching success whi le 

27 |Ug/g did not They also reported that the survival rate of fr> hatched from eggs containing 7 0 

(ig/g and higher was sigmficantty reduced compared to the controls The level of impact of PCB 

concentrations in eggs on lepioduct ive success may be species-dependent, howevei since 0 ^14 

Ug/g of Aroclor 1254 in lake trout eggs s igmf ican t lv leduced hatching fiom 677( to 29% and 

reduced survival of fry from 93% to 75% (Mac and Edsall 1991) They furthei icported that egg 

concentrations of 0 173 ug/g did not sigmficantK reduce either hatching or fry surv iv al Adv erse 
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reproductive effects were also associated with the presence of Aroclor 1254 in the eggs of the 

winter flounder (Black et al , 1988) Ankley (1991) correlated the PCB content of eggs fiom 10 

Chinook salmon with their hatching success and found a statistically significant inveise 

relationship In eggs from 4 of the 10 fish, PCB concentrations from 4 to 6 |ig/g reduced hatching 

success from over 85% to less than 60% The total PCB content of eggs of the stain floundei 

was also inversely correlated with embryological and hatching success (Spies et al 1985) 

To summarize, PCBs are more toxic to fish during their early life stages from hatching to the 

period when fry are losing their dependance on the yolk sac and aie beginning to feed 

independent!) Therefore, the effects of PCBs on fish can be reasonably evaluated b\ measuring 

reproductive success Impaired reproduction, low surv iva l of fiy 01 leduced fitness oi adul t fish 

can also be related to the structuie of a fish communitv within an aquatic ecosvstem 

2.3.5 Toxicitv to Amphibians and Reptiles 

Amphibians and reptiles ma) be exposed to PCBs in an aquatic system While amphibians aie 

likeh to be exposed via a combination of pathwavs including ingestion dermal contact wi th watei 

and sediment maternal transfei to the eggs, and exposuie of the eggs to contaminated sediments 

aftei oviposition, reptiles are primarily exposed to PCBs v i a the food web and maternal transfei to 

then eggs (Bi\an et al , 1987a b) Reptiles tend to bioaccumulate PCBs to a greater degree than 

amphibians (Olafsson et al , 1983, Niethammei et al 1984) Th is mav be due to their higher 

positions in the food web (Niethammer et al , 1984 Rogei 1990) 01 to the tact that certain 

amphibians ha\e a high rate of fatty acid renewal which may mciease their rate of PCB deputation 

relat ive to their rate of PCB uptake (Biown 1964) Hovvevei despite then tendencv to 

bioaccumulate higher levels of PCBs than amphibians, leptiles appeal to be in sens i t i ve to then 

toxic potential (Bryan et al , 1987, Olafsson et al 1981) Olafsson et al (1983) reported that no 

adverse effects were observed in snapping turtles sampled, despite PCB tissue concentrations as 

high as 3,608 mg/kg 

Birge et al (1978) reported that amphibians are less sensi t ive to PCBs than fish h o v v e v e i it 

appears that the hatching success and post-hatching survival of amphibians mav be adveiselv 

impacted when their eggs aie exposed to watei column concentrations of 1 jig/I or more Buge et 

al (1978) leported a LOAEL of 1 0 ng/L and a NOAEL of 0 1 fig/L in the i r studv s \s tem 
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However, direct comparisons with control amphibians were not provided by the authors and the 

use of acetone as a carrier solvent may have enhanced the bioavailability of PCBs tested or may be. 

itself, contributing to toxic effects (Mac and Seelye, 1981). 

The only study which specifically addresses the potential estrogenic effects of PCBs in amphibians 

or reptiles relates to the modification of temperature-dependent sex determination in turtles. 

Bergeron et al. (1994) undertook a study to evaluate the estrogenic effects of certain PCBs by 

reversing sex in the red-eared slider turtle. Of the 11 PCB congeners tested in this study, only 

two, 2',4',5-trichloro-4-biphenylol and 2',3',4',5'-tetrachloro-4-biphenylol, were shown to 

significantly (p<0,001) reverse sex at a male producing temperature. It should be noted, however. 

that tri-and tetra-chlorinated biphenyls are not components of Aroclor 1260, the primary PCB 

mixture found in the Housatonic River sediments. 

Potential reproductive effects, including hatching success and hatchling survivability, appear to be 

the most sensitive toxic endpoint of PCBs in amphibians and reptiles. In addition, despite the i r 

higher potential to bioaccumulate PCBs, reptiles appear to be considerably less sensitive to these 

toxic effects than amphibians. For these reasons, it appears that evaluation of reproductive effects 

in amphibians is the most critical endpoint to be considered when evaluating the effects of PCBs in 

these groups of organisms. 

2 . 3 . 6 Toxicity to Birds 

Food ingestion is the principal pathway through which insectivorous, carnivorous, and 

piscivorous birds are exposed to PCBs (Niethammer et al. , 1984; Stromberg et al., 1994: Focardi 

et al., 1988). Herbivorous birds may be exposed to PCBs through incidental ingestion of soil or 

sediment particles, as they forage and preen. 

While acute toxicity (LDso) values have been reported to range from 604 to more than 6,000 mg/kg 

PCBs in diet (USFWS, 1985a), the vast majority of research during the past two decades has 

focused on sublethal, chronic endpoints. These endpoints include: hepatotoxicity and enzyme 

induct ion; neurotoxicity; endocrine and growth effects; immune system effects; mutagenic i ty : 
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reproductive impairment, and teratogenicity While such effects have all been observed in the 

laboratory at high PCB doses, the most prevalent effect observed in the field is reproductive 

impairment, including embryotoxicity and aberrant parental incubation behavior 

Reproductive impairment has been attributed to higher chlorinated PCBs such as Arocloi 1254 

and 1260, since the 1970s Three principal causes ot reproductive impairment have been 

hypothesized - eggshell thinning, abnormal parental incubation behavior and embryonic 

mortality Howevei, repeatable and positive results are reported lor PCBs only with respect to the 

lattei two Numeious laboratory studies (Heath et al, 1972, Peakall, 1971, Tucker and Crabtree 

1970, Scott et al , 1971, Dahlgren and Lmder, 1971, Custer and Heinz 1980 Riseboiough and 

Anderson 1975, McLane and Hughes, 1980) and field studies (Fabei and Hickev, 1971 Lindva l l 

and Lowe, 1980 Wiemeyer et al , 1988, 1993, Norheim and K|os-Hanssen 1984) on eggshell 

thinning in relation to PCB exposuic have vielded negative 01 inconclusive result-. 

Many icsearcheis have investigated the effects of PCBs on hatching and fledging success ol \oung 

birds Both negative and positive Jesuits have been icported and theie is considerable variabili ty 

among diifeient species of birds and diffeient PCBs Foi example leported dietai} concentration 

KOAELs and LOAELs for this endpomt range from 3 0 mg/kg to 50 mg/kg and from 10 to 33 

mg/kg respectively Summarized below are key laboratoiv feeding studies, egg inject ion s tudies 

paiental behavioi studies and field studies that addressed hatching and/oi fledging success 

McLane and Hughes (1980) recorded clutch sizes and hatchabilitv in captive screech owls led 3 0 

mg/kg Arocloi 1248 No adverse effects were observed (p>0 05) Custei and Hem/ (1980) fed 

nine-month-old mallards a dietary dosage of 25 mg/kg Aiocloi 1254 lor at least one month befoic 

egg-laying and then allowed hens to incubate then own eggs No detrimental effects on the 

number of hens laying, the date of first egg laid, clutch size f e r t i l i t y or hatching and surv iv al of 

ducklings weie observed Likewise no significant reproductive effects weie observed during 

long-term dietaiy exposures ol 50 mg/kg Arocloi 1254 in Japanese quail and Northern bobwhites 

(NAS, 1979) In contrast, Peakall et al (1972) observed adverse effects on hatching and Hedging 

success in ring doves fed Arocloi 1254 at a dietaiy concentiation of 10 mg/kg ovei two 

generations Peakall and Peakall (1973) found that rep ioduc t ive success was dependent on 
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exposure of the female, while exposure of the male was unimportant. American kestrels given 33 

mg/kg of dietary Aroclor 1254 for 62 to 69 days showed a significant decline in sperm 

concentration (Bird et al., 1983). 

A number of egg injection studies have compared the embryotoxicity of different PCB congeners 

to different avian species (Brunstrom and Reutergardh, 1986; Brunstrom, 1988; Brunstrom et al.. 

1990; Brunstrom, 1991). It is worth noting that Hoffman et al. (1987) believed that injection 

studies generally suggest a greater sensitivity to foreign substances than reported in the wild and, 

as such, are probably not directly comparable to natural environmental accumulation in the egg. In 

addition, because these eggs are artificially incubated, the results offer no information on the 

possible effects of aberrant parental behavior on the survival of embryos. However, the results of 

such studies are useful in demonstrating the variability in sensitivity among different bird species. 

Brunstrom and Reutergardh (1986) injected the yolks of eggs of pheasant, mallard, goldeneye, and 

black-headed gull with 3,3',4,4'-tetrachlorobiphenyl. The highest dose given was 0.1 mg/kg egg 

(mallard) or 1.0 mg/kg egg (pheasant, goldeneye, black-headed gull). Only in the pheasants' eggs 

was any effect on hatchability noted. While injection of 1.0 mg/kg resulted in the death of all the 

pheasant embryos, no decrease in the hatching rate occurred when 0.1 mg/kg was in jec ted . 

Brunstrom (1988) next injected the yolks of eggs from duck, goose, herring gull and various 

breeds of chicken with 3,3',4,4'-tetrachlorobiphenyl. A NOAEL was not measured for chickens 

and the LOAEL was 5 (ig/kg egg. In contrast, the highest dose administered (5.000 |Jg/kg egg for 

ducks and 1,000 (ig/kg egg for geese and herring gulls) to other species did not affect the viability 

of the embryos and caused no gross abnormalities. 

Brunstrom et al. (1990) tested the embryotoxici ty of 3,3' ,4,4 '-tetrachlorobiphenyl and 

3,3',4,4',5-pentachlorobiphenyl by injecting either 1.0 or 0.1 mg/kg egg, respectively, into the 

yolk sacs of eggs of common eiders. No significant increase in embryo mortality was detected. 

Through comparisons with previous data, Brunstrom et al. (1990) showed that eider embryos are 

considerably less sensitive than chick embryos to either congener. Brunstrom ( 1 9 9 1 ) also 

compared the toxicities of various polychlorinated biphenyls in chick embryos, and found that 

3.3',4,4'.5-pentachlorobiphenyl was the most toxic of 11 PCBs tested, followed by 3.3'.4.4'­

tetrachlorobiphenyl. 
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The relatively few studies that considered parental behavior as an endpomt demonstrate varied 

sensitivity among different species of birds A dietary NOAEL of 25 mg/kg was reported for 

mallards (Custer and Heinz, 1980), while a dietary LOAEL of 10 mg/kg was reported for ring 

doves and mourning doves (Peakall and Peakall, 1973, Ton and Peterle, 1983) Custer and Heinz 

(1980) fed nine-month-old mallards a dietary dosage of 25 mg/kg Arocloi 1254 for at least one 

month before egg-laying and then allowed hens to incubate their own eggs No detrimental effect 

on the hatching of fertile eggs or the survival of ducklings to three weeks of age \\ ere noted 

In contrast Peakall and Peakall (1973) maintained second generation ring do\es on a 10 mg/kg 

diet of Aroclor 1254 and observed the incubation behavioi of pairs ot treated female/untreated male 

and untreated female/treated male birds Using egg temperature as a measuie ot nest attentiveness 

the authors found that this dosage of Aroclor 1254 adversely affected both hatching and fledging 

success and was correlated wi th lowei egg temperatuies Ton and Peteile (1983) obseived the 

courtship behavioi and reproductive effort of mourning doves fed dietarv Aiocloi 1254 of 0 10 

01 40 mg/kg for six weeks These authors icported that doves fed 10 mg/kg spent twice as much 

time as controls in the courtship phase, but only 50% of these pairs completed the courtship phase 

and progressed into nest building and incubation 

In addition to the laboratory studies discussed above a number of f ie ld studies have evaluated 

potential effects of PCBs on the breeding success ol birds Findings have vaned considerably 

depending on the species studied, the presence of co-contaminants and the studv design Among 

the negative studies is work by Harris and Osborn (1981) which showed that iemale puf tms that 

were exposed to PCBs and laid highly contaminated eggs ( 1 0 8 1 mg/kg PCBs) weie 

indis t inguishable in breeding success from control buds Custei et al ( 1 9 8 3 ) studied black 

crowned night-herons nesting in thiee New England and two North Carolina colonies and found 

that concentrations of DDE and PCBs in the eggs (ranging from 0 8 to 10 mg/kg wet we igh t ) did 

not affect clutch size, numbei of eggs hatched, or nestling s u r v i v a l Similar!) Stiugei and 

Weseloh (1985) found that concentrations of PCBs ranging from 19 39 mg/kg in eggs ot Caspian 

terns did not result in impairment of reproduction Investigations at foui great blue heion colonies 

on the coast of British Columbia (Elliott et al , 1989) also have not demonstrated a positive 

association between PCB concentrations in eggs and adveise reproductive e f f ec t s Weseloh et al 

(1990) observed normal herring gull productivity despite concentrations of PCBs in eggs that 

ranged from 35 to 140 mg/kg (wet weight) King et al (1991) found that PCB lesidut l e v e l s we ic 
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not correlated with hatching success for Forster s terns and black skimmers in Lavaca Bay Texas 

Harris et al (1993) evaluated hatching and fledging success of Forster s terns in Green Bay, WI 

and found no significant differences relative to a control colony at Lake Poygan Stromberg et al 

(1994) evaluated hatching success and sex ratios among deformed double-crested cormorants in 

Green Bay, WI with respect levels of PCBs, no relationship between PCB concentrations and 

reproductive outcome was found for eggs collected from successful, unsuccessful, and deformity 

containing nests 

As described below, there have also been a number of field studies on the effects of PCBs on 

reproductive success that have had positive findings howe\ei these studies do not generalh 

provide sufficient chemical and reproductive data to demonstrate that a causal relationship exists 

since the presence of co-contaminants is commonly a confounding factor Nonetheless the abihtv 

to detect adverse reproductive outcome through field studies is an important assurance that the 

methodology is adequately sensitive for evaluating this endpomt 

Hoffman et al (1987) collected Forster s tern eggs from an aiea with documented reproductive 

problems and compared them to eggs from an area \vheie lepioduction was normal Adverse 

effects on hatching success weight of hatchhngs, increased l ive r to body weight latio and shortei 

femur length were reported in eggs that had measurable leve l s of PCBs and dioxins Working 

with the same colonies of Forstefs terns, Kubiak et al (1989) also observed effects on incubation 

period, hatching success, hatchhng weight and liver/bod\ weight ratios Kubiak et al (1989) 

concluded that parental mattentiveness contributed to low reproductive success oi Gieen Bav terns 

based on then observation that a highei percentage of nests used bv contaminated adults w e i e 

abandoned or disappeaied than occurred for uncontammated adults No statist icall \ sigmlicant 

difference in the number of eggs that yielded fledging young was found Very high concentiations 

of a multitude of man-made chemicals are present in Gieen Bav and statistical coirelations were not 

conducted to determine the strength of the association between PCBs and reproductive impairment 

Furthermoie in a more recent study of the same Forstei s tern colonies Hamse ta l (199^) found 

that hatching and fledging success did not differ significanth from the control colonv The authois 

attributed their findings to reduced PCB loading to Green Bav 

Tillet et al (1992) evaluated the effects of PCBs on double ciested cormorant eggs collected from 

the Great Lakes Total concentrations of PCBs in the samples ranged fiom 0 0s) to 148 mg/kg 
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(wet weight) Mortality of cormorant embryos was between 9 and 39% While there was a 

significant correlation between total concentrations of PCBs in composites of cormorant eggs from 

a colony and egg mortality rates from the same colony, the coefficient of determination (R-) was 

only 0 319 Thus, much of the variance in egg mortality was unexplained Beckei et al (1991) 

found that the hatching success of a highly contaminated common tern colony was similai to that of 

a less contaminated colony, and well within the range reported elsewhere However in comparing 

eggs sampled at random with eggs failing to hatch, there were significant differences between the 

amounts of total PCBs In the failed eggs, concentrations of higher chlorinated PCBs were 20% 

higher than in the random sample 

In conclusion, while hepatotoxicity and enzyme induction, neurotoxicity, endocrine and growth 

effects, immunodeficiency mutagemcity, and teratogemcity ha\e been obseived in laboratoiy 

studies to result from exposuie of buds to high doses PCBs, the most sensitive e f f e c t consistently 

reported in both field and laboratory studies is reproductive impairment This suggests that except 

in extreme cases of acute poisonings, reproductive outcome is the endpomt most hke lv to be 

associated with actual concentrations of PCBs in the environment and is theteloie the most 

important endpomt to considei when evaluating risks to birds inhabit ing the Housatomc R i v e r 

ecosystem 

2 .3 .7 Toxicity to Mammals 

In general, PCBs are not particularly toxic to mammals following acute exposures vet chionic 

exposure to many of the highei-chlorinated, planar congeneis, as wel l as to the mote h igh lv 

chlorinated mixtures has been demonstrated to result in frank effects on the i cp ioduc t ivc abil i t ies 

of mammals, especially of mink Of mammals that have been tested for susceptibihtv to the effects 

of PCBs, mink have been shown to be most sensitive to the effects of PCBs (Ringei 1983 Wren 

1991) The reason for this sensi t ivi ty is not known, howevei, interspecies va i i ab ih tv in sens i t i v i tv 

to PCBs is common, even among closely related species (EPA, 1993) 

Likely because of the sensitivity of minks to PCBs, most PCB ecotoxicity studies on mammals 

have focused on this species Seveial studies have indicated that female adult mink (Platonow and 

Karstad, 1973, Bleavins et al , 1980) may be much more sens i t i ve to impaued l e p i o d u c t i v e 

functions associated with PCB exposure than are males (Wren et al , 1987) It is also probable 
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that the transfer of PCBs through lactation to whelps is at least partially responsible for the 

susceptibility observed in this age group (Bleavins et al , 1981, Brunstrom et al . 1991) There is 

limited evidence that laboratory species are less sensitive to the impacts of PCBs than aie wild 

species (Lmzey 1987), it has been postulated that the likely exposure of wild mammals to multiple 

stressors not experienced by laboratory animals may compromise then ability to resist PCB toxicity 

( W r e n e t a l , 1987) 

Several investigators (Aulench et al , 1971, 1973, Platonow and Karstad, 1973, Aulench and 

Ringer, 1977 Hornshaw et al , 1983, Aulench et al , 1986) have observed that the toxicity of 

metabolized PCBs (those in Gieat Lakes fish 01 m diets comprised of contaminated beef 01 labbit) 

was greatei than that observed foi technical grade PCBs admmisteied directlv Howeve i many of 

these studies ha\e f laws that potentially confound such conclusions Foi example the contiol 

mink in the Platonow and Karstad (1973) study suffered pooi iepioducti\e perfonnance and the 

control diets were shown to be contaminated w i th pesticides and othei chlo imated oiganic 

compounds Similar!}, the Great Lakes fish diets of the Hornshaw et al (1983) stud\ weie not 

analyzed for other contaminants, so it is not certain that the observed eftects in this s tudv can be 

totally attributed to PCBs 

Studies in a variety of mammal species have demonstiated that PCBs aie not as toxic fo l lowing 

acute exposuies as they aie following long-term exposures to lowei concentiat ions ol the highet­

chlonnated coplanai congeners, or to the more highly chlorinated mixtures (Rmgei 1983) 

Mortality (LDso1*) associated with acute dietary exposures in mink ranged from 1 000 mg/kg foi 

Aroclor 1221 to 4,000 mg/kg foi Aroclor 1254 (Aulench and Rmgei 1977) LC\0s in ta ts have 

ranged from 1 000 to 20,000 mg/kg for various Aroclors (Kimbrough et al 1978) Lethal dietaix, 

concentrations (LCsos) associated with short-term exposures in mink have langcd tiom 31 5 

mg/kg for exposures to Aroclor 1254 (Hornshaw et al , 1986) to 84 mg/kg f o i exposuie to 

metabolized Aioclor 1254 (Aulench et al , 1986) Exposure to lowei concentrat ions of certain 

PCBs ovei long periods can also be fatal to mammals Rmgei et al ( 1 9 8 1 ) found that chronic 

exposure to dietaiv- levels of Aroclors 1242 and 1254 between 5 and 10 mg/kg lesulted in 50% 

mortality in mink, estimated LCsos calculated foi these data w e i e 8 6 and 6 65 mg/kg, 

lespectivel) 
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Many of the more highly chlorinated commercial mixtures of PCBs have the potential to affect the 

reproductive abilities of mammals, especially of mink For example, while chrome dietary Aroclor 

1254 concentrations of 2 0 01 2 5 mg/kg resulted in significant ad\erse reproductive effects in 

mink (Aulench and Ringer, 1977, Aulench et al , 1985), chronic exposure to the same 

concentration of Aroclor 1016, 1221, and 1242 did not Dietary exposure to 5 mg/kg of Aroclor 

1242 was detrimental to reproduction (Aulench and Ringer, 1977) Concentrations as high as 20 

mg/kg of Aroclor 1016 had no effect on litter size in chronically exposed mink (Ringei, 1983) 

While the results of the Platonow and Karstad (1973) and Hornshaw et al (1983) studies indicated 

that dietary concentrations of Arocloi 1254 as low as 0 64 01 0 48 mg/kg may impan reproduction 

the many confounding factors in this study preclude the results from being considered conclusive 

Of all the congeners examined 3,4,5-hexachlorobiphenyl, appears to be the most potent 

reproductive toxicant in mink concentrations of 0 1 mg/kg and 0 5 mg/kg resulted in complete 

reproductive failure (Aulench et al , 1985) and studies conducted on the relat ive reproductive 

potency of various commercial mixtuies and congeners confirmed that 0-oitho and mono onho 

chlorinated biphenyls have the greatest adverse effects on mink reproduction (Backhn and 

Bergman, 1992, Kihlstrom et al 1992) 

The most sensitive effects associated with chronic exposure to PCBs in mammals appear to be the 

survival and growth of young (Aulench and Ringer 1977, Wien et al , 1987 Lm/e> 1987 

Wren, 1991) Hornshaw et al (1983) observed inferior kit su rv iva l associated w i t h maternal 

dietary exposures to Arocloi 1254 in fish at concentrations as low as 048 mg/kg Wien et al 

(1987) observed depressed growth in kits born to dams exposed to 1 0 mg/kg Arocloi 1254 in 

then diets 

The specificity of the effects of PCBs on mink reproduction and mortality is well established horn 

laboratory experiments, but Wren (1991) found there was poor resolution of the information on 

effects using field data Comparison of tissue levels observed in toxicity studies with those 

observed in the field is useful, as long as assessments of the health of wild mammals are made as 

well Unfortunately, most of the studies that evaluated tissue levels in wild mammals (O Shea et 

al , 1980 Henney et al , 1981 Foley et al , 1988) include little information on the health of 

individuals or populations However, Wren et al (1987) noted that the maximum hve i level (3 1 

mg/kg) observed in female mink that experienced reproductive fa i lu ie in laboratorv studies was 
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lower than PCB levels that have been observed in wild mink (O'Shea et al., 1980; Henney et al.. 

