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EEEEEXECUTIVEXECUTIVEXECUTIVEXECUTIVEXECUTIVE S S S S SUMMARYUMMARYUMMARYUMMARYUMMARY

Natural resources of the Hudson River have been contaminated through past and ongoing discharges
of  polychlorinated biphenyls (PCBs).  The Hudson River Natural Resource Trustees - New York
State, the U.S. Department of  Commerce, and the U.S. Department of  the Interior - are conducting
a natural resource damage assessment (NRDA) to assess and restore those natural resources injured
by PCBs.

As a means of  evaluating regional avian PCB contamination, a screening level survey of  PCB levels
in avian eggs was conducted from April - June 2002.  That investigation revealed that of  the eleven
avian species studied, eggs from spotted sandpiper (Actitis macularia) and belted kingfishers (Ceryle
alcyon) exhibited the highest levels of PCB contamination (on a total homologue basis, fresh-weight
adjusted).  Tree swallows (Tachycineta bicolor) from the Hudson River are also known to be
contaminated with PCBs, based on earlier work by the Trustees.

Based on the results of  avian investigations conducted by the Trustees, including the tree swallow
work and the 2002 avian egg preliminary investigation, and input from a panel of  avian experts, and
considering factors such as the life histories of  various Hudson River avian species, avian toxicology,
and goals of  the NRDA, the Trustees have determined that it is appropriate to conduct further
investigations focused on avian species, particularly belted kingfisher, spotted sandpiper, and tree
swallow, to be initiated in the year 2004.

Pursuant to the Hudson River NRDA Plan, the Trustees have developed this Study Plan for an avian
injury determination effort.  This Study Plan describes the activities that constitute the Trustees'
planned approach to conducting investigations of avian species, particularly belted kingfisher, spotted
sandpiper, and tree swallow, beginning in Spring 2004, as part of  the Hudson River NRDA.

A Draft Study Plan for this work was peer reviewed and made available to the public for review and
comment.  All comments received on the Draft Study Plan, as part of the peer and public review
process, have been considered.  The Trustees evaluated peer and public comments and, where
warranted, incorporated these comments in the Draft Study Plan to produce the Final Study Plan.  In
the remaining instances, public comments on the Draft Study Plan have been addressed by letters to
the commenter, acknowledging receipt of comments and providing an initial response and noting that
a more detailed Responsiveness Summary will be provided by the Trustees in the near future.

Pursuant to this Study Plan, the Trustees plan to assess the following potential injuries to these birds:
reduced avian reproduction and overt external malformations.  The Trustees plan to:

(1) assess the relationship between contaminant concentrations in nest sample eggs and parameters
of  nest reproduction by application of  appropriate statistical analysis of  data to determine whether
reproductive success of spotted sandpipers, tree swallows and belted kingfishers nesting on the
Hudson River is negatively affected by PCB exposure; (2) assess the incidence of  gross deformities
in embryos or hatchlings; (3) assess organic contaminant accumulation rates in belted kingfisher chicks
on the Hudson River; and (4) initiate an avian egg injection pilot study in 2004.
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The Trustees intend to investigate injury to birds in the Hudson River system.  The Trustees
determined that further investigations focused on avian species, particularly belted kingfisher,
spotted sandpiper, and tree swallow, are appropriate to injury assessment for the Hudson River
NRDA, and have designed a suite of  studies, to be initiated in 2004.  The purpose of  this work is
to inform the Trustees regarding injury to avian resources and guide their future efforts to identify
pathway and specific injuries to birds from PCBs, as defined in regulations written by the U.S.
Department of  the Interior (DOI) contained in Title 43 of  the Code of  Federal Regulations (CFR)
Part 11, Natural Resource Damage Assessment (NRDA).  In 2004, work to document availability
of nests and measure various parameters of kingfisher and sandpiper reproduction will be
performed and pilot egg injection studies will begin. This work will continue in the year 2005 and
potentially beyond, if the results of the work conducted in 2004 indicate that injury exists and
further study is warranted.  If necessary results of the 2004 work will be used to make changes in
avian injury study design.  This work will also guide the Trustees in the determination of  potential
restoration requirements for avian resources subject to identification and quantification of injury to
avian resources.

