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ABSTRACT

Organochlorine (OC) contaminants, including polychlorinated biphenyls
(PCBs) and pesticides, may have contributed to population declines by negatively
affecting the immune and endocrine systems of many wildlife species. Little is known
about the effects of contaminants on threatened or endangered sea turtles. This study
investigated the effects of OC concentrations in tissues of juvenile loggerhead sea
turtles (Caretta caretta) on their clinical health, immunity, and endocrine parameters.
OC concentrations in blood, determined by gas chromatography with electron capture
detection and mass spectrometry, significantly correlated with concentrations
measured in adipose tissue. The correlations suggest that non-invasive blood
sampling can be used to monitor accumulated concentrations of OCs in sea turtles.
The OC concentrations significantly correlated to indicators of health, such as blood
chemistries and hematology. Concentrations of some OC compounds correlated with
an indicator of tissue damage (T aspartate aminotransferase), with alterations of
protein, carbohydrate, and ion regulation (T blood urea nitrogen, T total plasma
protein, ¥ albumin:globulin ratio, J glucose, T osmolality, T sodium, ¥ magnesium),
with indicators of anemia and a modulated immune system (¥ red blood cells,
hematocrit, ¥ hemoglobin, T total white blood cells, T heterophil:lymphocyte ratio).
Moreover, turtles exhibiting signs of wasting (extremely emaciated and lethargic) had
two orders of magnitude higher blood OC concentrations than apparently healthy
turtles. OC concentrations also correlated positively with mitogen-induced

lymphoproliferative responses, suggesting immunoenhancement. Vitellogenin (VTG),
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an egg yolk precursor protein, was detected in the plasma of most female loggerhead
turtles with straight carapace lengths of 77 cm or longer. Two to three percent of the
females smaller than 77 cm were precociously expressing VTG and had higher blood
OC concentrations compared to normal females of this size class that were not
expressing VTG. Since it is not feasible to experimentally expose endangered sea
turtles to toxicants, this study characterized a green sea turtle testes cell line for the
activity of cytochrome P450 aromatase, an enzyme responsible for converting
testosterone to estradiol. Aromatase activity in this in vitro model was induced by
atrazine and inhibited by 4,4’-DDE. These findings suggest that the current
concentrations of OCs in loggerhead sea turtles may be affecting their immune and

endocrine systems.
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CHAPTER ONE

Sea Turtles as a Case Study for Integrating Wildlife Toxicology and Conservation
Biology



ABSTRACT

Endangered sea turtles are a timely case study for integrating environmental
toxicology and conservation biology. Most populations of sea turtles have suffered
dramatic declines. Many have partially recovered after conservation efforts were
established, but some are still in decline. Contaminants may have contributed to past
and current declines, but until now, the effects of contaminants on sea turtles have not
been thoroughly studied. This review examines evidence suggesting that
organochlorine (OC) contaminants affect a variety of wildlife. An emphasis is placed
on those effects that directly influence the three vital rates that concern conservation
biologists: survival, reproduction, and growth. Effects that directly relate to survival
include early life-stage mortality, cancer, and immunotoxicity. Reproduction may be
reduced by developmental abnormalities, altered sex ratios, and reproductive failure.
Growth rates may be influenced by contaminants that alter thyroid actions.
Highlighted effects include the immunosuppression and/or endocrine disruption seen
in birds and snapping turtles from the Great Lakes, alligators from Lake Apopka, a
contaminated lake in Florida, and beluga whales from the St. Lawrence estuary. Sea
turtle life history traits are explained in the context of how each life stage may be
susceptible to these contaminant effects. In addition, a comprehensive list of
polychlorinated biphenyls (PCBs), 4,4’-DDE, and chlordane concentrations measured
in sea turtle tissues is provided. The concentrations found in sea turtle blood, adipose,
and eggs are then compared to those of other reptiles, birds, and mammals. The

occurrence of OC contaminants in sea turtle tissues and the abundant evidence linking



OCs to effects in other wildlife warrant investigation into the effects of OCs on sea

turtle populations.

NEED FOR INTEGRATING WILDLIFE TOXICOLOGY AND
CONSERVATION BIOLOGY

In 1962, Rachel Carson shocked society with descriptions of how
environmental contaminants affected wildlife populations (Carson 1962). She blamed
the death of song birds on the heavy-use of pesticides and other pollutants. DDT
decimated bald eagle (Haliaeetus leucocephalus) and double-crested cormorant
(Phalacrocorax auritus) populations driving some populations to near extinction (see
reviews of Grasman et al. 1998; Bowerman et al. 1995). Still today, the effects of
contaminants on wildlife are apparent as are population declines. While these
observations are likely linked, we rarely integrate environmental toxicology and
conservation biology. The authors of a recent editorial that was concurrently
published in Environmental Toxicology and Chemistry and Conservation Biology
called for the integration of these two fields (Hansen and Johnson 1999a, 1999b).
They stated that “Integrating these two fields is crucial to meeting the long-term goals
of each.”

Toxicologists often focus on effects at the subcellular to individual levels of
biological organization, while conservation biologists are concerned with the
population to ecosystem levels. Many toxicological effects seen at the individual level
directly relate to population level consequences (Fig. 1.1). For example, suppression
of the immune system by contaminants may lead to greater susceptibility to disease

3



and ultimately to increased mortality. Similarly, altered endocrine functions may
increase the incidence of developmental abnormalities which may result in reduced
reproduction.

Conservation biologists are concerned with trends in populations, whether they
are increasing or decreasing in numbers. They often perform population viability
analyses (PVA) in order to predict the extinction or recovery of a species. To
construct these models, three vital rates are needed: survival probabilities,
reproductive potential, and growth rates. Contaminants are known to affect all three
of these parameters and should be factored into PVAs. To do this, however, is not
simple. One must first know whether the species in question is sensitive to

environmentally relevant concentrations of contaminants.

WHY USE SEA TURTLES AS A CASE STUDY?

Sea turtles are a timely case study for integrating these disciplines.
Populations of all seven species around the world have declined in numbers and are
now protected by national agencies and international treaties. All species, except the
Australian flatback sea turtle (Natator depressus), inhabit U.S. waters and have
protected status under the U.S. Endangered Species Act of 1973. Specifically, the
loggerhead sea turtle (Caretta caretta) is listed as a threatened species. Conservation
efforts, including the use of turtle excluder devices (TEDs) by fishermen, have helped
in the recovery of loggerheads, but one subpopulation has not improved. For
unknown reasons, this population that nests from northern Florida to North Carolina

has been declining by 2 to 3 % per year (TEWG 2000). Because the loggerhead has
4



not recovered, the U.S. National Marine Fisheries Service is currently considering an
increase in its status to endangered. It is not known whether environmental
contaminants contributed to the past and current declines of sea turtle populations.
Very few studies have investigated the effects of contaminants on sea turtles,
probably due to the logistical problems of working with these animals. Their
protected status restricts experimentation and sampling to only non-invasive methods.
Their complex life history also creates major challenges for researchers (Fig. 1.2).
Because they are long-lived, highly migratory, and rare marine species, little is known
about their basic biology. Additional difficulties include the inability to determine the

sex of juveniles or the age of live sea turtles from external morphology.

