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CHAPTER 1
INTRODUCTION

This document presents an evaluation of injuries to avian resources (birds) resulting from releases
of polychlorinated biphenyls (PCBs) from paper company facilities along the Lower Fox River,
Wisconsin. This evaluation has been performed as part of the natural resource damage assessment
(NRDA) being performed for the Lower Fox River/Green Bay site by the U.S. Fish and Wildlife
Service (USFWS, or the Service) on behalf of the U.S. Department of the Interior (the
Department), the National Oceanic and Atmospheric Administration (NOAA), the Oneida Indian
Tribe of Wisconsin, and the Menominee Indian Tribe. This report was prepared by Stratus
Consulting Inc. under contract to the Service. The purpose of this injury evaluation is to assess:

< whether birds that use the Lower Fox River, Green Bay, and parts of Lake Michigan (the
assessment area) have been exposed to PCBs

< whether birds in the assessment area have been injured as a result of exposure to PCBs.

In this chapter we introduce and define relevant terms from the Department NRDA regulations at
43 CFR Part 11, provide background information on PCB contamination of the area, and describe
the overall organization of this report.

1.1 TERMS AND DEFINITIONS

The Department has promulgated regulations for the performance of NRDAs [43 CFR Part 11].
The term “injury” is defined in the Departmental regulations as “a measurable adverse change,
either long or short term, in the chemical or physical quality or the viability of a natural resource
resulting either directly or indirectly from exposure to a release of a hazardous substance”
[43 CFR § 11.14]. The Departmental regulations also identify specific adverse changes that are
defined as injuries. The relevant definitions of injury to avian resources assessed by the Trustees in
this report are:

< concentrations of PCBs “sufficient to cause the biological resource or its offspring to have
undergone at least one of the following adverse changes in viability: death, disease,
behavioral abnormalities, cancer, genetic mutations, physiological malfunctions (including
malfunctions in reproduction), or physical deformations” [43 CFR § 11.62 (f)(1)(i)]
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< concentrations of PCBs sufficient to “exceed action or tolerance levels established under
section 402 of the Food, Drug and Cosmetic Act, 21 U.S.C. 342, in edible portions of
organisms” [43 CFR § 11.62 (f)(1)(ii)]

< concentrations of PCBs sufficient to “exceed levels for which an appropriate State health
agency has issued directives to limit or ban consumption of such organism” [43 CFR §
11.62 (f)(1)(iii)].

NRDA injury determination assessment comprises two phases:

1. Pathway determination. In the pathway determination phase, pathways by which natural
resources come into contact with hazardous substances are identified [43 CFR § 11.63].
The pathway is the “route or medium through which . . . a hazardous substance is or was
transported from the source of the discharge or release to the injured resource” [43 CFR §
11.14 (dd)]. Thus, pathway analysis is an important component of demonstrating the
linkage between the release of a hazardous substance and the injured natural resource.
Other NRDA reports will specifically evaluate the pathways by which PCBs released from
paper company facilities have come to be located in the Fox River, Green Bay, and parts
of Lake Michigan. This report, however, presents data that describe those pathways by
which birds have been exposed to PCBs. For all of the birds addressed in this report, the
primary pathway is through dietary exposure.

2. Injury determination. In this phase, the trustees determine whether adverse effects that
meet the definitions of injury set forth at 43 CFR § 11.62 have occurred as a result of
exposure to hazardous substances.

1.2 BACKGROUND

PCBs were released into the Fox River/Green Bay system from Fox River paper company
facilities that produced or processed PCB-containing carbonless copy paper waste (Wisconsin
DNR, 1998). Estimates of the amount of PCBs discharged into the Fox River from paper
company facilities range from 420,000 to 825,000 pounds from 1954 to the present (Wisconsin
DNR, 1998). An extensive study of PCB fate and transport in the Fox River/Green Bay system
demonstrated that PCBs move from the river into the bay, where they enter the food chain
(DePinto et al., 1994). A mass balance study estimated that over 90% of the PCBs entering Green
Bay in 1989 were from the Fox River (DePinto et al., 1994).
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1.3 INJURY EVALUATION METHODS

Injuries to avian resources are determined in this report primarily through the use and
interpretation of historical studies on birds in the assessment area. PCB contamination in Green
Bay birds was first detected in the early 1970s (Bishop et al., 1992). Since then, multiple studies
have been conducted on the exposure to and accumulation of PCBs in Green Bay birds and on
adverse effects resulting from this exposure. Most of these studies have been published in the
peer-reviewed literature; the evaluation presented in this report is based primarily on peer-
reviewed scientific papers.

For this injury determination, the previously available information was supplemented by the
collection and chemical analysis of a limited number of tern eggs (12) from the Green Bay
assessment area in 1996. This data collection effort, which was outlined in the NRDA Assessment
Plan published by the Service (61 Fed. Reg. 43,558), is described in detail in Appendix B.

When available, we relied on and report the statistical analyses conducted by the study authors. In
cases where the study authors did not conduct their own statistical analyses, we conducted the
analyses using raw data either reported in the study paper or obtained directly from the study
authors. Cases where we conducted our own statistical analyses are clearly identified as such, and
the statistical methods used to conduct the analyses are also identified. We used a statistical
significance level of % = 0.05.

Finally, the available information was used in a weight-of-evidence approach to determine injuries
to avian resources. The methods of the weight-of-evidence approach are described in Chapter 7.

As described in more detail in Chapter 8, the methods described here that were used to determine
injuries to avian resources are consistent with those contained in the Departmental regulations for
NRDA [43 CFR §11.64].

1.4 DOCUMENT ORGANIZATION

This document is organized as follows. Chapter 2 provides an overview of the avian resources of
the Lower Fox River and Green Bay. Chapter 3 contains a review of the known toxicological
effects of PCBs on birds, develops a “taxonomy” of PCB-induced injuries to birds, and develops
avian toxicity thresholds. Chapter 4 summarizes information regarding exposure to PCB
contamination in birds in the assessment area and evaluates the likelihood of PCB-induced injuries
to these birds by comparing the exposure concentrations to the toxicity thresholds developed in
Chapter 3. In Chapter 5, available site-specific biological data are reviewed by individual species
to evaluate whether field data indicate that birds in the assessment area have been injured by PCBs
according to injury definitions related to adverse effects on viability. Because of the availability of
scientific information and studies, the bird species discussed in Chapter 5 are the double-crested
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cormorant, Forster’s tern, common tern, Caspian tern, tree swallow, red-breasted merganser,
black-crowned night heron, and bald eagle. Chapter 6 determines injuries to ducks according to
the injury definitions of exceedences of state or federal tolerance limits for PCBs in tissue, and
exceedences of state or federal threshold concentrations for establishing consumption advisories.
Chapter 7 then presents a weight-of-evidence evaluation of the role that PCBs have played in
causing injuries to birds in the assessment area. Chapter 8 presents a determination of injuries
pursuant to the Departmental NRDA regulations. Chapter 9 lists references cited.

Appendix A provides scientific names for all bird species mentioned in the text, and Appendix B
provides documentation for 1996 field collection and chemical analysis of common and Forster’s
tern eggs. Appendix C provides the methods and results of waterfowl collection by the Service in
1987.



CHAPTER 2
ASSESSMENT AREA AVIAN RESOURCES

2.1 THE ASSESSMENT AREA

As described in the NRDA Assessment Plan published by the Service (61 Fed. Reg. 43,558), the
assessment area for this NRDA includes the Lower Fox River, all of Green Bay, and parts of Lake
Michigan. The assessment area is located on the northwest side of Lake Michigan (Figure 2-1)
and lies within the Great Lakes ecoregion, an area that comprises a mixture of aquatic,
agricultural, wetland, forested (deciduous and coniferous), and urban habitats. The main historical
and current types of land use in the assessment area are agricultural, recreational, logging, and
industrial/residential (largely confined to areas along the Fox River). Ecological habitats in the
assessment area are primarily nonurban; while industrialization and residential development have
taken place along parts of the Lower Fox River, much of the area is still dominated by low
intensity agriculture, wetlands, and forests. This land use pattern has important implications for
the use of the assessment area by birds, as described below.

The climate of the assessment area is highly seasonal and continental, with an average July air
temperature of about 67°F and an average January air temperature of 20°F (Robbins, 1991). The
average depth of soil frost in late February is about 20 inches. Annual precipitation is
approximately 33 inches (Robbins, 1991). While the low winter temperatures ensure that many
bird species that depend on freshwater habitats migrate out of the area, the high summer
temperatures and precipitation ensure that vegetation growth is lush, with associated diverse bird
habitats and communities.

2.2 AVIAN DIVERSITY IN THE ASSESSMENT AREA

Green Bay and the Lower Fox River is an important site within the Great Lakes ecoregion for
breeding and migratory birds (Temple and Cary, 1987; Erdman and Jacobs, 1991; Robbins, 1991).
During the five years of the Wisconsin Checklist Project, from 1982 until 1986, observers
recorded over 250 bird species in the five Wisconsin counties (Door, Kewaunee, Brown, Oconto,
and Marinette) immediately adjacent to Green Bay and the Lower Fox River (Table 2-1). During
the Atlas of Breeding Birds of Michigan project (1983-1988), 91 bird species were found
breeding in the townships adjacent to the Michigan Green Bay shore (Brewer et al., 1991). This
high degree of species richness is largely due to four factors: the proximity of a major bird
migration route, longitude, plant community diversity, and high quality habitat.
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Figure 2-1. The location of the assessment area.

Green Bay and the Lower Fox River are situated on one of the major bird migration routes in
North America — the Mississippi Flyway (Figure 2-2). Birds flying south during the fall from
their breeding areas in Canada and flying north in the spring funnel through the Lake Michigan
and Green Bay area. This results in the regular occurrence of many species that neither breed nor
winter in the area (e.g., tundra swans, oldsquaw, and a large number of shorebird species).

The most spectacular of these migratory movements involves the fall influx of waterfowl species
into Green Bay. Hundreds of thousands of ducks and geese traveling south from northerly
breeding areas use the wetlands surrounding the bay as roosting and feeding areas. These species,
which include Canada goose, mallard, teal species, scaup, goldeneye, and many others, are the
basis for the intense and economically important duck hunting that takes place in the bay each fall.

Because of its longitude, the assessment area supports birds that are typical of both more western
and eastern habitats. For example, both the western and the eastern meadowlark were recorded in
the Green Bay area during the Wisconsin Checklist Project, as were the western marbled godwit
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Table 2-1
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Red-throated loon U

Common loon U

Pied-billed grebe U

Horned grebe U

Red-necked grebe U E

Double-crested cormorant U U

American bittern U

Least bittern U

Great blue heron U

Green-backed heron U

Great egret U T

Cattle egret U

Black-crowned night-heron U

Tundra swan U

Mute swan U

Snow goose U

Wood duck U U

Canada goose U U

Green-winged teal U U

American black duck U U

Mallard U U

Northern pintail U U

Blue-winged teal U U

Northern shoveller U

Gadwall U U

American wigeon U

Canvasback U

Redhead U U

Ring-necked duck U U

Greater scaup U U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.
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Table 2-1 (cont.)
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Lesser scaup U U

Oldsquaw U

White-winged scoter U

Common goldeneye U U

Bufflehead U U

Hooded merganser U U

Common merganser U U

Red-breasted merganser U U

Ruddy duck U

Turkey vulture U

Osprey U T

Bald eagle U T

Northern harrier U U

Sharp-shinned hawk U U

Cooper’s hawk U U

Northern goshawk U

Red-shouldered hawk U T

Broad-winged hawk U U

Red-tailed hawk U U

Rough-legged hawk U U

American kestrel U U

Merlin U

Peregrine falcon U E E

Gray partridge U

Ring-necked pheasant U

Ruffed grouse U

Sharp-tailed grouse U

Wild turkey U

Northern bobwhite U

Virginia rail U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.
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Table 2-1 (cont.)
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Sora U U

Common moorhen U

American coot U U

Sandhill crane U U

Black-bellied plover U

Killdeer U

Greater yellowlegs U

Lesser yellowlegs U

Solitary sandpiper U U

Willet U

Spotted sandpiper U U

Upland sandpiper U U

Hudsonian godwit U

Marbled godwit U

Ruddy turnstone U

Red knot U

Sanderling U

Semipalmated sandpiper U

Least sandpiper U

White-rumped sandpiper U

Baird’s sandpiper U

Pectoral sandpiper U

Dunlin U

Stilt sandpiper U

Short-billed dowitcher U

Long-billed dowitcher U

Common snipe U U

American woodcock U U

Wilson’s phalarope U U

Red-necked phalarope U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.
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Table 2-1 (cont.)
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Franklin’s gull U

Bonaparte’s gull U U

Ring-billed gull U

Herring gull U

Glaucous gull U

Caspian tern U U E

Common tern U U E

Forster’s tern U U E

Black tern U

Rock dove U

Mourning dove U

Black-billed cuckoo U

Yellow-billed cuckoo U

Eastern screech owl U

Great horned owl U

Snowy owl U

Barred owl U

Long-eared owl U

Short-eared owl U

Northern saw-whet owl U

Common nighthawk U U

Whip-poor-will U U

Chimney swift U U

Ruby-throated hummingbird U U

Belted kingfisher U U

Red-headed woodpecker U

Red-bellied woodpecker U

Yellow-bellied sapsucker U U

Downy woodpecker U

Hairy woodpecker U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.
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Table 2-1 (cont.)
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Northern flicker U U U

Pileated woodpecker U

Olive-sided flycatcher U

Eastern wood-pewee U U

Yellow-bellied flycatcher U

Alder flycatcher U U

Willow flycatcher U

Least Flycatcher U U

Eastern phoebe U U

Great crested flycatcher U U

Eastern kingbird U U

Horned lark U U

Purple martin U U

Tree swallow U

Northern rough-winged U U

swallow

Bank swallow U U

Cliff swallow U

Barn swallow U U

Gray jay U

Blue jay U

American crow U

Common raven U

Black-capped chickadee U

Boreal chickadee U

Tufted titmouse U

Red-breasted nuthatch U

White-breasted nuthatch U

Brown creeper U

House wren U U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.
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Table 2-1 (cont.)
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Winter wren U

Sedge wren U

Marsh wren U

Blue-gray gnatcatcher U

Eastern bluebird U

Veery U U

Gray-cheeked thrush U

Swainson’s thrush U

Hermit thrush U U

Wood thrush U U

American robin U U

Gray catbird U U

Northern mockingbird U

Brown thrasher U U

Water pipit U

Bohemian waxwing U

Cedar waxwing U U

Northern shrike U

Loggerhead shrike U E

European starling U

Bell’s vireo U T

Solitary vireo U U

Yellow-throated vireo U

Warbling vireo U U

Philadelphia vireo U U

Red-eyed vireo U U

Blue-winged warbler U

Golden-winged warbler U U

Tennessee warbler U

Orange-crowned warbler U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.
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Table 2-1 (cont.)
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Nashville warbler U U

Northern parula U

Yellow warbler U U

Chestnut-sided warbler U U

Magnolia warbler U

Cape May warbler U

Black-throated blue warbler U U

Yellow-rumped warbler U U

Black-throated green warbler U U

Blackburnian warbler U U

Pine warbler U U

Palm warbler U

Bay-breasted warbler U

Blackpoll warbler U

Cerulean warbler U T

Black-and-white warbler U U

American redstart U U

Prothonotary warbler U

Ovenbird U U

Northern waterthrush U U

Louisiana waterthrush U

Connecticut warbler U

Mourning warbler U U

Common yellowthroat U U

Hooded warbler U T

Wilson’s warbler U

Canada warbler U

Yellow-breasted chat U

Scarlet tanager U U

Northern cardinal U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.
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Table 2-1 (cont.)
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Rose-breasted grosbeak U U

Indigo bunting U U

Dickcissel U

Rufous-sided towhee U U

American tree sparrow U U

Chipping sparrow U

Clay-colored sparrow U

Field sparrow U

Vesper sparrow U

Lark sparrow U

Savannah sparrow U

Grasshopper sparrow U

Le Conte’s sparrow U

Fox sparrow U

Song sparrow U U U

Lincoln’s sparrow U U

Swamp sparrow U U

White-throated sparrow U U

White-crowned sparrow U

Harris’s sparrow U

Dark-eyed junco U U U

Lapland longspur U

Snow bunting U U

Eastern meadowlark U

Western meadowlark U

Yellow-headed blackbird U

Red-winged blackbird U

Rusty blackbird U

Brewer’s blackbird U

Common grackle U U U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.
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Table 2-1 (cont.)
Bird Species Recorded during the Wisconsin Checklist Project

in Assessment Area Counties from 1982 until 1986

Species Visitor Migrant Visitor Resident Uncertain Status Statusa

Breeding/ Year Seasonal
Summer Winter Round Status Federal State

b b

Brown-headed cowbird U U U

Orchard oriole U

Northern oriole U U

Pine grosbeak U

Purple finch U

Red crossbill U

White-winged crossbill U

Common redpoll U

Pine siskin U U

American goldfinch U U

Evening grosbeak U U U

House sparrow U

a. Bird species in italics obtain their food from aquatic habitats and therefore are at increased risk of exposure
to PCBs.
b. T = threatened, E = endangered.

Source: Temple and Cary, 1987.

and the eastern Hudsonian godwit. The assessment area is also one of the easternmost breeding
sites for the yellow-headed blackbird, and the white pelican (another western species) has recently
colonized the assessment area as a breeding species (K. Stromborg, USFWS, personal
communication, April 1999). This mixing of western and eastern birds adds to the avifaunal
diversity of the assessment area.

Third, within Wisconsin there is a north-south shift in the major plant communities due to climate.
The assessment area is located in a transitional zone called the “Tension Zone” (Curtis, 1959),
where plant communities that are typical of both major ecoregions can be found. Areas north of
the Lower Fox River are dominated by plant communities that are representative of higher, colder
latitudes (e.g., an increased dominance of conifer forests). Northern Door County includes
subarctic plant communities because of its low warmest daily average temperatures in summer,
which are caused by a marked lake effect and Lake Michigan upwelling. Areas to the south have
communities adapted to a warmer climate (e.g., hardwood forests). This results in the occurrence
within the assessment area of bird species that are typical of both the more northern plant 
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Figure 2-2. The assessment area in relation to the Mississippi Flyway.

communities (e.g., gray jay, common raven, boreal chickadee, and several Dendroica warbler
species), together with species more characteristic of southern habitat types (e.g., turkey vulture,
mourning dove, and tufted titmouse).

Last, the bird species diversity found in the assessment area is supported by the area’s high quality
habitats. While many of the birds that breed in or use the area as a migratory staging post can be
found elsewhere in the lower, industrialized Great Lakes region, the assessment area, because of
its comparatively undisturbed nature and the quality and extent of its habitats, supports more
diverse bird communities.
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Wetlands are an important habitat for nesting and migratory birds in the assessment area.
Figure 2-3 shows that extensive tracts of the west side of the bay comprise coastal wetlands.
There are over 250,000 acres of wetlands within five miles of the bay, much of which (almost
52,000 acres) is protected as national forest, state forest, state park, or state wildlife area
(complied from data from USGS, 1990; Wisconsin DNR, 1998b). These extensive and contiguous
tracts of wetland provide ideal habitat for migratory and nesting birds.

Other important and abundant bird habitats in the assessment area are the small uninhabited
islands of Green Bay, which provide nesting sites for colonial waterbirds. Figure 2-4 shows the
distribution of these nesting sites and potential nesting sites. Such sites are favored by colonial
waterbirds because of their freedom from human disturbance and from mammalian predators such
as raccoons, mink, foxes, and coyotes. Many of these islands are well known as waterbird
breeding sites and have supported colonies for many years (e.g., herring gulls on Big Sister Island,
cormorants on Hat, Spider, and Cat Islands, Caspian terns on Gravelly Island).

2.3 AVIAN RESOURCES ON THE ONEIDA RESERVATION

The proximity of the Oneida Reservation to the Lower Fox River and Green Bay means that
environmental changes to the Lower Fox River/Green Bay ecosystem directly impact the
reservation ecosystems. The Oneida Reservation comprises approximately 65,400 acres located
3 miles east of the lower Fox River and 2.5 miles south of Green Bay, incorporating part of the
city of Green Bay. It is directly connected to the larger assessment area through waterways. All of
the major reservation waters are tributaries to the Lower Fox River and Green Bay. Land use
within the exterior reservation boundaries ranges from commercial and light industrial to rural
agriculture to residential. The northeastern quarter of the reservation is dominated by residential
and commercial land uses, while the remaining areas of the reservation are low intensity
agricultural, wetlands, and forested lands.

Birds that have been sighted on the Oneida Reservation in recent years include belted kingfisher,
sandhill crane, great blue heron, great horned owl, barn owl, screech owl, northern harrier, rough-
legged hawk, common nighthawk, turkey vulture, red-tailed hawk, bald eagle, double-crested
cormorant, and 12 different species of ducks and geese. Migratory birds that use the reservation
as a stopover site include tundra and trumpeter swans and snow geese. Several species of game
birds, such as wild turkey, have been successfully reintroduced to the reservation. While this is not
a comprehensive list of the birds that use the reservation ecosystem, it is a representative list of
the types of birds on the reservation.

The environment of the reservation is important to both the resident and the migratory bird
populations that use the Mississippi Flyway. Wetlands on the reservation become waterbird
breeding colonies in the spring, and many species such as sandhill cranes have been found nesting
in local wetlands. Threatened species such as bald eagles have used the open waters of the
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Figure 2-3. Distribution of wetland habitat within five miles of Green Bay or portions of
Lake Michigan.

Source: Compiled from data from USGS, 1990, and Wisconsin DNR, 1998b.
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Figure 2-4. Nesting and potential nesting islands for colonial waterbirds in the
assessment area.
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reservation for winter feeding areas and double-crested cormorants have been seen foraging in
reservation lakes and ponds. These examples illustrate the importance of the Oneida Reservation
to the Lower Fox River/Green Bay environment.

The combination of agricultural fields and wetlands on the reservation provides ideal habitat for
waterfowl. Reservation wetlands provide necessary cover for nesting waterfowl in close proximity
to farm fields that supply food for many of the birds. Waterfowl use the many engineered ponds
and wetlands on the reservation as a replacement for lost habitat along the Fox River and the
shore of Green Bay.

The major waterway on the reservation, Duck Creek, received its name from the large number of
ducks that use the river for nesting and rearing of their young. The Duck Creek corridor includes
habitat that is ideal for the waterfowl. In the spring the water level is high enough to create
nesting areas along many reaches, and the riparian zone in some areas is wide enough to provide
the necessary cover for the young.

Why the Birds Are Important to the Reservation

Waterfowl and other game birds are important to the reservation as a food source. The Oneida
Tribe chose this land when they were relocated from New York because of the abundant game
and the similarity to lands they were leaving behind. The original name for the major river flowing
through the reservation was “the place of many ducks.” Ducks and other waterfowl became an
important part of the Oneida diet. Oral histories from tribal elders explain how they obtained most
of their meat from the local population of game, including waterfowl, turkey, and other small
game.

The local birds have always been spiritually important to the Oneida People. For example, the bald
eagle was instructed by the Creator to head the bird kingdom, and appreciation for the fulfillment
of these duties is expressed in the Oneida Thanksgiving Prayer. The eagle sits on top of the “Tree
of Life,” ever vigilant against those who would harm the tree, and eagles carry their prayers up to
the Creator. The beauty and songs of all the different birds help the Oneida people appreciate their
purpose in life and remind them to enjoy their life cycle to its utmost.

Waterfowl have a special role in the creation story of protecting and safely bringing Mother Earth
to the back of the Great Turtle who supports the land we walk on. Birds are also used by the
tribal elders to explain many of life’s lessons to younger Oneida people. Some Oneida elders have
expressed a sense of shame, loss, and sorrow because of the decreased numbers and diversity of
birds. In the Oneida culture it is important to protect and preserve all of the animals, and birds
have a special place in the Oneida culture. These feelings are expressed in the Oneida
Thanksgiving Prayer.
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. . . Now then, I will mention . . . the water birds that swim about in the water.
Now I will mention, that it is still that it can be for our good minds, good feelings,
and a medicine for all people, many places the water has been polluted, and this
was created by the human family, and it has created a great suffering in our minds,
that we can no longer eat the fish safely, and surely it has caused great suffering to
all the fish families as far as they carry on to. Now then we mention that we
apologize to the waters and all her inhabitants on behalf of the humans, and pray
that we will restore the waters to how it is intended to be.

Culturally, everything that the Oneida Tribe values is related to the earth’s environment. The
Thanksgiving Prayer implies that it is the responsibility of all Oneida people to preserve and
protect their environment for future generations. The tradition of the “Seventh Generation
Commitment” implies that we will honor the Creator and future generations through the
protection of Mother Earth.

2.4 REGULATORY STATUS OF ASSESSMENT AREA BIRDS

Green Bay and the Lower Fox River support populations of 13 species that have been listed by
the federal government or by the State of Wisconsin as either threatened or endangered
(Table 2-1). The continued existence of these sensitive species in the assessment area (and the
recent colonization by white pelicans) attests to the relatively undisturbed nature of the area and
the quality and extent of its habitats.

2.5 BREEDING CYCLES AND LIFE HISTORIES OF ASSESSMENT AREA BIRDS

Of the birds that breed in the assessment area, colonial waterbirds, such as terns and cormorants,
and bald eagles have been the most studied in terms of their PCB exposure and PCB-caused
effects (see Chapter 5). All of the colonial waterbirds that breed in the assessment area are
migratory, arriving at their breeding areas in the spring and leaving for their wintering areas in late
fall. Thus, all of the components of their breeding cycles are contained within the short time span
between approximately April and August. Figure 2-5 presents a typical breeding chronology for
waterbirds within the assessment area.

The life histories of the principal colonial waterbirds of the area vary. Common and Caspian terns
are exclusively ground nesters with little or no nest construction, whereas Forster’s terns nest on
substantial, reed nests on floating mats of vegetation. All of the terns typically nest in dense
colonies with often only 2 or 3 feet between neighboring nests (Ehrlich et al., 1988). They lay
clutches of two to three eggs, which are incubated over about three weeks. The young are
semiprecocial in that they can leave the nest soon after hatching but depend on the adults for their
food and, for the first few days after hatching, for thermoregulation (Ehrlich et al., 1988). The
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Figure 2-5. Typical breeding cycle of Green Bay colonial waterbirds.

diets of both the adults and the young are mainly forage fish (Cramp and Simmons, 1977). After
about three to four weeks the young are capable of flight and leave the nesting areas in family
parties. By late fall, they have left for their wintering areas in the Gulf of Mexico.

Double-crested cormorants are also summer visitors to the assessment area, arriving at their
nesting colonies in April and May. They build their nests on the ground (at sites where trees are
not available and mammalian predators are not a problem) or in trees (as at Cat Island, until
recently). Like the terns, cormorants nest in dense colonies with only a few feet between nests.
They lay three to five eggs, which are incubated for about four weeks. The nestlings are altricial,
relying on their parents for their food and, in the first two weeks of life, for thermoregulation.
After five to six weeks, the young are capable of flight and leave the colonies with their parents.
The return to their wintering areas in the Mississippi Valley and the Gulf of Mexico begins in
September. Like the three tern species, double-crested cormorants mainly eat forage fish (see
Chapter 5).

Bald eagles differ substantially in their life histories from the four species discussed previously.
Unlike the terns and cormorants, they are not colonial but are widely dispersed over the
landscape. They may be year-round residents in the assessment area, depending on the availability
of prey (Robbins, 1991). They also begin breeding much earlier in the year, with most nests being
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refurbished in February and March. Nests are typically bulky structures of twigs and branches and
are built high in trees. Often the same nest may be used year after year. Neighboring nests may
typically be up to several kilometers apart. One to three eggs are laid in March, and the young
hatch after about 35 days of incubation. The young are completely altricial and dependent on their
parents for food and, in the early stages of growth, for heat. Fledging takes place about 12 weeks
after hatching. The prey of bald eagles comprises fish, carrion, and other birds such as herring
gulls and cormorants (see Chapter 5).

2.6 CONCLUSIONS

Because of its diversity of habitats, geographical position relative to east-west and north-south
gradients in bird communities, local climate patterns, and proximity to the Mississippi Flyway, the
assessment area supports a rich diversity of bird species. Over 250 species have been recorded.
These include breeding birds and summer visitors, fall and spring migrants, and winter visitors.
Furthermore, at least 13 species that are listed by either the State of Wisconsin or the federal
government as threatened or endangered are found in the assessment area.

Many of the species in the assessment area are dependent on the large tracts of relatively
undisturbed habitat in the area. This is particularly true for birds that depend on wetlands or
uninhabited islands for breeding, resting, and feeding sites. The assessment area provides these
critical habitats in abundance.

The Oneida Reservation provides habitat for many bird species. Furthermore, birds are an
important part of the Oneida Tribe culture, as reflected in oral histories and tribal prayers.



Figure 3-1. Biphenyl
molecular structure.

CHAPTER 3
TOXIC EFFECTS OF PCBS ON BIRDS

As described in the NRDA Assessment Plan (61 Fed. Reg. 43,558) and as noted in Chapter 1, the
Fox River/Green Bay ecosystem has been contaminated with PCBs. This chapter provides an
overview of the chemistry of PCBs and the toxic effects of PCBs on birds. This information
provides background for the injuries assessed in subsequent chapters.

This chapter is organized as follows. Section 3.1 presents a brief overview of PCB chemistry.
Section 3.2 provides a toxicological taxonomy of PCB congeners based on their mode of action.
Section 3.3 discusses the effects of PCBs on birds and relates these effects to categories of injury
established in the Department’s NRDA regulations. Section 3.4 discusses the toxic potency of
PCB congeners in birds. Section 3.5 summarizes published studies on the concentrations of PCBs
shown to cause adverse effects and includes a discussion of avian sensitivity to PCB toxicity.
Section 3.6 presents conclusions.

3.1 PCB CHEMISTRY

PCBs are a class of 209 chlorinated biphenyl congeners that
differ in the total number and position of chlorine atoms
substituted on the biphenyl structure (Figure 3-1).

As shown in Figure 3-1, the PCB structure is made up of two
benzene (biphenyl) rings linked by a single bond. The 209
possible PCB congeners are identified by the location and
number of chlorine atom substitutions on the biphenyl rings,
with 10 chorine atoms being the maximum number possible.
For example, the congener 2,2' dichlorobiphenyl has chlorine atoms at the 2 and 2' positions. PCB
congeners are also identified by a sequential numbering system based on increasing chlorine
substitution from PCB 1 (2-chlorobiphenyl; 1 chlorine) to PCB 209 (2,2',3,3',4,4',5,5',6,6'-
decachlorobiphenyl; 10 chlorines).
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1. Minor concentrations of PCBs may be produced by volcanic processes (Lamparski et al., 1990). However,
data in Lamparski et al. (1990) from the Mount Saint Helen’s eruption suggest that PCBs observed in volcanic
ash might be scavenged from the atmosphere rather than a product of vulcanism.

PCBs do not occur naturally in the environment.  PCBs were introduced into the environment as1

commercial mixtures of congeners (e.g., trade names of Aroclor in the United States, Clophen in
Germany, Kaneclor in Japan), with the congener composition dependent on the manufacturing
process (U.S. EPA, 1980). Most commercial mixtures were differentiated by the average
percentage chlorine by weight (e.g., Aroclor 1242 contained 42% chlorine). Aroclor 1242, the
predominant commercial mixture involved in Fox River paper company processes (Carr et al.,
1977), consists of a mixture of approximately 80 congeners (Schulz et al., 1989), with a mean
number of 3.1 chlorine atoms per molecule (Eisler, 1986). Quantifiable congeners in Aroclor 1242
extend from 2,2'-dichlorobiphenyl (two chlorines; PCB 4) to 2,2',3,4,4',5,5'-heptachlorobiphenyl
(seven chlorines; PCB 180) (Schulz et al., 1989).

In the environment, organisms may be exposed to mixtures of PCB congeners that no longer
resemble the original commercial Aroclor. This is because physical and chemical environmental
fate processes such as evaporation, transport, biodegradation, and partitioning onto sediments can
alter the mixture of congeners to which biota may be exposed (Safe, 1994). Moreover, once
accumulated by organisms, PCB congeners may be differentially excreted, distributed,
biotransformed, or sequestered (e.g., deposition in lipids) (Rozemeijer et al., 1995; summarized by
Barron et al., 1995).

3.2 TOXICOLOGICAL TAXONOMY OF PCB CONGENERS

Many individual PCB congeners have been found to cause adverse effects to biota. These effects
can differ based on the specific chemical composition of the individual congener or congener
mixtures. The different adverse effects caused by PCBs can be classified according to the manner
in which they manifest toxicity, known as their “toxicological mode of action” (Table 3-1).

3.2.1 Dioxin-Like Toxicity

Dioxin-like congeners are known as co-planar PCBs because the biphenyl rings lie in the same
two-dimensional plane, giving them a molecular configuration similar to 2,3,7,8-
tetrachlorodibenzo-p-dioxin (dioxin; TCDD) (Safe, 1994). These congeners have chlorine
substitutions in the 3,3',4,4' positions (meta-para substitutions) and have either zero (nonortho),
one (mono-ortho), or two (di-ortho) chlorines in the 2 or 2' positions (Figure 3-2). This chlorine
substitution pattern increases the structural similarity of the congeners to TCDD, inhibits
metabolic transformation by organisms, and generally increases biological persistence (Safe,
1994). Dioxin-like PCBs have affinity for the same cellular receptor (the aryl hydrocarbon or Ah
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Figure 3-2. Example nonortho (coplanar)
and ortho-substituted PCBs.

Table 3-1
Toxicological Taxonomy of PCB Congeners

Mode of Action Toxic Effects Example References
Dioxin-like Edema, deformities, early life Safe, 1994

stage mortality, uroporphyrin Bosveld, 1995
accumulation Barron et al., 1995

Phenobarbital-like Tumor promotion, uroporphyrin Safe, 1994
accumulation Rodman et al., 1991

Neurotoxic Decreased dopamine, behavioral/ Safe, 1994
neuromuscular alterations Choksi et al., 1997

Endocrine-disrupting Estrogen mimics, metabolized to Jansen et al., 1993
biphenylols (thyroxine mimics; Korach et al., 1987
Vitamin A effects) Walker, 1995

receptor) as TCDD. Like TCDD, dioxin-like PCBs are strong inducers of the chemical
metabolizing enzyme system known as the P450 family, and exposure to a dioxin-like PCB
congener can cause a substantial increase in the concentration and activity of P450 enzymes.
Dioxin-like PCBs are strong inducers of the P4501A isoform, and this is the key to their
toxicological characteristics. Figure 3-3 provides a simplified schematic representation of TCDD
interaction with the Ah receptor showing (1) TCDD movement into a cell, (2) binding to the Ah
receptor in the cytoplasm, (3) translocation of the TCDD:Ah receptor complex to the nucleus,
(4) production of messenger RNA (mRNA) in the nucleus, (5) translocation of mRNA to the
cytoplasm, and (6) synthesis of P450 in organelles (e.g., endoplasmic reticulum) and generation of
other cellular responses.

PCBs elicit a suite of toxic effects that are similar
to those of TCDD, such as pericardial and
abdominal edema, and deformities of the heart,
eyes, limbs, head, and body (Bosveld, 1995;
Henshel et al., 1997). Although mono-ortho
substituted biphenyls are less potent than
nonortho congeners, they occurred at higher
concentrations in commercial PCB mixtures, and
thus may contribute substantially to toxicity in the
environment (Braune and Norstrom, 1989;
Brunstrom, 1990).
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Figure 3-3. Schematic representation of TCDD interaction with the ah receptor.
(1) TCDD movement into a cell, (2) binding to the Ah receptor in the cytoplasm, (3) translocation of the
TCDD:Ah receptor complex to the nucleus, (4) production of messenger RNA (mRNA) in the nucleus,
(5) translocation of mRNA to the cytoplasm, and (6) synthesis of P450 in organelles (e.g., endoplasmic
reticulum) and generation of other cellular responses. 

Source: Simplified from Wilson and Safe, 1998.

3.2.2 Phenobarbital-Like Toxicity

The phenobarbital-like (PB-like) group of PCBs are di-ortho substituted congeners with a low
affinity for the Ah receptor, and induce a different P450 isozyme (P4501B-like) in birds and other
vertebrates than do the dioxin-like congeners (Safe, 1994; Van den Berg et al., 1994). The effects
of PB-like PCBs include tumor promotion in rodents (Safe, 1994) and accumulation of
uroporphyrin in chick embryo liver cells (hepatocytes) at high doses (Rodman et al., 1991).

3.2.3 Neurotoxicity

Neurotoxic PCBs are ortho-substituted, cause changes in neuromuscular activity and decreases in
dopamine levels (Safe, 1994; Choksi et al., 1997), and are associated with behavioral changes and
learning deficits (Tilson et al., 1990; Fisher et al., 1998). Heinz et al. (1980) suggested that
depletion of brain neurotransmitter levels by neurotoxic PCBs may result in abnormal behavior in
sensitive avian species.
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Figure 3-4. Two examples of hydroxylated
PCB metabolites (biphenylols) with endocrine
disrupting effects.

3.2.4 Endocrine-Disrupting Toxicity

Current research indicates that specific PCB
congeners and hydroxylated metabolites
(Figure 3-4) can act as endocrine disruptors
by altering normal hormonal dynamics
(Sheffield et al., 1998). For example,
exposure of mallards to Aroclor 1254
(20 mg/kg body weight twice per week for
five weeks) caused a significant reduction in
plasma levels of the thyroid hormone
triiodothyronine (Fowles et al., 1997).
Thyroid hormones modulate the rate of
cellular metabolism (Zubay, 1983).

Biotransformation by an organism generally decreases the toxicity of PCB congeners by
increasing their elimination through oxidation (e.g., hydroxylation) and/or conjugation
(e.g., glutathione addition) (Figure 3-5). However, hydroxylation at specific sites on several PCB
congeners produces hydroxylated biphenylol (HO group inserted into the 4 or 4' position)
metabolites that can compete for and occupy hormone or vitamin binding sites (Korach et al.,
1987) (Figure 3-4). These water soluble metabolites may be retained in bird eggs, exposing the
developing embryo and affecting the functioning of the endocrine system (Fry, 1995). Avian
endocrine disruptor effects of PCBs include hyperthyroidism (increased metabolic rate) and
hypothyroidism (decreased metabolic rate) in murres (Jefferies and Parslow, 1976) and altered
retinoid (vitamin A) dynamics in ring doves (Spear et al., 1989).

Fry (1995) concluded that some PCBs are estrogenic and are responsible for endocrine disruption
in breeding birds and abnormalities in their offspring. However, other researchers have not found
a relationship between PCBs and endocrine effects. For example, Nisbet et al. (1996) found no
relationship between measured PCB congeners in common tern eggs and feminization of male
embryos, although the study focused on congeners rather than their metabolites.

Estrogen mimics are thought to include PCBs 1, 9, 10, 30, 52, and 61. These PCBs have
estrogenic activity (measured by increased rodent uterine weight; Jansen et al., 1993) or can
be metabolized to hydroxylated biphenyls (e.g., 2',4',6'- trichloro-4-biphenylol; 2',3',4',5'-
tetrachloro-4-biphenylol) with demonstrated estrogen receptor binding affinity (Korach et al.,
1987). Biphenylol (one hydroxylation) and catechol (two hydroxylations) metabolites have been
shown to cause endocrine disruption in several vertebrate systems (Fry, 1995; Guillette et al.,
1995; Garner et al., 1999), but studies evaluating their estrogenicity in avian embryos have not
been reported.
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Figure 3-5. Generalized biotransformation pathway for PCBs.

Source: Safe, 1994.

In addition to these estrogen mimics, PCB 77 is thought to act as a thyroxine mimic and may
modulate vitamin A levels, resulting in alteration of growth and development. This congener can
be hydroxylated to biphenylol metabolites (e.g., 3,3',4,4'-tetrachloro-4-biphenylol; 3,3',4',5-
tetrachloro-4-biphenylol) that compete with the binding of the thyroid hormone thyroxine to the
transport protein transthyretin with subsequent alteration of growth and development (Brouwer,
1991; Walker, 1995). The activity of thyroid hormones is dependent on binding to carrier proteins
in the blood, and competition with PCBs for binding sites may result in changes in metabolic rate
through an increase in the “free” hormone (Zubay, 1983).

PCBs can also alter the concentrations of vitamin A in birds, which is important in vision, growth,
and reproduction. Retinol is the principal natural form of vitamin A and is primarily stored in the
liver as the fatty acid ester retinol palmitate (Environment Canada, 1991). Murk et al. (1994)
suggested that PCBs and related contaminants may interfere with the regulation of storage and
mobilization of retinoids in the livers of birds, resulting in decreased liver retinoid levels and
increased plasma retinoid concentrations. Biphenylol metabolites of PCB 77 may occupy a retinol
binding protein, resulting in reduction of blood vitamin A levels and thus altered growth and
development (Brouwer, 1991; Walker, 1995).
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3.3 PCB EFFECTS ON BIRDS

This section classifies the effects of PCBs on birds according to the injury categories identified in
the Departmental NRDA regulations. These regulations define injuries to biological resources
[43 CFR § 11.62 (f)], and these definitions can be used to categorize the biological effects of
PCBs on birds. Table 3-2 presents, for the Department’s NRDA injury categories, examples of
scientific studies documenting biological effects of PCBs and concentrations causing adverse
effects in birds.

3.3.1 Injury Category: Death [43 CFR § 11.62 (f)(4)(i)]

The experimental studies reported in Table 3-2 (together with many other studies not reported in
Table 3-2) show that exposure to PCBs can cause death in avian embryos and juvenile and adult
birds.

3.3.2 Injury Category: Disease [43 CFR § 11.62 (f)(4)(ii)]

PCBs are known to affect immune system function in mammalian systems (Safe, 1994), and may
cause morphological changes in immune tissues in birds (Nikolaidis et al., 1988). Friend and
Trainer (1970) reported increased mortality in mallard ducklings challenged with a duck hepatitis
virus following a short-term (10 day) feeding of PCBs (25 to 100 mg/kg diet of Aroclor 1254).

3.3.3 Injury Category: Behavioral Abnormalities [43 CFR § 11.62 (f)(4)(iii)]

PCB-induced behavioral effects in birds include decreased parental incubation attentiveness in ring
doves (Peakall and Peakall, 1973), and impaired courtship behavior in mourning doves (Tori and
Peterle, 1983). Heinz et al. (1980) found reduced brain dopamine and norepinephrine levels in
ring doves fed a 10 mg/kg diet of Aroclor 1254, and suggested that depletion of brain
neurotransmitter levels may result in abnormal behavior in sensitive avian species. McCarty and
Secord (1999) reported abnormal nest building behavior and lowered nest quality in tree swallows
(5 to 7 mg/kg wet weight total PCBs in eggs). Subtle neurological effects such as impaired
avoidance behavior in pheasants have also been reported (Dahlgren et al., 1972a).

3.3.4 Injury Category: Cancer and Genetic Mutations [43 CFR § 11.62 (f)(4)(iv)]

Long-term feeding studies of rodents have demonstrated that PCBs increase the incidence of
tumors (Safe, 1994). However, our review of the literature identified only one study showing that
PCBs cause tumors or genetic mutations in birds. Peakall et al. (1972) reported increased
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Table 3-2
Summary of NRDA Injury Categories, Corresponding

Biological Effects of PCBs on Birds, and Examples of Studies Documenting Effects

Injury
Category

[see 43 CFR
§ 11.62 (f)(4)] Biological Response Species Studied Example Reference

Death Increased adult/juvenile Mallard, pheasant, bobwhite, Heath et al., 1972; Stickel et al.,
mortality Japanese quail 1984

Increased embryo Chicken, pheasant Carlson and Duby, 1973;
mortality Brunstrom and Reutergårdh,

1986

Disease Increased susceptibility to Mallard Friend and Trainer, 1970
viral challenge

Behavioral Impaired mating behavior Mourning dove Tori and Peterle, 1983
abnormalities

Impaired avoidance of Pheasant Dahlgren and Linder, 1971
visual cliff

Cancer, genetic Chromosome alteration Ring dove Peakall et al., 1972
mutations

Physiological Reduced reproduction Pheasant, black- headed gull Brunstrom and Reutergårdh,
malfunctions (reduced fecundity) 1986

Chicken Carlson and Duby, 1973

American kestrel Lincer and Peakall, 1970

Ring dove Peakall et al., 1972

Eggshell thinning Mallard Haseltine and Prouty, 1980

Altered endocrine status Chicken Chen et al., 1994
(e.g., decreased estrogen
levels)

Porphyria Japanese quail Elliott et al., 1990

Enzyme induction Turkey Brunstrom and Lund, 1988
(e.g., ED50 for P450)

Physical External malformation Chicken, common tern, Brunstrom and Lund, 1988;
deformations (e.g., small beak, eyes, American kestrel Hoffman et al., 1998

unresorbed yolk sac)

Skeletal deformities Common tern, American Hoffman et al., 1998
kestrel

Histopathological lesions American kestrel nestlings Hoffman et al., 1996b
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chromosomal aberrations in the embryos of ring doves fed 10 mg/kg wet weight of Aroclor 1254
in their diet for three months. Chromosomal aberrations were 0.8% (range of 0 to 2%) in the
control group and 1.8% (range of 0 to 9.4%) in the PCB treated group. A separate NRDA report
(Barron et al., 1999) documents the increased frequency of liver tumors in fish (walleye;
Stizostedion vitreum vitreum) exposed to elevated concentrations of PCBs in the assessment area.

3.3.5 Injury Category: Physiological Malfunctions [43 CFR § 11.62 (f)(4)(v)]

Physiological malfunctions caused by PCBs include reduced reproductive success, eggshell
thinning, altered endocrine status, porphyria, altered vitamin A status, and enzyme induction (see
Table 3-2).

Reduced Reproductive Success

A number of field and laboratory studies have associated PCB contamination in bird eggs with
impaired reproduction, reduced fecundity and fertility, embryotoxicity, and reduced hatchling
growth and development (summarized by Gilbertson et al., 1991; Barron et al., 1995; Hoffman
et al., 1996a).

Eggshell Thinning

Eggshell thinning has been caused by high concentrations of PCBs in the maternal diet
(summarized by Peakall and Lincer, 1996). For example, Haseltine and Prouty (1980) reported
eggshell thinning (8.9% thickness reduction) in mallards fed a 105 mg/kg diet of Aroclor 1242.
No effects on reproduction were observed. Peakall and Lincer (1996) concluded that PCBs do
not cause significant eggshell thinning at environmentally realistic doses.

Altered Endocrine Status

The current understanding of PCB effects on bird endocrine systems is limited. However,
reported avian endocrine effects of PCBs have included feminization, lowered estrogen levels, and
changes in thyroid function (Colborn et al., 1993). For example, American kestrels fed a 33 mg/kg
diet of Aroclor 1254 had reduced semen quality (Bird et al., 1983), and chickens fed a 250 mg/kg
diet of Aroclor 1254 had significant reductions in comb and testicle weights (Platonow and
Funnell, 1971). PCBs and dioxin-like compounds were associated with gonadal abnormalities in
common terns, including the presence of ovarian tissue in the testes of male embryos (Hart et al.,
1998). Lincer and Peakall (1970) observed a dose-dependent increase in microsomal metabolism
of estradiol in American kestrels fed Aroclor 1254 or Aroclor 1262. Chickens orally administered
10 mg Aroclor 1254 daily for 5 days had reduced plasma estradiol and calcium levels, reduced
egg production, decreased liver weight, and increased hepatic P450 content (Chen et al., 1994).
Connor et al. (1997) reported that the estrogenicity of hydroxylated PCB congeners determined in
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multiple in vitro assays was complex and response-specific, with some assays indicating
estrogenicity, no activity, or antiestrogenicity.

Porphyria

Porphyrins are precursors of heme (a component of hemoglobin) and normally occur in small
quantities in the body (Environment Canada, 1991). Porphyria, evidenced by increased formation
and excretion of porphyrins and precursors, has been reported in several avian species (Goldstein
et al., 1976; Fox et al., 1988; Elliott et al., 1997). Accumulation of highly carboxylated porphyrins
in herring gull livers has been linked to environmental exposures of birds to PCBs (Environment
Canada, 1991). Rodman et al. (1991) demonstrated that specific PCB congeners with three or
four ortho chlorines caused increased uroporphyrin in chicken embryo hepatocyte cultures, and
Elliott et al. (1990) reported a significant accumulation of liver porphyrins in Japanese quail fed
0.05 mg/kg PCB 126 daily.

Altered Vitamin A (retinoid) Status

Retinol is the principal natural form of vitamin A and is primarily stored in the liver as the fatty
acid ester retinol palmitate (Environment Canada, 1991). Murk et al. (1994) suggested that PCBs
and related contaminants may interfere with the regulation of storage and mobilization of retinoids
in the livers of birds, resulting in decreased liver retinoid levels and increased plasma retinoid
concentrations. For example, ring doves exposed to PCB 77 exhibited altered retinoid dynamics,
and females laying viable eggs exhibited compensatory retinoid mobilization from the liver and
transfer to the eggs (Spear et al., 1989). Murk et al. (1994) concluded that hepatic and yolk sac
retinoids may be suitable indicators of early effects of dioxin-like contaminants in common terns
and other fish-eating birds.

Enzyme Induction

PCBs have been reported to increase the content or activity of several enzymes in birds, including
P450 isozymes (Hoffman et al., 1996a). For example, planar PCBs strongly induce the P450
isozyme CYP1A [measured by increases in aryl hydrocarbon hydroxylase (AHH) or
ethoxyresorufin-O-deethylase (EROD) activity]. Each isozyme has a slightly different affinity and
capacity for metabolizing contaminants and endogenous biomolecules (e.g., steroids), and may be
differentially induced by exposure to PCBs.

Numerous studies have reported EROD induction by dioxin-like PCBs, and some have suggested
EROD induction as a sensitive measure of exposure. EROD induction may also be indicative of
adverse PCB effects because P450 isozymes may activate or deactivate endogenous biomolecules
(e.g., hormones). For example, Lincer and Peakall (1970) reported increased microsomal
metabolism of estradiol in American kestrels fed a 0.5 mg/kg diet of Aroclor 1254. Recent in vitro
studies demonstrate that EROD activity in bird tissues is suppressed at higher PCB concentrations
(e.g., Lorenzen et al., 1997).
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Table 3-3
Relative Potency of Selected PCB Congeners 

in Inducing Chicken Hepatocyte P450

PCB Congener
Concentration Causing 50% P450

Induction (mM)
77 0.51

81 0.094

105 3.3

118 19

126 0.052

169 0.79

Sources: Kennedy et al., 1996b; Lorenzen et al., 1997.

3.3.6 Injury Category: Physical Deformations [43 CFR § 11.62 (f)(4)(vi)]

Avian physical deformations caused by PCBs include external deformations, organ and tissue
malformations, skeletal deformities, and histopathological lesions (Table 3-2). Physical
deformations attributed to PCBs in birds include pericardial and subcutaneous edema,
cardiovascular malformation, liver lesions, microphthalmia, beak and limb deformities, brain
asymmetry, thymic hypoplasia, and inhibition of lymphoid development (Gilbertson et al., 1991;
Bosveld and Van den Berg, 1994; Henshel, 1998; Hoffman et al., 1998). Dioxin-like PCBs may
cause deformities in turkey embryos (e.g., microphthalmia and beak deformities) at egg doses
lower those causing mortality, but may not in other bird species (Nosek et al., 1993).
Additionally, exposure of birds to PCB congeners (e.g., PCB 77) and commercial mixtures
(e.g., Aroclor 1254) may cause an increase in liver weights (Elliott et al., 1997).

3.4 TOXIC POTENCY OF ENVIRONMENTAL M IXTURES OF PCBS

Different PCB congeners have different potencies in producing toxic responses in birds, as do
different mixtures of congeners. Since congener mixtures in the environment are complex and can
vary over space, time, and environmental media, several methods have been developed to assess
the toxicity of PCB mixtures. These methods are based either on applying information on the
potency of individual congeners to congener concentration measurements in media, or on using
bioassays to evaluate the toxic potency of the environmental mixture as a whole.

The potency of individual PCB congeners in birds can be determined by their toxicity to avian
embryos (e.g., hatching success following injection into bird eggs; Brunstrom, 1990) or from the
magnitude of P450 induction caused by a congener (e.g., in vitro induction in avian embryo
hepatocytes; Kennedy et al., 1996a, b).
Toxicity-based congener potency is
derived from studies in which small
quantities of graded doses of a PCB
congener are injected into the yolk sac,
albumin, or air cell of an egg and hatching
success or some other response is
measured.

Table 3-3 summarizes the potency of
selected PCB congeners in inducing P450
in chicken hepatocyte cells. Of the tested
congeners, PCB 126 typically is the most
potent, followed by PCB 81, PCB 77, and
PCB 169. A similar relative order of
potency is observed in egg injection studies
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Table 3-4
Toxic Equivalency Factors (TEFs) of PCB

Congeners in Birds Relative to TCDD

Congener Number WHO  Avian TEFa

77 0.05
81 0.1

105 0.0001
114 0.0001
118 0.00001
123 0.00001
126 0.1
156 0.0001
157 0.0001
167 0.00001
169 0.001
189 0.00001

a. Van den Berg et al., 1998.

with embryomortality as the endpoint in different bird species (Brunstrom and Andersson, 1988;
Brunstrom 1989, 1990; Powell et al., 1996). The general order of potency for congeners is
nonortho > mono-ortho > di-ortho > tri-ortho > tetra-ortho.

The toxic potencies of PCB congeners are dependent on both the test species and the toxicity
endpoint (e.g., P450 induction versus embryotoxicity). Responsiveness of P450 induction is
dependent on the reporter system (e.g., enzyme activity, enzyme content, specific isozyme) and
the assay system (e.g., rat versus avian tissue). For example, Kennedy et al. (1996a) concluded
that P4501A induction in chicken hepatocyte cultures was more responsive to mono- and
di-ortho-PCB congeners than the H4IIE rat hepatoma system, suggesting that birds are more
sensitive to these congeners than mammals.

The potency of a PCB congener can be expressed relative to the potency of TCDD (generally the
most toxic planar halogenated environmental contaminant) by estimating its toxicity equivalency
factor (TEF). The TEF of a congener is determined by dividing the potency response
(e.g., concentration at which 50% mortality or 50% P450 induction occurs) by the potency
response of TCDD:

Avian TEFs for 12 PCB congeners have been
derived by the World Health Organization
(WHO) and are summarized in Table 3-4.
These values are “generic” in that they are
not specific to an individual bird species. The
WHO avian TEFs were derived from the
results of multiple studies and a variety of
experimental data (e.g., embryotoxicity
studies, P450 induction), and represent the
consensus opinion of an international group
of toxicology experts.

TEFs can be used to calculate a TCDD
equivalent concentration (TCDD-eq) of
PCBs in an environmental sample. A TCDD-
eq is the concentration of TCDD that has the
same potency as the PCB congener mix and
concentration in an environmental sample. A
TCDD-eq is calculated by summing the
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product of the measured concentration and the TEF for each PCB congener measured in a sample
(Giesy et al., 1994):

TCDD-eq = � ([congener]  × TEF ) .i i

The TCDD-eq of environmental samples can also be determined experimentally using the H4IIE
rat hepatoma system (e.g., Giesy et al., 1994) or the avian embryo hepatocyte system
(e.g., Kennedy et al., 1996a,b). These in vitro systems generally require administration of small
quantities of a chemical extract of an environmental sample to the bioassay system, with
subsequent measurement of the P450 induction response. The response is then compared to the
TCDD-induced response measured using the same method. Because of the apparent differences
between mammals and birds in relative congener potency, a TCDD-eq measured using an avian
bioassay is considered more relevant to the evaluation of the toxicity to birds than a TCDD-eq
measured using a mammalian bioassay (U.S. EPA, 1998a).

There are two limitations to the TCDD-eq approach:

� Calculated values assume additive toxicity. An implicit assumption in the calculation of a
TCDD-eq is that the contribution of individual congeners to the toxicity of a mixture is
simply additive. However, both synergistic (more than additive toxicity) and antagonistic
(less than additive) responses to PCBs and other contaminants have been reported
(Petersen et al., 1993; Van den Berg et al., 1994). For example, Lorenzen et al. (1997)
concluded that common terns may be more susceptible to CYP1A inducing effects of
complex mixtures of dioxin-like contaminants than indicated by their response to
individual contaminants. Synergistic and antagonistic interactions are not incorporated into
the calculation of TCDD-eq because of uncertainty in the type and magnitude of
contaminant interactions. There is some consensus (U.S. EPA, 1998a) that nonadditive
effects may be relatively minor (i.e., toxicity of dioxin-like PCBs is approximately
additive).

� Only dioxin-like toxicity is considered. The TCDD-eq approach generally accounts for
only dioxin-like toxicity, whether determined directly from an in vitro bioassay system
(e.g., EROD induction) or calculated using measured analyte concentrations and TEFs
(derived from in vitro responses or acute in ovo exposures). The endpoints and modes of
action used in determining TCDD-eq do not typically incorporate neurotoxicity, PB-like
effects, endocrine disruption, or long-term responses such as cancer.

Despite these limitations, the TCDD-eq approach provides a generally accepted method for
assessing the toxicity of mixtures of PCBs and other contaminants (U.S. EPA, 1998b).
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Table 3-5
PCB Congeners: Relative Species Sensitivity

Based on Embryo Mortality

Species

Embryo Mortality
(LD50; µg/kg egg)

PCB
77

PCB
126

Herring gull >1,000a  — 

Black-headed gull <1,000a  — 

Common tern  — 104b

Double-crested cormorant  — 158c

Mallard >5,000a  — 

Goldeneye, domestic goose >1,000a  — 

Kestrel 680b 65b

Pheasant; quail 100-1000a  — 

Turkey 800a  — 

Bobwhite  — 24b

Chicken 8.6a 0.4

a. Brunstrom and coworkers (summarized in Barron
et al., 1995).
b. Hoffman et al., 1995, 1998.
c. Powell et al., 1997.

3.5 PCB CONCENTRATIONS CAUSING TOXICITY TO BIRDS

This section summarizes literature studies on the concentrations of PCBs shown to cause adverse
effects to birds. First, the sensitivity of avian life stages and species is discussed, after which
toxicity studies using total PCBs dosed into bird eggs are summarized. Lastly, studies of the
toxicity of individual PCB congeners, TCDD, or TCDD-eq are summarized.

3.5.1 Avian Sensitivity to PCBs

Embryos appear to be the life stage most sensitive to PCB toxicity, followed by nestlings, then
adults (e.g., Hoffman et al., 1998). Embryotoxicity in birds has been studied primarily by direct
injection of PCB congeners or commercial mixtures into the egg (air cell or yolk sac), and
subsequent monitoring of embryo mortality and hatching success. Eggs injected after the period of
organ development experience substantially less mortality and greater chick growth than eggs
injected before completion of organ development (Carlson and Duby, 1973).