1981; Foley et al., 1988). Wren et al. (1987) felt this comparison was important because it 

indicated that reproduction could be affected in wild mink if they have high tissue levels of PCBs. 

In conclusion, chronic exposures of mammals to highly chlorinated mixtures of PCBs have been 

shown to cause reproductive impairment, particularly with respect to survival and growth of 

young. Mink are substantially more sensitive to these effects than most other mammals and. as a 

result, most PCB ecotoxicity studies have focused on minks. Therefore, it is reasonable to 

conclude that a critical mammal for evaluation is mink and that the critical effects are reproductive 

impairment and survival of young. 

2.4 Selection of Receptors of Concern 

An ecological receptor may be a species or group of species that is potentially affected by the 

presence of on-site stressors. While a mult i tude of ecological receptors may be observed or 

expected to be present in the Housatonic River site, in-depth evaluation of the health of all potential 

receptors present is not feasible. Therefore, species that are sensitive to and likely to be exposed to 

the chemical stressor of interest, and are representative of the variety of organisms and types of 

exposures present in the study area, need to be selected for study. By narrowing the number of 

species assessed, more careful evaluation of their health can be performed wi th a resu l t ing 

increased certainty in the conclusions. 

The selection of species for evaluation is one of the first and most important tasks in ecological risk 

assessment (EPA, 199Ib). The choice of species is influenced by the needs of the s tudy , the 

natural or available habitat on-site, the types of organisms that could be affected by the presence of 

contaminants, the distribution of contaminants, and the variable susceptibility of those organisms 

to the toxic effects of contaminants at the site. 

In selecting receptors for the risk assessment for the Housatonic River site, the choice of species 

reflects the aquatic and terrestrial resources that are potentially at risk (EPA, 1991b). In making 

these selections, the following criteria have been considered: 
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•	 Sensitivity of the species and life stages to the ecotoxicological potential ofPCBs ­
Evaluation of particularly sensitive species and life stages yields a conservative 
assessment of potential risk. 

•	 Size and location of the home range relative to the area of contamination - Ideally, 
the home range of selected species should correspond to the area of contamination, 
because such species would experience among the highest exposures. Species 
which have home ranges that exceed the area of contamination should not 
necessarily be dropped from consideration, however, particularly if that species is 
sensitive to the effects of the contaminants. 

•	 Feeding preferences and behaviors - Receptors should be selected that have a high 
potential for exposure, either because of the foods that they consume or because of 
behaviors such as nesting, burrowing, and preening. 

•	 Position on the food chain - Selection of mid-to-high trophic level consumers 
allows for greater potential for bioaccumulation and biomagmfication up the food 
chain. In addit ion, by focusing on higher level organisms, it is possible to 
indirectly evaluate potential impacts on the habitats and prey organisms on which 
those species depend. 

•	 Ecological value - The extent to which the receptor group is critical to the function 
and structure of the community or ecosystem reflects its ecological value. For 
example, a receptor species or group that is the obligatory food source for another 
species or group, or is critical to the habitat requirements of an endangered species, 
or is critical to nutrient cycling would have high ecological value. 

•	 Social importance or economic value - Species that may have high social or 
economic value include those that are valued for their aesthetic qualities (certain bird 
or plant species), as well as those that are valued as recreational resources (hunt ing , 
fishing, etc.) 

•	 Sufficient population density to allow for meaningful evaluation - For field s tudies, 
species should be selected that are present in sufficient numbers to be identified and 
evaluated. Population sizes that are sufficient to test for statistical significance 
further augment the meaningfulness of the study. 

•	 Threatened, endangered, or rare species - Any threatened, endangered or rare 
species that inhabit the site will be included as receptors of concern, in accordance 
with the MCP. 

•	 Minimization of confounding factors - Receptors for which confounding factors 
that could confuse or mask the causes of any observed population or reproductive 
effects are minimized (e.g., hunting or trapping could reduce population sizes and 
skew the sex and age structures of populations of some species) help to limit the 
overall uncertainty of the assessment; and 
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Overall feasibility - Characteristics, such as transient inhabitation of the site and 
absence of data in the literature, may preclude certain species from being studied for 
reasons of technical mfeasibility 

There are a number of candidate receptors that could be evaluated in the risk assessment for the 

Housatonic River site Each is discussed below, along with their strengths and weaknesses as 

candidates for evaluating the potential impacts of PCBs on the ecosystem of the Housatonic Ri \e i 

\alley Receptors of interest are then selected based on the criteria described above 

2 . 4 . 1 Plants 

As primary producers, plants constitute the base of all food webs They aie ubiquitous and mav 

under certain circumstances, be among the first organisms affected by on site stressois (EPA. 

1991) However, as discussed in Section 2 3 2 and as stated by EPA (1991), plants die not uselul 

leceptors of interest for hydrophobic compounds like PCBs due to the fact that thev cannot 

transport substantial amounts of these compounds limiting their potential foi uptake and thus ma\ 

leact to exposure less rapidly 

Moreovei PCBs do not appear to be toxic to plants except at vvatei concentiations gieatei than 1 

ug/1 and soil concentrations in the hundreds of mg/kg, both of which are highei than the leve ls that 

ha\e geneialh been detected in the Housatonic Ri\ei ecos\stem (Section 2 1 2) While plants do 

compnse a critical foundation of the food web, the health of the plant communitv as the base ol the 

food web will be evaluated indnectly through the assessment of potential risks to highei trophic 

level organisms which depend on it (as discussed belo\\) Foi this reason and because of then 

low uptake and lack of sensitivity to PCBs, plants have not been selected as icceptois of concern 

for this assessment 

2 .4 .2 Invertebrates 

Due to the low solubility, high lipophihcity, and low degiadabihtv of PCBs thev tend to 

bioaccurnulate in both aquatic and terrestrial invertebrates In aquatic s \s tems benthic 

invertebrates are capable of mobilizing PCBs from sediments as thev ingest sediment-associated 

detritus Similarly, in terrestrial systems, earthworms and othei mvertebiates mav mobili/e PCBs 

from soils as they ingest organic matter to which PCBs have adsorbed J O i_ 
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As discussed m Section 2 3 3 , aquatic invertebrates appear to be more sensitive to PCBs than 

terrestrial invertebrates Moreover, in the Housatonic River, the sediment PCB levels are generally 

higher than those in the flood plain soil As a result it makes sense to access potential PCB effects 

on aquatic invertebrates Further, since highly chlorinated PCBs are more concentrated in 

sediments than in the water column, benthic invertebrates are exposed to gieatei PCB 

concentrations than are pelagic or planktonic organisms 

Benthic invertebrate community data lend themselves well to evaluating trends in water quality 

since changes in species richness, diversity, balance, abundance, and presence/absence of toleiant 

01 intolerant species can be correlated to the quali ty of aquatic ecosystems (Bode et al 1993) A 

diversity index is commonly employed as a measuie of the relative health or stress of aquatic 

invertebrate communit ies (Klemm et al , 1990) The advantages of us ing benthic 

macromvertebrates include their sensitivity to environmental impacts then susceptibihu to 

localized contamination due to their relative immobility, their abundance, and the lact that thc\ are 

fairly easy and inexpensive to sample Bioconcentration by benthic organisms is the lus t step in 

the biological transport of hydrophobic pollutants from the sediments to highei t iophic l eve l s 

including fish birds, mammals and humans (Lee 1992) Benthic macromvei tebia tcs can 

accumulate PCBs to concentrations thousands ol times highei than those in vvatei samples (Gooch 

and Hamdy, 1983) 

Aquatic mvertebiate communities can be afiected by lactois such as sediment grain si/e aeration 

habitat food source, water flow temperature and water quality To make comparisons between 

different sites, these factors should be accounted foi as much as possible Choosing sampling 

sites in areas of comparable habitat and sediment deposition in addition to to sampling the 

sediments for benthic invertebrates, gram size, TOC, and redox potential will aid in determining 

whether diffeiences in community parameteis can be s ignif icant ly correlated to chemical 

contaminants 

In tenestnal systems, earthworms and many othei invertebrates live in direct contact w i t h soil and 

may come into contact with contaminants that ate eithei adsorbed to soil paiticles 01 d issolved in 

soil moisture For example earthworms ingest large quanti t ies of soil dur ing then normal l i fe 

cycle and may encounter elevated concentrations of PCBs in locah/ed su r f ace soi l aieas 
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mobilizing them from soil as they ingest organic matter to which the PCBs have adsorbed (EPA, 

1991). Many birds and mammals feed on terrestrial invertebrates; therefore these higher trophic 

level organisms may accumulate PCBs via the food chain. 

While both aquatic and terrestrial invertebrates have been considered for evaluation, the data 

available on the effects of PCBs on aquatic invertebrates is much more substantial than the data for 

terrestrial invertebrates. This allows the data collected for the aquatic invertebrates in the 

Housatonic River to be compared with the data in the published literature. Further, as noted 

above, terrestrial invertebrates are less sensitive to the toxic effects of PCBs than aquatic 

invertebrates. Therefore, a risk assessment that is based on aquatic invertebrates should be 

protective of terrestrial invertebrates as well. For all these reasons, we have selected aquatic 

invertebrates as receptors of concern for this risk assessment. 

2 . 4 . 3 Fish 

Fish may come into contact with PCBs dissolved in the water column; however, this is not the 

primary route of exposure for most species. Bottom feeding fish may take up PCBs via the 

ingestion of benthic invertebrates and the direct ingestion of sediments during feeding. Predatory 

fish ingest PCBs while feeding on smaller fish. 

There is a substantial body of data on the chemical sensitivity of fish to PCBs. Sensitivity to PCBs 

varies depending upon the life stage of the fish and the species being evaluated. Identification of 

species is straightforward and there is information readily available on their environmental 

requirements and life histories. Fish are relatively long lived and they may occupy many trophic 

levels. In addition, most temperate species o f f i sh reproduce once a year resulting in relatively 

stable populations (EPA, 1991). It can be difficult to study fish, however, because they are mobile 

and are not confined to localized areas of contamination, quantitative samples are difficult to obtain, 

and their numbers are fewer than those of smaller organisms, leading to a greater chance of 

sampling error. 

Omnivorous fish are species off ish that feed on a combination of food types. They may consume 

plant material and detritus as well as smaller fish and aquatic organisms. These fish, which include 

the white sucker, bullhead, and carp, have potential to take up PCBs via the food chain and via 
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direct ingestion of sediments during feeding. Of this group, the white sucker is common in the 

Housatonic River. It is an omnivorous bottom feeder that primarily consumes benthic 

invertebrates, small mollusks and occasionally fish eggs. This species tends to feed in pools with 

cobble/rock substrates and will also scrape algae and diatoms from the rocks. It has potential for 

direct exposure to PCBs from sediments and also for food web exposure via the ingestion of 

sediment dwelling organisms. White suckers typically spawn in riffle areas and broadcast the 

eggs, but sometimes spawn in areas where streams enter bays or pools. There are no available 

data regarding PCB accumulation in the tissues of white suckers within the Housatonic River at 

this time. The white sucker is chosen as a receptor because it is a good representative of bottom 

feeding fish and is abundant throughout the Housatonic River. 

Predatory fish generally feed on other fish and aquatic organisms during the adult stages of their 

lives. Many of the predatory fish species (e.g. largemouth bass, smallmouth bass, and trout) are 

game fish that are actively sought by recreational anglers. Because these fish are high trophic level 

organisms which feed on secondary consumers, they bioaccumulate PCBs via the food chain. 

While all three of these species are known to inhabit this reach of the Housatonic River, 

largemouth bass are the most common. Smallmouth bass populations are more limited in size, 

making study of this species less feasible than largemouth bass. Trout populations are believed to 

be very small and, due to their temperative requirements, are restricted to colder portions of the 

river. 

The largemouth bass, provides an excellent model for studying predatory fish in the upper 

Housatonic River. It is a lurking predator which feeds in vegetated areas and primarily consumes 

fishes, as well as crayfish and frogs. Largemouth bass create and defend nests in sand/gravel 

substrate. There are some data regarding PCB tissue concentrations for scaled, skin-on 

largemouth bass fillets in the Housatonic River (Stewart, 1982; Blasland and Bouck, 1991). The 

Stewart (1982) data indicate that total PCB (wet wt.) in largemouth bass fillets varies from 20 

mg/kg in Woods Pond to 6.9 mg/kg in the reach from Rising Pond Dam to the state line (2,597 

mg/kg lipid to 920 mg/kg l ipid, respectively, when expressed as l ipid-normalized PCB 

concentrations). Other largemouth bass caught in Woods Pond and Rising Pond were reported to 

have fillets with mean total PCB concentrations (in mg/kg) of 10.7 (± 7.9 SD) and 16.5 (± 12.1 

SD) respectively, which corresponds to 1,119 (± 739 SD) and 890 (± 599 SD) mg/kg lipid, 
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respectively (Blasland and Bouck, 1991) Largemouth bass is chosen as a receptor for this 

assessment due to the high trophic level it occupies, its abundance, and its demonstrated capacity to 

accumulate PCBs in the Housatomc River 

2.4 .4 Amphibians and Reptiles 

Amphibians may be found in a variety of terrestrial and aquatic habitats Geneially. amphibians 

are terrestrial as adults and move to aquatic habitats to breed Most deposit then eggs in or near the 

water and the eggs hatch into free swimming and feeding larvae Eventually these larvae 

metamorphose into their adult forms and move back into the terrestrial habitat where thev continue 

to feed and grow Because of their aquatic breeding and then adult and larval feeding behaviors 

these organisms demonstrate a high potential foi exposure They may be exposed to PCBs \ ia 

ingestion, dermal contact with water and sediment, and maternal transfer to the eggs In addition 

because amphibians are consumed by highei trophic level organisms, including birds mammals 

reptiles, and fish, they may provide a source of PCB transfer within the food web 

Certain reptiles may also be exposed to PCBs in an aquatic system Snapping turtles have been 

proposed as an effective tool for monitoring changes in contaminant levels over time due to then 

long life expectancy, their lifetime residence within a well defined area, their sedentarv lifestyle 

then omnivorous feeding behavior, and their tendencv to bioaccumulate high l e v e l s ot 

organochlonne contaminants with no apparent adverse effects (Olafsson et al 1983) Tui t les aie 

primanl) exposed to PCBs via the food web and matemal transfei to then eggs ( B i v a n et al 

1987a,b) 

For most amphibians and reptiles, the primary route of exposure to PCBs is likely to occur via the 

food web The variety of foods eaten by these organisms can greatly affect the leve l ol exposure 

that they receive While the diets of some amphibians may be limited to organisms lower on the 

food web, like insects and invertebrates, other amphibians, like bullfrogs, are ommvoious and 

consume crayfish, insects, invertebrates, plants, and upon occasion, small fish and mammals 

(Korschgen and Baskett, 1963, Niethammer et al 1984) The diets ol reptiles aie similarlv, 

variable Although small reptiles may feed pnmarilv on small insects and invertebrates largei 

snakes and icptiles, like the snapping turtle, are ter t ia iv consume)s whose diets mav include 

crayfish, fish frogs, small mammals and birds (Niethammei et al 1984 Rogeis 1990) 



ChemRisk® - A Division of McLaren/Hart 
February 28, 1995 
Page 2 39 

Despite their tendency to bioaccumulate higher levels of PCBs than amphibians reptiles appear to 

be relatively insensitive to the toxic effects of PCBs (Olafsson et al 1983 Bryan et al 1987) In 

addition, while snapping turtles have been studied extensively to determine their suitability as 

biological monitoring tools, very little information is available to indicate the dietary sediment, or 

body burden PCB concentrations that would result in specific adverse effects in this species In 

those few studies that have evaluated toxicity in snapping turtles, the turtles ha\e generallv been 

exposed to multiple organic and inorganic contaminants, making it impossible to identify whether 

the toxic responses observed are related to PCBs (Albers et al , 1986 Bishop et al 1991) Othei 

studies have indicated that snapping turtles can tolerate tissue concentrations of hundreds 01 

thousands of mg/kg without any adverse effects (Olafsson et al, 1983) Furthermoie theie are 

essentially no studies pertaining to effects of PCBs on other reptiles that ha\e been published to 

date Finally, snapping turtles are not geneially consumed by highei trophic level oigamsms and 

thus do not represent a route of PCB food web transfer to higher trophic levels For these reasons 

they have not been selected as receptois of concern for this risk assessment 

Frogs on the other hand, have been shown to be substantially moie sensitive to the toxic e f f ec t s of 

PCBs indicating that water column PCB concentrations of 1 (ig/1 or highei may in certain cases 

result in decreased hatching success and post-hatch survival (Birge et al , 1978) Because of this 

sensitivity to PCBs, their abundance in the Housatonic Rivei system and then importance as a 

food source for higher trophic level organisms frogs have been selected as icceptors of concern 

for this risk assessment 

2 .4 .5 Birds 

There are numerous birds which inhabit the Housatonic River valley, including piscivorous 

carnivorous, insectivorous, and herbivorous species As discussed in Section 2 3 6, it appeals 

that chronic, sublethal effects of PCBs in birds are the most important, w i t h reproduct ive 

impairment, including embryotoxicity and aberrant parental incubation behavior being the most 

prevalent 
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Piscivorous Birds 

Piscivorous birds feed largely on fish and other aquatic biota They have a high potential for 

exposure, due to the fact that the pnmaiy component of their diets is fish which tend to 

bioaccumulate PCBs Piscivorous birds considered for this analysis include the great blue heron, 

belted kingfisher, osprey, and gulls and terns 

Great blue herons are colonial nesting birds that are rare or localized in Massachusetts dm ing the 

breeding season (Veil and Petersen, 1993) During the winter, great blue herons inhabit coastal 

areas, and they spend the breeding season along shallow shores of ponds lakes, streams meis, 

\vet meadows, and marshes These birds build nests approximately 40 m high in tall tiees in 

fairly dense colonies (DeGraaf and Rudis, 1986) DeGiaaf and Rudis (1986) report that do/ens of 

nests may be bui l t in the crown of a single tree Great blue herons commonly opt foi open 

canopies and exposed limbs foi nesting, presumably for ease of access They feed on aquatic and 

tenestnal insects fishes, amphibians, reptiles, and crustaceans Great blue heions generalK f i sh 

in shallow water usually less than 50 cm deep, and prefer exposed mud f l a t s and sandbais 

(USFWS, 1985c) 

Most great blue heion colonies along the Atlantic coast are located m riparian swamp and beavei 

impoundments Islands are common nest colony sites for great blue herons presumably due to 

their isolation from human habitation and disturbance (USFWS 198%) USFWS (1985c) icpoits 

that ' human disturbance habitat destruction, and the resulting loss of nesting and foiaging sites 

piobably ha\e been the most important factois contributing to declines in some great blue heion 

populations m iccent years " 

Great blue herons aie good receptors for ecological risk assessment for a \anet\ of leasons 

First, great blue herons nest at several locations in Berkshire County that are within foraging range 

of the study aiea (pers comm . 1994, Mr Tony Gola, MDFW) Second there is suitable 

foraging habitat for great blue herons in the Housatomc Rivet valley (although the most common 

nesting habitat beaver impoundments, is not known to occur w i th in the study area) Third 

because heions nest colomally, the feasibihtv of evaluating populat ions rathei than single 

i n d i v i d u a l s , is improved Fourth, because herons are neithei secret ive noi camouflaged the 

feas ib i l i ty of finding and observing them is improved over certain other piscivorous buds (e g 
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bitterns). Fifth, reproductive data for virtually all heronries in Massachusetts for at least the past 

decade are available through MDFW. For the reasons listed above, the great blue heron has been 

selected as a receptor of interest. 

Belted kingfishers are solitary birds that nest on banks of water bodies containing small fish. Fish 

are the staple of their diets, although crayfish, insects, mollusks, and tadpoles are also consumed 

(DeGraaf and Rudis, 1986). Belted kingfishers prefer to forage in clear water for an unobstructed 

view of their prey (USFWS, 1985b). Not surprisingly, belted kingfishers are seldom seen on 

ponds or streams that are overgrown with thick vegetation that would obscure their vision. The 

most suitable locations for nests are well-drained banks with sandy soil and vertical or slightly 

overhanging faces (USFWS, 1985b). 

Belted kingfishers are not a good receptors of concern because few areas of the Housatonic River 

between New Lenox Road and Woods Pond Dam offer suitable nesting habitat. Much of this 

reach of the Housatonic River is occluded by masses of pondweed and water buttercup, which are 

a deterrent to kingfisher foraging. Woody roots, which are common in the study area, impede nest 

excavation. Therefore, a population of adequate size for a statistically meaningful study would be 

difficult or impossible to locate within the reach of interest of the Housatonic River. Additionally, 

there is no information published in the scientific literature regarding the toxicity of PCBs to 

kingfishers or related species. Finally, great blue herons are more appropriate receptors of interest 

than belted kingfishers because of the greater availability of information on PCB toxici ty to great 

blue herons, as well as the availability of habitat suitable for great blue herons in the Housatonic 

River valley. 

