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1. EXECUTIVE SUMMARY AND PRIMARY FINDINGS

Starting in May 2007, BioDiversity Research Inggt(BRI) and collaborators initiated a broad-
based contaminant study on Maine birds, measuwtig fiistorical and emerging chemicals. This
comprehensive project measured 192 synthetic congams in 23 species across Maine to
determine in which species, habitats, and locatibese anthropogenic compounds are
concentrating. The compounds we analyzed in 6Gceggosites were mercury (Hg),
polychlorinated biphenyls (PCB), polybrominatedhdipyl ethers (PBDE), perfluorinated
compounds (PFCs), and organochlorine pesticides)Qur preliminary findings are:

Hg, PCBs, PBDEs, PFCs, and OCs are found in alispsampled across marine,
estuarine, riverine, lacustrine (lake), and terralstcosystems; these are the first records
of PFCs in Maine birds.

Hg, PCBs, PFCs are all found at levels that mageadverse effects—there are
currently no established adverse effects threshasdtiblished for PBDESs in bird eggs.
OCs are all significantly below adverse effect@dmolds.

Our Hg, PCB, and OC levels were generally consistéth levels recorded around the
country. Certain species had PBDEs higher tharr ¢édlecations, while other species had
lower levels. PFOS have not been widely studieeggs; therefore, we could not directly
compare our results to other areas.

The total PCBs levels we recorded are lower thagdlin the past, indicating a continued
decline in PCBs.

Bald eagles have the highest overall contaminat tff the 23 species measured.

We found all of the compounds across the entirte skait overall contaminant loading
tends to be highest in southern coastal Malies geographic pattern suggests that
these compounds are entering the environment hatligh atmospheric
deposition, because they are found across theeestéite, and through local point
sources, because we detected higher levels in adimdustrial areas.

PCBs, PBDEs, PFCs, and OCs levels are positivehglated, indicting that birds with
high levels of one compound tend to have highezltewf the others. PBDEs and PCB
have the strongest relationship.

Birds that feed on terrestrial prey accumulatedhéidorominated PBDEs; DecaBDE is
found in eight species with gulls and peregrinedalhaving the highest levels.

Of the samples we analyzed, birds feeding in elssifiave the lowest contaminant
levels.

The mouth of the Kennebec and Isles of Shoals tetalbave high concentrations of
contaminants.
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2. INTRODUCTION

2.1 Project overview

Starting in May 2007, BioDiversity Research Inggt(BRI) and collaborators initiated a
broad-based contaminant study on Maine birds, mgasboth historical and emerging
chemicals. This comprehensive project measureds{®etic contaminants in 23
species across Maine to determine in which spelsgstats, and locations these
anthropogenic compounds are concentrating. The ichéwe analyzed in 60 egg
composites were mercury, polychlorinated bipheR@B) congeners, polybrominated
diphenyl ether (PBDE) congeners, perfluorinated poumds (PFCs; e.g., PFOS,
PFOSA, PFHxS, PFOA, PFNA, PFDA, PFDoDA, PFUNDA, RBHPFHpA), and
organochlorine pesticides (OCs) (DDTs, HCHs, ctdoes, HCB).

The project had two components. The first was etalg geographic differences by
analyzing eggs of seven marine species from s siear the outflows of Maine’s
largest rivers (Figure 1%ince studies indicate that levels of PCBs andrathganics in eagles
arehigher along the coast than inland (Matz 1998), @rtaminants bioaccumulate
coastal cormorants (Mower 2006), terns, and plofMdisrzykowski and Carr 2004), we
focused geographic contaminant screening alongdhst. We selected sites near the
largest river outflows and areas of high populatiensity. The sites were: 1) Isles of
Shoals (Piscataqua River, Kittery); 2) Casco Bayt{&nd); 3) Popham Beach and
Sheepscot Bay (Androscoggin, Kennebec, and Sheepsexs, Phippsburg); 4)
Penobscot Bay (Penobscot River, Islesboro); ar@bbscook Bay (St. Croix River,
Eastport) (Figure 1, Table 2).

We evaluated geographic variation in freshwatesgstems with common loon and bald
eagle eggs (Figure 1). The species we selectedahbrk@ad range of foraging strategies
and represent most of Maine’s primary ecosystems.

The second component evaluated exposure in mapitah&ypes through analyzing eggs
from multiple species in the same area. In thel&@wit Maine area we collected eggs
from marine, estuarine, riverine, lake, and teri@ishabitats, focusing on high trophic
level predators (Figure 2). Species include ingeo#s, piscivores, and bird and mammal
predators. Additionally, to ensure direct compariamong habitats, we collected eggs
from tree swallows—a low trophic level insectivo@ollectively, this sampling effort
provided a baseline and initial screening of combamt levels, and helped determine if
contaminants are concentrating in certain areas.

Y Increase in an organism over time because theyitainore than they can expel.
2 How high in the food web a bird eats (i.e. eagieshigh trophic level and eiders are low).
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2.2 Chemical Interaction

Researchers have studied the effects of many afdhi&aminants analyzed in this study
on behavior, reproductive success, organ functiod,acute toxicity. However, a number
of studies have also attempted to determine ifiplalcompounds interact to create
physiological effects greater than their sum. Regteas found that organochlorine
pesticides can interact with each other to creiiterean additive or synergistic effect
(Blus 2003). Epidemiological studies on human cleiid(Grandjean et al. 2001, Stewart
et al. 2003, Roegge et al. 2004), and laborataigies on animals (Bemis and Seegal
1999, Costa et al. 2007) indicate that PCBs andhyimaercury may act synergistically or
additively. Additionally, researchers have foundttRCB 52 can interact with PBDE 99
to enhance neurobehavioral defects in mice (Eriket@l. 2006) . These studies
suggests that many of the compounds analyzedsrstady can interact to create an
effect greater than one contaminant alone.

2.3 Review of compounds measured

2.3.1 Hg

Mercury is a naturally occurring heavy metal thas bbeen mobilized into the
environment by anthropogenic activities. Due taitigque properties, mercury is used in
many products such as thermostats and dentallliti is also used in mining, and is
released to the environment through the combustidossil fuels.

Generally attributed to anthropogenic input (Loakled al. 1998), mercury (Hg) levels in
the North Atlantic have doubled over the last 16arg (Asmund and Nielsen 2000) and
are increasing by nearly 1.5% a year (Slemr andy¢ah992) with peak levels in Maine
recorded after 1970 (Perry et al. 2005). This hisébincrease has been documented in
North Atlantic seabirds (Thompson and Furness 188hteiro and Furness 1997),
Canadian Arctic seabirds (Braune 2007) with locgldgposition causing high rates of
increase in biota (Frederick et al. 2004, Evera.€2007). This increase of global Hg
levels since the 1900s is of concern because meiscarpersistent toxic heavy metal that
both bioaccumulates and biomagnifieswildlife, and has neurological and reproductive
impacts (Wolfe et al. 2007).

Researchers have documented Hg in the Maine set{fRemy et al. 2005), water
(Dennis et al. 2005), crayfish (Pennuto et al. 2068h (Kamman et al. 2005),
salamanders (Bank et al. 2005), birds (Evers &(fl5), and mammals (Yates et al.
2005). In addition Hg hot spots have been docundent&laine (Evers et al. 2007).

% Builds up exponentially when one organism eatgtano

10



Contaminants in Maine birds: Embargoed until Marct" 2008

2.3.2 PCBs

Polychlorinated biphenyls (PCBs) are synthetic chided aromatic hydrocarbons that
were first created in 1881; between 1930 and 18bnGillion kilograms were
manufactured in the United States (Hoffman et 296). Because of PCBs unique
chemical properties they were used in a many imdligrocesses such as heat transfer
agents, lubricants, dielectric agents, flame reaats| plasticizers, water proofing
material, and most notably for cooling in electritansformers (Hoffman et al. 1996).
They are resistant to chemical breakdown, and hagrethermal stability, low vapor
pressure, flammability, and solubility (Niimi 1996 CBs consist of two benzene
(phenyl) rings connected by a carbon bond to whidbrine atoms are connected. The
number of chlorine atoms provide the base for & RCB congeners (Rice et al. 2003).

Originating from industrial leaks, sewage runddfydifills, and incinerators, researchers
have detected PCBs worldwide in the atmospheresmwiadh, birds, mammals, and
humans (Hoffman et al 1996). Because of PCBs clarsitucture, they are extremely
persistent in the environment and resist beingdmalown by bacteria or chemicals.
However, PCBs are easily absorbed into the fatasthpon and enter the wood web
(Hoffman et al 1996) and are eventually consumedililife and humans.

In wildlife, PCBs both bioaccumulate and biomagn®yscivorous (fish eating) birds are
most exposed to PCBs, and eagles and other tolpicrigvel predators are particularly
vulnerable to accumulating elevated levels. PQBsatremely toxic to biota, causing
wasting, immune effects, reduced reproduction,lmed damage (Hoffman et al 1996).
In birds PCBs reduce egg hatchability, increaser Isize, and affect thyroid and spleen
function (Hoffman et al 1996). Researchers havewofes! similar effects in mammals
with PCBs reducing reproductive success, and &t lexgls can lead to death (Kamrin
and Ringer 1996). Because of these known effe@BsRvere banned in the United
States in 1979 (Rice et al. 2003). Today in Mai@®® are still widely detected in
wildlife. They have been detected in mussels (Cleasé 2001), seabirds, shorebirds
(Mierzykowski and Carr 2004), eagle (Matz 1998),guise (Westgate et al. 1997),
dolphin, and pilot whale (Weisbrod et al. 2001).

2.3.3 PBDEs

Polybrominated diphenyl ethers (PBDES) are brorethifiame retardants that are used in
both commercial and residential textiles and etestis. They work by slowing
combustion by releasing hydrogen bromide gas, wimtghrferes with the chemical
reaction that spreads fire (Janssen 2005). PBDEsistmf two benzene rings linked by
an oxygen atom and can have up to ten attachedeatoms (Hellstrom 2000). This
stable structure causes the molecules to be lipofat loving) and consequently

subject to bioaccumulation (Karlsson et al. 200@ three primary types of PBDEs are
penta-BDE, octa-BDE, and deca-BDE. Penta has bieaply used in polyurethane
foam (up to 30% in weight) that is used in coucleaspets, and mattresses; octa is used
in computer monitor plastics; and deca, which malke83% of global PBDE

11
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production, is used in electronic equipment (JohrRRestrepo et al. 2005). Deca-BDE is
an off-white crystalline powder that is usually 18% of the weight of the host material
and is an additive flame retardant that does neingtally bond to its host material.
Consequently, deca-BDE migrates into the environir{l@BP 2007). PBDEs enter the
environment through atmosphere deposition, wastaviatment facilities, and runoff
(Anderson and MacRae 2006).

PBDEs are found globally in humans, wildlife, ahd £nvironment. They have been
found in whales, Tasmanian devils, fish, and fascionAustralia (Symons et al. 2004);
terns in San Francisco Bay (She et al. 2004); gyuitits in the Baltic Sea (Sellstrom et al.
2003); peregrine falcons in Sweden (Sellstrom.e2@01); marine fish in Florida
(Johnson-Restrepo et al. 2005); seabirds in No(Wayvoll 2006); birds of prey in
Belgium (Voorspoels et al. 2004); birds of preyChina (Chen et al. 2007); fish in
Maine’s Penobscot River (Anderson and MacRae 2@0&);Arctic fox in Greenland and
Russia (Lifgren 2005).

Laboratory studies have documented health effdd®BOES, generally at levels higher
than currently observed in the environment. Radgpfenta-BDE had reduced growth,
diarrhea, reduced activity, tremors, red stainexleziges, and chewed continuously.
Those animals that received repeated doses hadehanhepatic and thyroid size and
histology as well as immunological effects. Rats deta-BDE had enlarged livers, and
fetuses with bent ribs, limp bones, and rear lindifonmations. Although health effects
were observed at higher doses, animals dosed wth-BDE had enlarged livers, and
hyaline degeneration in kidneys. Those fed deca-BiDHO03 weeks at high doses
developed tumors as well as an increase in thyhapgatic and pancreatic adenomas
(Darnerud 2003). A dosing study on kestrels foumahges in thyroid levels and
concludes: “Concentrations of PBDE congeners id Wwitds may alter thyroid hormone
and vitamin A concentrations, glutathione metalmolesd oxidative stress (Fernie et al.
2005).” Because of these effects, penta and oete woluntarily phased out in 2004
(EPA website), and deca was partially banned imglaind Washington State in 2007.