The relative sensitivity of the tested bird
species to PCBs can be estimated by
comparing concentrations of individual
congeners that cause the same adverse effects.
For example, Table 3-5 lists concentrations of
PCB 77 and PCB 126 causing 50% embryo
mortality when injected into the eggs of
different bird species. The results presented in
Table 3-5 show that the chicken is the most
sensitive species tested to both PCB 77 and
126, with LD50 concentrations approximately
two orders of magnitude less than those for
other bird species. The higher sensitivity of
chickens to TCDD-like toxicity has been
documented in numerous studies (Eisler,
1986).

Bosveld and Van den Berg (1994) suggested
that the general order of sensitivity to the
embryotoxic effects of PCBs is chicken >
pheasant/turkey > ducks > gulls. Kennedy
et al. (1996b) similarly concluded that the
general order of sensitivity was chicken >
pheasant > turkey � duck � herring gull,
based on EROD induction in primary
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hepatocyte cultures by a variety of planar PCBs. Brouwer (1991) concluded that herring gulls
were insensitive to PCB exposure because of Ah receptor nonresponsiveness. Based on the results
of egg injection studies with PCB 126, Hoffman et al. (1998) concluded that species
responsiveness to P450 induction was chicken > common tern > American kestrel > bobwhite.
Based on EROD induction by PCBs 77, 126, and 169 in primary hepatocyte cultures, common
terns appeared to be of similar sensitivity to ducks and herring gulls, and 50 to >1600 times less
sensitive than chickens (Lorenzen et al., 1997). However, common tern embryo hepatocytes were
only 3.5 to 15 times less sensitive than chicken embryo hepatocytes to contaminant extracts of
field collected tern eggs (Lorenzen et al., 1997). Lorenzen et al. (1997) suggested that hepatocyte
cultures from common tern chicks indicated that this species may be only 6 to 79 times less
sensitive than chickens, and may be more susceptible to CYP1A inducing effects of complex
mixtures of dioxin-like contaminants than is indicated by their response to individual
contaminants. However, common tern embryo hepatocytes were not sensitive to the commercial
PCB mixture Aroclor 1254 (Lorenzen et al., 1997).

In conclusion, a limited number of bird species have been evaluated for their sensitivity to PCBs
and dioxin-like toxicity. Early life stages (embryos and hatchlings) appear to more sensitive to
PCB toxicity than adult or juvenile birds. Of the tested bird species, chickens are consistently the
most sensitive to PCB congeners and mixtures, whereas gulls appear to be the least sensitive. The
relative rankings of other tested species appear to vary based on congener (or congener mixture)
and toxic endpoint studied. Most of the 87 bird species that obtain their food from the Green Bay
aquatic environment have not been tested. It is likely that the sensitivity of these species varies
and some may be sensitive to PCBs.

3.5.2 Adverse Effect Concentrations of PCBs

As discussed above, adverse effects of PCBs include adult and embryo mortality, impaired
reproductive behavior, deformities, decreased female or male fertility, lower hatching success,
impaired egg production, and reductions in population size or reproductive success. These effects
have been determined in the following types of studies:

� Egg injection experiments. These studies typically use graded doses of PCBs injected
into the yolk sac, air cell, or albumen of the eggs. Measurement endpoints may include
embryo mortality, malformations, hatching success, and chick growth.

� Dietary toxicity tests. These studies involve administration of PCBs in the diet of the bird
or by gavage. Measurement endpoints may include effects on behavior (e.g., courtship or
parental attentiveness, avoidance behaviors); disease resistance; various measures of
reproductive success (e.g., egg production, fertility, hatching success); and chick mortality
and growth. Study duration may range from a few days to many weeks. However, studies
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that evaluate the effects of PCB exposure over a complete life cycle of birds have not been
conducted.

� Field assessments. Field studies typically involve determining any differences in
reproductive success of wild birds from contaminated sites and birds from selected
reference locations. Measurement endpoints may include hatching success, chick mortality
and growth, and fledgling success.

Adverse effect concentrations are typically expressed as a median effect concentration
(e.g., LC50, the concentration causing 50% mortality in the test population, derived from the
relationship between dose and toxic response) or as a toxicity threshold value (derived by a
statistical assessment of control and treatment groups, e.g., tested concentration causing a
significant increase in mortality). Toxicity thresholds are typically reported as a NOEC (no
observed effect concentration) or LOEC (lowest observed effect concentration). Note that
NOECs and LOECs are statistically determined, but they do not represent absolute thresholds
because they are reflective of the experimental design and the doses used. For example, a LOEC
of 10 mg PCB/kg egg may not represent the lowest toxicity threshold for a species because lower
PCB concentrations were not tested. Traditionally, NOECs and LOECs have been used by the
U.S. EPA and others to derive thresholds for chronic toxicity to protect sensitive species.

Total PCB Concentrations in Eggs Causing Toxicity

Table 3-6 presents NOECs and LOECs for total PCB concentrations in bird eggs. LOEC values
are presented for the most sensitive reproductive effect measured. Excluding chickens, NOECs
range upward from 1.3 mg total PCBs/kg egg (wet weight), and LOECs range upward from
about 5-10 mg/kg. It should be noted that there are, apparently, large differences between species
in their sensitivities to PCBs. For example, the mallard LOEC reported in Table 3-6 exceeds that
of the most sensitive species, chicken, by a factor of more than 50. However, many of the study
results listed in Table 3-6 may be confounded by the fact that they are based on field studies in
which parameters other than PCBs (e.g., other contaminants, hatching and rearing conditions)
could not be controlled.

PCB Congeners and TCDD-eq Concentrations in Eggs Causing Toxicity

Table 3-7 presents LD50, NOEC, and LOEC values for individual PCB congeners, TCDD, and
TCDD-eq reported in the literature. The data presented in Table 3-7 indicate that, excluding
chickens, toxicity (NOECs, LOECs) for most of the tested bird species occurs at TCDD or
TCDD-eq concentrations in the range of approximately 0.2 µg/kg egg (wet weight) to 10 µg/kg.
Estimated LD50s for TCDD-eq are also consistent with this range of values. However, it should
be noted that because LD50s are concentrations causing effects to 50% of the test organisms;
they are not effects thresholds. Effects thresholds typically will be lower.
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Table 3-6
Total PCB No Observed and Lowest Observed Adverse Effect Concentrations (NOEC/LOEC) in Bird Eggs

Species PCB
NOEC

(mg/kg ww)
LOEC

(mg/kg ww) Adverse Effect
Laboratory (L)

or Field (F) Study Reference
Chicken Total PCB 0.36 2.5 H L Scott, 1977

Total PCB 0.95 1.5 H L Britton and Huston, 1973

Total PCB <5 5 P, F L Platonow and Reinhart, 1973

Total PCB  — 4 D, H L Tumasonis et al., 1973

A1242 0.67 6.7 G L Gould et al., 1997

A1254 0.67 6.7 G L Gould et al., 1997

Tree swallow Total PCB  — 5-7 B F McCarty and Secord, 1999

Common tern Total PCB 7 8 S F Bosveld and Van den Berg, 1994

Total PCB 4.8 a10 D, H L Hoffman et al., 1993

Total PCB 5.2-5.6 7 H F Becker et al., 1993

Bald eagle Total PCB  — 4 S F Ludwig et al., 1993

Total PCB 1.3 7.2 S F Wiemeyer et al., 1984

Total PCB  — 13 S F Bosveld and Van den Berg, 1994

Ringed turtle dove A1254  — 16 H L Peakall and Peakall, 1973

Forster’s tern Total PCB 4.5 22.2 H F/L Kubiak et al., 1989

Total PCB 7 a 19 S F Bosveld and Van den Berg, 1994

Caspian tern Total PCB  — 4.2 S F Yamashita et al., 1993

Mallard A1242  — 105 T F Haseltine and Prouty, 1980

a. Based on no apparent adverse effects in field population.

For adverse effect, A = adult mortality; B = reproductive behavior; D = deformities; F = female fertility; G = chick growth; H = hatching success;
M = male fertility; P = egg production; S = population size or reproductive success; T = egg shell thinning. Data are organized by the general
rank order of sensitivity (most to least sensitive species based on reported NOECs and LOECs).
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Table 3-7
No Observed and Lowest Observed Adverse Effect Concentrations (NOEC/LOEC) and Median Lethal

Concentrations (LD50s) for PCB Congeners, TCDD, and TCDD-eq (µg/kg egg wet weight) in Birds

Species Toxicant Measurement
Reported

µg/kg egg (ww)

 TCDD-eqa

Adverse
Effect

Laboratory (L)
or Field (F)

Study Reference
Toxicity
Value

µg/kg egg
(ww)

Chicken TCDD NOEC 0.1 NOEC 0.1 H L Janz and Bellward,
1996

0.2 NOEC 0.2 I L Peden-Adams et al.,
1998

LD50 0.15 LD50 0.15 H L Powell et al., 1996

PCB 77 LD50 8.6 LD50 0.43 H L Brunstrom and
Andersson, 1988

PCB 105 LD50 2200 LD50 0.22 H L Brunstrom, 1990

PCB 118 LD50 8000 LD50 0.08 H L Brunstrom, 1989

PCB 126 LD50 3.2 LD50 0.32 H L Brunstrom and
Andersson, 1988

LD50 2.3 LD50 0.23 H L Powell et al., 1996

LD50 0.4 LD50 0.04 H L Hoffman et al., 1995

PCB 156 LD50 1500 LD50 0.15 H L Brunstrom, 1990

PCB 157 LD50 2500 LD50 0.25 H L Brunstrom, 1990

PCB 167 LD50 >4,000 LD50 >0.04 H L Brunstrom, 1990

PCB 169 LD50 170 LD50 0.17 H L Brunstrom and
Andersson, 1988

Osprey TCDD-eq NOEC 0.14 NOEC 0.14 S F Woodford et al., 1998

Bald eagle TCDD-eq NOEC 0.2 NOEC 0.2 S F Elliott et al., 1996
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Table 3-7 (cont.)
No Observed and Lowest Observed Adverse Effect Concentrations (NOEC/LOEC) and Median Lethal

Concentrations (LD50s) for PCB Congeners, TCDD, and TCDD-eq (µg/kg egg wet weight) in Birds

Species Toxicant Measurement

Reported
µg/kg egg

(ww)

 TCDD-eqa

Adverse
Effect

Laboratory
(L) or Field
(F) Study Reference

Toxicity
Value

µg/kg egg
(ww)

Bobwhite PCB 126 LD50 24 LD50 2.4 H L Hoffman et al.,
1995

Caspian tern TCDD-eq NOEC 0.75 NOEC 0.75 H F Ludwig et al.,
1993

Domestic
pigeon

TCDD LOEC 3 LOEC 3 G, H L Janz and
Bellward,
1996

Eastern
bluebird

TCDD NOEC 1 NOEC 1 B F Thiel et al.,
1988

LOEC 10 LOEC 10 B F

Common tern PCB 126 LD50 104 LD50 10.4 H L Hoffman et al.,
1998

TCDD-eq NOEC <4 NOEC <1 (assuming
25% lipid)

H L Bosveld and
Van den Berg,
1994

Double-
crested
cormorant

PCB 126 LD50 158 LD50 16 H L Powell et al.,
1997

TCDD LD50 4 LD50 4 H L Powell et al.,
1997

TCDD-eq LD50 ~0.55 LD50 0.55 H F Tillitt et al.,
1992
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Table 3-7 (cont.)
No Observed and Lowest Observed Adverse Effect Concentrations (NOEC/LOEC) and Median Lethal

Concentrations (LD50s) for PCB Congeners, TCDD, and TCDD-eq (µg/kg egg wet weight) in Birds

Species Toxicant Measurement

Reported
µg/kg egg

(ww)

 TCDD-eqa

Adverse
Effect

Laboratory
(L) or Field
(F) Study Reference

Toxicity
Value

µg/kg egg
(ww)

Forster’s tern TCDD-eq NOEC 2.2 NOEC 2.2 H L/F Kubiak et al.,
1989

Great blue
heron

TCDD NOEC 2 NOEC 2 H F Janz and
Bellward,
1996

TCDD-eq NOEC 0.02 NOEC 0.02 G, D F Hart et al.,
1991LOEC 0.245 LOEC 0.245

Ring-necked
pheasant

TCDD NOEC 1 (yolk sac
injected)

NOEC 1 H L Nosek et al.,
1993

LOEC 1 (albumen
injected)

LOEC 1 H L

77 NOEC 100 NOEC 5 H L Brunstrom and
Reutergårdh,
1986

Wood duck TCDD-eq NOEC �5 NOEC �5 H F White and
Hoffman, 1995LOEC >20-50 LOEC >20-50 H F

American
kestrel

PCB 77 LD50 680 LD50 34 H L Hoffman et al.,
1998

PCB 126 LD50 65 LD50 6.5 H L

Turkey PCB 77 LD50 ~800 LD50 40 H L Brunstrom and
Lund, 1988

Black-headed
gull

PCB 77 LD50 <1000 LD50 <50 H L Brunstrom,
1988
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Table 3-7 (cont.)
No Observed and Lowest Observed Adverse Effect Concentrations (NOEC/LOEC) and Median Lethal

Concentrations (LD50s) for PCB Congeners, TCDD, and TCDD-eq (µg/kg egg wet weight) in Birds

Species Toxicant Measurement

Reported
µg/kg egg

(ww)

 TCDD-eqa

Adverse
Effect

Laboratory
(L) or Field
(F) Study Reference

Toxicity
Value

µg/kg egg
(ww)

Herring gull PCB 77 LD50 >1000 LD50 1-2 H L Brunstrom,
1988

TCDD-eq NOEC 1-2 NOEC 1-2 H F Ludwig et al.,
1993

Domestic
goose

PCB 77 LD50 >1000 LD50 >50 H L Brunstrom,
1988

Goldeneye PCB 77 LD50 >1000 LD50 >50 H L Brunstrom and
Reutergårdh,
1986

Mallard PCB 77 LD50 >5000 LD50 >250 H L Brunstrom,
1988

a. Calculated using WHO TEFs (U.S. EPA, 1998b).

For adverse effect, A= adult mortality; B = reproductive behavior; D = deformities; F = female fertility; G = chick growth; H = hatching success;
I = immunological changes; M = male fertility; P = egg production; S = population size or reproductive success; T = egg shell thinning. Data are
organized by the general rank order of sensitivity as TCDD-eq toxicity values (most to least sensitive species).
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Figure 3-6. Increasing PCB
exposure results in an increase in
the number and severity of
adverse effects in birds.

3.6 CONCLUSIONS

The results of this review support the following
conclusions.

� PCBs cause a number of adverse effects in birds
that meet the NRDA definitions of injury. PCB-
caused adverse changes in viability in birds can
include death, disease, behavioral abnormalities,
physiological malfunctions, and physical deformities.
Increasing PCB exposure results in an increase in
the number and severity of effects from EROD
induction to embryotoxicity to adult mortality
(Figure 3-6).

Laboratory and field studies have shown that
exposure of birds to PCBs causes a suite of toxic
effects:

5 At high doses, PCBs may cause death in
adult and juvenile birds (summarized by
Prestt et al., 1970; Dahlgren et al., 1972b;
Barron et al., 1995).

5 At lower exposures, PCBs may cause death in avian embryos (Barron et al., 1995).

5 Sublethal effects of PCBs can include reproductive and developmental toxicity:
(1) altered reproductive behavior, (2) reduced fertility and egg production,
(3) reduced or delayed chick growth. PCB effects also include subtle neurological
effects such as impaired avoidance behavior (Dahlgren et al., 1972b).

5 P450 induction is the most consistently sensitive in vitro measure of PCB
exposure, but P450 activity (e.g., EROD) can be inhibited at higher exposure
concentrations (Lorenzen et al., 1997).

5 Eggshell thinning does not appear to be caused by PCB exposure (Peakall and
Lincer, 1996), except at high dietary concentrations (e.g., 105 mg/kg wet weight;
Haseltine and Prouty, 1980).

5 Depending on the dose and exposure scenario, PCBs and related contaminants
may act as estrogen or thyroxine agonists or antagonists or may alter circulating
hormone levels (McKinney et al., 1985; Gilbertson et al., 1991).



TOXIC EFFECTS OF PCBS ON BIRDS � May 1999 � 3-23

5 Field studies have associated PCB exposure in birds with increased EROD,
decreased thyroxine in plasma, decreased hepatic retinoid levels, increased relative
liver weight, decreased head and femur size in hatchlings, reduced embryo growth,
and delayed hatching (Hoffman et al., 1986; Van den Berg et al., 1994; Bosveld
et al., 1995).

� PCBs in eggs cause toxicity at low parts-per-million concentrations of total PCBs
(Table 3-6):

5 Although there is much variability in species sensitivity, toxicity thresholds for total
PCBs in the eggs of sensitive bird species range upward from 5 to 10 mg/kg egg,
resulting in reproductive malfunctions, embryo mortality, and embryo deformities.

� PCBs in eggs cause toxicity at low, or sub parts per billion, concentrations as TCDD-
eq in eggs (Table 3-7):

5 Toxicity thresholds for TCDD-eq in the eggs (NOECs, LOECs) of many bird
species range from 0.2 to 10 µg/kg egg, resulting in reproductive malformations,
embryo mortality, and deformities.

In conclusion, PCBs cause multiple adverse effects in bird species, including death, deformities,
and reproductive malfunctions. Low mg/kg wet weight concentrations of total PCBs in eggs and
low ppb concentrations of TCDD-eq in eggs can cause embryo mortality, malformations, and
impaired reproduction.



CHAPTER 4
PCB EXPOSURE IN ASSESSMENT AREA BIRDS

4.1 INTRODUCTION

This chapter presents information on the exposure of assessment area birds to PCBs. Exposure is
characterized using data on PCB concentrations measured in the tissues of bird species nesting in
the Fox River/Green Bay assessment area. The purpose of this chapter is to determine if
assessment area birds have been exposed to PCBs and the likelihood that their exposure levels
may have been sufficient to result in injuries. The occurrence of injuries to birds in the assessment
area is assessed in the following chapters of this report.

Our approach in this chapter is as follows:

� We compare PCB tissue residues in assessment area birds to those from reference areas to
determine whether assessment area birds have been exposed to elevated PCB
concentrations.

� We evaluate PCB tissue residues in assessment area birds over time to characterize
temporal trends in PCB exposure.

� We compare PCB tissue residues in assessment area birds to ranges of PCB
concentrations shown to cause toxicity in laboratory or field studies. These comparisons
provide information regarding the likelihood that PCBs have caused adverse effects in
assessment area birds.

Figure 4-1 depicts the pathways by which assessment area birds can be exposed to PCBs. Because
PCBs accumulate in biota and “biomagnify” in the food chain, the dietary pathway is the primary
route by which birds are exposed. Also, of the birds that nest and feed on and near the assessment
area, piscivorous species (i.e., those that consume fish) and predatory species (i.e., those that
consume other birds) are expected to be most highly exposed to PCBs, since their food items are
more highly contaminated with PCBs.

Exposure analysis is a fundamental component of pathway determination. The NRDA regulations
indicate that confirmation of biological pathways can be characterized by direct measurement of
the hazardous substance in tissues of exposed organisms [43 CFR §11.63(f)(4)(i)]. Thus, using
measurements of PCBs accumulated in bird tissue is the most direct method of confirming
exposure, as it takes into account such factors as contaminant bioavailability, foraging areas,
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1. The pathways by which PCBs are transported from Fox River paper company facility sources through the Fox
River, into Green Bay, and into assessment area fish tissue are described in a separate NRDA report.

Figure 4-1. Generalized PCB exposure pathways for assessment area birds.

and contamination of prey items. More detailed pathway evaluations for each bird species
assessed are presented in Chapter 5.1

Numerous studies have been conducted on PCB concentrations in Green Bay bird tissues.
Figure 4-2 shows the locations in the assessment area at which bird tissues have been collected for
PCB analysis, and Table 4-1 lists the species and tissues (egg, adult, or chick) that have been
measured. Table 4-1 shows that more PCB concentration data are available for eggs than for adult
or chick tissue, and since egg PCB data can be used to assess the potential for embryo toxicity (a
sensitive PCB toxic endpoint), this chapter focuses on PCB concentration data in eggs.
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Figure 4-2. Selected locations at which bird tissues have been collected for PCB
analysis.
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Table 4-1
Green Bay Assessment Area Birds and Their Life Stages

in Which PCBs Have Been Measured

Eggs/Embryos Adults Chicks
Double crested cormorant 7 7 7

a b c

Black-crowned night heron 7 7
d d

Green heron 7
e

Canada goose 7
b

Mallard 7 7
b b

Pintail 7
b

Gadwall 7 7
b b

Lesser scaup 7
q

Greater scaup 7
q

Common goldeneye 7
q

Ruddy duck 7
q

Bufflehead 7
q

White-winged scoter 7
q

Canvasback 7
q

Common merganser 7
f

Red-breasted merganser 7 7
g q

Bald eagle 7 7
h i

Herring gull 7
j

Ring-billed gull 7
e

Little gull 7
e

Common tern 7 7
e k

Forster’s tern 7 7
l m

Caspian tern 7 7°n

Black tern 7
e

Tree swallow 7 7
p p

Red-winged blackbird 7
k

Yellow-headed blackbird 7 7r r

Marsh wren 7s

a. Heinz et al., 1985; Tillitt et al., 1992; Williams et al., j. Bishop et al., 1992; Pekarik et al., 1998.
1995a; Larson et al., 1996; T. Custer, USGS, pers. comm., k. Ankley et al., 1993.
1998; Custer et al., in press. l. Heinz et al., 1985; Kubiak et al., 1989; USFWS, 1993;
b. USFWS, 1993. Harris et al., 1993; Jones et al., 1993; Stratus Consulting
c. Custer et al., 1997. unpublished data.
d. Custer and Custer, 1995; Rattner et al., 1993. m. Harris et al., 1993.
e. Heinz et al., 1985; Ankley et al., 1993; USFWS, 1993; n. Yamashita et al., 1993.
Hoffman et al., 1993; Stratus Consulting unpublished data. o. Mora et al., 1993.
f. Amundson, undated. p. C. Custer et al., 1998.
g. White and Cromartie, 1977; Haseltine et al., 1981; q. USFWS, unpublished data.
USFWS, 1993; Williams et al., 1995b; Heinz et al., 1994. r. Rattray, 1997.
h. Dykstra and Meyer, 1996. s. B. Harris, University of Wisconsin, Green Bay, pers.
i. W. Bowerman, Lake Superior State University, pers. comm., 1999.
comm., June 1998.
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4.2 COMPARISON OF ASSESSMENT AREA BIRD PCB CONCENTRATIONS

TO REFERENCE AREA CONCENTRATIONS

In many of the studies of PCB concentrations in assessment area birds, the investigators also
collected and analyzed eggs from reference areas. Within each study, similar collection, handling,
storage, preparation, and analysis methods were used for both the assessment area and reference
areas. Therefore, these studies can be used for direct comparison of PCB concentrations between
the assessment area and reference areas.

Table 4-2 presents a comparison of bird tissue PCB concentrations in assessment and reference
areas from studies in which both were measured. The table shows that for all species and studies
where a statistical comparison was made between PCB concentrations in assessment and
reference area tissues, concentrations were significantly greater in tissues from the assessment
area. Mean assessment area PCB concentrations were up to approximately eight times greater
than reference area concentrations for species such as double-crested cormorant, black-crowned
night heron, and bald eagle. PCB concentrations in other species were two to five times greater in
the assessment area than in reference areas.

Many of the studies listed in Table 4-2 used different reference areas for comparison. Reference
areas used in studies of Caspian terns, common terns, and herring gulls are in northern Great
Lakes areas where no PCB point sources such as those of the Fox River paper companies are
present. Reference areas used in studies of Forster’s terns, mallards, bald eagles, tree swallows,
and red-winged blackbirds represent PCB exposure in inland Wisconsin. Reference areas used in
studies of black-crowned night herons and double-crested cormorants are distant from the Great
Lakes, reflecting lower PCB exposure in areas not influenced by Great Lakes PCB releases.
Regardless of the reference area used, Table 4-2 demonstrates that PCB concentrations in birds
from the Fox River/Green Bay assessment area exceed those in the reference areas.

4.3 TEMPORAL TRENDS IN PCB EXPOSURE

Because releases of PCBs into the Fox River/Green Bay environment have not been constant over
time, exposures of assessment area birds to PCBs have also varied over time. Characterizing
temporal trends in PCB exposure of assessment area birds helps define the time span over which
injuries have occurred. The Canadian Wildlife Service has collected herring gull eggs from Big
Sister Island in Green Bay (along the eastern shore; see Figure 2-4) almost every year since 1972
as part of regular monitoring of contaminant concentrations in the Great Lakes (Bishop et al.,
1992; Pettit et al., 1994; Hughes et al., 1998; Pekarik et al., 1998). This dataset is the most
complete dataset available with which to evaluate temporal trends in Green Bay bird PCB
exposure.

Figure 4-3 plots the PCB concentrations measured in Big Sister Island herring gull eggs from
1971 through 1996 (Hughes et al., 1998). Also included in the plot is an estimate of PCB
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Table 4-2
Comparison of PCB Concentrations in Bird Tissues from the Assessment and Reference Areas

Species Tissue

Mean PCB Concentration
(mg/kg wet weight, wet weight) Statistically Higher

in Assessment
Area?a

Assessment
Area

Reference
Area Reference Area Source

Double-crested cormorant Egg 7.8 1.0 Yes Lake Winnipegosis,
Manitoba

Larson et al., 1966

Egg 5.3-14.8 0.8 Yes Lake Winnipegosis,
Manitoba

Tillitt et al., 1992

Black-crowned night
heron

Whole-
body

9.3 1.1 Yes Chincoteague NWR,
Virginia

Rattner et al., 1993

Herring gull Egg 104.2 51.4 Yes Lake Superior Bishop et al., 1992

Forster’s tern Egg 19.2 4.6 Yes Lake Poygan, WI Kubiak et al., 1989

Common tern Egg 10.0 4.0-4.7 Yes N. Lake Michigan Hoffman et al., 1993

Caspian tern Egg 36.2 18.5-30.9 Yes N. Lake Huron Struger and Weseloh,
1985

Egg 10.8 5.6-10.0 NA N. Lake Huron Yamashita et al., 1993

Egg 15.8 8.6-14.5 NA N. Lake Huron Ewins et al., 1994

Plasma 3.5 1.0-1.4 Yes N. Lake Huron Mora et al., 1993

Mallard Muscle 0.43 0.19 Yes Inland Wisconsin Amundson, undated

Bald eagle Egg 35 4.3 Yes Inland Wisconsin Dykstra and Meyer, 1996

Tree swallow Egg 3.2 0.3 Yes Lake Poygan, WI Custer et al., 1998

Red-winged blackbird Egg 1.1 0.3 NA Inland Wisconsin Ankley et al., 1993

a. Statistical significance as reported by study authors. In all cases significance was determined at p < 0.05.

NA = study authors did not conduct statistical tests, and raw data are not available to use in conducting tests.
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2. Direct releases into the Fox River did continue after 1971, although the estimated mass of PCBs released was
much less than that released before 1971 (Wisconsin DNR, 1998a). In addition, re-releases of PCBs from
contaminated river and bay sediments continue (DePinto et al., 1994).

Figure 4-3. Estimated PCB emulsion use at Appleton Paper (solid bars) and mean PCB
concentrations in herring gull eggs (plus or minus 1 SD) from Big Sister Island, Green Bay.
PCB emulsion use is expected to closely match the temporal pattern of direct PCB discharges from paper
companies into the Fox River (G. Amendola, Amendola Engineering, Inc., personal communication, 1999). PCB
emulsion use data from G. Amendola (personal communication, 1999). Herring gull data from Hughes et al.
(1998).

emulsion use by Appleton Paper, which is on the Fox River. The timeframe for direct PCB
discharges into the Fox River is expected to closely match the timeframe of PCB emulsion use by
Appleton Paper (G. Amendola, Amendola Engineering, Inc., personal communication, 1999).
Direct PCB releases increased from 1954 to 1969 and dropped dramatically from 1970 to 1971,
when PCB use in carbonless copy paper was discontinued (G. Amendola, Amendola Engineering,
Inc., personal communication, 1999).  PCB concentrations in Big Sister Island herring gull eggs2

were highest when they were first measured in the early 1970s, with mean concentrations of
approximately 170 mg/kg wet weight. Concentrations dropped from the early 1970s through the
mid-1980s, reaching a mean concentration of approximately 30 mg/kg wet weight. Since the mid-
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1980s, PCB concentrations have stabilized or are declining only very slightly, with concentrations
varying within the approximate range of 15 to 40 mg/kg wet weight.

Figure 4-4 shows the Big Sister Island herring gull egg PCB data broken into two time segments:
1971 to 1982, and 1983 to 1996. A comparison of the two plots shows that before 1983, PCB
concentrations were clearly declining. Since approximately 1983, the decline has reached a
plateau, although there is an almost significant negative trend (r = 0.5, p = 0.07).

Comparison of the PCB loadings to the herring gull data (Figure 4-3) indicates that the decline in
herring gull PCB concentrations followed the sharp reduction in paper company releases in 1971.
Following the decline in paper company direct releases, herring gull PCB concentrations
decreased, although not as rapidly. Since PCBs do not degrade readily in the environment
(Erickson, 1997), they remain in the system for many years following initial release. This is
reflected in the fact that the decline in herring gull PCB concentrations lagged behind the drop in
loadings to the system, and that since the initial decline, concentrations have stabilized or are
declining at a much lower rate. Figures 4-3 and 4-4 indicate that it took approximately 15 years
for PCB concentrations in Green Bay herring gulls to respond fully to the sharp reductions in
direct PCB loadings. Following the initial 15-year response, PCB concentrations have now
stabilized at levels that reflect a state where direct PCB loadings are much lower than in the past,
but PCBs stored in the system continue to result in exposure to biota.

Piscivorous birds in the assessment area, including herring gulls, feed on a variety of forage fish
species (Ludwig and Ludwig, undated report a; Ewins et al., 1994). Figures 4-5 and 4-6 show
PCB concentrations measured over time in yellow perch and alewife, respectively, in Green Bay.
These forage fish data, although not as complete as the herring gull data, show a temporal pattern
similar to that observed in Green Bay herring gulls. PCB concentrations were higher in the 1970s
and have remained relatively constant or have declined slightly since the mid-1980s. Therefore,
PCB exposure and accumulation for other assessment area piscivorous birds is expected to follow
the pattern observed for herring gulls: a decline through the 1970s until approximately the early
1980s, and a stabilization of PCB concentrations since then. For example, Figure 4-7 shows such
a pattern for red-breasted mergansers in the assessment area.

4.4 COMPARISON TO TOXIC EFFECTS RANGES

In this section, PCB concentrations measured in eggs of Green Bay birds are compared with
toxicity threshold values obtained from the literature. The purpose of the comparison is to
evaluate whether the PCB concentrations measured in Green Bay bird eggs are at or above
concentrations shown to cause adverse effects. Because of uncertainties in applying toxic
thresholds obtained from literature studies, such as differences in species studied, mode and
timing of PCB dosing, differences in environmental mixtures of PCBs, toxic endpoints examined,
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Figure 4-4. Mean and maximum and minimum PCB concentrations in Big
Sister Island (Green Bay) herring gull eggs from (a) 1971 to 1982 and
(b) 1983 to 1996.

(a)

(b)
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Figure 4-5. Total PCB concentrations measured in Green Bay yellow perch tissue. Each point
represents a separate fish sample. 
Data sources: Connolly et al., 1992; Wisconsin DNR, 1971-1995.

and the presence or absence of other stressors (e.g., other contaminants, environmental stressors),
this comparison is not, in itself, a definitive determination of injury. However, it provides an
indication as to whether PCB concentrations in Green Bay birds may be sufficient to cause
adverse effects. A detailed evaluation of field studies examining actual adverse effects in Green
Bay birds is presented in Chapter 5.

The comparison presented in this section is similar to the hazard quotient approach used in
ecological risk assessment (e.g., U.S. EPA, 1998a). Hazard quotients are calculated as the ratio of
exposure concentrations to toxicity threshold concentrations. Hazard quotients greater than one
mean that contaminant exposure is at levels above toxic thresholds, thereby indicating risk.
Although we do not actually calculate hazard quotients in this analysis, our approach is analogous
to the hazard quotient approach.
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Figure 4-6. Total PCB concentrations measured in Green Bay alewife tissue. Each point
represents a separate fish sample. 
Data sources: Connolly et al., 1992; Wisconsin DNR, 1971-1995.

Green Bay bird egg PCB exposure data are available for both total PCBs and individual
congeners. In the following analysis, total PCB concentrations measured in eggs are compared
directly with the results of laboratory and field studies that quantified egg exposure as total PCBs.
Measured PCB congener concentrations are converted to TCDD-eq and compared with toxicity
studies that expressed exposure as TCDD or TCDD-eq concentration. Because individual PCB
congeners can vary greatly in both their potency and relative concentrations in environmental
samples, using TCDD-eq accounts for variations in congener potency and concentration that are
not considered with total PCBs. WHO avian TEFs, which are TEFs developed by an international
group of toxicology experts for use in avian risk assessments, were used to calculate TCDD-eq
from congener concentrations (Van den Berg et al., 1998) (Table 3-4). Not all of the PCB
congeners that have measurable TCDD-like effects (i.e., have nonzero TEFs) were measured in all
of the Green Bay bird egg samples, leading to an underestimation of TCDD-eq. On the other 
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Figure 4-7. Mean PCB concentrations in red-breasted merganser eggs from Green Bay
between 1968 and 1990. 
Data sources: White and Cromartie, 1977; Haseltine et al., 1981; Heinz et al., 1983; Williams et al., 1995b.

hand, the calculation of TCDD-eq from congener concentrations assumes strict additivity of
TCDD-like congener effects and does not take into account possible antagonism (Bosveld, 1995),
although effects appear to be close enough to additive to justify the TEF approach in risk
assessment (Van den Berg et al., 1998). Finally, only PCB concentrations measured in Green Bay
bird eggs since 1983 are included, since the annual survey of Green Bay herring gull eggs and data
on PCBs in Green Bay red-breasted mergansers (Figures 4-3, 4-4, and 4-7) show that PCB
concentrations prior to the mid-1980s were still declining. Therefore this analysis underestimates
pre-1983 effects.

Based on the values shown in Tables 3-6 and 3-7, egg total PCB concentrations of between
approximately 5 and 10 mg/kg egg (wet weight) may result in adverse effects in sensitive wild
bird species. This range is used as an overall estimate of the range at which toxic effects may
begin to be seen in wild birds. Below 5 mg/kg wet weight total PCBs in eggs, effects appear to be
unlikely. At and above this range, adverse effects are likely for at least sensitive wild bird species.
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The adverse effects to birds documented as occurring at and above this range include reduced
reproductive success, deformities, and behavioral abnormalities. It should be noted that
concentrations of less than 5 mg/kg wet weight total PCBs in eggs have been shown to cause
reduced hatching success in the domestic chicken. However, because the chicken is more sensitive
to PCB toxicity than any wild bird species tested to date (Bosveld, 1995), it was not included in
the derivation of the toxic threshold range so that the threshold is more relevant for bird species
of concern in Green Bay.

From the information presented in Table 3-7, 200-10,000 pg TCDD-eq/kg egg (wet weight) is a
representative toxic effects range. As with total PCBs, this range represents concentrations below
which toxicity appears to be unlikely, and within and above which adverse effects to many species
have been documented. Again, this range does not incorporate data for the chicken, which is
much more sensitive than any wild bird species tested to date.

Data on total PCB exposure in assessment area bird eggs are shown in Figure 4-7 for red-breasted
mergansers, Figure 4-8 for double-crested cormorants, Figure 4-9 for common terns, Figure 4-10
for Forster’s terns, Figure 4-11 for Caspian terns, and Figure 4-12 for bald eagles. Data shown
are for eggs collected from Green Bay, ranging from the inner bay (common and Forster’s terns)
to the outer bay (Caspian terns and bald eagles). In all the figures the mean total PCB
concentrations reported are presented, and in some cases the minimum and maximum values were
also available and are plotted.

Figures 4-7 through 4-12 show that for all six of these species, average total PCB concentrations
measured in eggs after 1983 are within or above the 5-10 mg/kg range. These data indicate that
the total PCB concentrations measured in eggs of red-breasted mergansers, double-crested
cormorants, common terns, Forster’s terns, Caspian terns, and bald eagles within the assessment
area are within or, in some cases, exceed the range where adverse reproductive effects have been
reported in sensitive species.

Figure 4-13 shows TCDD-eq concentrations calculated from PCB congener measurements made
in assessment area bird eggs. PCB congener measurements (including coplanar congeners) are
available for red-breasted mergansers, double-crested cormorants, common terns, and Forster’s
terns. PCB congener data were converted to TCDD-eq using both the WHO Avian TEFs (Van
den Berg et al., 1998). For each species, all assessment area congener data since 1983 are
combined. The sources of the congener data used in Figure 4-13 are listed in Table 4-3.

Figure 4-13 shows that the average TCDD-eq concentrations in eggs of all of the species are
within or exceed the 200-10,000 pg TCDD-eq/kg egg (wet weight) toxic effects range for
sensitive species derived from Table 3-7. These data are consistent with the total PCB data, and
indicate that the mixture of PCB congeners in assessment area bird eggs is of sufficient potency
and concentration to potentially cause adverse effects.
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Figure 4-8. Total PCB concentrations measured in assessment area double-crested
cormorant eggs, 1983-1996. See Table 4-1 for data sources.

4.5 CONCLUSIONS

The information presented and evaluated in this chapter supports the following conclusions:

� Numerous species of birds throughout the assessment area are exposed to PCBs. The
primary route of exposure for most assessment area bird species is dietary.

� PCB concentrations measured in the tissues of assessment area bird species are statistically
significantly greater than concentrations measured in reference areas. Every species tested
has been found to have greater concentrations in the assessment area, including double-
crested cormorant, black-crowned night heron, herring gull, Forster’s tern, common tern,
Caspian tern, mallard, bald eagle, tree swallow, and red-winged blackbird.
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Figure 4-9. Total PCB concentrations measured in assessment area common tern eggs,
1983-1996. See Table 4-1 for data sources.

� PCB exposure of assessment area birds, as measured by PCB accumulation in bird tissue,
was greatest in the early 1970s (the first dates for which data are available), declined
through the 1970s and through the early 1980s, and has remained relatively stable since
then.

� Total PCB concentrations measured in eggs of assessment area red-breasted mergansers,
double-crested cormorants, common terns, Forster’s terns, Caspian terns, and bald eagles
from 1983 to 1996 are within or, in many cases, exceed the range where adverse
reproductive effects have been reported in sensitive species.

� TCDD-eq concentrations calculated from PCB congener concentrations measured in
assessment area bird eggs are within or exceed a TCDD-based toxicity threshold range.
These data indicate that assessment area bird eggs contain a mixture of PCB congeners of
sufficient potency and concentration to cause adverse effects.
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Figure 4-10. Total PCB concentrations measured in assessment area Forster’s tern eggs,
1983-1996. See Table 4-1 for data sources.
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Figure 4-11. Total PCB concentrations measured in assessment area Caspian tern eggs,
1983-1996. See Table 4-1 for data sources.
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Figure 4-12. Total PCB concentrations measured in assessment area bald eagle eggs, 1986-
1997. See Table 4-1 for data sources.
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Figure 4-13. PCB TCDD-eq concentrations in assessment area bird eggs, 1983-1996.
TCDD-eq concentrations are calculated from measured PCB congener concentrations using the WHO Avian
(U.S. EPA, 1998b) and Kennedy et al. (1996a) TEFs. See Table 4-3 for data sources.
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Table 4-3
Sources of Assessment Area PCB Congener Data in Bird Eggsa

Species Year of Collection Number of Samples Source

Red-breasted 1990 12 Williams et al., 1995a
merganser

Double-crested 1988 pool of 18 eggs Yamashita et al., 1993
cormorant 1989 11 pools of 33 eggs Williams et al., 1995a

1994-1995 10 Custer, pers. comm., 1998

Common tern 1988 2 Ankley et al., 1993
1996 6 Appendix B of this report

Forster’s tern 1982 2 Smith et al., 1990
1983 6 Kubiak et al., 1989
1988 5 Harris et al., 1993
1989 5 Jones et al., 1993
1996 6 Appendix B of this report

a. Only studies that included analysis of nonortho congeners (e.g., PCB 77, PCB 81, PCB 126, PCB 169) were
used.



CHAPTER 5
INJURY EVALUATION

The previous chapter demonstrated that birds in the assessment area have been exposed to PCBs
and that concentrations of PCBs measured in their tissues have exceeded concentrations that are
reported to result in toxicological effects in sensitive species. In this chapter, we evaluate evidence
from field studies that birds in the assessment area have suffered adverse effects as a result of
PCB exposure. The species for which injuries are assessed are Forster’s, common, and Caspian
terns (Section 5.1); double-crested cormorant (Section 5.2); black-crowned night heron
(Section 5.3); tree swallow (Section 5.4); red-breasted merganser (Section 5.5); and bald eagles
(Section 5.6). These species are evaluated because of the field data available on adverse effects in
the assessment area. However, it is emphasized that, with the exception of tree swallows, these
birds are representative of a broader guild of birds for which fish are an important dietary
component. This guild also includes other species that inhabit Green Bay, such as great blue
herons, green-backed herons, white pelicans, ospreys, and gulls.

Assessment of injury to waterfowl according to the injury definitions related to exceedences of
PCB tolerance levels or establishment of waterfowl consumption advisories is addressed in
Chapter 6.

5.1 FORSTER’S, COMMON , AND CASPIAN TERNS

5.1.1 Status and Ecology in Green Bay

Forster’s, common, and Caspian terns arrive at their nesting colonies in Green Bay in April and
May and depart for their winter habitats in the southern United States and Central and South
America in September and October (Ludwig, 1965; Burger and Gochfeld, 1991). Their nesting
areas are usually on islands, where they are safe from land-based predators such as raccoons,
foxes, and mink (Burger and Gochfeld, 1991). In the assessment area, the primary nesting areas
for Forster’s terns currently are the Confined Disposal Facility (CDF) near the mouth of the Fox
River, Long Tail Point (approximately 3 miles from the mouth of the Fox River along the western
shore of the bay), and Oconto Marsh (at the mouth of the Oconto River on the western shore of
the bay). Common terns nest on the CDF, and Caspian tern colonies are located on Gravelly and
Gull islands (between northern Green Bay and Lake Michigan) (see map, Figure 2-4).
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Population Status in Green Bay

In 1935, Forster’s terns were rare breeders in Wisconsin (Mossman, 1988). The first annual
statewide census in 1978 found 136 pairs nesting in Green Bay. This total increased to 435 pairs
by 1987. The lack of rigorous census data before the late 1970s makes it difficult to evaluate
long-term population changes of Forster’s terns in Green Bay. The only conclusion that is
supported by the data is that the population increased between the late 1970s and the late 1980s.
The State of Wisconsin listed the Forster’s tern as endangered in 1979 (Mossman, 1988).

The Green Bay breeding population of common terns also increased over the same time period
(late 1970s until the late 1980s). In 1979 there were 60 pairs breeding in Green Bay, and in 1986
there were 600 pairs (Matteson, 1988). Most of this increase took place between the 1984 and
1985 censuses (66 to 427 pairs). This rapid rate of increase could not have been supported by
local productivity alone and must have been at least partly caused by immigration from outside of
the area. Data on Green Bay common tern populations before this period of increase are sparse,
but there is some evidence for a breeding population of several hundred pairs in the 1940s
(Matteson, 1988). The State of Wisconsin listed the common tern as endangered in 1979
(Matteson, 1988).

Caspian tern breeding numbers in Green Bay and Lake Michigan have also increased over the last
20 years. In 1977 and 1978 there were 602 nests on Gravelly and Gull islands; by 1991, there
were over 1,000 nests (Ewins et al., 1994). This increase is part of a general increase in the Great
Lakes Caspian tern metapopulation, which has grown by at least 90% since the late 1970s (Ewins
et al., 1994). The State of Wisconsin listed the Caspian tern as endangered in 1989 (Matteson,
1993).

5.1.2 Pathway and Exposure Analysis

Data presented in Chapter 4 of this report show that Forster’s, common, and Caspian terns in the
assessment area have been exposed to elevated concentrations of PCBs relative to birds collected
from reference areas. The purpose of the supplemental pathway analysis presented in this section
is to identify the environmental components through which this exposure has occurred.
Specifically, we address the following questions: What are the principal prey items of the three
species? Where do the species feed? Are their prey items contaminated with PCBs?

Diets and Foraging Areas

Forster’s, common, and Caspian terns are mainly piscivorous (Salt and Willard, 1971; Cramp,
1985; Burger and Gochfeld, 1991; Fraser, 1994). Although few data quantitatively describe their
diets in Green Bay, several studies carried out elsewhere in the Great Lakes provide evidence of
their probable diets in the assessment area.
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Fraser (1994) found that during courtship feeding and chick provisioning, Forster’s terns at Lake
Osakis, Minnesota, mainly ate yellow perch, shiners, and sunfish. Most of these fish were 7 cm or
less in length. Trick (1982) reported that Forster’s terns in Green Bay generally forage in littoral
areas (i.e., areas of shallow water) adjacent to marshes or coastlines. This was also true at Lake
Osakis, where Fraser (1994) found that Forster’s terns generally foraged over shallow water
within 5-20 m of the shore. At Lake Osakis, Forster’s terns generally foraged within 5 km of the
breeding colony (Fraser, 1994). While foraging distance is likely to be affected by site-specific
factors such as the size of the water body, shoreline configuration, and the spatial distributions of
feeding and nesting sites, foraging close to the colony is also likely to apply to Foster’s terns in
Green Bay.

In Lake Ontario, 90% of the diet of breeding common terns was alewives (Alosa
pseudoharengus) and smelt (Osmerus mordax), whereas in Lake Erie, smelt, emerald shiners
(Notropis atherinoides), and trout-perch (Percopsis omiscomaycus) were the main items
(Courtney and Blokpoel, 1980). During 1990 and 1991, the diet of breeding common terns on
Lake Erie was dominated by smelt and emerald shiner (Burness et al., 1994). Common terns also
typically forage within a few kilometers of the breeding colony (Cramp, 1985; Burness et al.,
1994). Birds nesting on the Green Bay CDF would probably obtain most of their food locally and
within a few kilometers of the mouth of the Fox River.

Data have been reported on the diets of Caspian terns in Green Bay. Ewins et al. (1994) collected
31 regurgitated pellets from the vicinities of nests on Gravelly Island in 1991. All pellets contained
the remains of alewives, 10% contained smelt, and 3% contained centrarchid remains. Using
pellets to investigate avian diet can be difficult (e.g., Ewins et al., 1994); however, it seems likely
that the diets of adult Caspian terns (the pellets were collected before chick hatching) nesting at
Gravelly Island in 1991 comprised, in large part, alewives. Alewives and smelt have been shown
in other studies to be important components of Caspian tern diet in Lake Michigan waters
(Ludwig, 1965). No data have been reported on the foraging ranges of Caspian terns breeding in
the assessment area, or elsewhere in the Great Lakes. However, given their larger body size, their
foraging ranges may be larger than those of common or Forster’s terns.

PCBs in Prey Items

Whole-body PCB concentrations in alewives, gizzard shad, and smelt were measured in 1989 as
part of the development of the Green Bay Mass Balance Model (Connolly et al., 1992). Fish were
collected from six zones (Figure 5-1) within the assessment area: the Fox River, the eastern and
western halves of the inner bay from the Fox River mouth to Little Tail Point (approximately
10 miles north of the Fox River mouth), the eastern and western halves of the inner bay from
Little Tail Point to Chambers Island, and the outer bay (beyond Chambers Island).

Figures 5-2, 5-3, and 5-4 show mean total PCB concentrations measured in the three forage fish
species. In general, mean concentrations were higher for gizzard shad and alewives, which are
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Figure 5-1. Forage fish sampling zones in 1989.
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Figure 5-2. Total PCB concentrations in Green Bay gizzard shad, 1989. Bars equal means plus
or minus 1 standard deviation. Data from Green Bay Mass Balance Model (Connolly et al., 1992).

relatively lipid-rich (Rottiers and Tucker, 1982; Oliver and Niimi, 1988), than for smelt. A general
spatial pattern of decreasing concentrations with increasing distance from the Fox River is also
evident (i.e., from zones I to IV). Concentrations in alewives also appear to be higher along the
eastern shore of the bay (zones IIB and IIIB) than along the western shore (zones IIA and IIIA).
This spatial pattern of PCBs in forage fish is consistent with that observed in sediment and is
indicative of the Fox River being the primary source of PCBs to the bay (Manchester-Neesvig
et al., 1996). A similar PCB concentration gradient has been observed in young-of-the-year
littoral fishes collected from wetlands and beaches along Green Bay (Bruzner and DeVita, 1998).
The forage fish data indicate that piscivorous bird exposure to PCBs in prey items tends to
decrease with distance from the Fox River, yet is elevated throughout the bay. These data confirm
that piscivorous birds in the assessment area are exposed to PCBs in their diet.
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Figure 5-3. Total PCB concentrations in Green Bay alewives, 1989. Bars equal means plus or
minus 1 standard deviation. Data from Green Bay Mass Balance Model (Connolly et al., 1992).

Evidence of PCB Uptake

Harris et al. (1993) monitored PCB concentrations in Forster’s tern chicks on the Kidney Island
CDF from hatching to fledgling. They found that the PCB concentration during this rapid growth 
period remained relatively constant, showing that the chicks were ingesting PCBs at a rate
sufficient to keep pace with the increase in body weight. These data demonstrate that Forster’s
tern chicks were being fed PCB-contaminated food.

5.1.3 Field Studies of Injuries to Green Bay Terns

Forster’s Tern

Field study descriptions. Two sets of studies of the potential effects of contaminants on the
reproduction of Forster’s terns in Green Bay have been performed.
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Figure 5-4. Total PCB concentrations in Green Bay smelt, 1989. Bars equal means plus or minus
1 standard deviation. Data from Green Bay Mass Balance Model (Connolly et al., 1992).

Hoffman et al. (1987) and Kubiak et al. (1989). In these companion studies, contaminant
concentrations, reproductive performance, deformity rates, and biochemical responses were
compared between Forster’s terns nesting in Oconto Marsh, Green Bay (at the mouth of the
Oconto River) and Forster’s terns nesting at Lake Poygan, Wisconsin, an inland lake located in
the Fox River drainage upstream of paper company PCB sources. Reproductive performance (but
not contaminants, deformity rates, or biochemistry) was also monitored in Forster’s terns nesting
on Long Tail Point in inner Green Bay. The field work was performed in 1983.

Six tern eggs were analyzed for contaminants from both the Oconto Marsh (Green Bay) and Lake
Poygan (reference) colonies. Eggs from the Oconto Marsh colony had a mean PCB concentration
of 19.2 mg/kg wet weight (median of 22.2 mg/kg wet weight), and the Lake Poygan eggs had a
mean of 4.6 mg/kg wet weight (median 4.5 mg/kg wet weight). The mean PCB concentrations
between eggs from the two colonies were reported as being significantly different (p < 0.05). No
egg contaminant data were collected for the Long Tail Point (Green Bay) colony.
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In a companion paper to Kubiak et al. (1989), Tillitt et al. (1993) reported results of H4IIE
bioassays on Green Bay and Lake Poygan Forster’s tern eggs. The Green Bay eggs averaged
214.5 pg/g TCDD-EQ, compared to 23.4 pg/g TCDD-EQ at Lake Poygan. This difference was
reported as being statistically significant.

The reproductive successes of the colonies are summarized in Table 5-1. Egg hatching rates were
significantly lower in the Green Bay colonies than in the Lake Poygan colony. Of the eggs
monitored, 40% and 55% hatched successfully at the Oconto Marsh and Long Tail Point colonies,
respectively, whereas 88% of the eggs laid at the Lake Poygan site hatched. The percentage of
nesting pairs that produced at least one fledgling was also lower in the Green Bay colonies, as was
the average number of fledglings produced per nest. The reproductive success of terns at the
Long Tail Point colony was intermediate between that of the Oconto Marsh and Lake Poygan
colonies.

Table 5-1
Reproductive Success of Green Bay and Reference Colonies of Forster’s Terns

Colony wet weight) that Hatched Successful Fledglings/Nest

Mean PCB
Concentration Percent of Nesting
(n = 6, mg/kg, Percent of Eggs Pairs that Were Number of

a

Oconto Marsh 19.2 40%  0% 0
(Green Bay) (14/35) (0/12)

Long Tail Point  — 55% 42% 0.58
(Green Bay) (18/33) (5/12)

b

Lake Poygan 4.6 88% 91% 1.55
(reference) (30/34) (10/11)

a. Successful means producing at least one fledgling. Only pairs from which no eggs were removed or
exchanged are included.
b. No chemistry measurements were made at this colony.

Source: Kubiak et al., 1989.

The causes of the reduced hatching success in the Green Bay colonies were investigated using a
combination of laboratory incubation of eggs collected at Oconto Marsh and Lake Poygan and
field experimentation in which eggs were transferred between the colonies. In laboratory
incubators, only 37% of the 19 Oconto Marsh eggs hatched, compared with 75% of the 20 Lake
Poygan eggs. This statistically significant difference indicates that factors that were intrinsic to the
eggs themselves affected hatchability under controlled conditions. Our own statistical analysis of
the Kubiak et al. (1989) data showed that the hatching success rates in the incubators did not
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differ significantly from those in the natal colonies in the field (3  = 1.45 and 1.64, respectively;2

p > 0.25, 1 df).

In the egg transfer experiment, Kubiak et al. (1989) found that eggs removed from the Oconto
Marsh colony and incubated by Lake Poygan adults had a significantly higher hatching success
rate (94%) than Oconto Marsh eggs incubated in their natal colonies (55%), or in the laboratory
(37%). This indicates that factors extrinsic to the eggs themselves were also important in reducing
hatching success in Green Bay. This conclusion is supported by the fact that eggs transferred from
the Lake Poygan colony to Oconto Marsh had a significantly lower hatching success (11%) than
Lake Poygan eggs incubated by Lake Poygan adults (88%) or in the incubator (75%). These
results are summarized in Table 5-2. The most plausible explanation for this extrinsic effect is that
the reproductive behavior of the Oconto Marsh adults was less likely to result in a successful
reproductive outcome than the reproductive behavior of Lake Poygan adults.

Table 5-2
Percent Hatching Success Results of Forster’s Tern Egg Transfer

and Laboratory Hatching Study

Source Colony Lake Poygan Oconto Marsh Laboratory
Colony Where Eggs Incubated

Lake Poygan 88% 11% 75%

Oconto Marsh (Green Bay) 94% 55% 37%

Source: Kubiak et al., 1989.

Additional evidence that the reproductive performance was poorer in the Green Bay colonies was
provided by data on incubation periods and nest abandonment rates. Oconto Marsh eggs took
4.6 days longer than Lake Poygan eggs to hatch in the laboratory. In the field, Oconto Marsh
eggs incubated by their own parents took significantly longer to hatch (by 8.2 days) than Lake
Poygan eggs incubated by their own parents. There was no difference in the time required for
incubation between Lake Poygan eggs hatched in the natal colony and those hatched in the
laboratory incubator. From these data, Kubiak et al. (1989) concluded that “about half of the
longer incubation period for dirty eggs in the field . . . must have been due to intrinsic factors and
about half to extrinsic factors.”

In a companion study to Kubiak et al. (1989), Hoffman et al. (1987) reported incidences of
deformities and liver microsomal aryl hydrocarbon hydroxylase (AHH) activity in embryos from
the Forster’s tern eggs from the Oconto Marsh and Lake Poygan colonies. In addition to lower
body weights of hatchlings (also found by Kubiak et al., 1989), Hoffman et al. (1987) found that
the Oconto Marsh eggs had significantly higher AHH activity (by a factor of 3), significantly
greater liver-to-body weight ratios, and significantly shorter femurs. Three instances of structural
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deformities were also found in the Oconto Marsh embryos. These were one embryo with a
crossed bill, one with a poorly ossified foot and a short lower mandible, and one with an
incompletely ossified ilium. No deformities were found in Lake Poygan embryos. In total, 16.7%
of Oconto Marsh hatchlings and embryos had structural deformities, compared with 0% of the
Lake Poygan neonates. This difference was reported as being statistically significant. Also, 27.7%
of Oconto Marsh hatchlings and embryos had edema, compared with 13.3% of Lake Poygan
neonates, although this difference was not statistically significant.

The total PCB concentrations reported by Kubiak et al. (1989) in Oconto Marsh Forster’s tern
eggs exceed concentrations shown to cause toxicity (Chapter 3) and are significantly higher than
concentrations measured in Lake Poygan eggs. Kubiak et al. (1989) found that in addition to
PCBs, several other contaminants were also higher in Oconto Marsh tern eggs than in Lake
Poygan eggs. These contaminants were oxychlordane + heptachlorepoxide (median of 0.20 mg/kg
wet weight in Oconto Marsh eggs vs. 0.04 mg/kg wet weight in Lake Poygan eggs); p,p’ DDE
(median of 1.8 mg/kg wet weight vs. 0.45 mg/kg wet weight); cis-nonachlor + p,p’ DDD (median
of 0.12 mg/kg wet weight vs. 0.01 mg/kg wet weight); hexachlorobenzene (median of 0.10 mg/kg
wet weight vs. 0.02 mg/kg wet weight); heptachlor (median of 0.09 mg/kg wet weight vs.
0.02 mg/kg wet weight); toxaphene (median of 1.10 mg/kg wet weight vs. 0.37 mg/kg wet
weight); dioxins (median of 101.5 pg/g vs. 25.0 pg/g); and furans (median of 18.5 pg/g vs.
9.0 pg/g). Based on the TEF approach, Kubiak et al. concluded that dioxins and furans
contributed less than 10% of the total TCDD-eq in the eggs, with nonortho and mono-ortho PCB
congeners contributing the rest. Similarly, Kubiak et al. concluded that the measured
concentrations of toxaphene and hexachlorobenzene in the tern eggs were below toxic thresholds.
Therefore, Kubiak et al. (1989) concluded that PCBs were the primary cause of the toxic effects
observed in Green Bay Forster’s terns.

Harris et al. (1993) and Ankley et al. (1993). These companion studies monitored the
reproductive success and measured egg contaminant concentrations for a Forster’s tern colony on
the Kidney Island CDF located at the mouth of the Fox River (Figure 2-4). No reference colonies
were evaluated. The field work was conducted in 1988.

The mean total PCB concentration measured in eggs from the CDF was 7.3 mg/kg wet weight
(n = 5, median of 7.4) (Harris et al., 1993). The Kidney Island CDF Forster’s terns had an egg
hatching rate of 81% (65 of 80), similar to that found by Kubiak et al. (1989) at the Lake Poygan
reference colony (88%). However, only 65% of the pairs monitored at the CDF produced at least
one fledgling, whereas 91% of the pairs at the Lake Poygan colony monitored by Kubiak et al.
(1989) produced at least one fledgling. Similarly, the average number of fledglings per nest was
1.0 for Forster’s terns at the CDF and 1.5 for those at Lake Poygan in the Kubiak et al. study.