Ospreys nest near large bodies of water that support abundant fish populations. Shallow areas of 

streams and shoals of lakes where fish are close to the surface are the preferred foraging areas 

(DeGraaf and Rudis, 1986). However, reservoirs and larger waterbodies often provide improved 

foraging conditions over rivers and lakes, due to abundant fish populations and reduced turbidity. 

Turbid waters or waters with extensive emergent and submergent vegetation reduce ospreys' prey 

visibil i ty. If prey visibility is low or food resources are scarce, ospreys travel to d i s tan t food 

sources from the nest (USFWS, 1987). 
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The Housatonic River valley is not an optimal place to locate an osprey population of adequate size 

for this assessment The backwaters of the Housatonic River are choked with aquatic vegetation in 

many places, and dense overhanging vegetation along the shorelines limits foraging opportunities 

for ospreys by reducing then \ ievv of the water surface Also, the Quabbin Reservoir near 

Amherst and the Atlantic coast offer better osprey habitat than the Housatonic Rivet Veit and 

Petersen (1993) indicate that ospreys breed only near 01 along the coast of Massachusetts and not 

in the Berkshires The natural habitat preferences of osprev,, as well as then willingness to tun el 

long distances from their nests to forage, suggest that this species is less suited than the great blue 

heron for use as an receptoi of mteiest for this ecological assessment 

Gulls and terns are colonial nesting piscivorous birds seasonally common to poit ions ot the 

northeastern United States These species feed on fish garbage, insects, worms and giubs 

Their habitats vary from marsh) areas to gravelly, sandy beaches, however they all nest and ioiage 

near water bodies (e g lakes, nvers and oceans) As colonial species gull and te ins aie relat ively 

easily momtoied for reproductive success Hovvevei Veit and Peterson (1993) indicate that very 

few gulls and terns breed in western Massachusetts, rathei most of those present in Massachusetts 

aie migrants In light of these factors, gulls and terns are less favoiable receptois of mteiest than 

great blue herons 

Carnivorous Buds 

Carnivorous birds feed on a var ie tv of animals including mammals, birds fish amphibians and 

leptiles Carnivorous birds considered foi this assessment include the bald eagle and other buds of 

prey, including owls, falcons, and hawks Exposuie to these birds occuis p i u n a i i l v v i a the 

ingestion of contaminated piey 

Bald eagles are rare in New England and considered endangered nationally In Massachusetts the 

only breeding bald eagle population is located in the Quabbin Reservon as the icsult of 

reestabhshment efforts (Veit and Petersen, 1993) Most bald eagles in Massachusetts aie only 

winter residents Bald eagles aie v e i \ sensitive to human disturbances and insu la t ion horn 

interference is a habitat requirement Fish are the staple of the bald eagle's diet although thev also 

feed on small to medium mammals, large birds turtles and camon Bald eagles nest in laigc 

l iving trees on large bodies of vvatei (DeGraaf and Rudis 1986) USFWS (1986b) leports that 
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bald eagles prefer relatively open canopy, old-growth forests According to DeGraaf and Rudis 

(1986), the tree size, shape, and proximity to other nesting eagles are important in determining 

habitat quality Bald eagles prefer unobstructed views of their prey, as would be common ovei 

large waterbodies with low turbidity and little overhanging vegetation (USFWS, 1986b) 

The Housatonic River does not offer a habitat suitable for breeding bald eagles Not only are the 

trees substantially smaller than those preferred by bald eagles, but the Housatonic River is choked 

with aquatic vegetation in many places, and has dense o\erhangmg vegetation along the shorelines 

Thus, nesting and foraging would be difficult or impossible for bald eagles Also, human 

disturbances (e g , roads, railroad tracks, municipal landfills, gravel pits recreational act ivi t ies , 

etc ) are common in the Housatonic River valley, likely deterring bald eagles from nesting in the 

region Bald eagles were not chosen as indicator species because the lack of suitable habitat 

minimizes the likelihood of their exposure to PCBs 

Owls, falcons, and hawks are large birds of prey found in New England These buds ate 

generally carnivorous, feeding on mice, small mammals, amphibians and birds Large birds of 

prey tend to have relatively large territory sizes, large home ranges, and low population densities 

For example, barred owls range from 86 2 to 369 2 ha and ha\e been found in population 

densities of three pairs pei 9,320 ha Red-tailed hawks, which aie common in Massachusetts also 

have very low densities (one pair per 570 ha) large home ranges (80 to 1040 ha) and large 

territory sizes (32 4 to 81 ha) (DeGraaf and Rudis 1986) 

Large birds of prey are not generally suitable indicatois of localized en\ i ronmental pol lut ion 

because they are present in low densities and occupy large feeding terntones and home ranges 

These characteristics prevent the determination of the extent of exposure to chemicals within the 

Housatonic River flood plain It is unlikely that large carnivorous species would obtain food only 

from the relatively limited area of the 10-year flood plain Finally, exposure ot carmvoious birds 

of prey to PCBs is expected to be less than exposures of piscivorous birds to PCBs given the 

greater levels of PCBs in the aquatic system, relative to the terrestrial system Because the prev 

item of piscivorous birds would be expected to have highei concentrations of PCBs than the prey 

items of carnivorous birds, the evaluation of piscivorous birds al lows a more conse iva t ive risk 

assessment Therefore, large birds of prey have not been selected as leceptois ol concern tor this 

assessment 
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hisectivorous Birds 

The most prominent insectivorous bird species of the Housatonic River system are perching buds 

and song birds of the taxonomical order Passenformes (as known as passerines) Three examples 

of the species included in this group are (1) the barn swallows of the Hinidmidae fami ly , which 

eat flying insects caught over ponds, lakes, rivers, and fields, (2) wood thrushes ot the Turdidae 

family, which eat insects from leaf litter and understoiy vegetation, and (3) vireos of the tamil) 

Viieomdae, which feed on caterpillais, moths, beetles, bugs and ants from the undeisides ot leaf 

suifaces (Wallace and Mahan, 1975, DeGiaaf and Rudis, 1986) 

Many passerines prefei the habitat of bottomland haidwood forests with wet areas and some edge 

habitat They tend to have relative!) small territory sizes and high population dens i t ies Foi 

example, territories of red-eyed vneos range from 0 3 to 1 2 ha, Eastern phoebes ha\e temtories ot 

appioximately 03 ha The population densi t j of American tedstarts has been found to be 

appioximately 35 pans per 40 ha, and up to 63 territorial yellow warbler males have been obset\ed 

in 40 ha (DeGraaf and Rudis, 1986) 

Passerines that eat invertebrates are appropnate receptois of interest for this assessment foi s e v e r a l 

reasons a) they may be exposed to PCBs through the food web because they teed on im ertebiates 

(wh ich uptake PCBs from soil and sediment), b) bleeding populations are expected in the 

Housatonic Ri \e i stud) aieas because the habitat requnements toi many passenne buds aie 

satisfied, c) home ranges aie relatively small and wel l w i t h i n the limits of the target aiea a l l o w i n g 

icfeience and target populations to be easily distinguished and d) sufficient sample si/es to allow 

foi statistically meaningful conclusions can be studied due to the high densities ot passenne buds 

Herbivorous Buds 

Herbivorous (plant-eating) birds in the Housatonic Ri \e i valley include the ring-necked pheasant, 

wood duck, mallard, Canada goose, and American black duck Due to the limited uptake of the 

moie highly chlorinated PCBs by plants any PCB exposuie to these birds through diet w o u l d be 

minimal Howevei, it is possible that herbivorous birds could have some, limited PCB exposuie 
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through incidental ingestion of soil or sediment. With the exception of the Canada goose, all of the 

above species are actively hunted in Massachusetts (MDFW, 1992). Canada geese are hunted in 

states other than Massachusetts. 

Ring-necked pheasants consume cultivated grains and weed seed, as well as fleshy fruits, insects, 

and buds and soft parts of herbaceous vegetation. Pheasants breed in open cult ivated fields of 

grass or grain, fallow fields, bushy pastures, hedgerows by roadsides, cut over land, and open 

ungrazed woodlots. While ring-necked pheasants generally avoid wooded areas during the 

breeding season, they prefer areas with dense protective cover in the winter (DeGraaf and Rudis, 

1986). 

Some populations of ring-necked pheasants have fairly high population densities, as well as 

relatively small territory sizes (1 .2 to 5.3 ha). DeGraaf and Rudis (1986) report populat ion 

densities ranging from of one to fif ty birds per 40 hectares. In Massachusetts, hun t ing can 

diminish ring-necked pheasant populations; however, populations are restocked regularly (Veil 

and Petersen, 1993). In Berkshire County, there are few probable or possible breeding pairs of 

pheasants (Veit and Petersen, 1993). Most breeding pairs of pheasants occupy eastern and central 

Massachusetts. 

Ring-necked pheasants are not a suitable receptors of interest for this assessment for several 

reasons. First, it would be diff icul t to locate a breeding ring-necked pheasant populat ion of 

adequate size for a quant i ta t ive study in western Massachusetts (Vei t and Petersen. 1993). 

Second, population levels are actively managed through hunting and restocking; therefore, the 

effects of hunting may be mistaken for the effects of the chemical of interest. Restocking may also 

confound the effects being studied. Third, given the very limited uptake of PCBs by plants, the 

exposure potential of ring-necked pheasants be expected to be substantially lower than that of 

piscivorous and insectivorous bird species, both of which have already been selected as receptors 

of interest. Thus, the exposure potential and sensitivity of this species is low, relative to other 

avian species. 
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Wood ducks are fairly common throughout Massachusetts, primarily due to the abundance of 

artificial nesting boxes (Veit and Peterson, 1993) Natural cavities inhabited by wood ducks are 

generally in trees with diameter at breast height (DBH) of 35-40 cm and must be in trees at least 16 

cm DBH (DeGraaf and Rudis, 1986) They feed on aquatic and terrestrial insects, acorns, hickory 

nuts, waste grains, seeds of aquatic plants and fleshy fruits Acorns are their principal fal l and 

wintei food source (DeGraaf and Rudis, 1986) 

Wood ducks were not selected as an receptois of interest because their herbivoious feeding 

behavior minimizes exposuie and because populations are actively managed As primary 

consumers, the potential for wood ducks to be exposed to PCBs through food web transfer is 

substantially lower than for highei trophic level species such as passerines or the great blue heron 

Additionally wood duck habitat is actively managed in HVWMA due to insufficient natural nesting 

capacities Although se\eral nesting boxes ha\e been established in the Housatonic Ri\ei aiea to 

allow wood ducks to inhabit the site, it would be virtually impossible to dist inguish population 

effects caused by PCBs from the effects of pooi natuial nesting opportunities and acme hunt ing 

Again, the exposuie potential and sensit ivity of this species is low, compared to othei a \ ian 

species 

In addition to wood ducks, the waterfowl expected to inhabit the Housatonic Rivei site on a icgulai 

basis are mallards, Canada geese, and American black ducks While less common water fowl 

species, such as blue-winged teal, common goldene>e, hooded merganser and common 

merganser, may stop ovei in the Housatonic Ruei \a l le> during migration the three species listed 

abo\e are most representative of local waterfowl Mallards, Canada geese and black ducks aie 

en tue ly herbivorous feeding primarily on grasses seeds, and waste grains All th ree species 

forage over wide areas, f iequently traveling from the i r breeding sites in marshes and along 

waterbodies to feed in upland meadows, farm land, and residential parks (DeGraaf and Rudis 

1986) 

Mallards, Canada geese, and American black ducks were not selected as receptors of interest 

because their feeding ranges extend to upland meadows farmlands and residential parks the\ are 

herbivorous, and they are hunted in the Housatonic R i v e t v a l l e v These species wou ld be 
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inappropriate to use for this study because potential exposures to PCBs are expected to be low as 

a result of their large foraging range and food preferences Additionally, it \vould not be possible 

to distinguish population effects potentially caused by PCBs from the effects of hunting 

2 .4 .6 Mammals 

Mammals are the largest animals inhabiting the Housatonic River site that mav have potential foi 

exposure to PCBs While PCBs are not particulaily toxic to mammals following acute exposuies, 

chronic exposuies may result in repioductive effects in mammals (Section 2 3 7  ) The sensi t ivi ty 

of mammalian species to toxic effects of PCBs is highly variable, with mink being substantially 

more sensitive than other mammals that have been tested 

The primary route of exposuie of mammals to PCBs in the Housatonic River va l lev is thiough the 

food chain, although additional exposuie mav occui via direct contact or ingestion dining feeding 

burrowing, or glooming Exposuie to PCBs is highlv variable among mammals due to the high 

variabil i ty in feeding behaviors of mammals, they ma> be piscivorous caimvoious msect ivoious 

omnivorous 01 herbivorous 

Piscn oious Mammals 

Piscivorous mammals feed, at least in sigmlicant part, on fish This group of mammals includes 

the mink and the nvei otter, both of which aie active!) trapped for their pelts 

Minks are described by both Godm (1977) and Linscombe et al (1982) as solitaiv and unsociable 

w i t h extremely large home ranges Thev aie ' t i re less wandereis" that mav lange fiom one 

watershed to another when food 01 water is scarce (Godm, 1977, Hamilton and Whitakei 1979) 

Linscombe et al (1982) estimate that mink population densities range from 3 to 21 9 mink pei 259 

ha and that average home ranges are 2,630 m in stream length The preferred habitat ol minks 

includes stony shores with dense vegetation and wetlands with nregulai and diveise shoiehnes 

(USFWS, 1986a) They are most often found along streams wheie theie is an abundance ot 

downfall or debris for cover and pools foi foraging, log ]ams provide excellent foraging covei ioi 

mink (USFWS, 1986a) The food prefeiences of minks are broad and include fish f i o g s aquatic 

insects, snakes, small mammals, muskrats and birds (Hamilton and Whitakei 1979) Linscombe 
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et al (1982) report that "no one individual food item seems to be consistently more important in the 

mink diet " Korschgen (1958) and Sealander (1943) reported that fish comprised approximately 

20 to 30 percent of the mink's diet 

Minks are partial piscivores and are thought to be highly sensitive to PCBs (Wren et al , 1987 

USFWS, 1985c) They are difficult to evaluate in field studies because a) they aie solitary, 

suggesting that it would be difficult to locate a target population of adequate size to render 

statistically meaningful results, b) they occupy extensive home ranges, suggesting that exposuie is 

limited and making it d i f f icul t to dist inguish between potentially exposed and leference 

populations and c) they are subject to a wide range of physical and chemical stressois the effects 

of which may not be distinguishable from the effects ol PCBs as a stressoi Howe\ei because of 

their apparent sensitivity to PCBs, mink ha\e been selected as a receptoi of concern toi this risk 

assessment 

River otters ha\e also been selected as leceptors of concern foi this assessment R i v e i otteis 

inhabit bordeis of streams, lakes or other wetlands in foiested areas (DeGraaf and Rudis 1986) 

and spend much of their time m water (Godin, 1977) The well-hidden dens of n\ei otters may be 

located undei large roots or a fallen tree, in a crevice, in an abandoned beaver or muskrat house 01 

in dense thickets bordering watei (DeGraaf and Rudis, 1986) Openings to dens along lakes 01 

stieams are above water in the summer and generally below the ice m the wmtei (Godin 1977) 

River otters pumarily feed on aquatic animals such as fish fiogs c r a \ f i s h salamanders and 

turtles (DeGraaf and Rudis, 1986) 

Godin (1977) describes river otters as pnmanly nocturnal animals that aie gieat t ravele is known 

to go 100 miles or more seeking new territory " Toweill and Tabor (1982) confnm that otteis 

regularly travel long distances, reporting that the mean distance recorded was 9 to 10 km per night 

Murray (1987) also documents very large home ranges of otters ( 1 * 5 km in w i d t h and 18 2 to 43 9 

km in length straight-line waterway distance) Toweill and Taboi (1982) icpoi t population 

densities as low as 5 otteis per 40 squaie miles 

The naturally low population densities and low reproductive rates of otters make them particularlv 

susceptible to human influences, such as habitat loss and overlapping (Mm ray 1987) Murrav 

(1987) asserts that "humankind has altered or destroyed much of the otter s original habitat in 



C h e m R i s k ® - A Division of McLaren/Hart 
February 28, 1995 
Page 2-49 

North America and remains its worst enemy " A Master's Degree thesis written by Mack (1985). 

considering otter populations in Colorado, ascribes historic declines in populations across the 

nation to habitat loss and overtrapping These human impacts are generally considered to be of 

greater importance than pollution; adequate evidence does not exist to suppoit the claim that 

pollution is a limiting factor of otter populations in general (Murray, 1987). 

It should be noted that there are some factors which may confound field studies of nvei ottei 

First, they occupy extensive home ranges and consequently would feed in both contaminated and 

uncontaminated areas. Second, low populations densities, resulting from natural!) low 

reproductive rates and human disturbance of habitat, may make it difficult to locate a target 

population of adequate size Finally, it may be difficult to distinguish the population ef fec t s of 

tiappmg fiom the effects resulting from potential exposures to chemical stressors Hov*e\ei . 

because they feed on many aquatic organisms that uptake PCBs fiom n\ei sediment, and thus have 

a relatively high potential for exposure, they have been selected as a receptor of concern foi this 

assessment 

Carnivorous Mammals 

Carnivorous mammals feed primarily on smallei mammals, as well as birds and f r o g s 

Carnivorous mammals in this legion of the country include the long-tailed weasel and the ermine 

both of which are actively tiapped 

Long-tailed weasels are voracious hunters that primarily feed on small mammals, such as bats and 

haies, as well as birds and their eggs and frogs (Godm, 1977) Home ranges fiom 12 1 to 162 ha 

have been reported (DeGraaf and Rudis, 1986) but. according to DeGraaf and Rudis (1986). home 

range size varies with food availability, cover type, and season The preferred habitats of long-

tailed weasels are open woodlands, brushlands, and rocky areas along the waterways (Godm. 

1977) 

Long-tailed weasels are poor receptors of interest because of their habitat preferences and laige 

home ranges The grassy and eroded shores of the Housatonic Rivei clearly contrast with the 

rocky shores preferred by long-tailed weasels Because of their large home langes. exposure is 

limited and it would be difficult to distinguish between reference and target populations Vir tual ly 
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no information is available in the scientific literature regarding exposure factor \alues or toxicity 

criteria for this species Finally exposures of carnivorous mammals to PCBs are expected to be 

lower than those of piscivorous mammals, given the lower concentrations of PCBs present in the 

terrestrial system, relative to the aquatic system For these reasons, long-tailed weasels die less 

suitable receptors of interest than either minks or river otters 

Ermines are "tneless hunters' generall} found in forested areas, close to waterways, in low 

brush, thickets, or rock piles (DeGraaf and Rudis, 1986, Godin 1977) Mice voles tats rabbits, 

shrews, birds, and fiogs are hunted by ermines for food, although more prev generally is killed 

than is consumed (Godin 1977) Ermines have been found to t ravel up to 4 8 km per night during 

a food shortage, wh i l e undei normal conditions home langes aie 12 1 to 16 2 ha (DeGiaaf and 

Rudis, 1986) 

Ermine were excluded from consideration as a receptoi of interest because a) the habitat of the 

Housatomc Rivei val le\ is not suitable foi ermines thus populations of su f f i c i en t si/e foi a 

quantitative studv probably would not occur vvhethei or not chemicals are present b) then 

propensity to travel long distances to feed would make it difficult to differentiate between refeience 

and target populations c) virtuallv no information is available in the scientific l i teratuie icgaiding 

exposure factoi values 01 toxicity criteria toi this species and d) as discussed above wi th icspect to 

long-tailed weasels exposures of carmvoious mammals to PCBs aie expected to be lower than 

exposures oi piscivorous mammals such as n \e i otteis and mink wh ich have aheadv been 

selected as receptoi s of interest 

Omnnoious Mammal*, 

Omnivorous mammals include a numbei of species that tend to feed on a vanet\ of foods including 

smaller mammals birds, insects seeds/nuts, and plant materials This group of mammals includes 

the marten, fisher and raccoon 

Martens eat small mammals, birds insects, and fruits (Strickland et al , 1982 DeGraaf and Rudis 

1986) Upland forests characterized by spruce balsam and hemlock are their prefeired habitat 

DeGraaf and Rudis (1986) report that the average home range of martens is 0 6^ to 2 6 km- and 

may be as high as 39 km- Although once found ovei much of northern North America Godin 
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(1977) in Wild Mammals of New England states that "the marten has now been greatly reduced in 

range and numbers." Strickland et al. (1982) mapped the current distribution of martens as being 

restricted to north of the St. Lawrence River, listing dates of extirpation from more southerly areas 

ranging from the 1800s and the 1930s. Because martens are easily trapped, some researchers 

believe that trapping may have partially caused the decline in the northeast. 

While martens have some of the attributes of good receptors of interest, they cannot be used as 

receptors for this assessment because they have been extirpated from areas south of the St. 

Lawrence River. Additionally, the habitat of the Housatonic River flood plain is not suitable for 

martens. Upland forest characterized by spruce, balsam, and hemlock are the preferred habitat, as 

opposed to the bottomland forests and cattail marshes of the Housatonic River flood p la in . 

Therefore, it is very unlikely that a marten population exists in the Housatonic River flood plain. 

Additionally, virtually no information is available in the scientific literature regarding exposure 

factor values or toxicity criteria for this species and exposures and sensitivity of martens to PCBs 

are expected to be lower than those of minks or river otters. 

Fishers are omnivorous that eat virtually anything that is available, including shrews, mice, 

squirrels, birds, toads, insects, berries, nuts, and carrion (DeGraaf and Rudis. 1986). In fact, 

despite its name, "about the only fish it eats are those it finds dead" (Godin, 1977). Fishers inhabit 

mixed softwood-hardwood forests and wetlands dominated by alder (DeGraaf and Rudis. 1986). 