LOGGERHEAD SEA TURTLE LIFE HISTORY

Although the life history of sea turtles creates difficulties for researchers, its
complexity and uniqueness may provide for interesting toxicological studies. On
ocean-facing beaches along the U.S. Atlantic coast, adult female loggerhead turtles
return to their natal beach every 2 to 3 years to lay eggs (Fig. 1.2). In one nesting
season, a loggerhead turtle will lay an average of 4 clutches of 112 eggs each. An egg
is approximately the size of a ping-pong ball and weighs 33 g (Miller 1997). That
calculates to roughly 15 kg of egg production per female every other or every third
year. If contaminants are maternally transferred to sea turtle eggs as has been shown
in other turtles (Pagano et al. 1999), this large egg production could facilitate the

dumping of a significant portion of the adult female contaminant load.



After the eggs have been deposited into a nest chamber, they incubate for
approximately 60 days. The incubation duration as well as the sex of the embryo is
dependent upon the incubation temperature. Many reptile species, and most turtle
species, share this developmental characteristic called temperature-dependent sex
determination (TSD). In sea turtles, the embryonic sex is determined near the middle
third of development. Females result from warmer temperatures and males from
cooler temperatures with a pivotal temperature of 28.7 °C for loggerhead sea turtles
(Ackerman 1997). Temperature influences the expression of a steroid-synthesizing
enzyme, cytochrome P450 aromatase, which converts testosterone to estrogen
(Desvages et al. 1993). In this way, external temperature is thought to direct the
steroid hormone production and consequently differentiation of the gonads.
Contaminants, especially those that have estrogenic properties, may override
temperature signals and alter sex ratios (Willingham and Crews 2000; Bergeron ef al.
1994).

Hatching success is typically 80 % or higher for sea turtle nests, except when
disturbed by predators, flooded, or invaded by plant roots or microbes (Ackerman
1997), but the effect of contaminants on hatching success is not known. Turtles
emerge as a group at night and head directly towards the sea. During their first 24
hours the hatchlings swim in a frenzy to reach the Gulf Stream which sweeps them
northward as they begin their pelagic juvenile stage.

In the pelagic juvenile stage, loggerheads circum-navigate the entire North
Atlantic Ocean with the help of the North Atlantic gyre. They grow from 4 cm to 45

cm straight carapace length (SCL) while feeding among floating Sargassum. They
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inhabit the open ocean and coastal areas around the Azores, Madeira, Spain, Africa,
and the Canary Islands (Musick and Limpus 1997). Some even enter the
Mediterranean Sea (Laurent ez al. 1998). This poorly understood stage is thought to
last approximately 10 years.

At roughly 45 cm SCL, loggerhead turtles return to U.S. coastal waters and
estuaries to begin the benthic juvenile stage, named for their dietary preferences of
benthic crustaceans and molluscs. In this stage of development, the turtles grow from
45 cm to 80 cm SCL over possibly another decade, and they make seasonal migrations
each year. Presumably their nearshore benthic feeding strategy makes them more
susceptible to exposure to organic contaminants that typically accumulate in sediments
and nearshore fauna. Moreover, this pubertal stage may be particularly sensitive to
contaminant effects, because the reproductive organs are beginning to mature and
secondary sexual characteristics are beginning to form.

Adult loggerhead turtles relocate to poorly described adult foraging areas and
return to U.S. coastal waters during the mating and nesting season. Although there is
debate over the age at maturity, loggerheads become sexually mature somewhere
around 25 to 35 years of age (Chaloupka and Musick 1997; Snover 2002) and the
average SCL of nesting females has been measured at 87 cm (Miller 1997) and 92 cm
(Frazer and Ehrhart 1985). In non-nesting years, turtles build their energy reserves
and undergo vitellogenesis for the next breeding season in which they deposit
vitellogenin into follicles as an egg yolk precursor. As mating season approaches,

dramatic changes in plasma testosterone and estradiol concentrations coincide with the



timing of migration to the nesting beach (Wibbels et al. 1990; Owens 1997). Mating
occurs near the nesting beaches about one month prior to the first nest being laid.

The loggerhead life history is very complex and makes them susceptible to the
effects of contaminants at several life stages. Contaminants have been shown to affect
each of these life stages in other organisms. Even subtle effects at a sensitive life
stage or effects compounded over an entire lifetime may ultimately contribute to

population declines.

ORGANOCHLORINE CONTAMINANTS

Organochlorine (OC) contaminants are lipophilic, aromatic compounds. Their
chlorination makes them persistent in the environment. Compounds categorized as
OCs include the polychlorinated biphenyls (PCBs), dioxins, furans, and
organochlorine pesticides, such as dichlorodiphenyltrichloroethane (DDT),
chlordanes, mirex, dieldrin, lindane, and heptachlor. Once heavily-used, most of these
compounds have been banned or restricted in developed countries.

The production of PCBs began in 1929 under many trade names, one being
Aroclor (Safe 1993). Aroclor mixtures were used for many industrial purposes, such
as flame retardants, coolants, and dielectric fluids. In 1960s, PCBs were first detected
in environmental samples and a realization of their toxicity quickly followed. In 1979,
PCB production for industrial use was banned in the U.S.

From the 1950s to 1970s, DDT was sprayed heavily as an agricultural and
municipal insecticide. It was also banned in the 1970s because of its ability to

bioaccumulate and negatively affect non-target animals, including the bald eagle and
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other birds. DDT continues to be used in developing countries to fight mosquito-born
diseases such as malaria. Still today OC contaminants are found in sediments and
animal tissues because they are highly persistent, bioaccumulate into organic matrices,
and biomagnify up the food web.

The ban of these compounds, along with most of the other OC pesticides, came
after discovering their toxicity to a multitude of systems. OCs are known to cause
cancer, developmental abnormalities, reproductive impairments, liver damage,
immunotoxicity, and endocrine disruption in laboratory rodents (see reviews by Safe
1993; Crisp et al. 1998). Evidence of these effects has also been shown in humans

and wildlife (see reviews by Colborn et al. 1993; Fox 2001a; Keller et al. 2000).

EFFECTS OF OCS ON WILDLIFE WITH AN EMPHASIS ON THE THREE
VITAL RATES

As mentioned previously, OC contaminants may contribute to wildlife
population declines by negatively affecting the three vital rates that concern
conservation biologists. Contaminants have resulted in reduced survivorship, reduced
reproductive output, and altered growth rates of wildlife populations.
Survival

Contaminants may decrease survival by many mechanisms, including acute
mortality, cancer, and suppression of the immune system. Acute mortality was
observed in birds during heavy use of OC contaminants (Carson 1962). It is rarely
seen anymore in adult wildlife because it requires very high concentrations, but early

life-stage mortality has been documented recently. A large percentage of first-born
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offspring of marine mammals do not survive. Mothers are known to transfer larger
doses of their accumulated OC compounds into their first-born than subsequent
offspring (Lee et al. 1996; Beckman et al. 1999; Ylitalo et al. 2001). These high
levels of OC contaminants are believed to contribute to the death of the young animals
(Schwacke et al. 2002). In the Great Lakes, which are heavily contaminated with
PCBs, embryonic birds and fish often suffer from edema and deformities and
subsequently die (Gilbertson et al. 1991; Wright and Tillitt 1999). Complete brood
mortality was seen more often in offspring of American kestrels (Falco sparverius)
that were exposed to PCBs in ovo than controls (Fernie et al. 2001). Early life-stage
mortality has also been documented in reptilian wildlife. American alligators
(Alligator mississippiensis) from Lake Apopka, a highly contaminated lake in Florida,
had reduced hatching success and greater mortality 10 days after hatching than
alligators from reference lakes (Guillette et al. 1994).