Harris et al. (1993) found that many of the CDF Forster’s tern chick deaths occurred at a
comparatively late stage of development (>20 days after hatching). These deaths were, in many
cases, preceded by weight loss. Harris et al. (1993) noted that the pattern of weight loss was
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characteristic of the “wasting syndrome” caused by organochlorine compounds. Furthermore,
Harris et al. noted that as many chicks from nests with one and two young died as did those from
nests with three young, and suggested that this implied that starvation was not the cause of the
deaths. However, chick mortality due to food shortages and starvation, even late in development,
is not uncommon in tern colonies (Langham, 1972; Burger and Gochfeld, 1991). Absent a
breakdown of the hatch order of the young that died, it is not possible to exclude starvation due
to local food shortage.

Ankley et al. (1993) showed that nesting Forster’s terns on the CDF accumulated PCB residues
during growth, indicating that they were obtained from local sources.

Conclusions from Forster’s tern field studies. The types of adverse effects observed in the field
and their relationship to measured egg PCB concentrations show that Green Bay Forster’s terns
have been adversely affected by exposure to PCBs. Effects and PCB exposure were most severe
at the Oconto Marsh colony, where hatching success and number of fledglings per nest were
lower than those of a reference colony (Kubiak et al., 1989). Specific effects included embryonic
deformations, skeletal deformities, and edema, all of which can be caused by PCBs, as discussed
in Chapter 3. Reproductive success (percentage of eggs hatching and number of fledglings per
nest) was also lower at the Long Tail Point colony (Kubiak et al., 1989). At the Kidney Island
CDF colony, where egg PCB concentrations were lower than at Oconto Marsh, egg hatching was
not reduced (Harris et al., 1993). The number of fledglings per nest also was reduced, although
the cause of the reduction is not clear.

The controlled egg switching experiments by Kubiak et al. (1989) show that extrinsic factors,
e.g., decreased parental attentiveness, contributed to the lowered reproductive success. The
adverse behavioral effects of PCBs on nesting adults have been documented in several studies. In
a laboratory study using ring doves, Peakall and Peakall (1973) found that PCBs caused
decreased parental attentiveness during incubation. Fox et al. (1978) showed that Lake Ontario
herring gulls, which had higher PCBs and a lower rate of reproductive success than those from
reference areas, also showed increased time away from nests and decreased nest defense during
egg incubation. These documented adverse effects of PCBs on adult behavior during nesting are
consistent with the findings of Kubiak et al. (1989) that extrinsic factors contributed to the
reduced reproductive success of Green Bay Forster’s terns.

Contaminants other than PCBs measured in the eggs were not significant contributors to the
observed toxicity. Kubiak et al. (1989) determined that dioxins and furans, which can cause
effects similar to those observed, accounted for less than 10% of the TCDD-eq in the eggs
compared with PCBs. Other contaminants present in the eggs (e.g., DDE) are not known to cause
the behavioral abnormalities or deformities that were observed, or were not present at
concentrations sufficient to cause the observed effects (Kubiak et al., 1989).
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Further evidence that DDE was not responsible for the adverse effects observed in Green Bay
Forster’s terns is provided by a study performed by King et al. (1991) in Texas. In this study the
DDE concentrations in Forster’s tern eggs from the contaminated and reference colonies were
similar to the levels reported by Kubiak et al. (1989). PCB concentrations in the Texas Forster’s
tern eggs were low relative to the Green Bay eggs (1.2-2.3 mg/kg wet weight). Neither PCBs nor
DDE were correlated with any measure of breeding success.

The field studies show that within the assessment area PCB exposure and effects were most
severe at the Oconto Marsh colony and lowest at the Kidney Island CDF colony, which is
consistent with the PCBs causing the observed effects. The reason for the lower PCB exposure
and severity of effects observed in Forster’s terns at the Kidney Island CDF compared with those
at the Oconto Marsh is most likely a combination of both spatial and temporal variability. Based
on the reproductive success endpoints, Forster’s terns nesting at Long Tail Point, which is
approximately 3 miles north of the Kidney Island CDF, may also have had lower contaminant
exposure than did those at Oconto Marsh (Kubiak et al., 1989) (contaminants were not measured
in Long Tail Point eggs). Data on PCBs in herring gull eggs from the Big Sister Island colony in
Green Bay support the conclusion that temporal variability could also contribute to the observed
variation in PCB concentrations of the Kidney Island CDF and Oconto Marsh eggs. Although
PCB concentrations in herring gull eggs show no long-term trend from 1983 through 1996,
concentrations vary from year to year by over a factor of two. Sample sizes of Forster’s tern eggs
for PCB analysis were smaller (six for Oconto Marsh and five for CDF) than those for herring gull
eggs (10), which would increase between-year variability in the tern data. The herring gull egg
PCB data also support the conclusion that the lower PCB concentration in Forster’s tern eggs in
1988 at the CDF may not be indicative of a trend from 1983 to 1988 of declining PCB exposure
for fish-eating birds in Green Bay.

Common Tern

Field study description. One study has been performed that is relevant to evaluating the potential
effects of PCBs on the reproductive biology of common terns in Green Bay.

Hoffman et al. (1993). In this study, 35 newly laid, unincubated eggs of common terns
were collected in 1985 from a colony situated on the Kidney Island CDF in Green Bay. Eggs were
also collected from two reference colonies in nonindustrialized areas of northern Lake Michigan,
Cut River, and Pointe aux Chenes. All eggs were artificially incubated in the laboratory, and
hatching success, neonate morphology, biomarker activity, and contaminant concentrations were
compared between colonies. No monitoring of reproductive success in the field was conducted as
was done in the Forster’s tern studies.

The Green Bay eggs had higher PCB concentrations (geometric mean of 10.0 mg/kg, wet weight;
n = 10) than did eggs from the Cut Island (geometric mean PCB concentration of 4.7 mg/kg, wet
weight) or Pointe aux Chenes (geometric mean PCB concentration of 4.0 mg/kg, wet weight)
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colonies. Mean liver AHH activity, a measure of exposure to TCDD-like contaminants, was also
significantly higher in Green Bay eggs (mean of 23 pmol/min/mg protein, n = 22) than in either
reference colony (10 and 9 pmol/min/mg protein and n = 22 and n = 12 at Cut River and Point
aux Chenes, respectively).

Table 5-3 summarizes the parameters measured in the study that differed in the Green Bay and the
reference area eggs, as well as the mean PCB concentrations. Hatching success of eggs from the
Green Bay CDF (71%) was significantly lower than that of eggs from the Cut River colony
(85%), but not statistically different from that of eggs from the Point aux Chenes colony (73%).
Similarly, the femur length to body weight ratio in 1-day-old chicks was lower for Green Bay
chicks than for Cut River chicks, but was not different from Point aux Chenes chicks. Four of the
35 (11%) Green Bay embryos or chicks were deformed, whereas no deformities were observed in
any of the 55 reference embryos or chicks. Other morphological parameters measured, including
hatching weight, liver weight, liver weight to body weight ratio, crown-rump length, and femur
length, were not different between eggs from the different colonies.

Table 5-3
Differences between Eggs from Green Bay and Reference Common Tern

Colonies When Incubated in the Laboratory

Source of Eggs mg/kg wet weight) Success Ratio (x 100) Hatchlings

PCB Concentration Percent Femur Length to Percent Deformed
(geometric mean, Hatching Body Weight Embryos and

Kidney Island CDF,
Green Bay 10.0 71% 93.5 11%a b b b

Cut River, Michigan 4.7 85% 108.9 0%

Point aux Chenes,
Michigan 4.0 73% 101.0 0%

a. Reported as statistically significantly different from Cut River and Point aux Chenes colonies.
b. Reported as statistically significantly different from Cut River colony.

Source: Hoffman et al., 1993.

There were no significant differences between the areas in egg concentrations of DDE, indicating
that DDE was not the cause of the observed differences between colonies. Mercury was measured
at significantly higher concentrations in the Green Bay eggs (0.76 mg/kg, wet weight) than in Cut
River eggs (0.33 mg/kg, wet weight) or Pointe aux Chenes eggs (0.37 mg/kg, wet weight).
However, mercury does not induce AHH activity, which was higher in Green Bay chicks than in
reference area chicks.
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Conclusions from common tern field study. As shown in Table 5-3, the single field study that
has been conducted in the assessment area demonstrated that common terns had elevated tissue
residues of PCBs, increased deformity rates, and perhaps reduced egg hatching success.

Caspian Tern

Field study descriptions. Five field studies have been reported that are relevant to evaluating the
potential effects of contaminants on Caspian terns in the assessment area.

Ludwig and Ludwig (undated report b). This field study was performed on Gravelly and
Gull islands in northern Green Bay, at three colonies in northern Lake Michigan, and at colonies
in Thunder Bay and Saginaw Bay, Lake Huron, in 1986. The study compared clutch sizes,
hatching success, productivity, and the incidences of developmental defects among the colonies.
Mean clutch sizes were similar in the colonies on Gravelly and Gull islands and in the three Lake
Michigan colonies (2.1, 1.9, 2.0, 2.1, and 2.0, respectively). Hatching success on Gravelly and
Gull islands was 72% and 71%, respectively, compared to 81%-84% reported for the three Lake
Michigan colonies. Productivity on Gravelly and Gull islands was 0.73 and 0.95 young fledged
per nest, respectively, and 0.8-0.91 in the three Lake Michigan colonies. No developmental
defects were found in chicks in any of the colonies.

Yamashita et al. (1993). Yamashita et al. collected 18 Caspian tern eggs from Gravelly
and Gull islands in 1988. Of these, 13 (72%) contained “live normal” embryos with mean total
PCB and DDE concentrations of 11 and 4 mg/kg wet weight, respectively. Three eggs (17%)
were infertile, with mean total PCB and DDE concentrations of 10 and 3.2 mg/kg wet weight,
respectively, and two eggs (11%) contained deformed embryos and mean total PCB and DDE
concentrations of 11 and 6.3 mg/kg wet weight, respectively. The results of this study indicated
no clear relationship between PCB and DDE concentrations and egg or embryo viability at the
concentrations found in the two colonies.

Ludwig et al. (1996). In this study, live and dead Caspian tern eggs and chicks from five
colonies throughout the Great Lakes (including from Green Bay) were examined between 1987
and 1991 for egg death rates and embryonic abnormalities. Egg mortality varied among the five
study areas (North Channel of Lake Huron 25%, northern Lake Michigan 27%, Georgian Bay
27%, Green Bay 34%, and Saginaw Bay 42%). Egg mortality rates were highly correlated with
TCDD-eq (r = 0.8), but not with total PCBs.

Of the 601 Green Bay dead eggs opened and examined, 124 (20.6%) of the embryos had
developmental abnormalities. This compares with 17.3% in northern Lake Michigan, 13.2% in the
North Channel of Lake Huron, 14.5% in Georgian Bay, and 22.8% in Saginaw Bay (which also is
contaminated with PCBs). Of the abnormalities recorded in embryos from dead Green Bay eggs,
19% were edema, 39.2% were gastroschisis, 14.2% were bill defects, 4.7% were foot deformities,
and 8.2% were other skeletal deformations.
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Of the 162 Green Bay fertile live eggs opened and examined by Ludwig et al. (1996), 94%
contained normal embryos and 5.5% contained deformed embryos. This compares with deformity
rates of 11.8% in fertile live eggs from northern Lake Michigan and 30.4% in Saginaw Bay fertile
live eggs. Five of the Green Bay deformities were club feet, three were gastroschisis.

In this study, 12,124 live Caspian tern chicks were also examined in the five study areas. Of these,
29 (0.02%) had deformities. The deformity rate varied little between Green Bay and the other
areas (0.16% Green Bay, 0% Georgian Bay, and 0.18% North Channel of Lake Huron). Green
Bay chick deformities comprised 62% clubbed feet and 38% gastroschisis. Ludwig et al. (1996)
stated that no cross bills have been recorded in 26,819 Caspian tern chicks banded in the Great
Lakes since 1960.

Thus, elevated rates of deformities were observed in dead eggs in Green Bay, whereas eggs and
chicks that survived had lower deformity rates. This suggests that the deformities in Green Bay
were associated with the viability of the embryos.

Mora et al. (1993). In this study performed in 1990, organochlorine concentrations in
adult Caspian tern plasma were compared with age, productivity, and site fidelity (i.e., the
proportion of birds that return to the natal area to breed) at eight colonies in Lakes Huron and
Michigan (including Gravelly and Gull islands in Green Bay).

Mean total PCB concentrations varied from 0.91 mg/kg wet weight to 3.5 mg/kg wet weight
among the study colonies, with the highest concentration in Green Bay. There were no significant
intercolony differences in clutch size, hatching success, or fledging success. Of the 4,075 chicks
examined at the Green Bay colonies, 0.17% had deformities (four had club feet, three
had gastroschisis). This compares with 0.23% in colonies in northern Lake Michigan and 0.94%
at Saginaw Bay.

On the basis of recapture rates of banded terns, Mora et al. (1993) argued that Caspian terns
hatched in the Green Bay colonies displayed less site fidelity than terns in other regions. Mora
et al. (1993) attributed this difference to contaminants, particularly PCBs.

Ewins et al. (1994). In this study, Caspian tern eggs were collected from 10 colonies
across the Great Lakes (including Gravelly Island in Green Bay) and analyzed for organochlorine
contaminants. Total PCB and DDE concentrations were highest in eggs from Gravelly Island and
from Saginaw Bay. Nevertheless, hatching and fledging success were not significantly different at
Gravelly Island compared with other areas (Table 5-4).

Conclusions from field studies on Caspian terns. Overall, less evidence exists for depressed
reproductive rates among Green Bay Caspian terns than for Forster’s and common terns. Of the
four studies that examined reproductive injuries among Green Bay Caspian terns (Ludwig and
Ludwig undated report b; Mora et al., 1993; Ewins et al., 1994; Ludwig et al., 1996) only one
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Table 5-4
Hatching Success and Productivity among Great Lakes Caspian Terns

Study Site Studied weight) Success Fledged/Nest
Nests (mg/kg, wet Hatching Young

Egg PCB
Concentration %

Gravelly Island, Green Bay 59 15.8 79% 1.07

High Island, northern Lake Michigan 56 not reported 85% 1.13

Cousins Island, North Channel of Lake Huron 28 14.6 47% 0.79

South Watcher Island, Georgian Bay 41 10.2 52% 0.83

Source: Ewins et al., 1994.

(Ludwig et al., 1996) found reduced reproduction relative to reference conditions. The other
three studies found no evidence of adverse effects on reproduction (though Mora et al. report
possible behavioral effects among adult Caspian terns in Green Bay). Ludwig et al. (1996) found
higher rates of deformities in Green Bay Caspian terns than in colonies not exposed to point
source releases of PCBs. Other studies that investigated deformities did not find differences,
although the Ludwig et al. study was the most detailed and comprehensive of the studies.

The available studies do not provide strong evidence that the reproductive success of Caspian
terns nesting on Gravelly and Gull Islands has been adversely affected by PCB exposure.
However, there is some evidence of increased deformity rates in Green Bay Caspian terns.

5.2 DOUBLE-CRESTED CORMORANT

5.2.1 Status and Ecology in Green Bay

Double-crested cormorant population trends in the Great Lakes can be divided into three
temporal phases.

Initial colonization and early increases. Before the beginning of the 20th century, double-
crested cormorants were unknown as a breeding bird in the Great Lakes. The colonization of the
area began between 1913 and 1920 in Lake Superior (Environment Canada, 1995; Weseloh et al.,
1995a, b), and probably involved birds spreading from colonies farther west. From this initial
bridgehead, double-crested cormorants spread rapidly throughout the region until about 1950,
when approximately 1,000 pairs bred in the Great Lakes, and control measures were initiated in
an effort to protect fish stocks (Weseloh et al., 1995a).
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Mid-century population declines. After 1950, the initial increases in cormorant numbers were
followed by spectacular population reductions; by 1972, the Great Lakes population had been
reduced by more than 80% (Weseloh et al., 1995a, b). From 1970 through 1974, double-crested
cormorants had disappeared, or were close to disappearing, as a breeding species on Lake
Michigan, and the total Great Lakes population was reduced to fewer than 150 pairs (Ludwig,
1984). In Wisconsin, the number of cormorants had decreased to 66 pairs by 1972 and the species
was listed by the state as endangered (Hatch, 1995). These precipitous declines were
accompanied by significant eggshell thinning and breakage. By 1970, eggshells in Ontario colonies
were 30% thinner than normal, and in 1972, 95% of the eggs in Lake Huron colonies either
disappeared or were broken (Environment Canada, 1995). Because of these losses, productivity in
Great Lakes colonies had fallen to about 0.1 to 0.24 fledglings per breeding pair; 0.5 to
1.0 fledglings are required to maintain a breeding population (Ludwig, 1984; Ludwig et al.,
1995). Based on the widespread and severe eggshell thinning and breakage, it is likely that the
population decreases of the 1950s through early 1970s were caused by the toxic effects of DDE.

Post-1960s population resurgence. In the 1970s, following the ban on the use of DDT in North
America, DDE levels in cormorant eggs in the Great Lakes began decreasing. By the late 1980s,
egg DDE residues had decreased by more than 80% (Environment Canada, 1995), and
populations of double-crested cormorants again increased. By 1992, approximately 3,000 pairs
were breeding in Green Bay (Hatch, 1995). Thus, in only 20 years, the Green Bay population
increased by a factor of at least 45 (assuming that the 66 Wisconsin pairs in the early 1970s were
all in Green Bay). In the Great Lakes over this same period the increase was even greater, about
250-fold from about 150 nests to 38,000 nests (Weseloh et al., 1995a), a doubling time of about
2.5 years. This increase continued into 1994, when Weseloh et al. (1995b) estimated a total Great
Lakes population of 60,000 pairs. As a result of this rapid rate of increase, approximately 60% of
the world’s population of double-crested cormorants currently breed in the Great Lakes (Hatch,
1995).

Residence Patterns and Migrations

Double-crested cormorants breeding in Green Bay are migratory, and most winter in the lower
Mississippi Valley and the Gulf of Mexico (Dolbeer, 1991). In his analysis of band recoveries,
Dolbeer found a high degree of mixing of midwestern nesting populations during winter; birds
from Lakes Huron and Ontario and from Saskatchewan all wintered in the same areas of the
lower Mississippi and coastal Texas.

The main breeding colonies of double-crested cormorants in the assessment area are on Cat, Jack,
Hat, and Snake islands in Green Bay, and on Spider Island on the east side of the Door Peninsula
(see Figure 2-4). Breeding cormorants arrive in Green Bay in April and remain in the area until
September/October, when the return migration to the wintering area begins. First year and second
year (nonbreeding) birds either remain in their wintering areas during their first summer or return
later in the season than the breeding adults (Dolbeer, 1991).
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5.2.2 Pathway and Exposure Analysis

A number of the ecological traits of double-crested cormorants predispose them to being
potentially highly exposed to contaminants. First, double-crested cormorants begin to arrive in
their breeding areas in Green Bay in April, approximately 3-4 weeks before the beginning of egg
laying. There is no published information on the length of time it takes double-crested cormorants
to form and lay a clutch of eggs. However, the closely related European shag is similar in size
(hence metabolic rate), lays similarly sized eggs and clutches, and takes about 22 days from the
beginning of egg formation to laying the last egg of a three-egg clutch (Grau, 1996). It is likely
that the double-crested cormorant requires a similar time span. Thus, the birds arriving back in
Green Bay in April, 3-4 weeks before egg laying begins, have sufficient time to form their eggs
using food obtained locally rather than relying on reserves built up in the wintering area. Also, if
cormorants forage close to their colonies during the pre-laying period, as they do during
incubation and chick rearing, it is likely that the majority of females undergoing oogenesis will
obtain their food from inner Green Bay, in the case of the Cat Island birds, or from the
northeastern coast of the Door Peninsula, in the case of Spider Island birds. These ecological
traits render the Green Bay double-crested cormorants vulnerable to exposure to local
contaminants during the formation of the most sensitive life stage, the embryo.

As fish-eating predators, double-crested cormorants feed high in aquatic food chains. This renders
them vulnerable to exposure to bioaccumulative contaminants. Also, alewives, one of the
cormorants’ major prey species in Green Bay and the Great Lakes (Ludwig and Ludwig, undated
report a; Weseloh and Ewins, 1994; Neuman et al., 1997), are richer in lipid than other forage fish
species (Oliver and Niimi, 1988; Rottiers and Tucker, 1982). By consuming lipid-rich prey, Green
Bay cormorants increase their exposure to lipophilic contaminants such as PCBs.

Data reviewed in Chapter 4 show that double-crested cormorants in Green Bay have elevated
PCB residues in their tissues. In this section we identify the environmental components through
which Green Bay cormorants have been exposed to these PCBs. Specifically, we address three
questions: What organisms constitute the principal diet of cormorants in the assessment area?
Where do Green Bay cormorants feed? Are the prey of cormorants in Green Bay contaminated
with PCBs?

Diet

A number of studies have shown that double-crested cormorants in the Great Lakes and adjacent
areas eat mainly fish, in particular forage fish such as alewives and smelt (Ludwig and Ludwig,
undated report a; Belonger, 1983; Hobson et al., 1989; Neuman et al., 1997). Of these, Neuman
et al., Ludwig and Ludwig, and Hobson et al. showed that crayfish (Orconectes spp.) are also
regularly found in small numbers in double-crested cormorant food samples; however, this could
be due to secondary consumption (i.e., from the stomachs of fish that had been consumed).
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The specific composition of cormorant diets can vary spatially and temporally (Neuman et al.,
1997). This variability may reflect differences in the availability of prey species. For example, in
Green Bay in 1983, alewives and yellow perch comprised more than 90% of 1,073 identifiable fish
obtained from regurgitates of nestling cormorants on Willow Island (alewives, 51.6%; yellow
perch 39.3%) (Belonger, 1983). At Gravel, Fish, and Spider islands, alewives similarly comprised
a high proportion of the diet (69.2% of identifiable fish); however, yellow perch comprised only
1.9% (Belonger, 1983). Yellow perch were replaced in the cormorant diet at these locations by
sculpin (Cottus sp.) (11.8% of identifiable fish), ninespine stickleback (Pungitius pungitius) (8.1%
of identifiable fish), Johnny darter (Etheostoma nigrum) (5.2% of identifiable fish), and spottail
shiner (Notropis hudsonius) (1.9% of identifiable fish). The few yellow perch in the latter samples
was probably because the shallow water habitat preferred by this fish species is not readily
available at Gravel, Fish, and Spider islands. Alewives and smelt were the most frequent food
items in regurgitates from adult and young cormorants in northern Green Bay colonies from 1986
to 1988 (Ludwig and Ludwig, undated report a).

Foraging Areas

Custer and Bunck (1992) tracked the foraging flights of cormorants from the Cat and Spider
Island colonies in Green Bay and found that the birds typically obtain their fish prey from waters
relatively close to the colonies. Foraging flights from Cat Island were restricted to within 40 km
of the colony, and the mean foraging flight distance was 2 km. Most of the foraging flights from
Cat Island ended with the birds landing in the central and western inner bay area
(Figure 5-5). Many foraging flights ended at the confluence of the Fox River with Green Bay, and
less than 1% of birds flew up the river. Cormorants from Cat Island tended to forage in shallow
water areas (less than 1.8 m deep) and avoided deeper water.

Double-crested cormorants from Spider Island also tended to forage close to the colony (Custer
and Bunck, 1992). The maximum distance flown from the colony was 12 km, and the mean was
2.4 km. The majority of the Spider Island birds foraged off of the east coast of the Door Peninsula
(Figure 5-6). They preferred water depths of less than 9.0 m, but avoided depths of less than
1.8 m (the preferred depth for the Cat Island birds). No Spider Island cormorants were recorded
flying into Green Bay to forage during the study.

Prey Contamination

USFWS (1993) collected stomach contents from adult cormorants on Cat Island during the 1988
breeding season and found concentrations of total PCBs averaging 3.3 mg/kg (wet weight). These
data show that, at least during the breeding season, double-crested cormorants in Green Bay
ingest prey contaminated with PCBs. USFWS (1993) also showed that adult cormorant PCB
body residues approximately doubled during the 1988 breeding season (Figure 5-7), indicating a
local source of the PCBs. These data confirm that exposure to PCBs is dietary.
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Figure 5-5. Foraging sites of double-crested cormorants from the Cat Island Colony in
1990. Each point represents the foraging destination of a bird tracked from the colony. 
Source: Custer and Bunck, 1992.
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Figure 5-6. Foraging sites of double-crested cormorants from the Spider Island Colony in
1990. Each point represents the foraging destination of a bird tracked from the colony. 
Source: Custer and Bunck, 1992.
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Figure 5-7. Whole-body concentrations of PCBs in cormorants during three phases of the
nesting cycle in 1988. Bars equal means plus or minus 1 standard error. 
Source: USFWS, 1993.

As already shown, the fish diet of double-crested cormorants in Green Bay is restricted to a
relatively small number of forage fish species. These are mainly alewives and yellow perch at the
Cat Island colony, and alewives and sculpin at the Spider Island colony. Sampling data show that
alewives in Green Bay are contaminated with PCBs (Figure 5-3).

Thus, the PCB pathway documentation for Green Bay double-crested cormorants includes
observations that during the incubation and chick-rearing phases of the breeding cycle, adult
double-crested cormorants forage in areas of Green Bay that contain PCB-contaminated fish,
cormorants ingest Green Bay fish that are contaminated with PCBs, and cormorant PCB tissue
residues increase during the breeding season.

5.2.3 Field Studies of Injuries to Green Bay Double-Crested Cormorants

This section describes field studies addressing reproductive malfunctions and physical
deformations in Green Bay double-crested cormorants.



INJURY EVALUATION  � May 1999 � 5-23

Malfunctions in Reproduction

Reproductive success in double-crested cormorants nesting in Green Bay has been compared with
that in reference colonies in three studies. In two of these studies, reproductive success was found
to be lower in Green Bay colonies.

Ludwig and Ludwig (undated report b). This 1986 study compared hatching success rates
in double-crested cormorant colonies in Lakes Huron, Superior, and Michigan, and northern
Green Bay (Gravelly, Little Gull, and Snake islands). Hatching success varied from 63% of eggs
laid to 74% of eggs laid (Table 5-5). Neither the proportions of eggs that failed to hatch nor
hatching success differed between colonies.

Table 5-5
Hatching Success of Double-Crested Cormorants in Great Lakes in 1986a

Colony Location Eggs Studied of Eggs Hatched Disappeared Eggs Dead
Number of Number (%) Number (%) of Eggs Number (%) of

b

All Lake Huron
colonies 126 96 (76) 8 (6) 22 (17)

Lake Michigan,
Beaver Island 196 142 (72) 23 (12) 31 (16)

Northern Green Bay 173 114 (66) 20 (12) 39 (22)

Lake Superior
colonies 65 45 (69) 6 (9) 14 (21)

a. Adapted from data in Ludwig and Ludwig, undated report b.
b. Excludes eggs that were accidentally pierced by parent birds.

Tillitt et al. (1992). This study compared hatching success rates between 1986 and 1988 in
12 double-crested cormorant colonies in Lakes Huron, Michigan, Superior, Ontario, and
Winnipegosis and in Green Bay, and investigated the relationships between egg mortality, PCB
concentrations, and egg H4IIE activation. Egg mortality varied between 8% and 39%, with the
highest rates in Green Bay colonies (Little Gull, Snake, Gravelly, and Spider islands) and the
lowest at Lake Winnipegosis. Regression analysis revealed a significant, though relatively modest,
positive relationship between total PCB concentrations in eggs and egg mortality (r = 0.319,
p = 0.045). However, when the analysis compared H4IIE bioassay-derived TCDD-eq in eggs with
hatching success, the relationship was strengthened (r = 0.703, p = 0.0003). The H4IIE sample
preparation process used in this investigation screened out both dioxins and furans (H4IIE is not
sensitive to DDE). The authors of the study concluded that the elevated egg mortality rates and
reduced hatching success in the more contaminated colonies were caused by the effects of dioxin-
like PCBs.
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Larson et al. (1996). This study compared the hatching success of double-crested
cormorant eggs at Spider Island in Green Bay in 1988, 1989, and 1990 with the hatching success
at Lake Winnipegosis in 1989 and 1990. Hatching success at Spider Island for the three
consecutive years was 65.4% (1988), 55.2% (1989), and 57.7% (1990), compared with 75.7%
(1989) and 64.1% (1990) at Lake Winnipegosis. Hatching success was significantly greater in
larger clutches, and Lake Winnipegosis clutches were, on average, 0.2 eggs larger than Spider
Island clutches. However, covariance analysis (in which clutch size was included as a categorical
variable) revealed that hatching success was significantly lower at Spider Island in 1989 and 1990,
even when clutch size was controlled for. Of 5,759 chicks examined at the Spider Island colony,
0.8% had bill deformities, compared with 0.06% at Lake Winnipegosis. This more than ten-fold
difference was reported as statistically significant.

Total PCB concentrations and TCDD-eq were significantly higher in Spider Island eggs
(7.8 mg/kg and 138 pg/g, respectively) than in Lake Winnipegosis eggs (1.0 mg/kg and 19 pg/g,
respectively). However, within the Spider Island colony, neither PCBs nor TCDD-eq were
significantly correlated with hatching success or the incidence of deformities among nestlings.

Depredation of seabird nests by gulls following disturbance by observers is a potential problem at
many seabird colonies. In general, the greater the disturbance, the greater the opportunity for
gulls to depredate eggs. To minimize this effect, the investigators visited the Spider Island colony
only after dark (a time when gulls are less active). Nevertheless, the Spider Island colony was
visited more frequently (13 visits in 1989) than the Lake Winnipegosis colonies (4 visits in 1989),
and the success of the attempt to minimize nest predation by nocturnal visits was not evaluated.
Thus, the contribution of observer disturbance to the observed differences in hatching success
cannot be determined.

In addition to the above three studies, another study evaluated double-crested cormorant
reproduction in Green Bay only (i.e., no reference site data were collected).

Custer et al., in press. During 1994 and 1995, the investigators in this study examined
relationships between PCB, DDE, and dieldrin concentrations and hatching success, chick
deformity rates, eggshell thickness, and biomarker activity in cormorant eggs from Cat Island in
Green Bay. No reference colonies were sampled. Single pipping eggs were removed from each of
the study nests. A subset of these eggs were analyzed for chemical contaminants; previous
measurements had shown that approximately 85% of the total egg variability in contaminant
concentrations in cormorant eggs in Green Bay was between-clutch variation (USFWS, 1993).
Measurements made on these eggs included PCB, DDE, and dieldrin concentrations, eggshell
thickness, and EROD activity in embryo livers. The fate of the eggs remaining in the study nests
was monitored, as was that of the chicks that hatched. Study nests were divided into four groups
on the basis of their success: nests that contained eggs with one or more dead embryos, nests that
contained one or more infertile eggs, nests in which all the eggs hatched successfully, and nests
that contained eggs with deformed embryos.
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Table 5-6 shows the total PCB and DDE concentrations among the four nest categories. Two-
way ANOVAs performed by the study investigators determined that there were no significant
differences among the PCB concentrations in the four nest categories (p = 0.05). However, DDE
concentrations did differ significantly among the four categories (p = 0.03). Mean concentrations
of DDE in sample eggs were significantly higher in nests that contained dead embryos than in
nests in which all the eggs hatched or contained deformed embryos. Total PCBs in the sample
eggs were significantly correlated with EROD activity. The overall egg hatching success on Cat
Island in 1994 and 1995 was 68% (1,067 of 1,570 eggs).

Table 5-6
Geometric Mean Total PCB and DDE Concentrations (mg/kg, wet weight)

in Four Categories of Cormorant Nests on Cat Island, Green Bay in 1994 and 1995

Nest Category Number of Nests DDE PCBs
Dead embryos 39 3.9 11.4

Infertile eggs 5 2.8 13.6

All eggs hatched 30 2.8 12.1

Deformed embryos 6 2.2 10.2

Source: Custer et al., in press.

The study authors conducted a series of logistic regressions to evaluate whether DDE, PCBs,
dieldrin, or eggshell thickness was associated with differences in percent hatching success of the
cormorant eggs. Only DDE and eggshell thickness were found to have significant associations
(p < 0.002) and < 0.008, respectively). Neither total PCBs nor dieldrin was found to have
significant associations with hatching success (p < 0.84 and < 0.29, respectively). However, egg
PCB concentrations were significantly negatively correlated with both egg volume (r = -0.39,
p < 0.001) and embryo weight (r = -0.28, p < 0.04). DDE was not significantly correlated with
egg volume and egg weight.

Although hatching success was significantly correlated with eggshell thickness and significantly
negatively correlated with DDE concentration, these two variables explained relatively little of the
total variability in hatching success (2.2% and 13%, respectively). The study authors concluded
that DDE may be reducing the hatching success of only the most highly contaminated eggs, and
that other factors may be responsible for the majority of the egg failure observed at the colony.

Physical Deformations

A number of studies have reported on physical deformations among Green Bay double-crested
cormorants.
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Langenberg (1990). In this companion study to Larson et al. (1996), the author examined
183 late-term cormorant eggs from Spider Island and 125 from Lake Winnipegosis: 95% of the
Spider Island eggs contained embryos, of which 18.3% were dead, and 98% of the Lake
Winnipegosis eggs contained embryos, of which 11.4% were dead. Our analysis of these data
found that the differences were not statistically significant (3  = 2.7, 1df, p > 0.25). Two examples2

of cross bills were found, both in Lake Winnipegosis embryos. On Spider Island, 10.9% of the
embryos examined had edema, similar to the 16.3% of Lake Winnipegosis embryos. Seven of the
Spider Island embryos had petechial hemorrhages; none were found in the Lake Winnipegosis
embryos. However, because hemorrhaging in several cases was noted only after handling,
Langenberg concluded that these were a result of the examination process rather than
toxicological action.

Fox et al. (1991). In this analysis of deformity rates among cormorant nestlings
throughout the Great Lakes between 1979 and 1987, 31,168 chicks from 42 colonies were
examined. The overall rate of head and bill deformities was 0.22%. However, the local rate
varied, and the highest rate was found in Green Bay (60 of 11,520 chicks, 0.52%). The rates
found in other areas were 0.03% (Lake Ontario), 0.05% (Lake Superior), 0.006% (Alberta and
Saskatchewan), and 0.02% (Lake of the Woods and Lake Nipigon). The Green Bay deformity
rate was significantly higher than the rates at the Lake of the Woods and Lake Nipigon, and at
prairie colonies in Alberta and Saskatchewan. Head and bill defects were found in 8 of 11 (73%)
Green Bay colonies, but in only 6% of reference colonies.

Yamashita et al. (1993). In this study carried out in 1988, the investigators collected late-
term, incubated cormorant eggs from Little Gull Island in Green Bay and elsewhere in the Great
Lakes (including from colonies not exposed to point source releases of PCBs). Eggs were
examined and separated into four categories: live normal, infertile, containing a deformed embryo,
and not incubated. Of the 41 Green Bay eggs examined, 26 were fertile; 78% of these contained
normal young and 31% contained deformed embryos (compared with about 90% and 6%,
respectively, in eggs collected elsewhere). The total PCB concentrations in Green Bay eggs were
7.3 mg/kg wet weight (live normal), 7.3 mg/kg wet weight (infertile), and 6.6 mg/kg wet weight
(deformed). Total PCB concentrations in eggs from Lake Superior and the North Channel
(colonies unlikely to be affected by point source releases of PCBs) varied from 3.6 to 7.3.

Larson et al. (1996). The incidences of bill deformities in cormorant nestlings were
compared between Spider Island (1988, 1989, and 1990) and Lake Winnipegosis (1989, 1990).
At Spider Island, 5,759 chicks were examined, and approximately 24,736 were examined at
Coffee Island, Coffee Island Reef, Bachelor’s Island, Sugar Island Reef, and Hay Island Reef in
Lake Winnipegosis. Bill defects were significantly more frequent (p < 0.001) at Spider Island
(0.7%) than at Lake Winnipegosis (0.06%).

Ludwig et al. (1996).This study was based on measurements taken in several Great Lakes
cormorant colonies between 1987 and 1991. In Green Bay, 24.8% of 660 dead eggs (eggs that
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were dead in the nest) contained deformed embryos. Of these, 65% had subcutaneous edema and
hemorrhaging, and 18.9% had bill defects. These data are reported in Table 1 of Ludwig et al.
(1996). Our statistical tests on the raw data in this table indicated significant differences in
deformity rates between colonies (3  = 31.8, 6 df, p < 0.001). Our tests also showed that the2

embryo deformity rate in dead eggs in Green Bay (24.8%) was significantly higher than that found
in colonies in the three areas that were least likely to be exposed to point source releases of PCBs:
southeast Lake Superior (11.3%, 3 = 23.0, 1 df, p < 0.001); Georgian Bay on northern Lake2

Huron (15.5%, 3  = 8.5, 1 df, p < 0.02); and the North Channel of Lake Huron (18.7%, 3  = 6.6,2 2

1 df, p < 0.05). Of 315 live eggs from Green Bay, 14.3% contained deformed embryos, compared
with 4% at Lake Winnipegosis. The proportions of the various types of embryo deformities found
in the Green Bay live eggs were not reported. Of 7,975 Green Bay cormorant nestlings, 0.6%
were deformed. These had mainly crossed bills (53% of deformities) and dwarfed appendages
(20.4% of deformities).

Ryckman et al. (in press). In this study of organochlorine contamination and bill defects
among cormorants nesting in the Canadian Great Lakes, no significant associations were found
between regional rates of dill deformities and total PCB concentrations in eggs.

Custer et al. (in press). In addition to the results presented previously, this study also
investigated relationships between deformity rates in chicks of double-crested cormorants and
organochlorine residues. Eggs from nests in which one or more embryos were deformed did not
have significantly higher concentrations of either PCBs or DDE than eggs from nests in which no
deformed young were found. Custer et al. also reported that the frequency of bill deformities
among nestlings at Cat Island in 1994-1995 (0%; 0 of 632) was generally lower than those
reported from cormorant colonies in northern Green Bay during the period 1979-1990 (0.6%-
0.7%). This is in spite of the fact that Cat Island cormorants had higher egg PCB concentrations
[Cat Island 1994-1995: mean of 13.6 mg/kg, wet weight; Spider Island 1988 and 1989: 5.3 and
7.7 mg/kg wet weight, respectively (Tillitt et al., 1992; Larson et al., 1996)]. However, the
deformity rates and egg PCB concentrations in northern Green Bay cormorant colonies in the
years in which the Custer et al. study was performed at Cat Island are not known.

5.2.4 Data Evaluation

Evidence of Adverse Effects in Green Bay Double-Crested Cormorants

Reproductive malfunctions. The evidence that Green Bay cormorants have suffered adverse
reproductive effects is strong. Two independent studies (Tillitt et al., 1992; Larson et al., 1996)
demonstrated that hatching success rates are significantly lower in Green Bay nests than in control
areas. One other study (Ludwig and Ludwig, undated report b) attempted to compare nesting
success of cormorants in Green Bay with reference sites. Analyses of the data presented in that
study showed no significant differences between hatching success in Green Bay and in other sites.
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In addition to the field studies described above, one study, Powell et al. (1997), attempted to
reproduce the impaired hatching success seen in the field by injecting cormorant eggs in the
laboratory with a PCB congener. They injected cormorant eggs collected from Lake Winnipegosis
(a site where cormorants are not exposed to point source releases of PCBs) with doses of PCB
126 and an extract derived from Green Bay cormorant eggs. The authors found that injections of
PCB 126 significantly reduced hatching success of Lake Winnipegosis eggs but only at doses an
order of magnitude greater than the highest concentrations of PCB 126 that have been found in
Green Bay cormorant eggs. However, it should be noted that Powell et al. did not inject the Lake
Winnipegosis eggs with the mixture of congeners found in Green Bay eggs. Also, there is
uncertainty regarding how closely eggs injected with contaminants or extracts mirror the “natural”
uptake and effects of contaminants in the field. Overall, however, the Powell et al. study does not
support PCBs as the cause of the reduced hatching success observed among assessment area
double-crested cormorants.

Physical deformations. The strength of the evidence that Green Bay cormorants have deformity
rates that are elevated with respect to background is strong, depending on which deformity is
addressed and what background level is assumed.

Studies have shown that crossed bills have occurred among Green Bay cormorant chicks (Fox
et al., 1991; Larson et al., 1996; Ludwig et al., 1996). The rate of bill deformities found in Green
Bay is substantially higher (by a factor of about 10) than that observed at reference sites. The
background rate of bill deformities that is typically observed is usually less than 0.1% (Fox et al.,
1991; Ryckman et al., in press). However, the evidence that such a low rate is representative of all
appropriate reference colonies is not entirely unambiguous. Ross and Weseloh (1988) measured a
large degree of spatial variability in bill deformity rates among Lake Winnipegosis colonies. The
Sugar Island colony in 1988 had a rate of 3.9%, which is much higher than the highest deformity
rate ever measured in Green Bay, or any other location. It should be noted, however, that the
Ross and Weseloh study is the only study, thus far, that has found such high rates of deformities
in cormorants from areas not affected by point sources of contaminants. Indeed, in their research
on Lake Winnipegosis, Larson et al. (1996) included Sugar Island among their sampling locations
and still found that the overall Lake Winnipegosis deformity rate was less than 0.1%. The
relevance of the Ross and Weseloh study is, therefore, uncertain. All studies that have assessed
bill deformity rates in both Green Bay and reference colonies have found higher rates in
Green Bay.

Increased incidences of edema of the head and neck (which constitutes the majority of the
deformities reported in double-crested cormorants) and hemorrhaging are less certain than
crossed bills. Ludwig et al. (1996) found that 16.2% of dead eggs from Green Bay had embryos
with edema (mainly of the head and neck), and only 6% of live nestlings showed hemorrhaging.
These data indicate that the deformity rate among live chicks may underestimate the true
population rate (since many deformed embryos may die before hatching). However, Langenberg
(1990) examined live eggs from Green Bay and was unable to find abnormal occurrences of
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edema. She concluded that any hemorrhaging that she recorded was an artifact of her handling the
embryos.

In conclusion, bill deformity rates among cormorant embryos and nestlings in the assessment area
have exceeded background rates. However, the occurrence of other types of deformities is not as
conclusive.

Evidence of PCB Effects

This section evaluates the evidence that PCBs are responsible for the observed adverse effects on
reproduction and bill deformity rates. Chapter 4 presented data showing that total PCB and PCB
congener concentrations measured in Green Bay cormorant eggs are at or above concentrations
shown to cause avian toxicity in literature studies. However, because PCB concentrations can be
correlated with concentrations of other lipophilic compounds (Bosveld, 1995), the likelihood of
the adverse effects being caused by other contaminants must also be evaluated.

Reproductive malfunctions. The four main groups of candidate contaminants that potentially
could cause the effects seen in the Green Bay cormorants are PCDDs, polychlorinated dibenzo-
furans (PCDFs), DDE, and PCBs.

Using the data presented in Yamashita et al. (1993), it is possible to evaluate the relative
contributions of PCDD and PCDF to total dioxin-like toxicity. The analysis in Table 5-7 shows
that the contributions to total toxicity by TCDD and TCDF are less than 5%. A similar result was
obtained in the Kubiak et al. (1989) study of Forster’s terns on Green Bay, where PCDDs
accounted for less than 10% of total toxicity (no PCDFs were found in the tern eggs) and PCBs
for more than 90%. Also, Tillitt et al. (1992) eliminated PCDD and PCDF residues when
preparing Green Bay cormorant egg samples for H4IIE analysis and found significant correlations
between the responses elicited by the extract and hatching success at Great Lakes colonies. These
results indicate that PCDDs and PCDFs are unlikely to be important contributors to the adverse
effects reported in the Green Bay cormorants.

Table 5-7
Percent Contributions to Total TCDD-EQ by PCB, TCDD, and TCDF Congeners

in Green Bay Double-Crested Cormorant Eggs

TEFs Used to Estimate PCB PCB PCB PCB PCB 2378 12378 2378
Percent Contribution 77 105 118 126 156 TCDD TCDD TCDF

Percent Contributionb

WHO Avian TEFs 47.2 2.6 <1 44.1 <1 2.4 <1 <1a

a. Van den Berg et al., 1998.
b. Original data from Yamashita et al., 1993.
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Concentrations of PCBs and DDE in Green Bay cormorant eggs are correlated (Custer et al., in
press, r =  0.53, 73 df, p < 0.001). Also, although little research has been carried out on the effects 

of DDE on avian embryos at levels of exposure below those known to result in eggshell thinning
and breakage, there is evidence from a field study of common terns that DDE concentrations of
between about 3 and 7 mg/kg wet weight may result in embryo mortality (Fox, 1976). Thus, DDE
may exert effects on embryo mortality other than those associated with eggshell breakage that are
similar to those that may be caused by exposure to PCBs. Possible mechanisms for this are
changes in shell microstructure that are associated with comparatively low levels of thinning, with
consequent disruptions of gaseous transfer, or with direct embryotoxic effects (Fox, 1976).

The three studies that have attempted to rigorously address the potential effects of contaminants
on cormorant hatching success in the field are Tillitt et al. (1992), Larson et al. (1996), and Custer
et al. (in press). Tillitt et al. concluded that PCBs explained much of the observed variability in
hatching success between Great Lakes cormorant colonies and were responsible for the reduced
hatching success seen in Green Bay. This conclusion was based on the relationships between mean
PCBs and H4IIE results and hatching success between colonies. In contrast, both the Larson et al.
and the Custer et al. studies suggested that PCBs did not explain differences in hatching success
among Green Bay cormorants. The conclusions were based on the lack of significant correlations
when PCB concentrations were compared with individual nest reproductive success within a
colony. In addition, Powell et al. (1997) was unable to reproduce embryo mortality among
cormorants in the laboratory when injecting eggs with doses of PCB 126 comparable to those
seen in the assessment area.

The discrepancy between the results of these studies may be at least partly a function of the
different study approaches. Both Larson et al. (1996) and Custer et al. (in press) used the sample
egg technique, in which the reproductive success of individual nests within a colony was measured
and compared with the contaminant concentrations in an egg removed from the same nest.
Because many factors other than contaminants affect the reproductive success of individual nests,
such as nest abandonment, predation, accidental egg breakage, and parental experience, individual
nests within a colony have a high degree of variability that is not expected to be explained by
contaminant concentrations. Indeed, Custer et al. (in press) found that DDE explained only 13%
of the variability in individual nest success. Therefore, in this approach the power to detect effects
of contaminants on the inherently variable success of individual nests is low. In contrast, Tillitt
et al. (1992) compared the mean reproductive success across colonies with the mean contaminant
concentrations in eggs taken from the colony. Comparing mean colony success with mean colony
contaminant concentrations across different colonies reduces the variability in the reproductive
success data and allows for a greater ability to detect the effects of contaminants on reproductive
success. However, it should be pointed out that Tillitt et al. (1992) did not compare DDE
concentrations and reproductive success between colonies. Therefore, because of the different
study approaches, the findings of Larson et al. (1996) and Custer et al. (in press) that PCBs are
not correlated with reduced hatching success within the Green Bay colony are not inconsistent
with the finding of Tillitt et al. (1992) that PCBs and H4IIE are correlated with mean hatching
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success across colonies and that the Green Bay colony had the highest PCBs and H4IIE activity
and lowest mean reproductive success.

Custer et al. also indicated that in Green Bay cormorants DDE concentrations appeared to explain
a greater percentage of the variability in hatching success than PCBs. However, such a small
component of the total variance in hatching success is apparently explained by contaminants that
detecting the effects of individual contaminants would be difficult. The fact that a significant effect
on hatching success was found by Custer et al. for DDE, but not for PCBs, might only reflect this
difficulty rather than the likelihood that only DDE was affecting the cormorants. Also, it cannot
be definitely concluded from the data in Custer et al. that PCBs had no effect on hatching success,
since the only measure of PCB contamination that was analyzed was total PCBs. Using TCDD-eq
in the analysis may also have strengthened the relationship between PCBs and hatching success, as
was found in the Tillitt et al. (1992) study.

Furthermore, Custer et al. (in press) found significant negative correlations between egg PCB
concentrations and egg volume and embryo weight, indicating that PCBs were exerting some
effects on the breeding biology of Cat Island cormorants in 1994-1995. Although they did not find
a negative relationship between PCBs and hatching success that was statistically significant at
p < 0.05, the probability of the correlation that they did find being due to chance was 0.13.

Overall, the evidence shows that exposure to PCBs may have resulted in reduced hatching success
among Green Bay cormorants. However, the Custer et al. (in press) study shows that the effects
observed in the assessment area are unlikely to be due to PCBs alone and that DDE has
contributed to the adverse effects.

Physical deformations. PCBs have been shown in controlled experiments to cause deformations
in avian embryos. These have included deformations of the head and bill and legs. However, DDE
is not known to cause such deformities in avian embryos. The other candidate contaminants that
could cause such deformities (PCDD and PCDF) do not occur at concentrations that could
contribute significantly to the deformity rates observed among Green Bay cormorants (see
previous discussion).

Summary and Conclusions

The data reviewed in this report indicate that exposure to elevated concentrations of PCBs has
most likely resulted in adverse effects to double-crested cormorants in Green Bay, including
reduced reproductive success and embryonic deformations. However, the evidence for this is not
as conclusive as that for Forster’s terns. Also, it is likely that other contaminants complicate the
attribution of effects.
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5.3 BLACK -CROWNED NIGHT HERON

Black crowned night-herons are opportunistic feeders. Their diet often consists mainly of fish and
other aquatic organisms, although they also eat terrestrial invertebrates and the nestlings of other
colonial birds (Cramp and Simmons, 1977).

Three studies summarized in Chapter 4 of this report showed that black-crowned night herons in
the assessment area have been exposed to PCBs: Heinz et al. (1985), Rattner et al. (1993), and
Custer and Custer (1995).

Two studies investigated adverse effects in Green Bay night herons.

Hoffman et al. (1993). In this study, five pipping eggs were collected from the colony on
the CDF in 1984, and the morphologies of their chicks were compared with others from a captive
control colony at Patuxent Wildlife Research Center (PWRC) in Maryland. The two groups did
not differ in egg or embryo weights. The Green Bay chicks had 36% larger livers than the PWRC
chicks, but this difference was not significant. However, Green Bay chicks had significantly higher
liver to body weight ratios than the PWRC chicks.

This study also investigated biomarker activity in the livers of the two groups of embryos. It
found that AHH activity was significantly higher in the livers of the Green Bay chicks by a factor
of three. No PCB concentration measurements were carried out to determine if the morphological
and biomarker differences between the two groups of chicks were associated with differences in
contaminant loads.

Rattner et al. (1993). In this study, PCB concentrations and biomarker activity were
measured in black-crowned night heron chicks from Cat Island, a reference site in Virginia, and
two islands in San Francisco Bay. The Green Bay chicks had the highest levels of biomarker
activity (AHH, EROD, BROD, ECOD, CYP1A, and CYP2B) and the highest PCB
concentrations (9.32 mg/kg wet weight, with a range of 2.4-53 mg/kg wet weight). The Green
Bay PCB concentrations were significantly greater than those found in all of the other colonies.
No morphological abnormalities were reported.

These studies show that black-crowned night herons in Green Bay have been exposed to PCBs at
levels that exceed background concentrations. One study (Hoffman et al., 1993) also suggests that
Green Bay black-crowned night herons may have been injured (enlarged livers).

5.4 TREE SWALLOW

Tree swallows are insectivorous birds that feed on the emerging adult life stages of aquatic
insects. Thus, because of their diet, tree swallows nesting close to the Lower Fox River and Green
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Bay might be expected to be exposed to PCBs. Only one study of contaminants and breeding
success has been performed on this species in the assessment area (Custer et al., 1998). This study
showed that pipping hatchlings and nestlings of tree swallows nesting close to the Lower Fox
River and inner Green Bay had significantly higher PCB concentrations than pipping hatchlings
and nestlings from reference areas.

The breeding success of the Green Bay and Lower Fox River tree swallows was not significantly
different from that of tree swallows at the reference areas. Nor were any embryo or nestling
differences in weight or body condition found. No deformities were observed. These data suggest
that the PCBs measured in the tree swallow hatchlings and nestlings in the assessment area were
not causing adverse effects.

5.5 RED-BREASTED M ERGANSER

White and Cromartie (1977) and Haseltine et al. (1981) showed that in the 1970s PCB
concentrations in red-breasted merganser eggs on islands off the Door Peninsula were high. Heinz
et al. (1983), a companion study to Haseltine et al. (1981), found, however, that high PCB
residues in 1977 and 1978 were not correlated with rates of nest desertion, hatching success, or
duckling production. Also, Heinz et al. (1994) found no significant difference between merganser
hatching success in 1977-1978 and 1990, despite egg PCB concentrations having decreased by
60%. Thus, the available data do not indicate that the elevated PCB concentrations in Green Bay
red-breasted merganser eggs in the late 1970s were affecting reproduction in this species.

5.6 BALD EAGLES

5.6.1 Status and Ecology in the Lower Fox River and Green Bay

Bald eagle population trends in the Great Lakes can be divided into two phases: mid-century
declines and post-1960s resurgence.

Midcentury population declines. In the middle of this century, bald eagle populations throughout
the contiguous United States and much of Canada underwent drastic reductions. A chronology of
these population declines was reported by Nisbet (1989):

Reproductive impairment in the bald eagle was first reported in Florida in 1947
(Broley, 1958) and became widespread during the 1950s and 1960s (Sprunt, 1963;
Sprunt and Ligas, 1966; Stickel et al., 1966; Postupalsky, 1971; Grier, 1972;
Wiemeyer et al., 1972, 1984; Sprunt et al., 1973). By 1970, a number of local
populations in the lower 48 states of the USA and in southern Canada had been
markedly reduced or extirpated (Broley, 1958; Howell, 1963; Postupalsky, 1971;
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Grier, 1972; Sprunt et al., 1973; USDI, 1974; Kiff, 1980); populations in Alaska
and parts of western and northern Canada were generally unaffected. . . . Several
studies have shown the inter-relationships between eggshell-thinning, reproductive
impairment, populations declines, and levels of contamination with DDE and other
organochlorines (Postupalsky, 1971; Wiemeyer et al., 1972, 1984; Sprunt et al.,
1973).

In the Great Lakes, bald eagles were extirpated from coastal areas and anadromous runs of Lakes
Huron, Michigan (including Green Bay), Ontario, and Superior and nearly extirpated from Lake
Erie by the late 1960s (Bowerman, 1993).

Post-1960s population resurgence. Since the mid-1970s, when the use of DDT, PCBs, and other
organochlorine compounds was banned in North America, bald eagles have increased in number.
The lessening of the eggshell-thinning effects of DDT’s metabolite, p,p’-DDE, has been a major
reason for the current resurgence of bald eagle populations in temperate North America (Grier,
1982; Postupalsky, 1985; Colborn, 1991; Best et al., 1994; Bowerman et al., 1995). The number
of bald eagle breeding pairs within 8.0 km of the Great Lakes coasts increased from 26 in 1977 to
134 in 1993. Furthermore, the reproductive productivity of these birds increased from 0.23 young
per occupied nest in 1977 to 0.87 in 1993 (Bowerman, 1993). Bald eagles breeding within 8.0 km
of the Lake Michigan coast or along streams open to Great Lakes fish runs also increased over
this period, from 2 pairs in 1977 to 28 pairs in 1993. The productivity of these birds increased
from 0.0 young per occupied nest to a high of 0.89 in 1987, but was only 0.46 in 1993
(Bowerman, 1993).

Annual monitoring data collected by staff of Wisconsin DNR and by S. Postupalsky and
W. Bowerman for the State of Michigan (M. Meyer, Wisconsin DNR; D. Best, USFWS, personal
communication, March 1999) show that between 1974 and 1986 bald eagle nesting numbers on
Green Bay and the eastern side of the Door Peninsula were stable at between one and two pairs
(Figure 5-8). A rapid increase in nesting numbers began in 1987, and by 1997 there were
14 nesting pairs. The number of breeding pairs of eagles nesting along the Lower Fox River went
from one in 1986 to three in 1994 to two since 1995. The distribution of the Green Bay and
Lower Fox River nest sites is shown in Figure 5-9.

Bald eagles arrive back on their nesting territories in the assessment area in February, and the
young fledge between early June and July. Depending on ice conditions, bald eagles remain in the
assessment area during the winter; up to 12 have been recorded in December on the Lower Fox
River (Howe et al., 1993). Thus, breeding bald eagles spend a substantial part of the year in the
assessment area.

In August 1989, bald eagles were listed as threatened by the State of Wisconsin. This designation
was removed in August 1997. They are currently listed as threatened by the Service.
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Figure 5-8. Numbers of occupied bald eagle nesting sites on Green Bay.

5.6.2 Diet and Foraging Areas around Green Bay

Diet. There are two studies that describe bald eagle diet in the assessment area. Bath (1991)
quantified prey class percentages at a nest at Kaukauna on the Lower Fox River during the pre-
hatching period. Dykstra and Meyer (1996) collected prey data from the entire nestling period
from nests at Toft Point and Little Tail Point. The results of these studies were combined by
W. Bowerman (personal communication, Lake Superior State University, April 1998) and are
presented in Table 5-8. Data in Dykstra and Meyer (1996) from a nest at Blueberry Island were
not used in this analysis since the nest was located along the Menominee River and might not be
representative of eagles foraging around Green Bay. Also excluded were data collected by
Dykstra and Meyer at Moss Lake since prey data were collected there only during the final
6 weeks of the nestling period, and prey species use changes over the nestling period (Dunstan
and Harper, 1975). Prey items that were not identified in these studies were assigned identities
based on the proportion of prey items that were identified by either class or species. Based on
these observational and prey remains data, bald eagle prey composition on a frequency basis at
Green Bay nests comprises approximately 74% fish, 23% avian prey, and 2% mammals
(Table 5-8), which is similar to the diet composition of bald eagles elsewhere in the Great Lakes
(Bowerman, 1993).
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Figure 5-9. Distribution of bald eagle nest sites in Green Bay and the Lower Fox River.
Circles are sites occupied in 1998. Triangles are sites not occupied in 1998 but occupied in previous years. 
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Table 5-8
Prey of Bald Eagles Nesting on Green Bay and the Lower Fox

River Based on Prey Remains for the Breeding Period,
and Observations during the Pre-Hatch Period

 
Class/Species N Percent of Total

Fish
Sucker 23  13.8
Bullhead 30 18.0
Northern pike 28 16.8
Bass 3 1.8
Other centrarchids 6 3.6
Walleye 2 1.2
Bowfin 11 6.6
Carp 14 8.4
Freshwater drum 2 1.2
Alewife 1 0.6
Gizzard shad 4 2.4

Subtotal 124 74.4

Birds
Herring and ring-billed gulls 15 9.0
Mergansers 2 1.2
Other ducks 4 2.4
Double-crested cormorant 1 0.6
Common raven 1 0.6
American crow 2 1.2
Unknown heron 1 0.6
Other birds 12 7.2

Subtotal 38 22.8

Mammals
Muskrat 2 1.2
White-tailed deer 1 0.6
Red fox 1 0.6

Subtotal 4 2.4

Reptiles
Unknown turtle 1 0.6

Subtotal 1 0.6

Total 167 100.2

Sources: Analysis of data in Bath, 1991 and Dykstra and Meyer, 1996, by
W. Bowerman, Lake Superior State University, personal communication,
April 1998.
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Foraging areas. Observations of bald eagles nesting at Kaukauna on the Lower Fox River
showed that during February through May 1991 the adults foraged along the Fox River and
generally within 0.5 km of the nest, but ranged up to 3.0 km (Bath, 1991). No data exist that
allow the determination of foraging ranges at Green Bay nests; however, most previous studies of
bald eagle foraging assumed a radius of 8.0 km from the nest as the likely foraging area
(Bowerman et al., 1995).