Godin (1977) reports that these mammals are great travelers, with home ranges that are 12.8 to 

24.0 km in diameter. While hunting, they may travel up to 96 km (DeGraaf and Rudis. 1986). If 

fishers inhabit the Berkshires, as suggested by Godin (1977) and implied by the trapping season in 

Massachusetts, it is likely that population densities are low, due to their very large home ranges. 

Fishers are not favorable receptors of interest because of their large home ranges, and low (or n i l ) 

population densities due to possible extirpation during the 1800s and continued harvesting. Thus, 

locating a population of sufficient size for quantitative study may be di f f icul t or impossible, and 

even if such a population could be identified, the i r large home ranges would prevent the 

differentiation of reference and target populations. Addit ional ly , vir tually no information is 

available in the scientific literature regarding exposure factor values or toxicity criteria for th i s 

species and this species is expected to have lower exposures and sensitivity to PCBs than ei ther 

minks or river otters. 
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Raccoons are opportunistic feeders and consume a variety of animal and plant foods Raccoons 

prefer fairly open mature hardwood forests in close proximity to streams rivers ponds 01 lakes 

(Godin, 1977, DeGraaf and Rudis 1986) Raccoons are primarily nocturnal with peak feeding 

activity before midnight Although raccoons do not hibernate they remain dormant thioughout the 

wmtei in dens Chapman and Feldhamei (1982) report that densities of raccoons can range from S 

to 20 laccoons pei km? The pnncipal causes of mortality in raccoons are related to the acti\ ities of 

man (e g , hunting, trapping automobiles) and malnutrition in winter (Chapman and Feldhamei 

1982) 

Raccoons have not been selected as an leceptors of interest loi sexeial reasons Fust then latge 

home ranges and varied food habits would impede the determination of l c \ e l s ol exposuie 

Additionally, information on exposuie factoi values and toxic i ty cntena is extiemeK l imited 

Final lv, because othei species that have been selected as reccptois ol interest (  i e minks and 

ottcis) are likely to have highei exposuie levels and greater sens i t iv i tv to PCBs i iKhiMon ol 

raccoons would not contribute substantially to the overall understanding of risk 

Insectnotoui Mammah 

Insectivoious mammals in the Housatonic River valley include white-footed mice the shoit tai led 

shievv and the masked shicvv These mammals feed on terrestnal mveitebrates and emergent 

aquatic invertebrates and thus have potential foi exposuie v i a the food chain In addition because 

these mammals are prey species toi a number of other avian and mammalian species thev p iov ide 

an important link in the food web 

White-footed mice are commonlv found in northeastern woodlands and thickets (Godin 1977) 

Both the interiors and edges of deciduous, mixed, and comfeious foiests are inhabited bv w h i t e 

footed mice (DeGraaf and Rudis 1986) These are social mammals that may l i v e in gioups of two 

01 more (Godin, 1977) and although they prefei to nest above giound in trees (Godin 1977) t iee 

cavities and spaces undei stumps 01 logs are also used for nesting (DeGraaf and Rudis 19S6) 

The diet of white-footed mice consists of insects, seeds acorns nuts f ru i t s and tendei gieen 

plants In addition, because thev l i v e in and on the soil, thev have increased oppoi tumtv ioi 
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exposure through dermal contact and incidental mgestion They do not travel far to forage or hunt 

In fact home ranges are approximately 0 02 to 0 15 ha for females and 0 06 to 0 22 ha for males 

(DeGraaf and Rudis, 1986) These animals are abundant in •woodlands and thickets and are easily 

trapped and studied 

White-footed mice were selected as receptors of interest for the following reasons a) they feed in 

part on insects, and thus have increased opportunity for dietary exposure, b) they have small home 

ranges, which allow target and reference individuals to be distinguished, c) they h\e m and on the 

soil and therefore have increased opportunity for exposure through dermal contact and incidental 

mgestion, d) they are easily trapped, e) they are abundant in woodlands and thickets like those of 

the Housatomc flood plain and f) they are an important foodsource toi highei t iophic level 

species 

The short-tailed shrew and the masked shrew are two shrew species commonly found m the damp 

foiests and meadows of the northeastern United States Short-tailed shrews piefei open habitats 

in contrast wi th the damp deciduous forests preferred by the masked shrews Both species nest in 

holes under logs, stumps, and rocks Shrews travel l i t t le and in some localities and penods their 

population densities aie high The home range of shoit tailed shiews is 0 2 to 0 *> 1 ha The home 

range of masked shrew is 0 04 ha In favorable habitats densities up to nine masked shievvs pei 

22 ha have been reported while short-tailed shievvs have been found to have population densities 

up to 48 individuals per 119 ha (DeGraaf and Rudis 1986) 

The diet of short-tailed and masked shrews consists of insects worms spideis, snails and plants 

(DeGraaf and Rudis 1986) The extremely rapid metabolism of shievvs foices them to feed 

continuously to avoid starvation Because they l i ve in and on the soil thev have incieased 

potential for exposure through dermal contact and incidental mgestion Shiew populations cannot 

be censused using mark and recapture methods because thev s tarve to death in the tiaps In 

addition, shrews that survive l ive trapping techniques mav go into shock and die upon being 

handled, since then heart rates may rise to more than 1 000 beats pei minute when startled As a 

result, mark and recapture studies are not a feasible option foi these species (Na t iona l Audubon 

Society 1991) 
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While mark and recapture studies are not a feasible option for these species, shrews were included 

as receptors of interest because: a) population sizes can be compared based on trap-nights of 

effort; b) they feed on insects and other invertebrates, which increases their potential for dietary 

exposure; c) they have small home ranges, which ensure that target and reference individuals can 

be distinguished; and d) they live in and on the soil and therefore have increased potential for 

exposure through dermal contact and incidental ingestion. 

Herbivorous Mammals 

Herbivorous mammals indigenous to the Berkshires primarily include white-tailed deer, black 

bear, moose, and the Southern red-backed vole. Because herbivorous mammals feed on plant 

material, potential for exposure and uptake of PCBs is minimal. 

White-tailed deer prefer forest and swamp borders and are less sensitive to human development 

and disjointed habitat than either moose or bear. They browse on young woody deciduous plants 

and some conifers (DeGraaf and Rudis, 1986) and have a home range of 5.2 to 7.8 km- (DeGraaf 

and Rudis, 1986)- The habitat requirements of black bear include large tracts of remote mixed 

deciduous-coniferous woodlands with thick understory. and swamps. The home range of black 

bears has a radius of 24 km (DeGraaf and Rudis, 1986), resulting in very low populat ion 

densities. Moose prefer boreal forest interspersed with semi-open aquatic systems, such as 

swamps or lakes. They require some cover and aquatic plants for food (DeGraaf and Rudis , 

1986). The home range of moose has a radius of 3.2 to 16 km. Reflective of their large home 

ranges, population densi t ies tend to be qui te low. In fact, the average moose dens i ty in 

northeastern United States is one individual per 13 km2 (DeGraaf and Rudis. 1986). 

Several factors suggest that these large, herbivorous mammals would not serve as good receptors 

of interest. First, exposure to PCBs is limited due to herbivorous feeding habits, in concert with 

large territories and home ranges extending far beyond the target areas. Large mammals generally 

spend limited amounts of time grazing on a relatively small section of the feeding territory. While 

feeding in these areas, potential exposure is minimal because food sources (i.e.. p lan t s ) do not 

accumulate highly chlorinated PCBs to an appreciable degree. Second, within the 10-year flood 

plain of the Housatonic River valley, the preferred habitats of these large mammals arc very 

limited. Human development has fragmented and destroyed large tracts of contiguous forest land. 
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while farming has required the maintenance of meadows in place of forestland adjacent to the river. 

Therefore, it is unlikely that a sizable population of large mammals would naturally exist in the 

Housatonic River site, regardless of the presence of chemical contaminants. As a result, it is 

unlikely that there is an adequate number of individuals to provide the basis for statistically 

meaningful conclusions. It also would clearly be difficult to determine the extent to which 

individuals might be exposed to chemicals on the Housatonic River flood plain when their ranges 

extend over many kilometers. Finally, both the exposure potential and the sensitivity of these 

species to PCBs are lower than for mink and river otters; the selection of the latter allows for a 

more conservative evaluation of potential ecological risks. 

Southern red-backed voles are among the most abundant mammals in the northeastern U.S. 

Southern red-backed voles prefer the mossy rocks, logs, and tree roots of cool, moist, coniferous 

or mixed forests (DeGraaf and Rudis, 1986). Voles nest in sheltered spots under boards, rocks, 

and logs, and commonly use the burrow systems of moles. According to DeGraaf and Rudis 

(1986), home ranges are small, approximately 0.10 to 1.44 ha. Their diet consists mainly of 

vegetative material, such as tender grasses, bulbs, cambium of roots and stems, seeds, and grains 

(DeGraaf and Rudis, 1986). 

Although Southern red-backed voles are herbivorous, thus l imit ing the poten t ia l for dietary 

exposure, they live in close contact with the soil, which allows for exposure through dermal 

contact and incidental ingestion during burrowing and grooming activities. Further. Southern red-

backed voles are a s ignif icant food source for owls, hawks, foxes, bobcats, mus te l ids , and 

raccoons, and hence alterations in vole populations could potentially affect all species that prey on 

them, including many mammals and birds of prey. In addition, they are generally abundant in 

habitats similar to many found in the Housatonic River valley and they have small home ranges that 

naturally restrict individuals to target or reference areas. They are also easily trapped and studied. 

For these reasons. Southern red-backed voles have been included as receptors of interest in this 

assessment. 

2 .4 .7 Endangered and Threatened Species 

The MCP requires that any designated species of special concern, threatened species, or 

endangered species inhabiting a disposal site be considered a receptor of interest in ecological risk 
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assessment (310 CMR 40.0922 (3)). The RCRA Corrective Action Permit issued by EPA to GE 

has a similar requirement. While several such species, hereafter referred to as T&Es. have been 

identified in the literature as potentially inhabiting the Housatonic River valley, the presence of any 

of these organisms within the study areas will need to be ascertained through a combination of on-

site observation, investigation of the Natural Heritage database, and communications with MDFW 

personnel. If it is determined that any T&Es are present or likely to be present within the study 

areas, these species will be considered receptors of concern and will be evaluated. 

It may well be possible to evaluate the potential effects on such species by reliance on the activities 

proposed herein for other receptors of interest. For example, if the T&E species is in the same 

feeding guild as a receptor already being studied and does not have a greater exposure potential or 

sensitivity to PCBs than the receptor under study, the studies proposed herein will be used to the 

extent possible to address potential effects on the T&E species. If, however, it is determined that 

these studies are not adequate to address potential effects on the T&Es (if located) and that the latter 

must be separately evaluated, an addendum to this work plan will be developed and submitted to 

the Agencies for that purpose. 

2 .4 .8 Summary of Selected Receptors of Concern 

Based on the criteria outlined above, several candidate taxonomic groups have been selected as 

receptors of interest for this risk assessment, while others have been eliminated from further 

consideration. 

Selected Receptors 

The following species or groups of organisms have been selected as receptors of concern in the 

ecological risk assessment for the Housatonic River site: 

Feeding Guild Rationale for Selection 

Aquatic invertebrates Susceptible to localized contamination, food
for higher trophic levels, higher potent ia l
exposure than terrestrial invertebrates. 

source 
 for 

Omnivorous fish
White sucker

 High potential for exposure through food and 
 sediment, food source for h igher t rophic

organisms, large population size 
level 
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Predatory fish 
Largemouth bass 

Amphibians/reptile s 
Frogs 

Piscivorous birds 
Great blue heron 

Insectivorous birds 
Passerines 

Piscivorous mammals 
Mink, river otter 

Insectivorous mammals 
White-footed mouse 
shievv 

Herbivorous mammals 
Southern red backed \ole 

Species of special concern, threatened, 
01 endangered species 

High potential for exposure, top of aquatic food 
web, food source for higher trophic levels, large 
population size 

High potential for exposuie, more sensitive to PCBs 
than reptiles, food source for higher tiophic le\els 

Relatively high potential for exposure sensitivity 
to PCBs, available reproductive data 

High potential for exposure, appropriate home range 

Relatively high potential foi exposuie high 
sensitivity to PCBs 

High potential for exposuie via soils food source foi 
highei trophic levels appropriate home lange 

Potential foi exposuie \ i a soils food source toi 
higher trophic levels, appiopnate home range 

Required by MCP, mav be evaluated bv icliance on 
studies of othei receptois 

Figure 2-2 illustrates the linkages between the selected receptor groups and souices oi exposure to 

PCBs Table 2-4 further details the specific exposure pathways associated \ \ i t h each selected 

receptor group 

Eliminated Receptoi s 

The following other candidates have been eliminated as receptors ot concern toi the Housatonic 

River ecological risk assessment 

Feeding Guild Rationale foi Elimination 

Aquatic and terrestrial plants Minimal uptake of PCBs by plants indirectlv 
assessed by evaluating highei tiophic levels 
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Terrestrial Invertebrates 

Omnivorous fish 
Carp, bullhead 

Predatory fish 
Smallmouth bass, trout 

Amphibian/reptiles 
Snapping Turtle 

Piscivorous birds 
Belted kingfishers, osprey 

Carnivorous birds 
Bald eagle, hawks, falcons, owls 

Herbivorous birds 
Pheasants, ducks, geese 

Carnivorous mammals 
Long-tailed weasel, ermine 

Ommvoious mammals 
Martens fishers, raccoons 

Herbivoious mammals 
Deei, beai, moose 

Lower potential for exposure than aquat ic 
invertebrates, indirectly assessed by evaluating 
species that feed on them 

Small population, potential for exposure similai to 
suckers (selected receptor) 

Tiout range restricted to cold portions of rivet, 
potential for exposure to these species similar to that 
of largemouth bass (selected receptor) 

Lack of toxicological data, lack of sensitivity to 
PCBs, not a food source foi higher trophic levels 

Relative to great blue heron, habitat is less suitable 
population densities aie lo\vei, and toxicological 
information is more limited 

Lack of suitable habitat large home ranges, low 
population density lowei exposure than piscivorous 
buds 

Lower potential for exposure than insecmoious 01 
piscivorous birds, populations actively managed 

Lower potential foi exposuie than piscnoious 
mammals large home ranges, low population 
density 

Lower potential foi exposuie than piscivoious 
mammals laige home langes low popula t ion 
densit) 

Lowei potential for exposure than piscivorous 
mammals verv laige home ranges 

2.5 Selection of Assessment Endpoints 

Information presented in the preceding sections on the characteristics of the ecosystem, receptors 

and stressors and then ecological effects is used in this section to select ecologicallv based 

assessment endpomts As defined by Suter (1990) an endpomt is a characteristic of an ecological 

receptor that ma> be affected by exposure to a stiessoi Assessment endpomts aie expl ic i t 

expressions of the actual environmental va lue that is to be protected (EPA, 1992) I hat is 



ChemRisk® - A Division of McLaren/Hart 
February 28, 1995 
Page 2 59 

assessment endpomts are the specific effects on the selected receptors that are eva lua ted 

quantitatively in the risk assessment They are usually comprised of an entity (population, 

community, or habitat) and a property (population number, community structure ecological 

function) 

Five criteria have been suggested for the evaluation of potential assessment endpomts (Sutei 

1990) 

•	 unambiguous opeiational definition, which pio\ides dnection foi test ing and 
modeling and includes a subject (e g , a specific subpopulation or commumtv) and 
an effect on the subject that is measurable (e g , local extinction 01 ieduction in the 
subpopulation) 

•	 accessibiht\ to prediction and measineinent, wh ich means that the response of an 
endpomt can be measured 01 estimated from measurements of related responses 01 
component lesponses, 

•	 susteptibilit\ to the hazcnclom aqent, which results horn the potential lot exposure 
and receptor s susceptibility to the exposuie 

•	 biological iele\ance, which is determined by its importance to higher l eve l s ot the 
brological hierarchv,, and 

•	 societal iele\ ante, which implies that the endpomt should be understood and \ aluecl 
by the decision maker and the public 

Severa l candidate assessment endpomts have been ident i f ied which meet the above c r i t e r i a and 

which	 are relevant to subpopulations, community, or ecosystem-wide effects, as p r o v r d e d in the 

MCP	 Clearly, the effect descnbed by these assessment endpomts must be clearIv associated w i t h 

the stiessoi of interest The candidate assessment endpomts aic 

•	 Change in conununit\ 01 population stnictinc Community and popula t ion 
structure encompasses species composition d ive r s i t y , richness, density population 
and subpopulation sizes, and age structure of populations This assessment 
endpomt includes absence of an expected species and leduction in a population 01 
subpopulation A change in community s t ruc tu re may be r e l a t i v e to condi t ions 
prior to release of the stressor of interest and/oi relative to conditions at one or more 
appropriate reference sites A multitude of envi ronmenta l conditions (manv of 
which are unrelated to the presence of the stiessoi s of interest) influence commumtv 
structure (e g weathe i , a l t i tude season la t i tude food sources predatois and 
human dis turbances both at the site of i n t e r e s t and at al ternate l o c a t i o n s ) 
Therefore, confounding fac to i s must be careful lv consideied foi th i s assessment 
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endpomt Additionally, ecologically significant population reductions include those 
involving keystone species, substantial food sources, and determinants of habitat 
types Populations and subpopulations are subject to natural temporal and spatial 
variability 

•	 Sublethal effects w ith potential population le\ el implications including > epi oductn e 
impairment - Reproductive endpomts that are measurable in individuals and also 
have the potential to result in population level effects include clutch sizes httei 
sizes, hatching success, young survi\ability fecundity, etc Such lepioductive 
endpomts implicitly account for bioaccumulation of a substance to a le\el that 
lesults in toxic effects in the measured species or a species highei in the food web 
provided that reproductivity is the most sensitive endpomt foi the receptois and 
chemicals of interest 

•	 TOMC effects to taie and endangeted species Toxic ettects to oigamsms of 
endangered 01 threatened species ma) impeii l the entne subpopulation or 
population, given its stressed condition and small si/e 

•	 Habitat degradation 01 destruction This condition may be defined as the reduction 
of the area of a habitat or the leduction or elimination ot structural vegeta t ive 
components 01 critical features typical!) found within a habitat type Habitat loss is 
a species-dependent endpomt the existence and extent ot habitat degradation 01 
destruction vvi l l van, foi different receptor species depending on then habi tat 
requirements 

•	 Loss 01 dwiinishment of ecological Junction - Ecological functions aie the services 
piovided bv, a community or ecosystem relative to the flow of eneig) and mattei 
throughout the system 

As discussed above the candidate assessment endpomts consideied tor th i s ecological r i sk 

assessment focus on harm to subpopulations or communities The significance and suitabil i ty of 

each candidate assessment endpomt vanes among receptois and then ecological niche 01 function 

In determining which of the candidate assessment endpomts to select for analysis it is important to 

focus on the critical effects of the chemical of interest on the ident i f ied leceptois ot concein -- i e 

the types of effects to which those receptors are particular!) sens i t ive and wh ich are relevant to 

subpopulation, community, or ecosystem-wide impacts Based on the ecotoxicological assessment 

of PCBs described above, it seems clear that the critical effects of PCBs tor the selected receptois 

of interest are reproductive effects For fish, amphibians birds and mammals the critical effects 

relating to icproduction are 
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•	 Fish - egg viability, hatching success, post hatch survival
 

Amphibians - hatching success, post-hatch survival, and
 

•	 Birds - reproductive impairment, 

•	 Mammals - reproductive impaiiment, including survival of young, 

In the case of benthic invertebrates, the most appropriate assessment endpomt appears to be change 

in community structure 

For this reason, in the present stud}, we have pnncipallv selected assessment endpomts that relate 

to repioductive success Such endpomts include sublethal repioductive effects ( inc lud ing 

bioaccumulation to a reproductive toxic level and overt reproductive dysfunction) and change in the 

structure of a community or population These assessment endpomts have been matched wi th 

selected receptors, based on the receptors susceptibility to a particulai effect and oveia l l feasibility 

of measurement Table 2 5 identifies the assessment endpomts selected for each receptoi group 

(The measurement endpomts listed in the table are discussed below ) 

2.6	 Selection of Measurement Endpoints 

Measurement endpomts are measurable responses to a stiessor that ate lelated to the chaiactenstics 

chosen as the assessment endpomts (Suter, 1990 199^) When an assessment endpomt can be 

directly measured, the measurement and assessment endpomts aie the same In most cases, 

howevei , the assessment endpomt cannot be directl) measured so a measurement endpomt (01 a 

suite of measurement endpomts) is selected than can be related eithei q u a n t i t a t i v e l v 01 

qualitatively to the assessment endpomt (EPA, 1992) 

The relationships between measurement endpomts and assessment endpomts enable the risk 

assessor to use the results of field observations bioassa\s and literature reviews to decide whether 

a risk of harm has resulted 01 is likely to result from the stressors While using a measurement 

endpomt to approximate or estimate an assessment endpomt introduces some uncertamtv into the 

assessment, that uncertainty will be minimized by selecting measurement endpomts that aie closeK 

related to the selected assessment endpomts and bv developing mult iple lines oi ev idence 

Multiple lines of evidence w i l l be used to strengthen the support foi the conclusions and to 

consider the weight-of-evidence 
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Table 2-5. Summary of Selected Assessment and Measurement Endpoints 

Receptor of Interest 

Benthic macromvertebrates 

Fish 
(general, white sucker, 
largemouth bass) 

Amphibians 
(frogs) 

Insectivorous birds 

Piscivorous birds 
(great blue heron) 

Insectivorous mammals 
(white-footed mouse, shrew) 

Herbivorous mammals 
(southern red-backed vole) 

Assessment Endpoint 

Change in community structure 

Change in community structure 

Reproductive impairment 

Reproductive impairment 

Change in community structure 

Reproductive impairment 

Reproductive impairment 

Change in community structure 

Reproductive impairment 

Change in community structure 

Reproductive impairment 

Measurement Endpoint 

Species diversity, number of taxa 
Species richness 
Population density 
Fish community composition 
Biomass 
Species diversity 
Species richness 

Egg viability of white sucker 
Egg viability of largemouth bass 
Hatching success of white sucker 
Hatching success of largemouth bass 
White sucker post-hatch survival 
Largemouth bass post-hatch survival 
Frog hatching success 
Frog post-hatch survival 
Bird community composition 
Species diversity 
Population density 

American redstart clutch size 
Barn swallow clutch size 
Eastern pnoebe clutch size 
Rose-breasted grosbeak clutch size 
American robin clutch size 
Red-winged blackbird clutch size 
Wood thrush clutch size 
Yellow warbler clutch size 
Number of young American redstart hatched 
Number of young barn swallows hatched 
Numbei of young Eastern phoebes hatched 
Number of young American robins hatched 
Number of young red- winged blackbirds hatched 
Number of young wood thrushes hatched 
Average hatching success across species 
Number of young great blue herons hatched 

Density of white-footed mouse population 
Age structure of white-footed mouse population 

White-footed mouse litter size 
Percent reproductive female shrews 
Age structure of white-footed mouse population 
Density of southern red-backed vole population 
Age structure of southern red-backed vole population 

Percent reproductive female southern red-backed voles 
Age structure of southern red-backed vole population 
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Table 2-5.