Adult sea turtles may not accumulate lethal concentrations of these
contaminants since they live in open ocean habitats and feed lower on the food chain
than fish-eating marine mammals. However, some venture into the mouths of rivers
and inhabit nearshore coastal waters and estuaries where localized high concentrations
of contaminants may reach their food sources. Although sea turtles may not
accumulate such high levels, their sensitivity to these contaminants is completely
unknown.

The transfer of a lifetime of accumulated contaminants from an adult female

into eggs may reach lethal levels for a developing embryo, especially into the eggs of
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first-time nesters. Maternal transfer and the effect of contaminants on early life stages
should be studied.

OC contaminants are known carcinogens in laboratory rodents and possibly
humans (see Safe 1993; Colborn ef al. 1993). Cancer is rarely observed in wildlife
because it usually occurs in older animals past their reproductive age. However,
contaminant-induced cancers can be seen in some wildlife populations. Beluga
whales (Delphinapterus leucas) that live in the highly polluted St. Lawrence estuary
accumulate such high levels of PCBs and pesticides that their carcasses are considered
toxic waste according to Canadian regulations. This population was driven to near
extinction and in 1995 only approximately 500 individuals remained (see De Guise et
al. 1995). The beluga whales of the St. Lawrence estuary suffer many health
problems, including cancer which is not seen in the less exposed Arctic population.
Cancer is a major cause of death in these animals and was found in 27% of the adult
whale carcasses (Martineau et al. 2002). The brown bullhead catfish (Ameiurus
nebulosus) is also susceptible to carcinogenic compounds, and those that live in OC-
contaminated sites had significantly increased prevalence of hepatic and skin tumors
(Pinkney et al. 2001).

It is difficult to link cancer to negative population consequences. Cancer may
not necessarily lead to death, and it usually occurs post-reproduction when survival is
not as important for the population. For example, cancer rates are high in adult
humans, but this does not affect the population growth rate. To our knowledge, only
one sea turtle has been documented with cancer (a multicentric lymphoblastic

lymphoma, Oros ef al. 2001), but a common and spreading disease among sea turtles
11



is fibropapillomatosis. Fibropapillomas are non-cancerous tumors, but they are often
lethal as they can cover the eyes, mouth, or anus and interrupt foraging. The disease is
thought to be caused by a herpes virus but researchers have suspected that OC
contaminants may promote the tumors by suppressing the immune system (Aguirre et
al. 1994; Schumacher et al. 1998).

The immune system is very sensitive to contaminants. OCs have been shown
to suppress the immune system (immunosuppression), increase it
(immunoenhancement), or cause it to recognize and attack self molecules
(autoimmunity). OC contaminants have been shown to suppress the immune systems
of wild fish, birds, and mammals (see review by Keller ez al. 2000). Caspian tern
(Sterna caspia) chicks from OC-contaminated sites in the Great Lakes showed
suppressed immune responses (Grasman et al. 1996) and blood PCB concentrations in
the terns significantly correlated to reduced T-lymphocyte responses (Grasman and
Fox 2001). Several immune parameters were reduced in harbor seals (Phoca vitulina)
that were fed fish from the OC-contaminated Baltic Sea (Ross ef al. 1996). In
addition, increasing blood OC concentrations correlated with suppressed immune
function in bottlenose dolphins (Tursiops truncatus; Lahvis et al. 1995). It is thought
that OC contaminants contributed to massive mortality events of marine mammals by
weakening their immune systems (Hall ef al. 1992; Aguilar and Borrell 1994; Borrell
et al. 1996). Recently, immunoenhancement has been observed in animals exposed to
OC contaminants. Male American kestrels exposed to PCB mixtures exhibited an
increased PHA-skin response (Smits ef al. 2002). Alligators from Lake Apopka had

elevated mitogen-induced lymphoproliferative (LP) responses compared to alligators
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from reference lakes (Rooney 1998). Likewise, seals with higher tissues levels of OCs
and in herring gulls (Larus argentatus) inhabiting OC-contaminated sites
demonstrated greater LP responses (Shaw et al. 2002; Croisant and Grasman 2002).

Little is known about the sea turtle immune system or about diseases that they
encounter. As in other reptiles, their immune system is expected to fluctuate with
seasonal changes, such as temperature and photoperiod. Diseased animals typically
have weakened immune systems. For example, immunosuppression was seen in green
sea turtles (Chelonia mydas) afflicted with fibropapillomatosis, but it is not known
whether the disease caused the immunosuppression or prior immunosuppression
caused the disease (Work et al. 2001; Cray et al. 2001).

Sea turtles must fight many pathogens and parasites, including parasitic
trematodes and the virus that is suspected to cause fibropapillomatosis. We still do not
have good knowledge of many of their illnesses, and most turtles that are found dead
or dying cannot be attributed to a particular cause. For example, 66 loggerhead sea
turtles were admitted to the Karen Beasley Sea Turtle Rescue and Rehabilitation
Center from 1996 to 2002 (KBSTRRC 2002). Many of the turtles had boat-related
injuries or were cold-stunned, but 32% were ill from unknown causes. Many of the ill
turtles were extremely lethargic and emaciated. We need to better understand the sea
turtle immune system, diseases, and how contaminants may affect these.
Reproduction

Reduced reproduction in an already threatened species can result in severe
population declines. OC contaminants can impair this vital rate via a multitude of

mechanisms, but most involve a disruption of the endocrine system. Endocrine-
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disrupting OC contaminants have resulted in developmental abnormalities, altered sex
ratios, and reduced reproductive output in wildlife populations.

Developmental abnormalities that last into adulthood may result in reduced
future reproduction. High rates of limb deformities were observed in adult
mudpuppies (Necturus maculosus), an amphibian salamander, living in a highly OC-
polluted site of the Great Lakes (Gendron et al. 1994). Atrazine, a heavily-used
herbicide, at concentrations that are found in surface and ground waters
demasculinized the larynx of male tadpoles (Xenopus laevis) and resulted in
hermaphrodites (Hayes et al. 2002a). An hermaphroditic beluga whale was found in
the highly contaminated St. Lawrence estuary (De Guise ef al. 1994). Birds in OC-
contaminated sites have shown bill abnormalities, club feet, missing eyes, and
defective feathering (Gilbertson et al. 1991). Deformities in snapping turtle (Chelydra
serpentina) embryos and hatchlings were associated with sites in the Great Lakes
region that were more contaminated with OCs (Bishop ef al. 1998). Deformities
included limb malformations, tail deformities, undeveloped or malformed carapace,
missing eyes, and recessed lower jaws. Male snapping turtles from these sites had
feminized secondary sexual characteristics (de Solla ez al. 1998). Similarly, alligators
from Lake Apopka, which have higher blood concentrations of OC pesticides
compared to reference lakes (Guillette ef al. 1999), exhibited altered steroid hormone
profiles and shorter penises (Guillette ef al. 1994; 1996), while turtles (Chrysemys
nelsoni) in this lake developed ovotestes (Guillette ef al. 1996). These endocrine
effects of OC compounds are thought to have suppressed reproductive success and

contributed to the decline of this alligator population (Guillette ef al. 1994).
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Embryonic development of sea turtles has been well characterized (Miller
1985). Developmental abnormalities such as albinos, crossed beaks, and scute
malformations are common in sea turtle embryos that do not survive incubation, but
the causes are unknown. Very little is known about pubertal development, such as the
timing of reproductive maturation, or the onset of secondary sexual characteristics, or
even plasma estrogen levels of immature turtles. The extent to which contaminants
affect these developmental stages of sea turtles is a complete unknown.