 5.6.3 Ecological Traits that Could Affect PCB Exposure of Bald Eagles

Bald eagles nesting around Green Bay and along the Lower Fox River have a high potential for
exposure to PCBs. First, they are likely to be either year-round residents in the assessment area or
present for a substantial part of the year. Second, birds nesting on the Green Bay or Lower Fox
River shorelines are likely to obtain much of their food from the contaminated aquatic systems,
and even those birds nesting farther inland (up to about 8 km) are also likely to be dietarily
exposed to assessment area contaminants. Lastly, bald eagles are tertiary predators that include
high trophic level predatory birds and fish within their diet (Table 5-8). Because of these
characteristics, bald eagles are potentially liable to be exposed to high levels of lipophilic
compounds that bioaccumulate through trophic levels, such as PCBs.

5.6.4 Bald Eagle Exposure Pathways

The main exposure route through which bald eagles that nest on Green Bay and the Lower Fox
River are exposed to PCBs is the dietary pathway. In this section, the following questions are
addressed: Do the prey species that constitute the diet of the bald eagle in the assessment area
have elevated PCB concentrations, and do bald eagle tissue analyses indicate that eagles are
exposed to PCBs?

PCBs in Bald Eagle Prey

Many of the fish and bird species known to be eaten by bald eagles nesting in Green Bay are
contaminated with PCBs (Table 5-9). Data on PCB concentrations in alewife, gizzard shad, and
rainbow smelt described in Section 5.1 show that these species, also, are contaminated with PCBs
in the assessment area. These data show that bald eagles in the assessment area are exposed to
PCBs in their diets.

PCBs in Bald Eagle Tissues

Table 5-10 shows the total PCB concentrations in bald eagle eggs from nests around Green Bay
from 1986 (when the earliest sample was collected) until 1997 (data from Wisconsin DNR and
USFWS contaminants databases provided by M. Meyer, Wisconsin DNR, and D. Best, USFWS).
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Table 5-9
 PCB Concentrations in Potential Bald Eagle Prey from the Assessment Area

Prey Species Date Locality Tissue Size in Parentheses Reference
Sample Ranges (where known)

PCB Concentrations
(mg/kg wet weight)

Mallard 1985- Lower Muscle, 55 0.4 Amundson, undated report
1986 Fox River skin, (0-1.5)

and fat  

a

Double- 1987- Green Bay Whole 6 84.8 USFWS, 1993
crested 1988 body
cormorant

a

Sucker 1979 Green Bay Whole 4 2.6 Wisconsin DNR,
body (1.7-4.4) 1971-1995

a

Bullhead 1979 Green Bay Whole 1 2.1 Wisconsin DNR,
body 1971-1995

Northern pike 1979 Green Bay Whole 1 10.5 Wisconsin DNR,
body 1971-1995

Carp 1979- Green Bay Whole 116 4.0 Wisconsin DNR,
1989 body (0.04-10.5) 1971-1995; Connolly et al.,

a

1992 

a. Mean of measurements.

These data show that bald eagles nesting in the assessment area have been exposed to PCBs.
DDE concentrations in bald eagles are also shown in Table 5-10 and will be discussed in
Section 5.6.6.

Figure 5-10 compares the Green Bay 1986-1997 egg PCB and DDE concentrations with
concentrations in eggs from inland Michigan and inland Wisconsin. PCB and DDE concentrations
are significantly higher in the Green Bay eggs than in eggs from nests in inland Michigan (t = 5.9,
p < 0.001, and t = 4.9, p < 0.001, respectively) and Wisconsin (t = 6.12, p < 0.001, and t = 4.4,
p < 0.001, respectively).

Table 5-11 shows the total PCB concentrations in bald eagle nestling blood plasma from the
assessment area from 1987 to 1995 (Dykstra and Meyer, 1996) and from inland Michigan.
Although no statistical tests were carried out by Dykstra and Meyer, the plasma levels in
assessment area chicks exceed those in chicks from inland Michigan.

The above data confirm that assessment area bald eagles are likely to forage in areas that contain
contaminated fish and wildlife, and that their prey has highly elevated PCB concentrations. They
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Table 5-10
PCB and DDE Concentrations (mg/kg fresh wet weight) in Bald Eagle Eggs

from Green Bay and the Lower Fox River

Breeding Area/State/Number Year Total PCBs DDE 
Green Bay

Peshtigo River/WI/MT-07 1987 13.0 2.4
Boutlier Lake/MI/DE-15 1986 55.3 30.2
Fishdam River/MI/DE-17 1990 26.6 10.1
Fishdam River/MI/DE-17 1991 27.2 7.4
Peshtigo River/WI/MT-07 1991 56.5 12.0
Peshtigo River/WI/MT-16 1992 66.6 14.7
Peshtigo River/WI 1995 120.0 21.0
Fishdam River/MI/DE-17 1992 28.5 11
Squaw Point/MI/DE-18 1992 28.7 12.3
Squaw Point/MI/DE-18 1993 42.3 12.9
Moss Lake/MI/DE-09 1994 24.3 4.3
St. Vital’s Point/MI/DE-20 1997 22.4 8.3
Oconto/WI 1997 88.0 16.0

Fox River
Kaukauna Lower Fox River/OU-1 1990 36.0 1.1

a

a

a

a

a

b

a

a

a

a

a

b

Mean of Green Bay eggs n = 13 46.1 12.5c

a. Mean of two eggs.
b. Mean of three eggs.
c. Multiple eggs from the same breeding area in a given year averaged prior to determining mean.

Sources: Dykstra and Meyer, 1996; Wisconsin and USFWS contaminants monitoring databases.

also show that Green Bay bald eagle eggs and plasma are contaminated with PCBs. Furthermore,
the PCB concentrations in Green Bay bald eagle tissues significantly exceed those from inland
control populations.

The contaminant concentrations in the Fox River pair of bald eagles are less clearly characterized.
Only one egg has been analyzed; however, egg and nestling plasma data indicate that the Fox
River birds are exposed to elevated concentrations of PCBs.
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     Bowerman et al. (1994b) reported six instances of bill deformities among Great Lakes bald eagle1

nestlings. No such abnormalities have been reported among assessment area birds. As a result, this effect is not
considered further for bald eagles.

Figure 5-10. Mean PCB and DDE concentrations in bald eagle eggs from Green Bay,
inland Michigan, and inland Wisconsin. Vertical lines represent one standard deviation.

5.6.5 Injuries to Assessment Area Bald Eagles

This section evaluates current evidence that assessment area bald eagles have been injured,
focusing on reproductive malfunctions.  We then present an analysis of causality in which the1

main question addressed is whether observed injuries have been caused by exposure to PCBs.

Malfunctions in Green Bay Bald Eagle Reproduction

Figure 5-11 shows productivity histories of individual nests of bald eagles nesting in inland
Michigan, inland Wisconsin, and Green Bay. These data show that there is much variability in
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Table 5-11
PCB Concentrations ())g/kg wet weight) in Plasma of Nestling Bald Eagles

from Green Bay and the Lower Fox River

Breeding Area/State/Number Year Total PCBsa

Green Bay
Granskog Lake/MI/DE-13 1987 229
Boutlier Lake/MI/DE-15 1987 319
Peshtigo River N/WI/MT-16 1992 901
Toft Point/WI/DO-01 1994 121
Oconto River-Thome/WI/OC-04 1994 393
Toft Point/WI/DO-01 1995 150
Blueberry Island 1994 83
Blueberry Island 1995 87

Fox River
Kaukauna/WI/OU-01 1991 120
Kaukauna/WI/OU-01 1992 318
Kaukauna/WI/OU-01 1993 226
Kaukauna/WI/OU-01 1994 547
Kaukauna/WI/OU-01 1995 290

Mean Green Bay n = 8 285.4

Mean Fox River n = 5 300.2

Mean Inland Michigan n = 79 24b

a. Data from Dykstra and Meyer, 1996.
b. Bowerman et al., 1994a.

inter-year productivity at individual nests. They also show, however, that the pattern for Green
Bay nests is different from that in the two inland areas in that the Green Bay nests fail to produce
young on a more consistent basis.

Figure 5-12 shows the mean annual productivity (number of large young produced) of Green Bay
bald eagles compared with that of birds nesting in inland Michigan and inland Wisconsin between
1974 and 1998 (data provided by M. Meyer of Wisconsin DNR and D. Best of the USFWS).
Mean annual productivity among inland Michigan and Wisconsin birds has consistently
approximated or exceeded 1.0 young/nest, the productivity rate needed to maintain a healthy
population (Kubiak and Best, 1991). Green Bay eagles had zero productivity during the period
from 1974 until 1979. Green Bay nest productivity averaged at least 1.0 young per nest from
1980 to 1982 and from 1985 through 1987. After each of these three-year periods, productivity
declined dramatically, reaching 0.0 within 1 or 2 years. However, during these periods there was
only one or two pairs of eagles nesting in the assessment area (Figure 5-8). Productivity among
Green Bay bald eagles has been at or near 1.0 young/year for 1995 through 1998. The
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Figure 5-11. Productivity histories of individual bald eagle nests in inland Michigan (IMI),
inland Wisconsin (IWI), and Green Bay (GB). Only nests for which there are both egg contaminants
and productivity data are shown.
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Figure 5-11 (cont.). Productivity histories of individual bald eagle nests in inland Michigan
(IMI), inland Wisconsin (IWI), and Green Bay (GB). Only nests for which there are both egg
contaminants and productivity data are shown.
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Figure 5-12. Mean annual productivity of bald eagles nesting on Green Bay (open circles),
inland Michigan (triangles), and inland Wisconsin (crosses).

overall productivity rate of Green Bay bald eagles from 1974 through 1998 is significantly lower
than for bald eagles in inland Wisconsin (3  = 29.5, 1 df, p < 0.001) and inland Michigan2

(3  = 22.9, 1 df, p < 0.001).2

Table 5-12 presents the results of an analysis of the proportions of nests in Green Bay, inland
Michigan, and inland Wisconsin that produced no, one, two, or three chicks during the period
from 1974 to 1988. These data show that a higher proportion of bald eagle nest attempts in Green
Bay resulted in no chicks being reared (0.54) than in either of the inland areas (0.36 and 0.34).
Conversely, more inland nesting attempts resulted in one or more chicks being reared (0.63 and
0.66) than in Green Bay (0.46). These data support the conclusions of our previous mean
productivity analysis by confirming that productivity is reduced in the assessment area.

Table 5-13 shows that the productivity of bald eagles nesting on the Fox River during the period
from 1988 to 1998 was higher than in Green Bay. From 1988 to 1994 (when productivity among
Green Bay eagles was low), the Fox River nests produced an average of 1.7 young/active nest.
Since 1995, this productivity has been 2.4 young/active nest. The contaminants data from these
sites suggest that the ratio of PCB to DDE in eggs and plasma may also be different from that for
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Table 5-12
Proportions of Breeding Outcomes (0, 1, 2, or 3 chicks reared) among Green Bay,

Inland Wisconsin, and Inland Michigan Bald Eagles

Area (nest years) 0 Chicks 1 Chick 2 Chicks 3 Chicks

Number of
Nests and

Green Bay 23 (137) 0.54  (0.53) 0.25 (0.20) 0.18 (0.24) 0.03 (0.03)a b

Inland Wisconsin 172 (1700) 0.34 (0.37) 0.25 (0.25) 0.36 (0.34) 0.05 (0.04)

Inland Michigan 251 (2664) 0.36 (0.37) 0.29 (0.31) 0.31 (0.30) 0.03 (0.02)

a. Proportions calculated for all nest/years in region without distinguishing between nests.
b. Average proportions calculated for each nest then combined in regional averages.

Table 5-13
 Productivity (large young raised per active nest) of Fox River Bald Eagles

from 1988 to 1998

Nest Name 88 89 90 91 92 93 94 95 96 97 98

Kaukauna, WI 2 1 0 3 3 3 1 3 2 2 3

Mud Creek, WI 2 3 1 2 3

East River, WI 0

Productivity Summary, All Nests

Number of active nests 1 1 1 1 1 1 3 2 2 2 2

Number of young reared 2 1 0 3 3 3 3 6 3 4 6

Young/active nest 2 1 0 3 3 3 1 3 1.5 2 3

Note: a blank cell indicates that the nesting territory was unoccupied in that year.

Source: USFWS and Wisconsin DNR bald eagle productivity databases.

the Green Bay eagles (Tables 5-10 and 5-11). However, the relatively few data that are available
also suggest that the toxicity of the PCBs measured in the Fox River egg may be less than that
measured in Green Bay eggs. Using the H4IIE bioassay method, two eggs from a Peshtigo Marsh
nest in 1988 averaged 147.5 pg/g TCDD-EQ, while one egg from the Kaukauna nest on the Fox
River in 1990 had only 34 pg/g TCDD-EQ (D. Tillitt, USFWS, unpublished data). Thus, although
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the Fox River eagles may have total PCB concentrations in their eggs that are similar to those in
the eggs of Green Bay birds, their toxicity may be less.

Also, bald eagles nesting on Green Bay may have less opportunity to forage in uncontaminated
areas than the Kaukauna and Mud River birds, which are close to Lake Winnebago (Figure 5-9)
where uncontaminated prey can be obtained. This complicates the analysis of what may be
causing the increased productivity of the Fox River birds. Overall, given the small sample sizes
that are available for the Fox River birds, the reason that they have higher productivity than Green
Bay birds is uncertain.

The data presented above confirm that, like other Great Lakes coastal populations of bald eagles
(e.g., Kubiak and Best, 1991; Best et al., 1994; Bowerman et al., 1995), eagles nesting around the
Green Bay coastline have suffered decreased reproductive rates. The reduced productivity in the
assessment area began in 1974, when the area was first recolonized, and continued up until at
least the mid-1990s.

5.6.6 Green Bay Bald Eagle PCB and DDE Tissue Residues and Toxicity Thresholds

Kubiak and Best (1991), Wiemeyer et al. (1993), and Nisbet and Risebrough (1994) have used
relationships between geospatial differences in PCB and DDE concentrations and productivity to
postulate toxicity thresholds for each contaminant. The results are shown in Table 5-14. From
these data, egg toxicity thresholds (concentrations at which adverse impacts on productivity
become likely) may be >3.0 mg/kg wet weight for PCBs and >3.6 mg/kg wet weight for DDE.
Major impacts on productivity (reductions of 50% or greater) are suggested at PCB and DDE
concentrations of 13-23 mg/kg wet weight and 3.6-6.3 mg/kg wet weight, respectively.

Studies of the closely related white-tailed sea eagle in Scandinavia have also attempted to
determine the contributions of PCBs and DDE to reduced hatching success (Helander et al., 1982;
Helander et al., 1998; Olsson et al., 1998). These studies have not been entirely successful in
determining contributions (because of the high correlation between the two contaminants in eggs).
However, Olsson et al. (1998) suggested a total PCB embryo mortality LOEL of 300 mg/kg wet
weight. The relevance of these studies to bald eagles is not yet clear.

All 13 of the Green Bay bald eagle eggs analyzed (Table 5-10) either equaled or exceeded
13 mg/kg wet weight PCBs, and 12 of these eggs are within or exceed the 3.6-6.3 mg/kg wet
weight DDE range. Based on the thresholds in Table 5-14, the PCB concentrations in all of the
Green Bay eggs are sufficient to result in major reproductive failure. The same is true for DDE for
most of the eggs. Thus, based on the above thresholds, both PCBs and DDE could have been
responsible for the reduced productivity observed in Green Bay bald eagles before the mid-1990s.
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Table 5-14
Bald Eagle Egg Toxicity Levels Identified from Comparisons
of Regional Productivities and Contaminant Concentrations

 Productivity Response wet weight) wet weight) Reference

Egg PCB Egg DDE
Toxic Level Toxic Level
(mg/kg fresh (mg/kg fresh

“Normal” productivity <3.0 <3.6 Wiemeyer et al., 1993

10% productivity reduction 3.0-5.6 Wiemeyer et al., 1993

30% productivity reduction 5.6-13.0 Wiemeyer et al., 1993

50% productivity reduction 13-23 3.6-6.3 Wiemeyer et al., 1993

70% productivity reduction >23 Wiemeyer et al., 1993

75% productivity reduction >6.3 Wiemeyer et al., 1993

“Healthy” reproduction <1.7 <6.0 Kubiak and Best, 1991

No productivity reduction <2.5 Nisbet and Risebrough, 1994

Productivity approximately halved >5.0 Nisbet and Risebrough, 1994

To investigate potential relationships between productivity and PCBs in bald eagle eggs, the
productivity data in Figure 5-11 were converted to probabilities that bald eagles in the assessment
area and in the two inland reference areas will raise either no young or one or more young, and
were assessed in relation to egg PCB concentrations. Productivity observations for individual nest
years were omitted if they were separated by more than two years from years in which PCB
concentration data were available for that nest. In cases where multiple PCB records were
available for the same nest, but were separated by more than four years, independent productivity
probabilities were calculated for the two or more periods. The series of productivity records that
were retained by this procedure were used to calculate the relative frequency of producing a
particular number of chicks, which was used to represent probabilities. These probabilities are
presented in relation to the PCB concentrations measured in eggs from those nests (Figure 5-13).
Figure 5-13 shows that the probability that bald eagle nests will rear no young rises steeply after
egg PCB concentrations exceed 20 mg/kg fresh wet weight. Conversely, the probability that birds
will raise one or more young falls after that concentration. All but one of the Green Bay bald
eagle eggs that have been analyzed (Table 5-10) had PCB concentrations that exceed this
threshold. This indicates that, based on the 20 mg/kg threshold, PCB concentrations in Green Bay
bald eagle eggs are sufficient to result in reduced productivity.
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Figure 5-13. Probability of bald eagles in inland Michigan and Wisconsin and Green Bay
producing no young (open circles) or one or more young (triangles) in relation to egg PCB
concentrations.

5.6.7 PCBs and DDE and Reduced Reproductive Success among Green Bay Bald Eagles

The data presented in Sections 5.6.4 through 5.6.6 show that Green Bay bald eagles have elevated
egg and plasma PCB and DDE concentrations. They also show that Green Bay bald eagles,
during the period from 1987 until the mid-1990s, had significantly lower reproductive success
than inland Wisconsin or Michigan birds and that, based on toxicity thresholds, the reduced
reproduction could be attributable to the elevated PCB and DDE concentrations.
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Figure 5-14. Relationship between PCB and DDE concentrations in Green Bay bald
eagle eggs.

Previous studies of Great Lakes bald eagles [Kubiak and Best (1991), Bowerman (1993),
Bowerman et al. (1994a), and Bowerman et al. (1995)] found that productivity among Great
Lakes bald eagles was negatively correlated with both PCB and DDE concentrations in eggs and
attributed the reduced reproductive success to these contaminants. Dykstra and Meyer (1996)
evaluated the causes of the low productivity in Green Bay bald eagles and found that the low
productivity was not attributable to either food availability (indices of food availability were
similar to inland Wisconsin nests) or disturbance (adult attendance patterns at the nests were also
similar to inland birds). Dykstra and Meyer (1996) concluded that the reduced productivity among
Green Bay bald eagles was caused by PCBs and/or DDE. PCB and DDE concentrations are
typically correlated in bald eagle eggs [Wiemeyer et al. (1993): r = 0.76; analysis of data in
Dykstra and Meyer (1996): r = 0.65; analysis of mean PCB and DDE concentrations in bald eagle 

eggs from seven Great Lakes regions in Kubiak and Best (1991): r = 0.9; Clark et al. (1998): 

r = 0.91]. Figure 5-14 shows the relationship between PCB and DDE concentrations in bald eagle
eggs from Green Bay. These data are from the USFWS and Wisconsin DNR contaminants
monitoring databases. PCBs are positively correlated with DDE (r = 0.67, p < 0.05). Figure 5-15
shows a similar analysis but using all of the egg concentration data from Green Bay, inland
Michigan, and inland Wisconsin. PCBs are again significantly correlated with DDE (r = 0.8,
p < 0.001). This correlation between contaminants has proven to be a difficulty in previous
attempts to quantify their relative contributions to reduced productivity in bald eagles (Wiemeyer
et al., 1993; Dykstra and Meyer, 1996).
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Figure 5-15. Relationship between PCB and DDE concentrations in bald eagle eggs from
Green Bay (solid circles) and inland Michigan and Wisconsin (open circles).

Figures 5-16 through 5-19 show the relationships between PCB and DDE concentrations in eagle
eggs from Green Bay, inland Wisconsin, and inland Michigan and two measures of productivity:
the mean number of young reared at the site from which an egg was taken for chemistry analysis
during the year of egg collection and the year preceding and subsequent to that event (3-year
productivity), and the mean number of young reared at the site from which an egg was taken for
chemistry analysis during the year of egg collection and the two years preceding and subsequent
to that event (5 year productivity). These chemistry and productivity data were obtained from the
USFWS and Wisconsin DNR monitoring data sets supplied by D. Best (USFWS) and M. Meyer
(Wisconsin DNR).

Figures 5-16 through 5-19 show negative relationships between both PCB and DDE egg
concentrations and productivity. These negative correlations are statistically significant for PCBs
and 3 year productivity (r = -0.4, p < 0.001), DDE and 3 year productivity (r = -0.36, p < 0.01),
PCBs and 5 year productivity (r = -0.4, p < 0.001), and DDE and 5 year productivity (r = -0.3,
p < 0.001). Productivity in reference areas normally averages about 1.1 young/nest (Figure 5-11);
thus, Figures 5-16 through 5-19 show that increases in egg PCB and DDE concentrations are
associated with markedly reduced productivity. In contrast, in a recent study, Donaldson et al.
(1999) found no significant relationships between productivity and either PCBs or DDE in eggs or
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Figure 5-16. Egg PCB concentrations and 3-year mean productivity at bald eagle nests
on Green Bay (solid circles) and in inland Michigan and Wisconsin (open circles).

Figure 5-17. Egg DDE concentrations and mean 3-year productivity at bald eagle nests
in Green Bay (solid circles) and in inland Michigan and Wisconsin (open circles).
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Figure 5-19. Egg DDE concentrations and mean 5-year productivity at bald eagle nests
on Green Bay (solid circles) and in inland Michigan and Wisconsin (open circles).

Figure 5-18. Egg PCB concentrations and mean 5-year productivity at bald eagle nests
on Green Bay (solid circles) and in inland Michigan and Wisconsin (open circles).
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nestling plasma from the Canadian Great Lakes. The reasons for the differences between the
results of our analysis and those of Donaldson et al. are unclear.

However, the data reported in Donaldson et al. show that the period over which productivity was
measured (1980-1996) was largely subsequent to a period in which PCB and DDE concentrations
in Lake Erie bald eagle eggs had undergone substantial declines (1974-the early to mid 1980s).
Thus, the productivities of the nests were measured after contaminants had declined (by
approximately factors of 4).

5.6.8 The Relative Contributions of PCBs and DDE to Reduced Reproductive Success
in Green Bay Bald Eagles

In this section we evaluate the relative contributions of PCBs and DDE to the reduced
reproductive success among Green Bay bald eagles. We concentrate on PCBs and DDE because:
these are the only contaminants that have been found in Great Lakes bald eagle tissues in high
enough concentrations to result in adverse effects (Bowerman et al., 1995); they are the
contaminants that have been most closely correlated with bald eagle reproductive success in the
Great Lakes and elsewhere (Wiemeyer et al., 1984; Kubiak and Best 1991; Nisbet and
Risebrough, 1994; Bowerman et al., 1995; Clark et al., 1998); and they are known to result in the
types of adverse effect (embryo mortality and reduced reproductive success) observed in
assessment area bald eagles.

To evaluate whether PCB effects on productivity in Green Bay can be differentiated from those of
DDE, we performed partial correlation analyses. In these analyses, we partialled out DDE
[making the conservative assumption that DDE is having a significant effect on productivity] to
evaluate whether PCBs explain a significant amount of the residual variation. The results of these
tests (Pearson and Spearman) are shown in Table 5-15. Egg PCB concentrations did not explain a
significant amount of the residual variation.

Table 5-15
Partial Correlation Coefficients Obtained in Pearson and

Spearman Analyses of Egg PCB Concentrations and Productivity

Test 3-Yr Productivity 5-Yr Productivity
Pearson -0.01 (0.91) 0.00 (0.93)

Spearman 0.03 (0.77) 0.05 (0.66)

Note that p values are given in parentheses.
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In a complementary analysis, we then partialled out the effects of PCBs to evaluate whether DDE
explains a significant amount of the residual variation. The results of these tests (Pearson and
Spearman) are shown in Table 5-16. Egg DDE concentrations did not explain a significant
amount of the residual variation.

Table 5-16
Partial Correlation Coefficients Obtained in Pearson and

Spearman Analyses of Egg DDE Concentrations and Productivity

Test 3-Yr Productivity 5-Yr Productivity
Pearson -0.15 (0.17) -0.16 (0.15)

Spearman -0.13 (0.24) -0.11 (0.32)

Note that p values are given in parentheses.

The results of the analyses described above are not sufficient to allow us to determine the relative
contributions of PCBs and DDE to reductions in productivity in Green Bay bald eagles. The
exceedences of the thresholds developed by Nisbet (1989), Kubiak and Best (1991), Wiemeyer
et al. (1993), Nisbet and Risebrough (1994), and Stratus Consulting (Section 5.6.6), and the
correlations shown above, suggest that both contaminants may be affecting productivity and that
separating their effects, given the degree of correlation, is not feasible.

5.6.9 Summary

The data and analyses on bald eagles described in this section show the following:

� Green Bay bald eagles have been exposed to PCBs through their diet.

� PCB concentrations in bald eagle eggs and chick plasma in Green Bay are significantly
higher than those in reference areas.

� Productivity among Green Bay bald eagles was significantly reduced relative to reference
area eagles from 1974 until at least the mid-1990s.

� Exceedences of the Kubiak and Best (1991), Wiemeyer et al. (1993), and Nisbet and
Risebrough (1994) thresholds and thresholds developed by Stratus Consulting, together
with the negative correlations between PCB and DDE egg concentrations and
productivity, indicate that PCBs and/or DDE have contributed to the reduced productivity
of Green Bay bald eagles.
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� Given the limitations of the chemistry and productivity data sets and of correlation among
contaminants, it is not possible to determine the relative contributions of PCB and DDE to
the reduced productivity of Green Bay bald eagles.



CHAPTER 6
INJURIES TO WATERFOWL : CONSUMPTION ADVISORIES

Previous chapters discussed toxicological injuries to birds caused by PCBs. In this chapter we
evaluate injuries to waterfowl (ducks and geese) in Green Bay associated with PCB accumulation
in bird tissue in excess of federal or state action, tolerance, or consumption advisory levels. In
addition to the toxicological injuries described in previous chapters, the Departmental NRDA
regulations specify that injury has occurred when concentrations of hazardous substances are
sufficient to “exceed action or tolerance levels established under section 402 of the Food, Drug
and Cosmetic Act” [43 CFR § 11.62(f)(1)(ii)] or “exceed levels for which an appropriate State
health agency has issued directives to limit or ban consumption” [43 CFR § 11.62(f)(1)(iii)].

6.1 STATUS AND ECOLOGY OF WATERFOWL

Waterfowl are both breeding summer residents and passage migrants in the assessment area (see
Chapter 2). During the summer months, surface feeding ducks and geese such as mallard, teal,
gadwall, and Canada geese nest in the marshes adjacent to Green Bay, whereas red-breasted
mergansers nest on many of the islands that are adjacent to the Door Peninsula (White and
Cromartie, 1977; Heinz et al., 1983). In the fall, the breeding populations are augmented by large
numbers of migratory ducks and geese (Robbins, 1991). These migrants, including scaup,
bufflehead, goldeneye, redheads, and canvasbacks, feed in the bay until they are forced by the
onset of winter to move to more southerly wintering areas. During the fall influx, the waterfowl in
Green Bay and its surrounding wetlands are intensively hunted and comprise an important
recreational resource (K. Stromborg, U.S. Fish and Wildlife Service, personal communication,
1998).

6.2 PATHWAY AND EXPOSURE ANALYSIS

No data have been reported on the diets of waterfowl species in Green Bay. However, based on
what is known about the diets of waterfowl in general (Ehrlich et al., 1988), many of the species
that inhabit the bay (e.g., mallard, teal, gadwall) are primarily herbivorous, consuming aquatic and
marsh vegetation. Others (e.g., goldeneye, canvasbacks, and buffleheads) are likely to consume
mainly benthivorous organisms such as molluscs, while mergansers are mainly piscivores and prey
on small forage fish (Ehrlich et al., 1988).
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PCB contamination in assessment area forage fish is described in Section 5.1.2. These data
demonstrated that forage fish contain elevated concentrations of PCBs and serve as a component
of the dietary pathway to higher trophic levels.

No data have been reported on PCBs in the diets of herbivorous or benthivorous waterfowl in the
assessment area. However, given that water, sediment, phytoplankton, and zooplankton in the
assessment area are contaminated with PCBs, it is likely that aquatic plants consumed by
waterfowl are contaminated with PCBs. In addition, Beyer et al. (1997, 1998) found that up to
18% of the diet of swans, geese, and ducks can be incidentally ingested sediment. Thus,
herbivorous and benthivorous waterfowl species are likely to be exposed to PCBs in the
assessment area through ingestion of food items and incidental uptake of sediments.

Tissue analysis of various waterfowl species confirms that individuals from Green Bay have been
exposed to PCBs. These data are summarized in Table 6-1.

Table 6-1
 PCB Concentrations Measured in the Tissues of Waterfowl from Green Bay

Species Diet Tissue Site Year wet weight) Referencea

Mean PCB
Conc. (mg/kg

Red-breasted fish eggs Door Cty. 1975 44.7 White and Cromartie, 1977
merganser

Red-breasted fish eggs Door Cty. 1977/1978 20 Haseltine et al., 1981
merganser

Red-breasted fish eggs Door Cty. 1990 11.1 Williams et al., 1995b
merganser

Common fish eggs Door Cty. 1975 79.4 White and Cromartie, 1977
merganser

Mallard plants eggs Door Cty. 1977/1978 2 Haseltine et al., 1981

Mallard plants muscle, skin, Lower Fox 1985/1986 0.4 Amundson, undated
and fat River

Mallard plants muscle, skin, Lower Fox 1987 0.37 Wisconsin DNR wildlife
and fat River and contaminants database

inner Green (supplied by K. Patnode,
Bay B. Hill of WDNR) 

Mallard plants muscle and Green Bay 1997 0.45 USFWS, unpublished data
skin

Scaup benthos muscle and Southern 1997 2.0 USFWS, unpublished data
skin Green Bay

a. Assumed based on species description in Ehrlich et al., 1988.
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Except for Amundson (undated), none of these studies reported PCB concentrations in waterfowl
from reference areas. Amundson reported that the mean PCB concentration among 55 mallard
from the assessment area in 1985-1986 (0.43 mg/kg wet weight) was significantly greater than
that reported among mallard from inland areas of Wisconsin (0.19 mg/kg wet weight). Amundson
also found that only 20% of inland Wisconsin mallard exceeded the PCB detection limit,
compared with 64% of mallard from the assessment area.

Overall, these data confirm that waterfowl in Green Bay have been exposed to PCBs and that, at
least for mallard, they have PCB body burdens that exceed those from reference areas.

6.3 INJURIES TO WATERFOWL IN GREEN BAY

In this section we show that waterfowl in the assessment area have been injured by their exposure
to PCBs. These injuries comprise exceedences of “action or tolerance levels established under
section 402 of the Food, Drug and Cosmetic Act” [43 CFR § 11.62(f)(1)(ii)] and exceedences of
“levels for which an appropriate State health agency has issued directives to limit or ban
consumption” [43 CFR § 11.62(f)(1)(iii)]. We first discuss the procedural bases for the federal
tolerance level and the state advisories. We then present data that show that waterfowl in the
assessment area have PCB tissue concentrations that exceed federal and state action or tolerance
levels. Lastly we describe the waterfowl consumption advisory imposed in the assessment area by
the State of Wisconsin in response to the measured PCB concentrations in waterfowl tissue.

6.3.1 Basis of the Federal Tolerance Level

The Food, Drug, and Cosmetic Act (21 U.S.C. 301 et seq.) authorizes the federal Food and Drug
Administration (FDA) to protect the public health by regulating food shipped in interstate
commerce. Sections 402 and 406 of the Act prohibit food from interstate commerce if the food
contains any added poisonous or deleterious substance that is unsafe, unless the presence of the
poisonous or deleterious substance cannot be avoided. Section 406 authorizes the FDA to limit
the quantities of such substances by using formal rulemaking to set legal limits called tolerances.
The tolerances are set at the level necessary to protect public health, taking into account the
extent to which the substance is unavoidable and the ways that a consumer may be affected by the
same or other deleterious substances (44 Fed. Reg. 38,330).

No tolerances have been established for waterfowl per se, but in 1972, the FDA proposed
tolerances for PCBs in poultry (37 Fed. Reg. 5,705). The FDA acknowledged that there was
limited knowledge of the toxicological effects of PCBs, but that PCBs appeared to be of moderate
acute toxicity. The proposed temporary tolerance for poultry was 5.0 mg/kg wet weight on a fat
basis. In 1973, the FDA issued regulations setting temporary tolerances for PCBs in poultry
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(38 Fed. Reg. 18,096). The FDA called the PCB tolerances “temporary” because “new data may
justify a further downward revision of the tolerances” (42 Fed. Reg. 17,493).

In 1977, the FDA proposed reducing the poultry tolerance from 5.0 mg/kg wet weight (fat basis)
to 3.0 mg/kg wet weight (fat basis). In proposing this reduction, the FDA stated that it needed to
balance protecting public health with avoiding excessive losses of food (42 Fed. Reg. 17,487).
The proposal to reduce the tolerance to 3.0 mg/kg wet weight (fat basis) contained an extensive
discussion of the basis for the decision based on the contaminant having become more avoidable
and on new toxicity data on PCBs.

On June 29, 1979, the FDA issued a final rule reducing tolerances for PCBs (44 Fed. Reg.
38,330). The FDA also removed the designation “temporary” from the tolerances because the
word was deemed not to have legal significance under Section 406 of the Food, Drug, and
Cosmetic Act.

6.3.2 Basis for State Waterfowl Consumption Advisories

In 1984 Wisconsin initiated its wildlife contaminant monitoring program (Amundson, undated;
Miller, 1987). This program was initiated for two reasons: first the state was cognizant that it had
a responsibility to assure that game harvested by sportsmen was “healthy, wholesome, and free of
contamination” (Miller, 1987); second the state wanted to monitor contaminant levels in wildlife
species (Miller, 1987).

The results of the monitoring program showed that the majority of game over most of the state
was relatively free of contamination. However, for certain species in certain regions, contaminants
such as PCBs were elevated (Amundson, undated; Miller, 1987). Wisconsin then developed
procedures for issuing consumption advisories for waterfowl (Miller, 1987). These procedures
indicate that an advisory will be issued once a year, that the mechanism for public notification will
be through a news release, that preparation and cooking recommendations will form part of the
advisory notice, and that the advisory will be specific about areas and species covered. The
threshold level that was adopted by the state, and that triggered this PCB advisory, was the
federal tolerance level for poultry of 3 mg/kg wet weight PCBs on a fat basis.

6.3.3 Exceedences of FDA and State Tolerance Levels

There are two sources of data on PCB contamination of waterfowl species in the assessment area.
The first is the Wisconsin DNR wildlife contaminants database (Amundson, undated; unpublished
data supplied by K. Patnode and B. Hill of Wisconsin DNR). These data form the basis for the
consumption advisories issued by the Wisconsin DNR and printed in the yearly hunting
regulations guide. The second source of data is a study undertaken by the Service during the
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Figure 6-1. Mean PCB concentrations in mallard from the assessment area. Dashed line is the
FDA and State of Wisconsin tolerance level. Vertical line represents one standard deviation.

summer and fall of 1997 to update, replicate, and extend the findings of the Wisconsin DNR
monitoring (USFWS, unpublished data). In this study, a variety of waterfowl species were
collected and edible portions were analyzed for total PCBs and lipids. Collections were made on
several different dates in 1997 and at several locations. Details regarding the sample collection
and analysis procedures are provided in Appendix B.

The Wisconsin DNR data show that in 1985-1986 the mean PCB concentration of 55 mallard
collected from the Lower Fox River was 6.05 mg/kg fat (Amundson, undated) (Figure 6-1). In
1987 it was 9.02 mg/kg fat in 33 mallard collected from the Lower Fox River and inner Green
Bay (Wisconsin DNR wildlife contaminants database) (Figure 6-1).

The first USFWS collection was of 10 mallard from Lower Green Bay along the shoreline from
the mouth of the Fox River eastward to the vicinity of Point au Sable in June 1997. These birds
were probably summer residents. In addition to the mallard, one lesser scaup was collected. This
bird apparently had not migrated to its normal breeding grounds. Eight of 10 of the mallards and
the scaup exceeded the federal and the Wisconsin tolerance levels in skin plus attached muscle
fillets (Table 6-2). Many of these birds also exceeded the tolerance levels in muscle tissue alone.
The scaup exceeded the tolerance levels for both tissue types.
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Table 6-2
PCB Concentrations in Lesser Scaup and Mallards Collected by USFWS

in Southern Green Bay on June 12, 1997

PCBs
(mg/kg wet weight lipid)a

Species Sex Age Muscle Muscle and Skin
Lesser scaup male adult 16.3 23.3b b

Mallard male adult nd 2.0

Mallard female adult nd 2.2

Mallard female adult nd 8.0b

Mallard male adult nd 4.5b

Mallard male adult 15 19.5b b

Mallard male adult 6.6 15.4b b

Mallard male adult 13.9 17.4b b

Mallard female adult 2.9 9.6b

Mallard male adult nd 5.6b

Mallard male adult 5.9 16.9b b

a. The level of detection was 0.02 mg/kg wet weight, which is equivalent to 0.4 mg/kg wet weight on a lipid
basis for a tissue sample of 5% lipid.
b. Exceeds federal and State of Wisconsin tolerance levels of 3 mg/kg wet weight, fat basis.

nd = not detected.

Another sample of waterfowl was collected by the USFWS (unpublished data) near Point au
Sable during the peak of the influx of migratory ducks from northern areas in late October and
November 1997. A variety of species was collected (Tables 6-3 and 6-4), spanning the range of
diving ducks normally encountered by hunters in this area. Two of these ducks had PCB residues
in their tissues that exceeded the federal and the Wisconsin tolerance levels.

A third set of samples was collected in September 1997 in northern Door County, Green Bay, and
adjacent Lake Michigan (Table 6-5). All of these birds were diving ducks, which feed on a diet of
animal rather than plant material. Of the 14 birds sampled, 13 had PCB residues that exceeded the
federal and the Wisconsin tolerance levels.

The data in the Wisconsin DNR database and in Tables 6-2 through 6-5 show that many of the
waterfowl collected on the Lower Fox River and Green Bay have body burdens of PCBs that



INJURIES TO WATERFOWL: CONSUMPTION ADVISORIES � May 1999 � 6-7

Table 6-3
PCB Concentrations in Skin and Breast Muscle of Waterfowl Collected from

Point au Sable, Southern Green Bay on October 27, 1997

Species Sex Age (mg/kg wet weight lipid)
PCBs

Greater scaup male immature 1.6

Greater scaup female immature 3.1a

Greater scaup male immature 0.8

Greater scaup female immature 0.3

Greater scaup female immature 2.2

Greater scaup male immature 0.2

Lesser scaup female adult 2.7

Lesser scaup male immature 0.6

Common goldeneye male adult 14.1a

a. Exceeds federal and Wisconsin tolerance levels of 3 mg/kg wet weight, fat basis.

Table 6-4
PCB Concentrations in Skin and Breast Muscle of Waterfowl Collected from

Point au Sable, Southern Green Bay on November 12-13, 1997

Species Sex Age (mg/kg wet weight lipid)
PCBs

Greater scaup male adult 3.3a

Lesser scaup male adult 2.4

Lesser scaup male immature 1.2

Lesser scaup male adult 5.1a

Lesser scaup male immature 2.5

Lesser scaup female immature 1.4

Lesser scaup male immature 0.4

Lesser scaup male immature 0.8

Lesser scaup male immature 0.9

Bufflehead female immature 0.4

Bufflehead male adult 1.4

Common goldeneye female immature 0.1

Common goldeneye female immature 1.5

Common goldeneye male immature 0.1

a. Exceeds federal and Wisconsin tolerance levels of 3 mg/kg wet weight, fat basis.
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Table 6-5
PCB Concentrations in Skin and Breast Muscle of Waterfowl Collected

from the Door Passage to Bailey’s Harbor, Lake Michigan
on September 16-17 and September 22 and 26, 1997

Species Sex Age (mg/kg wet weight lipid)
PCBs

a

Common goldeneye male adult 3.5b

Ruddy duck female adult 4.6b

Common merganser male immature 8.3b

Common merganser female immature 373.9b

Common merganser female immature 36.3b

Common merganser female adult 27.4b

Common merganser female immature 25.7b

Common merganser female adult 30.3b

Common merganser male immature 10.8b

Common merganser male immature 16.8b

Red-breasted merganser female adult 36.9b

Red-breasted merganser female adult 11.4b

Red-breasted merganser female adult nd

Red-breasted merganser female immature 25.3b

a. The lower limit of detection was 0.01 mg/kg wet weight, which is equivalent to 0.2 mg/kg wet weight lipid
for a tissue sample of 5% lipid.
b. Exceeds federal and Wisconsin tolerance levels.

nd = not detected.

exceed the federal tolerance levels and the Wisconsin advisory level. The data also indicate that
the PCB body burdens in waterfowl are determined by the residence time that the individual has
spent in the system (summer resident mallards had higher PCB concentrations than migrant birds
that had most likely recently arrived in the assessment area) and by their diet (individuals whose
diet comprises fish generally had higher PCB concentrations than nonpiscivores).

6.3.4 The State of Wisconsin Waterfowl Consumption Advisory

In response to the PCB tissue concentrations measured in Green Bay waterfowl, the Wisconsin
DNR and the Division of Health issued a waterfowl consumption advisory in 1987 (Wisconsin
DNR, 1987). The advisory was for mallards taken in the “Lower Fox River from Lake Winnebago
at Neenah and Menasha downstream, including Little Lake Butte des Morts, to the northeast city
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limits of Kaukauna,” and the “Lower Fox River from the DePere Dam to the river’s mouth at
Green Bay, and lower Green Bay south of a line from Point au Sable west to the west shore of
Green Bay” (health advisory recommendations in annual Wisconsin DNR hunting pamphlets). The
areas covered by the advisory are shown in Figure 6-2. The advisory advises hunters to “remove
all skin and visible fat before cooking mallard ducks using these waters. Discard drippings or
stuffings because they may retain fat that contains PCBs” (health advisory recommendations in
annual Wisconsin DNR hunting pamphlets).

Since the first advisory was issued in 1987, the advisory has remained in place every year. The
advisories are issued each year in the annual hunting guide distributed by the Wisconsin DNR.

The text for the advisory specifies that the advisory is being issued because of PCB
contamination.

6.4 SUMMARY

The data reported in this chapter show that waterfowl from the Lower Fox River and from Green
Bay are contaminated by PCBs. Resident species of waterfowl and species that feed relatively
high in the food chain show the greatest body burdens. Apparently, migratory species newly
arrived in the assessment area have relatively low levels of contamination. It is likely that these
levels increase with the duration of their residence time in the Lower Fox River and Green Bay.
PCB concentrations measured in waterfowl have and continue to exceed federal tolerance levels
for poultry.

The Wisconsin DNR and the Division of Health issued a consumption advisory for mallards from
the Lower Fox River and inner Green Bay in 1987 because of their elevated levels of PCBs. This
advisory is still in force. The data reviewed in this chapter show that the Wisconsin DNR and
Division of Health imposition of the consumption advisory on mallards is justified by the elevated
concentrations of PCBs in the tissues of that species.

The elevated PCB tissue concentrations have resulted in waterfowl in the assessment area being
injured based on the injury definitions at 43 CFR § 11.62(f)(1)(ii) (concentrations of hazardous
substances sufficient to “ exceed action or tolerance levels established under section 402 of the
Food, Drug and Cosmetic Act” or “exceed levels for which an appropriate State health agency
has issued directives to limit or ban consumption”).
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Figure 6-2. Areas covered by the Wisconsin waterfowl consumption advisory (hatched).



CHAPTER 7
WEIGHT OF EVIDENCE EVALUATION

7.1 INTRODUCTION

Chapter 5 of this report described scientific evidence that adverse effects have occurred among
birds in the assessment area. As noted in that chapter, there is uncertainty regarding the extent and
causes of these effects. In this chapter we carry out a weight of evidence evaluation of the
scientific data to address and answer two questions:

1. Is it more likely than not that adverse effects that are consistent with the definitions of
biological injury in the Departmental regulations [43 CFR § 11.62 (f)(1)(i)] have
occurred among assessment area birds?

We address this question by categorizing the evidence provided by each study to determine
whether the case for the occurrence of each reported adverse effect is either:

� Highly likely. There is little or no doubt that the evidence reported in the study supports
the conclusion that birds experienced adverse effects.

� Likely. While there may be some uncertainty associated with the evidence presented in the
study, the evidence suggests that it is more likely than not that birds experienced adverse
effects.

� Unlikely. The evidence indicates that it is unlikely that the reported adverse effects
occurred.

� Indeterminate. Although the data in the report may indicate that adverse effects have
occurred, the data do not allow an unequivocal determination. This categorization does
not necessarily indicate that the adverse effects have not occurred.

We considered the following issues when evaluating studies of adverse effects:

� Did the study include appropriate reference areas or controls?

� How adequate were the field/laboratory methods reported in the study?

� Were sample sizes large enough to provide adequate statistical power?



WEIGHT OF EVIDENCE EVALUATION  � May 1999 � 7-2

� Were statistically significant differences measured between the assessment and
reference/control conditions?

� Were the effects demonstrated both in the field and under controlled conditions in the
laboratory?

� Do any uncertainties in the study cast doubt on the conclusions that were drawn?

2. Is it more likely than not that the adverse effects were caused by exposure to PCBs?

For those effects determined to be either highly likely or likely in the above evaluation, we
evaluate causation as follows:

� Likely. While there may be some uncertainty associated with the causality, it is more likely
than not that PCBs were at least a contributing factor to the adverse effect.

� Unlikely. The evidence indicates that it is not likely that PCBs caused or contributed to
the adverse effect.

� Indeterminate. The data reported in the study do not allow an unequivocal determination
of whether or not the adverse effects were caused by PCBs. This categorization does not
necessarily indicate that the adverse effects were not caused by PCBs.

We considered the following when evaluating causation:

� To what extent were study results consistent with laboratory studies of the toxicology of
PCBs?

� Was consistency of effects observed across studies?

� Were dose-response relationships observed?

� Were the effects consistent with definitions of injury in the Departmental NRDA
regulations?

� Is there evidence that supports an alternative cause?

Lastly, we evaluated the scientific evidence from all species studied in the assessment area to
determine whether there are cross-species consistencies in adverse effects that could further
clarify our understanding of causation.
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7.2 EVALUATION OF EVIDENCE THAT ADVERSE EFFECTS HAVE OCCURRED

7.2.1 Terns

Forster’s Terns

In this analysis, we evaluate the evidence provided in two studies: Kubiak et al. (1989) and
Hoffman et al. (1987). The evidence from these studies (summarized in Table 7-1 at the end of
Section 7.2) supports the conclusion that it is highly likely that two of the adverse effects
reported for Forster’s terns in the assessment area, reduced hatching success and embryonic
deformities, occurred.

The reduced hatching success was demonstrated by Kubiak et al. (1989) both in the field and
under controlled conditions in the laboratory. The results of these studies leave little room for
doubt that the reduced hatching success occurred. Hoffman et al. (1987) demonstrated, also
under controlled conditions in the laboratory, that physical deformations also occurred in the
Green Bay Forster’s tern hatchlings. Statistically significant differences were found between
Green Bay and reference area hatchlings for two of these deformations (femur length and liver to
body weight ratios); three instances of obvious skeletal deformities were found in Green Bay
chicks, but none in reference area chicks. These results provide evidence that it is highly likely
that assessment area Forster’s tern chicks suffered physical deformations.

The evidence for the occurrence of behavioral abnormalities in Forster’s terns is deemed likely in
this evaluation. The time it took Green Bay Forster’s tern eggs to hatch was significantly longer
than reference area Forster’s tern eggs. It is very likely that this effect was caused by reduced
incubation attentiveness in Green Bay adult terns. However, the incubation schedules of the terns
were not measured directly and, as a result, there is uncertainty associated with this conclusion.

Common Terns

The evidence provided by Hoffman et al. (1993) was evaluated. The data supports the conclusion
that it is likely that the two adverse effects reported for common terns in the assessment area,
reduced hatching success and embryonic deformities, occurred (summarized in Table 7-1 at the
end of Section 7.2).

Under controlled conditions in laboratory incubators Hoffman et al. (1993) found significantly
lower hatching success in Green Bay eggs compared with eggs from one of the reference
colonies. Hoffman et al. (1993) also demonstrated under controlled conditions in the laboratory
that physical deformations occurred in the Green Bay common tern hatchlings. Statistically
significant differences in femur length were found between Green Bay hatchlings and hatchlings
from one of the reference colonies (the same colony that had significantly higher hatching
success). The results in Hoffman et al. provide good evidence that the Green Bay common terns
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had lower hatching success than eggs from the reference area. They also show that it is likely that
a higher rate of deformities occurred in the Green Bay hatchlings. The only uncertainty is
introduced by the fact that significant differences were found (in both metrics) for only one of the
reference colonies (Cut River), but not the other (Point aux Chenes). Nevertheless, the deformity
rate from the Point aux Chenes reference colony was lower (0% of hatchlings) than from Green
Bay (11% of hatchlings). However, the sample size from the Point aux Chenes colony was smaller
than that from Green Bay or the other reference colony (20, 35, and 35, respectively), and it is
possible that this may have contributed to the lack of statistical significance.

Caspian Tern

The weight of evidence evaluation that adverse effects have occurred among Caspian terns
(summarized in Table 7-1 at the end of Section 7.2) is based on data in Ludwig et al. (1996),
Ludwig and Ludwig (undated report b), and Mora et al. (1993). Ludwig et al. (1996) showed that
physical deformations occurred at a greater rate among Green Bay Caspian tern embryos than in
embryos from reference areas. Some uncertainty is introduced into this determination by the fact
that Ludwig and Ludwig (undated report b) did not find any deformities in Green Bay Caspian
tern embryos. However, Ludwig and Ludwig (undated report b) focused on hatched chicks,
which were shown in Ludwig et al. (1996) to have low rates of deformity. Thus, the probability of
detecting effects in hatched chicks is lower. Although less conclusive than for Forster’s terns, it is
deemed likely that unhatched Caspian terns in the assessment area have suffered greater
incidences of deformities than terns elsewhere.

The evidence that Caspian terns in the assessment area have exhibited behavioral abnormalities
(Mora et al., 1993) cannot be substantiated using the data available. Although reduced site fidelity
could reflect a behavioral abnormality caused by PCBs, the major effect that is measured, reduced
fidelity to the nesting colony, could be a function of disturbance caused by the method used by
Mora et al. (1993) to trap birds, cannon netting. Moreover, the other major method employed,
analysis of band recoveries, has many potential biases, including band loss and wear, likelihood of
recovery, and search effort. These biases were not adequately addressed in the study. As a result,
it is concluded that the existence of behavioral effects in assessment area Caspian terns is
indeterminate.

7.2.2 Double-Crested Cormorants

This weight of evidence evaluation that adverse effects have occurred in double-crested
cormorants in the assessment area is based on consideration of Ross and Weseloh (1988), Fox
et al. (1991), Tillitt et al. (1992), Larson et al. (1996), and Ludwig et al. (1996). The results are
summarized in Table 7-1 at the end of Section 7.2. These studies support the conclusion that it is
highly likely that the reported adverse effects occurred in the assessment area. Of the two major
studies that independently compared hatching success among Green Bay cormorants with
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reference areas, both found that Green Bay hatching success was significantly lower. All three
major studies that independently compared embryo/chick deformity rates in Green Bay with
reference areas, found that the deformity rate in Green Bay was significantly higher. The only
uncertainty concerns the “background” rate of deformities. Ross and Weseloh (1988) found
anomalously high rates of head and bill defects from one small subcolony at Lake Winnipegosis.
This, however, was an isolated finding, and other studies have shown that, in comparison to
Green Bay, the rate of deformities at Lake Winnipegosis is typically low.

7.2.3 Bald Eagles

The weight of evidence evaluation that adverse effects have occurred in bald eagles in the
assessment area is based on data in Dykstra and Meyer (1996) and in Chapter 5 of this report, and
is summarized in Table 7-1 at the end of Section 7.2. Data confirm that bald eagles in the
assessment area have consistently had breeding productivity that is significantly reduced compared
to that in reference areas that are not exposed to point source releases of PCBs. In this evaluation,
therefore, we consider it highly likely that this adverse effect occurred.

7.2.4 Black-Crowned Night Herons

The weight of evidence evaluation that adverse effects have occurred in black-crowned night
herons in the assessment area is based on two studies, Hoffman et al. (1993) and Rattner et al.
(1993) and is summarized in Table 7-1 at the end of Section 7.2. Only one of the studies
(Hoffman et al., 1993) demonstrated physical deformations (liver to body weight ratios). A
limitation of the Hoffman et al. study is that the sample size was small (n = 5). The sample size in
the Rattner et al. study (in which no deformities were found) was larger (n = 18). On balance, the
evidence in these studies does not provide compelling support for the conclusion that adverse
effects have occurred among Green Bay black-crowned night herons and we consider the
evidence indeterminate.

7.2.5 Tree Swallow and Red-Breasted Merganser

No evidence that adverse effects have occurred among Green Bay tree swallows or red-breasted
mergansers has been reported in the literature. These species are not considered further in this
evaluation.
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7.2.6 Summary

Table 7-1 summarizes the results of the weight of evidence evaluation of adverse effects. It is
highly likely that adverse effects have occurred among assessment area Forster’s terns, double-
crested cormorants, and bald eagles. These effects comprise reproductive malfunctions (reduced
hatching success), and physical deformations (head and bill deformaties). It is likely that adverse
effects have occurred among assessment area common terns (reduced hatching success and
physical deformations) and Caspian terns (physical deformations in unhatched chicks). It was
concluded that adverse effects among black-crowned night herons, tree swallows, or red-breasted
mergansers could not be substantiated using the available data.

7.3 WEIGHT OF EVIDENCE EVALUATION OF CAUSATION

In this section we evaluate whether it is more likely than not that those adverse effects identified
in Section 7.2 as being highly likely or likely were caused by PCBs. The results of these
evaluations are summarized in Table 7-2 at the end of Section 7.3.

7.3.1 Forster’s, Common, and Caspian Terns

The data evaluated support the conclusion that it is likely that most of the adverse effects
observed among assessment area Forster’s and common terns have been caused, at least in part,
by exposure to PCBs. This conclusion is based on the following:

� The types of effects that were observed in both species (reproductive malfunctions,
deformities) are consistent with PCB toxicosis.

� Both species are likely sensitive to PCBs as discussed in Chapter 5 of this report.

� The concentrations of PCBs found in Green Bay Forster’s and common tern eggs
exceeded the 5-10 mg/kg toxicity range for sensitive species.

� There was a dose-response relationship established in the Kubiak et al. (1989) study.

� The study performed by Harris et al. (1993) failed to find reduced hatching success.
However, at the time of this study PCB concentrations in Green Bay Forester’s tern eggs
were more than 50% lower than in 1983, when the Kubiak et al. (1989) study was
performed. In 1988, none of the adverse effects observed in 1983 were found. Therefore,
the Harris et al. study is not considered to present confounding data. Indeed, it may be
suggestive of an exposure-response relationship.
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Table 7-1
Weight of Evidence Evaluation that Adverse Effects Have Occurred among Assessment Area Birds

Species
Adverse
Effect Study

Support for Adverse Effect Having
Occurred Comments

Result of
Evaluation

Forster’s
tern

Reduced
hatching
success

Kubiak et al.,
1989

Hatching success in Green Bay
significantly lower than reference colony.

Hatching success of Green Bay eggs
significantly lower in laboratory than
reference colony eggs.

Comprehensive, rigorous study design.

Reference and Green Bay eggs incubated
under identical conditions in laboratory.

Appropriate reference area used.

Appropriate statistical tests performed.

Highly likely

Physical
deformations

Hoffman et al.,
1987

Significantly shorter femurs in Green Bay
hatchlings than reference colony
hatchlings.

Significantly greater liver to body weight
ratios in Green Bay hatchlings than
reference colony hatchlings.

Three instances of skeletal deformities in
Green Bay hatchlings but none in
reference colony hatchlings.

Assessments carried out under controlled
laboratory conditions.

Appropriate statistical tests used to
compare samples.

Appropriate reference area used.

Highly likely

Behavioral
abnormalities

Kubiak et al.,
1989

Significantly extended incubation periods
of Green Bay clutches compared with
reference area.

Lake Poygan eggs incubated by Green
Bay adults had low hatching success,
suggesting reduced incubation
attentiveness in Green Bay terns.

Appropriate reference area used.

Appropriate statistical tests used to
compare samples.

Extended incubation periods were probably
due to reduced incubation attentiveness in
adult Green Bay terns. However, this is
uncertain since incubation schedules were
not measured.

Likely
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Table 7-1 (cont.)
Weight of Evidence Evaluation that Adverse Effects Have Occurred among Assessment Area Birds

Species
Adverse
Effect Study

Support for Adverse Effect Having
Occurred Comments

Result of
Evaluation

Common
tern

Reduced
hatching
success

Hoffman et al.,
1993

Hatching success of Green Bay eggs in
incubators significantly lower than eggs
from one of two reference colonies.

Reference and Green Bay eggs incubated
under identical conditions.

Assessments carried out under controlled
laboratory conditions.

Appropriate statistical tests performed.

Uncertainty because of significant
difference found for only one of the two
reference colonies.

Likely

Physical
deformations

Hoffman et al.,
1993

Green Bay chicks had significantly
shorter femurs than chicks from one of
the two reference colonies (but not the
other).

Four of the Green Bay neonates were
deformed compared with none of the
reference birds.

Assessments carried out under controlled
laboratory conditions.

Appropriate statistical tests performed.

Uncertainty because of significant
difference found for only one of the two
reference colonies.

Likely/
indeterminate

Caspian
tern

Physical
deformations

Ludwig et al.,
1996

Greater incidence of deformities found in
Green Bay embryos compared with
colonies in the Great Lakes not exposed
to point source releases of PCBs.