234 PFCs

Perflorinated chemicals (PFCs) have been produmeavier 50 years for their repellant
properties and are used as stain repelents, ctpagents, floor polish, fire-fighting

foam, and in photography (Tao et al. 2006). Moshiemnly used PFCs are derived from
perfluorooctanesulfonyl fluoride (POSF), which haxtremely strong carbon-fluorine
bonds. These strong bonds make the PFCs highbtaasito environmental and
metabolic degradation (Butenhoff et al. 2006) aredcansequently environmentally
persistent (Kannan et al. 2002). Of the PFC comgeperfluorooctanesulfonate (PFOS)
and perfluorooctanoate (PFOA) are of greatest cortmecause of their global abundance
and bioaccumulation (Giesy and Kannan 2001, Kametah 2002, and Tao et al. 2006).

Annual estimated production of POSF in 2000 waatgrethan 5000 tons (Tao et al.
2006), but by 2002 the 3M Company—the primary maatufre of POSF—discontinued

12
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production (Butenhoff et al. 2006). However, sonk®B is still produced outside of the
United States for applications where there arelteoratives (Butenhoff et al. 2006) and
other PFC are still produced and used in the Urttatles (Kannan pers. com.). PFCs are
transported in the environment through ocean ctsrand the atmospheric circulation
(Toa et al. 2006) and may enter the environmewutin similar pathways as PBDESs.

Although there has been no analysis of PFCs in &)dhrey have been documented in
wildlife in the Southern Ocean and Antarctica (B0a2006), Artic, North America,
Pacific Ocean, Japan, Europe (Giesy and Kannan)2882otters in California (Kannan
et al. 2006), birds in Japan and Korea (Kannah €082), and in fish and pelicans in
Columbia (Olivero-Verbel et al. 2006).

PFOS are documented to have health effects inifeildien eggs injected with PFOS
had significantly lower hatching success (Molinale2006). Quail exposed to PFOS
through diet had increased liver weight and, ah hgyels, died (Newsted et al. 2007). In
California, diseased sea otters were positivelgp@ated with elevated PFOS levels
(Kannan et al. 2006).

235 0OCs

Organochlorine pesticides (OCs) are used priméoilynsect control, are extremely
persistent in the environment, and bioaccumulateildiife (Blus 2003). The five major
groups are dichlorodiphenyltrichloroethane (DDT@xachlorocyclohexane (HCH),
cyclodienes, toxephene, and chlordecone.

2.3.6 HCH

Hexachlorocyclohexane (HCH) is an insecticide thaurrently used in agriculture—the
most wildly used form is lindane. Unlike other O@ssticides, lindane has a short half-
life and rapidly degrades after use. Consequelitiyane is rarely found in wildlife.
However, in some laboratory studies lindane hasaed hatching success, increased
embryo mortality, and caused egg shell thinninghiitkens. In other studies researchers
documented little effects (Blus 2003).

2.3.7 HCB

Hexachlorobenzene (HCB) is a fungicide used masinasonly on seed grains, is an
industrial waste product, and is used in the mantufa of tire rubber (Wiemeyer 1996).
HCB is persistent in the environment and experiaestudies have documented death
and significant effects in birds. Quail fed highsde of HCB had weight loss, ruffling of
feathers, and tremors. Birds fed a lower does bddaed hatchability of eggs and sterile
eggs (Wiemeyer 1996).
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2.3.8 Chlordane

Chlordane is composed of number of OCs and hasumshsince the 1940s (Blus
2003). In 1978 most chlordane was restricted intthged States; all chlordanes are now
banned (Wiemeyer 1996). The most toxic metabdixiychlordane (Wiemeyer 1996).
In the past chlordane was used extensively on lag@iEcourses, and crops, and is
persistent in the environment. The most measurfedtah experimental settings is death.
As recently as 1997 over 400 birds died from edbi@aegtles with high chlordane residues
in an area that had been treated in the past @l08).

2.3.9 DDT

Dichlorodiphenyltrichloroethane (DDT) was first $fasized in 1874, used as an
insecticide in 1939, used extensively in agricdtafter World War 1l (Blus 1996), and
banned in the United States in 1972 (Blus 2003%plde the well-documented effects on
wildlife, DDT is still used in a number of countsieAfter application DDT breaks down
to DDE. DDE has been well documented to cause legiyjthinning, which causes eggs
to break during incubation. Because of the pernsistature of DDE, it is still widely
detected in birds although at levels generally wedfects thresholds (Blus 2003).

2.4 Birds as bioindicators of the environmentaltaarinants

Birds are commonly used as indicators of Hg ané@rotbntaminants in the environment
(Scheuhammer 1987, Furness and Camphuysen 1991 ®tall. 1998, Cifuentes et al.
2003, Braune 2007, Evers et al. 2005, and Sheuhaetmaé 2007, and Wolfe et al.
2007). The species we selected for this contamis@eening represent distinct foraging
guilds and ecosystems across Maine. Additionatiyes of the species we selected are
high trophic level predators that may accumulatgaminants at higher levels. In total
the 23 species of birds in our study indicate thret@minants other biota, and people—
through consuming fish and game—may be exposed to.

2.5 [Eqgs as indicators of local contaminants

Eggs are used extensively for contaminant studfi@erfieyer 1996, Kannan et al. 2001,
Braune et al. 2002, Evers et al. 2003, and Bra00& 2because female birds depurate
lipophilic contaminants into their eggs. For mgseaes, all of the egg nutrients are
allocated from exogenous (i.e. recent dietary ugtakther than endogenous (reserves
acquired during migration and on winter groundsjrees (Bond et al. 2007, Hobson
2006, Hobson et al. 2000, and Hobson et al. 1993Nsequently, egg contaminant
residues represent the contaminants present iniritie breeding territory diet (Hobson
et. al 1997). These findings are supported by Eseat. (2003), which found a strong
relationship between common loon egg Hg levelsfanthle Hg blood levels (blood
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represents recent dietary uptake). The exceptispasies that arrive on the breeding
ground and immediately lay eggs (Hobson 2006). Sgeeies in our study are all present
at their breeding site for at least two weeks piadiaying eggs (Table 1). Therefore, the
results presented in this report represent contamievels of the birds within their
foraging range during the breeding season in Maine.

2.6 Species selected for this study

2.6.1 Tree swallows (multiple habitats)

In order to be able to directly compare contamitewels between habitats, we collected
swallow eggs from birds nesting in the marine, @she, lacustrine (lake), and terrestrial
environments. We were not able to collect samplas fa river. Although we only
analyzed one composite per habitat, each compegitesented multiple clutches. Tree
swallows feed on flying insects (Robertson et 802) close to their nesting boxes and
feed at a low trophic level; therefore, they acadsoindicators of their nesting habitat.

2.6.2 Marine

In order to seek geographic variation along thest;ame analyzed eggs of eight species
of seabirds at six locations at multiple trophiedis. Below is a description of the habitat
each species represents.

Herring gulls are scavengers (Perotti and Good J1L88d will be exposed to
contaminants through multiple sources such as telbgates, fish, birds, small
mammals, and garbage. Therefore, they act as livaitwads of multiple coastal
habitats.

Double-crested cormorants are piscivores and favagaid-water and benthic
fish 3-40cm long (Hatch and Weseloh 1999). Thesetiend to be highly mobile,
consequently cormorants act as bioindicators abadcoastal region (Goodale
et al. 2007).

Common eiders feed primarily on mollusks (Goudiale2002) and in Maine
feed extensively on blue mussels. Therefore, eieras bioindicators of the
contaminants that mussels are accumulating thrélighfeeding.

Leach’s storm-petrel feed 100-200km offshore (Hugtton et al. 1996) and feed
primarily on mesopelagic fish and crustaceans (Wata1985, Hedd and
Montevecchi 2006). Since storm-petrels feed inatfighore food web, their
contaminant levels reflect a global signal rath@ntone influenced by point
sources (Goodale et al. 2007). Therefore, stormejseact as bioindicators of
global contaminant levels.
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Black guillemot provide a contaminant signal of théndwelling biota because
they feed primarily on rock gunnels (a small fishjhe Gulf of Maine (Preston
1968, Hayes 1993, and Bulter and Buckley 2002)ce&guillemots feed close to
their breeding colony and rock gunnels have low ifitglaluring the summer
(Vallis et al. 2007), they indicate contaminantssel to their breeding colony.
Therefore, guillemots act as bioindicators of thastal benthic system.

Terns feeding on small fish and invertebrates clogbe ocean surface (Hatch
2002, Nisbet 2002, Thompson et al. 1997) which terlae mobile. Therefore,
they act as bioindicators of the coast as a wimlkeat a lower trophic level than
cormorants.

Atlantic puffin provide a mid-trophic level signas they feed on larger fish than
the terns but smaller than cormorants (Lowthet.e2@02). Therefore, they act as
bioindicators at a mid-trophic level.

Piping plovers are not a seabird, but they feetheertebrates in the intertidal
zone (Haig 2004) along Maine beaches. Therefoey, dlot as bioindicators of
Maine’s beaches.
Osprey provide a similar signal to many of the gelglbalong the coast. They feed
on live fish (Poole et al. 2002) on the surfacelwnging into the water.
Therefore, they act as a similar bioindicator asnayants, but for raptors.
2.6.3 Estuarine
We focused on one estuary, Scarborough Marsh. Mitlis estuary, in addition to tree
swallows, we collected samples from four speciesgiNia rail, willet, glossy ibis, and
snowy egret. Collectively these species providaditation of bioaccumulation in
estuarine invertebrates.
Virginia rail feed on aquatic invertebrates (Convi&@5).

Willets on insects, invertebrates, and fish (Lowtbieal. 2001).

Glossy ibis also feed on invertebrates (Davis anditer 2002), but likely at a
higher trophic level than the rail and willet.

Snowy egret have greater variety in their diet améddition to invertebrates,
feed on fish, amphibians, and reptiles (Parsonduamster 2000).

16



Contaminants in Maine birds: Embargoed until Marct" 2008

2.6.4 Riverine

From rivers we collected eggs from kingfishers aadles.
Kingfisher feed on small fish (Hamas 1994) by plmggnto the water. They
build their nests by burrowing into river banksl§aho 2002) and feed in the
adjacent river. Consequently, they provide a dicecttaminant signal of the river
where they are nesting.
Bald eagles are scavengers and have a variedfdishpbirds, and mammals, but
when nesting close to rivers will feed primarily fish. They feed on larger fish
than kingfishers and consequently are indicatows lufjher trophic level.

2.6.5 Lacustrine (lake)

From lakes, in addition to tree swallows, we cdbecsamples from red-winged
blackbirds, loons, and eagles.

Blackbirds provide a contaminant signal of insé¥@sukawa and Searcy 1995)
along the lake edges.

Loons provide a signal of mid-sized fish, and eaghed-sized fish, birds, and
mammals that are associated with lakes.
2.6.6 Terrestrial
In addition to tree swallows, we collected samfies peregrine falcons and American
kestrels for the terrestrial environment. Togethese species provide a terrestrial

contaminant signal at two trophic levels.

Kestrels feed at a lower trophic level than perezgj feeding primarily on
terrestrial arthropods and small vertebrates (Smoaitl and Bird 2002).

Peregrines feed on birds (White et al. 2002) artierarea that we collected
samples, many of these prey birds feed in thed&raéenvironment.
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3. METHODS

3.1 Field

We collected viable and nonviable three-egg contessind single eggs from each
species (Table 2). Species scientific names apdayisd in Table 2. Members of Gulf of
Maine Seabird Contaminant Network (GOMSCANDllected seabird eggs from remote
seabird islands, and BRI staff collected the addél samples. In the field eggs were
handled with polyethylene gloves, placed wholeatygthylene bags, and placed in
chemically clean jars, and frozen. The eggs wemnewih dry ice to the Wadsworth
Center (New York State Department of Health) faalgsis (see below for methods).
Whole egg was analyzed. BRI currently has statefeaheral collection permits.