Pursuant to the Hudson River NRDA Plan, the results of  the work conducted pursuant to this
Study Plan will be peer reviewed upon completion of  the study, and the results then released to the
public.
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1.0 BACKGROUND1.0 BACKGROUND1.0 BACKGROUND1.0 BACKGROUND1.0 BACKGROUND

Past and continuing discharges of polychlorinated biphenyls (PCBs) have contaminated the natural
resources of  the Hudson River.  The Hudson River Natural Resource Trustees - New York State,
the U.S. Department of  Commerce, and the U.S. Department of  the Interior - are conducting a
natural resource damage assessment (NRDA) to assess and restore those natural resources injured by
PCBs (Hudson River Natural Resource Trustees 2002a).

The Hudson River and surrounding area support more than 150 species of birds, including
waterfowl, wading birds, shorebirds, songbirds, and rare species such as the bald eagle, peregrine
falcon, and osprey (Andrle and Carroll, 1988).  Birds are an integral part of the ecosystem and
provide a number of  important ecosystem services such as seed distribution, plant pollination, and
insect control.  Birds are also an important source of  prey to other species.  Birds may be exposed
to PCBs through direct ingestion of contaminated water, sediment, and soil.  A more important likely
exposure pathway is their consumption of food items that contain PCBs derived from the Hudson
River and its floodplain.  PCB contaminated food items linked to the river may include fish,
amphibians, benthic invertebrates, adult insects that develop from aquatic larvae, plants growing in
or near the river, and mammals that forage in the floodplain.

Tree swallows (Tachycineta bicolor) from the Hudson River are known to be contaminated with PCBs.
Tree swallows nesting along the upper Hudson River had PCB concentrations up to 114 parts per
million (ppm) total PCBs based on fresh wet weight of adult whole bodies (Secord et al. 1999,
Stapleton et al. 2001).  Tree swallows from the Hudson River have egg PCB concentrations ranging
from 9.3 to 29.5 ppm, while concentrations in nestlings ranged from 3.7 to 62.2 ppm (McCarty and
Secord 1999a).  Although there was not a statistically significant relationship between PCB
concentrations in Hudson River tree swallows and reproductive parameters, there were high levels of
nest abandonment and supranormal clutches that may be a response to PCB contamination (McCarty
and Secord 1999a).  Nest quality in these tree swallows, largely a reflection of adult behavior, was
correlated with PCB concentrations, with lower quality nests (typified by less mass and fewer feathers)
constructed at sites with greater PCB contamination (McCarty and Secord 1999b).  Additionally,
abnormal plumage development was noted in females at the Hudson River sites (McCarty and Secord
2000).

In 2002, the Trustees conducted an avian egg exposure preliminary investigation for the Hudson
River.  The investigation entailed collection of  eggs, and subsequent analysis for PCBs, from six
primary species (belted kingfisher (Ceryle alcyon), American robin (Turdus migratorius), Eastern phoebe
(Sayornis phoebe), spotted sandpiper (Actitis macularia), red-winged blackbird (Agelaius phoenicius), and
American woodcock (Scolopax minor)).  These six species were selected because together they provide
a balanced approach in that these species use different types of habitats common to the Hudson
River, they consume different types of  foods and they generally represent different ecological guilds.
Further, all six of these avian species are reported to be relatively common breeders in the Hudson
River floodplain (Andrle and Carroll 1988) and use wetlands for some portion of their life cycle
(DeGraaf  and Yamasaki 2001).  Finally, many of  the prey species consumed by these six avian
species include those for which PCB accumulation has been documented in other areas, and for
which PCB accumulation in prey items from the Hudson River is likely to exist.

The 2002 avian egg exposure preliminary investigation also entailed collection of  eggs from five
additional species:  Eastern screech owl (Otus asio), common grackle (Quiscalus quiscula), northern
rough-winged swallow (Stelgidopteryx serripennis), barn swallow (Hirundo rustica), and Eastern bluebird
(Sialia sialis) based on the opportunities for survey team members to locate the nests of  these species.