Proper sex ratios are vital to the stability of a population. Too few females
may mean fewer offspring, while too few males may mean fewer mating pairs and
decreased fertilization. Female-skewed sex ratios and feminization of herring gulls
were found in the Great Lakes in the 1970s, and gonadal abnormalities associated with
OC contaminants were still seen in gull chicks in the late 1990s (see review by Fox
2001b). Sex ratios of fish from the Great Lakes were also highly skewed towards
females in 1967 and returned to equal males and females in the late 1980s (see review
by Fox 2001a). This sex ratio recovery was significantly correlated with the declining
tissue concentrations of 4,4’-DDE.

Sex ratios in many reptiles and most turtles with TSD are governed by the
delicate balance of nest temperature and steroid synthesis. In embryos with TSD, the
incubation temperature signals the embryo to become male or female, however
developing turtles can become female when incubated at male temperatures and
exposed to estrogen or estrogenic contaminants (Wibbels ef al. 1991, Bergeron ef al.
1994, Willingham and Crews 1999). Sex reversal in turtles is very sensitive to OC

contaminants, such as PCBs and 4,4’-DDE and may not follow the “threshold dose
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concept” (Sheehan et al. 1999). In theory, one molecule of a potent contaminant could
reverse the sex of a developing turtle. The mechanism controlling sex reversal is not
fully known but involves, at least in part, cytochrome P450 aromatase. Aromatase
converts testosterone to estradiol and is expressed at greater levels in embryonic
gonads and brains incubated at female-producing temperatures (Willingham et al.
2000; Place et al. 2001; Milnes ef al. 2002). By altering the steroid synthesis of
aromatase, OC contaminants may override temperature signals and reverse the sex of
turtles thereby altering sex ratios. PCBs are known to alter aromatase activity in
rodents and embryonic red-eared slider turtles (7rachemys scripta) exposed in the
laboratory (Gertenberger et al. 2000, Hany ef al. 1999; Willingham and Crews 2000).
OCs are also associated with possible changes in aromatase activity in wild
amphibians and reptiles (Hayes et al. 2002b; Crain ef al. 1997).

Sexual differentiation of all 7 species of sea turtles is governed by temperature.
Desvages et al (1993) showed that aromatase activity is influenced by temperature in
the leatherback sea turtle (Dermochelys coriacea). Warmer, female-producing
temperatures increased aromatase activity in the leatherback gonad. Estrogen
exposure reversed the sex of olive ridley sea turtles (Lepidochelys olivacea) that were
incubated at male temperatures (Merchant-Larios et al. 1997). However, 4,4’-DDE
failed to reverse the sex of green sea turtle embryos (Podreka ef al. 1998). Additional
compounds, singly and in mixtures, different concentrations and incubation
temperatures, and other sea turtle species need to be tested before general conclusions

can be made about sea turtle embryonic sensitivity to OC contaminants.
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This particular effect of contaminants may be a serious and timely issue for sea
turtle populations. Sex ratios are already skewed towards female, because the beach
temperatures along the southeast U.S. coast are generally warmer than the pivotal
temperature. The few nests laid on North Carolina beaches, at the northern extreme of
their nesting range, may be primarily responsible for the production of males. If sea
turtles are as sensitive as freshwater turtles to sex reversal by estrogenic contaminants,
then it is possible that North Carolina beaches are producing even fewer males than
predicted.

In addition to the endpoints mentioned above (decreased survival, increased
deformities, and altered sex ratios), contaminants can also directly affect the number
of offspring produced by an individual. Reproductive failure has been noted in seals
living in the PCB-contaminated region of the Wadden Sea (Reijnders 1986).
Moreover, seals fed a diet of fish from an OC-contaminated region produced fewer
pups than those fed less contaminated fish (Reijnders 1986). The lack of recovery of
the beluga whale population in the St. Lawrence estuary is thought to be due in part to
contaminant-related decreases in reproduction (De Guise ef al. 1995). Even though
PCB concentrations have decreased in the Great Lakes, lake trout (Salvelinus
namaycush) still cannot naturally reproduce in the lower lakes because they do not
survive past early life stages (Wright and Tillitt 1999). Historically, reproductive
failure of the bald eagle and cormorant populations around the Great Lakes caused
populations to plummet mainly due to eggshell thinning by DDT (see review by
Grasman et al. 1998), but this effect has not been documented in reptiles. Bird

population declines were also correlated with OC exposure in Long Island Sound,
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Puget Sound, San Francisco Bay, and San Diego Bay (see review by Fry 1995).
American kestrels exposed to PCBs in ovo had a higher risk of complete failure to lay
eggs, delayed egg laying, and smaller clutch sizes than controls (Fernie et al. 2001).

Reproductive failure of adult sea turtles has not been investigated due to the
logistical difficulties of working with large, rare animals that remain at sea for most of
their life. Adult sea turtles are rarely encountered except when the females nest on the
beach. Turtles with reproductive failure may not come onto the beach and therefore
they may not be sampled. A few in-water sampling projects that capture adult animals
may offer valuable samples.

The number of nesting female sea turtles has declined in certain populations.
These declines were originally blamed on poaching and the incidental catch of turtles
by fisheries. Even after conservation measures were established, certain populations
are still in decline, such as the northern subpopulation of loggerhead sea turtles
(TEWG 2000). Contaminants should be investigated as a potential risk for these
reduced nesting populations.
Growth

Proper growth rates are critical to the survival and reproduction of individuals.
Like a balancing act, growth must be fast enough to avoid size-specific predation, but
not too fast to cause physiological problems. If OC contaminants slow growth rates,
then individuals may be more susceptible to predators or be forced to remain in a
physically challenging environment for longer periods. Slower growth may also cause
a delay to the age of reproduction. Delaying reproduction can significantly affect the

stability of a population. Willingham (2001) observed changes in growth of turtles
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exposed to OC pesticides in ovo. Trans-nonachlor and 4,4’-DDE resulted in weight
loss during the first 28 days after hatching. During this time, the turtles were not fed,
so the positive growth of the control turtles was attributed solely to the energy reserves
in the resorbed yolk sac. During the next 14 days, when turtles were fed, growth was
greater in the turtles exposed to chlordane and trans-nonachlor than the controls.
These changes in growth are hypothesized to be due to a disruption of the thyroid
endocrine actions.

Thyroid hormones and retinol are intimately involved in growth as well as
development, metabolism, immunity, and reproduction. Abundant and consistent
evidence links OC contamination to reduced thyroid hormone and retinol levels and to
thyroid histological alterations in wildlife populations, including marine mammals,
birds, and fish (see review by Rolland 2000). Brouwer ef al. (1998) reviewed many of
the possible mechanisms of OC-induced thyroid alterations, including competition
with transport proteins and alteration of thyroid hormone synthesis and metabolism.
Hydroxylated PCBs, are especially potent competitors with thyroxine (T,) and retinol
for binding to transthyretin, a blood transport protein. The displacement of these
natural ligands increases their degradation and reduces their concentrations in blood
(see review by Rolland 2000). Altered thyroid and retinol functions can result in
developmental malformations, altered growth, altered amphibian metamorphosis,
decreased reproductive success, altered immune system, skin disease, and possibly
altered migration, courtship, and breeding behaviors (see reviews by Rolland 2000 and

Colborn 2002).
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Hatchling sea turtles and small juveniles are extremely vulnerable to predation,
therefore it is advantageous for them to grow quickly into large juveniles when their
predation rates drop substantially. Growth rates, slowed by OC contaminants, could
increase predation and reduce reproduction by extending the juvenile stage and
delaying the age at maturity.