Deformities consistent with those
observed in other species in assessment
area.

Age-related incidences of deformations
consistent with deformations being
associated with egg mortality.

More subtle deformations may be difficult
to detect or correctly classify under field
conditions.

No abnormalities reported in other studies
(Ludwig and Ludwig, undated report b).

Likely
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Table 7-1 (cont.)
Weight of Evidence Evaluation that Adverse Effects Have Occurred among Assessment Area Birds

Species
Adverse
Effect Study

Support for Adverse Effect Having
Occurred Comments

Result of
Evaluation

Caspian
tern
(cont.)

Behavioral
abnormalities

Mora et al.,
1993

Apparently lower site fidelity among
assessment area terns than reference
areas.

Study provides some evidence that Green
Bay Caspian terns may have suffered
behavioral abnormalities. However, two
limitations on interpretation: method of
capture (cannon netting) very intrusive and
could, potentially, cause terns to not return
to colony in future years; conclusion based
on analysis of band recoveries and failed to
address biases inherent in this procedures.

Indeterminate

Double-
crested
cormorant

Reduced
hatching
success

Tillitt et al.,
1992

Larson et al.,
1996

Hatching success at Spider Island lowest
of Great Lakes colonies evaluated.

Hatching success at Spider island
significantly lower than at Lake
Winnipegosis.

Study compared a wide range of sites, not
just one reference site.

Study used appropriate reference site.

Used appropriate field and statistical
methods.

Highly likely
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Table 7-1 (cont.)
Weight of Evidence Evaluation that Adverse Effects Have Occurred among Assessment Area Birds

Species
Adverse
Effect Study

Support for Adverse Effect Having
Occurred Comments

Result of
Evaluation

Double-
crested
cormorant
(cont.)

Physical
deformities

Fox et al.,
1991

Larson et al.,
1996

Ludwig et al.,
1996

Highest rate of head and bill deformities
found in 42 Great Lakes and other
colonies was in assessment area.

Rate of head and bill deformities in
assessment area significantly higher than
at most other colonies.

Bill deformities significantly more
frequent at Spider Island than Lake
Winnipegosis.

Deformity rate in Green Bay significantly
higher than at reference colonies.

Used large number of potential reference
colonies.

Statistical tests appropriate.

Field methods appropriate.

Statistical tests appropriate.

Field methods appropriate.

More than one reference colony evaluated.

Appropriate statistical comparisons
performed for this report.

Some uncertainties in determination of
background deformity rates (Ross and
Weseloh, 1988).

Highly likely
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Table 7-1 (cont.)
Weight of Evidence Evaluation that Adverse Effects Have Occurred among Assessment Area Birds

Species
Adverse
Effect Study

Support for Adverse Effect Having
Occurred Comments

Result of
Evaluation

Bald
eagle

Reduced
productivity

Dykstra and
Meyer, 1996

This study

Productivity of Green Bay bald eagles
significantly lower than inland Wisconsin
bald eagles.

Productivity at Green Bay sites
significantly lower than at sites in inland
Wisconsin and inland Michigan.

Reference data adequate since study
compared Green Bay sites with a large
number of inland Wisconsin reference sites.

Appropriate statistical methods used.

Appropriate field methods used.

Study compared Green Bay sites with a
large number of inland Wisconsin and
Michigan reference sites.

Appropriate statistical methods used.

Appropriate field methods used.

Highly likely

Black-
crowned
night
heron

Physical
deformities

Hoffman et al.,
1993

Rattner at al.,
1993

Significantly higher liver to body weight
ratios in Green Bay than in reference site
chicks.

No deformities reported in Green Bay
chicks.

Appropriate statistical methods used.

Appropriate laboratory used.

Small sample size in Hoffman et al. study.

Indeterminate
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� No alternative contaminants are likely to have caused the effects (DDE is not known to
cause deformations, and PCDDs and PCDFs do not contribute substantially to the dioxin-
like toxicity in the assessment area).

� Since many of the adverse effects were recorded under controlled laboratory conditions,
other anthropogenic or ecological factors do not plausibly explain the results.

Although the types of deformities found in Green Bay Caspian terns by Ludwig et al. (1996) are
consistent with PCB toxicosis and may have resulted from releases of PCBs into the assessment
area, the evidence is equivocal, and thus we categorize it as indeterminate. No relationship
between PCBs and deformity rates was found in the assessment area by Yamashita et al. (1993).
Also, one of the major findings of the Ludwig et al. study was that embryo deformations were
likely to be associated with mortality. However, in a study that included many Caspian tern
nesting sites across the Great Lakes, Ewins et al. (1994) found no relationship between egg PCB
concentrations and embryo survival. Given these contradictory results from different studies, it
cannot be concluded that the adverse effects observed in assessment area Caspian terns were
caused by exposure to PCBs.

7.3.2 Double-Crested Cormorant

Section 7-2 concluded that it is highly likely that adverse effects (reduced hatching success and
physical deformations) have occurred in assessment area double-crested cormorants. The weight
of evidence evaluation in this section leads to the conclusion that it is likely that PCBs have
caused, or were a significant contributing cause, of the reduced reproductive success. This
conclusion is based largely on the Tillitt et al. (1992) study, which showed the following:

� Total PCB concentrations in cormorant eggs from a number of Great Lakes sites were
significantly negatively correlated with hatching success.

� The correlation between contaminants in eggs and hatching success improved when H4IIE
results were used as the determinate variable. This result could not have been obtained if
the cause of the variation in hatching success were anything other than a dioxin-like
contaminant.

� The laboratory method of sample preparation screened out PCDDs and PCDFs. Thus,
these contaminants could not have contributed to the observed relationships.

� It is unlikely that any ecological or genetic factor or disease (e.g., Newcastle disease)
could explain the pattern of variability in hatching success that was observed among the
colonies.
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The Powell et al. (1997) study failed to elicit significantly elevated embryo mortality in the
laboratory by injecting Lake Winnipegosis cormorants eggs with PCB 126 at doses that exceed
those observed in Green Bay. While this result is interesting and suggests that further studies need
to be carried out, we consider that it does not show that PCBs do not affect hatching success in
the assessment area for two reasons:

� PCB 126 is only one of the congeners that may be important in Green Bay. The
contributions to toxicity by other potentially important congeners (e.g., PCB 81) were not
evaluated.

� The relevance of egg injection studies to maternal transfer conditions in the field is
uncertain.

Recent work by Custer et al. (in press) also demonstrates that DDE is currently affecting the
hatching success of cormorants in the assessment area. However, we conclude that the Custer
et al. (in press) study does not demonstrate that PCBs are not affecting hatching success, or did
not do so in the past. In fact, the Custer et al. (in press) study did find significant relationships
between egg PCB concentrations and two cormorant reproductive parameters, egg size and
hatchling weight, and while the correlation between egg PCB concentrations and hatching success
was not significant at p < 0.05, it did approach that level (p = 0.13). We, therefore, conclude that
it is more likely than not that PCBs (possibly together with DDE) have been contributing to the
reduced hatching success observed in Green Bay cormorants.

The evidence that PCBs have caused the physical deformities observed in assessment area
cormorants is less certain. Although head and bill deformities are consistent with the results of
laboratory studies of the effects of PCBs on birds, there are a number of other factors that could
potentially cause such effects, including founder effect (reduced genetic variability due to a small
colonist population with little subsequent immigration), or nutritional deficiencies. No study of
deformities in Green Bay has adequately evaluated these alternative causal factors. Therefore we
consider the causality to be indeterminate.

7.3.3 Bald Eagles

The weight of evidence evaluation that the low productivity among bald eagles in the assessment
area has been caused by PCBs is summarized in Table 7-2 at the end of Section 7.3. It is deemed
likely that PCBs have contributed to the reduced productivity for the following reasons:

� The concentrations of PCBs in assessment area bald eagle eggs consistently greatly exceed
the estimated toxicity range for sensitive species.

� The effect observed (embryo mortality or infertility) is consistent with PCB toxicosis.
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� Human disturbance and food shortage are not contributing factors to reproductive failure
in the assessment area (Dykstra and Meyer, 1996).

� There is no evidence that any other ecological factor (e.g., disease) has caused the effect,
nor is it likely to do so over such a long period.

� Two alternative contaminants (PCDDs and PCDFs) are not important contributors to
dioxin-like toxicity in the assessment area.

However, it cannot be concluded unequivocally that PCBs have caused the reduced productivity
in assessment area bald eagles because of the potential confounding effect of DDE. While the
Dykstra and Meyer (1996) study and this study have conclusively demonstrated significant
negative relationships between egg PCB and DDE concentrations and productivity, neither study
was able to identify the relative contributions of each. This is because PCB and DDE
concentrations in Great Lakes bald eagle eggs are usually correlated. Our assessment concludes,
therefore, that, based on the type of effect and the egg contaminant concentrations relative to
toxicity thresholds, it is likely that both PCBs and DDE are contributing to the adverse effect, but
it is not possible to identify the relative contributions.

7.4 INTER-SPECIES CONSISTENCY

The previous analyses in this chapter used a species-by-species approach to evaluate the evidence
that PCB-induced adverse effects have occurred among assessment area birds. This approach,
while valid, might fail to identify between-species consistencies that can further improve our
understanding of the effects of contaminants in the assessment area. In this section we compare
the adverse effects that have been observed among all of the species in the assessment area to
determine if similarities and/or dissimilarities contribute to our understanding of causality.

The determinations presented in Table 7-3 clearly show that adverse effects caused in the
laboratory and the field by PCBs were observed in every species that has been studied in detail in
the assessment area. The strength of the evidence that PCBs caused these effects in birds varies
from likely to indeterminate, depending on the species. However, although some studies provide
only indeterminate evidence that some species may have been injured by PCBs, the consistency in
effects across studies and species warns against regarding these studies as demonstrating that
PCB-induced effects have not occurred. They only show that PCB-induced effects have not been
conclusively determined.
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Table 7-2
Weight of Evidence Evaluation that the Adverse Effects among Assessment Area

Birds Were Caused by PCBs

Species Adverse Effect Study
Support for Adverse Effect

Being Caused by PCBs
Result of

Evaluation
Forster’s tern Reduced hatching

success, physical
deformations

Kubiak et al., 1989
Hoffman et al., 1987
Harris et al., 1993

Type of effects observed consistent with PCB toxicosis).

Deformities not consistent with DDE toxicosis.

PCB dose-response relationship established.

Forster’s terns likely to be sensitive to PCBs.

PCB concentrations in eggs exceeded 5-10 mg/kg wet weight toxicity
range for sensitive species.

Low DDE concentrations in eggs (similar to concentrations in
successfully reproducing Forster’s terns at other sites [King et al.,
1991]).

Effects unlikely to be due to PCDDs or PCDFs because of their
small contributions to TCDD-EQ.

Harris et al. (1993) showed that reduction in PCBs in eggs
associated with lack of adverse effect.

Likely

Common tern Reduced hatching
success

Physical
deformations

Hoffman et al., 1993 Type of effects observed consistent with PCB toxicosis.

PCB dose-response relationship established.

Common terns likely to be sensitive to PCBs.

PCB concentrations in eggs exceeded 5-10 mg/kg toxicity range for
sensitive species.

No significant difference in DDE concentrations in Green Bay and
reference eggs.

Effects unlikely to be due to PCDDs or PCDFs because of their
small contributions to TCDD-EQ.

Likely

Likely/
indeterminate
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Table 7-2 (cont.)
Weight of Evidence Evaluation that the Adverse Effects among Assessment Area

Birds Were Caused by PCBs

Species
Adverse
Effect Study

Support for Adverse Effect
Being Caused by PCBs

Result of
Evaluation

Caspian tern Physical
deformations

Yamashita et al., 1993
Ludwig et al., 1996
Ewins et al., 1994

Deformities observed by Ludwig et al. consistent with PCB toxicosis,
but not DDE.

Effects unlikely to be due to PCDDs or PCDFs due to their small
contributions to TCDD-EQ.

However:

No relationship between Green Bay deformities and PCB concentrations
in eggs (Yamashita et al., 1993).

No relationship between embryo survival and egg PCB concentrations
across Great Lakes (Ewins et al., 1994).

Indeterminate



W
E

IG
H

T
 O

F
 E

V
ID

E
N

C
E

 E
V

A
LU

A
T

IO
N

 
� M

a
y 1

9
9
9 
� 7-17

Table 7-2 (cont.)
Weight of Evidence Evaluation that the Adverse Effects among Assessment Area

Birds Were Caused by PCBs

Species Adverse Effect Study
Support for Adverse Effect

Being Caused by PCBs
Result of

Evaluation
Double-
crested
cormorant

Reduced hatching
success

Physical
deformations

Tillitt et al., 1992
Larson et al., 1996
Powell et al., 1997
Custer et al., in press

PCB dose-response relationship established.

PCB concentrations in eggs exceeded 5-10 mg/kg toxicity range for
sensitive species.

Effects unlikely to be due to PCDDs or PCDFs.

Effect shown in avian laboratory studies to be caused by PCBs but
not DDE.

Custer et al. (in press) found that PCBs significantly negatively
correlated with egg size and hatchling weight.

However:

Custer et al. (in press) found significant negative correlation between
DDE and hatching success but none between PCBs and hatching
success (though p = 0.13).

Powell et al. (1997) unable reproduce reduction in hatching success in
laboratory by injecting cormorant eggs with concentrations of PCB
126 representative of egg concentrations in Green Bay.

Custer et al. (in press) showed that in 1994 and 1995 deformity rates
higher among Spider Island chicks than Cat Island chicks. However,
respective rates not known for any other years.

Other “natural” potential causes not evaluated adequately.

Likely

Indeterminate
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Table 7-2 (cont.)
Weight of Evidence Evaluation that the Adverse Effects among Assessment Area

Birds Were Caused by PCBs

Species Adverse Effect Study
Support for Adverse Effect

Being Caused by PCBs
Result of

Evaluation
Bald eagle Reduced

productivity
Dykstra and
Meyer, 1996
this study

PCB dose-response relationship established.

PCB concentrations in eggs exceed 5-10 mg/kg toxicity range for
sensitive species.

PCB concentrations in eggs exceed thresholds established by Weimeyer
et al. (1984) and Kubiak and Best (1991).

Effects unlikely to be due to PCDDs or PCDFs due to their small
contributions to TCDD-EQ.

However:

This and previous studies unable to separate the effects of PCBs and
DDE due to their correlation in eggs.

Likely
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7.5 SUMMARY

This weight of evidence evaluation of the data pertaining to the occurrence and causes of adverse
effects in assessment area birds has demonstrated the following:

� Forster’s, common, and Caspian terns have either suffered, or are likely to have suffered,
adverse effects in the assessment area. These include low reproductive success, behavioral
abnormalities, and physical deformations. The adverse effects in Forster’s and common
tern have more likely than not been caused by exposure to PCBs. It is uncertain whether
PCBs caused the adverse effects observed in Caspian terns, though the effects are
consistent with PCB toxicosis.

� Double-crested cormorants have suffered adverse effects in the assessment area. These
comprise reduced hatching success and physical deformations. It is likely that PCBs have
caused or contributed to the reduced reproductive success in assessment area double-
crested cormorants, but the evidence linking head and bill deformities to PCBs is
uncertain, although the effects are consistent with PCB toxicosis.

� Bald eagles have suffered reduced productivity in the assessment area. PCBs are likely to
have caused or contributed to the reduced productivity in assessment area bald eagles.
However, the relative contributions of PCBs and DDE are uncertain.
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Table 7-3
Adverse Effects Documented in Assessment Area Birds
and the Likelihood that They Were Caused by PCBs

Adverse Effect Species Occurred Caused by PCBs
Evidence that Adverse Effect Evidence that Adverse Effect

Reduced hatching Forster’s tern Highly likely Likely
success/ productivity

Common tern Likely Likely

Double-crested Highly likely Likely
cormorant

Bald eagle Highly likely Likely

Physical Forster’s tern Highly likely Likely
deformations

Common tern Likely Likely/indeterminate

Caspian tern Likely Indeterminate

Double-crested Highly likely Indeterminate
cormorant

Black-crowned Indeterminate Indeterminate
night heron

Behavioral Forster’s tern Likely Likely
abnormalities

Caspian tern Indeterminate Indeterminate



 

CHAPTER 8
INJURY DETERMINATION

8.1 OVERVIEW

The purpose of this chapter is to present a determination of injury for avian resources of the
Lower Fox River/Green Bay assessment area. This injury determination is consistent with the
components of the Departmental NRDA regulations at 43 CFR §§11.61-11.64 and is based on the
data and information presented in the preceding chapters of this report. The injury determination
contained herein is organized as follows:

� Section 8.2 presents the relevant definitions of injury, as outlined in 43 CFR §11.62. These
definitions of injury represent the adverse effects for which the injury determination has
been conducted. 

� Section 8.3 presents the results of pathway determination, as outlined in 43 CFR §11.63.
This section focuses on confirming the pathways by which assessment area birds have
come to be exposed to PCBs. Separate pathway reports being prepared by the Trustees
will present more detailed pathway data establishing those pathways by which PCBs have
and continue to be transported throughout the environment of the assessment area. 

� Section 8.4 presents conclusions regarding the results of injury determination testing and
sampling (43 CFR §11.64) and injury conclusions for the various injury definitions.
Injuries to avian resources are determined in this report primarily through the use and
interpretation of historical studies of birds in the assessment area. As noted previously in
this report, PCB contamination in Green Bay birds was first detected in the early 1970s
(Bishop et al., 1992). Since then, multiple studies have been conducted on the exposure to
and accumulation of PCBs in Green Bay birds and on adverse effects resulting from this
exposure. Most of these studies have been published in the peer-reviewed literature; the
evaluation presented in this report is based primarily on peer-reviewed scientific papers.
The previously available information was supplemented by the collection and chemical
analysis of a limited number of tern eggs (12) from the Green Bay assessment area in
1996. This data collection effort, which was outlined in the NRDA Assessment Plan, is
described in detail in Appendix B. Finally, the available information was evaluated using a
weight-of-evidence approach (Chapter 7). The adverse effects determined to be “likely” to
be caused by PCBs in Chapter 7 were considered to be injuries within the context of the
injury determination.
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1. As noted previously, a separate report being prepared by the Trustees presents a complete evaluation of
exposure pathways in the assessment area. The information contained in this chapter focuses on pathways by
which birds are exposed to PCBs.

 

8.2 INJURY DEFINITIONS

Chapter 3 described the types of adverse effects of PCBs on birds and discussed the relationship
between these adverse effects and biological injury definitions at 43 CFR §11.62(f). Based on this
information, relevant definitions of injury to avian resources of the assessment area include the
following:

� Death. 43 CFR §11.62 (f)(4)(i). PCBs are known to cause embryo mortality, as
manifested in reduced hatching success, reduced productivity, and embryo and chick
mortality. This response is conceptually linked to the injury “reduced avian reproduction”
described below.

� Physiological malfunctions/reduced avian reproduction. 43 CFR §11.62 (f)(4)(v)(B).
PCBs have been found to cause reduced reproduction in various bird species. This
reduced reproduction can be linked to death (through embryo or chick mortality), reduced
hatching success, reduced egg fertility, reduced parental attentiveness, or other
toxicological responses (see Chapter 3).

� Physical deformation. 43 CFR §11.62 (f)(4)(vi). PCBs can cause external deformations
such as cross bills [43 CFR §11.62 (f)(4)(vi)(A)], skeletal deformities [43 CFR §11.62
(f)(4)(vi)(B)], and internal organ deformations [43 CFR §11.62 (f)(4)(vi)(C)].

� Tissue concentrations. 43 CFR §11.62 (f)(1)(ii-iii). Injury has occurred if concentrations
of PCBs are sufficient to cause bird tissues to “exceed action or tolerance levels
established under section 402 of the Food, Drug and Cosmetic Act, 21 U.S.C. 432, in
edible portions of organisms” or “exceed levels for which an appropriate State health
agency has issued directives to limit or ban consumption of such organism.”

Injuries to birds in the assessment area are determined for each of these injury definitions in
Section 8.4.

8.3 PATHWAY DETERMINATION

The purpose of the pathway determination phase is to identify the pathways by which avian
resources come to be exposed to PCBs released into the assessment area.  As described in the1

Departmental regulations, pathways may be determined by demonstrating the presence of the
hazardous substance in the pathway resources, or by using a model that demonstrates the routes
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of exposure [43 CFR §11.63 (a)(2)]. Figure 8-1 presents the pathway diagram previously shown
for avian resources in the assessment area. Table 8-1 demonstrates that PCBs have been detected
at elevated concentrations in the various component pathway routes depicted in Figure 8-1, and
that the spatial patterns of contamination are consistent with Fox River being the primary PCB
source to the bay. Based on this information, it can be concluded that the presence of PCBs has
been demonstrated in the various pathway resources that link PCB releases with avian resources.

The Green Bay Mass Balance Model also can be used to demonstrate PCB pathways to birds.
The model is a multimillion dollar research effort to model the fate and transport of PCBs in the
Fox River and Green Bay and their accumulation in the aquatic food chain (Connolly et al., 1992;
DePinto et al., 1994). The model was constructed by numerous scientific and modeling experts
from academia, government agencies, and private firms, and it has undergone extensive peer
review. It provides a quantitative estimate of how PCBs move through the physical and biological
compartments of Green Bay. It is based on scientific principles of PCB movement and
accumulation, and was calibrated using extensive field-collected data. The model demonstrates
that PCBs move through the system primarily as adherents to suspended sediment particles. Once
in Green Bay, PCBs can enter the food chain through a variety of pathways, including biota
ingestion of contaminated sediment and direct uptake from dissolved PCB phases in water.

Of the relevant pathway resources, the principal pathway of PCB exposure for assessment area
birds is the dietary (biological) pathway. The food chain pathway is referred to as “indirect”
exposure in the Departmental regulations [43 CFR §11.63(f)(2)]. Departmental regulations
specify that “if indirect exposure to the biological resource has occurred . . . chemical analysis of
free-ranging biological resources using one or more indicator species . . . may be performed”
43 CFR §11.63(f)(4)(ii). Thus, as demonstrated above, biological pathway determination is
confirmed based both on chemical analysis of free-ranging biological resources, and on the use of
a mass balance model that demonstrates the exposure routes.

In addition, Chapter 5 presented more detailed information that further confirms PCB dietary
pathways to birds in the assessment area. This information included the following:

� As presented in Section 5.1.2, the diets of Forster’s, common, and Caspian terns were
characterized based on known feeding behaviors and on examination of regurgitated
pellets. Elevated concentrations of PCBs were measured in forage fish species that are
consumed by terns. Monitoring of PCB uptake in tern chicks from hatching to fledging
demonstrated that chicks reared on Kidney Island accumulated PCBs, demonstrating that
chicks were being fed PCB-contaminated food and thus confirming the dietary pathway.

� As described in Section 5.2.2, the composition of cormorant diets is primarily forage fish.
These prey items were shown to be contaminated with PCBs. Foraging areas were
delineated, and cormorants were observed feeding in Green Bay in close proximity to their
colonies. Cormorant stomachs were shown to contain fish prey that were contaminated
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Figure 8-1. General PCB exposure pathways for assessment area birds.

with PCBs. Also, cormorant PCB tissue residues were found to increase during the
breeding season while the birds were nesting in Green Bay, confirming that they were
exposed to PCBs in Green Bay.

The above information — including direct measurement of PCB exposures in bird tissue and in
bird prey, detailed mass balance modeling, and site-specific biological observations — is
concluded to have met the requirements for pathway determination.

8.4 CONCLUSIONS OF INJURY DETERMINATION TESTING AND SAMPLING

This section summarizes the conclusions derived from the weight of evidence evaluation of those
studies that comprise the injury determination testing and sampling. The methods used to 
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Table 8-1
Examples of PCB Concentrations Measured in Assessment Area Pathway Resources

Pathway
Resource Location PCB Concentration Source

Sediment Inner bay, east side 1,600 µg/kg dry weight Manchester-Neesvig et al.,
(averaged over top 3 cm) 1996

Surface water Fox River 21.7 ng/L dissolved (mean) Connolly et al., 1992

Inner bay, east side 8.5 ng/L dissolved (mean)

Inner bay, west side 4.2 ng/L dissolved (mean)

Middle bay, east side 1.7 ng/L dissolved (mean)

Middle bay, west side 1.8 ng/L dissolved (mean)

Outer bay 0.6 ng/L dissolved (mean)

Phytoplankton Bay-wide average  ~4-12 µg/kg dry weight, Connolly et al., 1992
(aquatic plants) depending on time of year

Zooplankton Fox River  ~600 µg/kg dry weight (mean) Connolly et al., 1992
(invertebrates) Outer bay ~60 µg/kg dry weight (mean)

Forage fish Fox River 2,100 µg/kg dry weight (mean) Connolly et al., 1992
(alewife) Inner bay, east side 1,800 µg/kg dry weight (mean)

Inner bay, west side 1,400 µg/kg dry weight (mean)

Middle bay, east side 1,300 µg/kg dry weight (mean)

Middle bay, west side 680 µg/kg dry weight (mean)

Outer bay 520 µg/kg dry weight (mean)

determine injuries to avian resources are consistent with those contained in the Departmental
regulations for NRDA [43 CFR §11.64]. Specifically, the approach relies on the use of previously
collected data as outlined in the assessment plan [43 CFR §11.64 (a)(2)] and therefore is cost-
effective [43 CFR §11.64 (a)(3)(ii)]. Moreover, the various studies relied upon methods that were
applied to “biological responses that have satisfied the acceptance criteria of Sec. 11.62(f)(2)” and
applied approaches “that have been documented and are applicable to the biological response
being tested” [43 CFR §11.64(f)(2)(I-ii)]. Most of the studies relied upon in the injury evaluation
have been published in the peer-reviewed literature; therefore, the methods are appropriately
documented and were deemed applicable.

The conclusions derived from the evaluation of the testing and sampling data indicate that avian
resources of the Lower Fox River/Green Bay assessment area have been injured. Specifically,
various fish-eating birds in the assessment area, including Forster’s terns, common terns, double-
crested cormorants, and bald eagles have been injured as a result of exposure to PCBs. The
injuries documented in the preceding chapters of this report include death [43 CFR §11.62
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2. The injury categories “death” and “reduced avian reproduction” are effectively equivalent in this case. As noted in
previous report chapters, available information suggests that mortality in assessment area birds is limited to bird
embryos/chicks and this mortality contributes to reduced avian reproduction. Therefore, the two injury definitions are
presented together.

 

(f)(4)(I)] and reduced reproduction [43 CFR §11.62 (f)(4)(v)(B)],  as well as physical2

deformations [43 CFR §11.62 (f)(4)(vi)]. Waterfowl are also injured by exposure to PCBs in the
assessment area. This injury comprises exceedences of tissue action or tolerance levels and
waterfowl consumption advisories [43 CFR §11.62 (f)(1)(ii-iii)].
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APPENDIX A
SCIENTIFIC NAMES OF BIRD SPECIES MENTIONED IN TEXT

English Name Scientific Name
Alder flycatcher Empidonax virescens
American bittern Botaurus lentiginosus
American black duck Anas rubripes
American coot Fulica americana
American crow Corvus brachyrhynchos
American goldfinch Carduelis tristis
American kestrel Falco sparverius
American redstart Setophaga ruticilla
American robin Turdus migratorius
American tree sparrow Spizella arborea
American wigeon Anas americana
American woodcock Scolopax minor
Baird’s sandpiper Calidris bairdii
Bald eagle Haliaeetus leucocephalus
Bank swallow Riparia riparia
Barn swallow Hirundo rustica
Barred owl Strix varia
Bay-breasted warbler Dendroica castanea
Belted kingfisher Ceryle alcion
Bell’s vireo Vireo bellii
Black tern Chlidonias niger
Black-and-white warbler Mniotilta varia
Black-bellied plover Pluvialis squatorola
Black-billed cuckoo Coccyzus erythropthalmus
Black-capped chickadee Parus atricapillus
Black-crowned night heron Nycticorax nycticorax
Black-headed gull Larus ridibundus
Black-throated blue warbler Dendroica caerulescens
Black-throated green warbler Dendroica virens
Blackburnian warbler Dendroica fusca
Blackpoll warbler Dendroica striata
Blue jay Cyanocitta cristata
Blue-gray gnatcatcher Polioptila caerulea
Blue-winged teal Anas discors
Blue-winged warbler Vermivora pinus
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Bobwhite Colinus virginianus
Bohemian waxwing Bombycilla garrulus
Bonaparte’s gull Larus philadelphia
Boreal chickadee Parus hudsonicus
Brewer’s blackbird Euphagus cyanocephalus
Broad-winged hawk Buteo platypterus
Brown creeper Certhia americana
Brown thrasher Toxostoma rufum
Brown-headed cowbird Molothrus ater
Bufflehead Bucephala albeola
Canada goose Branta canadensis
Canada warbler Wilsonia canadensis
Canvasback Aythya valisineria
Cape May warbler Dendroica tigrina
Caspian tern Hydroprogne caspia
Cattle egret Bubulcus ibis
Cedar waxwing Bombycilla cedrorum
Cerulean warbler Dendroica cerulea
Chestnut-sided warbler Dendroica pensylvanica
Chicken Gallus gallus
Chimney swift Chaetura pelagica
Chipping sparrow Spizella passerina
Clay-colored sparrow Spizella pallida
Cliff swallow Hirundo pyrrhonota
Common eider Somateria mollissima
Common goldeneye Bucephala clangula
Common grackle Quiscalus quiscula
Common loon Gavia immer
Common merganser Mergus merganser
Common moorhen Gallinula chloropus
Common murre Uria aalge
Common nighthawk Chordeiles minor
Common raven Corvus corax
Common redpoll Carduelis flammea
Common snipe Gallinago gallinago
Common tern Sterna hirundo
Common yellowthroat Geothlypis trichas
Connecticut warbler Oporornis agilis
Cooper’s hawk Accipter cooperii
Dark-eyed junco Junco hyemalis
Dickcissel Spiza americana
Domestic goose Anser anser
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Double-crested cormorant Phalacrocorax auritus
Downy woodpecker Picoides pubescens
Dunlin Calidris alpina
Eastern bluebird Sialia sialia
Eastern kingbird Tyrannus tyrannus
Eastern meadowlark Sturnella magna
Eastern phoebe Sayornis phoebe
Eastern screech owl Otus asio
Eastern wood-pewee Contopus virens
European shag Phalacrocorax aristotelis
Evening grosbeak Coccothraustes vespertinus
Field Sparrow Spizella pusilla
Forster’s tern Sterna forsteri
Fox sparrow Passerella iliaca
Franklin’s gull Larus pipixcan
Gadwall Anas strepera
Glaucus gull Larus hyperboreus
Golden-winged warbler Vermivora chrysoptera
Grasshopper sparrow Amodramus savannarum
Gray catbird Dumetella carolinensis
Gray jay Perisoreus canadensis
Gray partridge Perdix perdix
Gray-cheeked thrush Catharus minimus
Great blue heron Ardea herodias
Great crested flycatcher Myarchus crinitus
Great egret Casmerodius albus
Great horned owl Bubo virginianus
Greater scaup Aythya marila
Greater yellowlegs Tringa melanoleuca
Green-backed heron Butorides virescens
Green-winged teal Anas crecca
Hairy woodpecker Picoides villosus
Harris’s sparrow Zonotrichia querula
Hermit thrush Catharus guttatus
Herring gull Larus argentatus
Hooded merganser Lophodytes cucullatus
Hooded warbler Wilsonia citrina
Horned grebe Podiceps auritus
Horned lark Eremophila alpestris
House sparrow Passer domesticus
House wren Troglodytes aedon
Hudsonian godwit Limosa haemastica
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Indigo bunting Passerina cyanea
Japanese quail Coturnix japonica
Killdeer Charadrius vociferus
Lapland longspur Calcarius lapponicus
Lark sparrow Chondestes grammacus
Le Conte’s sparrow Ammodramus leconteii
Least bittern Ixobrychus exilis
Least Flycatcher Empidonax minimus
Least sandpiper Calidris minutilla
Lesser scaup Aythya affinis
Lesser yellowlegs Tringa flavipes
Lincoln’s sparrow Melospiza lincolnii
Little gull Larus minutilla
Loggerhead shrike Lanius ludovicianus
Long-billed dowitcher Limnodromus scolopaceus
Long-eared owl Asio otus
Louisiana waterthrush Seiurus motacilla
Magnolia warbler Dendroica magnolia
Mallard Anas platyrhynchos
Marbled godwit Limosa fedoa
Marsh wren Telmatodytes palustris
Merlin Falco columbarius
Mourning dove Zenaidura macroura
Mourning warbler Oporornis philadelphia
Mute swan Cygnus olor
Nashville warbler Vermivora ruficapilla
Northern cardinal Cardinalis cardinalis
Northern flicker Colaptes auratus
Northern goshawk Accipiter gentilis
Northern harrier Circus cyaneus
Northern mockingbird Mimus polyglottos
Northern oriole Icterus galbula
Northern parula Parula americana
Northern pintail Anas acuta
Northern rough-winged swallow Stelgidopteryx serripennis
Northern saw-whet owl Aegolius acadicus
Northern shoveller Anas clypeata
Northern shrike Lanius excubitor
Northern waterthrush Seiurus noveboracensis
Oldsquaw Clangula hyemalis
Olive-sided flycatcher Contopuis borealis
Orange-crowned warbler Vermivora celata
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Orchard oriole Icterus spurius
Osprey Pandion haliaetus
Ovenbird Seiurus aurocapillus
Palm warbler Dendroica palmarum
Pectoral sandpiper Calidris melanotus
Peregrine falcon Falco peregrinus
Philadelphia vireo Vireo philadelphicus
Pied-billed grebe Podilymbus podiceps
Pileated woodpecker Dryocopus pilleatus
Pine grosbeak Pinicola enucleator
Pine siskin Carduelis pinus
Pine warbler Dendroica pinus
Prothonotary warbler Protonotaria citrea
Purple finch Carpodacus purpureus
Purple martin Progne subis
Red crossbill Loxia curvirostra
Red-bellied woodpecker Melanerpes carolinus
Red-breasted merganser Mergus serrator
Red-breasted nuthatch Sitta canadensis
Red-eyed vireo Vireo olivaceus
Red-headed woodpecker Melanerpes erythrocephalus
Red-necked grebe Podiceps grisegena
Red-necked phalarope Phalaropus lobatus
Red-shouldered hawk Buteo lineatus
Red-tailed hawk Buteo jamaicensis
Red-throated loon Gavia stellata
Red-winged blackbird Agelaius phoenicius
Redhead Aythya americana
Ring-billed gull Larus delawarensis
Ring-necked dove Streptopelia risoria
Ring-necked duck Aythya collaris
Ring-necked pheasant Phasianus colchicus
Rock dove Columba livia
Rose-breasted grosbeak Pheucticus ludovicianus
Rough-legged hawk Buteo lagopus
Ruby-throated hummingbird Archilocus colubris
Ruddy duck Oxyura jamaicensis
Ruddy turnstone Arenaria interpres
Ruffed grouse Bonasa umbellus
Rufous-sided towhee Pipilo erythrophthalmus
Rusty blackbird Euphagus carolinus
Sanderling Calidris alba
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Sandhill crane Grus canadensis
Savannah sparrow Passerculus sandwichensis
Scarlet tanager Piranga olivacea
Sedge wren Cistothorus platensis
Semipalmated sandpiper Calidris pusilla
Sharp-shinned hawk Accipter striatus
Sharp-tailed grouse Tympanuchus phasianellus
Short-billed dowitcher Limnodromus griseus
Short-eared owl Asio flammeus
Snow bunting Plectrophenax nivalis
Snow goose Anser caerulescens
Snowy owl Nyctea scandiaca
Solitary sandpiper Tringa solitaria
Solitary vireo Vireo solitarius
Song sparrow Melospiza melodia
Sora Porzana carolina
Spotted sandpiper Actitus macularia
Starling Sturnus vulgaris
Stilt sandpiper Calidris himantopus
Swainson’s thrush Catharus ustulatus
Swamp sparrow Melospiza georgiana
Tennessee warbler Vermivora peregrina
Tree swallow Iridoprocne bicolor
Tufted titmouse Parus bicolor
Tundra swan Cygnus columbianus
Turkey Meleagris gallopavo
Turkey vulture Cathartes aura
Upland sandpiper Bartramia longicauda
Veery Catharus fuscescens
Vesper sparrow Phooecetes gramineus
Virginia rail Rallus limicola
Warbling vireo Vireo gilvus
Water pipit Anthus spinoletta
Western meadowlark Sturnella neglecta
White pelican Pelecanus erythrorhynchos
White-crowned sparrow Zonotrichia leucophrys
Whip-poor-will Caprimulgus vociferus
White-breasted nuthatch Sitta carolinensis
White-rumped sandpiper Calidris fuscicollis
White-tailed eagle Haliaeetus albicilla
White-throated sparrow Zonotrichia albicollis
White-winged crossbill Loxia leucoptera
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White-winged scoter Melanitta deglandi
Willet Catoptrophorus semipalmatus
Willow flycatcher Empidonax traillii
Wilson’s phalarope Phalaropus tricolor
Wilson’s warbler Wilsonia pusilla
Winter wren Troglodytes troglodytes
Wood duck Aix sponsa
Wood thrush Hylocichla mustelina
Yellow warbler Dendroica petechia
Yellow-bellied flycatcher Empidonax flaviventris
Yellow-bellied sapsucker Sphyrapicus varius
Yellow-billed cuckoo Coccyzus americanus
Yellow-breasted chat Icteria virens
Yellow-headed blackbird Xanthocephalus xanthocephalus
Yellow-rumped warbler Dendroica coronata
Yellow-throated vireo Vireo flavifrons
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STANDARD OPERATING PROCEDURE FOR IHE COLLECTION, 
TRANSPORT, AND STORAGE OF TERN EGGS FROM 

GREEN BAY, WISCONSIN 

1. INTRODIJCTION AND STUDY OBJECTIVES 

Thjs Standard Operating Procedure (SOP) contains the objectives, methods, and approaches for 
the co!lection, [ranspon. and storage of Common tern (Sterna hirundo), Forster's tern (Sferna 
forsteri), and Caspian tern (Sterna caspia) eggs to be coHected from Green Bay, Wisconsin, for 
the Fox River and Green Bay Natural Resource Damage Assessment (NRDA), The collected eggs 
wHl be analyzed for contaminants by an analyticflilaboratory. A subsequenl SOP will describe [he 
laboratory analytical methods that will be employed. 

-,,... The objective of the study is to: 

I> Collect eggs of the tern ~pecies listed above from colonies in the Lower Fox River and 
Green Bay to provjde com:parison~ berween current and historicul egg contaminant 
co llcentr3tions. 

Tern eggs will be collected during the 1996 nesting season (and, if necessary, during the 1997 
nesting season) and will be analyzed for PCBs (congener-specific analyses), and potentially other 
contaminants. The field team leader for the egg collection will be Dr. Hector Galbraith, 

2. FIELD PROCEDURES 

2.1 TERN COLONY LOC.HION 

Suitable tern nesting coJonies will be located by U.S. Fish and Wildlife Service (USFWS) 
personnel during the early part of the 1996 (and, if necessary, 1997) nesting season. Caspian tern 
eggs will be collected from the known breeding colony on Gravelly Island, Green Bay. For 
Foster's and commOn terns, the egg collections will be made from Kidney Island in the Lower 
Fox River. If no terns of either species nest on Kidney tsJand, or the numbers of nesting birds are 
too low [0 provide the required sample sizes (see below), the wesl shore of Green Bay will be 
searched for nesting colonies, and eggs win be collected from those ~olonies closest to the mouth 
of the Lower Fox River, 
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2.2 EGG COU.ECTlOlIi 

Eggs from at least 6 nests wiU be collected for each species. If the colony contains more than 6 
nests, each nest will be located and uniquely numbered. A random number generator wilt then be 
used to identify 6 nests. Up to 2 eggs (depending on the clutch size) will be collected from each of 
the seiecred nests. If no colony of 6 or more nests is found, a number of colonie:. will be combined 
into a hypothetical colony, the nests numbered, and study nests randomly chosen. 

Eaeh colleeted egg will be given a unique numerical identiftef in the field. This number will be 
wrjtten on lhe egg in pencil. All identification numbers will be recorded in the- field logbook, The 
identification system for eggs samples collected for contaminant analyses consists of the following 
code: 

where: 

• 
• 
• 
• 

TE·XX·Y·AB 

TE is a two~letter code designating the tern egg collection effort. 
XX is a unique two-letter code designating the colony location 
Y is a. tern species identifier (A:: common,. B ::: Forster's, C ~ Caspian) 
## is a unique two-number code designating the nest number, Nests will be 
numbered starting at "OJ." 

2.3 FIELD DOCUMENTATION 

The field team will document its sampling activities and field measurcments in a dedicated, 
paginate-d, bound field logbook. Sampling locations will be clearly idenllfied on photocopies of 
appropriate topographical maps and described in the field notebook. Entries in the field notebook 
and map marking will be done with waterproof ink, and corrections will be made with a single line 
through the error accompanied by the correclion dale and corrector's initials. The field team 
leader will be responsible for maintenance and proper archiving of these field notebooks_ 

The follOWing information will be recorded in thc Held logbooks: 

to site and project name 
)0 each sampler's narne and professional affiliation 
)0 approximate number~ of neSfS in each colony 
to clutch size in each selected nest 
)0 date and time of egg collection, field activity, or field rnea~urement 
to identificatlon numbers of samples collected 
)0 number and type of samples collected 

'1. 
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'"' any difficulties encountered Of necessary deviations from this SOP 
.. any other pertinent field oh:;;crvatiolis. 

Maps will be marked with a sampling location code, e.g., PE for Peshtigo River, written within a 
circle. The field notebook page number corresponding to each sampling locatIon win be marked 
adjacent to the sampling location circle-. Photographs will also he taken of each colony. 

Upon completion of each day's field actlvjties, the notes wiU be reviewed by the field recorder and 
sampler and any necessary corrections made. The field recorder will sign and date each page. 

2.4 PROCESSING AND STORAGE OF EGGS 

The field team leader or a designated representative will transport the eggs to the USF"WS 
laboratory in Green Bay, Immediately on returning from the field to the laboratory, the eggs will 
be measured and their contents transferred to chemically clean glas,o:; jars. Egg measurements will 
be made using a Vernier caliper and an electronic balance and wit! include: 

• length and breadth (to the closest 0.1 mmJ. 
• weight (to the closest D.lg). 
,. egg volume using water displacement in Ii gravimetric tlask 

These measurements will be recorded in the field notebook. 

After the above measurements are taken. the contents of each egg will be transferred to a pre~ 
labeled, tared, predeaned and certified glass container and the jar plus egg contents weighed to 
the close!;t O.lg. The jar tare weights and the Jar plus contents weights will be recorded in the Held 
log book. The Jars will be stored in a freezer to await shipment to the analytical laboratory. 

The tern egg shells will be labeled with the egg identifier. allowed to air dry, then store-d in a 
sealed egg box in a dry area within fhe C"SFWS field office at Green Bay. 

2.5 CHAIN OF CUSTODY 

The chain of custody will start when eggs are collected from the nests. Each egg will be given a 
unique numerical identifIer in the field. This number will be written on the egg in pencil. Once 
identified in this way, the eggs collected di.!ring each sampling event will be placed in a communal 
egg container under the custody of Dr. Hector Galbraith or a designated stand-in. On returning to 
thc laboratory, the contents of each egg will be transferred to separate chemically clean g!a:-;s jars. 
Each of thcsc jars wili be labeled with the appropriate sample identifier. The jars will be stored 
frozen in one or more shipping containers which will be sealed with custody seals (to detect 
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unauthorized tampering with samples after s<lmple colleclion until the time of use or analysis), and 
contain chain of custody forms with the following infonnatton, as appropriate: 

• 
• 
• 
• 
• 
• 
• 
• 

project name 
egg tdentiticrs (unique for each sample) 
name and signature of field recorder 
date and time of heginning of sample collection 
chain of custody 5e(lJ number 
slgnafures of persons involved 1n the cham of possession 
inclusive dates and times of possession 
method and date of sample shipment, 

At the appropriate time, the entire sealed container(s) will be shipped to the analytical laboratory, 

The field recorder is personally responsible for the care and custody of the samples untilthc), are 
tran~rerred Of properly dispatched. A samp.le is in the custody of an iudividual if any of [he 
following occur: 

.. The sample is in the individual's possession. 
,. The sarnple is within view after being in possession, 
" The sample is in a locked or sealed container that prevents l~mpering after hemg in 

possession, 
.. The sampJe is in a designated secure area. 

Every transfer of custody will be noted with the date and time of transrer and signed for on the 
chain of custody record. The number or custody transfers will be kept to a minimum. 

2.7 FIELD EQUIPMENT 

The following Itst of equipment will be required in the field: 

.. SOPs (one copy for each team member) 
,. waderslhip boots (all crew members) 
• field log books 
.. marking pens and pencils 
.. labels and labeling tape 
.. chain or custody forms and seals 
.. an egg box for sample storage and (ransport 
" kimwipcs 
.. camera 
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2.8 DEVIATIONS FROM THIS SOP 

Tffield conditions necessitate any deviations from this SOP the Field Team Leader will document 
them in the field note book and in an addendum to this SOP, 
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ADDENDUM TO TERN EGG COLLECTIO~ SOP 

During the course of fieldwork four changes were made tu the egg eoUeclion method. The 
dedsion to make these changes wa'> made by the field team IC1idCL The changes are: 

I) Sampling !rlethods in Forster's Tern Colony, The method described in Section 2.2 of this 
SOP was changed. The method described in Section 2.2 was developed under the assumption that 
any Forster'S fern colonies found would have relatively few widely dl.spersed pairs. In fact, [he 
Kidney Island Forster's tern colony comprised about 100 pairs densely settled in a relatively small 
area. Also, the Kidney Island terns nested immediately adjacent to several hundred pairs of ring
billed gulls (Lams delawarensis) , Any attempt to number each of the nests and to randomly select 
;:;rudy nescs, as described in Section 22, would have resulted in prolonged disturbance to the 
birds, with the risk of predation of unguarded eggs by gulls. For thcse reasons. (he following 
method was adopted: 

• the Forster's tern colony was delineated and the numbers of nests counted. Two colonies 
were found: the main COlony comprised 65 nests distributed in an ovoid approximately 20 
meters hy 60 meters. Another 20 to 30 pairs of terns were nesting in a smaller colony 50 
meters to the ea.c;t of the main colony. 

.. The main colony was walked through from souch to north (along the colonies 60 meter 
axis) and 1:1 single egg was collected from each 6th nest. This provided a sample of 10 
eggs. 

2) On. Egg Was Collected From Each ~esl. The collection permit provided by the Slate of 
Wisconsin Department of Natural Resources allowed the collcction of 10 Forsler's and common 
tern eggs only_ The field team leader decided that, in [he intereslS of characterizing the colonies 
most fully, 10 nest should be sampled. This entailed the collection of one egg from each nest, not 
the maximumof2 described in section 2,2. 

3) Common Tern Egg Collection. At the time of the collection of the Forster'~ tern eggs, no 
common terns were nesting on Kidney Island, However, a visit two weeks ialer revealed that 
common terns had by then established themselves. A total of 15 nests were round. One egg was 
collected from each of 10 randomly chosen nests, 

4) No Caspian Tern Eggs Were Collected. No attempt was made to locate and collect the eggs 
of Caspian terns. 



Results of chemical nnalysis of tern eggs 

The column "tleld.id·' represems the identification number of each egg collected. 1996 is the year 
of collection. "KI" denotes the collection sjte of Kidney Island. and the last two values {common 
tern) or three values (Forster':, tern) are the sample number (i,e .• BOI, 302). 

The "analyte" column identifies the PCB eongener for which a value, is given (i.e .. c.l ,ppb. wwt 
means PC'B congener 1, measured in parts per billion wet weight), 

AU values or 0 denote values below the deteclion limit 
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TECHNICAL PROCEDURES 

INTRODUCTION 

The objeclive of tbis project was to prepare and analyze approximOltely 123 biota tissue samples to 
determine concentrations of polychlorinated biphenyl (PCB), and conduct related ancillary mea:mrements. 
The PCB large! unalytes are listed in Attachment 2. Battelle analyzed fish and eggs thut were collected 
between tbe spring of 1996 and tbe fall of 1996. The samples were shipped io Battelle in April, May. and 
June, 1997 and the Battelle Jabonltof)' component of this project began in early May, 1997. 

SAMPLE ANAL YSIS 

SAMPLE RECEIPT. STORAGE, AND HOLDING TIMES 

Hagler Bailly arranged for shipment of the frozen samples to Battelle. The samples were, upon receipt, 
logged inlo the laboratory and given unique SancHe IDs. The samples were stored frozen at. or below, 
-20"C until laboratory preparation could begin. 

The tissue samples were stored frozen until they could be homogenized and composited. Homogenized 
and composited tissue samples were retumed to frozen storage once they had been subsampled for 
eX£Olction, or upon completion of the homogeniz.ationlcompositing procedures. if extraction could not 
begin within one day. The sample holding times were 1 year from collection to extraction. as long as they 
were slored froHn until sample preparation begins. Sample extracts were to be analyzed within 40 days 
of extraction. Table 1 presents the I year holding time expiration dates. All samples were extracted by 
these dates and [he extract holding times were also consistently met. 

Table 1. fish and Egg Sample Holding Tune Expiration Dates 

Sample Matrix Holding Time Expiration Date 

Walleye - whole body July 29, 1997 

Walleye - liver July 29, 1997 

Brown Trout - whole body July 29. 1997 
., 

Brown Trout - fillet October 11, 1997 

Lake Trout - whole body I Oclober 22, 1997 

Lake Trout - fillet I August 12, 1997 , 

Lake Trout - eggs "1 October 22. 1997 

Tern - eggs May 29. 1997 

i 
, 

i 

, 

I . 
\ , 



PREL[M[NARY SAMPLE COMPOS[T1NG, SPLITTING, AND PREPARAT[ON 

The tissue was thawed and homogenized, A Hobart slJinless steel gnnder was used to homo~enjz¢ the 
fillets and the whole body fish. This targe·sampte homogennte was coUecLeti in U l>Lninless steel bowl. 
thoroughly mixed. and nppro,;icootely 400 g removed for keep One balance of the tissue homog1!niltl!' wa" 
discarded). Each individual fi~h and fillet WilS homogenized and ~tored separately. A Tckmar 
Tissuemizer was used to further homogenize the fish fillet and whole body fish nssue thai was used for 
laboratory analy~js, The Tekmar Tissuemizer was olso used to homogenize the livers and eggs. The 
homogenized sample was placed in a pre·c1eaned glass jar, wilh Tenon hRed cap, for subsequent stota~> 
The fmal Whole body watteye and brown trout samples were generated by compositing Olpproximately 
30 g (=03 g) aliquots of the homogenized tissue from severOlJ fish, llnd assigning this composite SOlmple Ol 
new sample 10 (in accordance with a composiling and SOlmple ID scheme provided by Hagler Bailly). 
The number of samples prepared and Olnalyzed <Ire listed in Table 2. 

Table 2. Number of Samples for Analysis 

Sample Ma(rix I Base 106 PCB 

i 
TotalPCI1 Coplanar PCB 

, Congeners (as Aroelor) Congeners 
, 

-, 

Walleye - whole body 31 • , 0 5 

Walleye -liver 0 17' 0 

Brown Trout - whole body 10' 0 2 

Brown Troul- fillet 0 [4 0 

Lake Trout - whoJe body 12 ' I 0 , 12 

Lake Trout - filler 0 15 0 

Lake Trout- eggs 12 0 12 

Tern -eggs [2 0 [2 

Total: 77 46 43 
• The 31 walleye v.bole body samples were cOmpos,lted from 13& fish (3-<i fl$h/COmpo$lte). 
bThc 17 liver samples were individual livers. from 16 fish and one sample was the composite of livers from 4 fish. 
¢ The 10 whole body brown [roUl samples wen: composited from 50 fish (4-6 flsh/composile}. 
d The 12 lake trollt whole body samples will each be of 1 fish (i.e., notcomposited). 

SAMPLE PREPARATION 

The samples were anal~ in analytical batches of no more than 20 field .samples per matrix type. The 
following eight (8) analytical batches were analyzed; 

• I batch of walleye liver samples 
., 2 batches of brown lroul and lake trout filler samples 
• 1 hatch of tem egg samples (6 for.sters tern nnd 6 common tern eggs) 
• 1 batch of lake trOUt egg samples 
.. 3 batches of combinJtlons of waUeyelbrown trout/lake [rOUI whole body samples 

Additionally, there was one batch with a combinalion of walleye liver and lrau! fillet samples because 
5Cvern! ofthese samples had relatively low recoveri~s Ihe first time they were analyzed, and they were 
therefore r~·analyzed in olle batch. 

, 

, 
, 

I , 

, 

, 



Th.:- fu!Jolving qutility 1;onlrol samples were pn)1;essed along wjth the field samples (key quality cOntrol 
data quality objectives are I!sted In /\uachment3): 

~ I procedural blank (PB) 
• I blank spike (B5) 
• I certifi:!d referenee rrNuerial (CRM). The NRC material CARP--! was used. 
• 1 sample duplicate (DUP) 

Additionally, equipment/rinse blank (EB) samples were generated during the homogenization process and 
instrument blanks (IB) were analyzed. The EB was a solvent (hexan~) rinse of the sample 
homogenization equipment One EB was prepared with e:lch batch of samples. The IS was I mL of 
hexane that was fortified with internal siandards and injected OOto the GCIECD. One IB w,'ls analyzed 
with each batch of samples. 10 determine if there was any instrument "background" signal. The EB and 
IB samples were quantified Ijke the PB sample. and the average sJmple weight of the analytical batch was 
used (0 calculate concentrations. 

Tissue Extraction and Preparation 
The tissue ho-mogenate sample was thoroughly mixed and approximately 3-10 g was removed for the 
extraction (Table 3). The amount of tissue used for the extraCtion, and (he eventual pre-injection volume 
(?IV) the sample was adjusted to. depended on the expected PCB congener concentrations (as 
communicated to Battelle by Hagler Bai:lly during the planning phase of this project). The sample was 
fortified wtth surrogate internal standards [SISs: PCB congeners Cb(36) and CI$(l12)] to monitor 
procedural efficiency, Sodium sulfate was added to dry the sample and aid in the maceration. and the 
sample was serially extracted three limes in a Tefloo jar using hexane as the extraction solvent and a 
Tekmar TissuemizeL The combined extract concentrated using a Kuderna~Danisb apparatus and genlle 
nitrogen gas evaporation on an N~Evap. 

Table 3. Targe. Weight and PlY. 

SaDtple Matrix Approximate 
, 

Approximat£ , 

Sample Weight Pre-Injection Volume 
Extracted (it) (mL) " , , 

Walleye - whole body 5 l 
Walleye -liver 3 10 

Brown Trout - whole body 5 4 , 
Brown Trout ~ fillet 

, 
10 2 , 

Lake Trout - whole body I 5 2 

Lake Trout - fillet 10 2 

Lake Trout - eggs 5 4 
, 

Tern-eggs i 5 10 

• The PlV for the base congener llnal)Sl1> W;lS half of tl\l$ If Ihe sample was SpilL for coplanar 
cong-ener analysts, 

The extract was next purified using a chromatography column packed wnh 20-g, 2% deactivated F-20 
alumina (a 40-g alumina column was used for the egg samples), Th:! column eluant was concentrated 
using Kudema-Danish teChnique and further purification was obtained by serially treating Ihe extract with 
sulfuric acid until there was nQ visible reaction. 



The alumina Jml sulfuric acid purified sample was concentrated using Kudema·Damsh :Jnd nl1mgcn 
evaporation technique;.; and adjusted 10 the deSIred PIV. ff coplandr PCB analysis wa.~ to be performed. 
the final extract WllS split 50:50. Wiih one half being submiued for coplun:.tr PCB frac[ion:.ltlon (sec 
Coplanar PCB Congener Determination below) and the other hdlf fon:if{ed with recovery internal 
standmus IRIS: PCB congeners Cb(34), CI1(9), and C14J1 66)] and submi!led for mstrumenwl analyse~. 

Ancillary!\r1easur.ements 
Moisture and lipid content was determined following standard gravimetric protocols. In summ~ry. the 
lipid content was determined as the "hexane extractable maHer" by subsampling 10 mL of the 
approximately 200 mL combined sample extract. allowing it to dry and weighing the materitillWice at 
least 1 hour apart to ensure complete solvent evaporation. The volume of Ihe sample extract, frorn which 
the subsample was removed for the lipid determination, was accurately measured by marking the volume 
level on the outside oflhe glassware prior to removing the subsample for the lipid measuremenf. Once 
the balance of the extract had been tr.lflsferred for conceT11ration. the original eX{facl volume was 
determined by pouring Wafer into the glassware 10 rhe marked level and measuring the volume using a 
graduated cylinder. 

In addition to [he hexane extractable lipid determination. which was performed on aU samples, three 
whole body trout samples were extracted separately using dtchloromelhane (DCM) for determination of 
the OCM extractable tipid content. This was perfonned to obtain data to compare the lipid data generated 
wim the standard hexane extraction with mal obtained using DCM. 

The moisture content was determined by placing approximately 5 g of wet tissue material in a tarred 
weighing pan, which was then dried at least 24 hoors in a df)'ing oven at IOS"C. 'The df)' malenal was 
then removed from the oven and allowed [0 corne to room temperature before it was again weighed. The 
weighing was repeated at least 6 hours )arer to ensure complete dryness, 

Coplanar PCB Cougeaer Determination 
A sub-set of the samples analyzed for ortho substituted PCB congeners ("standard" congeners) were also 
analy:wd for coplanar (noo-ortbo substituted) PCB congeners. A total of 26 samples were processed and 
analyzed for coplanar PCB congeners. 

The rmal purifIed extract prepared for standaro PCB congener analysis was splil 30;50 prior to the 
addi[ion of the RlS. as described above. The coplanar PCB congener analysis was performed on one of 
the two splits. after isolating the coplanar congeners in accordance with Draft EPA Method 1668, Toxic 
PCBs by HRGClHRMS; 

Approximately 25 ng of [he coplanar PCB congener SIS (C14(77)-dtuttrattd] was added to the coplanar 
extract split to monitor the efficiency of the column separation and coplanar PCB congener isolation. A 
9~mm glass column was pack.ed wilh 3.6 g of a 50;50 m.ixture of Carbopadc C:Celite 545 that had been 
activated at 130"C for 3 minimum of 6 hours; the column was packed in hexane. The sample extract was 
loaded ontO the column. rinsing [he sample vial with approximalely I mL of hexane. which was added to 
the colum!L The solvent level was brought 10 the top of the colUmn and the column eluted as follows: 

• 25 mL of hexane was ndded. eluted, and collected as the Fl (Standard congeners). 
• 15 mL of methanol was added, eluted. and collected as the F2 (residual polarlJipid mauix 

components), 
• 15 mL of toluene was added, eluted, nnd collected as rhe F3 - the coplanar PCB congeners 

elute in this fraction. 