3.2 Statistics

We performed statistics with IMP (SAS Institute. Ji@001). Each egg composite was
treated as a sample size of one. We log10 transfibthe data to increase normality and
homoscedasticity. We tested for interaction betwesditat and species: we found no
interaction for all compounds, indicating that veeild independently test for habitat
differences.

We sought spatial trends by mapping contaminami$ewm eight species where we had
three samples or more. The species we mapped arag gull, double-crested
cormorant, common eider, black guillemot, pipingy@r, common loon, osprey, and
bald eagle. The range of each contaminant wasaysglin three categories determined
by natural breaks within the contaminant rangeefwrh species. Trends were evaluated
qualitatively.

3.3 Eqgg morphometric measurements

An hand-held caliper, capable of recording thedd.A mm was used to determine the
length and width. The egg length was measured fipno tip of the egg. The width was
measured from the widest point of the egg. A didialance capable of weighing to the
0.1 of a gram was used to measure weight of the g shell (whole egg) and without
shell (content weight). Graduated measuring cgliadvith Milli-Q water was used to
determine the volume of eggs, determined as thawelof water displaced (recorded in
ml). Developmental stage of the eggs were recoadeslranking of the developmental
stage of the embryo. An embryological developmeatesused for common loon and

* GOMSCAN is comprised of researchers from U.S. Bisth Wildlife Service, Maine Department of
Inland Fisheries and Wildlife, National Audubon, ikka Coast Island National Wildlife Refuge, Shoals
Marine Lab, and Canadian Wildlife Service. Thisugas currently preparing a paper for publication o
seabird mercury levels in the Gulf of Maine.
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waterfowl eggs was used to assess the developnstage and ranked as NA,
0,1,2,3,4,and 5 as below:

NA (not assessable)Developmental stage could not be determined. @éstgere gray
or yellowish-tan in color and typically had a fauhell. A darker color suggested some
degree of development had occurred, whereas awalbonogeneous liquid may be
sifted through and if no dark spots or hardenedsaveere found we classified the egg as
infertile (0).

0: No development was evident. Egg had a yellomgeaor yellow/tan yolk (intact
or broken down into a liquid). A translucent jelige mass surrounded the yolk sac and
showed no sign of embryonic development (e.g. massdark or hardened).

1 Embryo was viable (length was up to 1.5 cm). jEflg like mass (embryo) was
dense and hardened. Small dark (red) eyespotbenaigible at this stage.

2: Developing embryo (length was 1.5 — 2.0) haspgagent central nervous
system. Cranial development and visible eyes pparant. Feathers are absent.

3: The embryo shows advanced development (lengti2vasm). Bill was
developed (e.g. egg tooth present but soft). aegswings were visible but not fully
developed Some feathers were present (first seen in tail).

4. The fully developed embryo was completely covengdelathers. Appendages
were completely developed. Vent, preen gland wsiblei. A small portion of yolk sac
remained attached to belly.

3.4 Analysis of egg moisture and lipid contents

After the determination of morphometric parameterseach of the eggs, some samples
collected from the same location and same spe@es pooled and homogenized using a
homogenizer and composites were prepared. Theasitap were used the analysis of
trace organic contaminants and mercury. Homogenegg samples (in most cases 10-
11 g; for some samples only 5 g was used due tavagability) were extracted with
dichloromethane and hexane (1:3; 400 mL) in a Ssdpparatus for 16 h after spiking
the samples with surrogate standards (PCB-30 ai284). The extracts were
concentrated to 10 mL and 1 ml of the aliquot ve&em for the analysis of lipid content
by gravimetry. An aliquot of the egg homogenafg(aximately 2 g) was also taken and
freeze-dried to measure the moisture content.

3.5 Analysis of PCBs, PBDEs and organochlorineigpidsis

Details of the analytical methods have been desdrdtssewhere (Kannan et al., 2005;
2007). An aliquot of the sample extract was spikiti *C-labeled PCB congeners 3,
15, 31, 52, 118, 153, 180, 194, 206, 209, Hadiabeled PBDE congeners 3, 15, 28, 47,
99, 100, 118, and 153 as internal standards. R@Bemers 30 (2,4,6-triCB) and 204
(2,2',3,4,4',5,6,6’-octaCB) were spiked as surregstindards. The sample extracts was
then purified by passage through a series of lagfesgica gel (Davisil, 100-200 mesh,
Aldrich, WI; 1 g of silica gel, 2 g of 40% acididisa gel, 2 g of 20% acidic-silica gel,
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and 1 g of silica gel at the top). The analytesavtken eluted using 150 mL of 20%
dichloromethane in hexane. The extracts were ¢tbenentrated using a rotary
evaporator and treated with sulfuric acid (5 mLJl &urther concentrated to 1 mL for the
analysis of PCBs and PBDEs. Another portion ofakieact was passed through silica
gel (2 g) by elution with 20% dichloromethane irxaee; it was then treated with
sulfuric acid, for the analysis of organochloriresficides.

Extracts were injected into a gas chromatographviete-Packed 6890) coupled with a
mass-selective detector (Hewlett-Packed, serie8)397 the determination of PCBs and
PBDEs. A capillary column coated with RTX-5MS (80x 0.25 mm i.d. x 0.25 um

film thickness; Restek Corp, Bellefonte, PA) wasdifor the separation of individual
isomers. The column oven temperature was prograhiraen 100C (1 min) to 160C

(3 min) at a rate of4/min, and then to 25C at 3C/min, with a final hold time of 5

min for PCBs. For PBDEs, the column temperature pragrammed from 10C (1

min) to 160C (3 min) at a rate of 2€/min, and then to 26C at 2C/min, with a final
hold time of 5 min. The MS was operated in antetecimpact (70 eV), selected ion
monitoring mode. An equivalent mixture of Kanexhl{KC300, 400, 500, and 600) with
known PCB composition was used in the identificatsd PCB congeners. One hundred
and fifty four isomers of PCBs with 35 coleutingigg (IUPAC number in the order of
GC-MS elution: 4+10, 9+7, 6, 5+8, 19, 18, 17,24+27,16+32 ,26,25,28+31,
20+33+53, 22, 36, 37, 54, 50,53,51,45, 52+73, 4648943, 47+48+75, 44, 59+42,
41+64, 40+57, 67, 63, 74+61, 70+76, 66+80, 60+36,104, 98+102, 93+95, 91, 92, 84,
90+101+89, 99, 86+97, 97+113, 87+117+125+116+11%+89+120, 110, 82, 124, 107,
118+106, 114+122, 105+127, 126, 155, 136, 151, 135;+149+139, 134, 133,
146+161, 153, 132+168, 141, 137, 130, 138+164+1868, 129, 128, 167, 156, 157,
169, 188, 179, 176, 178, 187+182, 183, 185, 174,171, 173, 172+192, 180, 193, 191,
170, 190, 189, 202, 201, 197, 200, 198, 199, 198;+295, 194, 205, 208, 207, 206, and
209), including monartho PCB congeners (105, 118, 189) were analyzed.
Quantification of PCB congeners was based on exttealibration standards containing
known concentrations of di- through deca-CB congen€oncentrations of individually
resolved peaks of PCB isomers were summed to otattthPCB concentrations. PBDE
congeners were monitored at molecular ion clusfstg, and [M+2] or [M+4]". Tri-
through hexa-PBDE congeners analyzed in this sietfge 28, 30, 47, 66, 85, 99, 100,
138, 153, and 154 were targeted for analysis. Héptaugh deca-BDE congeners (183,
203, and 209) were analyzed using a Agilent Teagies 6890N gas chromatograph-
electron capture detector (GC-ECD). PBDE congewere quantified using an external
calibration standard. Organochlorine pesticidesevemalyzed using a Agilent
Technologies 6890N gas chromatograph-electron capltetector (GC-ECD; for HCH
isomers) and a gas chromatograph (Hewlett-Packed)@®upled with a mass-selective
detector (Hewlett-Packed, series 5973) for DDT&rdanes and HCB. A capillary
column coated with DB-5 (30 m x 0.25 mm i.d. x Q2% film thickness) was used for
the separation of pesticides. Concentrations waliilated from the peak area of the
sample to that of the corresponding external stahdBDTs refers to the sum pfp’-
DDE, p,p’-DDT andp,p’-DDD; chlordanes to the sum oik-chlordanecis-nonachlor,
trans-nonachlor, and oxychlordane; HCHs to the sura-gdf§-, andg-isomers. PCB and
PBDE congeners are represented by their IUPAC ntanbe
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3.6 PCB and PBDE quality assurance and gualityrobnt

The extraction, clean-up, and fractionation stepeevevaluated by measurement of the
absolute recoveries of the compounds spiked amskedabkrough the entire analytical
procedure. Mean (+ standard deviation) recoverié¥C-labeled PCB congeners #30,
118, 153, and 194 spiked into the samples were B@4, 82 £ 17%, 89 = 12%, and 91 +
149%, respectively. Recoveries of surrogate PCRjeonars CB-30 and CB-204 spiked
into the egg samples prior to extraction were 7241 0ean (+ standard deviation)
recoveries of°C-labeled PBDE congeners 28 and 47 were 92 + 140®art 14%,
respectively. Overall recoveries of PBDEs rangechf82 to 103%. The reported
concentrations of PCBs, PBDEs and pesticides wareated for the recoveries of
surrogate standards (CB-30 and CB-204). Recovefiegganochlorine pesticides
through the analytical procedure ranged from 8511@%. Procedural blanks were
analyzed for every set of 10 samples, as a chedktirferences. Calculated
concentrations were reported as below the limdetéction, if either the observed
isotope ratio was not withis20% of the theoreticahtio, or the peak area was not
greater than the specified threshold (3 times thise). Known concentrations of PCBs,
PBDEs, and organochlorine pesticides were spikiedselected samples (matrix spikes)
and passed through the entire analytical procedarealculate the recoveries.
Recoveries of all of the target compounds spikéal @yg matrixes were between 84 and
106% with a standard deviation of <15%. The quatidin limits of individual PBDE
congeners varied from 10 to 500 pg/g, wet wt. dbentitation limit for organochlorine
pesticides varied from 50 to 1000 pg/g, wet wt.

3.7 Analysis of perfluorinated compounds:

Potassium salts of PFOS (86.4%), PFOA (98%), PF(@586), PFHXS (99.9%), and
PFBS (99%) were provided by the 3M Company (Stl,MdN). PFHpA, PFENA, PFDA,
and PFUNDA were from Fluorochem Ltd96% purity, Derbyshire, UK)-*C,-PFOS,
13¢,-PFOA (99% purity, Wellington Laboratories, Guel@, Canada)-*C,-PFNA and
3%c,-PFDA were used as internal standards and weredjito egg samples prior to the
addition of reagents for extraction.

PFCs in eggs were analyzed following the methodrade=d elsewhere (Tao et al., 2007).
Egg homogenates (0.3-0.5 g) were taken in 15-myygopylene (PP) tubes and 5 ng of
internal standardsC,-PFOS,*C,-PFOA,**C,-PFDA, and*C,-PFNA), 2 mL of 0.25

M sodium carbonate buffer, and 1 mL of 0.5 M tetitglammonium hydrogensulfate
solution (adjusted to pH 10) were mixed. Sample thas extracted with 5 mL of
methyl-tert-butyl ether (MTBE) by shaking vigoroy$br 45 min. The MTBE layer was
separated by centrifugation at 3500 rpm for 5 nmid then transferred into another PP
tube. The extraction was repeated twice with and@helL of MTBE. The MTBE extract
was combined and evaporated to near-dryness urghartke stream of nitrogen and then
reconstituted with 1 mL of methanol. The sampls wartexed for 30 sec and filtered
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through a 0.2-um nylon filter into an autosamplieat.vMatrix-matched calibration
standards (seven points ranging from 0.5 ng/mL5tag/mL) were prepared by spiking
different amounts of calibration standards int@@gle that contained no quantifiable
amount of the target analytes; these standardspessed through the entire analytical
procedure along with the samples.