Thyroid hormones, including T4 and triiodothyronine (T3) are measurable in
sea turtle plasma, and T3 has been shown to influence the lung development of
embryonic green sea turtles (Owens 1997; Sullivan ef al. 2001). Blood levels of
thyroid hormones in other species have been shown to bind and be transported by
vitellogenin (VTQ), an egg yolk precursor protein, but VTG did not influence thyroid
hormones in Kemp’s ridley sea turtles (Lepidochelys kempii; Heck et al. 1997). The
effect of contaminants on thyroid functions in sea turtles, or turtles in general, have yet

to be studied.

ORGANOCHLORINE CONCENTRATIONS IN SEA TURTLE TISSUES
OC contaminants have been detected in sea turtle tissues (see reviews by

Meyers-Schone and Walton 1994; Pugh and Becker 2001). A comprehensive list of
PCB, DDT, and chlordane concentrations in sea turtle tissues are reported in Table 1.1
(on a wet mass basis) and Table 1.2 (on a lipid-normalized basis). Mirex, heptachlor
epoxide, HCB, and dieldrin have been detected in some studies but at very low
concentrations, therefore they were not included in these tables. These measurements
are so widely scattered in time, space, species, and tissue type that few general

conclusions can be made. No long-term monitoring system is in place to track spatial
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and temporal trends. OCs have been measured in tissues of only 4 of the 7 sea turtle
species, and egg concentrations have only been measured in 2 species. Geographical
regions include mainly the U.S. eastern coast, the Mediterranean Sea, and a few other
locations.

Until recently, only eggs or tissues from carcasses have been utilized.
Contaminant levels in eggs may offer information for two life stages, the embryo and
the adult females, since contaminants are transferred to the egg from the mother
during vitellogenesis (Pagano et al. 1999). The other life stages, namely juveniles or
adult males, have been sporatically sampled only from carcasses. This biased
sampling may lead to values that do not reliably represent those in the average live
turtle. Decomposing tissues may become cross-contaminated with the external
environment or with other decaying tissues. These tissues may also lose their lipid
content, thereby affecting lipid-normalized contaminant concentrations. In addition,
dead turtles may be biased towards diseased individuals. Diseased marine mammals
are known to have higher levels of OCs than healthy, surviving animals (Hall et al.
1992, Aguilar and Borrell 1994, Borrell et al. 1996). Thus, this opportunistic
sampling method may bias towards higher levels of OCs. The use of blood may offer
a non-invasive alternative for long-term monitoring, since OC compounds were shown
to be measurable in sea turtle blood (Keller ef al. submitted), and the concentrations
found in blood correlated with those in adipose tissue (Keller ez al. in prep a).

Species differences are apparent from these sea turtle studies. Adipose
concentrations of OCs were consistently higher in loggerhead and Kemp’s ridley sea

turtles than leatherback and green turtles. These differences have been explained
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previously as trophic level differences (Meyers-Schone and Walton 1999; McKenzie
et al. 1999). Loggerhead and Kemp’s ridley turtles feed higher on the food chain.
They eat benthic invertebrates such as mollusks and crabs, while the leatherback feeds
primarily on jellyfish and the green turtle is herbivorous. The low concentrations
measured in green sea turtles are likely caused by their low trophic status. On the
other hand, the blubber of the leatherback turtle had higher OC concentrations than
any other sea turtle adipose tissue (Keller ez al. in prep a). Leatherback blubber is a
lipid-rich structural component of the carapace which insulates these deep diving
turtles and allows them to inhabit cooler waters. Because of these important functions,
lipids in the blubber may not be mobilized as often as those in body fat and OCs may
continually accumulate.

Differences among tissues are large on a wet mass basis (Table 1.1). Wet mass
OC concentrations in adipose are higher than liver, kidney, muscle, heart, lung, and
then blood. This pattern generally follows lipid content in each tissue (Storelli and
Marcotrigiano 2000) and is similar to the pattern seen in snapping turtles (Bryan et al.
87; Meeks 1968). Once normalized for lipid (Table 1.2), blood and adipose
concentrations in the loggerhead became very similar (Keller e al. in prep a), as did
all tissues of loggerhead turtles from the Mediterranean Sea (Storelli and
Marcotrigiano 2000). OC concentrations correlated between liver and adipose,
between blood and adipose, and between eggs and chorioallantoic membranes (Lake
et al. 1994; Keller et al. in prep a; Cobb and Wood 1997). These findings suggest that
OC contaminants partition into each tissue based on lipid content, and that OCs in

these tissues are in equilibrium with each other. Compared to other sea turtle tissues,
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OC concentrations in loggerhead eggs from the southeast U.S. coast were relatively
high (Alam and Brim 2000; Cobb and Wood 1997).

OC concentrations in sea turtles are compared to levels in blood components,
adipose tissues, and eggs of other species in Tables 1.3 to 1.5. (For more
comprehensive reviews of OC concentrations in tissues of reptiles in general see the
appendix tables in Sparling et al. 2000; of turtles in general see Meyers-Schone and
Walton 1994; of lizards and snakes see Campbell and Campbell 2002; and of marine
mammals see Aguilar ef al. 2002.) OC concentrations were generally lower in sea
turtles than many other species. These species differences are likely due to
differences in trophic level and geographic location. Top predator snakes and fish-
eating birds and marine mammals feed higher on the food chain than the crab and
mollusk-feeding loggerhead sea turtle. Reptiles inhabiting the Great Lakes, Hudson
River, and Lake Apopka had higher OC levels than sea turtles. These differences may
be explained by the proximity of these sites to point sources of OC contamination
compared to the open ocean or even coastal regions.

Blood OC levels in the loggerhead turtle were comparable to those in snapping
turtles and alligators from reference lakes, but were one to two orders of magnitude
lower than reptiles in contaminated sites where effects have been seen, such as
Hamilton Harbor in Lake Ontario and Lake Apopka in Florida (Table 1.3). The
loggerhead blood OC levels were generally two to three orders of magnitude lower
than concentrations in birds and marine mammals, but similar to those of humans.

Similarly, adipose concentrations in sea turtles were generally orders of

magnitude lower than reptiles from contaminated sites, birds, and marine mammals
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(Table 1.4). Even animals that live in similar habitats as the loggerhead sea turtle, but
feed higher on the food chain (fish-eaters) had much higher concentrations than the
loggerhead sea turtle. For example, the OC levels in juvenile bottlenose dolphins from
Beaufort, NC (near Core Sound where the loggerhead turtles were sampled) were 150
fold higher and in albatrosses (Diomedea immutabilis) from a mid-oceanic island were
10 fold higher than the levels found in loggerhead turtles.

On the other hand, the wet mass OC concentrations in loggerhead eggs from
the southeastern U.S. coast were higher than those measured in snapping turtle and
alligator eggs from reference sites (Table 1.5). Some loggerhead eggs even had
concentrations of PCBs and 4,4’-DDE that exceeded the mean level in snapping turtle
eggs from the most contaminated site in the Great Lakes. PCB concentrations also
exceeded the mean level of alligator eggs from three lakes in Florida. Sea turtle eggs
generally had lower OC concentrations than those measured in birds from the Great
Lakes, but higher concentrations of PCBs than oceanic albatross eggs.