Receptor of Interest 

Piscivorous mammals 
(mink, nver otter) 

Threatened and endangered 
species (if located) 

 Summary of Selected Assessment and Measurement Endpoints (cont'd) 

Assessment Endpoint Measurement Endpoint 

Change in community structure Trapping success of minks per uni t e t lo i t 
Mink age structure 
Mink sex ratio 

Reproductne impairment 

Toxic effect
depend on species 

- specific endpomts 

Mink age structure 
Mink sex ratio 
Trapping success of minks per uni t e f t o i t 
Otter fecundity as a function of PCB tissue l e \ e l s 
Literature review 
Field survey 
Other endpomts depend on species located ( i  t an> ) and 
may be addressed by endpomts descubed aho\e tor 
similar feeding guilds 
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Several different approaches for measurement are available, including chemical analyses, 

benchmark comparisons, toxicity quotient method, field surveys, toxicity tests, and biomarkers 

(EPA, 1989b) In order to match a measurement approach with a given receptor and assessment 

endpomt. the technical feasibility, strength of association with the assessment endpomt, specificity 

to the chemical, receptor, and site of interest, availability of an objective measuie for judgement, 

and representativeness of the vanous measurement approaches \\ere considered A number of 

measurement endpomts were determined to be both technically feasible and chemical- and receptor-

specific These include the following 

• Benthos community size/structure, 
• Fish community size/structuie, 
• Fish reproducti\e success, 
• Frog reproductive success, 
• Passerine community size/structure, 
• Passerine reproductive success, 
• Great blue heron reproductive success, 
• Small mammal population size/structuie. 
• Small mammal reproductive success, 
• Otter reproductive success, 
• Mink population size/structure, 
• Mink reproductive success, and 
• Threatened and endangered species suivey 

Table 2-5 shows moie specifically the measurement endpomts which wil l be used to evaluate the 

selected assessment endpomts tor each receptoi of concern That table lists for each assessment 

endpomt specified the measurement endpomts that most direct!) addiess that assessment endpomt 

In some cases the measurement endpomts listed also addiess less directly, other assessment 

endpomts 

2.7 Wetland Assessment 

Under the MCP, potential environmental receptors can include habitats as well as biota (310 CMR 

40 0922(2)) Wetlands (if present) are specifically identified in the DEP's draft guidance foi 

environmental risk characterization as sensitive habitats that should be described and evaluated with 
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regard to their function as a wildlife habitat (e.g., wetlands are often primary habitats for threatened 

and endangered species), as well as any other wetland functions (e.g., cycling of nutrients) that 

could be adversely affected by the presence of chemical stressors. 

In determining the most relevant assessment endpoints for the potential effects of PCBs on 

wetlands, it appears that the most sensitive endpoints would be those that relate to the wildlife 

organisms that inhabit the wetlands. Due to the limited uptake and bioaccumulation of the more 

highly chlorinated PCBs (e.g., Aroclor 1260) by plants, and the limited sensitivity of both aquatic 

and terrestrial plants to such PCBs (discussed above), plants do not appear to be a particularly 

sensitive indicator of potential PCB effects on wetlands. Rather, the wildl i fe inhabi t ing the 

wetlands would provide a more sensitive indicator of potential PCB effects. As such, the selection 

of wildlife receptor groups of concern discussed in Section 2.4 and the selection of the assessment 

endpoints for them, as discussed in Section 2.5, should also be applicable to wetlands within the 

study area. In addition, other potentially relevant assessment endpoints for wetlands include 

habitat degradation or destruction and loss or diminishment of ecological funct ion (both of which 

are described in Section 2.5). 

A number of measurement endpoints will be utilized to evaluate these assessment endpoints. As a 

first step, the extent and types of wetlands in the study area will be determined. This will be 

followed by a general plant and animal survey of representative wetlands. The purpose of this 

survey is to describe the plant and animal communities of the wetlands in order to determine the 

wildlife species present and to make a qualitative evaluation of the habitat for potentially affected 

wildlife species. To assess the potential effects of PCB on the wildlife species (and their habi ta t ) , 

it is expected that the same measurement endpoints used for the wetland wildlife receptor groups 

discussed above will apply, so that additional studies will not be necessary. In the event that a 

wetland species is identified that would not be adequately addressed by those studies, then it may 

be necessary to evaluate such species separately. Finally, a preliminary evaluation of wetland 

functions will be made using a standard technique. If that evaluation indicates the likelihood of 

significant impairment to a wetland function, then such function(s) will be assessed for their 

potential sensitivity to PCB exposure. These studies are described in Section 3.4. 



ChemRisk® - A Division of McLaren/Hart 
February 28, 1995 
Page 2 64 

2.8 Conceptual Model 

As described by EPA (1992) the major focus of the conceptual model is the development of a 

series of working hypotheses regaidmg ho\v the stressoi might affect ecological components of the 

natural environment (NRC, 1986) The pieceding text of Section 2 0 has presented a conceptual 

model of the Housatonic River ecosystem including a piehmmaiv analysis of the ecosystem 

specific habitats, receptois, stressor characteristics, and ecological effects This conceptual model 

has tracked the chemical stressois through envnonmental transport path\vavs and through the food 

web to the organisms that could potentially be exposed As such, this conceptual model supports 

selection of the assessment endpomts and the crit ical links between assessment endpomts and 

measurement endpomts, and indicates that the receptors and endpomts selected lot evaluat ion aie 

appropriate to the overall risk assessment 
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3.0 PROPOSED DATA COLLECTION AND ANALYSIS ACTIVITIES 

This section presents proposed activities associated with collection and analysis of data on the 

aquatic, terrestrial and wetland communities of the Housatonic River The overall approach to 

evaluating the potential impact of PCBs on each of these three ecosystems is discussed A brief 

summary of the existing data is presented and the data gaps are identified Finally, any additional 

studies which are deemed necessary to fill those gaps are described along with the steps m\ol\ed 

in completing the proposed work 

3 .1 Aquatic Communities 

Potential damage to the aquatic ecosystem by PCB contamination of the Housatonic R i \ e i is of 

concern because of the possibility of repercussions through the food chain from imeitebrates to 

fish to birds and mammals Within the aquatic ecosystem, benthic invertebrates and fish ha\ e been 

identified as receptois of concern This risk assessment proposes to evaluate damage to the aquatic 

ecosystem by examining certain assessment endpomts--for benthic invertebrates changes in 

community stiucture, and foi fish changes in community structure and reproductive impairment 

(see Section 2 5) We piopose to rely upon existing studies (Chadwick. 1994) vvheie appiopnate 

and to conduct furthei studies to a) address specific concerns identified by the Agencies and b) 

obtain additional information to address the selected assessment endpomts ident i f ied loi aquatic 

species As discussed in Section 4 0, a 'weight of evidence' approach will be taken in this risk 

assessment The lesults of the previous studies on benthic invertebrates (Chadwick 1994) and the 

proposed invertebrate/sediment co-sampling study described in this plan will act as independent 

lines of evidence foi diawing conclusions about the health of the invertebrate communi tv 

Similarly, the pievious study on fish communities in the Housatonic Rivei (Chadwick 1994) 

provides one piece of evidence, with the results of the fish repioductive study proposed heiem 

acting as an additional line of evidence Together, this information will be used to eva lua te the 

health of the aquatic community 

The supplemental studies which are proposed here attempt to clearly identify the relationships 

between potential PCB exposures and the measurement endpomts The measuiement endpomts 

chosen foi aquatic invertebrates were abundance, species richness, diversitv, and eo inmuni tv 
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structure The measurement endpomts chosen for fish included species richness, diversity, 

density/biomass, community structure, and for one omnivorous and one carnivorous species. 

fertilization success, hatching success and fry survival 

3 . 1 . 1 Benthic Invertebrates 

The initial evaluation of benthic invertebrate populations indicates that the invertebrate communities 

downstream of the GE facility are generally healthy (Chadwick, 1994) Substantial \anabiht\ in 

density was observed between stations, but this was attributed to habitat conditions, rather than 

levels of PCBs Moreover, the Shannon-Weaver diversity values were relative!} consistent 

throughout all shallow water and deep watei stations However, after review of this stud) the 

Agencies commented to GE that the study depended on historic PCB data, rather than co-sampled 

sediment PCB data, making it difficult to precisely relate population data to PCB exposure This 

problem was compounded by the focus on sampling riffle or erosional areas at shallow water sites, 

which provide the greatest invertebrate abundance and species richness but have the least potential 

for PCB accumulation The Agencies further noted that the upstream site was not an ideal 

reference site because, even though it was generally unimpacted by PCBs, it has been aftected by 

anthropogenic activities to a greater extent than several of the downstream stations 

The Agencies' concerns can largely be addressed though the development of more precise 

relationships between data on PCB exposuies and invertebrate population structure and bv 

focusing collection in depositional areas This will be accomplished through a field stud) in which 

PCB concentrations are determined on a split of the sediments from which the benthic invertebrate 

population data are derived In this study, both benthic invertebrate population data and PCB (and 

other chemical) data will be obtained for sediments that are comparable in type and that contain a 

full range of PCB concentrations from non-detect (ND) to high As a result of this sampling 

design, the PCB data will be both temporally and spatially linked to the invertebrate commumtv 

data This approach will allow the development of a stressor-response data set which w i l l be 

compatible with the existing benthic invertebrate data and will be useful in defining site-specific 

population-level NOAELs If no effects are observed, these data will provide additional support 

for the results from the previous benthic invertebrate study (Chadwick 1994) 
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The steps involved in the proposed additional study are as follows: 

Initial Selection of Study Sites 

The existing sediment data from the general vicinity of the sampling sites identified by Chadvvick 

(1994) as HR2, HR5, and HR6 will be reviewed in an attempt to locate approximately 15 locations 

in these areas which contain a gradient of PCB concentrations from ND to high. These particular 

sites will be sampled because they are located in areas which were found to represent a wide range 

of PCB sediment concentrations. HR2 (between the New Lenox Road Bridge and Woods Pond) 

was reported to have the highest recorded PCB levels in the river, HR5 (downstream of Rising 

Pond) exhibited intermediate PCB levels, and HR6 (near the Connecticut border) had the lowest 

reported PCB levels (Stewart. 1982). To avoid potential confounding factors, the emphasis wi l l 

be placed on identifying shallow (< 3 feet deep) depositional areas with comparable habitats. If the 

data indicate that a full range of PCB concentrations in sediments (including several NDs) can be 

obtained within these portions of the Housatonic River, then no locations outside these river 

reaches will be identified. In the event that the data do not indicate any suitable sediment locations 

within these portions of the Housatonic River that are likely to have non-detectable levels of PCBs, 

then a suitable control area with comparable habitat wi l l be ident i f ied—either elsewhere in the 

Housatonic River system (e.g., upgradient of the GE facility or on a t r ibutary) or in a different 

river system. 

Sediment/Benthic Invertebrate Sampling 

Following the identification of at least 15 sediment locations with an apparent gradient of PCB 

concentrations from ND to high, each of these locations will be sampled by grab sampling of the 

top 3 inches of sediment. At each location, five replicate sediment samples will be taken using an 

Ekman grab sampler with a volume of 0.02m2. Each grab sample will be split into a subsample 

for chemical analysis and another subsample for benthic invertebrate analysis. A parallel grab 

sample will be taken adjacent to each chemical/biological grab sample for grain size and total 

organic carbon (TOO analysis. Redox potential of the sediments will also be measured on site, 

and a water sample will also be collected at each site for general water qual i ty analys is . The 

sediment and water sampled collected for chemical/physical analysis will be sent to the laboratory 
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for such analyses The invertebrate samples will be preserved for later analysis All sampling 

be conducted in accordance with the approved Sampling and Analysis Plan/Data Collection and 

Analysis Quality Assurance Plan (SAP/DCAQAP) (Blasland, Bouck & Lee, 1994c) 

Chemical Analysis of Sediments 

Sediment samples collected from each of the 15 initial sampling locations will be analyzed for grain 

size TOC, and PCBs as well as chlorinated pesticide residues (e g DDE) which might represent 

a confounding factor The water samples will be analyzed for general water quahtv parameteis 

including water temperature, dissolved oxygen, pH, ammonia, and nitrate The analvses w i l l 

conform to the SAP/DCAQAP 

Selection of Sitesfoi Further Anah sis 

Based on a review of the sediment data foi the 15 initial sampling locations a final series of 5 to 10 

sites will be selected for more detailed analysis These sites will be chosen based upon the 

following criteria a) the presence of a lange of PCB concentrations in the sediments (horn non 

detectable to concentrations representing high levels found below Pittsfield), b) a consistent type 

ot sediment taking into account grain size and redox potential, c) an absence of confounding 

factors such as depth and TOC levels and d) the use of stations exclusively within the Housatonic 

Rivei if the previous three cntena can be met It should be noted that the design oi this studv 

intentionally avoids the limitations of using upstream refeience stations (unless necessaiv ) b\ 

relying on internal variability in the downst ieam reach of the Housatonic Ri \e i in oidei to 

establish a stressor-response relationship 

Bentluc Imertebrate Processing 

After the results of the chemical analyses aie used to identify the final sites the preserved samples 

of invertebrates from those 5 to 10 sites will be processed Processing includes separation from 

debris, sorting, identifying to the lowest taxonomic level and counting The abundance of each 

species per replicate per site and species richness (the numbei of taxa pei replicate pei site) w i l l be 

enumerated Diversity will be calculated according to the Shannon-Weaver Diversitv Index (H ) as 

a measuie of the effects of stress on invertebrate communities 
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Statistical Anal\ sis ofBenthic Invertebrate Data 

This study has been designed to allow a rigorous evaluation of the relationships between benthic 

community structure and the concentrations of PCBs in the sediments Initial statistical analv, ses 

will focus on determining if significant differences exist in the benthic community structure ot the 5 

to 10 stations representing the full range of PCB concentrations This question will be addressed 

using MANOVA techniques If significant differences in community structure are observed among 

the sites, analyses will be carried out to evaluate stressor response relationships foi PCBs and 

potential confounding factors (e g , gram size, redox potential TOC) This w i l l be accomplished 

by using multiple regression techniques If a significant stressoi-response iclationship exists 

between PCB concentiations and benthic community structure, then these analyses could be used 

to establish site-specific NOAEL and/oi LOAEL \alues foi the benthic community All stat ist ics 

will be performed using SPSS for Windows (v 60) 

O\etall Evaluation ofBenthic Imeitebrate Data 

As discussed in Section 3 1, the data w i l l be used to facilitate a weight of evidence approach in 

evaluating the assessment endpomts The previous study ol the benthic invertebrate commumtv 

(Chadwick, 1994) and the proposed co-sampling of invertebrates w i t h PCBs in sediments w i l l act 

as independent lines of evidence in the evaluation of the health ot the benthic commumtv inhabit ing 

the Housatonic Rivei If no adverse relationship between sediment PCB concentrations and the 

associated benthic community structure is found then this w i l l be used to support the f indings ol 

the Chadwick (1994) study If exposuie-related eftects are obseived in the proposed new studv 

then population level NOAELs for this site may be defined 

3.1.2 Fish 

As discussed previously, the critical effects of PCBs on fish are potential reproduct ive e f f ec t s 

Thus, the assessment endpomts selected to evaluate fish are reproductive impairment and change in 

community structure (which would reflect impaired reproduction) 
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These endpomts have already been addressed to some extent by the prior study (Chadwick, 1994) 

That study evaluated the overall community structure of fish populations in the Housatonic Rivet 

as well as the condition of the fish It obtained data on species diversity and richness population 

density and biomass, and fish condition at several sites in the Housatonic River including some 

downstream of the GE facility and some upstream of (or not affected by) that facility The species 

diversity and richness at the study sites compared very well to prior data on the Housatonic Rivet 

and other rivers in the Northeast The fish population/community parameters \veie geneiallv 

similar at comparable sites upstream and downstream of the GE facility and did not show a 

relationship to the general levels of PCBs reported (in prior studies) in the sediments in the \anous 

n\er reaches sampled These parameters were also found to be typical in comparison to othei 

nveis in the Northeast 

Upon review of this study, the Agencies expressed several concerns about it These concerns 

included the view that the study lacked sufficient sensitivity to identify specific toxic effects on 

fish as well as the concern that the upstream contiol sites are afiected by anthropogenic acm ities 

to a greater extent than several downstream sites and hence do not constitute good control sites 

These Agency concerns can be largely addiessed b\ an additional studv which tocuses on 

e\aluatmg the relationships between the reproductive potential of native fish and the exposuie of 

those fish to PCBs Given the ranges of the vanous f i sh species in the Housatonic the low 

concentrations of PCBs in the watei column and the heteiogeneous distribution of PCBs in the 

sediments, it is diff icult to develop precise stiessoi-response iclationships foi n a t i v e l i sh i iom 

these data sets This study will therefore use tissue lesidues of PCBs in resident species of fish as 

integrated measures of exposuie Resident species chosen should a) be abundant at the stations 

below Pittsfield, b) occupy a relatively high trophic le\el and c) be amenable to strip spawning 

and laboratory early-hfe-stage studies Based on these and othei criteria, the white suckei and 

laigemouth bass were the species chosen (see Section 2 4 ^  ) The overall objective of the f i sh 

study is to determine whether a significant lelationship exists between the concentrations of PCBs 

in the tissues of individual fish and the reproductive potential of those fish Reproductive potential 

will be evaluated by following spawning, fertilization and early development of eggs and embryos 

of resident fish These early life stages are particularlv sensitive to PCBs and these data sets can be 

readily extrapolated to population level effects It is impoitant to note that this f i s h studv is 

intent ional ly designed to focus on the stressoi response relat ionship be tween hsh t i ssue 
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concentrations of PCBs and reproductive success and not to examine the relationship between 

sediment PCB concentrations at the sampling sites and fish body burdens of PCBs The steps in 

the proposed fish study are outlined below 

Fish Collection 

Samples of white suckers and largemouth bass will be collected during their breeding seasons 

(April and May, respectively) in river reaches which encompass at least five sites for each species 

The purpose of this sampling will be to attempt to obtain fish that leflect a full range of PCB tissue 

concentrations from ND to high Specifically, fish of each species will be collected from reaches 

in the vicinity of the sites identified by Chadwick (1994) as HR2. HR5. and HR6 and at least one 

appropriate off-site location that is not impacted by PCBs The off-site control site foi white 

suckeis will likely be located m the Housatonic River upstream of the GE facility, and the off-site 

control location for largemouth bass will be a non-PCB contaminated local pond which is not 

connected to the Housatonic River system All sites will be selected to have comparable habitat 

depth, and availability of the target fish species 

At each site, approximately 4 to 8 pans of reproductivelv/ matuie, ripe fish per species w i l l be 

collected, foi a total of at least 20-40 pairs off ish of each species Fish collection procedures w i l l 

be in accordance with the SAP/DCAQAP (Blasland. Bouck & Lee, 1994c) 

Fnh Repioducti\it\ Stuch 

The two fish species chosen foi consideration breed at different times, because then spawning is 

largely temperature-dependent The white sucker spawns at watei temperatures of 50-60 F whi le 

the largemouth bass spawns latei when the watei temperature reaches 62-68°F Watei temperatuie 

will be carefully monitored in order to determine when each species is likely to be ripe Ind iv idua l 

males and females will then be strip spawned and at least four bleeding pairs selected randomh 

from fish collected at each station Fertilized eggs will be transported from the f ie ld to the 

laboratory where fertilization success, hatching, embryonic development, and s u r v i v a l w i l l be 

monitored as part of an early-hfe-stage studv/ Foi each species of fish, fertilized eggs from 

approximately four different pairs per sampling site w i l l be incubated in laboiatorv wate i The 

actual number offish pairs will be dependent upon the number of fish caught The egg mass f i o m 
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each fish pair will be divided into four subsets such that within-fish variation in rates of fertilization 

and hatching can be evaluated, in addition to between-fish and between-site \anation The 

hatchlmgs of both species can be expected to live off their yolk sacs for approximateh 7 days after 

which they begin to feed on their own Consequently, the fish will be monitored for 14 davs post-

hatch, in order to evaluate their survival during this critical time in their development Fertilization 

and hatching success, as well as fry survival, will be used as measurement endpomts Specific 

parameters that will be measured include time to hatch, survival, gross sublethal effects and the 

length and dry weight of the surviving fish 

Anal} sis of PCB Leiels in Tissues and Eggs ofRepioductne Fish 

PCB concentrations will be measured in the whole tissues of the male and female fish caught for 

the spawning study The tissues will also be analyzed foi chlorinated pesticides which mav be a 

confounding factor Both fresh and dry weights and lipid content of the tissues w i l l be measured 

to account for mtra-and inter-specific variation in lipid content As theie mav be substantial loss of 