The FJ fraction (cop~;.mat PCB congener) was concentrated to approximattly 200-250 j.iL using nitrogen 
evaporation techniques. fortified with lhe RiS compounds. and submitted for GCfECD analysis. 



INSTRU~-!ENTAL ANALYSIS 

GCIECD Analysis - PCB Congener Analysis 
The nrtalysis of the target - ::B congener compounds (Aclnchment 2) was perfonned by high~pcrformance 
capillary gas chromatogruj'::Y with declron capture detection iGClECD) using a Hewlett-P-.tekard 68900f 
,5890·I1 gas chromntograph fitted with dual :>J~j"electron capture detcr:ton. The OCIECD analysi!> W')Si 

performed u$in~ a 60-m, O.25~mm inner diameter, O.25-~m film thickness. OB-5 fused silica capillary 
column (J&W Scientific, Inc.), A I ;,lL sample c;\lrnct was injected onto the instrument. The injecfed 
sample was .11 ,split to a second column (60-m, O.25-mm inner diameter. O,25~.um film thickness. DB-
1701 column) ..i.ild ECD, for simultaneous acquisition of second column GCIECD dnta. The second 
column were acquired in case these data would be needed for review at lliater time, but the analyses on 
the DB~ 170 I will not be calibrated and [he dala were not reduced for this project (the DB-1701 runs were, 
however. checked to ensure that the data were acquired). 

The GC was equipped with an eJectronic pressure controlled (EPe) mtet for optimum sensitivity and 
reprodUCibility. Additionally, hydrogen was used as the cameT gas, and the tempeTalUre program was 
optimiz.ed to separate the 106 target PCB congeners. The following GC temperature program was used: 

• 
• 
• 
• 

Initial temperature 
1nitial time 
Ramp Rate 
Final temperature 

woe 
1 minute 
10 ftC/minute to 140 °C~ I "Clminute to 220 (lC; 5 "Clrninute to 290 uC 
290 (Ie; 10 minutes 

The OCIECD system was calibrated with a multilevel calibration. with a minimum of 4 calibration points 
(5 points were typically be used). The analyte concentrations range from about 0.005 to 0.12 ng/.uL in the 
calibration solutions (the concentrations of some congeners was higher, because of their lower ECD 
response), and the interna1standard concentrations were approximately 0.05 to 0.06 ng/J,d. in all 
calibration levels. The calibration solutions were prepared wirh all 106 t.arget congeners and the imernal 
standards, For the coeluring sets of congeners (see Attachment 2), only the: primary congener (the 
congeners listed first in Attachment 2) was used in the caJibmioo solutions, 

Each target analyte was ftued 10 a quadratic equation to best represent the response of the ECD. The 
validity of the initial calibration was monitored with a contInuing calibration check analysis ( a rnidOle:vel 
calibration standard) at least every 10 samples. Analytes concentrau,- os were by the method of internal 
standards using the RIS (i.e,. the ir,ternal standard added althe end of tile sample processing regime) as 
the quantification internal standard. 

Samples with target PCB congeners response above the high standard were diluted and re-anaJyzed. If 
more than 10 of the PCB congeners had a response greater than the high calibr.stion standard, then the 
analytical data from onJy the diluted run were reduced llnd reported. However. if the: dilution and re~ 
analysis was performed because 10 or fewer PCB congeners had a response above the: high calibration 
standard. then the data for all congeners were reported from the first run, and the re~analysjs was only 
used to gener.ue data for the congeners that were initially above the high standard (and the "E" and "D" 
qualifiers applied to the data, as described in Attachment 4), 

Quantification of Individual components was perfonned by the method of internal standards using the 
RIS compounds CI3(39) and CI6(166} as the quamification inlernalstandard [CI3(39) was used for all 
congeners eluting before the SIS CI5( 1 12}. and CI6{ 1(6) was used for the congeners eluting afler this 
SIS]. SurrogilIe compound recoveries were determined for the SIS CI3(36) versus the RIS C13(39), and 
for the SIS Cts( 112) versu'S the RIS C16( l66). Target anaJyte concentrations were reponed on a wet 
weigh! basis, and the moisture and lipid cOOlenl were reported along with the PCB analyIlcnl data. 



Additionally. Ihe total PCB was estimated as the sum of the 106 congener concentrations on the 
spreadsheet ~umfnJl'}' ta.ble:;, The sum of all congeners wilhou: congener #85 was also cakul;ued because 
there was a significant interference observed with this congener and this likely biased the total PCB data 
when this congener was included. 

GCIECD Analysis ~ Total PCB Analysis (as Aroc]or E,]uivalent) 
The total PCB concentrations in the walleye liver and brown trout and Ia.ke troul fillet was determined by 
the Aroclor equivalem method; no individual PCB congener data were generated for Ihese samples. The 
sample extraction and preparation was the same as for the PCB congener analysis, and the insuumental 
analysis was also as described above except for the calibration standards that was used, 

The initial calibration verification was performed with a multilevel calibration containing a mixture of 
Aroclors 1016 and 1260 (with 01 concentration range of approximately 0.25 to 5 ;.tglmL per Aroclor). 
Single-pojnt calibration standards were analyzed for the olher target Aroclor fonnulations (Auuchment 2). 
Additionally. a 50:50 mixture of Arodors 124&: 1254 was analyzed as a single-point cOilibration stOindard. 
The validity of the calibration was checked with a mid level calibration mixture of 1016 and 1260 (with a 
concentration of approximately 2 .uglmL) no less frequently [han every 10 samples. The muhilevel 
calibration would be used to quantify the samples that most closely resemble 1016 and 1260, and the 
appropriate single-point calibrations was used for the other ArocIor formulations. 

Total PCB was determined as the most predominant Aroclor formulation (Le., the analysts reviewed the 
chromatogram and determined which single Aroclor (he PCB composition in the sample most closely 
resembles. and quantified the sample as the equivalent of that Aroclor). Because the Aroclor composition 
relatively closely resembled a 50:50 mixture of Aroclors 124& and 1254 (ranged from about 40:60 [0 

60:40) in the walleye liver samples, the standard with a 50:50 of these Aroclors was used to quantify 
Ihose samples. and the results were reported as "1248, ~254". The PCB pattern in the trout fillets most 
closely resembled ArocJor 1254, and this fonnulation was used to quantify the fillets, 

The RlS CJ6{J66) W3i used as the quantification internal standard for Arodon 1248, 1254, and ]260, artd 
the RlS CI3(39) was used for Arodars 1221. 1016, 1232. and 1242. The RlS C13(39) was also used to 
determine the recovery of the SIS C13(36) and the RlS CJ6( 166} was used to dele1ll'line the recovery of 
'he SIS CI5(l12). 

GCIECD Analysis - Coplanar PCB Congener Analysis 
Samples selected for coplanar PCB congener analysis were processed fOr the isolation of these congeners. 
and separately submitted for GelECD analysis. The GC analytical conditions was the same as for the 
analysis of standard PCB congeners. The same calibration and quantification approach was also used for 
the coplanar congeners. Sample quamifica(ion will be performed versus the RIS C16(J66) for aU coplanar 
congeners except congener #37; the Rl5 CI3(39) was used to quantify congener #37. The recovery of the 
column fractionation internal standard CI4(77)---deltutrared was determined versus the RIS CJ6( 166). The 
recovery of CI4(77}-delileratcd was an indicator of the sample processing efficiency after the sample was 
split for coplanar PCB congener processing. The efrtciency of the rest of the sample processing was 
indicated by the recoveries of the standard SISs [CI3(36) and CI5(112)], which were reported with the 
standard PCB congener analysis data for each sample. -

GC/MS Confinnatory Analysis 
The quam!ty of the standard PCB congeners was confirmed u!)ing quadrupole gas chromatography wilh 
mas.!> spectrometric detection using a Hewleu~Packard Model 5972 M5D. All field samples that were 
annlyzed for the base congeners by GCJECD (77 samples) were also analyzed by GClMS. However. the 
GC/f,.-1S data were only reduced and reported for 26 of the 77 Jiamplc:,;; 4 tern egg. -4 luke trout egg. 10 



--_ ... _---------

walleye whole body,": brown trout whole body, nnJ 4 lake trout whole body sampJl!s. Thl: 26 samples 
were ~elected u~ing cnteria developed by Hagler Buill)' (species, tissue type. location of capttlre, and PCB 
concentration determined in the GC/ECD analysis). GClMS confirmu[ion was nO! be performed un the 
cophmar PCB congener samples or the samples that were analyzed for towl PCB as Arodar equivalent 
The GC/MS analysis was petfonned on the field samples and Ihe PE sample~ - the QC data, including 
surrogate compound recoveries. were generated from the GCJECD analyses. 

The gas chromatograph was fined with the same chromatography column and oper;:ucd with {he same 
oven temperature profile as thai used for the primary GC/ECD analysis. However. helium was used as 
the carrier gas instead of hydrogen" This ensure that the peaks tentativciy identifi..::d by GCIECD had 
;:-QrtlparabJe chromatographic properties in (he GCf.v1S analysis. However. because helium was used a5 

the carrier gas instead of hydrogen, congeners #153 and #132. which were resolved on the GCIECD, 
could not be resolved in the GelMS anillysis of the whole body fish samples (they were resolved during 
the analysis of the egg samples). 

The mass spectrometer was operated in the selected ion monitoring mode (SIM) to provide the necessary 
sensitivity and selectivity. Each target congener was monitored using two ions - a primary ion for 
quamitalion and n secondary ion. for structural jdentification and confinnation. Identifications was based 
on chromatographic retention time and primary/secondary ion ratio criteria (i.e .• identification of the peak 
as a PCB congener. the level of chlorination of that PCB congener, and the known retention time 
characteristics of each congener from prior detailed GCfECD retention time characterization/mapping). 

The GelMs analytical system was tuned with perfluorotributylamine (PFTBA), and calibrated with a 
multilevel calibration. A minimum of 4 caljbration levels (but typically .5 points). was used with the 
analyte concentrations in a range of approximately 0.02 to 0.8 ng/,uL The calibration solutions contained 
all 106 target base eongeners and the internal standanls. The GCiMS analyles were quantified versus the 
RIS CI3(34), 

The GCIM:S confirmatory analysis was performed like a standard quantitative analysis. with the GCIM:S 
data being reported just like the GCIECD data, There was no quantitative comparison of the GCtECD 
and GeMS analytical results. 

MDLSTUDY 

A method delection limit (MDL) study was performed as part of this project using "clean" (hatchery 
raised) trOUt fillet provided by Hagler Bailly. The MDL srudy was performed in accordance with the EPA 
protocol set forth in 40 CPR 136 Appendix B Method Detection Limit (MOL) Determination, 

The MOL study involved fortifying eight replicate tissue homogenate sub--samples with the 106 target 
base PCB congeners at a concentration of approximately 3 to 5 times the expected MDL. and processing 
and analyz.ing them using the procedure that was used for the project field samples. Additionally, two 
non-spiked sub-samples were analyzed to determine the background PCB levels in the tissue. nnd a 
procedural blank analysis will also be included. The PCB congener concentrations were detennined by 
GClECD, and the summary statistics performed to ciliculale the MDL for each PCB congener, 



QIJALITY ASSIJRANCE I QIJALITY CONTROL 

QUALITY ASSIJRAI'OCE 

The Quality Assur,ance Unit (QAU) al Battelle remains independent of all laboratory project aClivities" 
The QAU monifored Battelle's componenfs of the project <lccording 10 existing Battelle SOPs to en:mre 
[he accuracy. imegrlry, and completeness of the data. Additionally. the QAU monitored the project 
activities to ensure conl>istcncy with the applicable requirements described in the Quality Assurance 
Project Plan (QAPP} that was developed for this project. The QAU scope included system inspections, 
data audits, and reviews of documents and delivernbles" 

QUALITY CONTROL 

Projecl staff were responsible for ensuring that sample Iracking. sample preparation, and analytical 
instrument operation all met {he quality ,"'Ontro1 criteria detailed in the applicable analytical SOPs. The 
type and fr~uency of analysis of quality control samples for the analyses are specified in Attachment.3. 

The data quality objectives (DQO) for the analyses are outlined in Attachment.3, Analytical results that 
did DOL meet the listed DQOs were submitted to andlor reviewed with the Blluelle Project Manager for 
assessment of the potentia! impact of the results. Affected samples were reanalyzed at the Project 
Manager's discretion (e.g., a set o{ samples were re..extracted and re..anaJyzed (or total PCB as Aroclor 
detenrunation because surrogate n:coveries fen below the DQO). Quality control sample dalslhat were 
accepted outside these criteria are indicated with the appropriate data quaHfier. A set of data qualifiers 
were applied 10 the final summary spreadsheet data. as. indicated in AttaChment 4 (e,g .. quality conlI'Oi 
sample data quality objective exceedances will be qualified wilh a "&" on the summary spreadsheet 
tabJes). Target anai)'te concentrations were reported if the analyst could confidently perform the 
identifICation and dete1"ff1inalion (i.e., uncensored data were reponed). 



AUal.'hment 2. Target PCB Analytes 

Base PCB Congener Set a 

1 42/37 89 136 i83 
, 

3 43 91 137 185 
, 

4110 44 92 13811601163 187/182 

6 45 95 1411179 189 

719 46 97 146 191 

815 ' 47/75 99 1491123 193 
, , 

12/13 48 , 100 151 
, 

194 , 

16/32 49 101/90 153 ! 195/208 
, , 

17115 ' 51 105 156 197 

18 52 1071147 ! 158 198 , 

19 : 53 110m 167 199 

21 56/60 114 b 
169 200 , 

22 59 118 1701190 2011157 

24127 63 J19 1711202 203/196 

25 66 124 172 205 

26 7on6 128 173 206 

28 74 129/126 174 207 

29 82 130 175 209 

31 83 131 176 

33/20 84 132 177 

40 85 ' 134 178 
, 

41/64/71 : 871115181 135/144 180 

, 
All congeners numbers are lISted uSing the lUPAC nomenciature. 

Coeluung congeners 3I'e listed in order of abundance in ArOl::IDrs 1242/1248/1254 (most abondant IisLed fits!). The 
most abund<lnt single c(mgener will be used ID callbrme Ihe instrument for the coeluting congener selS. 
\> The pesricide 4.4~DDD coelutes with .:ongcner 114 and the peslicide 4A~DDE caelotes with congener 85. 

, 

, , , 

, 
, , 

, 



Attachmenl 2 (cont.). Target pcn Analytcs 

-, 

Coplanar PCB Congener Set 

JJ , 
-' , 

7J 
~. 

81 

126 .. 
169 

Aroclor f"onnulations 

r~ 
Acaclor 1016 

Arccior 1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1248 ; 

Arocior 1254 

Aroclor l260 



Attoclunent 3. Data Quulit.y Objecti"es - PCB Analysis 

I I 
!I Correcthe Aclion !I QC Sample Frequency 

, 
D;}~ Qualit)' Objeclh'es , , 

:1 , , , , 
, , 

Procedural BLank (PB) 
, 

I per llnalytical balch • <: RL, or a5.socialed samprc.:i , 
Reanalyze a~sodmed , , 

> 10 )\ blank concenlralion sample:., or justify. 

Equipmenl B tllnk (EB) I per analYlical balch < RL. or associaled samples Qualify d:lta andlor 
;»0 x blllnk concentrlltion describe in narra!ive with 

data reporting, or justify. 

instrument Blank (IE) 1 per analytical hatch <: RL, or associated .samples Reanalyze asscx;iated 
:;. 10 w blank concentr.ulon samples. or justify. 

Blank Spike {BS} 1 per analytical batch I 90% of congeners to meet the Reanalyte aJ.$()c!ated 
following; samples. or justify. 
50-t25% recovery for ttl- through 
decac!'!lorobiphenyJs and Arociors. 
30-125% recovery tor mono· and 
dichlorobiohenvls. 

Cellified Reference I per analytical bate!'! PD <:::t:35% between measured and Reanalyte lUii.iociated 
Material (CRM) cen.lfted or consensus value for nmples, or justify. 

90% of analytes~ PD <%$0% fot all 
(CARP-.) anaiytes, Average of PD (absolute 

values) <25%. 
Objectives apply to anatytes with a 
certified or consensus concenuanon 
>5 )( RL. 

Sample Duplicate (DUP) 1 pair per analytical batch .. RPD <50% for duplicales with ReanalYle associated 
JMlyte concentDtions >5)1( RL .wnples, Of ju;;uf}. 
Difference <2 x RL fot duplicates 
with analvte concentration <5 x RL. 

, 

Surrogilte Compounds Every field and QC $Omple ~ll5% ~co~ry 
Reanalyze associated 
samples. or justify. 

Initial Instrument At initiation of analytical GCJECD: Correlation coer. RecoHbra[e and 
Calibration sequence, r >0.995 ror 90% of analytes; reanalyze associated 

r >0.99 for all analYles. samples 
(GCIECD ond GCMS) A minimum or 4'poin{ (r >0.995 "" r~ >0.99) 

, COlibrlltlon. , 
GCn..tS: <: 25% RSD in RRFs for , , 
901K of analytes; 
<35% RSD for all analytes. 

• ... - , . . An;;!Y£lcal SaUl.. Sample SCt of no mort'! th:m _0 lItid s:lmpJ..;, ttl dlC same sample matm .. 



AttaehmttH 3 (emu.), DatQ: Quality Ohjc('tiv('$ - PCB An;lly~h 

C:':lltitlomg JIl1.!~Umclll No less frc4ucntly In.:m every GClF,CD :.Icl~nr\\ncd Rel,:ali~mll! alld rCall;!lylc 
Cahbr~!lon Chc;;k 10 .~amplcs CO:iCef\lt;mOn <.::~j(4: PD \is 1m:: .:tssoc:atcd $ample:, (I.e .. 

concentratIOn for 7j<;f of analYle$. somples no! br::u;kclcd by 
(GCIECD :L"IJ GCfMS) <:t35% PD fm 90t;{- nf iln:tlytc:s; ;l pa;>,$lIlg ;:a~lbr;l\ion), or 

.::50'1: PD for a1; analylcs. justify, , 
<::t15"k PDQn ::rverilge (or al] 
anillytes, 

GerMs: <;;t25% PD for RRFs 
versus initio] <calibration for 75% of 
unulYles; 'Z:t3S% PD fOf 90% of 
ona!ytes; :t50% PD (or all anal}'!es, 
<:t15% PD on nvernge for 011 
anajytes, 

% Lipid delcrmlnation Replicate weighing Q( each <10% dIfference in two wetghings Re-dry and re·weigh 
sample, 

Sample duplieatc - 1 per RPD< 20% Qualify data. I , 
analvtical batch • 

, 

% MOisture Replicate weighing of each <10% difference in lWO weighings Re-dry and re-weigh. 
determination sample. 

Sample duplicate - J per RPD < 20% Re-determine moisture 
analytical botch ' content for associated 

samples, or justify. 
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Data Qualifier 

Dahl Qualifiers '" 

& 

E 

D 

B 

U 

J 

ME 

MI 

JX 

X.Y,Z 

Attachment 4. D'IL1 QualifiNs 

Purpose 

QC value outSide the accuracy or precision criteria goar (SRM, BS recovery. 
surrogate recovery, %RPD in nup analysis). 

Value for analysis of compound with response above the (:alibrntion runge. 
Sample was diluted and reanalyzed for this analyte, and [he data from the diluted 
sample analysis are reported separately elsewhere. 

Value for diluted analysis of compound with an original (undiluted) response 
above the high calibration range. 

Analyte deteCted at a level above the reporting limit in the procedural hlank 
(procedural hlank value is qualified). 

Not detected, An entry of "0" is pul in the value field. 

Estimated value, Anaiyte detected below the sampie·specjfic reponing limi!. 

Significant matrix interference - estimated value reponed, 

Significant matrix inreri'erence - value could not be determined or estlroared. 

Estimated value. see narrative", 

Defined in case narrative. 

" Data qualifiers that will be applied to the SWJUTW)' spreadsheet. Qualifying uses !U.s and analyst compound 
identifietdion~ calculated MDw are not used when applying the "U" cr "1" quallfiers. il11d there is currently no 
qualifier for values between the MOL and Iht! RL, or IMI use Ute MOL. in any way. 
bThe JX qualifier was specifically created to qualify the congener #85 data. whicll in tile field samples was 
uncharacteristically large, likely due to Interference from the pesticide p,p'·oDE. This is described in more: detail in 
a nJltT7l.llve in the letter data repol1, 



Attachment 5 

FlEPOFlTlNG LIMITS· Ertended PCB Congener Set 

Bill,,'" 10 S7.L:!6 117-129 9!·1!lO, 97.1$1. 97·192 &7·11.1, til'IS? 91·1!;!2 
Mdui ... Tem eggs L Trout £{}{JS W;J#eYfi \Ol/noll' B.TN>!./( Who.19 L Trow Whole 

P'e-lI1!(lchoo Volum& lull ,0<)0 2000 ",0<) - '000 
Lipid Analysts Split F OIdor ,ao ". HID ,.00 LOO 
COplOlflur Aflalyals Spill Fat:lof 2.00 '00 1.00 '.00 100 
~k'! Dllullon raemr 100 100 Lao LOO Lao 
Sal'f\j.l~ Wf!A W("9r~ (gj SOO ''''' '.00 500 litOO 
RepOllffi9 Uru{ "9'9, W\;}) welghl nglg, wM \N(!ighl ng/g, <'WI we¢1 nglg,lriI Wf»ghl n1}'g, wel weighl 

At'!il/yn " -'-

PCBI 25.6 10,2 2. 5' 1.3 
PC£!3 50> "" 50 HI-O 2.5 
PCB.'! 25.8 10,3 " 5.' L' 
pcsr iSO 6.' ... " 0.' 
PCBs 11),0 6.' L6 J2 os 
pcas 16.1, " 17 " 0.8 

PCBl9 '.0 '.6 0. U 0.' 
PCB12 ,ao ... 1.6 " 0.8 
PCSIS •• ,.. 0.' 1.7 •• peBn '2 '0 0.7 " 0.4 
PCB24 '.0 '.6 O. 1.8 0.5 
PCB Hi '0 ,. 0.0 " O.!' 
PCIm '0 ,.€ 0 .• ... 0.5 
PCBzs •. 0 , .• 0.' " O.S 
PCB2S •. 0 3.6 0 .• 1.8 OS 
PCB31 '.0 ,. 0 .• 1.' O.S 
PC..82:8 BA " 0.8 1.7 0' . 
PCSZl 0.0 '.8 0 .• 1.8 o.S 
PCB33 '.0 3.6 0 .• 1.9 O.S 
PCBS3 • 6 >.B 1.0 , .• O.S ","\ 

,"', 

PeaS1 6.2 25 ... 1 , 0.' 
PC822 '0 '" 0.' 1.8 0.' 
PCB4S 7.8 3.1 08 " 0.4 
PCB46 '.8 3.8 1.0 LO 0.' 
PCBS2 84 " 0.' 1.7 0' 
FC5" '.0 ,. 0.' ,., o.s 
PC849: ,.a " 1.0 1.9 o.s 
PCB47 '0 3.8 1.0 1.' O.S 
PCS4S 9.S 3.8 '.0 1~ •• pC!!« S' 3'< 0.8 1.7 OA 

PCB'" '.6 3.' 10 1.' o.s 
PCB4Z 9.0 ,., 0.9 1.' 0.' 
PCB41 " '.0 0.7 " OA 

PC9:40 •• 3.' 0.' 1.8 0' 
PC8100 •. a '.8 1.0 1. 0.5 

"'.53 0.' 3.8 10 " 0.5 
PC874 ., '.8 1.0 " 

, .• 
PC670 ,a , .• 10 1.9 " PC ... SA ~. " 1.7 " PC89$ •• 3.' '.0 19 0.' 
PCB91 74 3.0 0.7 l.S 0.' 
pease 7.6 'a 06 " .A 
PCB!;!, " " 0.7 

" 
03 

PCBs4 1 .• 3.0 0.' 1 , 04 
PCtt$9 •• , .• 1, 1.' a .• 
PCB1Q1 ... 34 " 17 0' 
PCB99 " , .• 1.. 19 A. 

PCBi19 ,a " 10 ,. 05 
PCBJ.t'l 96 ,. 10 , . os 
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REPORTING LIMITS· Extended PCB Congener Set 

PCBS7 
PC8S1 
PC""" 
Pca~36 

PC8110 

PCB'" 
PCB1Sl 
PCB13S 
PCB124 
PCB101 
PCSI49 
PCBna 
PCSl34 
PCB114 
PCBI31 
PCB!46 
PCB1S3 
PcBI32 
PCBl"" 
PCB141 
PCB"7 
pcel7S 
PCBl30 
PCB 1)8 
PCB1$8 
PCBl29 
peBns 
PCS17S 
PC81S7 
f'C8183 
PCS128 
PCBl61 
PC8186 
PCS174 
PCBI77 
PCS171 

"""," PCSl73 
PC ... , 
PCB172 
PCBl97 
PCBlIiO 
PCB193 
PCS191 
PCB200 
PC8159 
PCB170 
PCB1S! 
PCB199 
?CB:1Ol 
PCSHW 
PCB1P5 
PC6207 
PCS194 
PC8205 
PCB206 
pea,.. 

91·125 
INn eggs. 

" " " g. 
" gO 
9.' 
70 

" .. •. , 
•• •. , 
9' •. , 
7.0 
B. 
BO 
0' 
U 
gO 
7.S 
7.5 
S, ., 
" 5.' 

" ... ... 
SA 

•• ... 
'.0 .,. 
g, .,. 
9,' 

•• ... 
•• .. 
••• •• g, 
9.' 
84 

•• 
50 
1,' ". ,. 
1.' 
9.' 
S, 

" ... 

97·129 
L ((VIII (£'1(;:;; 

" '8 , .• 
'.S 

" ,. 
O.S 
2' 
,.S 
,.S 

" " '.S ,. , .• 
2.B 

" " ,. , .• 
" 3.1 

". ,. ,. 
" 27 

" " l4 ,,' ,., 
',S 
24 
2,' .. 
3.Il 
U 
,.S 

". 
"S 
',4 
3,' 
3.Il 
3,' 
,.S 

" ,s 

" '.0 ". , .• 
3.1 

" , .• 
2.' .6 

91-190, 97>191, 97·l!n 97·:91. 97·192 
W~VY€ Wr:olr: R Ttw/ WfI(l'/C 

',' 
'0 

" 10 
LO 
10 
10 

" " 10 
10 

D.' 
10 
LO 
0.' 
0.1 
oa 
1,0 
0.' 
1.0 
10 
0.' 
0,' ,. 
',0 
10 
0,1 
1,0 ... 
0,' 
0,' 
1,0 
1.0 
0.' 
0,' 
10 
M 
1,0 
1,0 , .. 
1,0 

0.' 
LO 
1.0 
10 
1,0 
o. 
1 .. 
D. 
0 .• 

'0 
" 0,' 
10 
10 
06 ,. 

.. , 
,.S 

" 1,9 
1.9 
19 .. , .. 
1.9 

" L8 

'.1 ... 
" ,.1 
1A 

" to 
U 
.. 9 
',9 

" ',S 
17 
1,' 
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Attachment 5 (cont,) 

REPORTING LIMITS - coplanar Congeners 

Batr:h ID 97·126 97-129 97·192 97·192 97-192 
Matrix Tern eggs L Trout Eggs Walleye Whol6 B. nom WfIO!e L Trout WhOle 

Pre·1rleC!ion Vo!ume iulj '" 125 200 200 200 
Lipid Analysis Split FaClQr 100 1.00 1.00 1.00 LOO 
CopJiUlilr AMlysis Split FaCtor 2.00 200 2.00 2.00 2.00 
Sample Dilution Factor LOO 1.00 1.00 1.00 LOO 
Sample Wei Weight (g) >.00 5.00 5.00 5.00 10.00 
Reporting Unit nglg, wet weigh: nglg. wtlt weighl ngig, we! weight nglg, W&! Might ngiy, wei weight 

Analyte 
PCB37 0,24 0.24 0.38 0,3B (i,19 
PCBBl 0,24 02' 0.38 03B 0.19 
PCB77 0.24 0.24 0.38 0.38 0.19 
PCB126 0.24 0.24 0.38 038 0.19 
PCB169 0.25 0.25 0.40 OAO 020 
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Attachment 5 (cont.} 

.REPORTING LIMITS, Aroclors 

Batch ID 97·124 97·127 97·128 
Mal(iX Walleye LIVer B. Trout Filler L TfOtJr Filler 

P£e.lnjeCfron VQilA'Tl& {ul) 10000 1000 1000 
Up;d Analysis Spltl FltClor 1.00 1.00 100 
COplanar Analym Split Factor 1.0:> 1.00 1.00 
Sample DIMioo Faclor 1,00 1."" 1.00 
$ample WeI Weight {gi 3.00 10.00 10 00 
Repoiting Umt ng.'g. wet weight ogig, wet weigl'rt ngig, weI weIght 

~> -Arcx:lorl016 B16.7 :24.5 '4$ 
Arock'lr1221 816.7 24.5 24~ 
Aroelor1232 816.7 '4~ 24.5 
ArocJot1242 816.7 24.5 24.5 
ArocIOrl24e 816.7 24.S 24.5 

Atoclcrlif'48.1254 816.7 24.5 24~ 

ArcclCtJ254 81S.7 24.5 24.5 
Arocto"260 815.7 24.5 24,5 



Attachment 5 (cont.) 

Reporting Limit Calculation (and Spreadsheet Header Information). Sample-specific RLs 
are calculated dlfE!ctly in the Excel summary tables for' application 01 "J" qualifiers, The 
reporting limits listed in the table in Attachment 5 afe based on the most common PIVs for the 
type, lipid analysis split factor of 1.00, a dilution factor of 1.00 (no dllution). and the targeted 
sample weight for the sample type, Sample~specitjc RLs, that were actually used to qualify the 
data, can be calculated by using the actual factors, weights elc. listed in the spreadsheet table 
heading for each individual sample. 

The RLs are calculated as follows: 

RL = STD CONC x PIV x LipidsF x CopJanarSF)( SampleOF)( 1/SampieWT 

RL= 
STDCONC= 
PIV = 

Lipidsp= 

CoplanarSF = 

SampleOF = 

samplewr= 
extracted. 

Reporting limil (ng/g, wet weight) 
PCB concentration in low-level calibration standard (ngl).lL) 
Pr.-injection volume (f'l), The PIV listed in the Excel data table header is 
used for calculating RLs. and is determined slightly differently than what 
is typically thought of as a PIV. Pre-injection volume in this case is the 
final adjusted extract volume that contains the sample for the subject 
analysis. This is not necessarily the same as the volume of extract that is 
spiked with AIS or the volume 01 extract placed on the GC for .nslysi •. In 
Ihe case of most analyses it is the volume the sample is adjusted to prior 
to analysis (and not what is removed to place on the instrument). while in 
the ca.e of diluted sample. it is the volume the sample is adjusted 10 
during the diluUon (and, again, not whal is removed to place on lhe 
instrument). In the case of the livers, Ihe PIVenlered here is 10,000 f'l 
because Ihls Is the adjusted volUme of the entire final sample extract. _ .. 
Lipid analysis subsampllng .actor. Factor that corrects for the amount 
removed in the lipid analysis. (Iolal extract volume belore lipid analysis) x 

(11 (Iotalextract volume before lipid analysis - extract volume removed 
for lipid analysis)) 
Coplanar analysis split lactor. Factor that corrects for any splitting of the 
extract lor coplanar PCB analysis. (tolal extract volume before split I 
extract volume removed for the subject ana!ysis) 

Sample dilution factor, Factor that corrects for any subsampling of the 
extract for dilufion purposes (i.e., when samples were diluted and re~ 
analyzed). This is only a factor when a portion of the extract is removed. 
and subsequently spiked with additional AIS. The amount of solvent 
added to perlorm the dilution Is not a factor In the calculation, 
Additionally. this is not a factor if only the PIV is increased to bring the 
analyte response within the calibration range in a re·analysis. (total 
extract volume before subsampling I extract volume removed for the 
subject dilution and re-analysis) 

Sample weight (g, wet weight). Weight of the sample amount that was 
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Attachment 6 

LIPID METHOD COMPARISON· Hexane ..,11 Dichloromethane 

Client Reporting In 
BTEG01CP 
6'rEG02CP 
BTEG04CP 

... ,'" 
BfOwn trQut whole body 
Blown trout whQIe body 
Brown trout whole body 

Battelt.lo 
VD311 
VD39 
VD40 

Analytical Saleh 
97·191 
97-Hl1 
97-191 

lipid Content (%, wat weight) 
Hexane as Solvent oCM as $oMiInl 

llA2 12.09 
8.67 12.00 

11.20 

PO 
5.9 

36.4 
40.7 

Average: 2R3 



Attachment 7 

DUPLICATE MOISTU~E CONTENT DETERMINATION 

% Moisture 
Client Reporting to Matrix !3aHfltkllD Anajytlcal Saleh , :sl O"termination 2:nd Determination RPO 

WEWG02LV Walleye liver VAM 97-124 61.!14 41.B3 as,B 
BTEG01FC~1 Brown trout f1Uet 25981 97·127 77.74 77.65 01 
LTLM01FC·j Lake IrotJIlmel Z5874 97*128 61,.;3 £1 81 '.1 
LTIROBFC·, lake trc>Ulli!!e: l'l!5B 97·;Bi 67.95 61.21 10.4 

TEKIBOO Tern egg 25791 97·126 78.44 57,51 30.B 
EGLMF01FC-l Lake 'N.ml egg Z5958 97·129 56.78 69.41 3S 

WEFR01CP Walleye whole body VCSJ 97·190 61.04 62.46 2.3 
WEEG04CP Walleye whole body VC1' 97·191 58.70 67.42 13.S 
WEFROlCP Walleye w!lOle txxt; VC59 97-192 65.38 62.22 5.0 

ft,verage: 12_6 



Attachment 8 

Qt:ANTIFICAT10N OF SAMPLES -- PCB by GClECD 

Samples are quantified using the method of internal standard;;, The quonllfication intemal standord:. arc 
the recovery internal standards (RIS) (i.e" the internal sHlndards ildded [0 the sample immediately prior to 
instrumental analysis}. The concentration of target onalytes is determmed usmg the following regres~ion 
equation if a linear regression calibration is used: 

C. = [«AJA,)- b)' (ArorJm)] • (IIW) 

Which is based On the linear regression equation: 

Y: mX + b which is equivalenl to: A,A, = [(m' (CJAm,)) + b] 

where, 

c. 
A. 
A. 
Am!, 
W 
b 
m 

; 

= 
= 
; 

; 

= 
; 

Concentrationlamount of target analyre 
Area for target analyte [e,g., PCBS] 
Area for internal standard [e.g., PCB39) 
Amount in(ema) standard [e,g., PCB39 added to sample] 
Sample size (g. dry wt) 
)'+imercept of linear regression equation. 
slope of linear regression equation. 

However. the ECD does not respond linearly and we typi.cally calibrale with a quadratic equation for PCB 
larget compounds. A quadratic equation was consistently used in this project {e.g, see curve type in 
method description on page 000073 of the bird and fish egg data pa;;;kage}. The page references listed 
below for the example calculati.ons are for the bird and flsh egg GClECD data package. 

The quadratic equation is considerably more complic31ed than the above listed linear regression equation. 
and takes a full page of calculation steps to perform. I do not think you warn to subject yourself 10 that. 
We have carried OUt that exercise a few times to validate the data system. The method caJibrates correctly 
as long as the correct standard amounts are put into the method (pages 00007910 0(0081). The samples 
are correctly quantifIed as long as the correct recovery internal stmdard amounts are entered for the sample 
[e,g,. see page 000282 where the appropriate recovery internal standards are listed with the ng amounts 
spiked for each sample as designmed 10 the methodl The amount of RIS spiked imo each sample can be 
traced to the sample preparation records [e.g. page 000013]. The two recovery internal standards are 
PCB39. which is used fur congeners PCBI through PCB 119. and PCB 166 which is used for congeners 
PCB 112 through PCB209 (based on GC retention order and as listed on quantitation printouts). 

The PCB amounts can be found on the quamiration reports. Quantitation repol1s are the data system 
generated reports which represent the analytes quantified with a given method. and repon the Jesuit in as 
ng, 



Attachmenl8 (conL) 

The PCB concentrations is calculated as follows: 

!PCB;::::: PCB Amount '" LLpids~ * CoplanarsF * PTVSf * Samplee;." I/Samplevo 

{PCB I = 
PCB Amount ::: 

LipidsF = 

Coplanarsf' .; 

PIVSF :::: 

SampleOf' ,.. 

Samp1ewr ::;;; 

Example: 

Sample lD: 

Data File Number: 

PCB concenlration (ng/g. wet weight) 
Amount of PCB in the sample analyzed on the GC instrumenl, as listed on {he 
qUllntltation report {fig) 
Lipid analysh subsampling factor, Fa<.:tor {hat corrects ror the amount removed in 
the lipid analYSIs, (toral extract volume before lipid analysis))( (l/{total elllfa<:t 

volume before lipid analysb: - extract volume removed for lipid annlysis») 
Coplanar analysis split factor. FactOr that COCTe(:ts for any splitting of the extract 
for coplanar PCB analysis. (lotal extract volume before SpUt I extract volume 
removed for the subject analysis) 
pf\! subsampling facror. Factor that corrects for subsampling of tile extract prior 
to the addItion of RIS and submission for initial instrumental This factor only 
applies to liver samples which had a volUme removed from the concentrated 
extract, and the subsamplc was spiked with RIS prior to anaJysis. (total extract 
volume before subsampling I extract volume removed for the subject analysis.) 
Sample dilution factor. Factor that corrects for any subumpling of the extract for 
dilution purposes (i,e., when samples were dilUted and re~analyzed), This is only 
a factor when a portion of the extract is removed, and subsequently spiked with 
additional RJS. The amount of solvent added to perform the diJution is not a 
factor in the cakulalion. Additionally. this is not a factor if only the prv is 
increased to bring the analyte response within the calibration range in a rew 

analysis. (Iotal exUilCt volume before subsampling / extract volume removed for 
the subject dilution and re~anaJysj,s) 
Sample weighl (g, wet Weight). Weight of the sample amount that was extracted. 

PCB Amount, Target Analyte: 

Z5799. page 000305 through 000307 - quan1itation report 
(from b.",h 97-126), page 000439 and 000440 (97-126 Table) 
pesticides,chanl_Ol.sa06.21,l, page 000282 (# """ 21) 
423.7752 ng, PCB28, page 000305 

Lipids"F: 
CoplanHl'sF: 

PlY,,, 
SampleDf: 
Sample.....,.: 

PCB1B (nglg) 

PCB18 (nglg) 

1.056, page 0000 I 0 
2. page 0000 12 (lOOOOuL was initial volume. which was then 

split, 
5000uL to each analysis) 
I. page 000013 ([he RlS was added to the entire 5OO0uL) 
L page 000013 (no dilution was perfonned on this sample) 
5.33g wef \Ill., page 000006 

= 1(423,7752 " 1,056" 2' I' III 533) 



. --' 

Attachment 8 (cont.! 

CALCULATIO)< OF SVRROGATE RECOVERY •• PCIl hy GCIECD 

Surrogate re<'overies are abo simply calculOlted usmg surrogale internal standard quamilation data obmmed 
directly from the sample quantilatien repons: (the applicable peak areas and recovery imerna! standard 
amounts have Ollready been incorporated into the methodJequation for the qUOlnmalion repoft generation. as 
presented in the "Quantification of SOlmples" relit). The surrogate intern .. l standard determined amounl 
listed on the quanlitallon report is a direct measure of the amount of surrog.ue internal standard recovered, 
using the qUOlntitation method of our data system. TIle surrogate recoveries are calculated as detailed 
below: 

SR = {(RS/Aml.) 1 LipidsF '" CopJanarSF .. PIY.iF .. Sample£», -* 100%] 

where, 

Aml, = Amount surrogate jnternal standard [e.g .• PCB36] added to sample 
Lipids; = As ex:plained in the "Quantification of Samples" text 
CoplanarSf= As ex:plained in the "Quantification of Samples" text 
PlY Sf:; As explained in the "Quantification of Samples" text 
SampleOF=< As ellpJained in the "Quantification of Samples" text 
RS :; Amount surrogate internal standard [e.g .• PCB36] determined in sampJe 

The two surrogate internal standards used for surrogate recoveries are PCB36 and PCB 112. 

There are two recovery jnternal standards. PCB39 and PCB 166. The recovery internal standard PCB39 is 
used to detennine the recovery of the surrogate internal standard PCB36 and the recovery inlema1 standard 
PCB 16<i is used to detennine the recovery of the surrogate internal standard PCB 112. 

Example: 

Samp1e ID: 

Data File Number: 
Amt.. Surrogate lnternal Standard Spiked (ng): 
UpidSF: 
Coplanars/': 

RS. Surrogate Internal Siandard 

Z5799, pages 000305 through 000307 ~ quantitation repon 
(from balCh 97·126). page 000439 and 440 (97·126 Table) 
pesticides,chanLOJ .sa06.21.1, page 000282 (# = 21) 
803.2. page 000008 (400 uL EI17 • 2.008 ngluL) 
1.056. page 000010 
2, page 000012 (JOOOOuL was initial volume, which was 
then split. 5000uL to each analysts) 
I, page 000013 (the RIS was added to the entire 5000uL) 
1. page 000013 (no dilution was. perfonned on this 
sample) 

Amount Detennined (ng): 349.2781, page 000305 

SR. PCB36 Recovery (%) • [(349.27811&03.2)' 1.056·:;' 1 • I' 100%) 

SR. PCS36 Rl!covery (;}) '= 92 (pag~ OOO~.:O) 



Mr. Doo;;!;:s Bellman 
Hagler Sui!!), Consulting, Inc 
1&8 J Ninth Street. #20 I 
8oulder, CO 80302 

,,', ,,",' 

Olean SOerKe, 
3'17 \~\l\hl"'Blr'lr ~!f('!'! 
:Jl-'xbu '\' · ... ;.I'~d(·'(,''''11\ (I~U2 
k·eph,Fw I.;,t', '1J~osr 

Subject: Reporting of PCB Dillil for the Lower Fox RIver/Green Bay NRDA Projec~ - GClMS DUl!) 

Dear Doug; 

Enclosed please find Battelle data packages for tissue sample analyses performed in support of the Lower 
Fox RivulGrun Bay NRDA PrOjeCf These data are for the analyses of 26 tissue samples by GC/MS and 
the GeIECD MDL samples, as described in the project-specific Quality Assurance Project Pian, duted 
May 5, 1997 and your supplemental memorandum dated July 22, 1991 which describes the s.election of 
samples for GCIMS analysis, The sampJes were analyzed for the determination of polychlorinated 
biphenyl (PCB) concentrations, 

The GerMS dara are reported in two large 3-ring binders. One binder contains (he tern egg and fish egg 
PCB congener data. and the other binder contains the PCB congener data for the whole body waUeye, 
brown trout. and iake trout samples selected for GCIMS analysis. A smaller 3-ring binder is also 
included in this deliverable. This binder contains the data aSSOCIated with the GCIECD MDL 
determination for the 106 base PCB congeners, 

The final data are printed out as sumrn.ary spreadsheet tables in the "Tables" seClton of the data packages. 
Enclosed you wlll also find (I) one diskette with the Excel spreadsheet files that contain lhe summary 
data tables, (2) a table summanzing the calculated GCIECD MOts (Attachment 1), (3) a table with 
representative GCIMS reporting lirruts (Attachment 2), and (4) example calculalions (0 aid the valJdator 
when reviewing the GeMS data packages (Attachment 3). 

A separate Excel spreadshee! has been prepared with transposed GCIMS field sample data (file named 
"Field Sum Extended~S.xls"), pet ),our request and discussions with Tom Gulbransen, All 26 field 
samples have been pulled together into one table in Ihis file. These data have also been complied imo a 
single Access data base fIle that is provIded on .a separate diskette. There are no hard copies of the 
lransposed Excel t.able or the Acces.s file because of Iheir large site, Additionally. if should be noted 
!hat. per our discussions, the transposed data and [he Access file have only received a cursory reView, 
and r strongly recommend that your s!aff carefully check them against the s:;ndard deliverable tables 
before they are used. The stnndard summary spreadsheets tables, which are those Ihal are included in the 
Tablc~ ! .:Cllon of the data pllckages. Zlre the primary deliverable; the$~ tables have all be-en thoroughly 
revlcwed and v.:i!idated by our independent QA Unit. ;1~ weli as by ~taff of the chemistry depal1mem, 
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A,nQ!ylicQ! Information 

The 26 samples for which GC'MS dala::tfC reponed :ire::J :-:ub~:;el of the ti~£.ue "::Jmpl~s thaI W~fe 
proce>;,ed and anal:'7J:~d by GCJECD, The GCIECD dam wert' rl!portt'd 0:: Augu;.! 13, IY9] and (tid; 

d~!iverabie includEd the :ec""nk;j! procedurai :r:fo::-nallon, and olhe: genera! SUPP0F;In£: lIlfor:,l;;tlDll th.H 

are ,iI~"oci<l(ed wnh a:1 or these .In.llyse,L 

General Quality Control and Other Information 

• MDL Datq GCIECD, The MDL sample analyses are compiled In one d~LU package (Ihc smaJ:er o( 
lhe three 3~ring binders). The MDL smdy was pe~ormed In accorCunce wilh the EPA prolocol set 
forth m 40 ern J36 Appendix B Method DeFection Limit (MDL) Deterff,fll(flion. with seven replicate 
anal)ses being used, Summary MDL data tables have been prepared for MDLs calculated the 
following four different ways: (1) concentrations calculated on a wet weighl basIs and quantificatton 
versus the recovery internal standard (i.e .• no surrogate compound COITec[jon). (2) concentrations 
calculated on a we! weight basis and with surrogate compound correction. (3) concentratiOns 
calculaled On a dry weight baSIS and quantification versuS the recovery Internal standard, (4} 

concentrations calculated on a dry weight basis and with surrogate compound con-cction. The MDL 
data based On sample wet weight and wilham surrogate correction (which is the method used for all 
samples in this project) are also presented in Attachment 1. 

The hatchery trout fillet that was used for [he MDL study had measurable levels of PCB. as did all 
the hatchery samples analyzed in this project. Unfortunately, this had a significam negative impact 
on the results of the MDL study because tbere were higher levels of many PCB congeners in the 
sample to begin with than w1!i added for the MDL determination. The sample used for an MDL 
study shouId ideally not contain any of the target compounds prior to fonification. Although Ihe 
non-spiked sample manix was also "naJyled non~fonified (and in duplicate), it was nor pOssible to 
background correct the data because the native concentrations were so high relative to the spiking 
levels. 

The MDLs were generally in the 0,10 to O. 15 nglg range fonhe PCB congeners (he! were not present 
in the tissue malerial (0 begin with. or presem at very low concentrations (Attachment I) - these 
PCB congeners best represenc the "true" MDLs for the method. These MDLs are consislent with our 
past experience, which have typically generated weI weight MDLs in the O.02~O.05 nglg range when 
there has been-nO sample spliuing (the MDL samples in this study had a spilt factor of 2) and when 
using a sample size of abOUI 25 g (the averuge sample weigbt was about 1 J gin Ihis study). 

The surrogate recoverIes for the MDL samples ranged from 61 to 103%. There were no notable 
levels of PCB detected in (he PB sumple. and the PCB congener recoveries were near 100% in the 
BS sample for almost all tnrget compounds; the apparent overwrecovery of PCB41 in the BS (which is 
qualified with an "X") is dut' to coelmion with coplanar ccmgcner #37 which was added 10 the 
sample at il significant level These resuhs indicate that the qU.lllly of the Silmpl~ ar..1IY!><!$ were in 
comrol. 



H.l::kr 11.)<1> C.'F~!;~I!r;;, IF; 
~~.1.:.~.~~.~~1~' ______________ _ 

• RL Da1!..l- (,'CI.HS E.\;)mple3 of GCJ.r>,,1S repO~lln£ ilml[;;.(He labulJltu 'n ...... lludlmt'nt 2. Sample· 
:;pec:rlC Rb \~t':e u\ed rN q'Jalj') Ing Ih~ :mal; l!cJi d.:ll;L .lnJ ~hc RL.' lh:ir ,n;;re ;J~(;d (or dJ:a 
tepon.~f! differ fro:Ti tho~e prc<:enred 1'1 AH::c:rc,ent :2 uept:N:"'g nil ciJH:pl::-.,r.c:· rK PIV.'. dilutl(ln 
f:.:::rors etC. The repcnir:g limit:: are based on the PCB congen..:: co;;ct:;;lr:.J:lllIl In the low c:ilibru!wfls 
standard and are calcula!ed as described In del;}ll In the AUE;!u$t l3, 1997 deliver;.:ble. PCB congener:; 
could typic:llly be confidently determined ill concentnl!lons welJ below the RLs. und uncensored data 
were reponed for thlS work and qualified' W}lh a "]", as appropna:e. 

• QU(1lJ!ificarinn (1!l£Lf? eporrinr; of Con Rent' rs /; 153 Qm:i..I}.2 GClM S. Car;geners # ! 53 Qnd # ! 32 
could nol be separ.lted In the GC/MS analySIS of the whole body fIsh samples (analytical batches 97~ 
190,97-191, and 97-19.:2).and are therefore reported as PCB 153/132, IDcllca!mg that the value 
represems the sum of these tWO congeners. In Hagler Bailly's original ~cope of work for this project 
separale d:1ta for these congeners was not expected. although B:1t1eile waS able to pwvide d,screte 
data from the GC'ECD analysis. These congeners could be separated dunng Ihe GCIMS ar:alysls of 
the egg samples. and separate data are repon.ed for those samples" 

• X Qualifier (Or Congener #153 in CRM Samples CCIMS. The CRM results for congener #153 
have been qua~jfied for the whole body fish samples (analytical batches 97~190, 91·t91, and 97-192), 
because of the prevIously mentiOned caelulion of congeners 1# 153 and #132. The CRM results for 
congener #153 are clearly elev.ued in these three samples, as compared to the CRM data in the two 
egg batches, which can be attributed to comributions from congener # 132. 

• Comparjson ",[GCMS and GCreCO Torpl PCB Dew, The data far the 26 project field samples for 
whtch both GCIECD and GClMS analysis was performed have been grven a cursory review to aSSess 
the comparability. The GC/MS data suggest that there was Jnterference with certain congeners In the 
OmCD analysis, although generally the comparability is quite good. The significant interference 
observed with congener #85 in the GCIECD analysis (likely p,p'-DDE.) was transparent to the 
GeIMS analysis. and the GCIMS data can be used 10 obtain more rellable values for congener #85. 
A comparison of the sum of the PCB congener values from the GC'ECD and OCIMS analyses 
provide good general comp.11rabill~y information. The average RPD in the sum of the PCB congeners 
determined by GC!M:S and GClECD was just under 8% (using the sum of the congeners without 
congener #85 to represent the GCIECD analysis). As could be expected, the greatest comparability 
was observed for the analytical ba1ches where [he GC'ECD analyst repon.ed the "deanest" baselines 
and mmimal matrix contribulions (the fish egg and last whole body fish batch - batches 97 -129 and 
97-192), The sum of the PCB congener concentrations were, on average, only 4 and 3% different, 
respeCtively, between the tWO analyricai methods for these batches. Analytical batches with more 
complex GClECD matri~ signals hild somewhat grcnler differences in (he darB; Ihe RPD to the sum 
of (he PCB congeners averaged II % for the bird egg balch (hatch 97~ t26). 

.. Error In Calihr(J{io!l SUJ.!.!gard Table ill QCIECD CQII!?fltff Package. The spreadsheet table listing 
the calibration standard concentrallons that was included in {he GCIECD data package for the egg 
samples had a few minor errors. The errors had been detected, (he anginal spreadsheet updated in 
BaH'.!He's M;:mdarcs records, bur had n01 been updalt!d in (his da.a package. The correct standQrd 
concl~ntr:Hions were used In .'.'Ill sJmpJe quannfication.:,o flO data were affec:ed. I am enclo:'lIlg these 
updated pages and an addition .. : copy IJuf h1S-hbghts where corfl.!Cllons wefe m:Jue. Please replace 
pag.es 48 and 49 in the StandJfd Preparation :.ectlOn of the GC/ECD data pack::ge that contains {he 
bmJ :md fish egg daiil wHh thest! tWO new page'< 
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SpecIfic Quabo' Conrrof IJljarrnaJiull - {, 1.\IS Analysis 
Anulysi;; of procedu:al blanks Wil\ the only, C s:lmple .:n<l!y:m Ihat ,~J$ ~equ;rccl ro~ [1](' GC'i!\1S \\'CTk, 
as deScn?ed III (he projeci QAPP. Other QC samp:e.'> data, ilnd surrogate recovery (r:rorm~nion. were 
generateu :0 the GC/ECD :.malyses. However. BaHellc rcdUCl;(l Ill", GCi0.1S d~;Lj for rhe ~tilnk "pike and 
ccnified reference mo:eri.tI samples, and Ih03e Gala are mcluded in the enc!o£ed data pJckage,. 

• PrOc£(hfrai (Method) Blanks. A procedu:<.\1 blank (PB} W"5 processed and una!yzed With eac~ of the 
five sample batches. The;c was no PCB doeh!cted in any of the PBs. 

• 

• 

Blank Spike Reco~ef'V. A blank spike (85) sample was processed with eneh of the five annlytical 
batches. Each of the 527 indivtdual PCB congener recovery data poir.ts met the data quality 
objective, with the rr..ajority of the recQveries i:Teing in the 80 to 95% range. 

CRM Recoverv. A certified reference maleria! (CRM) was analyzed with each of (he five analytIcal 
batches. This materialls certified for selected PCB congeners. The CRM data are presented both 
non-corrected and surrogate correcled. The surrogate correction uses surrogate recoveries that were 
generated 10 {he GCIECD analysis. because no surrogate recoveries were deterrruned in the GCJM.S 
analysis. It may nOl be appropriate to apply these GCIECD surrogate recoveries to Ihe GCIMS data 
since the target analytes (GCIMS data) and internal standards (GCIECD data) may be impacted by 
differemleve(s and types of an.alyte and matrix effects. The CRM data using non surrogate corrected 
GClMS data probabJy provide lhe beSt data assessrr.ent. since surrogate recoveries were not 
determined in this analysis. 

,> 
~A The average PD in the CR.\-! results consistently met the DQO. The individual congener PD values 

also met the DQOs. even though the measured PCB J701190 concentration was below the primary 
fl targel DQQ {=35 PD for analytes with concentrations >5 times the RL) by 0.2% in one analysis 

(analytical batch 97w 192); one analyte in each sample could be up to 50 PD from the certified value. 
The measured concentrations were typically.5 (020 below the certified value. which is consistenl 
with target analyte recoveries in (he 80 [0 95% range (as was observed for the BS samples). 

Please do nol hesitate to give me a caU at 617-934-0571 if you have 3ny questions at alL 

Sincerely. 
. . 

3l%t~f fl(i~/l 
Seniot Research Scientist 

Attachments; 

A({~chment I: MDLs for PCB Con#eners by GClECD 
Attachmem 2: PCB Analysis Reponing Limi!s - GC/MS 
Attachment J: Eumple D;I!;l Calculatiol1\ - Cffi1S 



AIt:.H.:hmcnt 1 

MDLs lor pca Congeners by GC/ECD 

PCB Congener MOL {ngfg, wet weigh!) 1/ 

PCBl 0.85 
PCB3 2-"2 
PCB4i10 0.31 

PCB7f9 0.15 
PCBS 0.17 
FeaSt'S 0.23 
PGStS 013 
PCB12fi3 0.93 

PCBlS 0.19 
PC817/15 0.15 
PCB24/27' 0.17 
PCB1S!32 0.24 
PCB29 0.08 
PC926 0.14 
PCS25 iU3 
PCB:.;, 0.30 
PC82S 0.23 
PCB21 0.10 

PCB3"3!20 0.16 
PCBSS 0.20 
PCBS 1 0.09 
PC822 O.O!} 
PCS45 0.15 
PCB4£ 0.16 

PCBS2 0." 
PCB43 0.11 p, 
PCB49 0.36 
PCB47/7S 0.27 
PCB4B 0.0& 
PCB44 0.19 

PCB59 0.06 
PCB4:2f37 0.35 

PCB4\164I11 0." 
PCS40 0.18 
PCB100 0.14 

PC8SJ 0.21 
PCB74 0.32 
PCB7C,76. 0.34 -
PCB56 0.25 

PCB9S 0.53 
PCB91 O.la 

PCB561SO 0.17 

PCB92 0.19 

PCB8.:! 0.42 

PCSS9 0.25 
PCB1011W e.g5 

PCS99: 0-67 
PCB119 0.15 

peB83 0.20 

FCB97 0.42 
PCa87/115J81 0.56 
PCBeS 1.49 
PCB136 0.14 



PCB Congener MDl (ngle;, wet werghl) ~ 

PCB'lorn 0.92 
PCB82 0.22 
PCB15~ 0.42 
PCEi35!14A 0.29 
PC6124 012 
PCB107/147 0.21 
PCB149t123 087 
pe8n8 0.99 
PCBl34 0.'0 
PCB114 1.62 
PCB131 0.21 
PCB146 0.43 
PC8153 1,70 
P08132 0.70 
PCB105 0.40 
PC81411179 0,22 
PCBt37 0.12 
PCB176 0.1-4 
PC6130 0.18 
PCB13B116Oi163 1,33 
PC9158 0.16 
PCB1291126 0.14 
peen8 1,77 
POB175 0.12 
PCB187/H12 0.71 
PC91B3 0.26 
PCB128 0.2B 
PCB167 0.15 
PCB185 0.14 
PCB174 0.21 
PC8177 0.27 
PC61711202 0.28 
POB155 0,12 
PCB173 0.13 
PCB201f157 0,18 
PC6172 0,12 
pe619] 0.11 
1'08180 1.49 
PCB193 0.13 
PC8191 0.13 
PCB200 0.11 
PCS169 0.80 
PCBHOIl90 0.32 
PC819!) OJ)9 

PCB199 0.31 
PCB2031196 0.28 
PCS189 0.1£ 
PCB195!208 0.28 

P08207 0.12 

PCB194 0.28 

PC8Z05 0.12 
PCB206 0.42 
PCB209 025 

~ Wet weight MDL v<,!lues w!!hOul surrogate compound correchon. Average sample weight 
W8S 11 ,oe g, <.tnd the split !ac:tOr was 2 (i,e" only hal! the sam~ was sent to analYSIS). 