The relatively high OC concentrations measured in sea turtle eggs should be
investigated for their potential impact on embryonic and hatchling development.
Additional sea turtle nesting populations should be analyzed to determine the range of
exposure among different species and locations. Loggerhead eggs from North
Carolina should be analyzed for OC contaminants and examined for sex reversal, since
these nests are expected to produce the majority of males. The Kemp’s ridley sea
turtle, the most endangered of all sea turtles species which nests on only one beach in
Mexico, has never been analyzed for egg concentrations of OCs. This species may be

of concern, because Kemp’s ridley turtles generally accumulate the highest adipose
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concentrations among all the sea turtle species. Many spend their juvenile phase in the
Gulf of Mexico which receives large masses of OC contaminants from the Mississippi
River (Rostad 1997).

Even though juvenile sea turtles accumulate less OCs than most wildlife, we
do not know whether they are affected by these levels of contaminants. Differential
sensitivity between species is becoming more apparent, and we are beginning to
realize that it is difficult to determine threshold concentrations. For example, atrazine,
a commonly-used herbicide, is found at ppb concentrations in many surface and
ground waters. These concentrations were thought to be safe until a recent study
showed that tadpoles became hermaphrodites at these concentrations (Hayes et al.
2002a, 2002b). Additionally, sex reversal of developing reptiles with temperature-
dependent sex determination (TSD) appears to be highly sensitive to estrogenic
contaminants (Sheehan et al. 1999). As we study compounds at lower concentrations
and examine more sensitive species and life stages, it is likely that we will see effects

below so-called safe concentrations.

EFFECTS OF CONTAMINANTS ON SEA TURTLES
Extremely little is known about how contaminants may affect sea turtles. Only
a handful of studies have investigated this issue. Most deal with the effects of oil or
petroleum products (Lutcavage ef al. 1995; Vargo et al. 1986). For example, crude oil
caused sloughing of skin, anemia, increased white blood cell counts, and decreased
plasma glucose levels in loggerhead sea turtles (Lutcavage ef al. 1995). Only two

studies have examined the effects of OC compounds on sea turtles. Podreka et al.
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(1998) showed that DDE failed to reverse the sex of embryonic green sea turtles.
Another study analyzed tissues of green sea turtles from Hawaii to compare OC
concentrations between turtles with and without fibropapillomas (Aguirre et al. 1994).
This disease affects several populations and species of sea turtles and has been
associated with areas of urban development (George 1997). Because of high detection
limits, Aguirre and coauthors were not able to detect any OC compound in either
group, nor would they have been able to detect the higher OC levels typically found in
loggerhead sea turtles. Thus, more research is needed to determine whether OC
compounds in green turtles are contributing to this disease. The abundant evidence
that OCs are affecting wildlife populations and the occurrence of OC contaminants in

sea turtles warrants investigation into their sensitivity to contaminants.

OBJECTIVES OF THE CURRENT STUDY

The overall goal of the current study was to address whether the current levels
of contaminants in juvenile sea turtle tissues could potentially harm two vital rates,
survival and reproduction. Within that context, this study had three major objectives:
1. to investigate the use of blood as a non-invasive sampling technique to measure
OCs in sea turtles;
2. to examine relationships between OC concentrations and indicators of poor health
and immunotoxicity; and

3. to assess potential endocrine disruption in sea turtles by OC contaminants.
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Additionally, this study investigated the use of in vitro cell culture models in order to
experimentally examine the sensitivity of the sea turtle immune and endocrine systems

to OCs.
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Table 1.1. Mean (SD) organochlorine contaminant concentrations (ng/g wet mass unless stated otherwise) in tissues of sea turtles.

Stage/
Species Sex” Status” Tissue® Year® Location PCB 153 Sum PCBs 4,4'-DDE Sum DDTs Chlordanes* N Reference
Loggerhead BJ L plasma 1998 - 2001 NC 2.10(1.61) 7.13 (4.94) 0.575 (0.294) 0.578 (0.294) 0.238 (0.155) 5 Keller et al . submitted
Loggerhead BJ L RBC 1998 - 2001 NC 0.479 (0.394) 1.72 (1.35) 0.448 (0.329) 0.457 (0.320) 0.135(0.135) 5 Keller et al . submitted
Loggerhead BJ L blood 1998 - 2001 NC 1.50 (1.27) 5.14 (3.95) 0.576 (0.305) 0.583 (0.307) 0.260 (0.182) 5  Keller et al . submitted
Loggerhead BJ L, ill blood 1999 - 2002 NC 127 (191) 14.9 (22.3) 5.83 (9.06) 3 Kelleretal.inprepb
Loggerhead BJ L, HL blood 1999 - 2002 NC 5.17 (4.58) 0.582 (0.508) 0.209 (0.168) 47 Keller et al. in prep b
Loggerhead BJF L, VIG blood 2000 NC-SC 1.59 6.94 0.512 0.541 0.128 2 Kelleretal.inprepc
Loggerhead BJIF L, HL, blood 2000 - 2001 NC - FL 1.06 (0.759) 4.54 (3.61) 0.519 (0.502) 0.534 (0.507) 0.171 (0.113) 36  Kellereral.inprep ¢
no VTG
Loggerhead BJ L blood 2000 & 2001 NC 1.40 (1.35) 5.56 (5.28) 0.650 (0.704) 0.661 (0.704) 0.223 (0.192) 44  Kelleretal. in prep a
Loggerhead BJ L adipose 2000 & 2001 NC 80.9 (86.4) 256 (269) 64.4 (64.8) 67.0 (68.7) 26.9 (21.3) 44 Keller et al.in prep a
Loggerhead BJ& A D&EU adipose 1991 - 1992 VA -NC 146(120)° 551 (473) 195 (266) 206 (268) 20 Rybitski et al. 1995
Loggerhead J D adipose 1993 NE Italy ~ 87.93 (31.15 - 134.46) 334 (179) 4 Corsolini et al . 2000
Loggerhead J, AM, D adipose 1994 - 1995 Cyprus, 241 (17.7) 840 (60.0) 509 (173) 528 (185) 19.7 (11.6)° 3 Mckenzie et al . 1999
AF Greece
Loggerhead NR D adipose 1986 NR 647 300 618 1 Lakeetal.1994
Loggerhead BJ& A D&EU liver 1991 - 1992 VA -NC 49.8 (51.7)° 145 (158) 47.5 (104) 48.4 (105) 18  Rybitski et al. 1995
Loggerhead J D liver 1993 NE Italy ~ 26.92 (17.82 - 45.50) 119 (60) 4 Corsolini et al . 2000
Loggerhead 4] & D liver 1994 - 1995 Cyprus, 23.8(6.3) 99 (39.6) 78.2 (41.3) 79.6 (42.2) 297 (1.77) 5" Mckenzie et al . 1999
1AM Greece &
Scotland
Loggerhead J D liver NR East FL 64 (61)i 22 (33) 8  McKim and Johnson
1983
Loggerhead NR D liver 1986 NR 370 110 1 Lakeetal.1994
Loggerhead NR D liver 1988 NR 110 50 1 Lakeeral.1994
Loggerhead AF D liver 1990 - 1991 SE Italy 33.5(17.0 - 50.0) 20.9 (15.8 - 26.0) 2 Storelli and
Marcotrigiano 2000
Loggerhead AM D liver 1990 - 1991 SE Italy 415 (379 - 452) 95.9 (63.0 - 129) 2 Storelli and
Marcotrigiano 2000
Loggerhead BJ D kidney 1991 VA 0.89 (1.54)° 1.61 (2.78) ND ND 3 Rybitski et al. 1995
Loggerhead AF D kidney 1990 - 1991 SE Italy 36 (34.1 - 38.0) 13.1(12.4-13.9) 2 Storelli and
Marcotrigiano 2000
Loggerhead AM D kidney 1990 - 1991 SE Italy 198 (123 - 273) 25.4(23.1-27.8) 2 Storelli and
Marcotrigiano 2000
Loggerhead BJ D muscle 1991 VA ND%¢ ND ND ND 5 Rybitski et al . 1995
Loggerhead J D muscle 1993 NE Italy 2.99 (2.01 -4.24) 15(4) 4 Corsolini et al . 2000
Loggerhead J D muscle NR East FL 13 (13)‘ 8.0 (14.4) 9  McKim and Johnson
1983
Loggerhead AF D muscle 1990 - 1991 SE Italy 3.07 (1.65 - 4.49) 2.01(1.10-2.93) 2 Storelli and
Marcotrigiano 2000
Loggerhead AM D muscle 1990 - 1991 SE Italy 39.8(33.9-45.6) 2.25(2.15-2.34) 2 Storelli and