Analytes were detected and quantified using anehgil 100 series high-performance
liquid chromatography (HPLC) coupled with an ApgliBiosystems API 2000
electrospray triple-quadrupole mass spectromet®l-fES/MS). Ten microliters of the
extract were injected onto a 50 x 2 mm (5 pm) KaystBetasft C18 column. The
mobile phase was 2 mM ammonium acetate/methantingtat 10% methanol, at a flow
rate of 300 pL/min. The gradient increased to 100&thanol at 10 min and was held for
2 min, and then reversed back to 10% methanol M&#S was operated in
electrospray negative ion mode. Target compounde determined by multiple reaction
monitoring (MRM). The MRM transitions were 299>80r PFBS, 399>80 for PFHS,
499>99 for PFOS, 503>99 fbiC,-PFOS, 599>99 for PFDS, 498>78 for PFOSA,
363>169 for PFHpA, 369>169 for PFOA, 372>172 far,-PFOA, 463>219 for
PFNA, 513>219 for PFDA, 563>169 for PFUNDA, ari6169 for PFDoDA.
Samples were injected twice, to monitor sulfonates carboxylates separately, and
PFBS was monitored in both of the injections. A #pant calibration standard was
injected after every 10 samples to check for te&umental response and drift.
Calibration standards were injected daily before after the analysis.

The egg samples were quantified with the quadragcession fit analysis weighted by
1/x of a matrix-extracted calibration curve. Thaiti of quantitation (LOQ) was
determined as the lowest acceptable standard icalit@ation curve that is defined as a
standard within £30% of the theoretical value, tHrat has a peak area twice as great as
the analyte peak area in blanks. LOQs for PFCe W8 to 0.6 ng/g, wet wt, except for
PFDS and PFBS, for which the LOQs were 0.94 an? idlg, wet wt, respectively.

3.8 PFC quality assurance and quality control

Matrix spikes (6 egg composites) were performedetiy samples. Known amounts of
mixed PFC standards (20 ng each) were spiked amtgpke matrices before extraction
and were passed through the entire analytical proee Recoveries of PFCs spiked into
egg homogenates and passed through the entirdiealgbyocedure are shown in Table
3. The recoveries of all the PFCs were acceptatadeps for PFBS, which had a low
recovery; however, PFBS does not bioaccumulatissa¢s and also had not been
detected in biological samples. Four 13C-labeléerimal standards were spiked into all
samples before the extraction, and the recovefiegarnal standards are also shown in
Table 3. Reported concentrations of PFCs in eggksnwere not corrected for the
recoveries of internal standards. Blanks were aealyy passing Milli-Q water and
reagents through the whole analytical procedudank contained trace levels of PFOA
(<100 pg). Reported concentrations for PFOA in ®ggples were subtracted from the
mean blank values. A midpoint calibration standsad injected after every 10 samples
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to check for instrumental stability, response anfi. €Calibration standards were injected
daily before and after the analysis.

3.9 Mercury analysis

Egg composites were freeze-dried and homogenizediiguot (~0.1 g) of the sample
was weighed in a vial lined with Teflon Samples were digested overnight in
concentrated nitric acid (2 mL). Samples were tiuetiher digested in a microwave oven
for 7 min at 200 W; this step was repeated thraedi Concentrations of Hg were
determined by a cold vapor atomic absorption spawter (Model HG-3000; Sanso,
Tsukuba, Japan). The limit of quantification w&sng/g, dry wt. Accuracy of the
analysis was examined by analyzing Certified RefeseeMaterials: dogfish muscle
(DORMZ2; National Research Council, Ottawa, ON, G)and bovine liver
(SRM1577b; National Institute of Standards and hebtbgy, Gaithersburg, MD, USA)
along with the samples. The overall analytical sth@ised for the analysis of egg
samples is shown in Figure 3.
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4. RESULTS AND DISCUSSION

4.1 Relationship between compounds (Figure 4, Ei&r

We found that PCBs, PBDEs, chlordane, and DDEgtiifscantly increase
simultaneously (p < 0.0001). This finding indicatieat birds with high PCB levels also
tend to have high PBDE, chlordane, and DDE leviiss is consistent in studies
conducted with OCs, which show that the pesticatespositively correlated in animal
tissue (Blus 2003). This is of particular interestause in mice PCBs and PBDEs are
demonstrated to interact, and together, at lowsloaa enhance developmental
neurobehavioral defects (Eriksson et al. 2006).i#althlly, researchers have also found
that organochlorine pesticides (both DDE and clanedare OCs) interact (Blus 2003).

The simultaneous increase in these compounds megused by a number of factors,
including the similar chemical structure of PCBsl &BDESs, and their similar pattern of
bioaccumulation. PCBs, PBDEs, and DDE are all casag®f two benzene rings, but in
PCBs the benzene rings are connected with a cértwoah, while in PBDES there is an
oxygen atom. PBDEs have attached bromine atomég WiBs have attached chlorines.
This similar structure may mean that they moveugtothe environment in a similar
pattern.

PCBs and OCs have been extensively studied (Hoffshah 1996, Wiemeyer 1996,
Blus 2003), but only recently have PBDEs been stlich wildlife. The positive
relationship between these compounds suggestspbaies and geographic areas that
have been documented to have high PCB levels rsayhalve elevated PBDESs.

Although not as strongly correlated, we also foargignificant relationship between

PFOS and PBDE and PCB and PFOS. This indicates$h@a€B and PBDE levels
increase, that PFOS levels also tend to increase.

4.2 Total Contaminants (Figure 6)

By combining the ranks (e.g. the species with tiveelst PCB levels receives a rank of
“1” while the highest receives a rank of “23") detmajor contaminant groups (Hg, total
PCB, total PBDE, PFOS, total chlordane, HCB, andEDPFOS) for all species we are
able to determine which species have the higheganunant load overall. Bald eagle
have the highest or second highest level in almlbsbntaminants. Note: this method of
ranking does not account for the relative leveahef contaminants (e.g. eagles in many
cases had contaminant levels multiple times higfean other species).

As expected, high trophic level predators havehigbest levels (bald eagle, peregrine
falcon, great black-backed gull), while speciescgdzing on invertebrates (Virginia
rail, willet) and mollusks (common eider) have tbeest levels. However, two species
do not fall into expected levels, specifically: teel kingfisher and piping plover.
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Belted kingfisher may have higher than expectedl&kecause their eggs (from to two
nests) were collected from an industrialized PrestanRiver (Portland). This river
potentially has point source pollution as well aghr atmospheric deposition rates than
other sites because of its proximity to Portland amunicipal incinerator.

The reason for the elevated contaminants in piplager is not clear. Like willets and
Virginia rails, plovers feed on small invertebraieshe intertidal zone. However, in
contrast to the plovers, these two species congigteave some of the lowest
contaminant levels. The plovers may be feeding uage or higher trophic level
invertebrates than the other invertivores, and froud flats that may have higher
pollution levels. Note: although plovers rankedhfibverall, in general their contaminant
loads are four to six times lower than the spewi#is the highest levels.

4.3 Hg (Figure 7)

4.3.1 Comparison to known effects thresholds

Four samples are close to or above the known sffaceshold of 1.8g/g (ww, ppm)
(Evers et al. 2003, Evers et al. 2007a). Two loggsdrom northwestern Maine are close
to or significantly above this threshold—AziscolResservoir, 1.26m/g, and Flagstaff,
3.32ng/g—and one egg from Long Pond in Acadia NatiorsakP1.55mg/g. The eggs
from Aziscohos and Flagstaff were collected atsski@own to have high Hg levels (BRI
unpublished data) and in an area documented ascumpdotspot (Evers et al. 2007b).
Salamanders Hg levels are higher than other sitésadia National Park (Banks et al.
2005). One eagle sample from a fresh water lakoge to the effects threshold, 1.20

ny/g.

4.3.2 Comparison with other studies

Our results are consistent with other studies ($efrem other studies are bold and in
brackets). Common loon eggs consistently have itfteebt Hg levels in multi-species
studies (Evers et al. 2005). However, our meanmg/d, is higher than the regional mean
[0.78 mg/g (ww)(Evers et al. 2005)]this is the result of sampling at areas knowheo
high. We collected samples at these sites to deterihhother contaminants would also
be elevated. Our eagle mean, On@7g, is also slightly above the regional m¢§ad5

mg/g (ww)(Evers et al. 2005)]

The seabird results are also consistent with teetblished for the Gulf of Maine. Black
guillemot and Leach’s storm petrel consistentlyenthe highest level among seabirds in
Maine (Goodale et al. 2007). The storm-petrel Hglleve recorded, 0.6@y/g, is close
to the Gulf of Maine meaj?.62 ng/g (Goodale et al. 2007)[The mean guillemot Hg
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levels we recorded, 0.68)/g, are slightly higher than those of the red@2 ng/g
(Goodale et al. 2007)]

Other species also have Hg levels consistent wglonal means. Our results compare to
other studies as follow: common tern in our st@@2ny/g[0.13ng/g (Goodale et al.
2007)} piping plover in our study, 0.28y/g[0.17 nmg/g (fww) (Mierzykowski et al.

2003)} least tern in our study, 0.18/g[0.12nmg/g (Evers et al. 2005)]osprey in our
study 0.181/g,[0.19ng/g (Evers et al. 2005)]and tree swallow in our study 0. friy/g
[0.19n0/g (Evers et al. 2005)]

4.3.3 Spatial Variation(Figure 19)

Mercury accumulates in the environment in hot spotkienced by deposition patterns,
watershed chemistry, food web dynamics, reservaird,point sources (Evers et al.
2007). Our results are consistent with this pattdsdiscussed above, the two elevated
Hg levels in loons in northwestern Maine are ireatablished hot spot (Evers et al.
2007). The high levels in Isles of Shoals are «iaat with other studies (Goodale et al.
2007) and are likely influenced by the PiscataqiveiRand proximity to deposition from
southern New England. The elevated levels in mast®Maine—Penobscot Bay, Mount
Desert Island—are also associated with an arearafern for high Hg availability (Evers
et al. 2007). The elevated levels are due in patt¢ former HoltraChem plant, which
dumped Hg into the Penobscot River. The moderatdden Cobscook Bay may be
influenced by being downstream from a Hg area oteo (Evers et al. 2007). Although
not consistent across species, piping plover, mggull, and common eider all have
higher levels at the mouth of the Kennebec. Howes@morants and osprey levels are
low at this site.

4.3.4 Habitat (Figure 26)

Our data demonstrated Hg levels are highest irslake lowest in estuaries. We
observed this trend both in the over all data ABK§VA Tukey HSD, F = 8.5, df = 4, 53,
p < 0.0001) and in the tree swallow data. Thisdnsralso observed with the eagle data:
marine < riverine < lake.

Evers et al. (2005) found a similar trend, withleaand belted kingfisher data
demonstrating that lakes had the greatest Hg dilitya They attribute the higher Hg
levels in lakes to the presence of sulfur redubacteria, which methylates elemental Hg
(convert inorganic Hg to an organic form that emtée food web), and the dilution in
marine, estuarine, and riverine environments.
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4.4 PCB (Figure 8)

4.4.1 Comparison to known effects thresholds

The effects of PCBs on wildlife have been well gddBlus 2003). Studies on bird eggs
have shown chickens are particularly sensitivetal PCB levels and can show effects at
1,000-5,000 ng/g (ww) (Hoffman et al. 1996). In fledd, total PCB levels have shown
effects ranging from 8,000 — 20,000 ng/g in tenmd ather species (Hoffman et al 1996).
Our results indicate that the eagle egg collectethe coast may have PCB levels high
enough to cause effects. Osprey, herring and btaek-backed gulls, peregrine falcon,
and common loon all have PCB levels between 1,0@062000 ng/g (ww). Past studies
indicate that these species may have a highertbicefor effects of PCBs (Welch, 1994,
Matz 1998, Hoffman et al. 1996), and may not exgere effects at the levels we
detected. However, the PCB congeners that domirtagesamples are not considered the
most toxic (Figure 14 &15). Most species total P@Bs dominated by the following co-
elutes: 153/132/168, 138/164/163/158, and 180.eKeeptions were Virginia Rail and
willet. We did not test for 81, 126, or 169. Howewse did find 77 in 27 of the
composites (ranging from 0.16 — 1.82 ng/g ww), vaisiprey from Bug Light in Portland
(1.82), bald eagle (1.35) from Quakish Lake in i@ian Purchase, and piping plover
(2.15) from Popham Beach in Phippsburg having thkdst levels.