PCBs with the eggs during spawning, an aliquot of eggs fiom each of the pairs of both f i s h 

species wi l l also be analyzed for PCBs and chlorinated pesticides This stud} wi l l provide a basis 

for evaluating the relationship between PCB accumulation in adult fish and eggs and icproductive 

success m a resident species, as such, it will provide an important supplement to the existing fish 

population data 

Statistical Anah sis of Fish Data 

Again, the goal of the statistical analysis of the fish data is the description of the relationship 

between the body burdens of PCB in fish tissues and the reproductive success of those f i sh In 

addition, the PCB concentration in the fertilized eggs wil l be related to their hatching success This 

will involve the use of multiple linear regression procedures If no stat ist icallv significant 

relationship between reproductive success and PCB concentrations in the fish or eggs is found 

then it would be concluded that there is no significant effect of PCBs at the range of concentrations 

found in this study If, however, a significant stressor-response relationship exists between PCB 

concentrations fish tissues or eggs and hatching success these analvses could be used to establish 

site-specific fish residue NOAEL and/or LOAEL values All statistics w i l l be peifoimed using 

SPSS for Windows (v 6 0) 
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Overall Evaluation of Fish Data 

As discussed in Section 3.1, the data will be used to facilitate a weight of evidence approach in 

evaluating the assessment endpomts The previous study of the fish community (Chadwick. 1994) 

and the proposed fish reproduction study will act as independent lines of evidence in the e\aluation 

of the health of the fish community inhabiting the Housatonic River If no adverse relationship 

between tissue and egg PCB concentrations and fish reproduction is found, then this will provide 

additional evidence in support of the conclusions of the Chadwick (1994) study II exposuie­

related effects are observed in the fish reproduction study, then a NOAEL foi each of the two fish 

species at this site may be defined 

3.2 Terrestrial Communities 

Histoncal flooding of the Housatonic Rivei has lesulted in the deposition of PCBs in the f lood 

plain of the nver between the GE facility in Pittsfield and Woods Pond Dam As discussed in 

Section 2 1 2, concentrations of PCBs exceeding 1 0 ppm are generally contained w i t h i n the 

approximate ten-year flood plain of the river Within the nvei reach between the GE facihu and 

the confluence with the West Branch, the 10-yeai flood plain of the nver is generally confined 

within the banks or a narrow strip along the nvei bank, areas in this reach in which the flood plain 

is more substantial are generally areas that have been heavily developed, eithei commeiciall}. 

lesidentially, 01 agriculturally, and thus do not provide adequate 01 suitable habitat ioi substantial 

populations of terrestrial ecological receptois Between the confluence and the West Branch and 

New Lenox Road, the flood plain widens and theie are undeveloped wetland aieas wi th in the 10­

yeai flood plain of the nvei, but very limited tenestnal areas that have not been developed foi 

residential or agricultural purposes Thus, for an evaluation of the terrestrial receptors living near 

the Housatonic Rivei, the risk assessment will focus on the area between New Lenox Road and 

Woods Pond dam, an area that has relatively large and undisturbed terrestrial areas wi th in the 10­

yeai flood plain and which provides suitable habitat foi a numbei of avian and mammalian 

receptois 

The assessment of impacts to terrestrial wildlife will be conducted using a numbei of difteient 

approaches, and will consist of a number of existing field studies (ChemRisk, 1994, Organ. 1989) 
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supplemented by additional field studies to evaluate whether PCBs in the terrestrial ecosystem of 

the Housatonic River are exerting an adverse effect on any of the receptors of concern known to 

inhabit that ecosystem 

In evaluating the potential adverse effects of PCBs, it is important to compare results of site-

specific studies with the results of other studies conducted in areas where PCBs are not a 

contaminant of concern However, the identification of a single reference area foi comparison of 

results of all terrestrial evaluations of the Housatonic River site is infeasible given the internal 

heterogeneity of the Housatonic system Therefoie, it has been necessarv to select endpoint-

specific reference areas, matched with those aspects of the Housatonic Rivei floodplam system that 

aie most critical foi a given measurement endpomt This strategy is termed multiple asymmetric 

referencing Where possible, local, matched reference areas aie used Howevei when this 

approach is not feasible, due to a lack of a\ailability of matched reference aieas hteratuie based 

refeience areas that closely match the on-site study aieas are utilized The selection of the reference 

aiea(s) to be used undei each pait of the tenestnal evaluation is discussed m the appropnate 

sections that follow 

3.2 .1 Amphibians/Reptiles 

As discussed m Section 2 3 5 , relatively little information is a\ailable in the scient i f ic hteratuie on 

the toxic effects of PCBs on amphibians and reptiles While both types ot oigamsms expenence a 

high potential for exposure to PCBs via sediment contact and food \\eb exposuie icptiles appeal 

to be fai less sensitive to the toxic effects of PCBs than amphibians (Olatsson et al 1984 Biyan 

et al , 1987) For this reason as well as the abundance of fiogs in the Housatonic Ri \e i 

ecosystem their potential for exposure, and then importance in both the aquatic and tenestnal food 

webs, frogs have been chosen as the receptor of concern foi this risk assessment 

The limited data that are available in the published literature indicate that the most sensi t ive toxic 

endpomts tested in frogs are reproductive effects including egg viabi l i ty hatching success and 

early post-hatch survival of young (Birge et al , 1978) Thus repioductive e f f e c t s constitute the 

assessment endpomt that will be evaluated foi these organisms To evaluate potential impacts on 

the reproductive effects endpomt, a frog reproduction studv w i l l be undertaken The purpose of 

this stud> wil l be to determine whethei egg mortality, eggs hatchabihtv, normal development, and 
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the percent of young surviving post hatch are being affected by the presence of PCBs in the 

Housatonic River ecosystem, compared to a reference ecosystem and whether these effects, if 

any, are related to PCB levels in the egg masses 

Selection of stud} areas 

Adult male and female bullfrogs will be collected in the spnng from the Housatonic Ri\er as well 

as from one or more matched reference areas Preliminary site visits have indicated that there are 

substantial populations of bullfrogs present in the backwatei areas above Woods Pond the area of 

the river known to have the highest average le\els of PCB sediment contamination Thus this is 

the PCB-affected study area from which frogs will be collected Bullfrogs will also need to be 

collected from areas that have not been affected by GE facility releases It is likeK that these w i l l 

be collected f iom the cattail marsh areas near Center Pond in Dalton and/or from the cattail marsh 

near Windsor Road in the Peru State Wildlife Management Area 

Stud\ Design 

•	 Twenty pans of adult male and gravid female bullfrogs w i l l be collected in April or May 

fiom the Housatonic Ri\ei study area and fiom one 01 moie reference areas ioi a total ot 

forty pairs ol adults 

•	 Attei collection frogs wi l l be transported to the laboratory and females w i l l be hormonalh 

induced to complete development of their eggs Eggs w i l l then be iemo\ed from each 

female and inseminated by a male collected from the same location 

•	 Laboratory personnel will separate subsets of 20-40 fertilized eggs trom each egg mass 

from both reference and Housatonic River fiogs These wi l l be incubated in laboratory 

water which will enable the incubation conditions of all egg masses to be stncth controlled 

•	 Potentially confounding effects will be furthei minimized by ensuring that laboratory 

personnel are blind with respect to the origin of the egg masses 
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•	 Laboratory personnel will count and remove hatched larvae daily, and will record all 

morphological abnormalities and mortality observed 

•	 The portions of the egg masses remaining after the subsets of eggs are removed for 

incubation will be submitted for PCB analysis 

•	 Female frogs will also be submitted for whole body PCB analysis 

•	 Data on maternal tissue and egg mass PCB levels will be tested for a statisticalh significant 

relationship with hatching success and post-hatch surviv ability Hatching success and 

post-hatch survivabihty for egg masses collected from the Housatonic Rivei wil l also be 

tested for statistically significant differences iclative to egg masses collected from the 

reference area(s) 

Results of these studies will be reported and interpreted as to whethei it appears that the piesence 

of PCBs in the Housatonic River ecosvstem is adversely impacting the reproductive success of 

frogs that live there 

3.2.2 Insectivorous Birds 

As discussed in Section 2 4 5 , insectivorous birds weie selected as a icceptoi gioup pnmanlv 

because they may be exposed to PCBs through the diet Exposure potential of insectivorous buds 

is augmented by their relatively small home ranges, birds with bleeding territories within the extent 

of contamination are likely to derive 100% of then food from the Housatomc R i v e i site 

Additionally insectivorous birds have been shown to be susceptible to PCB toxici tv Because the 

most sensitive endpomt for PCB toxicity in insectivorous buds appeals to be reproductive 

impairment, this potential effect was selected as an assessment endpomt It is assumed that 

reproductive impairment on a community-wide scale may result in changes in community structuie 

Therefore, change in community structure was selected as a second assessment endpomt foi 

evaluating potential adverse effects of PCBs to insectivorous birds 

The measurement endpomts selected to evaluate reproductive impairment are a) clutch si/es ol 

American redstart, barn swallow Eastern phoebe, rose-breasted giosbeak Amencan robin ted 
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winged blackbird, wood thrush, and yellow warbler, b) number of young hatched for American 

redstart, barn swallow, Eastern phoebe, American robin, red-winged blackbird, and wood thrush, 

and c) average hatching success across species The measurement endpomts selected to evaluate 

changes in community structure are a) bud community composition, b) species diversit) and 

number of species, and c) population density 

The analysis of these measurement endpomts will largely rely on a previously conducted field 

study of insectivorous birds (ChemRisk, 1994) As part of the E\ahianon of the Teuesttial 

Eco^stem of the Housatonic Ri\ei Valle}, ChemRisk (1994) evaluated all ot the measurement 

endpomts listed above that have been selected for insectivorous buds In ordei to address specific 

concerns raised by the Agencies, the existing data w;ll be supplemented bv additional statistical 

analyses The study areas and reference data used in this effort aie descnbed below This section 

then details the study designs employed previously, as well as the supplemental statistical anahses 

that aie planned 

Stud\ Aieas and Refeience Data 

In the evaluation of avian repioductive impairment, the boundaries of the 10-\eai Hood plain of the 

Housatonic River served as the boundaries between the target and reference nests Target nests 

were typicall) located along the nvci banks, undei the New Lenox Road budge and in the cattai l 

stands in the nve i Reference nests were located we l l outside of the 10-veai flood plain including 

along Octobei Mountain Road, in the reference shrub meadow, and in the Ciane Faim bam in 

Daw son Feeding preferences and territory sizes of individual species monitored weie evaluated in 

ordei to verify that reference birds would not be expected to v i s i t the target aiea and v ice \e i sa In 

addition, data from the literature (Ehrlich et al , 1988) on normal clutch sizes foi each avian species 

were also used as reference data for comparison to observations of target nests 

Foi the evaluation of avian communit) structure, ChemRisk ident i f ied a specific target studv aiea 

in a forested portion of the 10-year flood plain This area is located south of the New Lenox Road 

bridge It is 5 85 hectares in size and homogeneous in habitat This site is the laigest intact 

undisturbed flood plain forest between New Lenox Road bridge and Woods Pond dam the reach 

of the Housatonic Rive i with both high concentrations of PCBs and suitable w i l d l i f e habitat 
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After a great deal of investigation of the area within a 50 mile (or greater) radius of Pittsfield. no 

suitable reference areas were identified for the flood plain forest. The absence of a suitable 

reference site is in part a reflection of the target area's location within the HVWMA This area 

differs substantially from land uses of surrounding areas, where human development, agricultural 

activity, and industrialization have drastically impacted the land, rendering it unsuitable foi 

comparison to the target site In such areas it would not be possible to distinguish between those 

human influences and PCB effects. While the Housatomc River upstream of Pittsfield, tributaries 

to the Housatomc River, and other river valleys (including the Hoosic and the Konkapot River 

valleys) were all considered for use as reference sites, no areas of comparable size, land use. and 

habitat type were located close enough to the target site to allow simultaneous studies to be 

conducted. 

Because an adequate reference flood plain forest could not be located, a comprehensi\e l i teratuie 

search was conducted in an effort to identify suitable reference data for comparison to the avian 

community structure study Because passerines are highly sensit ive to subtle \anat ions in habitat 

as they establish breeding territories, the most important criteria for selecting reference studies \\eie 

habitat type (i e., flood plain forest), habitat quality (e g . forest maturity, isolation f iom human 

influence, size), and habitat structure (e g , flooding regime, development of strata, canop> co\er. 

dominance and abundance of plant species) A broad array of sources was searched, including 

reports of state and federal agencies and nongovernmental organizations. Master s and Doctoial 

dissertations, and scientific journals 

Based on the criteria described above, two series of breeding bird censuses \ \eie selected as the 

most suitable reference studies These are breeding bird plot censuses that vveie conducted since 

1981, as part of the Breeding Bird Census in a flood plain forest in Maryland (Cns\\el l and 

Gauthey, 1983; Van Velzen and Van Velzen, 1985, 1986, 1987, 1988, Gauthev 1984. 1989. 

1990, 1991, 1992) and in a flood plain forest in North Carolina (Crotteau et al . 1978. 1979, 

Chnstensen et al , 1980, 1982, Hall et al , 1984, Van Velzen and Van Vel/en. 1985. Hall. 1990, 

Mueller and Hall, 1991, Mueller and Mueller, 1992. Mueller, 1993) The annual Breeding Bird 

Census is a nationwide effort jointly sponsored by the Association of Field Ornithologist-, and 

Cornell Laboratoryj  of Ornithology It includes detailed information onc^  the hab i t a t s ot the 

individual study plots, which facilitates comparisons with outside databases The Breeding Bud 

Census shares objectives and methodologies vir tual ly identical to those ot the a \ i an census 
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conducted at the Housatonic flood plain forest No comparable reference sites closer to the 

Housatonic River could be identified in the scientific literature Although it would clearly be 

desirable to use reference sites located closer to the target area, these two series of censuses were 

determined to be appropriate reference studies because they are very similai to the target area with 

respect to habitat type, quality, and structure 

Stud} Design 

As part of the Evaluation of the Terrestrial Ecos^ stem of the Housatonic Rnei Valle\, ChemRisk 

(1994) evaluated the reproductive success and community structure of an insectivorous bird 

community inhabiting the 10-vear flood plain of the Housatonic Ri\ei Potential reproductive 

impairment in insectivorous birds was evaluated by measuring clutch size numbeis of voung 

hatched, and overall hatching success for several species of common songbirds Repioduct iv i t} 

data for birds living within the 10-yeai floodplam weie compared to reproductive data toi birds 

hv ing outside of the 10->ear floodplam, as well as to ranges of normal clutch sizes reported in the 

scientific literature Data were collected through a nest monitoring program conducted dunng the 

summer of 1993 The methodology involved a) searching foi and locating natuial nests b) 

identifying the bird species occupvmg the nest, c) marking the nest location wi th a numbeied stake 

d) determining whether the nest was located inside or outside of the 10-veai flood plain e) 

recording descriptive information on the nest number location setting species date and time 

located, numbei of eggs, numbei of >oung, behavior ot parents, and othei comments and f  ) 

i cv is i t ing each nest everv two to six days to momtoi numbeis of eggs and voung signs ol 

predation or parasitism and othei relevant factors 

Analysis of the nest monitoring data first required the entry of all nesting data into a database 

including descriptive parameters for nest identification number, species location with respect to the 

10-year flood plain, numbei ot eggs laid, number of young hatched, and whethei the nest was 

determined to be active or inact ive The mean clutch sizes and number of young hatched for each 

species were tested for statistically significant differences between the target and reference nests 

Both the Student t-test and Mann-Whitney U-test were used to test statistical significance w i t h a 

level of significance of 0 05 
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In addition to comparing target and reference nests, average clutch sizes weie compared to the 

literature (Ehrhch et al , 1988, and selected other papers) to determine whether reproduction 

throughout the Housatonic area might vary substantially from historic and/oi nationwide 

observations, or whether differences might be apparent due to study design or observer bias 

Because the records of observation (or means and standard deviations) were not a\tillable in 

Ehrhch et al (1988), it was not possible to test for statistically significant differences 

Avian community structure was evaluated by censusing the density and diversity of birds in the 

flood plain forest target area A modified version of the plot census technique of S\ensson (1970) 

was applied The Housatonic flood plain forest target area was divided into f i \e one-hectaie plots 

and, due to constraints on space one 0 85-hectare plot In an effoit to minimize edge effects the 

plots were established well within the boundaries of a homogeneous habitat, w i t h a 7 6 m (25 ft) 

setback Censuses were conducted on May 25 thiough May 28, 1993 between 5 30 a m and 9 00 

a m 

Prior to initiating each census, the observer recorded information peitammg to the time weathei 

conditions, and location Each one hectare plot was censused with the obsenei entering the cell at 

approximately the midpoint of one edge and slowly proceeding along a route that allowed thoiough 

coverage As each plot was traversed, the common name, sex and location w i t h i n the plot ol all 

buds observed visually 01 amally were recorded on the data form Following each census the 

field observers double-checked data sheets foi completeness and legibilitv and summau/ed their 

obsei vations regarding likely numbeis of breeding pans of each species 

Individual observations from each of the fout daily census runs were plotted on composite maps 

The numbei of breeding pairs of each species in the 5 85 hectare aiea was then extrapolated to the 

number of pairs per 40 hectares of habitat to provide an est imation of breeding bud clensitv 

(terntones/40 ha) by individual species and by total numbei of breeding birds 

Species diversity was evaluated using Hil l ' s diversity numbers (designated NO N 1 and \2) a 

series of indices which account for both the number of species and the equitabihtv 01 evenness of 

allotment of individuals among the species While a laige number of divers i ty indices exis ts the 

senes of diversity numbers presented by Hill (1973) is probably the easiest and most meaningfu l to 

interpret from an ecological point of view (Ludwig and Reynolds 1988) 
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The results of the studies described above serve as measurement endpomts that directly address the 

assessment endpomts of reproductive impairment and changes in community structure for 

insectivorous birds In addition, supplemental statistical analyses will be conducted to address 

concerns raised by the Agencies in their review of the original icport Specifically the agencies 

lequested information on the distributions of data on clutch sizes and young hatched for each 

species (e g , normal, lognormal), as well as on the power of the individual statistical tests These 

additional analyses will be conducted on the existing data set and reported with the piesentation of 

these measurement endpomts 

3 . 2 . 3 Piscivorous Birds 

As previously discussed piscivorous birds weie selected as a icceptor group foi th i s ecological 

nsk assessment because of then relatively high potential foi exposuie and then susceptibil i ty to 

PCB toxicity As detailed in Section 2 3 6 , the most sensitive endpomt of t ox i c i t v toi PCBs to 

birds is reproductive impaiiment, as a combined result of embryotoxicity and aberrant paiental 

beha\ior Therefore, reproductive impairment was selected as the assessment endpomt foi 

piscivorous buds 

Of the piscivorous bird species l ikely to bieed in the v i c in i t y of the Housatonic R i v e t site gieat 

blue herons were determined to be the most appropriate species on which to base measuiement 

endpomts MDFW has collected reproductive success data for great blue heions th ioughout the 

state since 1982 This extensive data set substantial ly, adds to the undeis tanding of actual 

leproductivity of exposed populations of gieat blue herons Comparable data sets aie not av ailable 

for other piscivorous bird species Moreover, gieat blue herons have established colonies w i t h i n 

foraging distance of the Housatonic River site, thus, this species is known to inhabi t the aiea and 

may potentially be exposed to PCBs in the nvei ecosystem 

One possible approach to evaluating potential risks to great blue herons might be to undertake a 

predictive toxicity quotient approach in an effort to develop a theoretical prediction of whethei the 

population of great blue heions in Berkshue County is at risk of reproductive impaiiment based 

on assumptions about heron behavioi , assumed dietary intake of PCBs due to consumption of 

Housatonic River fish and toxicitv values derived from the hteiatuie Howevei e i v e n the seiious 
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limitations and uncertainties in such predictive modeling (discussed above) and the availability of 

pertinent actual field data (i e , an extensive data set from MDFW on the actual reproductive 

success of great blue herons throughout the state, together with the existence of known colonies of 

great blue herons within foraging distances of the Housatonic River), we have decided instead, to 

attempt a direct field assessment of the actual reproductive success of great blue herons in the area 

This study will focus on the number of great blue herons hatched per nest in colonies wi th in 

foraging distance of the Housatonic Rive site, relative to distance from the site and relat ive to the 

number of great blue herons hatched per nest in reference colonies This measurement endpomt 

will directly address the assessment endpomt of reproductive impairment of great blue herons 

This study is discussed below 

Sriifh of MDFW Heron Data 

Since 1979, the MDFW has collected data on the hatching success of all known great blue colonies 

within Massachusetts (MDFW 1979, 1980, 1981, 1982, 1983 1984,1985 1986ab 1987 1989 

1991) Surveys were conducted annually through the mid 1980s, biennially during the late 1980s 

and every five years thereaftei Surveys are oveiseen b> the Natural Heiitage and Endangeied 

Species Programs Sites are visited in late June and, using spotting scopes the numbei ot total 

platforms, active platforms, and young in each nest aie counted Several heronnes aie located 

within 34 km of the Housatonic Rivet (Thirty-four kilometers is reported by Henning et al 

(1994a,b) to be the maximum distance that great blue herons travel from the colonv to fo iage ) 

ChemRisk will analyze the MDFW great blue heron reproductive data w i t h the ob]ect i \es of 

determining whether significant differences in reproductive success are observed foi those colonies 

located closest to the Housatonic Rivei as compared to reference colonies and whether a 

significant relationship is observed between distance from the Housatonic R i \ e i site and 

reproductivity (i e , whether the stressor and response are correlated) As detailed below seveial 

activities will be completed in ordei to meet these objectives, including a) completion of the June 

1995 MDFW survey, b) preparation of a database that includes great blue heron leproductive data 

for all available years and colonies, c) linear modeling of data to evaluate statistical significance of 

predictors of reproductive success, and d) interpretation of data and presentation ol results 
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In order to ensure that the data presented in the ecological risk assessment are the most current 

available, and to take advantage of data from recently established great blue heron colonies in 

Lenox and Dalton, ChemRisk will utilize data from the MDFW survey planned for June 1995 

(pers. comm., 1994, Tony Gola, MDFW). Clearly, these new data will help to ensure that the 

measurement endpoint reflects current conditions of the colonies. Furthermore, reproduction data 

for the two colonies in Lenox and Dalton, established since the last survey (in 1991). are expected 

to improve the power of the analysis of the relationship between reproductive success and distance 

from the Housatonic River site. 