Marcotrigiano 2000
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Table 1.1. continued

Stage/
Species Sex” Status” Tissue’ Year® Location PCB 153 Sum PCBs 4,4-DDE Sum DDTs Chlordanes’ N Reference
Loggerhead AF D heart 1990 - 1991 SE Italy 9.35(9.05 - 9.65) 5.09 (4.02 - 6.15) 2 Storelli and
Marcotrigiano 2000
Loggerhead AM D heart 1990 - 1991 SE Italy 98.9 (81.1-117) 15.6 (5.43 -25.7) 2 Storelli and
Marcotrigiano 2000*
Loggerhead AF D lung 1990 - 1991 SE Italy 15.7(7.20 - 24.2) 7.03 (6.00 - 8.05) 2 Storelli and
Marcotrigiano 2000
Loggerhead AM D lung 1990 - 1991 SE Italy 82(74.2-89.7) 11.2(9.09 - 13.3) 2 Storelli and
Marcotrigiano 2000*
Loggerhead H D whole 1995 Cyprus, 7.08 (7.95) 40.3 (23.1) 43.9 (44.2) 47.8 (47.4) 3.68 (2A99)f 4 Mckenzie et al . 1999
Greece
Loggerhead E UH, UD whole 1995 Cyprus, 29 89 154 155 1.8 1 Mckenzie et al. 1999
Greece
Loggerhead E UH,V  egg contents 1992 NW FL 240-3720 ND ND - 800"™ ND 20" Alam and Brim 2000
Loggerhead E NR NR NR SC-GA 58-305 NR Hillestad et al . 1974
Loggerhead E L day 43- egg contents 1976 FL 78 (32-201)° 66 (21; 18-200)° ND-9%ND-17¢ 9 (9)" Clark and Krynitsky 1980
52
Loggerhead E UH, IN  egg contents 1976 FL 247 (23)° 19 (3)" Clark and Krynitsky 1980
Loggerhead E L day 0 egg 1979 FL 99 (56-150)° ND - 8¢ 56 (1)" Clark and Krynitsky 1985
to 61
Kemp's ridley J D blood 1999 MA 0.761 (0.793) 3.33(3.48) 0.688 (0.562) 0.717 (0.568) 0.321(0.312) 8 Kelleretal.inprepa
Kemp's ridley J D yellow fat 1998 -2000 MA & NC 161 (173) 701 (893) 99.6 (76.4) 101 (77.9) 103 (95.5) 9 Kelleretal.inprep a
Kemp's ridley J D brown fat 1998 -2000 MA & NC 135 (127) 525 (545) 90.9 (71.9) 92.8 (73.6) 84.2 (70.8) 10 Keller et al.in prep a
Kemp's ridley J D adipose 1991 VA -NC 189 (96.4)° 660 (333) 194 (98.2) 223 (106) 3 Rybitski et al. 1995
Kemp's ridley J D adipose 1985 NY 384 (289) 1250 (985) 386 (250) 454 (298) 129 (112)% 7  Lakeetal. 1994
Kemp's ridley J D adipose 1989 NY 161 (95.6) 476 (273) 232 (157) 261 (176) 48.9 (29.4) 6 Lakeeral.1994
Kemp's ridley J D liver 1991 VA -NC 151 (108)° 375 (225) 55.5(1.3) 64.2 (2.13) 3 Rybitski et al. 1995
Kemp's ridley J D liver 1980 NY 222 655 195 263 75.48 1 Lakeetal.1994
Kemp's ridley J D liver 1985 NY 238 (190) 738 (737) 253 (162) 300 (207) 86.0 (78.1)% 8 Lakeeral.1994
Kemp's ridley J D liver 1986 NY 217 680 173 213 53.6% 1 Lakeetal.1994
Kemp's ridley J D liver 1987 NY 77.9 (37.8) 218 (127) 176 (97.6) 205 (122) 29.6 (20.1)% 6 Lakeeral.1994
Kemp's ridley J D liver 1989 NY 95.3 (42.8) 272 (126) 137 (85.3) 156 (99.2) 27.5 (12.6) 6  Lakeeral. 1994
Leatherback AF EU blubber 1999 NC 664 2330 288 292 336 1 Kelleretal.inprepa
Leatherback AF EU adipose 1999 NC 41.0 129 132 132 15.8 1 Kelleretal.inprep a
Leatherback AM D adipose 1993 - 1996 Wales & 42.3(32.7) 152 (94.3) 45.0 (30.8) 3 Godley et al . 1998
Scotland
Leatherback AM D adipose 1993 + 1995 Scotland 26.9 (7.8 - 46) 113 (47 - 178) 33.5(10-57) 36 (14 - 58) 17 (12.0 - 22)° 2 Mckenzie et al . 1999
Leatherback AM D liver 1993 + 1995 Scotland 14 (13-1.5) 343.1-37) 4.1(1.7-6.5) 11.6 (9.1 - 14) 23(23- 2‘3)f 2 Mckenzie et al . 1999
Green M D adipose 2000 NC 28.7 81.1 15.0 15.0 153 1 Kelleretal.inprepa
Green J D adipose 1995 Cyprus, 15.3 (16.0) 136 (113) 9.13 (8.73) 12.4 (9.93) ND' 3 Mckenzie et al. 1999
Greece
Green IM, AF, D adipose 1992 - 1993 Hawaii 59 (79)'~J 285 (330)' 3 Miaoetal.2001

AM
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Table 1.1. continued

Stage/
Species Sex’  Status® Tissue® Year® Location PCB 153 Sum PCBs 4,4-DDE Sum DDTs Chlordanes* N Reference
Green J D adipose 1992 Hawaii 22.9(21.3) 4.97 (8.82) 5 Rybitski 1993
Green J D & EU liver, adipose, NR Hawaii <1000 <100 <509 12 Aguirre et al . 1994
kidney
Green J D liver 1995 - 1996 Cyprus, 6.42 (4.37) 33.6 (22.3) 4.83 (6.44) 6.03 (6.97) 0.8 (1 .51)f 9! Mckenzie et al . 1999
Greece
Green IM, AF, D liver 1992 - 1993 Hawaii 93 (345)'~J 51.6 ((,'7)1 3 Miaoetal.2001
AM
Green J D liver NR East FL 65 (1 6)i 3(5) 4 McKim and Johnson
1983
Green J D liver 1992 Hawaii 3.43 (6.85) 1.26 (2.52) 5 Rybitski 1993
Green J D muscle NR East FL 6.8 (1 'g)‘ 0.5 (0.6) 4 McKim and Johnson
1983
Green H D whole 1995 Cyprus, 0.4 (0.6) 4.7(72) 0.2(0.3) 2.03.3) 0.1(0.2)" 3 Mckenzie et al. 1999
Greece
Green E UD, UH whole 1995 Cyprus, ND 6.1 23 43 ND' 1 Mckenzie et al . 1999
Greece
Green E L,stage  albumin, 1995 Queensland, 13-24 15 (4)" Podreka er al . 1998
21 fluids, yolk & Australia
embryo
Green E L day 43- egg contents 1976 FL ND ND ND-5 ND - 47 NDY 2 (2) Clark and Krynitsky 1980
52
Green E UD ~day yolk 1972 Ascension 76 (64)° 3(3) 10 (4)" Thompson et al. 1974
30 Island

* BJ = Benthic juvenile; J = juvenile; A = adult; M = male, F = female; E = eggs; H = hatchling.