The geographic scope of  the 2002 avian egg investigation was the Hudson River and its floodplains,
from Hudson Falls to Lower Schodack Island, New York (Figure 1).
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That preliminary investigation was undertaken by the Trustees to assist the Trustees in determining
the extent to which avian species in the Hudson River are contaminated with PCBs, to determine if
additional pathway and injury assessment studies focused on avian species should be conducted as
part of  the Hudson River NRDA, and for potential use in the design of  future studies to assess the
health of  Hudson River birds.  The Trustees noted in the Hudson River NRDA Plan that, based on
the results of  the bird egg study, the Trustees would determine whether injury determination and
quantification studies were warranted.

That preliminary investigation revealed that of the eleven avian species tested, the highest PCB levels
were found in belted kingfisher and spotted sandpiper (Hudson River Natural Resource Trustees,
2003a).  Of  the eleven species tested, spotted sandpiper eggs exhibited the highest individual egg
concentration of PCBs (56 ppm, as total homologues, fresh weight basis) as well as the highest average
PCB concentration (15 ppm).  Of  the eleven species tested, belted kingfisher eggs exhibited the
second highest individual egg concentration of  PCBs (43 ppm).
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2 . 02 . 02 . 02 . 02 . 0  INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION

Based on the results of  avian investigations conducted by the Trustees, including the tree swallow
work (McCarty and Secord 1999a, 1999b, Secord et al. 1999) and the 2002 avian egg preliminary
investigation (Hudson River Natural Resource Trustees 2003a), and input from a panel of  avian
experts, and considering factors such as the life histories of various Hudson River avian species, avian
toxicology, and goals of  the NRDA, the Trustees have determined that it is appropriate to conduct
further investigations focused on avian species, particularly belted kingfisher, spotted sandpiper, and
tree swallow, to be initiated in the year 2004.

The work contained in this Final Study Plan is an avian injury investigation, and as such has a focus
on identifying and determining potential injuries, and establishing causation from PCBs.  This is in
contrast to the Trustees' 2002 avian egg preliminary investigation, the purpose of  which was to
evaluate regional avian contamination with PCBs.  Determining injury and establishing causation
requires additional work and a scope of analytical work not necessarily warranted in a preliminary
investigation.

Pursuant to the Hudson River NRDA Plan, the Trustees developed a Draft Study Plan for this avian
injury determination effort, and engaged in peer and public review of  that Draft Study Plan.  The
Draft Study Plan described the activities that constituted the Trustees' proposed approach to
conducting investigations of avian species, particularly belted kingfisher, spotted sandpiper, and tree
swallow, beginning in Spring 2004, as part of  the Hudson River NRDA.

The Trustees asked the public and the party or parties responsible for the contamination to review
the Draft Study Plan and provide feedback on the proposed approach.  These Trustees sought public
input to help them in planning and conducting an assessment that is scientifically valid, cost effective,
and that incorporates a broad array of  perspectives.

Accordingly, on March 15, 2004, a Draft Study Plan was released by the Trustees to the public for
review and comment.  A Notice of  Availability of  the Draft Study Plan was announced in the Federal
Register on March 30, 2004.  Availability of  the Draft Study Plan was also announced by the Trustees
on the Hudson River NRDA web sites maintained by the New York State Department of
Environmental Conservation, the U.S. Fish and Wildlife Service (FWS), and the National Oceanic and
Atmospheric Administration, and through a listserv maintained by the Trustees.  A 45-day comment
period was provided to the public, closing on April 29, 2004.

The Study Plan was also peer reviewed using an appropriate peer review mechanism by qualified
specialists with necessary technical expertise.  This level of peer review was sufficiently rigorous in
light of the complexity of the study to ensure that the methods and study design were adequate to
meet study objectives.  Peer review of  the work plan for the avian investigation took place in early
2004, and has been completed.  Based on the peer review, modifications have been made to the
Study Plan.  The results and specific recommendations of the peer review will not be made available
to the public because they are privileged pre-litigation materials.

All comments received on the Draft Study Plan, as part of the peer and public review process, have
been considered.  The Trustees evaluated peer and public comments and, where warranted,
incorporated these comments in the Draft Study Plan to produce the Final Study Plan.  In the
remaining instances, public comments on the Draft Study Plan have been addressed by letters to the
commenter, acknowledging receipt of comments and providing an initial response and noting that a
more detailed Responsiveness Summary will be provided by the Trustees in the near future.
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The Final Study Plan for this effort was approved by the Hudson River Natural Resource Trustees
on May 13, 2004, subsequent to approval by the Trustees' Quality Assurance Coordinator on
April 8, 2004.  The May 10, 2004 version of  the Final Study Plan approved by the Trustees has
been modified to produce this Final Study Plan, Public Release Version, dated June 15, 2004.  The
modification entailed replacing the section of  the Trustees' May 10, 2004 Study Plan that described
the USGS study of kingfisher, sandpiper and swallow with reference to the USGS Study Plan itself,
and incorporation of  that USGS Study Plan, including the signed approval page and the Technical
Operating Procedure, into the Trustees' Final Study Plan as Appendix A.