Piping plovers at two sites, Ferry Beach (Saco)Rmpgham Beach (Phippsburg), also
have PCB levels greater than 1,000 and may be semstive to contaminants. Although
effects thresholds have not been determined fangiplovers, a study conducted on a
close relative, snowy plovers, indicates that comants could be among a number of
stressors leading to the decline of least ternssandry plovers (Hothem and Powell
2000). The authors did conclude, however, thatehels they recorded were not
sufficiently elevated to cause concern. The lelweYtrecorded for total PCBs (330 —
2,360 ng/g, ww) in snowy plover are similar to oesults.

4.4.2 Comparison with other studies

Our total PCB, 2,810-11,138 ng/g (ww), are lowexrrthhose detected in eagles in Maine
between 1994-1996 (levels from other studies ale &ad in bracketq330-45,398 ng/g
(fww)(Matz 1998)], but similar to levels detected along the PenbBaeeer, Maine

[6,230 — 11,410 ng/g (fww)(Mierzykowski and Carr 202)]. However, our results
indicate that eagles in Maine have higher leveds tthose in British Columbid,108 —
7,140 ng/g (ww) Elliot et al. 1996)]Our total PCBs in osprey ranged from 501-2,666
ng/g, which is slightly lower than levels obsenmedNew Jersey osprey in 1998090-
4,450 ng/g (Clark et al. 2001)]

Our seabird results are similar to those detectedaine by Mierzykowski and Carr

(2004)[560 ng/g (fww) in piping plovers, 560 in common tas, and 430 in least
tern]. We found the piping plover range is 160-1,876 r{g/y), the common tern level
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183, and the least tern level 263. Our double-ecesbrmorant results 1,403-2,413 are
within the range reported in neotropic cormorant$éxag464-5,720 ng/g (ww) (Frank
et al. 2001)]

Our results indicate that PCB levels in Maine hdeereased since 1977. Szaro et al.
(1979) found the mean total PCB in common eided9in7 was 1,600 ng/g (ww); our
means is 217 ng/g. Similarly, in herring gull e¢igsy found a mean of 7,760 ng/g (ww)
on Appledore Island; we also collected herring gglljs on Appledore and found 1,176
ng/g (ww) in a three-egg composite. These resuit€ansistent with other studies that
have found a decrease in PCBs over time (Williatrad. 1995, Clark et al. 2001, Braune
2007).

4.4.3 Spatial variation (Figure 20)

Spatially, PCBs are distributed across Maine imalar pattern as PBDEs, PFOS, and
HCB. Generally, for the species for which we hadertban three samples, highest levels
are in the southern coastal region of the states ffénd is likely caused by the greater
level of development along the coast and in théh®wa portion of the state. It also may
reflect contaminants being transported to the ciastigh developed rivers.

Across species there are several locations thatossistently high. Isles of Shoals
herring gull, cormorant, and eider PCB levels tehtdebe higher than other areas. This
may be the result of the contaminants coming frleenRiscataqua River, Portsmouth, and
Kittery. Additionally, this area may have greateamasphere deposition from southern
New England. Similarly, the mouth of the Kennebé&eeRtended to have higher PCB
levels in eider, osprey, herring gull, cormoramig @lover. The mouth of the Kennebec
drains Merrymeeting Bay, which is at the conflueatboth the Androscoggin and
Kennebec rivers, and consequently may be wher@agonants are being concentrated.
Another site with consistently high PCB levels e&aBlsland in Penobscot Bay. The
higher levels on this island may be the resulhefisland being used as a bombing range
in the past.

4.4.4 Habitat (Figure 26)

Overall the dataset show little variation betweahitats. Estuaries have significantly
lower PCB levels than marine habitat (ANOVA Tuke$Bl F = 3.4, df = 4,55, p =
0.0147). The tree swallow results showed littlaatgon between habitats, although lake
levels are the highest. However, the eagle sansples that the egg from a marine nest
has PCB levels more than three times greater ti@nver and lake samples. This is
consistent with eagle studies in Maine which hawatl significantly higher PCB levels
in coastal eagles (Welch, 1994, Matz 1998)
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4.5 PBDEs (Figure 9)

4.5.1 Comparison to known effects thresholds

Laboratory study in kestrels found negative physiaal effects in chicks that had 1,500
ng/g total PBDE injected into their egg and wei T80 ng/g per day (Fernie et al.
2005). Our egg total PBDE residues, ranging 3-4#18,rare not as high as the kestrel
dosing study. Consequently, we do not know if theels we recorded are having a
negative effect.

4.5.2 Comparison with other studies

The range of our results is not consistent witreotudies (levels from other studies are
bold and in brackets). With some species our leaedssignificantly higher than other
studies, while others are lower. Our black-guillémesults, 50 ng/g (ww), are
significantly higher than guillemots eggs in Greasm[2.5 ng/g (ww) (Vorkamp et al.
2004)] and higher than PBDEs in Brunnich’s guillemotNarway[27 ng/g (ww)

(Murvoll 2006)]. Contaminants in yolk have greater concentratibaa whole eggs. In
our study we analyzed whole egg.

Our herring gulls results, 234 ng/g (ww), are higttan the slightly larger glaucous gull
(Larus hyperboreysn Norway[52.9 ng/g, ww (Verreault et al. 2004)]but lower than
herring gull eggs from the Great Laé62 ng/g, (ww) (Norstom et al. 2002)Our tern
results, however, on a lipid weight basis are a®ioof magnitude lower than tern
samples from San Francisco Bay, an area that hasderl some of the highest PBDE
levels in women in the world (She et al. 2004). @der results, 5.82 ng/g (ww), are
higher than those in egg yolk in Norwi@y4 ng/g (ww)(Murvoll 2006)] Our cormorants
results, 31.12 ng/g (ww), are similar to EuropeaagsPhalacrocorax aristotelisin
Norway[17 ng/g (ww, yolk)] and double-crested cormorant in British Colun{&iiot

et al. 2005). Our Leach storm-petrel results, 185 (ww), are slightly higher than
those in British Columbi§3.38 ng/g (ww) (Elliot et al. 2005)]

Elliot et al. (2005) reports that osprey PBDE |avehve risen from 7.84 & 18.4 in 1991
to 162 & 185 ng/g (ww) in 2000. Our osprey resalts nearly identical, 185 ng/g (ww),
to Elliot et al. 2000 levels, and similar to Norniaagospreyf103 ng/g (ww) (Herzke et

al. 2005)] Our peregrine falcon level, 149.06 ng/g (ww) @s® consistent with
Norwegian[155 ng/g (ww) (Herzke et al. 2005)land Swedish peregrines (Sellstrom et
al. 2004), but were generally lower than southeewNEngland (Chen et al. 2007).
However, our bald eagle levels trended higher, ¥1@g/g (ww) than white-tailed sea
eagle in Norway184 ng/g (ww) (Herzke et al. 2005)Jut were consistent with eggs
analyzed in Maingmean 577 ng/g (ww), range 226-952 (USFWS unpublisth data)]
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4.5.3 Spatial variation (Figure 21)

PBDEs are distributed across Maine in a similatgpatas PCBs and PFOS, tending to be
higher in coastal Maine between Mount Desert Iskamdl Isles of Shoals. Penobscot Bay
in particular has higher levels in osprey, guillenand eider. These higher levels likely
reflect PBDEs that are transported down the Pemtlitiger. Another area of generally
higher levels is the Portland Area. This patteraxgected, because PBDE can be
transported into the environment from atmosphegjpagition, in household dust,
incinerators, and water treatment facilities. Likany of the other contaminants, Isles of
Shoals PBDE levels are higher than other locationeeasons describes above.
Additionally, like PCBs the loon egg from Aziscohoske (western Maine) has higher
PBDE levels, possibly the result of historical dungp

4.5.4 Habitat (Figure 26)

Overall there are no statistical differences betweahitats (ANOVA, F = 2.3, df = 4,

55, p = 0.06). However, estuaries are lower thaninadabitats and the kingfisher and
eagle residues from riverine habitat tended toigledn than the other habitats. Generally,
the tree swallow data showed little variation betwéabitats, although the terrestrial
birds tended to have higher levels.

4.5.5 Congener patterns (Figure 16, 17)

Although BDE 47, 99, 100 made up the majority & samples for most species, there is
great variation in the pattern from species to |gsed his indicates that PBDEs may be
entering environment, dispersing, and bioaccummgaiti different patterns between food
webs and habitats. Research has demonstratedatttatib can cause deca to breakdown
into the more toxic lower brominated congeners éHal. 2006); consequently the levels
of tetra- and octa-BDE that we recorded may haigrated from deca.

Terrestrial predators have a dramatically diffel@rigener patterns than the other
habitats. Specifically, BDE47 composed a lower petage of the samples while the
higher brominated congeners 196, 197, 207, anchd08 a higher percentage. The
terrestrial samples are composed of peregrinerialdmerican kestrel, and tree swallow.
This shows conclusively that higher brominated emsgs can bioaccumulate in wildlife.

4.6 PFEC (Figure 10)

4.6.1 Comparison to known effects thresholds

PFCs have only recently been identified as a gergi®ioaccumulative contaminant of
concern. Consequently, few studies have been ctedlon effects in bird eggs.
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However, a study that injected perfluorooctaneahdte (PFOS) in white leghorn

chicken eggs—known to be particularly sensitivedataminants—determined, based on
reduced hatchability, that the lowest-observed esdvreffects level (LOAEL) was 0.1

ug/g or 100 ng/g (ww). The species we studied neagither more or less sensitive than
the chickens.

Twenty-three of our composite samples have PFO$sabove the LOAEL of 100 ng/g
(ww) including the following species: Atlantic pirff bald eagle, belted kingfisher,
common eider, common loon, double-crested cormpgreat black-backed gull, osprey,
peregrine falcon, piping plover, and tree swalldwo samples are considerably higher
than the rest: eagle, 710.53 ng/g (ww) and kingfisB54.76 ng/g (ww).

4.6.2 Comparison with other studies

Only one study looked specifically at PFOS in l@gd)s and our results are comparable
(levels from other studies are bold and in bragketslouble-crested cormorants in the
Great Lake regiofll57 ng/g (ww), yolk]and ring-billed gul[67 ng/g (ww, yolk)

(Kannan et al. 2001)] As noted above (section 4.5.2) whole egg contantitevels are
lower than yolk levels. In our study, cormorantsdia mean PFOS level of 126.13 ng/qg,
herring gulls 40.66, and great black-backed gu8l$8.

Kannan et al. (2001) screened the livers of marth@tsame species as we did in our
study. Liver generally has higher contaminant Is¥kan eggs in organochlorines
(Mason et al. 1997), in DDE (Norstrom et al. 19&6)d in Hg (Evers et al. 2005), but
liver and egg have similar PCB levels (Hoffmanlefl896). Kannan et al. (2002) liver
results compare to our eggs as follows: eaglesiirstudy 103.82-710.524-648 ng/q,
ww], in loons 30.90-186.08.6-595] in cormorants 96.59-177.951-288] in great
black-backed gull 46.19 - 111.1837-608] in osprey 60.27-441.182-959] in herring
gull 11.67-95.6916-353] and snowy egret 88.383]. Although the liver and egg values
cannot be directly compared, the overlap betweewalues and the liver results,
indicate that Maine PFOS levels are similar to potbeations in the U.S., and potentially
that our results are higher than other locations.

Our results also are higher or comparable to PFQiSar of fulmar Fulmarus glaciali
in the Faroe Island®4 ng/g (ww) (Bossi et al. 2005)fhorebirds, seabirds, waterfowl,
and raptors in Japdmh0-650 ng/g (ww) (Kannan et al. 2002)pelicans in Columbia,
[36.65 ng/g (ww) (Oliver-Verbal et al. 2006)]and sea otter on Californiel — 884
ng/g (ww) (Kannan et al. 2006)]

4.6.3 Spatial variation (Figure 22)
Similar to PCBs, PBDEs, and HCBs, PFOS tend toidpeeln in southern coastal Maine.

As with the other compounds the mouth of the Keenédias higher levels in herring
gull, cormorant, eider, osprey, and piping plo&milarly, the Portland area and Isles of
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Shoals have relatively higher levels for reasorssidieed above. Also similar to PCBs
and PBDEs, we detected high PFOS in the coast egg (only second to the
kingfisher sample).