Attllchmel'll "Z 

REPORTING UMITS - Extended PCB CongBner Sel by GClMS 

$.tlch iD 97-126 97-129 91_190.97 -Hll, 91-192 97.19t,9H92 91·192 

M .. trlz 7em e!}fj$ L 7rou/ fgi}$ W4,'ieye Wl10le e 7!!)t11 Who/f? L TJf)U<' WI10le 

Pra-Irl/etl!on VOhlmr \uL! ,oeJO "00 ;ooe 0"" "JOO 
Lipid Anaiy'd: Sp~1 FaCiol 1.00 "" lOll , 00 ," 
COplaMr Analysl$ Spill FaclCI 2'" VJO 100 ',,00 '.00 
Sa~11I Dilt,rllM ~aciOf 100 100 .00 '00 >0, 
Sarnplll Wei WeiQl'l! loJ 5.00 '00 5.00 500 10.00 

Rep¢ning UfJll ngl{,l. ~ weigh: 1'l9I9. wo: wcighl nQl\l. \NIII we:g'>1 ngig, wei wei;Pl1 n;ig. Will weight 

Anslyhl 0'---, 

PCBl to:;u.; 41.0 10_3 "" ,.1 
PCS3 201.0 etA 20.' 40,2 HU 
PCl\' 102..8 '" 10,4 20.6 5.1 

PCST "., "'7 
., 12,11 ,., 

PCB6 '"" 
,,. " l'U: " pces .M 26.1 '.7 1 :-;,-4 ,., 

PCSh. :'is.O ,., 
" ".2 LA 

PCBI? fi<.' 25,6 •• .2' >2 
PCB18 33,4 13,4 ,., '.7 1.7 
Pcel? 28,4 11.4 0.' 57 ,. 
PCal4 3&.0 ;4,4 ,. 72 1.8 
PCBlS 36.0 144 ,.5 7.2 1.' 

PCB'" 36.0 • 44 3.5 7.2 , . 
PCS,. 38.0 14.4 ,., 7.2 1.8 
PCB25 "" '0 , .• 7.2 1.& 
PCB3t '" 14.4 ,. 72 1.' 
PCB2e ,3.2 13.3 3.3 •. , 0.7 ,. 

PCB21 36.0 ,.. " 7.2 ... 
PC633 36.0 ... M 7.2 1.6 

PC853 ,'-' 15,4 U 7.7 L' • <, 

PCBSl '44 ••• , .. •. 0 1.2 

PCB22 '60 "A , .• 72 1.6 
PCB45 ,U ,,, ,., ,., IS 
PCB4t1 SUi tS,-4 '.9 7.7 ,. 
pcw OJ.' 13.4 ,., .7 1.7 
pce43 36.0 ,.. 3.6 7.' LB 
PCB49 ,. .. 15,4 " 7.7 LB 

PCB4] 38,6 15,4 '.9 7.T '.9 
PCB46 , ... t5,4 , .• 77 ,., 
PCB44 '" 13A ,., ,.7 '.7 
PCBS9 , .. 1S,-4 3.' 7.7 t9 
PCB42 35.0 ,u " 7.2 " PCG4! "'6 ,,' '.0 5.0 .. 
F'C6-40 _ 36.0 ,.. '.6 7' 1.8 

PCB100 38,6 ". 3.' 7.7 1.0 

PCB63 '" 'S.4 3.' 7.7 I.' 
PCS74 '" 15.4 3.9 7.7 I.' 
PCB7\) 38. '54 3.' 7.7 I.' 
PC ... '" ,3,4 " '.7 \.7 

PCBSS '" ", " 77 1.9 

PCGlin 29.6 nJi '.0 5.' I.' 
F'CB55 30.£1- 12.3 '.1 ., 1.5 

PCB92 27.0 10' 27 " " PCBS4 '" '23 " " " penS9 ,a. 1: ~ ,.S 7.7 t9 
peBIOl ,,. ". ,., " 17 

PC ... , .. " . , .• 7.7 l.9 

PCSns '" '5,4 39 77 1.' 

PCaS3 '" 1:> , '.8 77 \9 



REPORTING UMITS· Extended pce Congener Sel by GCIMS 

B.!"," J() 97'lZ0 S7· ,29 97·lltC. 97-191. \ll·~n !H-191, !?].I!lZ !:11·1?2 

M"ltIlt 'fi!mfi!fXJs L hO"l figps ..vaiw;,<, WtlOlr B Tra..-t Whole L Tr<;lv/ Wfwf" 

PC597 3S 6 1$ " " 7.7 " PC8&T 48.6 '" ,., 7.7 1.9 

PCB1l5 "'.' 1: 5 '9 " 
, , 

PC813S '" 15 t " 77 " PC8110 '" 15 ~ , .• 7.7 19 

PCBS2 '" lSA " 77 1.' 
PCS1S1 38.6 15,4 ,. 1.1 1.9 
PCS135 211.2 11.3 2.' 56 " 1"CB124 35.6 154 ~. 7.7 1.' 
PCB107 35.6 15.4 3.' 7] 1.' 
PC8149 "" 154 " 7.7 ... 
peSlle 3J' '" 3.' '.7 '.7 
1"(;;B134 '" ISA ,., 7.7 1.' 

~. PCB11" 38.6 154 ... 7.7 ... 
PCBI3l J4.' 13.3 ,., , .• 1.7 

~ .. PCS1411 28 .. '1' ,. 5.7 " PeBI53 33.2 13.3 ,., •. , 1.7 
PC9132 "".6 15.4 ,., J] ... 
PCB 'OS 33.4 13:.4 ,., '.7 .. 7 

PC9141 
"'" 

15A , .• 7.7 '-' 
PCBI37 , ... 15,4 , .• 7.7 1.' 
PCB17S 30.' 12'_3 " 6.' ,., 
PCBI30 31).' m ,. , '.2 1.' 
PCBl3b 3>.2 I:D " M 1.7 
~Bl58 38.6 15.4 , .• 7.7 1.9 
PCBl29 3MI 15.4 ,., 7.7 1.9 
pean8 2?0 'O~ 27 , .. 1.4 

PCB17S "'" 1S.4 , .• 7.7 , .• 
Pea19? 33' 13.4 '" '.7 1.7 

~:; 
PCBHU " .• 13.4 '.3 '.7 '.7 
PCB129 3> .. 13.4 3, '7 '.7 
PCBl61 "'. 'S.4 '.S 7.7 ... ., PC8185 'M 15.4 '.' 77 1.9 

. '" PC8174 24' S., 2 .. ,. 1.' 
PCSI77 23,0 '.2 2.3 ... 1.2 
FlCSHl 38.' 1&.4 ,. 7.7 .. , 
PCB156 38.' '" U 7.7 ,., 
PCB17J 38.' 1&.4 38 H '.9 

PC821l' 38' 1S,4 ,~ 7.7 ,., 
PCSH2 "' .• 15,4 3.' 7.7 1.9 
peetS? "', '" " 7.7 '.9 
peeleO 33.4 13.4 3.' '.7 1.7 

'- ~. 
PCallX) "'. ". " 7.7 ,., 
PCS191 38_6 lS,4 U 7.7 ". 
PCB200 38.6 15,4 " 7.7 1.' 
Pcal69 39_6 15.4 , .. 7.7 ... 
PCBll0. 33.4 13A 3.3 '.7 '.7 
pCrna9 , ... 15. ,.S 7.7 " PCBlg& 32.' 12.8 3.' • •• , .• 
f'CB203 "" 12.3 3.' '.2 ,., 
PCB1B9 38.4 154 ,.S 7.7 " PCB195 '" 134 " '.1 1.7 

PCB207 30,3 12.3 , 1 '.2 1.5 

PCBHI4 38_4 '" '.B 7.7 19 

PCB20S 39.8 ," ,. >.7 ... 
, . ''''''2<1' 25.6 10.2 2. S' " PCIl"" ". 10.2 2.' S., .., 

'. 
'. 

; 



Attachment :; 

Ql.JANTlFICA TlON OF SAMPLES - PCB by GCI:>IS 

Samples are quantified using the method of internal Si:lndards" The quantification Internal standard is Ihe 
recovery iOiernai standards (.ldded to the sample immediately prior to In!'trumemal .1na~ysi$) The 
::Oncenlralion of target analytes is determined using the following equation: 

[PCB];;; {(AlA.))( (AmIJRF.) x lipidsr x Coplanarsrx SilmpleOF x (1/ Sample\q)] 

where. 

[PCB] 
A. 
A. 
AmL 
Rf. 
L.ipjdsf 

= 
= 
= 
= 
= 
= 

ConcentratIon target PCB analyte 
Area quantification ion for target aoaJy'ie (e.g., PCB: 8) 
Area quantification Ion for internal standard (PCB34) 
Amount internal standard (PCB34) added to sample 
Average RF for analyte (e.g., PCB 18) determined from initial calibration 
Lipid analysis subsampling fa<:tor. Factor that corrects for the amount 
removed in the lipid analysis. (total extract volume before lipid analysis) 
)( (t /(total extract volume before lipid analysis - extract volume removed 
for lipid analysis)) 

CoplanarsF ::: Coplanar analysis split factor. Factor that corrects for any ::;plitting of the 
extract for coplanar PCB analysis. (total extract volume before split / 
extract volume removed for the subject analysis) 

SampleOf =. Sample dilution factor. Factor that correcLS for any subsampling of the 
extraCt for dilution purposes (i.e., when samples were diluted and re· 
analyzed). This is only a factor when a portion of the extracl is removed. 
and subsequently spiked with additional RlS. The amount of solvent 
added to perfonn the dilution is not a factor in the calculation. 
Additionally. this is not a factor if only the PIV is increased to bring the 
analytc response within the calibration range in a re~analysis. (total 
extract volume before subsampling I extract volume removed for the 
subject dilution and re-anaJysis) 

SampleWT::: Sample weight (g, wet weight). Weight of the sample amounl that was 
extracted. 

One imemal sranrl.!rd was used for quantification (PCB34), 



Attachment:; {COnL) 

QUANTIFICATION OF SA"rPLES - PCB b, GClMS (Continued I 

The p:1ge references listed below for the example calcui.:Jtiom are for the bird and fish egg GC/MS dalll 
package (analyticnl batches 97·126 and 97.129). 

Example Calculation: 

Sample IDo 
Data File Number. 
A, Target Analyle: 
1. Internal Standnrd: 
A. > Target Analyte Area: 
A" l:ruema! Standard Area: 
Am!;, Internal Standard Spike Amt (ng): 

Rf" AverngeRFofPCBl28, 
LipidsI': 
CoptanarSF: 
SampleDF': 
SampleWT: 

VA89CRM, page 000208,210, SQBJ47 pg 000107 
B0708.d, page 000208,210 
PCBllS, page 000210 
PCB34, page 000208 
1178, page 000210 
11427, page 000208 
235, page 000208 and pase 000016 
(100 "L of Standard E1I9" 2.35 ngl"L) 
0,56684, page 000113 
),058, page 000073 
2,0, pag' 000076 
),0, page 000076 
5,03, page 000069 

PCB 12S Conc. (nglg) = [(1l78114427). (23510.56684). (l.058) x (2) x (I) x (115,03)) 

PeBI2S Cone. (nglg) = 14.24 nglg (pageI89) 

Noti:!: Please review the information in the Miscellaneous Documentalion section of the data package 
before beginning to audit and review data; this sectiOn may I;ontain additional infonnation that are 

• ' important to the caicolalion of sample analyte concentrations. 

,. 



December 5, 1997 

Me Douglas Beltman 
H;1glcr Bailly Consulting, Inc 
188J Ninth Street. 11101 
Boulder. CO 80302 

g~Banelie 
'" . 

Du,.Qu·\ ;"1J>q(rlU~t<1~ 0: l;;: 
lel€phmw l{,l~\ 'l1~))j7'1 

Subject Reporting of PCB Data for the Lov.'et Fox River/Green Bay NRDA Project
GCIECD Data from Re~Quanftfied a.rl.d Re-Ar.a!yzed Samples 

Dear Doug; 

Enclosed please find Battelle's data package for the Lower F()x RivtrIGreen Bay NRDA Pro/ecl tissue 
sample analyses recently performed at Battelle Duxbury Operations. The samples were analyzed for the 
determination of polychlorinated biphenyJ (PCB) concentrations. These data are from (1) the re~ 
quantification of a set of samples thal were originally quantified y.ith a different calibration type, and (2) 
the re-eldraction and fe-analysis of a set of samples that had lQW surrogate recoveries in the original 
analysis~ The original data for these samples, the data wruch you may wish to replace with thcse new data, 
were sUbmined as part of the large data delivery on August 13, 1997_ 

The GCIECD data are reported in two large 3~ring binders:, with the appropriate section dividers and tabs 
indicating the location of different data and infonnation_ The.fin.al data have been printed out as surn:rnary 
spreadsheet tables in the "Tables¥! section of the data package. Enclosed you will also find (I) one diskette 
with the Excel spreadsheet files that contain the summary data tables, (2) a table listing the samples that 
were re-quantified \.\-ith the edited calibration method (Attachment I), (3) a table listing the samples that 
were re-extracted and re~analyted, and the types of analyses that was performed on them (Attaclunent 2), 
and (4) results of the Hpid determination method comparison (Attachment 3). Enclosed is also a 
replacement page for one of the sample homogenitation forms that were submined earlier - the Battelle 
sample ID has been corrected for two samples {the eorrect ID was used in aU sample preparation 
documcntarion and data delivenes) 

Other relevant information such as the techrucal procedures, listing Of target PCB analytes, data quality 
objectives, data qualifiers. reporting limits, method derectlotllimits, example calculations, chain..of...:ustody 
documentation, etc" have been provided with previous data dehverables. 

A sheet with transposed field sample data has been added to the two Excel spreadsheet files that contain 
fleld sample data (97 A J91 Requ:ant~a,x1s and Re-extracts_a.xls). 1'he transposed data are in a fonnat that 
can easily be accepted by data bases. and they have been compiled into an ACcess file (v.-'ith three data 
tables). There arc no hard coples of the rransposed Excel tables or the Access file. AddItionally, it should 
be noted that. per our d~scussions, the tr.msposed data and the Access file have only receb ·'ld a cursory 
reVle\\. and 1 strongly recommend that your stoff carefully cbeck them ag~inst the sL'lndard del!verable 
[,abIes before they are used The standard summary spreadsheets tables, wh~ch are those included in the 
Tables section of the dJt:l p:lckJgc, arc the pnmo.ry deliveroblc: these tables have been thoroughly reviewed 
and validilted by our QA Unit. as well JS by staff oftbe chemistry department. 
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Re~Quantifjed Samples. Re-quaril:fied extended PCB congcne: data arc s:.:bmitted for 21 samples 
{Attachment I} for whieh data \'\-"ere alreru:1y subm:l"'..cd back on A'Jgust 13. ! 997, The original do,ta for 
these samples were llladvenentJy generated uSing a l:'X weighted quad.ratlc equ:ltion. and the calibrations 
'Were therefore re~generated using an non~¥>'elghted method to be consistent wit.~ all the other data: non
v,leighted calibratIOns are also more s':.a.fjdard. Most of the affected samples were QC samples because a 
largc numbcr of the field samples in those analytical batches werc diluted and re~ana!yz:ed, and the re
analyses were Quantified .... ,th 11 non..-weighted calibration. 

Re-AnaJyzed Samples. Three batches of re-extractions and re-analyses are reponed in this data delivery 
(Attachment 2). These samples were re-analyzed in the laboratory because the recoveries were lower than 
desirable in the original analyses Several samples from the first re"CXtraction balch (97-274) were actually 

4· rc-analyzed a second lime in one of the other two batches because the recoveries were still low, 
Additionally, the field samples in the second and tttird re~anaJysis batches were processed in duplicate to 

f" obtain the best data. Both replicates were reported if the surrogate recoveries were good for both analyses, 
and the better of the two was reponed if one or both of the replicates yielded surrogate reco\'eries outside 
the data quality objective range. 

.. 

High quality data were generated for most samples, but a ~w surrogate recoveries remained below the data. 
quality objective. even though they were separately analyzed up to four (4) limes, indicating unique sample 
matrix characteristics. However, considering the large numbers of samples analyzed and reponed the 
overall quality of the project da.ta set is very high and only three analyses (out of 175 separate PCB sample 
analyses) remain with recovery results below the data quality objectives. 

Genea[ Quality Contf'ol and Other In/ormotion 

Several orthe general reponing items listed in this section have already been communicated to Hagler 
Bailly. and are included here for completeness. 

-. Re-Quofltf{icotiOfl. The re-quanliflcation of the samples listed in Attachment 1 yielded only slightly 
different data than what was submitted on August 13, 1997, For instance, samples: VD38 
(BTEGG ICP) and VD40 (BTEG04CP) are nC1W reported '" have a "Sum of PCB wlo PCBS5" 
concentration of 1,900 and 1,707 figlS, wet v.teighl, versus the original results of 1,955 and 1,752 nglg, 
respectiveJy. The new data for these samples are approximately 2-3% 10 .... 'Cf than the original results. 

• JX Oualtfier fi>r Congener 1185. There was significanf ~iutio;Vi.nterference with IXlngener #85 in the 
field samples that appears to be caused by the presen<x: of P.P' -ODE. Therefore, the congener #85 
data have been qualified with the qualifier "JX" when thi, peak is clearly significantly higher than 
could reasonably be cxpecte.l The SIze of this peak was not considered when deciding on dilutions and 
re-analysis of samples (Le., this peak was frequently above the hlgb calibration stan~rd and was often 
above the range of the detector. and ignored for dilution purposes). The data reported for congener #&5 
are not accurate, and, therefore, in addition to providing a sum of all PCB concentrations in the Execl 
summary tables, we are also providing a sum of all congeners WIth congener #llS excluded. The 
congener summation without congener #&5 is likely a more accur .. 1.C measure of the: total PCB than the 
sum that includes congener #&5 
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For your infcrmatio:l, congener #85 consritutc$ approximatc:ly 1% of the IOtal PCB in mid~JT1olccular 
weigh! Aloclor formulations, such as Aroc!ors 1248 and 1254 (Schultz cl (Ji., 1989, Environ, ScI. 
Technol.23, 852-859; and Battelle internal determmations}. II is onl~· reasonable [0 expccr a similar 
contribution in environmental samples for this particular congener. TIle GC/MS data will provide 
more accurate congcner #&5 conccn~ration data. TIle GCiMS data wiil also provide information on the 
rebltive ratio of congener #85 to other congeners that are nor interfered WIth in the GCIECD analysis, 
rhus providing data that can be used to obtain a good estimate of the congener #85 concentrations i. .. all 
samples" 

• X Qualififl (or Congener #169. TIlcre appeared to be a procedural contaminant in the coplanar PCB 
congener method that resulted in a doublet peak that interfered \l,ith con,gener #l69; the two interfering 
peaks elute on either side of the congener # 169 peak. If a peak was clearly present in the vaHey 
between !he two contaminant it was picked as rongener #169, but the contaminant most likely masked 
the presence of this congener under most circumstances or reduced the accuracy of any Quanlificati<m 
of thjs congener when detected. The Qualifier "X" '>vas added to the congener '# 169 data in the coplanar 
analysis (whether it was detected or not) to indicate this issue. 

Battelle fonowed EPA Method 1668 for the coplanar PCB congener separation, and it is unclear what 
reagent or other component of the method contributed this interference, Congener # 169 was also 
detennined in the standard PCB congener analysis (it is the only coplanar congener that can be well 
resolve in that analysis), and there was no evidence of procedural interference with congener # 169 to 
those analyses, 

• CRMOualltfficattQ!l., The qualilyeontrol results for the Certified Reference Material (CARP-l CRM) 
v.rere calculated and reported boln sUf1"Ogate corrected and not surrogate corrected; separate 
spreadsheet tables have been prepared. The reason is lhat the certified values for this CRM are based 
on surrogatt: corrected quantification (per information from the National Research Council (NRC) 
Canada scientists ",no prepared and certified thiS material), ar'.d surrogate correction may therefore be 
the most valid approach for performing data comparisons. 

• Q.l;fgntification ofCcngene:r #6J. There was an error in the concentration used for congener 1163 in the 
calibration method for the second level of the multilevel calibration. and this "'as discovered after the 
samples had been quantifitd (0,01% ngl~L MIS entered/used rather than the correct value of 0,0192), 
TIlls minor error was for one anahle in one calibration level. A field sampJe was requantified with the 
correct concentration in the calibration method to assess the impact of this error, The two methods 
yielded result of23.1886 and 23. J 072 ng «0.4% differ~,for &:ongener 1163, with the repor=J value 
being the higher of the two) and this relatively minor discrepancy for one congener WS$ considered so 
small that it -di-d not warrant re-quantific.ation of the data set. 

• Lipid Confenf Method Comparison. Lipid content determination was performed Mth two different 
extraction solvents (hexane and dichloromethane) on seven brown trout whole body :samples and seven 
walleye whole body samples, to assess differenCes caused by the twO solvents. Additionally. triplicate 
analysis wa.., performed on one sample of each fish type. The results from this detennination are 
summarized in Attachment 3. 

As expected, the dlchloromcthane extraction method yielded higher lipid content values than the heJi.3Jle 
extraction. The lipid content was, on average, about 43% higher with the dichloromethane method for 
brown trout and abOllt 25% higher for \l,-'tilleye. However, these data need to be eonsidercd carefully 
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before they <lrc used to gencrate somc gencric mcthod~to·mcthod lipLd COntent corrcction factor bCCJ,!J!ic 
there is clearly significant fish~to~flsh vari<lbllLty. The difference (percent difference) between the 1'\.1.'0 

methods "'as ilS low as 17% and as high as 72% fer different brov.ll trout samples, with the res! 
ranging from 39'% to 50%, This nO!.1blc fish-fo-fish vari3.bility could be the result of slightly different 
lipid composition of different fish (i.e., the fish sample matrix). Addi:ion<llly, and possibly even more 
importantly, variability in the moiSfure Content of the fish impacts the "ari~bmty in the lipid data when 
calculated 00 a \\-'(rt wei£hi bilSis; the lipid are primarily associaTed with the "dry" matrix. not the ".rater, 
After normallzing the data for moisture (XIntenr (i.e., calculating lipid content on a dry, not wct, v..,eight 
basis) it is likely that the PD values will decrease. The precision in the triplicate analyses of the same 
sample is quite good, indicating that the observed variability is not due to the method. 

Specific Qualit)' Control Informalion -Re~Anal)'zcd Samples 

., frow!u"o{ (Jvferhod) Blanks. A procedural blank (PB) was processed and analyzed with each of the 
.sample batches. Few congeners 1,'I.'Crt detected it< the PB samples in the extended PCB congener 
analysis. and those were consistently at very low Je\'t'ls - well below the reponing limits, In the 
coplanar PCB congener analyses there was interference .... ith congener # 169 (as discussed earlier) that 
contributed to a Jow~tevel signal in the PB, but none that suggested the presence of this congener, 
There ""'as also a low-level signal corresponding to congener #31 in one of the three coplanar PCB 
congener PBs, but if too represented a coneentrnfion much belmv the reporting limits. 

• Blank Spike Recovery. A blank spike (BS) sample was processed with each of the analytical batches. 
All extended congener targct compound recoveries were acceptable for the BS sample. The BS 
recoveries were acceptable for the three coplanar PCB congener batches, with the exception of a 
slightly elevated recavery for congener # 126 (135% recovery) in the BS processed with batch 97·306 
and a Slightly low recovery for congener #37 (48% recovery) in the BS with batch 97 .. 312. 

• CRM Recovery. A certified reference material (CRM) was ana1y~ with each of the analytical 
batches, This material is certified for selected ~'standard" PCB congeners (i.e., not fOT any coplanar 
congeners). For the coplanar PCB congener anaI)'Ses the CRM was used only to track precision over 
several batches. CRM results are reported both non<orrected and su~te corrected, The surroga.te 
corrected results best represents the true native sample concentration and shouki be used for oomparing 
v.ith CRM certification values; su·rrog.ate corrected data were used by National Research CounciJ 
(NRC) Canada when establishing the reference values. 

The average PD in the CRM results met the DQO, and there was only one individual COOgcnCT 
exceedance; 43 o/oPD for PCB66/95, versus a DQO of ±33"%.' However, the CRM IS not certified for 
PCB66195 and a. less risorous "'consensusfl value is used to evaluate this parameter. The precision in 
the coplanar PCB anal)'S" of the CRM was relatively good for congeners #77 and #126 (e.g" 32% 
RSD and 25% RSD. respectIVely. for the non<orrected data» considering the low concentrations of 
these congeners in the CRM (near or below the RL) .. 

• 
• I2!J.pficate (DUP) Precision. Specific duplicate precision tables \\'ere nor generated for aU of the re~ 

a.nalyse,s because so many set'> of replicate analyses were performed that no sample needed to be 
specifically designated as the DUr sample ofthc batch. A iarge number of replicate field samples arc 
available to calculate anal;.'licat precision, and the template to "'drop" such data in to are available as a 
scpJrnte shecI in the provided Excel files . 
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• SurroZf!!.~ Rftcowrv. Surrogate internaJ st.1nd:lrd (SIS) compounds were added to every fieJd ;u;d QC 
sample to monitor sarnplc processing efficiency, and the rccovcnes of two 5155 (congcncrs PCB36 and 
PCB 112) were determined for each sample. Additionally. the eoplllnilr PCB congener column 
separation efficiency was monitored using d:.-~tcratc.d congener #77 for all samples that were sllo,icctoo 
to coplanar PCB congener a..ulys:s. 

The surrogate recoverie« W"...re gener.a1ly very good. The SUlTOg3.lC tU::ovcry DQOs (50 to 125% recovery) 
were met for all QC samples and almost all field samples" As diseuss«i <Miler, a few field samples lwl 
surrogate """,,,,,ries that did not meet the DQO. even though they were "l'aratcly anal)'Z"d up III four (4) 
times, This dearly inrucares a unique sample matrix for these samples - a matnx that cannot be effectively 
e:<traaed using standard laboratory procedures. However, CIJflSJdering the large numbers of samples that 
""re anal)'Z"d in this project it is clear that the overall quality of the dala set is very high ;md only three 
analyses remain with ~ results outside the DQO range" These three samples are all lake trout whole 
body samples: (I) the coplanar PCB a:mgener dala for """pie Z6899 (EGLMF06WC-I) IS based 011. 

sample with low S!.arulard congener surrogau: r=v<ries, (2) the coplanar PCB coogmer data fur sample 
Z6833 (EGLMFI OWC-I) is based on. sample with • low coplanar congener surrogall: ''''''''''I)', ;md (3) the 
extended PCB congener data fur sampleZ68J4 (EGLMFI1WC-I) is ba5«ioo • sample wlth lowstandaId 
congener sutTOgate recoveries. The law recoveries fur these three ranged fro,ttl 19% to 28%. 

Please do not hesitate to give me a call at 781-934~0571 if you have any questions at aU, 

Sincerely, 

Senior Research Scientist 

Attacbments: 

Attachment I: Re-Qu;mtified Samples 
Attachment 2, Re~Analyz.ed Samples 
Attachment 3: Lipid Method Comparison 

• 
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Attachment 1 

Re·Quanlified Sp'11ples • 

Client 10 Battelle 10 Batch 10 I , , 
NA VD26PB 97·190 , , 

NA VD278S 97·190 , 

NA , VD28CC 97-190 
NA VD2918 97· 190 , 
NA , 

VD30E8 97-190 
, , , , , 

NA , VD32PB , 97-191 

i NA VD33SS 97·191 
! NA VD34CC 97-191 , , 

NA VD351S 97-191 
NA VD36EB 97-191 

I BTEG01CP 
, 

VD3S 97-191 , 
, STEG04CP VD40 97·191 , 

8TUG01CP VD42 97·191 
BTUG02CP VD43 97·191 

, 
BTUG04CP 

, 
VD44 97·191 , 

I STUG05CP VD45 , 97·191 , , , , , , 

NA VD48PB 97·192 
NA VD49BS 97·192 i 
NA VD51CC 97·192 
NA VD52EB 97·192 

, , 

NA VD53IS 97-192 
He-quantified by non~welghted quadratic calibration type because they were 1(,lltlslly Quantified with a 

1/x weighted quadratic calibration. Target extended pca congener dala. only (surrogate recoveries 

, " , . . 

". were not affected because they were not cahbrated by the weighted methOd in the original analysis), 

" 

• 



Attachment 2 

Re-Analyzed Samples' 

Client Battelle Re-Analysis Original Congener Sample 
Reporting 10 Sample 10' Batch 10 Batch 10 Analysis Type/Matrix 

Type 0 

TEKIB18 Z5799 97-274 97-126 CP Tern egg 

96KICT05 Z5807 97-274 97-126 CP Tern egg 
96KICT07 Z5813 97-274 97-126 CP Tern egg 

96KICT09 Z5815 97-274 97-126 CP Tern egg 
WEFR07CP VC59 97-274 97-192 CP Walleye whole 
WELG06CP VC65 97-274 97-192 CP Walleye whole 
BTEG02CP V047 97-274 97-192 CP B. trout whole body 

EGLMF06WC-1 Z6899 97-274 97-192 CP L. trout whole body 

TEKIB48 Z5804 97-306 97-126 CP Tern egg 
96KICT03 Z5811 97-306 97-126 CP Tern egg 
96KICT10 Z5816 97-306 97-126 CP Tern egg 

WEWG04CP VC69 97-306 97-192 CP Walleye whole 
EGLMF11WC-1 Z6897 97-306 97-192 CP L. trollt whole body 
EGLMF07WC-1 Z6898 97-306 97-192 CP L. trout whole body 
EGLMF01 FC-1 Z5958 97-306 97-129 STO L. trout eggs 
EGLMF08FC-1 Z5965 97-306 97-129 STO L. trout eggs 
EGLMF10WC-1 Z6833 97-306 97-192 CP + STD L. trout whole body 
EGLMF09WC-1 Z6901 97-306 97-192 CP + STD L. trout whole body 

EGLMF01WC-1 Z6902 97-312 97-192 CP L. trout whole body 
EGLMF02WC-1 Z6900 97-312 97-192 CP L. trout whole body 

EGLMF03WC-1 Z6881 97-312 97-192 CP L. trout whole body 
EGLMF04WC-l Z6880 97-312 97-192 CP L. trout whole body 
EGLMF05WC-1 Z6879 97-312 97-192 CP L. trout whole body 

EGLMF08WC-1 Z6835 97-312 97-192 CP L. trout whole body 
EGLMF12WC-l Z6834 97-312 97-192 CP L. trout whole body 

BTUG03CP VD46 97-312 97-192 CP B. trout whole body 
• The listed f,eld samples were re-extracted/re-analyzed wIth new QC samples (PB, BS, CRM, and DUP). 
b The Battelle sample 10 for the re-extracted and fe-reported analyses has a -1 or -2 suffix as part of the 
ID to indicate il it is the first or second re·exlraclion/re-analysis 01 the sample. Additionally, all samples in 
batches 97-30B and 97-312 were re-analyzed in duplicate and the OUP designation has then also been 
added to the base Battelle 10 for the sample tracking and data reporting (e.g., ZB901-20UP). Both 
replicates were reported if both had surrogate recoveries that were well within the data quality objectives 
(0005). The sample with the belter surrogate recoveries was reported if the recoveries were outside the 
OQQs for one or both replicates. Data for both replicates have been reported for Z5811. Z581 B, VCB9, 
ZB898, Z5958, Z5965, ZB901, Z6881 , and V04B. 
C Congener analysis type: CP; coplanar congeners. STO: standard extended list congeners. 

... , 



Attachm· 3 

LIPID METHOD COMPARISON· Hexane vs D~chloromethane 

lipid Content ('Yo, wet weight) 
Client Reporting ID Matrix Battelle 10 Hexane as Solvent DCM as Solvent PO 

BTEGOiCP Brown trout whole body VD3S 7.87 11.27 43.2 
BTEG03CP Brown trout Whole body VD39 8.12 12.16 49.8 
6TEG04CP Brown ttO:.lt whOle body VD40 9.B2 13,a~ .io.a 

.' 6TEG05CP Brown trOUI whole body V041 11.74 13.75 17.1 
BTUGOlCP Brown trout wno1e body VD42 B.2B 1H5 72,1 
BTUG03CP Brown trool whok! body V046 10.75 15,38 43,1 
BTEG02CP Btown trOl..:t whole body VD47 10.33 14.33 38.7 

Average: 43,S 
%RSO; n3 

6TEG04CP Brown trOut whole body VD47 10.33 14.33 
6TEG04CP Brown trout whole body VD47·DUP 9A6 13.27 
BTEG04CP Brown trout whole body VD47·TRIP 11.44 13.95 

Average: 10.4 13.9 
"/",RSO: 9.5 3.9 

i 
WEfR04CP Walleye whole body VAS7 8.94 11,42 27,7 

r::- WEfR01CP Walleye whole I:>ody VC53 8.59 9,58 j 1,5 
WEFR02CP Watleye whOle body VC54 14.56 17,19 18.1 
WEFR03CP Walleye whOkt body VCS5 9J)3 10.79 12.0 
WEFR05CP Walleye whole body ve57 13,52 16.72 22.7 
WEFR05CP Walleye whole body VC5S 11,81 16.90 43,' 
WEFR07CP Walleye whole body VC5G 12.59 17.84 41,7 

Average: 254 
%RSD: 5U 

" , 
WEFR07CP walleye whOle body VC59 -. .12.59 17.84 
WEFR07CP Walleye whole body VC59·DUP 1.; .38 15.66 
WEFRD7CP Walleye whole body Ve5G·TRIP 10.97 12.39 

Average: 14.3 15.3 
"/,.RSO: 11.8 17.9 



Sample ITomogcnizRtion 

Project Name: Lower Fox River/Green Bay NRDA 
Project Number: G003264 
Homogenization Completed by: IC ~ ~ Date: 7/7/77 
Homogeniution method.!equipment: i-l •. "j,~ .. r &r. "J ~.,. 
Stortl£e Location Removed from: 1_-rZ /~ Date/Time: 7171"17 'if':t)o,.lJ ..... 
Storage Location until homogenizali(Jrucompositing: c. L, .. - I- JJ n 
Storage Location Returned to: /-'""'1"2? C Date/Time: 7/71 "j 1 J: c. vi? -. 

I I 
, 

Sample 
I 

Battelle ID , , , 
Sample Matri.x , Field Sample ID • 

N 
, 

(log-in) • , , , , 
, , 
I Lake trout whole body , I EGLMFOIWC·I ZID,c2 , 

Lake trout whole body 2 EGLMF02WC·l Z. b'100 , 

Lake trout whole body 3 EGLMF03WC·l 
, 

2 "'..,;- I 
Lake trout whoie body 4 EGLMF04WC-1 , 2b'i{~'lfD , 

,~ 

: Lake tTOut whole body 5 EGLMF05WC·I 2 b "if~ 7'1 
: Lake trout whole body 6 

, EGLMF06WC·l 
Z "~'l'" 

, 

Lake trout whole body 7 EGLMF07WC·l 
, 

Z "'.". 'i 1;-

Lake trout whole body 8 EGLMF08WC-1 Z " .. ;>:> , 

Lake uout whole body 9 EGLMFQ9WC·1 Z. 10 ,\" I 
Lake trout whole body 10 EGLMFIOWC·I ;;:> <;, <'-33, 

i Lake trout whole body 
, 

lJ EGLMFIIWC·! ZG:>'ir'17 
, , , 

, , , 
EGLMFI2WC·I : Lake trout whole body 12 , Zc,.'lfS<t , I , 

• The diem Held Stun Ie m is the: same as the Client R rtin ID (or Sam es that are no, com sited as p epog pl po, 
outlined in Attachment 2 oftJle Project Laboratory QM? Similarly, the Battelle ID given at log-in is the same 
as the Bilttelle Reponing ID for wnples lhat are no! composired, S'UCll as those listed above:. 

, 

, , 

, , 

, , , , 
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Introduction 

Thi" re-purt summarjze~ the yuaJity assurance evabations performed and data qualif;c,;:lIiol1s 
rc..::ommelldcd for 123 ti,<;~me samples analyzed for the Green Bay Nutlln:J ReSl1tlrCe Dami.lge 
Assessment project. Refer 10 the Sample Index (I'ABLE J) for ,"umpie idenlifica(ions and 
analyses. 

The tissue sl1mples were analyzed for 106 PCB congeners or seven Aroclor formations Llsing the 
BoucHe laboratory slandard operating procedure, Idt:llfiji't.XlficJIl and QuantifaiioH of 
PoiYl:hlurmaIed Biphenyls (by Congener ond Aroclor) and Chlorinated Pesticide, by Gas 
Chromafography/Electron Capture Detection. Several samples that were analyzed fOf the 
standard congener list Were also analyzed for five coplanar PCB congeners. A .subset of 26 
!iample~ that were analyzed for the standard congener Jist were also analyzed by GC/MS. The 
analyses were performed by Battelle Ocean Sciences. 397 \.yashington Street. Duxbury, 
Massachusetts. 

The surrogate percent recoveries for many of the samples were net within the acceplance IImiL'\ in 
the initial nnalysis. Addltionally, two sample extracts were spilled during the exuactjon proce:;s. 
For these two reasons, four samples for the standard congener anaJyses and 24 samples for the 
coplanar congener analyses were re-extracted and reanalyzed. The original results were qualified 
<IS do~not-report (DNR): the results from the re~extracted analyses should be used, 

The primary data validation review was perfonned by Sherri Wunderlich and secondary technical 
review was performed by Alison Bodkin. The data vahdat ion review was. based on the quality 
control criteria specified in the analytical melhods and the data quality objectives lislcd in the 
QAPP, 

Data validation and reasons for qualification are summarized in each seclion of the following 
·report. Validation quaUrIer definitions and reason codes are listed in TABLE 2 AND TABLE 3, 
re~pectively. All data validatl0n qualifiers appear in the database. 

.. -04tZMJIj t? 1, p" ii EcoChem, Inc . 
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FULL DATA VALIDATION REPORT 
PCB Analyses 

Batches: 97-124,97-126,97-127,97-126,97-129,97-181,97-19 0,97-
191,97-192,97-274,97-306, and 97-312 

I. Data Package Completeness: ACCEPT ABLElWith the following discussion, 

All necessary documentation for the full validation were prOVIded hy the laboratory. 

The chain-of-cusrody (COC) forms for six samples (96-K1-CT-OI, 96-K1-CT-03, 96K1-CT-05, 
96-KJ-CT-07, 96-KI-CT-09, and 96-K1-CT-lO) did nor list snmpling dales. 

["orren samples, EG-L\1~F~O[~FC-I through EG-LM~F~lO~FC-l, the collection date listed on the 
coe form .... was 10/22195. The laooratory indicated that the collection dale listed on the sample 
bottles was 10/22/96. Since the COC fonns were signed by the sampler on 10/22196, and the 
coe collection dale for the other two samples in the batch (Samples EG-LM-F-ll-FC-I and £G
LM-F-12-FC-!) wa~ 10122/96. the actual coHectioo dale was most likely J 0/22196. 

Although, several internal sample custody seals were broken when received hy the laboratory, all 
cooler seals were intact- This. was probably caused by the pressure of the ice, a:. puper custody 
seals and [ape can be weakened by the cold and moisture. No acrion was taken, 

II. Sample Holding limes and Handling Condilion$: ACCEPT ABLElWi!h the 
following exceptions, 

,Qualified Da1<1: See the Qualified Sample Resul!s. 

Discussion: 

AlIlissue samples Were stored frozen at ~20 QC or below until the time of extraction. All samples 
Were extracted withIn one year of the sampling date. 

The analysis holding lime criterion for PCBs is 40 days from extraction dare to date of analysis. 
All samples were analyzed within [he required holding time. 

Balclt 97·192: 

Sample BTUG03CP,' During the extraction, approximately 30mL out of 200mL {or 15% of the 
sample extract volume) was spilled. As imernal standardization was used to quantify the PCB 
congener concemraTion:;, and a~ Ihe standard extended list sUITogate recoverie;; for {hib sample 
were acceptable, no qualifica[ion was performed based on the spillage. 

Sample EG~LM~F-09-WD I: During the preparalion step. the vial containing the extract broke in 
the centrifuge. The sample was plpelted out of the rotor and put in a new vial, The laboratory rc~ 

~ooam(t 12.11 PI! Page' of 4 EcoChem, :nc. 
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extracted and reanalyzed the sample by GC/ECD upon request. The reanalysis was performed 
with Bateh 97~306. The original results were qualified as do-no{~rcporl (DNR~14); the I'esuhs 
from !he reanalysis should be used Ins;ead, 

til. Calibration: ACCEPTABLE/With the following exceptions. 

Qualified Data; See the QualifIed Sample Results. 

Discussion: 

iuitial CalibrotimJs 

For Ibe GOECD congener and Arodor initial calibrations, all reported coefficients of 
determination for the imtial calibrations were greater than or equal to 0,9900. (Therefore, 
correlation coefficients were greater than or equal to 0.9950.) The labonnory incorrecdy 
calculated calibration curve coefficients using l/X weighted values for Ihree congener Aroclor 
initial calibrations (that were analyzed 00 7/15/97, 7/22/97 and 8/8/97), The laboratory submilted 
corrections for the 7/15/97 and 7122/97 initial calibrations and recalculated all associated sarnple 
rcsulls, For example, for Sample BTEGOICP [he PCB sum (without PCB 85) was originally 
reported as ]955 ng/g versus a new tOla] of 1900 nglg; this represents a percent difference of less 
than 3%. Tbe 8/8/97 initial calibration was only assoeiated with the method detection limir smdy, 
As the weighred results were only slightty different than the non-weighted results, the method 
detection iimit study was judged as noc significantly affected. 

For the GClMS imtial calibrations, all percent relative standard deviatlon (%RSD) values were 
less than the 35% upper control limiL AI! relative response factor value;;. were greater than the 
0.050 lower control limit, 

CQntinuing Calibrations (CCVs) 

Several percent difference (%D) results (from the true values) for larget analytes were outside the 
individual compound comrol limit of ±2.5%. Positive sample results thai were associated with 
non-compliant %D values were qualified as estimated (J-5B). Non-detect result$, were judged to 

be not $,ignificamly affected. Qualified results are summarized in TA13LE4. 

Several samples, were nol analyzed within 12 hours of the beginning CCV. Since all samples were 
hracketed by acceptable beginning and ending CCVs, no action was taken. 

IV. Blank Analyses: ACCEPT ABLEIWith the follOWing exceptions. 

Qualified Dafa: See the Qualified SA.mplc Results, 

DIsCfJssion: 

Several PCB congeners were defected at low levels by tbe GCIECD in some of the procedur:ll, 
instrumenl, and equipment bJanks. Actioo levels were established al five times the reporLed blank 
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concenlrarlons. A.~socitited positive sample re~ull:i less d:an the a::tion level" were qutiliflCcI ;'l~ ,lot 

detected n:-7). Qualified results are summarized in TAllL£: 5. 

V. Surrogate Recovery: ACCEPTABLElWith the following exceptions. 

QualIfied Data: See the Qualilied Sample. Resuhs, 

Discussion: 

Several surrogitte per;;;ent recovery (%R) value~ were uutside the 50% to 125% control limits. 
The %R outliers are summarized in TABLE 6, sample results qualified as a result of surrogale 
outliers arc summarized in TAIlLE j, and specific details are provided in the following text. 

Standard Congener Analysis (GCIECD) 

For Sample VlEEG04CP (Batch 97-191), one surrogate %R value was outside of the control 
limits. A lal:x.mllory duplicilte ilnalysis of ihis sample was perfonned, with ilcceptable %R values. 
The re!mlt from the field sample was quahfied as do not report (DNR-13); the results from the 
laboratory duplicate should be used. 

Sample EG-LM-F-OI-FC-I in Batch 97-129_ and Sample, EG-LM-F-09-WC-J and EG-LM-F
lO~WC- t in Batch 97-192 were re-extracted and reanalyzed due to unacceptable ~urrogate 
recoveries. Sample EG-U1~F~09-WC~1 war.; al<;o reanalyz.ed due to the sample- spilling in the 
extraction process: see SECTION II. Sample EG-LM-F-08-FC-I (Batch 97-129) had ,urrogate 
recovery values that were slightly above the lower control limit of 50% at 53o/{J for Surrogate 
PCB 63 and 51 % for Surrogate PCB 112. Although these recoveries were technically within the 
control limits. the s.ample wa!> re-extraeted and reanalyzed to verify the recovery value!>. These 
re~extraclions and reanalyses resulted in acceptable %R values. The results from the original 
analyses were qualified as do not report (DNR-13); the results from the reanalyses should be 
used. 

Coplanar Congener Analysis (GCIECD) 

Seven sample_<; in Bn.tch 97~ 126 and 17 samples in Batch 97 ~ 192 (summarized in TABLE 8) were 

re·extracted and reanalyzed because of jow sUlTogate percent recoveries. The results from the 
original analyses were qualified as do not report (DNR-13); the results from the reanalyses should 
be used. 

For all other field samples summarized in TABLE 7. results were qualifIed as estimated (J-13/UJw 
13) for %R value:> les:; 50% but greater than or equal to 10%. For %R values greater than the 
upper control lintit. positive results were qualifted as estimated (J-13); reponing limil!> were 
Judged as 110t affected. Qualifiers were not assigned to QC samples, 

Surrogate 'loR vailies Jess than the control limit may jndicate that the sample results are bia~ed 
low, The reported sample results are potentially undere~timllted. Surrogate %R values greater 
(han the control limit indicate thm the sample results are potentially bia~d high; however, 
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analytkal interferences may be present :ha! impact only the surrogate compounds, and the~e 
interferences may not imp:J.Ct :he sample results. 

As indIcated If: Ihe QAPP. xurroga{e (kR vnlue\ were nor calcu!utcd for the GCfMS annly!.e.,>. 
Surrogate,:; were evoluated based on %R value\ obtained from the CiC/ECD analy:..e". The 
GC/MS sample results were qaalified as estimnted (1-13) when the recovery vail.le!<. from the 
GC/ECD analyses were not wirhin the control limits. 

The surrogate %R value ranges for ali batches are summarized in TADL£ 9. 

VI. Blank Spike Sample Analysis: ACCEPTABLElWith the following exceptions. 

Qualified Data: See the Data Qualifier Summary Table. 

Discussion: 

A blank spike {BS) was extracted and analyzed at the frequency requirement of one per batch. 
All spiked analyte recovery values were within the control limits of 50% to t25% for tri~ through 
deca-chlorobiphenyls and 30% to 125% for mono- and dichlorobiphe-nyls. with the exceptions 
listeo in TABLE 10. 

Results associated with BS recovery va1ues that were less than control Hmits were qualified as 
estimated (J--1 OIUJ~ 10). Positive results associated with BS recovery values that were greater 
than control limits were qualified as estimated (JM 1 0). See TABLE 11 for a summary of results 
qualified because of blank spike and SRM outliers, 

The blank spike %R value ranges for all t:lnaJytes within a batch are listed in the TABLE 12. 

VII_ Sample Duplicate Analysis: ACCEPTABLElWith the following excepttons. 

Qualltled Dolo: See the Qualified Sample Re,ults. 

Discuss/on: 

One or more duplicate samples were extracted with each batch. The duplicate sample was 
,annlYled by GCIECD, but not GC/MS (as .specified in the work plan). Several relative percent 
difference tRPD) values were greaicr lhan the control limit of 50% ll..\ listed in TABLE 13. 

All as~ociated sample results were qualified as estimated (l-9), Wilh the exception of the results 
as~odatl:d with the GCIECD Extended PCB Congener laboratory duplicate analysis perrormed on 
Sample EG-LM-F·OI-FC-I (Batch 97-129). As mentioned in SECTION V. the surrogate %R 
vu!ue~ were less than the lower control limit for this field sample. but acceptable in the laboratory 
duplicate, The target anaiyte concentrations. for positlve results were likewise much lower in the 
field sample: rhus. the RPD values were greater than 50%. Since the field sample was already 
(Jualified for surrogate recoveries, and the low recoveries were attributed to an isolated incident 
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• 

~not inaicali'.'( of it "'Y:Jlematic problem tor the batch), no qUdliJicr:-. \vere .ho,igned due :0 
lahoral0rY d'JpJic<lll.'" result!> for Datch 97~ 129. Qualif;,ed re~uJ[-" ilrc .'mmma:,lzed in TAUL£ I-I., 

VIII. Standard Reference Material (SRM) Analysis: ACCEPTABLE/With ,he following 
exceptions. 

Qualified Dafa: See the Qllalifred Sample Results. 

Discussion: 

SRM Carp-I samples (acquired from the ~a[jonal Rc:,;ean.:h Council. Canada; were extracled and 
analyzed at the required freql.lency of one per each batch. The results for the SRM were 
calculated and reponed both surrogate-correc[ed and not surrogate-correcred; separate 
spreadsheet tab1es were submitted. Since the. certified values for this SRM are ba~ed on 
surrogme-correctcd quantification, only the surrogate-corrected results were evaluated for the 
GCJECD analyses. The GClECD SRM surrogate recovery value ranges were 82% to 1[5% 
(PCB 36) and 61 % to 92% (PCB 112) for all sample batches. For the GCIMS analyse" only the 
uncorreeted values were evaluated because the surrogate-corrected values were based on 
surrogate %R values from the GClECD analyses. All results were within the established 
accepr:mce cmeria, with the exceptions listed in TAGLE 15. 

For reported values thaI were greater than the upper <.lcceptancc criterion, poslliye re$ults in 
associated samples were qualified as estimated 0-10), For reported values that were lesi> than the 
lower acceptance criterion. associated sample results were quallfied as estimated (J-1O/u1-1O). 
See Table 11 for a suourw.ry of results qualiftcd because of blank spike and SRM outliers. 

IX. Compound ldenflflcation ond Quantilallon: ACCEPT ABLE/With ,he following 
exceptions, 

Qual/flea Data: See ,he Quahfted Sample Results. 

Discu$sion: 

As discussed in [he Calibrations Section, several standard congener sample results were 
originally calculated incorrectly {using incorrect initial catibration coefficients} for the GCIECD 
analyses. Tbe laboratory submitted corrected results for the following samples: four QC samples 
for Batch 97~ 190 (the procedural blank, instrument blank. equiptr.ent blank, and blank spike): four 
QC samples (the procedural blank, instrument blank, equipmenl blank, and bJank spike) and six 
field samples for Batch 97·191 (Samples BTEGOICP, BTEG04CP. BTUGOICP. BTUG02CP. 
BTUG04CP, and BTUG05CP); and four QC samples for Batch 97·192 (,he procedural blank. 
instrument blank, equlpmenl blank, and blank spike). 

Statldttrd Congener Analysis (GC/BCD) 

The laboratory stated that there was significant coelutionfimerference with PCB85 in the field 
!Ulmplcs. which appeared 10 be caused by lhe, presence of p,p'-DDE. Positive results for PCB85 
may be biased higlt All positive resulrs for PCBS:') were qualified as: estimated (J~ 14). Since the 
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resuhs for PCB85 may not be accurate, the laboratory provided a ~um of all congener;;; \vilh 
PCB85 excluded (as wt:1I as u sum of all congeners with PCBH5 included), The congener 
summation without PCB85 is likely ~o be the morc accurate measure of the tol.aJ PCBs. 

Coplallar Congener ,4na~ysis ((iCfEeD) 

The laboratory stated that there was a contuminant interfenng wlth PCB 169. The interference 
was a douhlet peak all each side of the PCB J 69 peak, If a peak W<.i$ clearly pre.senl in the valley 
between the two contaminant peaks. it was identified as PCB! 69, hut ! he contaminanL most likely 
m:lsked lhe presence of this congener Or reduced ihe accuraey of any quantification of this 
congener when dereeted. PCB 169 results from the co~pJanar analyses were qualified as c~timated 
(l-14/UJ-141. 

Moclor Analysis (Gc/ECD) 

The chromatogram:. of the walleye liver ~amples closely resembled a mixture of ArocJors 1248 
and 1254, The rC.'Iults were reported as "1248.1254," The PCB pattern in The troul fillets most 
doseiy resembled Arodor J 254, and resuhs '"vere reponed to refleet this identification. 

GClMS Analysis 

The laboratory a.sJ\igned ME and MI qualifiers to several PCB22 and PCB 16 re~uJts to reflect 
esrjrnated po.silive resuits aod estimated reporting limits, respectively, The laboratory stared that 
a matrix interference was present. The ME lab qualifier was applied in situation!! where the 
primary ion profile displayed somewhat of a bell-shaped curve but contained obvious saturation, 
while the secondary ion profile was present and clearly displayed a bell-shaped profile. The MI 
lab qualifier was applied wheo botlt the primary and secondary ions did oot show hell-shaped 
profiles, or when the primary and secondary ions did not show bell~shapcd profiles at the same 
retention time, All sample results thaI were flagged ME or MI by the )aboratory were qualified as 
,estimated (J~14,UJ-14), Qualified results are sununarized in Table 16. 

x. GCfECD and GCfMS Results Comparison: ACCEPT ABLElWith the following 
discllssion. 

The results of the 26 samples thut were analyzed by both GCfMS and ("lC/ECD for standard 
congeners are summoriz.ed in Table 17. As discussed in SECTION IX, there was significant 
coeluttonlinlcrference with PCB85 in the field samples for the GCfECD standard congener 
analy::.es, which appeared to be caused by lhe presence of p,p'-DDE. Since the results for PCBSS 
are biased hlgh for the OCfECD analyses, the sum of all congeners with PCBS5 excluded wete 
used to compare to the GC/MS resuhs, (For the GCIECD 3.nalyses, thc congener sumrruuion 
without PCB85 IS likely [0 be a more uecurate measure of 'the fOlal PCB than the sum Ihal 
inelude:. PCB85. The GClMS data provides a more accurate quantitation of PCB85.) 

The RPD value!'> for results from the GCIl\.1S and GCIECD analyses were 011 less than 20% 
mJkaling acceptable precision berween the m.:thods. 
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XI. Lipids Analysis: ACCEPTA.BLEIWith the !'ollowbg discu;,;s!C}!i. 

For each batch (ex.cluding the re-extracted batehet.), percent lipids: were perfOfmed in duplicate 
for one sample. For Balch 97~l19. the percent !:pid RPD values between thc origInal llnd 
duplicate result); were grearer than tbe control limit of 20o/~' fl1 4350/c. No qualification of data 
was necessary as the two llpid values Were relatively low (the difference was 1.19(,70). 

For Batch 197-128, the percent lipid RPD values between Ihe original and duplicate results were 
greater than the control limit of 20.0% at 10.5% For Batch 97-181, rhe percent lipid RPD value:> 
between the origmal and duplicate results Were greate:' than the control limit at 28.3<;:C. For Balch 
97-192, the percent lipid RPD values berween the original and duplicate re~llits were gremer than 
the control limit at 38.6%. Although tbese percent lipid results for these lhree batches were nOl 

~ qualified the dam user sbould be aware of potential bias as a resulr of a lack of homogeneity. All 
other sample/duplicate percent lipid RPD values were less than the upper comro) limit of 20.0%_ .. 
All RPD values for consecutive, weighiogs were less than the upper comrollimit of 20.0%, 

Comparison of Solvents on % lipid Values 

The laboratory originally selected three samples for a comparison of lipid contem using different 
solvents (hexane and dichloromerhane). For two of the samp!e sets, [he dlchloromethune 
extraction method yielded %0 values {dichloromethane relative to hexane) of 38.4% to 40.7% 
higher lipid content values. For the third sample set. the lipid content was 6% higher with the 
dichloromethane solvent. The sample amounts used for the comparison lest were relatively small 
(5.10 to 7:46 grams for the hexane solvent and 0.9987 to L03.54 grams for the dichloromethane 
solvent). The laboratory performed the comparison study on more samples. in order to obtain 
more statistically-reliable results, 

The laboratory selected seven brown trout whole body sampks and seven walleye whole body 
~ampleli for another eomparlson study. The dichloromethane extractlOn method yielded higher 
lipid coment values than the hexane extraction, The average lipid content was 43,5% higher with 
the dichloromethane method than the hexane method for the brown trout samples and 25A'Ic 
higher for the walleye samples. 

The laboratory stated that the data are to be considered carefully beJore they are used to generate 
il generic method~to-method lipid content correction factor because there is clearly significam 
fish·to-fish variability. The %D values between the rwo methods ranged from 17,1% to 72.1% 
for rhe trout and 11.5% to 43.1 % for the walleye. This notable fish-to~fish variability could be the 
result of slighrly different lipid composition of different fish. Addiuonally, variability in the 
moisture content of the fish impncts the variability in the lipid data when calculated on a we! 
weight basis; the lipid are primarily .associated with the dry matrix, nol the wet. If the data were 
normalized for moisture Content (i.e" calculaTing lipid content on a dry. not WeL weight hasis). it 
is likely thal the %D values between the methods willljccl'case. 

1,~'tl1PM 
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TJ iplicl1rc ;wal}'ses wert' performed on one brown rroul and one walleye l'ample. The 'it RSD 
values ranged from 3.9% to J 7.91;:l:. and were judged as acceptable, indicating rhul the ob~ervL'd 
\'ilrl.1bifiry between the different .~olvems is not due 10 the method. 

XII Moisture Analysis: ACCEPT ADLEfWirh the following discussion. 

For each batch (excluding the re-extracted batches), percent moismre conlen! was performed in 
duplicate ror one sample, For Balch 97-124, tbe percent lipid RPD values between [he original 
and duplicate resulls were greater than the control limit of 20,09'0 at 38.8%, For Batch 97-126, 
tbe percent lipid RPD values between the original and duplicate results were greuter thar: the 
controt limit at 30.8%, The laboratory slated lhat the percent moisture for lhe duplicate sample 
was performed several weeks after the original percent moisture. No qualifiers Wt'rt' a5signed on 
this basis, All other RPD values were less than the upper control limit of 20.0%. 

All RPD values. for consecutive weighing:; were less rhal1lhe upper comrollimir or 20.0%. 

XIII. Overall Assessment of the Data 

Based on this evaluation, the laboratory followed the specitied method. 

Accuracy was generally .ncceptable, as demon~traled by the %R values of the surrogate, the blank 
spike, and [he SRI.,,1 analyres, ex.cept where previously noted. Precisiotl was generally acceptable, 
a:; demon:.;trmed by the RPD values of the sample and laboratory duplicates, except where 
previously noted. 

Qualifk·rs were assigned due to blank conlamination, CCV %D outliers, blank spike results. 
surrogate outlier~. laboratory duplicate results, SRM Carp-I results, and chromatographic 
interferences. 