Pursuant to this Study Plan, the Trustees plan to assess the following potential injuries to Hudson
River belted kingfishers, spotted sandpipers and tree swallows:  reduced avian reproduction and overt
external malformations.  The Trustees plan to:  (1) assess the relationship between contaminant
concentrations in nest sample eggs and parameters of  nest reproduction by application of  appropriate
statistical analysis of  data to determine whether reproductive success of  spotted sandpipers, tree
swallows and belted kingfishers nesting on the Hudson River is negatively affected by PCB exposure;
(2) assess the incidence of  gross deformities in embryos or hatchlings; (3) assess organic contaminant
accumulation rates in belted kingfisher chicks on the Hudson River; and (4) initiate an avian egg
injection pilot study in 2004.

Pursuant to the Hudson River NRDA Plan, the results of  the work conducted pursuant to this Study
Plan will be peer reviewed upon completion of  the study, and the results then released to the public.
The Trustees' Responsiveness Summary for the Hudson River NRDA Plan (Hudson River Natural
Resource Trustees 2003b) provides additional details regarding the peer review process envisioned by
the Trustees for such reports.

Other avian species not addressed in this Study Plan may be examined more closely at other stages
of  the NRDA and may be the subject of  other Study Plans.  Such work may focus on other
migratory bird species, including endangered, threatened, and special concern bird species.  The
geographic scope of such studies may differ from that used in the work which is the subject of this
Study Plan.
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3 . 03 . 03 . 03 . 03 . 0 PURPOSEPURPOSEPURPOSEPURPOSEPURPOSE

The Trustees intend to investigate injury to birds in the Hudson River system.  The Trustees
determined that further investigations focused on avian species, particularly belted kingfisher, spotted
sandpiper, and tree swallow, are appropriate to injury assessment for the Hudson River NRDA, and
have designed a suite of  studies, to be initiated in 2004.  The purpose of  this work is to inform the
Trustees regarding injury to avian resources and guide their future efforts to identify pathway and
specific injuries to birds from PCBs, as defined in regulations written by the U.S. Department of  the
Interior (DOI) contained in Title 43 of  the Code of  Federal Regulations (CFR) Part 11, Natural
Resource Damage Assessment (NRDA).  In 2004, work to document availability of  nests and
measure various parameters of  kingfisher, sandpiper, and swallow reproduction will be performed
and pilot egg injection studies will begin. This work will continue in the year 2005 and potentially
beyond, if the results of the work conducted in 2004 indicate that injury exists and further study is
warranted.  If necessary results of the 2004 work will be used to make changes in avian injury study
design.  This work will also guide the Trustees in the determination of  potential restoration
requirements for avian resources subject to identification and quantification of injury to avian
resources.

4.04.04.04.04.0 METHODSMETHODSMETHODSMETHODSMETHODS

4.1 U.S. Geological Survey Study of  Belted Kingfisher, Spotted Sandpiper and Tree Swallow

On behalf  of  the Trustees, in Spring-Summer 2004, scientists from the U.S. Geological Survey
(USGS) will conduct an investigation of Hudson River belted kingfishers, spotted sandpipers and
tree swallows.

The work has two objectives:

• determine if  reproductive success of  spotted sandpipers, belted kingfishers, and tree
swallows nesting on the Hudson River is negatively affected  by PCB exposure; and,

• determine organic contaminant accumulation rates in belted kingfisher chicks on the
Hudson River.

Pursuant to the DOI NRDA regulations at Title 43 CFR Section 11.64(a)(2), in developing these
objectives, consideration has been given to the availability of  information from response actions
relating to the hazardous substance release, the resource exposed, the characteristics of the hazardous
substance, the potential physical, chemical, or biological reactions initiated by the hazardous substance
release, potential injury, the pathway of  exposure, and the potential for injury resulting from that
pathway.