4.6.4 Habitat (Figure 26)

Like other compounds, the estuary has statisticadjgificantly lower PFOS than other
habitats (ANOVA, Tukey HSD, F = 2.43, df = 4, 597 10.058). Similar to the PBDE
findings, the riverine habitat has the highest lgwehich are driven by the belted
kingfisher and eagle results. The kingfisher eggected from the Presumscot River
have the highest levels recorded in this study,ardigh compared to other studies (see
above). Proximity to urban development and indak&ieas may causes these higher
PFOS levels. The tree swallow data showed a vandtetween habitats: terrestrial is the
highest, while estuary is the lowest.

4.6.5 Congener patterns (Figure 18)

Initially we have focused on PFOS because resdmsliocumented that this congener
bioaccumulates (Kannan et al. 2002). Our resuttEate that for most species greater
than 50% of total PFC are comprised of PFOS. Aaid common tern and common
loon deviated from this pattern and have a grgaidion of PFUNDA. These differences
suggest that PFCs may be inputted into the enviemiithrough different mechanisms
(i.e. atmosphere deposition, point source).

4.7 _Organochlorine pesticides (Figure 11, 12, 13)

4.7.1 Comparison to known effects thresholds

Although the OCs tested are present in all spdetesept HCH), the samples are well
below known effects thresholds. HCH are not detktteany samples. This is consistent
with other studies that have not detected HCH, liee# has a short half-life (Blus
2003).

Our HCB residues range for all species is 0.75.320g/g (ww), which is significantly
below the effects threshold of 35,000 ng/g (ww) éWileyer 1996). Our chlordane
residues range for all species is 1.81 — 259.54 fva/), which is significantly below the
effects threshold of 2,000 ng/g (ww) (Blus 2003w @DE residues range for all species
is 9.91 — 2,072.44 ng/g (ww), which is significgrbelow the effects threshold of 3,000 -
30,000 ng/g (ww) (Blus 2003); however, studiesdatk that slight egg shell thinning is
possible at lower levels. Depending on the speae®ggshell thinning is seen below
100 to 2000 ng/g (Blus 1996).

32



Contaminants in Maine birds: Embargoed until Marct" 2008

4.7.2 Comparison with other studies

The levels of OC measured in our study are geryarathe range detected in other
studies (levels from other studies are bold aratatckets). Our HCB and DDE levels in
piping plover, least tern, and common tern arelpédentical to residues detected in
these species in a 2003 Maine study (MierzykowsHi @arr 2004). Our HCB levels are
similar to those of British Columbia bald eagl#25 ng/g, ww (Elliot et al. 1996)]Our
chlordane and DDE residues are at similar or bééwwels recorded in Arctic seabirds
(Braune et al. 2002, Braune 2007) and our chlorddorevegian birds of prey (Herzke et
al. 2002). The DDE levels of New Jersey ospreyhagher than our osprey findin¢@30
ng/g ww], but comparable to our eagle and peregrine faleeal$ (Clark et al. 2001).
Bald eagle eggs in British Columbia from 1990-92éhhigher mean DDE leve]g,170

to 5,140]as well as higher chlordane residues than oueesghples (Elliot et al. 1996).

4.7.3 Spatial variation (Figure 23, 24, 25)

Although not consistent amongst all species, codMame—from Kittery to Penobscot
Bay—qgenerally have higher HCB, chlordane, and D8Eels than the rest of the state.
HCB levels showed a strong trend towards highegltelbetween Casco Bay and Mount
Desert Island. This trend may be caused by themiagr flowages transporting
historical chemical into the marine system in thendeveloped portion of Maine. This
area may also receive higher levels of atmosplieposition than other areas in Maine.

4.7.4 Habitat (Figure 26)

Marine birds have significantly higher HCB levdigh estuarine birds (ANOVA, Tukey
HSD, F = 3.1; df, 4, 55, p = 0.02, Figure 18); thexno difference between the other
habitats. This trend is followed with the tree domalresults although the lake habitat has
the highest levels. The reason for this trend tschear.

Riverine birds have significant higher chlordaneels than marine birds (ANOVA,
Tukey HSD, F = 3.4; df, 4, 55, p = 0.01, Figure;1Bgre is no difference between the
other habitats. Since we were unable to colleerime tree swallow samples we cannot
directly compare to the overall results. Howevearime swallows did have the lowest
chlordane residues. The riverine samples are ddedray belted kingfisher and bald
eagle samples. The birds may be exposed to higph@ndane levels because chlordane
residues are still present in terrestrial environte@nd continue to wash into rivers. The
higher levels in terrestrial birds supports thipgasition.

Riverine birds have significantly higher DDE resdithan estuarine birds (ANOVA,
Tukey HSD, F = 2.8; df, 4, 55, p = 0.03, Figure;1Bgre is no difference between the
other habitats. Since we were unable to colleerme tree swallow samples we cannot
directly compare to the overall results. Howevie thlordane, DDE may still be bound
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up in soils and be leaching into riverine systeiee higher levels in terrestrial birds
support this supposition.

4.8 Portland area break out (Figure 27)

By collecting multiple species within the same axga are able to gain insight into
bioaccumulation and various pathways through wttiehcontaminants are entering the
environment. A clear trend for all of the contanmtsais that the higher trophic level
predators such as peregrine falcon, common lo@at dplack-backed gull, and osprey
tend to have higher levels than the other spekiesever, the species with the highest
levels are not uniform across the different contatas. Since the birds have different
foraging strategies, these differences provideghtsnto contaminant sources.

4.8.1 Hg

As stated above, our results are consistent witlwknpatterns of Hg availability. The
top trophic level predators such as loons, whichde exclusively in the lacustrine
(lakes) ecosystem, have the highest Hg levels. i§hdensistent with studies that show
higher rates of methylation in freshwater systeersalbise they provide ideal habitat for
sulfur reducing bacteria. An interesting findinghat piping plovers have similar Hg
levels to osprey and cormorants.

48.2 PCB

Matz (1998) and Welch (1994) found that coastalesalyad higher PCB levels than birds
feeding from rivers and lakes. The samples frontl&ad also follow this pattern. Of the
species sampled, those feeding in the marine syisée higher levels than those on
lakes and rivers. The one exception is peregrilweia which also has higher levels; this
is likely explained by their higher trophic stat@.note is that the piping plovers have
PCB levels greater than herring gulls.

4.8.3 PBDEs

These results follow a similar pattern to the P@B4 are consistent with the high
correlation between PCBs and PBDEs. Great blackdazhand herring gull both have
high levels, perhaps associated with foraging ctlosgban development. Osprey also
have high levels and since they feed exclusivelfiginthis indicates that PBDEs are
bioaccumulating in near-shore marine fish. Of nstinat piping plovers have higher
levels than the other coastal invertivores.
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4.8.4 PFOS

Most species have similar levels, the belted ksigdr being the notable exception. As
described above, these samples were collecteddromdustrialized river, the
Presumscot. Since their levels are more than tthiose of other species, their PFOS
residues indicate that fish in the river may beabaumulating PFOS at a greater rate than
the fish in the marine system.

4.8.5 OCs

These follow a similar pattern as the datasetvalsae.

4.9 Overall conclusions

We found both established (Hg, PCBs, chlordane, HOEE) and emerging (PBDEs,
PFCs) bioaccumaltive toxic pollutants of conceralirthe bird eggs we analyzed. Our
results are the first records of PFCs in Mainedifince the birds we selected act as
bioindicators of multiple ecosystems across thiee staur results indicate that the
compounds we measured are present in the offshar@en coastal marine, estuarine,
riverine, lacustrine, and terrestrial ecosystemthough we found most of the
compounds across the entire state, there tendselhayher levels in coastal southern
Maine. This geographic pattern suggests that tbesgounds are entering the
environment both through atmospheric depositionabse they are found across the
entire state, and through local point sources, imeave detected higher levels in urban
and industrial areas. In particular, several aceasistently have higher levels than the
rest of the state: Isles of Shoals, Portland, hadviouth of the Kennebec.

As expected, a number of loon eggs have Hg levmseaknown effects thresholds. One
eagle egg has PCB levels within a range of knovietts, although the congener pattern
is not dominated by the most toxic PCBs. Sinceffexts threshold have been
established for PBDEs in bird eggs, the residuedetected may or may not have
negative effects. Twenty-three of our samples @S levels above effects threshold
established for chicken eggs—the species we studadbe more or less sensitive than
the chickens. OCs are all substantially below ¢$fédtresholds.

Our Hg results are consistent with other studieslooted in the region. Our PCB results
are also consistent with those across the Unitate§tand when compared to earlier
studies in Maine, herring gull, common eider, aattileagle all have lower levels than in
the past. Overall our PBDE result are not consitéigher or lower than other areas
across the globe, but some species had highewer IBBDEs than in other areas. Like
recent studies on terrestrial birds we detecteldrigprominated PBDES, including
decaBDE, in terrestrial predators: American kestrel peregrine falcon. Only one study
has analyzed PFOS in bird eggs of two speciessiiGtieat Lakes region. Our results are
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similar to these. Moreover, although a direct congea is not possible, our results are
consistent with PFOS in the liver of multiple sgscaround the world. Our OC results
are generally within the range of other studies.

Our results show that many of the compounds we uanedsncrease in concert with each
other. The strongest relationship we found is betwleCBs and PBDEs, indicating that
species and areas with high PCB levels may alse high PBDE levels. These
relationships suggest that some species may hgherhevels simultaneously of
multiple compounds, which together may have greagative impact on reproductive
success, the neurological system, endocrine fumctind overall physiology.
Consequently, high trophic level predators may reaeembined negative effect of these
compounds despite having individual contaminantsvib&nown effects thresholds.

In general our results followed the expected patteith high trophic level predators
having the highest overall contaminant levels. Baddle in particular have PCB, PBDEs,
PFCs, chlordane, and DDE multiple times higher thier species. Two species did not
follow the expected pattern: belted-kingfisher @mung plover. The kingfisher eggs
were collected from an urbanized river that mayehawverall higher pollution levels than
other sites where we collected samples; if we \a@bte to collect samples from other
species at this site, their levels also may haes gher. The reason for the higher
contaminant levels in plovers in not clear.

Estuaries consistently have lower levels of alldcbmpounds. However, these results
may be confounded by the lower trophic level ofcggewe collected samples from in
estuaries. As expected, lakes have higher levdtigydhan other habitats, and PCBs have
higher levels along the coast.

In summary, our results indicate that both histdramd emerging chemicals of concern
are accumulating in birds that forage in diversesgstems across the entire state of
Maine.
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6. HGURES

Figure 1. Maine sampling effort
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Figure 2. Portland sampling effort
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Egg morphometric
measurements

Homogenize Eggs

A4 A

2g freeze-dry/ measure | 5-10g for PBDESs, PCBs, and OCP* 0.3g for PFCs
mOISturj content P T— Spike surrogate STD ~ gememmmmsenes Spike internal STDs
A
| 2g for Hg | | Extraction (Sohxlet) | | HPLC-MS/MS analysis

| CV-AASv analysis |

| Concentrate to 10 ml |

- A

1/10 ml extract for lipid content

Spike 13CPCB and 13CPBDE internal STDg-=======x===- »
\ 4

Multilayer silicagel column (150 ml 20% DCM/Hex)

A

| Sulfuric acid treatment |

| Concentrate to 1ml |

I}

| Instrumental analysis |
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PCBs PBDEs OCPs

(GC/MSD) (GC/MSD for tri- to hexa-BDE) (GC/MSD and GC-ECD)
(GC-ECD for hexa- to deca-BDE)

Figure 3. Analytical scheme for the determination of PCBBDIES, organochlorine
pesticides, perfluorinated compounds and mercutigereggs of birds from Maine, USA,
2007.
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-15-05 5 051 2 3 11522530 5 1 15511522511.5225 3.58.5253.54.