Data that are qualified as DNR should not be used. All other data, :1S qualified, are acceptable for 
use, 
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Table 1 
SAMPLE INDEX 

CUENT: HAGLER BAILLY 
PROJECT NAME: GREEN BAY NI!DA PROJECT 

ECOCHEM PROJECT No.: C9309·3 

~" .. 
I Aroclors by GClECD Standard Congeners ! Co-Planar Congeners Standard Cong ... rs ! : Ssmple 10 

, by GCIECD , byGClECD byGCIMS ! 
WEFR01LV I , " i 

" 

, WELG04LV " 
I WELG03LV 

, ,r , , , 

!-WELG02LV ,r I 

IWEWG02LV 
i 

, " , 

i wEwG04LV ,r I , , 

I wEEG04LV ,r , 
, 

: WEEG02LV " I 
i WEEG01LV " 

, 

I WEUGOILV " I 
I WEUG02LV " i 
! WEUGOOL V ,r , , 

~IE'Kl.B.06 ,r , " ./ I 
,: TE·Kl·B·18 , 

'" '" I 
. I TE·Kl·B·24 '" " 

, 

I TE·Kt·B-30 ./ '" 
: TE·Kl·B-48 '" ./ I 

, ! TE·Kl·B-60 '" '" , ./ 
, 
, 

! 96-KI·CT·Ol '" , " '" 
, 96-KI·CT ·03 '" '" I 96.KI.CT.fJS '" '" '" , 
t-96·KI.CT·07 '" '" , 

.: OO·KI·CT·09 , '" ./ .. 
, 96·KI·CT·l0 ,r " '" i BHG,OHC'l '" 

, , , 
I BT·EG·03·FC·' ,r , , 

: BT·EG-04·FC·l ,r 

, BT·EG·05·FC·l '" 
, , 

BT·EG·06·FC·l '" i 
, BT·Hl·07·Fe·l '" 

, I 
tr·EG.OS.FC.l '" 

, 

-BT-GA-C·FC·l , ./ I , , 

i BT·GA·OHC·, '" .. -~ ,I BT·GA·03·Fe·' ,r I 
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Table 1 
SAMPLE INDEX 

ClIENT: HAGLER BAilLY 

PROJECT NAME: GREEN BAY NRDA PROJECT 

ECOCHEM PROJECT No.: C9309-3 

I Sample 10 Arotlors by GClEeD i Standard Congeners Co-Planar Congeners : Standard Congeners , 

i-o,-~. 
BT·GA·OHC-l i ./ 

BT·GA·05·FC·' ./ , 
· LT·LM-{)HC·1 ./ 

I LT.LM.02-FC.1 ./ 
~ .. 
• L i-LM·03·FC-1 ./ 

, LHM·04·FC·' ./ 

i L T-LM-{)5-FC'1 ./ 

I L HM-06·FC-1 ./ 

I LHM·OHG·1 ./ 

, L T-LM-{)B·FC·1 ./ 

: L HM·09-FC·1 ./ 

r LT·L'A·1O·FC·1 ./ 

· LT·IR·02-FC·1 ./ 

! LT·IA·Q6-Fe·1 ./ 

I LT·IR·07-FC·1 . ./ 

, EG·LM·F·Oj·F·C·1 
i EG·LM-F·OH·C·j 
I EG·LM·F.()3·F-G·1 
! EG·LM·F·Q4·F·C·j 
, EG·LM·P·05·F,C·1 
C 
I EG·LM·P-ll6·F·C·1 
i EG·LM·P-{)H,C·1 
· EG·LM·F·OB·F·C·' 
r EG·Llol-F-09·F·C·1 
" 
• EG·LM·F-10·F·C·1 
· EG·lM·F·jj·F·C·' 
i EG·LM·F·12-F·C·1 
• LT·IA·Q6·Fe·, ./ C:: .. 

BT·EG·02·FC·j ./ 

I BH'i3·0S·FC.l ./ 

WELGOllV ./ 

~1'I(J01LV ./ 

WEWG03LV ./ 

WEEGG3LV I ./ 

¢0~n.,~~,. Ii I'M 

""i,,,,,-\I).;".MO"r~,,Ir><"J_i~a:!e y~" 

byGClECD by GClECO I byGClMS , 
· __ M 

I 
· 

I , 
· · 

I , 

· .. 

· 
I · 

./ ./ 

./ ./ ./ 

./ ./ 

./ ./ 

· ./ ./ ./ 

./ ./ 

./ ./ 

./ ./ · 

./ ./ ./ 

./ ./ ./ 

./ ./ 

./ ./ 

, 
: 

· 
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Table 1 
SAMPLE INDEX 

CLIENT: HAGLER BAIllY 
PROJECT NAME: GREEN BAY NRDA PROJECT 

ECOCHEM PROJECT No.: C9309-3 

I Sample 10 
, 

Arcol." by GC/ECO Standard Congeners 
, 

Co-Planar Congeners i Standard Congeners , , 
byGClECo by GCiECD , byGClMS 

i WEUG04lV .; , I , 

l T·IR·OHe-l 
, 

./ , , 

• WEFR01CP 
, .; 

I WEFR02CP I .; , 
I WEFR03CP .; i .; 

: WEFR04CP .; 

, WEFR05CP ./ , 

I WEFR06GP .; , 
-, 

' WELG02CP .; , 

: WElG03CP .; 

WElG04CP .; 

WELGQ5CP .; 

WEWG01CP .; 

,: WEWG02CP ./ .; 

i WEWG03CP .; .; 

I WEEG01CP .; 
-

, WEEG03CP ./ 

, WEEG04CP .; 

, WEEG05CP , .; 

WEEG05CP ./ 

WEEG07CP .; ./ 

WEEGOBCP .; 

. WEEG10CP , .; .; 

WEEGllCP .; 

WEUG01CP .; .; 

WEUG03CP , .; , .; , 
-

BTEG01CP .; , 

BTEG03CP ./ , 

BTEG04CP I ./ 

, BTEG05CP .; 
, 

.; , 

, i BTUG01CP .; , 

1- 8TUG02CP 
, .; .; , 

, BTUG04CP , .; 

, ! 8TiJGQ5CP .; ./ 
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Tobie 1 
SAMPLE INDEX 

CUENI: HAGLER BAillY 
PROJECT NAME: GREEN BAY NRDA PROJECT 

ECOCHEM PROJECT No.: C9309·3 

i Sample 10 AraclQ" by GClECO Standard Congeners · Co-Planar Congeners Standard Congeners 
by GClECO by GClECO byGClMS 

WEFR07CP ./ ./ ./ 

WELG06CP ./ ./ ./ 

WEWG04CP of of 

: WEEG09CP of of 

, WEUG02CP ./ of . 
BTUG03CP . ,f ,f 

BTEG02CP • of ./ of 

• EG·LM+ lOWC-l , .- of .r 
· EG·LM-F-12-WC-l of ./ 

· EG-LM-f.Oe·WC-l ,f ,f 

EG-LM-F-OS-WC-l i ,f ,f " EG-LM·F·Q4-WC-l ,f ,f 

· EG-lM-F-03-WC·l . , or • of or , 

i EG-lM-F-ll-WC-l .r of 

: EG-LM-f-07-WC-l of of 

• EG-LM-F-Il6-WG-l or of 

I EG·LM·F-02-WC-l of or 
i EG-LM-F-09-WC-l or ,/ .r 
: EG-LM-F-Ol-WC-l 01' 

. , ,f 
· i WELG01CP 01' of 

WEEG02CP or 
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Table 2 
DATA VALIDATION QUALIFIER DEFINITIONS 

The analyre was analyzed for, but was not detected above the reponed 
sample qU3ntiration liluit. 

The analyte was positively identified; the associated ourocf!t:al vnllle IS the 
approximate concentration of the analytc in the sample. 

The analj'lc was not detected above the reponed ::;ample quantilation limit, 
However, the reported quantitatkm limit is approximate and mayor may 
not represent the actual limn of quantitalinG necessary to accurately and 
precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencie~ in tbe ability to 
analyze the sample and meet quality control criteria. The presence Of 

absence of the analyte cannot be verified. 

Do not report. A more usable set of data should be used instead. 
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4 

SA 

5B 

6 
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9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 
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Tobie 3 
DATA VALIDATION QUALIFIER CODES 

Holding Tnne'i 

Sample Preserva;:ion 

Sample Custody 

Missing Dcliverables 

Calibration (initial) 

Calibration (continuing) 

Field Blanks 

Laboratory Blanks 

MatriX Spike 

Precision (Duplicate, or Matrix SpIke Duplicate) 

Laboratory Comrol Sample 

Detection Limit 

St.andards 

Surrogates 

Other 

Furnace QC 

ICP Serial Dilution 

OJemicaJ RecoverIes 

Trip Blanks 

Internal Standards 

Linear Range Exceeded 

Potential False Positives 
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Table 4 
SAMPLE RESULTS QUALIFIED AS A RESULT OF CONTINUING CALIBRATION OUTUERS 

r .--. 

• 

, 
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Tobie 5 
SAMPLE RESULTS QUALIFIED AS A RESULT OF BLANK OUTLIERS 
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Table 6 

SURROGATE PERCENT RECOVERY OUTUERS 

, Percent ! 
Balch ID Sample 10 , Analysis Congener Difference Value , 
97·124 97·124 CRM , GC!ECS Arcclof ;JCB36 , 

46% I , 

97·~24 CRM 
I ••• 

I GC/ECO Arecor PCS"12 35% 

! WELG03LV GC/ECD Arodor PCB112 127% 
97·126 

, 
TE·K~·B·18 GCJECD Ci.,'flgener Coplanar , PCB77-d 38" ,> 

TE·K1·S·48 GC/ECD Congener Copianar PCB77-d 46% , , 

9&K 1.(;T .(l:J G'ClECO COl\Oener Coplanar PCB77·d 
, 

44% , 
gs·KI·CT-05 GC/ECD Congener Coplanar PCBn-c 14'1 .. 
96·Kl·CT W()7 GC/ECD Congener Coplanar PCB77-d 8% 
96·KI·CT·09 GC/ECD Congener Coplanar PCB77·d 16"/Q 

, 96·Kl·CT.,O GC/ECD Conaener CDplana, PCBn-d 47% 
, 97·128 97·128CRM GC1ECD Aroclor PCB112 42% 

97·129 EG·LM·F·OHC·I ! GClECD CooQllner (Starn:lard) PCB36 , 
23% 

EG·LM·F·Ol-fC·l i GClECD Cl>'lgener (Slandara) PCBI12 17% , 
- , 

97·190 WEFA03CP GCIECD Congener (SI.ndard) PCB36 127% 
, 9,,'90EB GCiECD Cong.ner (Slandard) , PCB112 '26% 

, 
, I 
, 97-191 WEEG04CP GClECD congener (Standard} i'CB3S 133% 

, 
, 

I I WEEG05CP GCIECD Congene, (Slandard) PCB3S 146% , , 
WEEG07CP GClECD Dong_ISI,ndard) PCB36 127% , 

. 
97·192 WELG06CP GClECD Congener ISlandard) PCBm 128% , 

WEeGOOCP GCiECD CO;'laener (Standard) 
, 

PC836 '34% 

WEUGC2CP GClECD Cooge"" (Standarol PCB3S 138% 

EG·LM.f·10·WC·1 GCIECD Canoene, (Standard) PCB3S 178%. 
, 

EGH1·F·l0·WC·l GClECD Congener IStandard) PCB112 135% 

• EG·LM·F·07·WC·1 GClECD Con91lner (Standard} PCBIIZ 48'k , 

I EG·LM·F-OO·WC·I GCIECD Congener (Standard: PCB36 151"b 
, , 

: EG·[M·F{)Q.WC·' GClECO Cof'IQlmer (Standard) PCB112 137% , 

: WEFR07CP GC/ECO Congener Coplanar PCBnd , 17% 

WEFROfiCP , GClECD Congener Coplanar peend I 33% 
, WEFR04CP : GCJECD Congener Coplanar PCBn·a , 48% 

IBTU:J3CP GC/ECD conga net Copla.1ar PCB77.{j 37% 

. BTEG02CP GC/ECD Congener Coplanar PCB7N 40% 

, EG·LM·F·1Q.WC·l GC/ECO Congener Coplanar peB77·d 13% 
, , , 

EG·L~·F·12·WC-l GC/ECO Conger.er Coplanar , PCB77-d 10% , 

EG·LM·F·!)8.WC·1 GClECD Congener COplanar PC1l77-d = 29% 

EG-LM-F-05WC·1 GC:ECD Congener Coplanar PCB77-d 10% 

, EG·LM·F·04·WG-' GC/ECD Congener Coplanar PCB77·d 10% I 
I EG·L'A·F·03·WC·l I GC.~ECD Corgener Coplanar PCBn·d 32% I 

",(w<~.'ge'~ '1 I'M Page 1 of 2 BeaChem, Inc. 
l' '1I'e@nbay.hoe'S'~"J'~aI"M3~O"" :Ie! 
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Table 6 
SURROGATE PERCENT RECOVERY OUTLIERS 

) _m_ Percel'll , 
Bateh 10 Sampl,lD Analysis Congener Difference yaJue ,I 

21% i-' ___ ~~9_~·~~2_1.WC"1 ,GClECDCongenerCoplanar PCSn·d 

~E~G~-~lM~-~F~~'~7-~W~C~-'~G~C~~~C~D~C~o~~en~e~'C~o~rn~a~~' __ ~_P~C~B~7~0~d __ ~ ____ ~17~%~ __ -11 
~M-FwWC-l GC~CDCong€ne,Coplan" ,PC8n-d 19% I 

EG-LM·F·:J2·WC-t GC/ECD GongermrCoplanar -,-,PC",B:::7-,-7-"d __ -+ __ .:.'::.6o/.,,~ __ ~ 
EG·I.M·F·09-WC-, GClECD Congener Coplanar ?Can·d 33% 

EG-LM-F..Q1-WC·' , GC!ECD Congener CO!lIanar PCBn·o 44% 

WEFR07CP DVP GC/ECD Cor"""" Coplanar , PCS77-d 43% 

97-192 BS GClECD Congener Coplanar PCB77-d 136% 
97-274 WEFR07CP GCIECD Conger!!~f Coplanar PCB I ~:2 47% 

WEFR07CP DUP GC~CD COMener Coolana, PCB112 43% 

WELG06CP GC/ECO Coogene, CopI.nll! PCBtt2 
TEKIB1B GC/ECO Congener Coplanar PCB112 42% 
9BKICT05 GClECO Congener Coplanar PCB1'? 39% 

96KICT07 : GC/ECD Congener Coplanar PCB1,;? 

96KICT09 i GCIECD Congener COplanar PCB112 40% 
EGLMF06WG-1 GC/ECD Coogena; Coplanar PCB36 21% 
EGLMF06Wc. 1 GC,'ECD Congener Coplanar PCBm 19% 

97-306 97-306 BS GC/ECO Congener Coplanar 

EG-LM-F-lO-WC-l I G~CD Congener Coplarnlr PCBn .. 

: 97,312 EG·LM·F·12·Wv1 GC/ECD Congener Coplanar PCB36 29% 
EG·LM-F-12-WC·l GC/ECD Coog!!fler Coplanar PCB112 24% 

{l:rl4f.!)1IA '2" " ... page 2 of 2 EcoChem, Ir:c. 
" ,,"woba)"t>"'.~""" "",\I",r.:;'I't~~O~6 ct>;' 
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Table 7 
SAMPLE RESULTS QUALIFIED AS A RESULT OF SURROGATE PERCENT RECOVERY 

OUTLIERS 

,0 041:i2tlfll" '1 I'M Page 1 oj 1 EcoChern, Inc. 
~ ~",~n.,.,,>l;lI'~\_"'J..,a'I<:O'H~ tlI:m 



TobleS 
SAMPLES RE-EX1'RACTED AND REANALYZED FOR COPLANAR ANALYSIS 

I Batch 97-126: 7E·.«(·B·1S 

96·KI·Ci .(J7 
, 

I Balch 97-192: 
.. ~ ... --

WEfR07CP 

BTEGG2C? 
EG·lM·F-04-WC-l 

EG·U,H-08·\"C,1 

EG·LM·F·12·WC·l 

Ii' ().jIUi96 12 " 1'''' 
p \iJ·"""b~)'I!:>,'d'_'~"I<:O"J@026,dc< 

TE·Kl-3·4B 

9S·KI·CT·ou 

WElGOGCP 

EG-lMH'l-WC·l 

EG-lM·F.()S·WC· \ 

EG·LM·F·Q9-WC-• 

Page 1 of 1 

9S·K'·CT,03 

!i€-I(J,CT·10 

... __ ... 
WEWG04CP 

EG-lM·F·02·WC-1 

EG·LM,F·06·WC·l 

EG·lM·F·10-WG·1 

96·KI·CT-05 

8TUG03CP 

EG·LM·F-03·WC,1 

EG-lW-'-07·Wc.l 

EG-LM-F·11.WC-l 

EcoChe:n, Inc. 



Tobie 9 
SURROGATE PERCENT RECOVERY RANGES 

Baleh 10 
, 

Surrogate R~: Analysis I 

97-124 GC/ECD Aroclors 83%· 127f.,Q 

97·126 GC!'~_9D Ccngem;; IStandarrl) 72% ·110% 

GCiECD Congener (Coplanar) 8%"·87% 

: 97-127 GefEen Aroc:ors 73%-107% 
, , 

>--••• 

, 97-128 GClECD Arooors , 
61% -:21% , 

I 97·129 GClECO Con;ener (Standard) 17%' ·97% 
, 

G~!.ECD Congener (Coplanar) 84%·120% , , 

97., 81 GClECD AroClofS 57%·100% 

97·190 GefEeD CcngerJer (Stardard) 63% -127% , 
\l7·191 , GCJECD Conge,'1er {Standard) 61% ·146% 

: 97·192 ; GCJECD Congener (Standard) 48%"· 178% , 

I : GC/ECD Congener (Coplanarl 10%'· 78% 
, , , 

, 
97·274 GClECD CO!lgener (Coplanaq 19%' ·123% 

i 97·aOO GC1ECD Coogener (Slandard) 64%-105% 

GCiECD Cong,ner ICoplanar) 20%' -125% 

91·312 GCJECD Congener (Coplanar) 24%' ·100% 

"As: a (&$VII or these low surrogate recoveries, the sar<'\ples wer€ re-exlracled and reanalyied {See SeC110N VI_ 

!" (),!?~ma !2 l' PM Page 1 01 1 EeaChem. lYle. 
l) '>G<a"".tlarw"d.Ir""'Wo'~,~~do< 



Table 10 
BlANK SPIKE PERCENT DIFFERENCE OUntERS 

I Batth ID Analysis An_lyle Percent Difference Value I , 
: 97,'26 G8!ECD Corgener ($fand3rdl PCBI75 44~," 

I 
"---~-, .. , 

, 97-190 GC~~C Conger~r (Standard) PCB87 130% 
, , 

GCfECD Congener ISlancrard) peEn7€. 196%· , 
GCiECD Congener ~Stanr.lard: PCB169 "28% 

97-191 GC!ECO Congener (Slanda~) PCB176 , i39% i , 

, , GCfECD CCrlgtl11e1 (Standard) PGBIG9 151% 

97·192 GC/ECD Congener (conianar) PCB1S9 142% 
, 

97<lOll GCiECD COJ1gene~ (coplanar) PCBI26 135% i 
97·312 GCiECD Congener (coplanar) 

, 
PCB3! , 48% , , 

"O.hn'ge 12 \' "". Page 1 of 1 EcoChern, Inc 
() '\i'_1\01'<l~"~"lew'l _.eOO:>e:>2&'II<l( 
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Tobie 11 
SAMPLE RESULTS QUALIFIED AS A RESULT OF BLANK SPIKE PERCENT RECOVERY 

OUTLIERS 

1< ;),1':2."'6 \2' \, PI,! Page 1 01 1 EcoChem, I~c. 
;< 'V<"""""l'c.'~~\t","""'W~I>.1IC>e 
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Table 12 
BLANK SPIKE PERCENT RECOVERY RANGES 

Batch 10 ' Analysis 

I
• Blank Spike %R Rang" I 

, 97·124 
~, 

! 97-126 

I 

I GC/ECD Aroo:or,\' =---:---4'~' 79% - 81% ; ! \2C!ECD C:;.ngerer {SrB<:dardj , ~-"44% - ., 14% ! 
"---'1 

: GCfECl) Conoener (Coplanar) 63% - B4~~ 

, GerMS Coogene' (Standard) 79%·98% 

,-",'-"''-...j.,,,GCfECD Aroclors 
, GC!EGD Aroclors 

-; __ ...:7::,2':::Y,.:.--='4,,%,-_~ 
75% - 75-% ' 

, GCIECO Con ooriStandarti) 
, 

i GCJECD Congerer (Coplanar) 66%~ 95% 
, , , , , I GC/MS Congener IS:andarol , 

69%·109% I 
: 97-181 : GC/ECD Arociors I 75%- 76% 

97-Hj() ~c;tECD Congener (Sta~d.~rd) 
, 

81% ·1"00% , 
i GC/MS Conaener (Starodaroj i 77"k·90% , 

; <J7-191 I GC!ECD Congener (Stanaard) 75%-151% , 
, , 

I , 
GC/MS Congener (Standard) 77%· 1:JO% 

[g7-112 ~~CD Congener (S1andartl) 68% ·91% ! 

i 
GCIECO COIlQIlfler (Coplanarl 95%- 142% I , -

, GClMS Congener (Standard) 69%-91% 

197-274 GCIECD Congener (Co~anarl i 80%·103% , 
i 97-306 , GG/ECD Congener (Standard) 73%~93% i , 

GClECO Conge"", (Coplanar) BS% ·135% i 
I 97-312 GCiMS Conge;ler (Coplanar) I 48% ·88% I , 

Page 1 of 1 ECQC~_ern, :::nc. 
"~"'~II\lC)'ll::~Q",." ... ',j"'~3eC;:6,~o: 
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Table 13 
DUPLICA It RELA nVE PERCENT DIFFERENCE OUTUERS 

Satch 10 : Analysis 
! 97·126 i GC!ECD Corgener (Standard) 
, , 

, GCiECD Congener (coplanar) 

I 
: 97·129 , GGiECD Congener (Slardard) 
, 
, , , , , , 
, 

, 
; 

GefEeQ Congener (coplanar) 

I 97·191 ' GCJECD Congener IStandard) 

, 97·192 GC/ECO Congener (Standard) , , 
97-274 GCJECD Congener (coplanar) 

97-305 GCfECD Congen!}r {S\anoardj 

,. 04J2'./1981:;1-1< f'1.iI 
c"~er"baylb,rd'\I._h.'ar>c()ij3e!Y2t """ 

Sample An'lyle 
TE-KI-B-06 ?CB63 

?GB'32 
PCB37 
PCBS! 

; EG·LM·F-01·FC·l PCBB5 
; 

PCB110177 

?GaelS 
PCB,S3 

PCB lOS 
PCB13S116Oi163 

PCB125 
peB77 

WEEG04CP PC8B5 
WEFR07CP ?GBBS 

PCBl81l 
WEFAC7CP PCB126 
EG-LM·F-Ol-FG-1 Ali posltivt: results 

>MDL excepl PCB114 

, EG·LM-F-OB·FC·1 AI! positive results 
, >MDL 

Page 1 of 1 

, , , 
RPD Value , , 

,74.6% 
, 

12-1% 

8V,,% 

59.5% 
156.5% 

: 144.3% , 

14\17% 
, 

170.5% 

140.4% 

157.4%, 

146.C% 

169.2% , , 

56.3% 
51.2% 

12.4% 

58-1:% 

>50% 

;> SO"k 

EcoChcr.1, I~c. 



Table 14 
SAMPLE RESULTS QUALIFIED AS A RESULT OF DUPLICATE RELATIVE PERCENT 

OUTLIERS 

!<: ;pj'22lijB ,~ l' "M Page 1 01 1 EcoChem, Inc, 
Il »<~""'~~yIb'''''''''''_~'I>#~;;aO;;!S-,a()t 



Table IS 
STANDARD REFERENCE MATERIAL OUTLIERS 

I 
Salch ID I Analysis 

r:: L GCJECD Gonger.er IStan:!ar~) 
; GCiECD Congenel (Standard) 

, GCIECO Congener (Slandard) 
, GC/ECO Congener (Stan:tard) 

GCiECO Congener (~tancaldl . 
, GC/ECD Congener !SlandanJl 
I 97·190 GClECD Co'lgene: iStandarrl) 

~CiECC Congener (Sl'nOOrd) 
GClECO Cong;)oor (Standard) 

GClMS Congener IGC'MS) 
GCiMS Cong,n.r (GClMS) 

97·191 GefEen Congener (Standard} 

GC/ECD Congener (Standard) 

, GCIECD Cor.gener (Standard) 

GCIECD Congene: (Standard} 

GCIECO C""ll"ner (Standard) 
97·192 GClECD COngener (Standard) 

97·306 GeffeD Congener (Standard) 

.:; (41)2/99 "2. '1 FM 

"~'Hf\baI"'>'olii'.",,_'J",a":Or.tl~C~t doc 

: Acceptance Criteria 
Analyle I (nglg) 
PCB,S 1;J$· 28.8 

, PCB 1701190 , 14,3·29.7 

PCB 16 13.8 -211S 

PCB 187/182 2SA·48,6 

PCB 180 i 29.9·621 
, PCB 1701190 14,3·29.7 

PCB 66195 I 67.1·1809 

PCB 116 , 85,6-178,2 

PCB 153 
, 

54.0·1j2,~ 

PCB 128 11.0·22.S 

PCB 170119D 14,3·29,7 

PCB 65195 , 611 • 180.9 
, PCB 118 85.8· 178.8 , 

PCB 153 54.0 ·112. 1 

PCB 13811631164 6<33·1377 
PCB 18() 29,9·62.1 

PCB 118 as.a . 178,2 

PCB 6Bl95 67.'·180<9 

Page 1 oj 1 

Reported Value 
(ng/g) 
12.56 . 
H.t67 

12.02 

22,57 

29.39 

11.06 

191.05 
, 

269.25 
, 

136,86 

'.0.9 

13.7 , 

H!S.79 

295.00 
160,71 

<57.21 

66<53 
24B.3Q 

, 191.87 

EcoChem, Ir.::. 



Tobie 16 
GCrMS RESULTS QUALIFIED AS A RESULT OF POTENlIAL MATRIX INTERFERENCE 

,~{)&"2l~S 12 11 PM 

rr'Y_,\I::,'e'\t'''~''\W,"l\e~ ~Q" 

Page' of 1 BeoChem I l!1c, 



Tobie 17 
GC/ECD • GCIMS SAMPLE RESULT RPD RANGES 

l" Q41221ie \111 Viol Page 1 of 1 EeoChem. lr.::;. 
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C9309-3 Table 11 318/99 

SAMPLE RESULTS QUALIFIED AS A RESULT OF BLANK SPIKE AND SRM OUTLIERS (J/UJ-l0) 

CIi.nUD 

. I 

~ 
!PCB: 101190 
:PCB1$ 
,PCB175 

~ 
1.13160 
270641 

~--~-~~'.~_~~Thrnm~:~~:~P~~ V1~OO ___ ,~' -'-"'~~3 .. ~ 
, ~' ~:::EOoS 

'c.' 

97-
.97= 

91 29 
97, 

.... 97 129 , 

La" [roul Eoos 
Lake ['oul Enos 
Lake [roul E,g, 
Lake 
L,ke 
Lake 
Lak, 
Lake ' 

;32' " 

~~190 ~i 
[CCB18 
i 

Lake 
Lake 
Lak. 
Lak. ~""=Jil~~~+---'-"'~'~~ 

I Eoos IPCBiB I 
, , 

Page 1 oj 7 
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C9309-3 Table 11 3/8/99 

SAMPLE RESULTS QUALIFIED AS A RESULT OF BLANK SPIKE AND SRM OUTLIERS (J/UJ-10) 

L'I093-HBIc09309 0031Tabiei 1.01. 

, I 
! BatchJO Matr ir 

I 
II 
II 
II 
II 

" II 
II 
II 
II 
II 
II 

Page 2 017 

Parameter 
Concentration 

(nglg, wet) 



G9309·3 Table 11 3:8199 

SAMPLE RESULTS QUALIFIED AS A RESULT OF BLANK SPIKE AND SRM OUTLIERS (JIUJ-10) 

. B,tchJD Matrix 
I 

Page 3 017 

Parameter 
Concentration 

wei) 
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C9309·3 Table 11 3/8/99 

SAMPLE RESULTS QUALIFIED AS A RESULT OF BLANK SPIKE AND SRM OUTLIERS (JIUJ-l0) 

Matrix Parameler 

Page 4 of 7 

I 

Concentration 
(nglg, wet) 



C9309~3 Table 11 3/8199 

SAMPLE RESULTS QUALIFIED AS A RESULT QF BLANK SPIKE AND SRM QUTLIERS (JIUJ-l0) 

i 
, 8alchJD Matrix Parameter 

! Concentration 

Page 5 oj 7 
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C9309·3 Table 11 3/8/99 

SAMPLE RESULTS QUALIFIED AS A RESULT OF BLANK SPIKE AND SRM OUTLIERS (JIUJ-10) 

1 Concentration 
BatchJO Matrix Paramete, (nglg, wet) 

I i . -

Page 6 01 7 



C930g.3 lable 11 3/8/99 

SAMPLE RESULTS QUALIFIED AS A RESULT OF BLANK SPIKE AND SRM OUTLIERS (JIUJ-10) 

BatchJD 

II 

Page 7 of 7 

Parameter 
Concentration 

(nglg, wet) 



C9309·3 Table 14 318199 

SAMPLE RESULTS QUALIFIED AS A RESULT OF DUPLICATE RPD OUTLIERS (JIUJ-9) 

I 
I 

;-".-. 

Page 1 oj 8 2coCherr., Inc, 



C9309-3 Table 14 318/99 

SAMPLE RESULTS QUALIFIED AS A RESULT OF DUPLICATE RPD OUTLIERS (JIUJ-9) 

Page 2 of 8 EcoChen, Inc. 



, 

C9309-3 Table f 4 3181gg 
SAMPLE RESULTS QUALIFIED AS A RESULT OF DUPLICATE RPD OUTLIERS (J/UJ-9) 

Batch to 

I 

Matrix 
II 

Page30fB 

Parameter 

EcoChem, Inc_ 



C9309·3 Table 14 3/8/99 
SAMPLE RESULTS QUALiFIED AS A RESULT OF DUPLICATE APO OUTLIERS (J/UJ-9) 

= 

Page 4 01 e EcoChem, Inc, 



C9309-3 Table 14 318199 
SAMPLE RESULTS QUALIFIED AS A RESULT OF DUPLICATE RPD OUTLIERS (JIUJ-9) 

Balch 10 

Page50tS EcoChem, Inc. 



C9309-3 Table 14 318199 
SAMPLE RESULTS QUALIFIED AS A RESULT OF DUPLICATE RPD OUTLIERS (JIUJ-9) 

Page 60fa EcoChem, Inc. 



C9309-3 Table 14 3/8/99 

SAMPLE RESULTS QUALIFIED AS A RESULT OF DUPLICATE RPD OUTLIERS (JIUJ-9) 

Matrix parame;te", ..... ~~=""'7iii3 

Page 7 of B EcoChem, Inc . 
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C9309~3 Table 14 3/8/99 

SAMPLE RESULTS QUALIFIED AS A RESULT OF DUPLICATE RPD OUTUERS (JIUJ-9) 
, Concentration -, ! , , , 

Inala,wet) : Client 10 Batch 10 , Matrix 
, 

Parameter , , 
EGlMF10WC-1 97-306 L Trout Whole PCB199 2692293 

J;.CiLMF10WC-1 97-306 
, 

L.Trout Whole :PCB203t196 28.33609 , 

, 

Page 8 018 EcoChem, Inc, 
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ApPENDIXC 

PROCEDURE AND RESULTS OF WATERFOWL COLLECTION BY USFWS 

IN THE ASSESSMENT AREA, 1997 

Standard Operating Procedure ror Collection, Preparation, Transport and Storage or 
Sample. 

Report by Dr. T. Custer et a .. to USFWS, Green Bay Omce 



1. 

STANDARD OPERATING PROCEDURE FOR TIm 
COLLECTION, PREPARATION, TRANSPORT, AND S'rORAGE OF 

WATERFOWL CARCASSES FROM GREEN BAY, WISCONSIN 

INTRODUCTION AND STUDY OBJECTIVES 

F- This Standard Operating Procedure (SOP) contains the Objectives, methods, and approaches for 
the collection, preparation, transport. and storage of waterfowl t:arcasses to be collected from 
Green Bay, Wisconsin, for the Fox River/Green Bay Natural Resource Damage Assessment 
(NRDA). Watertowl tissues will be analyzed for contaminants by an analytical laboratory. A 
subsequent SOP will describe the laboratory analylical methods thut will be employed. 

The objective of the study is to: 

, determine organochlorine concentrations in carcasses and breast muscle tissue of 
waterfowl breeding and wintering in Green Bay and the lower Fox River. Wisconsin. 

Adult waterfowl wlll be collected during two periods in the winter of 199711988 
~ (September/October and OctoberlNovember), nnd during the 1988 nestjng season and will be 

analyzed for organochlorines, including PCBs. The field team leader for the collections will be Dr. 
Thomas Custer (U.S. Geological Survey, t.:pper Mississippi SCJence Center. LaCrosse, "WI). 

2. FIELD PROCEDURES 

2.1 WATER~'OWL COLLEL'TION LOCATIONS 

During the winter of 1997, waterfowl distribution and abundance will be measured through aerial 
surveys of the Fox River and Green Bay by Wiseonsin DNR. Local hunters may also a!>sisl in 
identifying suitable areas to collect waterfowl. 

2.2 WATERFOWL COLLECTION 

A variety of collection methods may be employed. These include but may not be limited to I) 
shoming from a fasHnoving boat, 2) shootlng from a skull boat, 3) jump shooring bjrds from 



_______ -'S:.;T""Al'::!!?ARD 9PERATING PROCEDURE" 2 

shore. 4) or bunting from a blind or lay-out boat. The learn leader or his representatlve WIll be 
prcsenr during all collections. 

The species and numbers of birds that will be collected are shown 10 Table I. 

Table 1 
Proposed waterfowl sampling eITort for winter 1997 

Numbers actually collected may be lower and/or species dislflbutions may chan~>e, depending on uvuilubility 
of birds. 

, 
, Nwnber In be Collected Number to be Analyzed 

i 
, , 

I 
SeptJOct OctlNQv , , , , , , 

Species Sept/Oct OctINov Car-cass· Breast Carcass* , 
, 

Lesser Scaup 10 10 3 10 3 
, , 
i Common i 0 10 

, 
0 0 3 

: Goldeneye 
, , , 

, , I Ret.I-breaslec 0 10 0 0 1 
Merganser'" , 

, 
1 I Mallard" , 5 0 3 , 5 0 

i • Carcass samples will be randomly selected from among lhe tOlaJ sample. 
- Mallards and mergansers (10 each) wllJ also be collected III the SUITiffil.'l'S of 1997 and 1998, 
Surrmary: Muimum of 80 samples for OC analyses 

, , 
8r(!8st , , 

, 10 

10 

, 10 , 

0 

On collection, each bird will be given a unique numerical idenlifier in the field. This number will 
be written on a lag and tbe tag lied to one leg. All identification numbers will be recorded in tbe 
field logbook, The idemification system for waterfowl samples collecred for contaminant analyses 
consists of the following code: 

WF·XX.YY·OO 

where: 

" \\IF is a two-letter code designating the waterfowl collection effort 
.. XX is a unique two-letter code designating the collection location 
.. YY is a waterfowl species identifier (e,g.: LS = lesser scaup, etc) 

, 

, , 

.. 00 is a unique two-number code designating the number as~ig:ned to this individual. 
Waterfowl will be numbered starting at "01." 

," 



" .' .. 
L 

lit 

n 
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Once uniquely identified. each bird will be placed in separale sclf~s('aling plastic bags for tr .. mspor! 
to the USFVlS Field Office in Green Bay. 

2.3 FIELD DOCUMENTATION 

The fie,ld learn will document its sampling activilies and field measurements in a dedicated, 
paginated. bound field logbook. Sampling locations will be clearly identified on photocopies of 
appropriate topographical maps and described in the field notebook, Entries in the field notebook 
and map marking will be done with waterproof ink, and corrections wilt be made with a single line 
through the error accompanied by the correction date and corrector's Initials. The field team 
leader wiU be responsible for maintenance and proper archiving of these freld notebooks. 

The following infofl'l13-tJon will be recorded in the field logbooks: 

• 
• 
• 
• 
• 
• 
• 
• 
• 

site and project name 
each sampler's name and professional affiliation 
dare and time of collection, field activity, or field measurement 
exaCl localion of collection 
method of collection 
identification numbers of samples collected 
number and type of samples collected 
any difficultie·s encountered or necessary deviations from this SOP 
any other peninent field observations. 

Maps wlll be mnrked with a samphng location code, e,g .. K1 for Kidney Island, written within a 
circle. The field notebook page number corresponding to each sampling location will be marked 
adjacent to the sampling location circle, 

Upon completion of each day's field activities, the note.<:; wlfl be reviewed by the field recorder and 
sampler and any necessary corrections made. The field recorder will sign and date each page, 

2.4 PROCESSING AND STORAGE OF WATERFOWL TISSUES 

The field team leader Or a designated represent:llive will transport the waterfowl to the USF"\"At'S 
Field Office in Green Bay. Immediately on returning from the field to the laboratory, the birds will 
be weighed and wing length measured. Measurements will be made using an electronic balance 
and a ruler and will include: 

.. wing length {to the closest 1.0 mm). 
,. weight (to the closes! O.lg). 
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, sex.. 
, age. 

These measurements will be recorded in the field notebook. 

After the above measurements are taken, the birds will be plucked, the coments of the esophaglls, 
proventriculus and gizzard removed. The right sidc of the brcast and associated skin will then bc 
surgically removed. 

After each dissection, the surgical equipment and the cutting board or table surface on which the 
dissections take place will be decontaminatcd according to thc following procedure: 

~ pre-wash, using deionized water and scrub brush as necessary 
~ rinse thoroughly with ultra-clean acetone 
~ rinse thoroughly with ultra-clean hexane 
~ rinsc again with ultra-clean acetone 
~ rinse thoroughly three times with deionized water. 

The breast and associated skin will be weighed and wrapped in aluminum foil and sealed in an 
individual plastic bag. The remainder of the carcass will be weighed and wrapped in aluminum foil 
and sealed in an individual plastic bag. The letter 'M' for muscle or a 'C' for carcass (see below) 
will be attached to tbe labels as appropriatc. The samples will be stored in a freezer before 
shipment to the analytical laboratory. The final identification system for waterfowl samples 
collected for contaminant analyses consists of the following code: 

where: 
WF ·XX· YY ·00· T 

.. T is a one-letter code designating the waterfowl tissue (C = carcass, M = breast 
muscle) 

2.5 CHAIN OF CUSTODY 

The chain of eustody will start when waterfowl are collected. Each bird will be given a unique 
numerical identifier in the field. This number will be written on a tag and the tag attached to the 
carcass. Once identified in this way, the waterfowl collected during each sampling event will be 
placed (each sample within its own self-sealing plastic bag) in a communal container under the 
custody of Dr. Tom Custer or a designated stand-in. Each of thc self sealing plastic bags will be 
labeled with the appropriate samplc idcntifier. The bags will be stored frozen 111 one or more 
shipping containers which will be sealed with custody seals (to detect unauthorized tampering 
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wilh samples after sample collection until the lime of use or analysis), <lml t:onl<lin <.:hain of 
custody forms with the following infomlation, as appropriate: 

• 
• 
• 
• 
• 
• 
• 
• 

projecl name 
waterfowl identifiers (unique for each sample) 
name and signature of field recorder 
date and time of beginning of sample collection 
chain of custody seal number 
signatures of persons involved in the chain of possession 
inclusive dates and times of possession 
method and date of sample shipment. 

At the appropriate time, the entire sealed conlainer(s) will be shipped to the analyticallaborarory. 

The designated field sample eustodian will be personally responsible for the care and custody of 
the samples until they are lransferred or properly dispatched. A sample is in the custody of an 
individual if any of the following occur: 

• 
• 
• 

• 

The sample is in the individual's possession. 
The sample is within view after being in possession. 
The sample is in a locked or sealed container that prevents tampering after being in 
possessIon. 
The sample is in a designated secure area. 

Every transfer of custody will be noled with thc date and lime of transfer and signed for on the 
chain of custody record. The number of custody transfers will be kcpt to a minimum. 

2.7 FIELD EQUIPMENT 

The folIowing list of equipment will bc required in the field: 

". SOPs (one copy for each team member) 
". waders/hip boots (all crew members) 
". tield log books 
.. marking pens and pencils 
.. labels and labeling tape 
". string 
". self-sealing plastic bags 
". chain of custody forms and seals 
". shotguns and shells (steel shOt) 
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2.8 DEVIATIONS FROM THIS SOP 

If field conditions necessitme any deviations. from this SOP the Fjeld Team Leader will do(:ument 
them in the fIeld note book and in an addendum to this SOP, 
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[ntrnduction 

Grecn Bay is {;Qrltaminated with polychlorinated biphenyls (PCB~), ff'I(}~[ of which 

repoltedly originated from the delnking and rcpulping of (;:arbonless paper;)t paper mills on the 

Fox River (Fig, 1) (Sullivan pt oL 1983)_ Elevated PCB concentradons have been uo\;umenteu in 

Green Bay sediment {Sullivan et toll. 1983, Hermanson el ai, 1991, Ankley el al. 1992. Velleux 

and Endicot 1994, Manchester-Neesvig et al. 1996), fish (Sullivan ef al. 1983), and birds 

(Ankley el al. 1993, Custer and Custer 1995, Hams et al. 1993, Rattner ef ai. 1993, Hoffman eI 

01. 1993, Kubiak et aL 1989, Custer ef at. 1998, Custer el al. 1(99). The Wisconsi\l Department 

of Naruml Resources (WDNR) has: issued a consumption advisory on mallards (Ana5 

plaryrhYflchos) obtained from Green Bay. Wisconsin because of high levels of PCBs in their 

tissues. 

Zebra mussels (Dreissena po/ymmpha) have reached high densities in the Great Lakes, 

including Green Bay, since their introduction in rhe mid 19805. Densities of zebra mussels over 

. 700.000/m2 have been reponed at power plants On Lake Erie (Kovtllak et at. 1993) and as many 

as 342.000m2 on fish-spawning reefs in Lake Erie (Leach 1993), Zebra mussel biomass can be 

as high as 3.6 kg/mZ (Custer and Custer 1997), The bioaccumulation capacities of zebra mussels 

(Brieger and Hunter 1993, Bu:.ch and Schuchardt '991. Mersch er oJ. 1992) may enhance the 

tnmster of contaminants to waterfowl (de Kock and Bowmer 1993). Contaminants, if high 

enough, can negatively affect walerfowl reproduction {de Kock and Bowmer 1993} or may have 

secondary effeets as a contaminant source for Bald Eagles (HeliuecIus leucocephalus), other 

rnprors, and humans. 
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Waterfowl are now migrating through and wintering in pans of the Great Lakes in larger 

numbers than they had u; dcdiateiy prior to the zebra mussel invasion (Wormjngton and Lc:Hch 

j 992). This increase has probably been due tu the presence of zcbm mussels, a now abundant 

and easily captured food source. 

Zebra mussels are the primary food nuw for lesser scaup {Avthya affinis} and Common 

goldeneye (Buccphala dangula) in the Great Lakes. especially in western Lake Erie (Custer and 

Custer 1996, Hamilton ct a1. 1994). ~inety-eight percent of lesser scaup diet, 79% of common 

goldeneye diel, 24% of bufflehead (Bucephala albeola) diet. but <. 10% of caova,'\back (Aythya 

l/(ilisincria) diet are now zebra mU;i.'iieJs (Custer and Custer J996). The consequences of this. food 

shift 'lre mostly unknown, however, the potenti'll for contaminant transfer may be high. The 

Gre'll Lakes are an area of known contamination (Government of Canada 1991). Diving ducks 

collected in the Detroit River in 1980 had high organochlorine concentrations (Smith et ai. 

1985). Chlorinated hydroe~lrbon contaminants were stlll present in waterfowl from the Detroit 

River in the early 1990s (Mazak et a.i, 1997), 

Hum'ln consumplion advisory levels for PCB concentrations in edible poultry are 

available for Canada (05 I'g/g lipid weight. Heallh and Welfare Canada 1991) and the United 

Stares (3.0 ,Ltgtg lipid weight, rnA 1979), Furthermore, PCB concentrations can be compared to 

the 'do not eae category (1.9 f.!.g!g wet weight) under proposed guidelines for a uniform Great 

Lakes sport fish consumption advisory (Anderson et ai. 1993). 

The objectIve of the study was to determine whether PCB concentrations in tissues of 

waterfowl breeding and wintering in Green B'lY. WisconSin exceeded human consumption 

advisory levels-
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Methods 

Waterfowl were collec:cd by shotgun using steel shot in Green Bay and Lake Michigan 

ouring June to November 1997 under appropriate state and federal collecting permits. After 

coUcclion, the birds were weighed (0.1 g) in the laboratory and ill the case of lesser and greater 

scaup the wing length (1.0 mm) was mea<;ured, The breaST of the birds was plucked and the right 

!>ide of the breast and associated skin were then surgically rell1Ovcd, The breast and associated 

skin were individually weIghed, wrapped in aluminum foil, sealed in an individual plastic bag, 

and frozen at -20"C_ Age and sc-x of waterfowl was determined using plumage and cloacal 

characterisrlc!> (Carney (964). Tbe remainder of the carcass was weighed, wrapped in aluminum 

foil, sealed in an individual pla~lic bag. and frozen at -20 uc. 

The foHowing organochlorines were analyzed in waterfowl muscle and skin samples by 

Mississippi State Chemlcal Laboratory. Mississippi State, MIssiSSIppi. USA: a-, P-. y- and o~ 

hexachlorocyclohexane (HCH): ((.. and &- chlordane; oxychlQrdane; cis~nonach)or; trarJs

nonachlor; dielddn~ endrin; hcxachlorobenzene (HeB); heptachlor epox-ide; mlrex; toxaphene; 

0, p' ··d IC h 10 rod ip heny 1£1 ic h loroer ha nee DOD); 0, p' -d ichloroctiphe n y Idle hloroety Ie ne (DDE); 0, p' ~ 

dichlorodiphenyltrichloroelhane (DDT); p,p'-DDD; p,p',DDE; p,p',DDT; and total PCBs, 

Samples were homogenized, mlxed with sodium s.ulfate and soxhlet extracted with hexane. 

After 1he lipid determination. lipids were removed by flori::;i1 column chromatography. 

Following sHick acid column chromatography, pesticides and total PCBs were determined by 

electron capture gas chromatography. Total PCBs were estimated based on ArocJor equivalents. 

The nominailimit of detection for organochlorines 0.01 jJ.g/g wet weight, CXl~e.pt for mallards 

which was 0.02 jJ.g/g:. The number of spikes, duplicates and bJank."l W3:S 10% of the IOta] number 
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of samnles analyzed, Concentrations were not adjus[ed for recovery which averaged 90% for 

all organochlorines. Organochlorine concentrations in breast muscle wirhollt skin, skin 

associated with [he hreast muscle, and hreast muscle with skin are repolled on a wet weight and 

lipid weight basis. Breast muscle from all waterfowl collected were analyzed for 

organochlorines. Because of budgetary c.:ollslraints, not all the skins associated with breast 

muscle were analyzed for organochlorines. 

1:. 

Results and Discussion 

Waterfowl were collected from three iocations in Green Bay and Lake Michigan in 1997 

(Fig. 1). For mallards collected in June (n= 10, Tahles I and 2) breast muscle of 5, 4, and 0 birds 

" were above [he Canadian PCB consumption advisory (0.5 Ilg/g lipid weight, Health and Welfare t 
("-

Canada 1991), United Stmes PCB consumption advisory (3.0 Ilg/g lipid weight, FDA 1979), and 

r' 
the Great Lakes sport fish consumption advisory (1.9 Jlg/g wet weight, Anderson et al. 1993), 

respectively. When skin was added to the muscle, all to samples were above the Canadian 

criteria, 8 were above thc United States criteria. and none were above [he Great Lakes sport fish 

consumption advisory (Table I). We suspect that the mallards were resident individuals that 

had nested earlier ncar or in southern Green Bay. This conclusion is based on the collection 

date (June 12lh) which is earlier than the Fall rnigration. Additionally. many of the birds 

collected were paired. 

One lesser scaup was ohtained during the June 12th c.:olkction (Table 2). We suspect that 

this individual was injured or sick and did not migrate in the fall of 1996. If that individual was 

a resident in Green Bay, PCB concentrations in [Issues suggest that >8 months (September 1996 
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to June 1997) exposure tD contaminants from prey items in Green Bay brought it's musde PCB 

concentratlons above the Canadian and Uniied Slale" PCB poultry consumption advisones. 

Concentrations of PCBs In the breast muscle alone did not exceed the Great Lake_): :"pO!1 fish 

consumption ,advisory, However, when [he breast mu~cle or this individtlul was analyzed with 

rhe associated skin, PCB concentrations did exceed the Great Lakes sport fish consumption 

advi.sory. 

The results suggest limited PCB exposure to hunters consuming migrating diving ducks 

shot nC:1[ Poim au Sable, especially if breasT muscle is consumed wilhout skiu attached. PCB 

concentrations in breast muscles of only two of 34 diving ducks collected from Point an SabJe 

during October and November (Tables 1, 3, and 4) were above Canadian consumption 

guidelines. UnittXI Slales consumption guidelines, and the Great Lakes sport fish consumption 

advisory. When skin was added to the muscJe (n=23). 13 samples were above the Canadian 

consumption guidelines, 4 above United States consumption guidelines, and none above the 

Great Lakes sport: fish consump[ion advisory. The data suggest that tile time period from arrival 

of diving ducks in Green Bay until collection (late· October to mid~Noyember 1997) was too 

short to allow sigmficant accumulation of PCBs. 

Based on United States PCB consumption guidelines for poultry, mergansers shot in 

Lake Michigan in northern Door County 5hould not be ealen. Of 14 dlving ducks collected in 

Lake Michigan near the nonhern end of Door County in September and November, the breast 

muscle of 13 were above Canadian and United States consumption guidelines (Tables 1,5, and 

6} One individual was above the Greal Lakes sport fish consumption advisory, Based 011 

actively growing flight feathers, lhis immature female common merganser was raiset11ocally. 
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Concentrations of total PCBs In muscle with skin attached are probably representative of 

PCB concentrations in whole carcasses. Tht: ratiu uf PCB wet wcighL in muscle with skin to 

PCB wet weight in muscle without skin averaged 4.2 (range 1.5 to 7, n=8). This is very similar 

!~ , 

<: 

;: 
~.,;. 

to the PCB breast muscle to carcass ratio (mean = 4.1, range =3.3 to 4.8) of sentinel mallards 

measured in anolher study (Custer et ai. 1996). 

Conclusions 

These results suggest that resident waterfowl in Green Bay accumulate PCBs to 

concentrations above the human consumption advisory for poultry in Canada and the United 

Slares. Tissues of migrating diving ducks shot in early fall and winter in Green Bay are 

generally not above human consumptiorr advisory levels for PCBs. Based on PCB 

E concentrations in tissues, mergansers shot in Lake Michigan near Door County should nol be 

~ ealen. 
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Figure L Locations (hatched ellipses} in Green Bay and Lake Michigan where waterfowl 
were collected during June to Novemher. 1997. 
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Table I. Summary of the number of watcrfo'Wl £;ollecled near Green Bay, Wisconsin that 
c:o.t:ccued PCB human consumption advisory levels for poultry in Canada (0.05 tl§/g lipid weight), 
poultry in the United States (3,0 Jlglg lipid weight), and fish in the Great Lake}; (1.9 flg/g wet 
weight). 

----~~-----,--~_:___c_= ... ~-... --... ----~ 
No. of :..lucks with PCB concentrations exceeding hurnan 
health criteria 

Breast muscle 

Great 
Location No. Canada U.S. Lakes 

Southern Grecn Bay JO 5 4 0 

Point au Sable 34 2 2 2 

Door County 14 13 13 

t _~ ;;;;;; not measured 

No. 

10 

23 

Breast muscle with 
skin attached 

Grea! 
C..analla U.S. Lake< 

10 8 0 

13 4 0 
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Table 2, PCB concetratJons (~glg lipid weight and Jlg/g wet weight) in skin and breast 
muscle of one lesser scaup and len mallards collected in somhern Green Bay on lune J 2, 
1997. Level of detection was 0.02 flglg wet weight. 

PCBs ~glg Itpid wClghL 

Skin + 
CaLID Sex Age Muscle Skin muscle 

GBMOOI Mallard 
GBMD02 Mallard 
GBMD03 Mallard 
GBMOO4 Mallard 
GBMOO5 Mallard 
GBMD06 Mallard 
GB MOO7 Mallard 
GBMD08 Mallard 
GBMD09 Mallard 
GBMDIO Mallard 

M' A' 
F A 
F A 
M A 
M A 
M A 
M A 
F A 
M A 
M A 

GBLS II Lesser scaup M A 

1 M ;:: male. F ~ female 
2 A ;;; adult 
~ ND;;; mdicates not detecled 

ND3 2.8 2.0 
ND 3.3 2.2 
ND 11.O 8,0 
ND 6.2 4,5 

15,0 21.2 19,5 
6,6 2L5 15.4 

13.9 18,7 17,4 
2.9 11.0 9.6 
ND 15.5 5.6 
5.9 22.0 16.9 

16.3 27.9 23.3 

PCBs jlg/g wet weight 

Skin + 
Muscle Skin muscle 

ND 
ND 
ND 
ND 
0.2 
0,1 
0,2 
0.4 
ND 
0.1 

0.6 

1.0 0.1 
1.2 0.1 
3.4 0,3 
2,9 0.3 
6.6 0.8 
5.1 0.6 
5.2 0.8 
4.2 06 
1.8 0.2 
6.0 0,7 

9.5 2.0 



Table 3. PCB concetrations (}.lg/g lipid weight and Jlg/g wet weighl) in skin and breast 
muscle of dIVing ducks colk;cled from Point au Sable. !,;outhcrn Green Bay on October 27, 
P)97. Level of detection was 0,01 }.lg/g wet weight 

PCB, j.lglg lipid weight PCDs j.lg/g wei weIght 

Skin + Skin + 
CaLID Species Sex Age Muscle Skin muscle Muscle Skin muscle 

GBLS12 Greater scaup M' I' ND' 2.0 1.6 ND 1.1 0,2 
GBLS!3 Greater scaup F I "ID 3.6 3.! ND !.7 03 
GBLS!4 Greater scaup M I "ID L2 OS "ID 0.3 005 
GBLS!5 Greater ~caup F I "ID 0.4 03 ND 0.2 0.Q3 
GBLS16 Grea.ter ~caup F I ND 26 2.2 ND 1.7 0.4 
GBLSIS Greater scau p M I ND 0.2 0.2 ND 0.2 0.04 
GBLSI7 Lesser scaup F A ND 3. I 2.7 ND 1.9 0.4 
GBLSl9 Lesser scaup M 1 ND 0.6 0.6 ND 0.5 0.2 
GBCN20 Canvasback M I ND 4 ND 
GBRD21 Ruddy duck F I I'D I'D 
GBGE22 Common M A 14.5 13.5 14.1 0.25 1.4 0.4 

goldeneye 

I M _ male. F ;;;. female 
2 I :: immature, A;:;:;: adult 
~ ND :: not detected , 

. indicates no anaJysis 
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Table 4, PCB CDnce!rutions (~lg!g lipid weight and i.lgJg wet weight) in skin and brea~l 
muscle of diving ducK."i collected from Point au Sable, southern Green Bay 011 November 
12-13,1997. Level of detection wa~ 0.01 ~lgJg wet weight. 

PCB, flg/g lipid weight vCRs I-tg/g wet weight 

Skili + Skin + 
Cat.IO Spec.ies Sex Age Mu;;de Skin muscle Muscle Skin muscle 

GBLS23 Greater :scaup M' A' NO" 3·8 3.3 NO 2.2 ti.4 
GBLS24 Lesser scaup M A ~O 2.6 2.4 l'>0 2.0 0.6 
GBLS25 Lesser scaup M I NO 1.3 1.2 NO 1.1 0.4 
GBLS26 Lesser scaup M A 4.8 5.1 5.1 O.lI 2.8 0.7 
GBLS27 Lesser scaup M I NO 3 2.5 NO I.~ 0.3 
GBLS28 Lesser scaup F I NO l.5 1.4 NO 1.3 0.6 
GBLS2Y Lesser scaup M I l'>0 0.4 0.4 NO 0.3 0.1 
GBLS30 Lesser scaup M I l'>0 0.9 O.S l'>0 0.7 0.2 
GBLS31 Lesser seaup M I NO LO 0.9 1'0 0.7 0.2 
GBBH32 Bufflehead F I NO 4 NO 
GBBH33 BuWehead F I NO 0.5 0.4 NO 0.4 0.1 
GBBH34 Butnehead F I NO :-;0 
GBBH35 Bufflehead F I l'>0 NO 
GBBH36 Bufflehead M I NO NO 
GBBH37 Bufflehead M I NO NO 
GBBH38 Bufflehead M A NO 1.8 1.4 NO 1.4 0.4 
GBBH39 Bufflehead M I NO ND 
GBR040 Ruddy duck F A ND NO 
GBGE41 Common F I ND 0.1 0.1 NO 0.04 0.01 

goldeneye 
GBGE42 Common F 1 ND 1.6 1.5 NO 1.2 0.3 

Goldeneye 
GBGE43 Common M I NO 0.1 0.1 NO 0.1 0.02 

goldeneye 
GBWS44 Whjte~winged F I ND l'>0 

ScOler 
GBWS45 White-winged F 1 NO ND 

scoter 

1M;;;; male, F :; female 
:2 A:: adult. I = lmmaturc 
:I ND = not detected 
• indIcates no analysis 



Table 5, PCB concentnnions ().1g1g lipid weight and ).1g/g Wel weight) in s.kin Hnd breast 
mu:-;c}e of diving ducks collected from Baileys Harbor and Newport Beach, Lake Michigan 
on St'ptember 16~ 17, 1997, Level of cklcction was 0.01 Jlg/g wet weight 

PCB, "gig lipid wright PCB~ Ilg/g wet weight 

- .. ~-. 
Skin + Skin + 

Car.ID Species. Sex Age Muscle Skin muse-Ie Muscle Skin muscle 

GBGEOI Common M' A' 3.5 0.2 
goldeneye 

GERDO] Ruddy F A 4.6 0.1 
duck 

GBR.MOI Red~breasted F A NO' 8.5 5.2 NO 2.6 0.5 
merganser 

GBRM02 Red-breasted F I 25.3 1.0 
merganser 

-I M _ male, F _ female 
~-~-

: A::;:: adult. I:: immalure 
) - indicates no analysis 
4 ND = not detected 
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Table 6. peD concetrarions (Ilg!g lipid wejght and IJ.gig weI weight) in ;jkin and breast 
muscle of diving ducks collected in northern Door County in Lake Michigan on 
September 22~ and September 26,h, 1997. Level of detection was O.O! I!g/g wct weight. 

PCBs jlglg lipid weigh' PCBs Ilg1g wet weight 

"'-"---
Skin i· Skin ~ 

Cat.ID Species Sex Age Muscle Skin muscle Muscle Skin muscle 

GBPI49 Common M' f H.3 0.1 
merganser 

GBNP50 Comrnon F 1 373,9 4.3 
merganser 

GBPIS2 Common F J 36.3 0,6 
merganser 

GBPIS3 Common F A 27.4 0.5 
merganser 

GBPI54 Common F I 25,7 0.4 
merganser 

GBDIS5 C'Nmmon F A 30.3 0.5 
merganser 

GBDl56 Common M I IO.S 0.2 
merganser 

GBDIS? Conunon M r 16,8 0.2 
merganser 

GBNP51 Red-breasted F A 369 0,8 
merganser 

GBHl58 Red-breasted F A 11.4 0,3 
merganser 

1M;;;;; mole. F = female 
:! A :;:; adult, I "" immature 

" - indicates nQ analysis 
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