This work on the Hudson River will focus on the stretch of river between Bakers Falls (in Hudson
Falls, New York) and Lower Schodack Island, New York.

The USGS investigation entails the following components:  assessment of reproductive success of
belted kingfisher, spotted sandpiper and tree swallow, assessment of  the incidence of  gross
deformities in embryos or hatchlings of  these birds, and determination of  organic contamination
accumulation rates in belted kingfisher chicks.
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The USGS Study Plan for this investigation, and the Technical Operating Procedure for that USGS
Study Plan, describe this work, and are incorporated into this Final Study Plan as Appendix A.

Based on these activities, the Trustees will assess the relationship between contaminant concentrations
in nest sample eggs and parameters of  nest reproduction by application of  appropriate statistical
analysis of  data, and determine whether reproductive success of  spotted sandpipers, tree swallows
and belted kingfishers nesting on the Hudson River is negatively affected by PCB exposure.  The
Trustees will also assess the incidence of  gross deformities in embryos or hatchlings and, assess
organic contamination accumulation rates in belted kingfisher chicks.  The work on belted kingfisher
chicks also supports a determination of  pathway.

4.1.1 Hypotheses and Statistical Tests

The Principal Investor (PI) plans to conduct the following comparisons.  Null (HO) and alternative
(HA) hypotheses are presented below.

• Compare contaminant levels in eggs between "successful" and "failed" nests for each species
in the contaminated portion of the river and between sites (i.e., the contaminated site and
one or two reference areas) (see Blus et al. 1974).

o General Hypotheses

- HO: Mean Levelsuccessful = Mean Levelfailed (and between sites)

- HA: Mean Levelsuccessful ≠ Mean Levelfailed (and between sites)

o Statistical tests

- A two-way analysis of  variance (ANOVA) will be used to compare total PCB
(tPCB) levels between nest categories (i.e., "successful" or "failed") and site (i.e.,
contaminated portions of the river and one or more reference areas) for each study
species.  The data may be log-transformed prior to running the analysis (Custer et
al. 2003a; Hudson River Natural Resource Trustees 2003a).  If  there is a significant
interaction between nest categories and site, one-way ANOVA will be used to
determine which combinations are significantly different (Custer et al. 2003a).  The
analysis will be followed by a Bonferroni mean separation test to determine which
means were significantly different.

• Compare reproductive success in relation to contaminant levels.

o General Hypotheses

- HO: Mean Hatching Successcontaminated is not proportionally related to tPCB
levels

- HA: Mean Hatching Successcontaminated is proportionally related to tPCB levels

o Statistical tests

- Hatching success in relation to contaminant levels will be evaluated using logistic
regressions of hatching success (dependent variable) and contaminant levels
(independent variable).  The dependent variable for these analyses will be a binomial
(i.e., "successful" vs. "failed" nests) and the independent variable will be the log-
transformed primary contaminant data (e.g., tPCB).
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• Compare daily egg survival (p) between sites.

o General Hypotheses

- HO: pcontaminated = preference

- HA: pcontaminated ≠ preference

o Statistical tests

- Methods developed for the Mayfield estimator by Hensler and Nichols (1981) will
be used, as well as methods for comparing survival rates described by Sauer and
Williams (1989).

• Compare contaminant accumulation rates (r) in belted kingfisher chicks between sites.

o General Hypotheses

- HO: rcontaminated = rreference1 = rreference2

- HA: rcontaminated ≠ rreference 1 ≠ rreference2

o Statistical tests

- Accumulation rates will be compared using one-way ANOVAs.

These hypotheses and statistical tests may be revised, or not performed, by the PI based on data
collection.  Further, the PI may test other hypotheses and conduct additional statistical tests not noted
above.