Variable by Variable Correlation Count Signif Prob

HCB PFOS 0.10 60 0.432
PBDE Hg 0.16 58 0.216
CHL Hg 0.18 58 0.170
PFOS Hg 0.21 58 0.114
DDE Hg 0.26 58 0.048
HCB Hg 0.27 58 0.039
HCB PBDE 0.31 60 0.017
CHL HCB 0.35 60 0.007
DDE HCB 0.37 60 0.003
CHL PFOS 0.41 60 0.001
PCB HCB 0.42 60 0.001
PCB Hg 0.43 58 0.001
PFOS PBDE 0.44 60 < 0.001
PCB PFOS 0.49 60 < 0.001
PCB CHL 0.55 60 < 0.001
CHL PBDE 0.58 60 < 0.001
DDE PFOS 0.58 60 < 0.001
DDE PBDE 0.77 60 < 0.001
DDE CHL 0.77 60 < 0.001
PCB DDE 0.79 60 < 0.001
PCB PBDE 0.80 60 < 0.001

Figure 4. Correlation between compounds. In the graph, tteeger relationships have
tight ovals while poor relationships have circlése closer the correlation value is to 1
the stronger the relationship. Rows highlightedray are significantly related.
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Figure 6. Rank of total

contaminants. Species key 30

and sample size below.
Species
Code
American kestrel AMKE
Arctic tern ARTE
Atlantic puffin ATPU
Bald eagle BAEA
Belted kingfisher BEKI
Black guillemot BLGU
Common eider COEI
Common loon COLO
Common tern COTE
Double-crested DCCO
cormorant
Great black-backed GBBG
gull
Glossy ibis GLIB
Herring Gull HERG
Least tern LETE
Leach’s storm-petrel LHSP
Osprey OSPR
Peregrine falcon PEFA
Piping plover PIPL
Red-winged blackbird RWBL

Species

25

20

111

10 A

O RPOOWNRMRRERER| Z

Mean Rank

Snowy egret SNEG
Tree swallow TRES
Virginia rail VIRA

Willet WILL

WILL ~
RWBL
COTE H

GLIB

PRPRARPRRPARPRORRPOR N
(@)

VIRA 1+

COEI A

. 25 +—mF"-—"-"-————————
Figure 7. Hg levels by

species. Blue line is mean
black line is the median,

and box boundary is data
range. Red line is adverse
effects threshold for loon
eggs, 1.31w/g, wet weight

2.0 +

1.5 4

LHSP H
OSPR A
COLO A
ATPU A

PIPL -
BEKI -
GBBG -
PEFA -+
BAEA -

(Evers et al. 2003).

Species Key (sample size): 1.0 ~
American kestrel , AMKE, (n = 1);
Arctic tern , ARTE, (n = 1); Atlantic
puffin , ATPU, (n = 1); bald eagle ,
BAEA, (n = 4); belted kingfisher ,
BEKI, (n = 2); black guillemot ,
BLGU, (n= 3); common eider , COEI,
(n = 6); common loon , COLO, (n =
6); common tern , COTE, (n = 1);
double-crested cormorant , DCCO, 0.0 - —
(n = 5); great black-backed gull , ’
GBBG, (n = 2); glossy ibis , GLIB, (n
= 1); herring gull , HERG, (h = 6);
least tern , LETE, (n = 1); Leach’s

0.5 +

Hg (no/g, ww, ppm)

storm-petrel , LHSP, (n = 1); osprey,
OSPR, (n = 6); peregrine falcon ,
PEFA, (n = 1); piping plover , PIPL,
(n = 4); red-winged blackbird ,
RWBL, (n = 1); snowy egret , SNEG,
(n = 1); tree swallow , TRES, (n = 4); .
Virginia rail , VIRA, (n =1); and SDECIES
willet , WILL, (n = 1).

RWBL -
BEKI ~
COTE -
GLIB A
AMKE -
VIRA -
TRES A
SNEG -
WILL ~
HERG -
COEI ~
ARTE -~
LETE -
OSPR -

ATPU -~

PIPL
GBBG -
DCCO -
PEFA -
LHSP -
BAEA -
BLGU -
COLO A
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Figure 8. Total PCB levels
by species. Blue line is
mean, black line is the
median, and box boundary
is data range. Red line is
adverse effects threshold

Species Key (sample size):
American kestrel , AMKE, (n = 1);
Arctic tern , ARTE, (n = 1); Atlantic
puffin , ATPU, (n = 1); bald eagle ,
BAEA, (n = 4); belted kingfisher ,
BEKI, (n = 2); black guillemot ,
BLGU, (n= 3); common eider , COEI,
(n = 6); common loon , COLO, (n =
6); common tern , COTE, (n = 1);
double-crested cormorant , DCCO,
(n = 5); great black-backed gull ,
GBBG, (n = 2); glossy ibis , GLIB, (n
= 1); herring gull , HERG, (n = 6);
least tern , LETE, (n = 1); Leach’s
storm-petrel , LHSP, (n = 1); osprey,
OSPR, (n = 6); peregrine falcon ,
PEFA, (n = 1); piping plover , PIPL,
(n = 4); red-winged blackbird ,
RWBL, (n = 1); snowy egret , SNEG,
(n = 1); tree swallow , TRES, (n = 4);
Virginia rail , VIRA, (n = 1); and
willet , WILL, (n = 1).

Total PCB (ng/g, ww, ppb)

12000

10000 -

8000

6000

4000 H

2000 H

VIRA A
RWBL A

WILL ~
AMKE -

GLIB ~
ARTE

TRES -

COTE H

COEI A

Figure 9. Total PBDE by
species. Blue line is mean
black line is the median,
and box boundary is data

range. Between green lings

is mean range of total
PBDE in six species of
Norwegian predatory bird
eggs (Herzke et al. 2005).

Species Key (sample size):
American kestrel , AMKE, (n = 1);
Arctic tern , ARTE, (n = 1); Atlantic
puffin , ATPU, (n = 1); bald eagle ,
BAEA, (n = 4); belted kingfisher ,
BEKI, (n = 2); black guillemot ,
BLGU, (n= 3); common eider , COEI,
(n = 6); common loon , COLO, (n =
6); common tern , COTE, (n = 1);
double-crested cormorant , DCCO,
(n = 5); great black-backed gull ,
GBBG, (n = 2); glossy ibis , GLIB, (n
= 1); herring gull , HERG, (h = 6);
least tern , LETE, (n = 1); Leach’s
storm-petrel , LHSP, (n = 1); osprey,
OSPR, (n = 6); peregrine falcon
PEFA, (n = 1); piping plover , PIPL,
(n = 4); red-winged blackbird ,
RWBL, (n = 1); snowy egret , SNEG,
(n = 1); tree swallow , TRES, (n = 4);
Virginia rail , VIRA, (n =1); and

D

willet , WILL, (n = 1).

~
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Figure 10.PFOS levels by
species. Blue line is mean
black line is the median,
and box boundary is data
range. Red line is lowest-
observed-adverse-effects
level for leghorn chicken,
100 ng/g, wet weight
(Molina et al. 2006).

Species Key (sample size):
American kestrel , AMKE, (n = 1);
Arctic tern , ARTE, (n = 1); Atlantic
puffin , ATPU, (n = 1); bald eagle ,
BAEA, (n = 4); belted kingfisher ,
BEKI, (n = 2); black guillemot ,
BLGU, (n= 3); common eider , COEI,
(n = 6); common loon , COLO, (n =
6); common tern , COTE, (n = 1);
double-crested cormorant , DCCO,
(n = 5); great black-backed gull ,
GBBG, (n = 2); glossy ibis , GLIB, (n
= 1); herring gull , HERG, (n = 6);
least tern , LETE, (n = 1); Leach’s
storm-petrel , LHSP, (n = 1); osprey,
OSPR, (n = 6); peregrine falcon ,
PEFA, (n = 1); piping plover , PIPL,
(n = 4); red-winged blackbird ,
RWBL, (n = 1); snowy egret , SNEG,
(n = 1); tree swallow , TRES, (n = 4);
Virginia rail , VIRA, (n = 1); and
willet , WILL, (n = 1).
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Figure 11.HCB levels by
species. Blue line is mean
black line is the median,
and box boundary is data
range. All levels fall well
below the 35,000 (ng/g,
ww) effects threshold for

Japanese quail (Wiemeyer

1996).

Species Key (sample size):
American kestrel , AMKE, (n = 1);
Arctic tern , ARTE, (n = 1); Atlantic
puffin , ATPU, (n = 1); bald eagle ,
BAEA, (n = 4); belted kingfisher ,
BEKI, (n = 2); black guillemot ,
BLGU, (n= 3); common eider , COEI,
(n = 6); common loon , COLO, (n =
6); common tern , COTE, (n = 1);
double-crested cormorant , DCCO,
(n = 5); great black-backed gull ,
GBBG, (n = 2); glossy ibis , GLIB, (n
= 1); herring gull , HERG, (h = 6);
least tern , LETE, (n = 1); Leach’s
storm-petrel , LHSP, (n = 1); osprey,
OSPR, (n = 6); peregrine falcon ,
PEFA, (n = 1); piping plover , PIPL,
(n = 4); red-winged blackbird ,
RWBL, (n = 1); snowy egret , SNEG,
(n = 1); tree swallow , TRES, (n = 4);
Virginia rail , VIRA, (n =1); and
willet , WILL, (n = 1).
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Figure 12.Total chlordane
by species. Blue line is
mean, black line is the
median, and box boundary
is data range. All sample
fall below the 2,000 (ng/g)
lethal levels measured in
bird brains (Blus 2003).

Species Key (sample size):
American kestrel , AMKE, (n = 1);
Arctic tern , ARTE, (n = 1); Atlantic
puffin , ATPU, (n = 1); bald eagle ,
BAEA, (n = 4); belted kingfisher ,
BEKI, (n = 2); black guillemot ,
BLGU, (n= 3); common eider , COEI,
(n = 6); common loon , COLO, (n =
6); common tern , COTE, (n = 1);
double-crested cormorant , DCCO,
(n = 5); great black-backed gull ,
GBBG, (n = 2); glossy ibis , GLIB, (n
= 1); herring gull , HERG, (n = 6);
least tern , LETE, (n = 1); Leach’s
storm-petrel , LHSP, (n = 1); osprey,
OSPR, (n = 6); peregrine falcon ,
PEFA, (n = 1); piping plover , PIPL,
(n = 4); red-winged blackbird ,
RWBL, (n = 1); snowy egret , SNEG,
(n = 1); tree swallow , TRES, (n = 4);
Virginia rail , VIRA, (n =1); and
willet , WILL, (n = 1).
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Figure 13.DDE levels by
species. Blue line is mean
black line is the median,
and box boundary is data
range. All levels fall below
the 15,000 (ng/g, ww)
effects threshold for
peregrine falcons (Blus
2003).

Species Key (sample size):
American kestrel , AMKE, (n = 1);
Arctic tern , ARTE, (n = 1); Atlantic
puffin , ATPU, (n = 1); bald eagle ,
BAEA, (n = 4); belted kingfisher ,
BEKI, (n = 2); black guillemot ,
BLGU, (n= 3); common eider , COEI,
(n = 6); common loon , COLO, (n =
6); common tern , COTE, (n = 1);
double-crested cormorant , DCCO,
(n = 5); great black-backed gull ,
GBBG, (n = 2); glossy ibis , GLIB, (n
= 1); herring gull , HERG, (h = 6);
least tern , LETE, (n = 1); Leach’s
storm-petrel , LHSP, (n = 1); osprey,
OSPR, (n = 6); peregrine falcon ,
PEFA, (n = 1); piping plover , PIPL,
(n = 4); red-winged blackbird ,
RWBL, (n = 1); snowy egret , SNEG,
(n = 1); tree swallow , TRES, (n = 4);
Virginia rail , VIRA, (n =1); and

DDE (ng/g, ww, ppb)
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Figure 14.Percentage of PCB homologue by species.