ChemRisk will work with MDFW in conducting the 1995 survey field work for Berkshire County 

and one or more reference colonies. Permission for ChemRisk to participate has been granted by 

MDFW (pers. comm., 1994, Tony Gola, MDFW). A ChemRisk ecologist will accompany the 

survey participants on site visits to all colonies in Berkshire County, as well as in one other county 

with nesting habitat comparable to that of Berkshire County. The selection of the most appropriate 

reference colonies will be based on conversations with Mr. Bradford Blodget. the state 

ornithologist, and Mr. Tony Gola. both of whom have directed the MDFW heron survey since its 

inception. To the extent possible, multiple candidate reference colonies will be selected, in order to 

minimize potential confounding effects. The ChemRisk ecologist participating in the 1995 survey 

field work will record parental behavior and colony condition, as well as factors that may influence 

the certainty of the overall assessment (e.g., observer bias, variability in potential for human 

disturbance at different colonies, etc.). 

The second activity for this measurement endpoint is the development of a data base of information 

collected by MDFW from 1982 through 1995 on the reproductive success of great blue herons in 

Massachusetts. The data base will include the following fields of information: colony name, 

county, distance from Housatonic River site, year of observation, number of active nests, total 

number of young observed and estimated, and average number of young per nest. ChemRisk will 

verify the accuracy of the data entry, prior to sorting the data set by county, distance from 

Housatonic River site, and year. 

As the third activity for the measurement endpoint, linear modeling will be conducted using Systat 

software (Systat, Inc., Evanston, IL) to evaluate the statistical significance of categorical (e.g.. 

county, colony) and cont inuous (e.g., year, distance) predictors on reproductive success. 
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Interactions between predictors (e g , simultaneous nonmdependent combined effects of county 

and year) will also be evaluated as appropriate All relationships will be evaluated for significance 

at the 0 05 (5 percent) level 

The final activity for this measurement endpomt involves the interpretation and presentation of 

results Because all of the colonies located within Berkshire County are within 34 km of the 

Housatonic River site, while none of colonies located in counties other than Berkshire Countv, are 

within 34 km of the site, tests foi significant differences in reproductivity between counties wi l l be 

used to compare reproductivity of potentially exposed and unexposed populations of great blue 

herons In addition to county, year and interaction of county and year will be tested for significant 

relationships to the number of young pei nest ChemRisk wi l l also determine whethei 

reproductive success is significantly diffeient among the colonies within Berkshire Countv as a 

function of these colonies' distances from the Housatonic R ive i , the yeai, and the mteiaction of 

distance and yeai ChemRisk will report the percentage of vanance in young per nest that is 

explained by these three factois as well as the significance of each factoi 's abihtv to predict the 

numbei of young per nest In short, multiple statistical tests will be used to interpret the MDFW 

data, and the results will be used to directly evaluate the potential reproductive impanment of gieat 

blue herons breeding within 34 km of the Housatonic River site 

3 .2 .4 Insectivorous and Herbivorous Mammals 

As discussed previously, insectivorous mammals were selected as receptors of interest pnmanlv 

because of then potential for exposure to PCBs through the diet Both insec t ivorous and 

herbivorous mammals may also be exposed to a lessei degree through incidental mgestion of and 

dermal contact with soil of the 10-year flood plain These feeding guilds were also selected as 

receptor groups because they occupy home ranges that are smaller than the extent of contamination 

and serve as an important food source for higher trophic level species The white-footed mouse 

masked shrew, and short-tailed shrew were selected as representatives of insectivorous mammals 

and the Southern red-backed vole as a representative of herbivorous mammals 

While the ecotoxicological literature is quite limited with respect to wi ld mammals other than 

mustelids, Lmzey (1987) found that reproductive success of white-footed mice was impaired as a 

result of chronic exposure to PCBs Because these f indings aie consistent w i t h effects to 
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domesticated species of rodents and larger wild mammal species, changes in community structure 

and reproductive impairment were selected as assessment endpomts for these small mammals 

The measurement endpomts selected to evaluate changes m community structure are a) population 

density for white-footed mice and Southern red-backed voles, and b) age structure of \\ hite-footed 

mouse and Southern red-backed vole populations The measurement endpomts selected to evaluate 

reproductive impairment are a) white-footed mouse litter size, b) percent reproductive female 

shrews and Southern red-backed voles, and c) age structure of white-footed mouse and Southern 

red-backed vole populations 

The analysis of these measurement endpomts will laigely rely on a previous!} conducted held 

study (ChemRisk, 1994) As part of the E\ aluation of the Tenesti ml Ecos\ stem of the Housatonu 

Rivet Valle\, ChemRisk (1994) evaluated all of the measurement endpomts listed above that have 

been selected for insectivorous and herbivorous mammals In order to address specific concerns 

raised by the Agencies, the existing data wi l l be supplemented by white-footed mouse population 

data collected over the past 11 years by Jeff Boettner of the University of Massachusetts and his 

associates The study areas utilized in the small mammal studies and in the reference studies aie 

described below, followed bv a discussion of the stud} designs employed p rev ious ly and the 

supplemental comparisons that are planned 

Stiuh Aiea\ and Refeience Data 

As an i n i t i a l step in the small mammal population and reproduction evaluat ions , ChemRisk 

identified specific study areas wi th in the 10 year flood plain as well as appropriate reference data 

Because white-footed mice and Southern red backed vo le are predominant!} forest-dwell ing 

species, the target study area for them was the same target flood plain forest area that was used f o r 

the study of avian community structure As described in Section 3 2 2  , this target area was 

established in the flood plain forest south of the New Lenox Road bridge and is part of the largest 

undisturbed flood plain forest between that bridge and Woods Pond dam Because an adequate 

reference flood plain forest could not be located, a comprehensive literature search was conducted 

in an effort to identify a suitable reference study for comparison to the white-footed mouse and 

Southern red-backed vole populations in the flood plain forest A 27-month s tudv conducted bv 

Batzli (1977) in Illinois on white-footed mice and a 3 year studv b} Millei and Get/ (1977) in 
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Connecticut on white-footed mice and Southern red-backed voles were chosen as reference studies 

for the small mammal studies These studies had objectives similar to this analysis, adequate 

interpretations of findings for comparisons of results, and were conducted in flood plain forest 

habitats similar to the Housatonic Raver Valley flood plain 

Given the habitat preferences of the masked shrew and the short-tailed shrew, target and reference 

areas were established for these species in a shrub meadow habitat located south of the New Lenox 

Road bridge The shrub meadow target area is located within the approximate 10-year flood plain 

just north of the flood plain forest target area previously described The refeience shrub meadow 

is located outside of the 10-year flood plain, directly northeast of the Lenox Hunt Club and east of 

the railroad tracks 

Stud\ Design 

A maik-recapture study was conducted in the flood plain forest target aiea in oidei to evaluate the 

population structure of white-footed mice and Southern red-backed \oles A grid of Sherman h\e 

tiaps was established in the target area, traps were momtoied foi se\en davs and each mouse 

captured was marked After recording the trapping location, reproductive condition age gendei 

weight , and general condition of each mouse it was icleased Using the data collected on 

recaptures, population density estimates weie calculated by age class (e g juvenile, subadults and 

adults) These data were then compared to results of literatuie studies conducted by Batzh (1977) 

and Miller and Getz (1977) 

The extremely rapid metabolism of shrews greatlv limits the options available to studv these 

species Because shrews often starve to death within houis of being trapped the onl\ feasible 

options for studying shrew population structure is to compaie captuies per unit eftoit 1 o achieve 

this, a total of 30 pitfall traps were established along three tiansects in both the target and icference 

meadows and in the flood plain forest target area Traps weie monitored daily Each species 

captured was identified and the location, age, gender, weight and general condition of mdi\ iduals 

were noted 

Following completion of the small mammal population st iuctuie study, five female whi te looted 

mice, four female red-backed voles, five female short-tailed shrews (of which three w e i e 
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immature) and 13 female masked shrews (of which seven were immature) were collected for 

examination for placental scars and embryos. 

After review of the 1994 ChemRisk report, the Agencies raised certain concerns regarding the 

interpretation of the results of the small mammal studies. One comment provided by the Agencies 

suggested that the reported population age structures of the small mammals, with greater 

proportions of juveniles compared to reference populations, could be attributed to premature death 

of adults as a result of exposures to PCBs. As summarized in Section 2.3.7, a large number of 

studies have demonstrated that reproductive impairment and survival of young are more sensitive 

endpoints for PCB toxicity in mammals than mortality of adults. In light of these data, it is evident 

that high proportions of juveniles compared to reference populations more likely reflect unimpaired 

reproduction in small mammals. 

A second comment questioned whether population densities greater than the reference studies 

might be indicative of decreased predation by carnivorous birds and mammals, which might reflect 

population-level impacts of PCBs to higher trophic level organisms. This work plan strives to test 

this theory using several different lines of evidence. First, the potential risk of harm to key 

predators of small mammals (river otters, minks) will be assessed directly, as described below. 

While certain other predators — specifically, birds of prey — have not been selected as receptors for 

consideration in this assessment, the evaluation of great blue herons (discussed above) wil l offer a 

more conservative estimate of potential risk of harm to avian populations than would be provided 

by an evaluation of carnivorous birds, given the expected levels of PCBs in each bird species" prey-

items. 

Additionally, to further address the Agencies' comments, the age structure and population density 

of white-footed mice in the Housatonic River site study area will be compared to supplemental data 

on the range of density and age structure of white-footed mice that are found in undisturbed 

ecosystems. Such data have been collected by Mr. Jeff Boettner and his colleagues at the 

University of Massachusetts; since 1986, they have tagged almost 20.000 small mammals 

(focusing on white-footed mice and deer mice) at 11 wooded sites in western Massachusetts and 

Cape Cod. Given the scope of his work, this database is expected to provide excellent information 

on the range of background population density and age structure. The results of these 

comparisons will be used to determine whether the relat ively high population densi t ies and 
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proportions of juveniles that were observed in 1993 at the Housatonic River site are actually within 

the range of normal variation within the region In short, the additional data will be used for 

purposes of more clearly interpreting the results of the Housatonic River site data collected in 

1993 

3.2.5 Piscivorous Mammals 

As discussed in Section 2 4 6 , piscivorous mammals weie selected as a receptoi group of interest 

because of their relatively high potential for exposure and their susceptibility to PCB toxicity and to 

ad\erse reproductive eflects m particular Of the piscivorous mammals potentially inhabiting the 

Housatonic River valley minks and otters have the highest potential foi exposure through the 

consumption of Housatonic River fish Additionally, evaluation of minks and otters is technically 

more feasible than foi other piscivorous mammals as a result of trapping a c t i v i t v and the 

availability of data on PCB tissue residues (for otters) For these leasons, the potential e f fec ts of 

PCBs on piscivorous mammals will be evaluated using minks and otteis as receptoi species 

As noted in Section 2 3 7 , the critical effects of PCBs on minks and otteis relate to leproductive 

impairment including survival of the young, and these effects w i l l be evalua ted through the 

assessment endpomts of reproductive impairment and change in community structure Poi minks 

at least, a review of the ecotoxicological literature (discussed in Section 2 3 7  ) and the PCB 

concentrations found in fish in the Housatonic River (discussed in Section 2 1 2  ) indicates that il 

one assumes that minks in the aiea obtain any significant portion of then diet from the Housatonic 

Rivei fish, any literature-based evaluation 01 predictive modeling of the potential exposuies and 

nsks to minks due to such PCB exposure would predict a theoretical nsk to minks in terms of 

reproductive impairment This factoi will be taken into account in the assessment of risks to 

piscivorous mammals Howevei, most of the lexicological studies reported in the literature have 

been conducted undei artificial conditions in the laboratory and thus cannot simulate the 

competition, predation, and environmental conditions that affect the potential exposure of te ial 

populations For these reasons, we have elected to focus additional s tudv effor ts on f ie ld 

investigations of endpomts that would reflect icproductive success in ordei to determine whether 

the results of such field investigations, which take into account t iue exposure to the animals would 

bear out the predictions based on the literature 
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For this purpose, a field study of mink community structure (which would reflect reproductive 

success) will be conducted. In addition, to further evaluate the assessment endpomts for 

piscivorous mammals, we will use the results of an existing retrospective field study of otters, 

including those in the Housatonic River valley Each of these studies is discussed below Their 

results will be used to assess whether field data-in contrast to literature-based data-indicate a risk 

to piscivorous mammals 

3 . 2 . 5 .  1 Evaluation of Mink Trapping Data 

Mink and otter are actively trapped in Massachusetts and their harvest is monitored by the 

Massachusetts Department of Fisheries and Wildlife While the numbeis of mink harvested in 

Massachusetts indicate that there are sizeable populations of mink living there, the data lecorded by 

MDFW provide no means of comparing numbers of mink caught in the Housatonic Rivei \al ley to 

numbers caught in other areas of Massachusetts, due to the fact that the statistics recorded do not 

allow for the estimation of success rates (numbeis of animals trapped per un i t of effor t ) to be 

made As a result, while one can compare raw numbers from one area with those from another, 

these numbeis cannot be consideied directly comparable due to the fact that there is no indication as 

to the relative amount of effort required to collect those animals For example, equal numbeis of 

mink could be harvested fiom two different areas with ve iv different mink population sizes, if 

more tiaps are set more nights at the area with the lowei population Thus, while it appears that the 

numbers of mink trapped in the Housatonic River val ley upstream and downst ieam of the GE 

faci l i ty are comparable (Pers comm 1993, Tom Deckei, MADFW), no ical conc lus ions 

concerning the size of the mink population can be drawn based on existing data 

If, however, data were collected concerning trapping effort for mink, these data could be directly 

applied to determine whether concentrations of PCBs in the Housatonic River are adversely 

affecting the reproductive success of mink For this reason, ChemRisk is proposing to undertake a 

study to evaluate the reproductive success and age/sex structure of mink populations in the 

Housatonic River valley The purpose of this study will be to determine whether population sizes, 

age structure, and sex ratios of mink trapped near the Housatonic River are comparable to those 

parameters measured for mink trapped in another watershed aiea that has not been impacted by 

releases from the GE facility 
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This study will consist of two distinct phases The first phase will be a scoping study to collect 

information on the activities and behaviors of Massachusetts trappers in order to design an 

appropriate survey methodology for collecting the information needed to determine reproductive 

success and community structure of mink The second phase will include the implementation of a 

survey methodology to collect specific information about the areas trapped, the number of mink 

collected, their ages and sexes, and the level of effort required to obtain those animals Each of 

these phases is described m detail below 

Phase 1 

Because there is little information publicly available concerning the numbeis. activities and 

behaviors of Massachusetts trappers, it is not possible at this point to design a survey methodology 

foi collecting the necessary data For this reason, we propose to do a preliminary study of trappeis 

in order to identify the best means of collecting the necessary information This phase of the studv 

will consist of the following steps 

•	 Contact the Massachusetts Department of Fisheries and Wildlite to identify contact persons 

at and locations of tagging stations in Massachusetts Because MDFW does not keep 

separate files of trapping licenses sold each year, the information on the numbers of 

trappers in the state and their locations cannot easily be determined It is hoped that as part 

of the required tagging process, MDFW tagging stations keep files which wil l provide us 

with the information necessary to contact these individuals 

•	 If MDFW is unable to provide us with the icquested information, we intend to contact the 

Bay State Trappers Association to enlist their help in identifying local trappeis who mav be 

contacted 

•	 A portion of the local trappers identified wil l be interviewed to determine wheie they set 

then traps and their levels of activity Depending upon the size of the population and their 

geographic distribution, trappers may be interviewed by telephone, mail, or by personal 

interview, either singly or in groups 
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An appropriate data intake form will be developed to record the requested data however 

the nature of this survey form will depend upon the methodology used to collect these 

preliminary data and will need to be determined once the size and geographic distribution of 

the trapper population have been identified 

• During the interview, trappeis will be asked to provide the following information 

the specific areas wheie they place then traps, 

their general level of trapping effort (i e , number of nights pei week 

numbei of weeks per year), 

a general indication of the number of mink that they trap during the season, 

their ability to differentiate among males and females and among diffeient 

age groups, 

the frequency with which they check then traps 

the fiequency with which they v isit the tagging station 

the location of the tagging station(s) that the\ use 

whether theie are differences in the quality oi pelt for males \ s females 

young \s old mink, or diffeient parts of the trapping season 

whethei it is easier or more difficult to catch oldei 01 \ oungei mink 

then willingness to participate in a trapping effort sunev next w mtei and 

their preference for participation (e g , questionnaire to be completed at the 

tagging station vs weeklv questionnaire 01 diary stud> ) 

The data collected during Phase 1 will then be used to evaluate the feasibi l i ty ot conducting a 

trapping effort study and to determine the best methodology to be employed in designing and 

implementing such a study 

Phase 2 

Based on the data collected in Phase 1, a survey wi l l be designed for the purpose oi collecting 

information on trapping efioit harvest rates, and age and sex ratios of trapped mink ( i f ieasible) 

This survey w i l l be designed to collect information from trappeis who aie known to t iap mink in 
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the vicinity of the Housatonic River as well as trappers who trap mink in a similar watershed in 

Massachusetts that has not been impacted by releases from the GE facility in Pittsfield. In 

conducting this study, it will be necessary to do the following: 

•	 Work with MDFW to select a reference watershed area where trapping is known to occur 

but there is no known PCB contamination. 

•	 Evaluate Phase 1 data to identify tagging stations that are used by Housatonic River valley 

trappers as well as reference area trappers. 

•	 Identify numbers of trappers known to trap in the treatment and reference areas. 

•	 Develop survey instrument for the collection of trapping effort data. Depending upon the 

results of the Phase 1 data evaluation, this survey methodology may include a panel study, 

a telephone survey, a mail survey, or a questionnaire to be completed during visits to the 

tagging station. While a tagging station questionnaire would be the optimal approach, this 

may not be appropriate if it is determined that trappers do not visit the tagging stations on a 

regular basis. If visits to the tagging station are infrequent, the trappers may not be able to 

recall with accuracy the number of nights of effort required to harvest the pelts being 

tagged, or the age or sex of those animals, resulting in recall bias of survey results. 

•	 If it is feasible to distribute questionnaires at tagging stations, the questionnaires will be 

distributed at the tagging stations located closest to the Housatonic River , as well as at 

tagging stations proximate to the reference watershed. 

•	 Collect information on the number of pelts tagged, the number of n ights of effort required 

to collect those pelts, and the ages and sexes of the mink harvested from both treatment and 

reference areas. 

•	 Calculate trapper effort, success rates, harvest rates, age structures, and sex ratios of mink 

trapped from both the treatment and reference areas. 
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•	 Evaluate whether there are statistical differences between the level of effort success or 

harvest rates, age structuie, or sex ratios from treatment and reference areas 

The results of these analyses will be used to evaluate the potential impacts of PCBs on reproductive 

success and population structure in mink If success and harvest per level of effort as well as sex 

and age ratios of mink, in the Housatonic River valley are similar to these same parameters 

measured in the reference area, this would provide field-based evidence that PCBs in the 

Housatonic River valley are not producing an adverse effect on the reproductive success of mink 

Such evidence will be considered along with the literature data in assessing potential risks to mink 

3.2.5.2 Retrospective Study of River Otters 

In his Ph D dissertation, John Organ (1989) examined PCB residues in hveis ol trappei-harvested 

river otters from watersheds in Massachusetts - including the Housatonic and related the tissue 

concentrations measured to an indicatoi of reproduction (counts of corpus lu teum) Rathei than 

initiate a comparable study to examine the potential effects of PCBs on the fecunditv of piscivorous 

mammals Organs (1989) stud} wi l l be discussed in detail as part of the ecological nsk 

assessment Based on excerpts of Organs dissertation (1989) the methodologv is bueilv 

described below 

In Novembei and Decembei ol 1986 and 1987, MDFW collected 210 nvei ottei carcasses fiom 

licensed fur trappeis at pelt tagging stations throughout Massachusetts These carcasses vveie 

fiozen and transferred to the Massachusetts Cooperative Wildlife Research Uni t foi dissection 

approximate!) 150 grams of hve i tissue weie removed from each carcass 1 wo canine teeth weie 

removed from each skull foi age determination using radiograph (Kuen and Beig 1983) 

cementum (Fancy, 1980), and dentine (Dnscoll et al 1985) analvses In addit ion female 

repioductive tracts were removed, each ovary was sectioned, and corpora lutea were counted as a 

measure of fecundity 

Two different types of tissue analysis were conducted First, the l ivers of H adult females were 

individually analyzed for PCB concentrations (fol lowing the method discussed below) to allow an 

evaluation of a potential relationship between PCB concentrations and fecunditv using simple and 

multiple regression analyses 



ChemRisk® - A Division of McLaren/Hart 
February 28, 1995 
Page 3-30 

Second, liver tissues from sixty seven river otters trapped in 1986 were composited into 33 

samples, while livers from 143 river otters trapped in 1987 were composited into 70 samples and 

analyzed. Composites were necessary due to limitations on numbers of samples that could be 

submitted for analysis. Composite samples were composed of liver tissue from otters trapped 

within the same watershed. In some cases, composites were further refined, consisting of samples 

from otters caught from the same vicinity within the watershed. Trappers were interviewed to 

pinpoint capture locations. 

Liver tissue samples that were removed for organochlorine analyses were analyzed using electron 

capture gas chromatography. The method detection limit for PCBs was 0.05 ppm. Total PCBs 

were adjusted for liver lipid level of each sample using the following formula: 

LA = TPCB/L 

where LA is the lipid-adjusted total PCB concentration, TPCB is the unadjusted concentration of 

total PCBs, and L is the fraction of lipids in the liver. 