4.1.2 Quality Assurance Plan

Section F of the USGS Study Plan (Appendix A) contains the Quality Assurance/Quality Control Plan
(QAP) for the USGS investigation. This QAP has been prepared pursuant to the DOI NRDA
regulations which specify, at Title 43 CFR Section 11.31(c)(2), that, "If  the authorized official plans
to use type B procedures, the Assessment Plan must include a Quality Assurance Plan that satisfies
the requirements listed in the NCP and applicable EPA [U.S. Environmental Protection Agency]
guidance for quality control and quality assurance plans."  As noted in the Trustees' Responsiveness
Summary for the NRDA Plan (Hudson River Natural Resource Trustees, 2003b), for each data
collection effort that is part of  the Hudson River NRDA and is identified in the NRDA Plan, the
Trustees will develop a project-specific QA Plan which may be an independent document or may be
incorporated into the project Study Plan.  Such a QA Plan, in combination with the information on
QA management described in the NRDA Plan (Hudson River Natural Resource Trustees, 2002a), will
ensure that the requirements listed in the National Contingency Plan and applicable EPA guidance for
quality control and quality assurance plans are met.

The Data Generation and Acquisition section of  the QAP (section F.2 of  the USGS Study Plan
contained in Appendix A) addresses the quality of field-collected data.  The assessment of quality of
analytical data is addressed in the Hudson River NRDA Analytical Quality Assurance (QA) Plan
(Hudson River Natural Resource Trustees, 2002b), which will be updated to include measurement
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quality objectives for any additional analytes not in the current plan.  Laboratories will provide fully
documented data packages which will enable data validation to be performed based on the criteria
provided in the Analytical QA Plan for the Hudson River NRDA, applicable laboratory Standard
Operating Procedures, and the U.S. Environmental Protection Agency (1999). The Trustees will
release the updated Analytical QA Plan when it is finalized.

4.2 Avian Egg Injection Pilot Study

Egg injection assesses the effects of  contaminants on a developing avian embryo.  Avian egg injection
is a well-established technique to assess the effects of  contaminants on a developing avian embryo.
Conducting such work with eggs of  belted kingfisher and spotted sandpiper, for example, would
elucidate the effect of  PCBs on developing embryos of  these species.  Results of  injecting
contaminants, such as PCBs, into avian eggs include embryomortality and malformation.  Death,
such as embryomortality, and physical deformation, such as external malformation, skeletal
deformities, and organ and soft tissue malformation, are injuries pursuant to the DOI NRDA
regulations, and would be relevant to determining injury and establishing causation.

Avian egg injection experiments typically use various doses of  a contaminant of  concern (for
example, PCBs) injected into the egg (injection sites include the yolk sac, air cell, or albumen of  the
eggs).  The eggs are then incubated in a laboratory and monitored.  Measurement endpoints may
include embryomortality, malformations, hatching success, and chick growth, if  hatchlings are
monitored.

Eggs of  select avian species, including belted kingfisher and spotted sandpiper, will be collected from
nests and brought to the laboratory to determine the feasibility of  incubation.  There will also be
analysis of  eggs from these sites, or chicks resulting from the incubation, to confirm that these
potential sources of  eggs for future egg injection studies are relatively uncontaminated.  These
sources of  eggs may be within certain parts of  the Hudson River watershed or outside of  the
watershed.  Egg injection protocols may also be investigated, such as selection of  doses, the choice
of a carrier solution for the contaminants of concern, and the place of injection.  Appropriate
protocols and quality control/quality assurance plans will be developed by the Trustees prior to
beginning the work.

The avian egg injection pilot study itself  is a preliminary investigation; no Study Plan for such will be
released for public review and comment, in accordance with the Hudson River NRDA Plan.  The
Hudson River NRDA Plan specifies different requirements for peer and public review of  work plans
for injury determination studies (such as the work being done by USGS pursuant to this Study Plan)
and preliminary investigations (such as the egg injection pilot study).

Based on the results of  the pilot study initiated in 2004, the Trustees will determine if  it is appropriate
to pursue further an egg injection study.  Potential subsequent work would entail injections of  selected
contaminants of  concern into eggs of  avian species of  interest, and assessment of  endpoints.  Should
the Trustees determine, based on the results of  the pilot study initiated in 2004, that it is appropriate
to conduct a full-scale egg injection study, a Study Plan would be prepared, and such a Plan would
be peer reviewed and provided to the public for review and comment, in accordance with the Hudson
River NRDA Plan.
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APPENDIX A

USGS STUDY PLAN, INCLUDING HUDSON RIVER AVIAN

STUDY TECHNICAL OPERATING PROCEDURE

(STANDARD OPERATING PROCEDURE NO. TS 404.0)
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