100% -

80% -

W #118/106

W #153/132/168

O #138/164/163/#158
W #180

O #187/182

W #99

0O #206

60% -

40% -

F

‘
<
w
o

20%7 5 %gg

0% T T T T T T
w (O] [as]
: S8 3
< a o

Figure 15.Percentage of PCB isomers (composing > 5% of RE) by species.
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Figure 16.Percentage of PBDE congener by species.
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Figure 17.PBDE congener pattern across habitat type.
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Figure 18.Percentage of PFC congener by species. Note PRBBFHXA are below detection limits in all species.
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Figure 19.Hg geographic variatiomfy/g, ww, ppm).
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Figure 20.Total PCB geographic variation (ng/g, ww, ppb).&gatries are relative to
each species. Hatched area represents area ggh@yhlin most species (note: within
this area there are herring gull, cormorant, andeal levels that do not follow the trend).
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Figure 21.PBDE geographic variation (ng/g, ww, ppb). Categ®are relative to each
species. Hatched area represents area generdilynhigost species (note: within this
area there are plover, cormorant, and osprey lelratsdo not follow the trend).
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Figure 22.PFOS geographic variation (ng/g, ww, ppb). Catexgoaire relative to each
species. Hatched area represents area generdilynhigost species (note: within this
area there are plover, cormorant, and herringlgudlls that do not follow the trend).
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Figure 23.HCB geographic variation (ng/g, ww, ppb). Categoaee relative to each
species. Hatched area represents area generdilynhigost species (note: within this
area there are eider and herring gull levels tbaiat follow the trend).
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Figure 24.Chlordane geographic variation (ng/g, ww, ppb).eQaties are relative to
each species.
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Figure 25.Total DDT geographic variation (ng/g, ww, ppb).
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7. TABLES

Table 1 Migration, breeding phenology, and diet of stsggcies.

Time on breeding

Diet

Citation

Species ground before egg
laying
American kestrel 2-3 weeks
Arctic tern 2-4 weeks
Atlantic puffin 2-3 weeks
Bald eagle 2-3 months
Belted kingfisher 4-6 weeks
Black guillemot Year round
Common eider 2-4 weeks
Common loon 4 weeks
Common tern 15-25 days
Double-crested
cormorant 2-4 weeks
Great black-backed Year round
gull
Glossy ibis 2-4 weeks
Herring Gull Year round
Least tern 2-3 weeks
Leach’s storm-petrel < 9 weeks
Osprey 4 weeks

Peregrine falcon

Piping plover 2-4 weeks

Red-winged blackbird 2-4 weeks

Snowy egret 3-4 weeks

Tree swallow 2-4 weeks

Virginia rail 2-4 weeks
Willet 3 weeks

2 weeks to 2 months

Terrestrial arthropods
and small vertebrates

Small fish,
crustaceans, insects

Small to mid-sized
schooling fish

Fish, birds, mammals

Small fish

Benthic and pelagic
fish

Benthic invertebrates

Small, medium sized
fish

Small fish

Fish 4-40cm

Fish, invertebrates,
birds, mammals

Invertebrates

Invertebrates, fish,
birds

Small fish,
invertebrates

Myctophid fish,
invertebrates

Live fish
Birds
invertebrates

Insects, seeds

Invertebrates, fish,
frogs, snakes

Flying insects

Aguatic invertebrates

Insects, invertebrates,
small fish

Smallwood and Bird 2002

Hatch 2002
Lowther et al. 2002

C. Desorbo per. Com.

Hamas 1994, Albano 2002

Butler and Buckley 2002

Goudie et al. 2002
BRI unpublished data

Nisbet 2002

Hatch and Weseloh 1999

Good 1998
Davis and Kricher 2002
Perotti and Good 1994
Thompson et al. 1997
Huntington et al. 1996

Poole et al. 2002
White et al. 2002

Haig 2004

Yasukawa and Searcy 1995

Parsons and Master 2000

Robertson et al. 1992
Conway 1995

Lowther et al. 2001
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Species Latin Location Town Lat Long Viable Habitat # Total
Clutch  eggs
Alr(r(; es?'%?n Falco sparverius Gorham Gorham 43.700470 -70.398850 N Terrestrial 3 3
Arctic tern Stermna Petit Manan Millbridge ~ 44.366980 -67.866060 ' °° Marine 2 2
paradisaea
Atlantic puffin Fratercula arctica Petit Manan Millbridge 44.366980 -67.866060 e Marine 1 1
Haliaeetus . No N
Bald eagle leucocephalus Penobscot River Chester 45.384722 -68.518111 Riverine 1 1
Tibbet island Boothbay 43.978810 -69.662128 e Marine 1 1
Quakish Lake T3 Indian 45630750 -68.758278 O Freshwater 1 1
Purchase
Quantabcook Searsmont 44.395444  -69.180389 e Freshwater 1 1
kir?gef'itseﬁer Cerylealcyon  Presumscott R. Falmouth  43.715360 -70.317300  '¢S Riverine 1 2
Westbrook 43730470 -70.290800  Y©S Riverine 1 2
Black Pandion . I Yes .
quillemot haliaetus Petit Manan Millbridge 44.366980 -67.866060 Marine 3 3
Seallsland NWR  Criehaven TWP 43.887500 -68.740823  Y©S Marine 3 3
Western Island Deer Isle 44291217 -68.822417  Y©S Marine 3 3
Common eider ~ Somateria Isles of Shoals Kittery 42.988010 -70.610950 Y5 Marine 3 3
mollissima
Flat Island Islesboro 44317640 -68.932160 Y5 Marine 3 3
Goose Island Eastport 44913610 -67.041310 'S Marine 3 3
S. Sugarloaf Island Phippsburg ~ 43.748330 -69.771790 ¢S Marine 3 3
Seal Island NWR Criehaven TWP 43.887590 -68.740823 ez Marine 3 3
Stratton Island O'dBS;i?]ard 43504310 -70.312640  '°S Marine 3 3
Common loon  Gavia immer Aziscohos Lake Lincoln TWP 44.944051 -70.994675 e Freshwater 1 1
Coleman Pond Lincolnville 44.295339 -69.073618 No Freshwater 1 1
Flagstaff Lake Dead River TWP 45.187117 -70.267309 e Freshwater 1 1
Forest Ingalls Pond Bridgton 43.966739 -70.686541 No Freshwater 1 1
Moosehead Lake Spalding, TWR 45.604519 -69.701706 e Freshwater 1 1
Long Pond, Moﬂgltaagse” 44325097 -68.361031  \° Freshwater 1 1
Common tern  Stérna hirundo Petit Manan Millbridge ~ 44.366980 -67.866060  '°S Marine 3 3
Double- Phalacrocorax Yes
crested auritus Flat Island Islesboro 44.317640 -68.932160 Marine 3 3
cormorant
Goose Island Eastport 44913610 -67.041310 e Marine 3 3
Isles of Shoals Kittery 42.975960 -70.625630 'S Marine 3 3
S. Sugarloaf Island Phippsburg ~ 43.748330 -69.771790  Y©S Marine 3 3
Stratton Island O'dB(g;CCEard 43504310 -70.312640 Y5 Marine 3 3
Gb;i?(tezlz%ﬁ Larus marinus S. Sugarloaf Island Phippsburg 43.748330 -69.771790 s Marine 3 3
Stratton Island O'dB(g;‘é';ard 43504310 -70.312640 ' °©S Marine 3 3
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Species Latin Location Town Lat Long Viable Habitat # Total
Clutch  eggs
e Plegadis Old Orchard No .

Glossy ibis falcinellus Stratton Island Beach 43.504310 -70.312640 Estuarine 3 3

Herring Gull Larus argentatus Isles of Shoals Kittery 42.988010 -70.610950 es Marine 3 3

Flat Island Islesboro 44317640 -68.932160 ' °° Marine 3 3

Goose Island Eastport 44913610 -67.041310  Y©S Marine 3 3

S. Sugarloaf Island Phippsburg ~ 43.748330 -69.771790  Y©S Marine 3 3

Seal Island NWR Crichaven TWP 43.887590 -68.740823 es Marine 3 3

Stratton Island OldOrchard 43 504310  70.312640 €5 Marine 3 3

Beach
Least tern  Sterna antillarum Crescent Surf Kennebunk 43.387931 -70.429053 No Marine 2 2
Leach's storm-Oceanodroma  go o1 1gand NWR  Seal Island NWR  43.887500  -68.740823 'S Marine 3 3
petrel leucorhoa
Osprey Pandion Bug Light South Portland ~ 43.654510  -70.240360  \° Marine 1 1
haliaetus

Fore River Portland 43.643426 -70.289968 e Marine 1 1

Fort Point Stockton Springs 44.469305 -68.803208 No Marine 1 1

Hog Island North Haven  44.177492 -68.815976 'S Marine 1 1

S. Sugarloaf Island Phippsburg ~ 43.748330 -69.771790  Y©S Marine 1 1

Verso Mill Bucksport 44.579019 -68.809802 e Marine 1 1

P(?;(Iecgorlnne Falco peregrinus Portland Portland 43.642255 -70.284844 No Terrestrial 1 1

Piping plover Cr?]z:ggﬂgs Ferry Beach Saco 43.493666 -70.385325 N Estuarine 1 3

Hills Beach Biddeford 43.451048 -70.363724 No Estuarine 1 2

Popham Beach Phippsburg 43.735246  -69.807936 e Estuarine 1 4

Wells Beach Wells 43.313573  -70.561277 No Estuarine 1 2

Red-winged  Agelaius Highland Lake Falmouth  43.752700 -70.354640 'S Freshwater 1 7

blackbird phoeniceus

Snowy egret  Egretta thula Stratton Island Scarborough 43.504310 -70.312640 No Estuarine 2 2

Tree swallow Tag?g;g]reta Gilsland Farm Falmouth 43.708157 -70.239675 VES Terrestrial 2 6

Highland Lake Falmouth 43.752700 -70.354640  Y©S Freshwater 2 9

Scarborough marsh Scarborough 43.565970 -70.354060 = Estuarine 6 14

Stratton Island OldOrchard 43504310 .70.312640 €S Marine 3 12

Beach
Virginiarail  Rallus limicola ~ Scarborough marsh Scarborough  43.565970 -70.354060 e Estuarine 1 5
Willet Catoptrophorus Scarborough marsh Scarborough 43.565970 -70.354060 Yes Estuarine 1 1

semipalmatus
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Table 3.Recoveries of PFCs and labeled internal standg@itledinto egg matrixes

Matrix Spike Recovery (%) n=6

Compound Mean STDEV
PFOS 70 35
PFDS 81 12

PFOSA 60 25
PFHpA 80 13
PFOA 103 17
PFNA 102 15
PFDA 131 15
PFUNDA 124 22
PFDoDA 130 24

Internal Standard Recovery (%) n=60
Mean STDEV

13C4PFOS 107 23

13C4PFOA 122 27

13C4PFNA 101 24

13C4PFDA 134 34

Table 4. Species code, sample size, % lipid, and % ma@&@sitiegg composites. Sample
size applies to all figures that follow.

S.D. Lipid content Mean Moisture S.D. Moisture

Species Species Code N Mean Lipid (%) (%) (%) content (%)
American kestrel AMKE 1 8.28 78.05
Arctic tern ARTE 1 9.76 74.02
Atlantic puffin ATPU 1 10.39 71.57
Bald eagle BAEA 4 5.09 2.06 77.77 3.19
Belted kingfisher BEKI 2 6.74 0.13 77.97 0.04
Black guillemot BLGU 3 11.43 0.85 69.61 3.68
Common eider COEl 6 19.72 1.38 61.92 0.80
Common loon COoLO 6 8.43 2.10 72.54 3.27
Common tern COTE 1 11.16 70.24
Double-crested cormorant DCCO 5 5.24 0.69 81.10 1.39
Great black-backed gull GBBG 2 8.33 1.41 74.46 1.77
Glossy ibis GLIB 1 6.41 78.20
Herring Gull HERG 6 10.02 1.83 72.62 2.96
Least tern LETE 1 13.60 68.00
Leach’s storm-petrel LHSP 1 11.77 69.79
Osprey OSPR 6 4.42 1.59 79.62 3.53
Peregrine falcon PEFA 1 5.84 78.37
Piping plover PIPL 4 15.09 2.11 68.56 2.06
Red-winged blackbird RWBL 1 4.59 84.00
Snowy egret SNEG 1 7.59 77.18
Tree swallow TRES 4 6.59 1.33 77.59 4.11
Virginia rail VIRA 1 9.09 75.36
Willet WILL 1 13.10 64.02
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