Comparisons among watersheds were made using 96 samples representing 20 watersheds with 

more than one sample. Organ compared tissue concentrations from the various watersheds using 

both total PCBs and lipid-adjusted total PCBs. Due to the non-normal distr ibution of PCB data, 

common logarithm ( logio) transformations were performed. Geometric means of wet weight 

PCBs were used in all data analyses, following the procedures of Foley et al . (1988) and Schmitt 

(1981). The least squares method of analysis of variance (ANOVA) was used to compare 

differences among watersheds and between years. Most computations were conducted using 

version 4 of Systat Multivariate General Linear Hypothesis and Statistics modules (Wilkinson. 

1988). Statistics were reported following the protocol recommended by Tacha et al. ( 1982) . 

PCBs were detected in 101 of the 103 river otter liver samples analyzed; concentrations ranged 

from nondetectable (ND) to 22.0 mg/kg wet weight, with a geometric mean of 1.03 mg/kg. 

Significant differences were found between watersheds (p=0.03), but not between years (p=0.43). 

The geometric mean concentration of PCBs in the Housatonic watershed samples was 2.97 mg/kg. 

River otter samples from the Buzzard's Bay. Merrimack. Concord. Charles, and Connecticut 
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watersheds also had geometric mean concentrations of PCBs equal to or greater than 2 mg/kg, a 

tissue level that has been reported to be associated with reproductive impairment in mink (Platanow 

and Karsted, 1973) Lipid-adjusted total PCB concentrations ranged from ND to 647 mg/kg. 

with a geometric mean of 0 36 mg/kg Significant differences in lipid-adjusted PCB le\els were 

detected both between watersheds (p=001) and between years (p=001) The lipid-adjusted 

geometric mean PCB concentration for Housatonic watershed otters was 1 23 mg/kg 

Fecundity was evaluated on the basis of corpora lutea counts Average fecundity foi 55 adult 

female river otteis from 1986 and 1987 was 1 7 and ranged from zero to f ive Thirteen adult 

females that weie not composited for residue analysis, but were analyzed as single samples were 

evaluated foi relationship of total PCBs to fecundity, as indicated by numbeis of corpoia lutea 

The average number of corpora lutea for this sample was 1 9, ranging fiom /ero to f i \e Simple 

linear regression showed an insignificant relationship between total PCBs and tecunditv, (p=0 10 

r=0 48, r2= 023) Multiple regression was conducted adding the wateished a\eiage ioi total 

PCBs as an independent \ariable in an attempt to explain vanab ih tv This also tailed to 

significantly explain variability (p=0 15 r=0 57, R2=0 32) 

The lesults of Organ's (1989) study wil l be used in the ecological nsk assessment foi the 

Housatonic River site as an additional means of evaluating the assessment endpomt ot reproductive 

impairment. ChemRisk's mteipretation of the resul t s w i l l draw substant ia lh irom Oigan s 

discussion 

3.3 Threatened and Endangered Species 

As discussed in Section 2 4  7 the evaluation of threatened and endangeied species (T&Es) is 

icquired under the MCP and the RCRA Corrective Action Permit for the Housatonic R i \ e r site 

The determination of which species wil l need to be evaluated, if an> , wil l depend on the potential 

presence of such species within the Housatonic River ecosystem The sources ol mioimation that 

wil l be used to determine the hkelv, presence of T&Es in the aquatic terrestrial and wet land areas 

will include the following'£> 

The Massachusetts Division of Fish and Wildlife Atlas oj Estimated Habitats of 
State Listed Rate Wetlands Wildlife 
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• The Natural Heritage Program s High Priority Sites of Rare Species Habitat and Exemplary 
Natural Communities, 

The list of endangered, threatened, and special concern species summarized in the 1991 
MCP Interim Phase IIReport (Blasland & Bouck, 1991), and 

• The list of observed endangered, threatened, and special concern terrestrial animals 
summarized in the Evaluation of the Terrestrial Ecosystem of the Hoiisatomc Ri\ei Valley 
(ChemRisk, 1994) 

These sources do not indicate the presence of any aquatic T&Es in the study areas The above 

information will be updated at the time of the study by contacting the state Natural Heritage 

Piogram and by including the results of observations made dunng future site-visits The 

information on T&Es (both horn the Natural Heritage Piogram, as well as from observations made 

during preliminary plant and animal siuvey pioposed for the wetlands) w i l l be expanded to covei 

the aiea within the 10-year tloodplam from the confluence of the East and West Blanches to 

Woods Pond dam, including emergent and shrub/scrub wetlands The design of this s u r v e \ is 

described m detail in Section 142 

If agency records or the field sightings indicate the presence of any T&E species w i t h i n the stud} 

areas, potential risks of harm to that species will be evaluated It ma> be possible to address such 

potential nsks by relying on the evaluation of the leceptois that have ahead} been selected using 

the studies described above This would be the case if the T&E species is in the same taxonomie 

gioup or feeding guild as receptois already being evaluated and does not have a gieatei exposuie 

potential or sensitivity to PCBs To the extent possible, given the ava i lab ih tv oi appiopnate 

exposure and toxicological information, potential effects on T&Es wi l l be addressed at the 

individual organism level since effects on individual T&Es aie of critical impoitann. to the 

population given its already stressed condition If existing studies/information are not adequate to 

addiess potential effects on T&Es, an addendum to this work plan will be developed and submitted 

to present additional approaches for the evaluation of such species 

3.4 Wetland Communities 

As described in Section 2 7 the potential effects of PCBs on wetlands wi l l be evaluated using both 

biological receptors that inhabit the wetlands (i e wildlife) and functional endpomts that aie 
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potentially affected by a chemical stressor As discussed above, plants are not a sensitive indicator 

of PCS effects and therefore plants (wetland vegetation) will be considered onlv as thev sene as a 

habitat for wildlife 

The first step in this assessment will be to characterize the extent and types of wetlands in the study 

area The study area includes the area within the 10-year floodplam between the confluence of the 

East and West Branches of the Housatonic River and Woods Pond Dam At least four existing 

data sources aie available as resouices for this characterization including the National Wetlands 

In\entory (NWI) maps for the East Lee and Pittsfield East USGS quadiangles the Soil 

Conservation Services 1983 field investigations of soil types w i t h i n Beikshire Count\ the 

floodplam and land use maps that have been prepared on GE's behalf as pait of MCP Phase II 

activities (e g Blasland Bouck &. Lee, 1994d), and the maps in the Massachusetts Div i s ion of 

Fish and Wildlife Atlas of Estimated Habitats of State Listed Rate Wetlands Wildlife 

From this information representative wetlands (based on tvpe size and location) w i l  l be chosen 

foi piehminary plant and animal surveys These surveys wi l l provide an indication oi dominant 

vegetative community structuie (wi ld l i fe habitat) and will produce a list of obseived w i l d l i f e 

species (including T&Es if present) It is expected that the assessment of anv observed T&Es can 

be done largely through the studies/assessment of aquatic and terrestnal receptoi species described 

above The survey, supplemented wi th available existing information wi l l also p iov ide an in i t i a l 

determination of local biodiversitv 

In addition, a general assessment ot the functions and values of the wetlands in the studv area w i l l 

be conducted using the standaid Wetland Evaluation Technique (WET) developed bv the A i m ) 

Corps of Engineers (Adamus et al 1987) The same representative wetlands wi l l be evaluated loi 

functions and values as are evaluated for the preliminary plant and animal survevs 

The specific tasks proposed foi the evaluation of the wetland communities of the Housatonic R i v e t 

ecosystem are discussed below 
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3 .4 .1 Wetland Extent and Type Characterization 

As noted above, available information will be used to describe the extent and types of wetlands m 

the study area and to choose representative wetlands for preliminary plant and animal survev, s and 

functionality evaluation A limited field reconnaissance of the major wetlands and/or major hvdnc 

soil areas identified from existing maps will be conducted Each major area identified within the 

study area will be subjected to a routine limited on-site evaluation of hydric soil and plant 

communities, following the procedures outlined in the Routine Determinations section of the Corps 

of Engineers Wetlands Delineation Manual (COE, 1987) The results of this field leconnaissance 

survey will be used to establish the geneial wetlands boundaries (noted on field maps) and to assist 

in choosing representative wetlands for further evaluation A rationale will be provided toi the 

selection of representative wetlands 

3.4.2 Plant and Animal Survej 

A preliminary plant and animal sur\ey will be conducted for each representative wetland identified 

Lpon completion of the survey, the plant communities of the representative wet lands w i l l be 

described on the basis of species number, species diversity (qualitative), relative densitv strata and 

overall dominance, and the frequency of living to dead trees The animal communities w i l l be 

descubed on the basis of the species observed and expected (based on geograph} season and 

habitat), and to the extent possible, their association with different wetland t)pes 

A qualified biologist will determine the dominant plant species in all applicable vegetation stiata 

The survey strategy will be a variation of the method described by the Armv Corps of tngmeeis 

(Adamus et al 1987) with the addition of a determination of the frequency of dead t iees The 

method consists of the following steps 

•	 Establishment of transects along which several random center points are established 

•	 Survey of tree species within a plot defined by a 30 foot radius from the landomlv placed 

center points. 
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•	 Survey of saplings/shrubs and woody vine species within a plot defined by a 10 foot radius 

from the center points, and 

Survey of herbaceous species within a 3 28 x 3.28 foot quadrant with one cornei touching 

the observation point and one edge adjacent to the transect line. 

Representative emergent and shrub/scrub wetlands will be surveyed for birds by a qualified 

biologist using general sampling procedures for riparian communities as outlined in Ohmart and 

Anderson (1986) as follows 

•	 Birds will be censused dunng the early morning hours on consecutive mornings (weathei 

permitting) using point counts 

•	 Three census plots per major wetland habitat type will be selected based upon aerial 

photography, field reconnaissance, and available maps Surrounding land uses and access 

will be considered when selecting census plots Plot centers and the 50-metei points in 

each of the four cardinal directions will be flagged and the plot centei coordinates noted 

using a Global Positioning System (GPS) receive! The order in which sampling locations 

are surveyed each day will be vaiied 

•	 All birds seen or heard within a 50-metei radius of the obseivei w i l l be counted dunng an 

8-rmnute sampling session (Manuwal and Carey 1991) Birds seen 01 heaid outside oi the 

50-meter radius will be counted separately 

•	 Data collected foi each observation will include species, observation type ( \ i s u a l or 

auditory), and activity Other wildlife species observed during bird census \ \ i l l also be 

noted 

•	 Weather condition information will be lecorded at the beginning of each census session and 

the general habitat characteristics of each census plot will be described 

In addition to the early morning census, one 15-mmute nocturnal (one to font houis attei sunset) 

survey will be conducted on each plot to census owls, rails, and other nocturnal species (Johnson 
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et al 1981, Marion et al 1981, Connors 1986) Observation will consist of 5 minutes ot passne 

listening, followed by 10 minutes of song/call playbacks of selected nocturnal bird species 

suspected of occurring in the area All species heard will be noted, including non-avian species 

(e g , frogs, mammals) 

Mammals, reptiles, and amphibians will be surveyed along transects placed in each major wetland 

habitat type (McBee 1989, Bull 1981) using similar criteria as described for birds as follows 

•	 A number of transects will be established, the start and end points of each transect \\ ill be 

flagged and the coordinates noted using a Global Positioning System (GPS) 

•	 Each transect will be suiveyed once during which all signs and direct observations ot 

mammals, reptiles, and amphibians will be noted 

•	 Rocks and logs will be overturned to search ior amphibians and snakes 

•	 Birds and invertebrates (e g butterflies), 01 their sign, will also be noted 

•	 The general habitat characteristics along each transect will be described as w i l l weathei and 

survey conditions 

As the activity and movement of many mammals mciease at dawn and dusk major loads wi th in 01 

adjacent to the representative wetlands wi l l be searched by car, during these t imes Observed 

species and their locations wil l be noted 

Identification of T&Es and then habitats w i l l be targeted during the plant and animal survevs and 

during the field component of the WET analysis The location of all sightings w i l l be noted on 

field maps and GPS coordinates will be recorded 

ChemRisk s 1994 report will be used to obtain similai information for the lorested wet lands as 

will any othei existing data on biota observed m the wetlands study area The lesul ts of the bird 

animal, and T&E surveys described above, as well as similai mfoimation foi the forested wet lands 

reported by ChemRisk (1994), w i l l be assembled and reviewed as described in Section 144 
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3 .4 .3 Wetland Functionality Assessment 

In order to determine which wetland functions are of particular importance in the study area and 

subsequently to consider whether PCBs could adversely affect these functions, two tasks w i l l be 

performed The first is a watershed-specific data search for information relative to the habitats 

wildlife, vegetation, and recreational uses of wetlands within the study area Both published and 

unpublished sources will be searched 

The second task is to conduct a preliminary evaluation ot wetland functions and values m the field 

This will be accomplished b> performing a wetland functionality assessment (WET analysis) as pei 

the protocols outlined in the US Arm\ Corps oj Engineers Wetland Evaluation Technique manual 

(Adamus et al 1987) Maps aerial photogiaphs, and field data on dominant \egetat ion watei 

quali ty, presence of special habitat features etc w i l l provide the information needed foi the WET 

model The WET analysis evaluates a range of functions and values in teims of si te-specific 

significance, effectiveness, and opportunity Piobabilit} ratings of High Moderate 01 Low art 

assigned 

While all of the functions identified in the protocols w i l l be evaluated in the modeling effort onlv 

those that would be potentially affected by exposuie to PCBs wi l l be accompanied bv a detailed 

narrative which explains the rationale behind the lesultmg rating tor each function The la t ionale 

wi l l be provided for limiting the functions on the list to those potentially affected bv PCBs The 

potential effects of PCBs will be discussed ioi those functions identified 

WET also has a provision foi assessing the suitabihtv of wetland habitat toi vanous species of 

birds, fish, and invertebrates This assessment uses the same input data as the func t iona l 

assessment, but utilizes different interpretive kevs Probability ratings aie assigned bv these keys 

in a manner similai to the functional assessment 

3 . 4 . 4 Evaluation of Data 

As discussed previously in Section 2 7 since the w i l d l i f e inhabiting the wetlands appeal to be the 

most sensitive mdicatoi of potential PCB effects on the wetlands the same assessment endpomts 
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used for the wildlife species discussed above should likewise be applicable to the wetlands. In 

addition, the wetlands will be evaluated generally for habitat degradation and loss of ecological 

function. The data obtained through the steps outlined above will be evaluated with reference to 

those assessment endpoints as follows. 

First, the results of the plant and animal survey described in Section 3.4.2, together with all other 

available data on biota observed in the wetlands, will be used to (1) identify the wildlife species 

present in the wetlands, and (2) make a qualitative evaluation of the habitat for potentially affected 

wetlands species. The wildlife species identified in the wetlands will be compared to the aquatic 

and terrestrial receptor species that have been considered and evaluated for the aquatic and 

terrestrial communities. To the extent possible, the evaluations of those species (as described 

above) will be used to characterize potential risks (if any) to the wetland wildlife species. In the 

event that a wetland species is identified that would not be adequately addressed by the above-

described studies-e.g., due to greater potential for exposure or sensitivity to PCBs--then an 

attempt will be made to assess the risks of such species based on other available information. If 

such information does not exist, it may be necessary to develop a separate proposal to gather the 

necessary data to make such assessment. 

The results of the WET functionality analysis described in Section 3.4.3 will be used to make an 

overall qualitative evaluation of wetlands functions. If that analysis indicates that any of the high-

probability functions may have been impaired due to PCB exposure, a determination will be made 
as to whether additional, quantitative data are needed to better assess that wetland function and the 

extent to which it may have been affected by PCBs. If it is determined that such data are needed, a 

supplemental proposal for obtaining the necessary data will be developed and submitted. 
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4.0	 RISK CHARACTERIZATION 

In the risk characterization, the measurement endpoint results will be evaluated to determine 

whether a significant risk is present for each assessment endpoint. The data generated during the 

analysis phase will be evaluated in the context of the hypotheses developed during problem 

formulation. A summary of the receptors selected, the endpoints evaluated, the results that will be 

considered, and their general implications is included in Table 4-1. 

Since multiple measurement endpoints will be evaluated for each assessment endpoint, the 

possibility exists that the findings of different measurement endpoints will differ. In the practice of 

risk assessment, and in other scientific disciplines, differences such as these are often resolved 

through a weight-of-evidence determination. Weight-of-evidence refers to the process of 

quantitatively or qualitatively integrating independent measurement endpoints and other 

corroborative information, as well as the strength and appropriateness of the underlying analyses, 

relative to the stated assessment endpoint. Indeed, the integration of results of all measurement 

endpoints based on the weight-of-evidence is a critical component of risk characterization. Weight­

of-evidence will be applied separately to individual endpoints and evidence of harm will be 

differentiated from potential for harm. 

In evaluating the weight-of-evidence, specific attributes of each measurement endpoiat will be 

evaluated, such as: 

•	 Strength of association between the measurement endpoint and assessment endpoint — This 
attribute refers to the extent to which the measurement endpoint is representative of, 
correlated with, or applicable to the assessment endpoint. If there is no association 
between a measurement endpoint (e.g., a study that may have been performed for some 
other purpose) and the assessment endpoint of interest, then that study should not be used 
to evaluate the stated assessment endpoint. 

•	 Site-specificity -- This attribute relates to the extent to which data, media, species, 
environmental conditions, and habitat types used in the study design reflect the site of 
interest. For example, the use of site-specific biota, water, and/or sediment in a study 
would provide for greater site-specificity than the use of stock organisms or synthetic 
media. Similarly, actual field studies in the affected area provide more site-specificity than 
theoretical extrapolation using literature values. 

•	 Stressor-specificity — This attribute relates to the degree to which the measurement 
endpoint is associated with the specific stressor(s) of concern. (Stressors might include a 
particular chemical, waste, or physical alterations.) Some measurement endpoints may 
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respond to a broad range of stressors so that it is difficult to interpret results with regard to 
the stressor of concern, while other measurement endpoints are more specific to a particular 
stressor. 

•	 Quality of data and overall study — This attribute reflects the degree to which data quality 
objectives and other recognized characteristics of high quality studies are met. The key 
factor affecting the quality of the data is the appropriateness of data collection and analysis 
practices. The key factor affecting the quality of the study is the appropriateness and 
implementation of the experimental design and the minimization of confounding factors. If 
data are judged to be of poor quality, the study would be rejected for use in the ecological 
risk assessment. 

•	 Availability of an objective measure for judging effects — This attribute relates to the ability 
to judge results of the study against well-accepted standards, criteria, or objective 
measures. Examples of objective measures include levels of statistical significance or 
endpoints that are well established by the scientific or regulatory community as measures of 
environmental harm. 

•	 Sensitivity of the measurement endpointfor detecting changes — This attribute relates to the 
ability to detect a response in the measurement endpoint. The sensitivity of the 
measurement endpoint may be affected by natural or analytical variability. 

•	 Spatial representativeness - This attribute relates to the degree of comparability between the 
study area, locations of measurements or samples, locations of stressors, and locations of 
ecological receptors and their points of potential exposure. 

•	 Temporal representativeness -- This attribute relates to the temporal comparability between 
the measurement endpoint (when data were collected or the period for which data are 
representative) and the period during which effects of concern would occur. For example, 
if effects of a stressor are manifested in the summer, observations made in the winter 
would have a low temporal representativeness. 

•	 Quantitative — This attribute relates to the degree to which numbers can be used to describe 
the magnitude of response of the measurement endpoint to the stressor. Some 
measurement endpoints may yield qualitative or hierarchial results while others may be 
more quantitative. 

•	 Correlation of stressor to response -- This attribute relates to the degree to which a 
correlation is observed between levels of exposure to a stressor and levels of response, and 
the strength of that correlation. 

•	 Use of a standard method — The extent to which the study follows specific protocols 
recommended by a recognized scientific authority for conducting the method correctly. 
Examples of standard methods are study designs or chemical measures published in the 
Federal Register or the Code of Federal Regulations, developed by ASTM, or repeatedly 
published in the peer-reviewed scientific literature. 
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For a given assessment endpoint, the quality of each measurement endpoint with respect to these 

attributes will be compared and those measurement endpoints with the highest quality for the most 

attributes will be given the greatest weight in the overall characterization of risk. Additionally, the 

ecological significance of the results will be interpreted, in an effort to place risk estimates in the 

context of the types and extent of anticipated effects. Aspects of ecological significance that will be 

considered include: a) nature and magnitude of effects; b) spatial and temporal patterns of effects; 

and c) recovery potential. 

Finally, the risk characterization will include an uncertainty analysis which identifies and, to the 

extent possible, quantifies the uncertainty associated with each measurement endpoint and with the 

overall conclusions. The most significant sources of uncertainty will be identified and the relative 

significance of each will be discussed. The uncertainty analysis will provide an evaluation of the 

impact of the uncertainties on the overall assessment. 
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5.0 SCHEDULE 

In order to complete the majority of activities proposed in Section 3.0 of this work plan in 1995, 

the studies would need to begin by approximately April 1, 1995, due to the seasonal constraints on 

several of the proposed field activities. A schedule has been developed based on the assumption 

that the Agencies' approval of this work plan is obtained by that date. That proposed schedule is 

shown on Figure 5-1. Under that schedule, most of the field and laboratory work described herein 

would be completed in 1995, followed by a few supplemental field/laboratory studies (as 

necessary), as well as analysis and evaluation of the data. 

GE is currently scheduled to submit a Supplemental HEA Proposal/Risk Assessment Scope of 

Work for the Housatonic River site to the Agencies in January 1996. The schedule outlined on 

Figure 5-1 would allow that proposal to take into account in a substantial way the studies described 

herein. Although the overall ecological risk assessment would not be completed by that time, 

much of the work would be performed, and the remainder of the work could be completed while 

the Supplemental HEA Proposal/Risk Assessment Scope of Work is under review and during the 

HEA/Risk Assessment period following approval of that proposal. 

If, however, the Agencies' approval of this work plan is not obtained until well after April 1, 

1995, then it will be necessary to develop and submit a revised schedule. The timetable cannot 

simply be shifted to later months in the same order, due to the seasonal constraints on particular 

activities. Rather, a new schedule will need to be developed based on the actual approval date. 

The proposed schedule also assumes that no supplemental proposals or studies will be necessary. 

If they are, the schedule would have to be extended appropriately. 
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