P L = live; ill = visibly ill (lethargic and emaciated); HL = healthy; VTG = abnormally expressing VTG; no VTG = no abnormal expression of VTG; D =
dead; EU = euthanized; UD = undeveloped; UH = unhatched; IN = infertile; V = various stages of development; stage or day of incubation is listed for
eggs.

¢ RBC = red blood cells; NR = not reported; ND = not detected within the limits of detection of each study.

4 sum of trans-, cis-chlordane, trans-, cis-nonachlor, and oxyclordane.

€153 plus minor congener of 132.

fsum of heptachlor, heptachlor epoxide, trans-, cis-chlordane, trans-nonachlor, and oxychlordane.

¢ trans-nonachlor only.

f‘ N=3 for chlordanes and sum DDT.

" sum of 4 Aroclors mixtures (1242, 1248, 1254, 1260), see Eganhouse and Gossett (1991) for problems associated with this method.

J approximation of values taken from a graph.

“back calculated values using mg/kg lipid concentrations and % lipid measured in each individual sample.

"Values were reported as ng/g dry weight.

™ p,p'-DDD was detected in only 2 sites at 753 and 800 ng/g dry weight, no other OC pesticides were detected.



Table 1.1. continued

" authors pooled 4-10 eggs per nest. 20 composite samples or 20 clutches were analyzed.

© geometric mean (range); total PCBs were measured as Aroclor 1260.

P arithmetic mean (standard error; range).

4 oxychlordane only.

"total # of eggs analyzed (out of a total # of clutches).

* average of the mean concentrations measured in the 3 most contaminated clutches (4 to 10 eggs from each clutch).
N=8 for chlordanes.

" sum of cis-chlordane, trans-, cis-nonachlor, and oxychlordane.

" Total PCBs were calculated as either Aroclor 1254 only or an average of 1248 and 1254.

Ie
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Table 1.2. Mean (SD) organochlorine contaminant concentrations (ng/g lipid) in tissues of sea turtles.”

Stage/
Species Sex”  Status"  Tissue’ Year Location PCB 153 Sum PCBs 4,4-DDE Sum DDTs Chlordanes® N Reference
Loggerhead BI L plasma 1998 - 2001 NC 861 (662) 2890 (2020) 243 (158) 244 (158) 101 (73.0) 5  Keller et al . submitted
Loggerhead BJ L RBC 1998 - 2001 NC 170 (150) 610 (509) 150 (93.3) 154 (89.8) 45.9(47.2) 5  Keller et al . submitted
Loggerhead BJ L blood 1998 - 2001 NC 474 (373) 1600 (1130) 193 (141) 195 (140) 85.4 (64.8) 5 Keller et al . submitted
Loggerhead BJ L,ill blood 1999 - 2002 NC 316000 (500000) 36400 (58700) 14500 (23600) 3 Kelleretal.inprepb
Loggerhead BJ L,HL  blood 1999 - 2002 NC 2140 (1980) 234 (186) 86.0 (63.6) 47  Keller et al.in prep b
Loggerhead BJF L,VTG blood 2000 NC-SC 1060 4270 331 358 87.4 2 Kelleretal.inprepc
Loggerhead BJF L,HL, blood 2000-2001 NC-FL 530 (549) 2360 (2980) 231 (229) 239 (233) 79.8 (58.5) 36 Keller et al. in prep ¢
no VTG
Loggerhead BJ L blood 2000 - 2001 NC 634 (975) 2490 (3700) 300 (578) 305 (577) 102 (151) 44  Kelleretal.inprep a
Loggerhead BJ L adipose 2000 - 2001 NC 736 (1170) 2010 (2960) 445 (643) 452 (643) 246 (412) 44  Kelleretal.inprepa
Loggerhead BJ& A D & EU adipose 1991 VA -NC 542 (944)f 1890 (3240) 385 (578) 414 (611) 5  Rybitski et al. 1995
Loggerhead  J, AM, D adipose 1994 - 1995 Cyprus, 637 (408) 2310 (1690) 1260 (599) 1310 (631) 45.1 (21.6)% 3 Mckenzie et al. 1999
AF Greece
Loggerhead BJ& A D& EU  liver 1991 VA -NC 365 (629)" 1100 (1920) 304 (460) 307 (459) 5 Rybitski et al. 1995
Loggerhead 4] & D liver 1994 - 1995 Cyprus, 294 (46.8) 1270 (621) 1110 (796) 1130 (811) 24.0 (24.9)% 5" Mckenzie ef al. 1999
1AM Greece,
Scotland
Loggerhead J D liver 1990-1991 SE Italy 5010(1220) 1420(250) 5 Storelli and
Marcotrigiano 2000
Loggerhead AF D liver 1990-1991 SE Ttaly 350(210) 410(250) 6 Storelli and
Marcotrigiano 2000
Loggerhead AM D liver 1990-1991 SE Italy 2800 (2650 - 3010) 700 (420 - 900) 2 Storelli and
Marcotrigiano 2000
Loggerhead J D kidney 1990-1991 SE TItaly 4200(830) 1230(360) 5 Storelli and
Marcotrigiano 2000
Loggerhead AF D kidney 1990-1991 SE Ttaly 340(70) 220(190) 6 Storelli and
Marcotrigiano 2000
Loggerhead AM D kidney  1990-1991 SE Italy 2180 (1700 - 2650) 300 (270 - 320) 2 Storelli and
Marcotrigiano 2000
Loggerhead J D muscle 1990-1991 SE Ttaly 2030(960) 540(190) 5 Storelli and
Marcotrigiano 2000
Loggerhead AF D muscle 1990-1991 SE Italy 160(60) 180(100) 6 Storelli and
Marcotrigiano 2000
Loggerhead AM D muscle 1990-1991 SE TItaly 1930 (1740 -2120) 110 (100 - 120) 2 Storelli and
Marcotrigiano 2000
Loggerhead J D heart 1990-1991 SE Ttaly 3520(1600) 1130(360) 5 Storelli and
Marcotrigiano 2000
Loggerhead AF D heart 1990-1991 SE Italy 250(100) 130(50) 6  Storelli and

Marcotrigiano 2000




Table 1.2. continued

Stage/
Species Sex”  Status®  Tissue Year Location PCB 153 Sum PCBs 4,4-DDE Sum DDTs Chlordanes® N Reference
Loggerhead AM D heart 1990-1991 SE Italy 2370 (2240 - 2500) 350 (150 - 550) 2 Storelli and
Marcotrigiano 2000
Loggerhead J D lung 1990-1991 SE Italy 2950(970) 480(240) 5 Storelli and
Marcotrigiano 2000
Loggerhead AF D lung 1990-1991 SE Italy 250(100) 140(80) 6  Storelli and
Marcotrigiano 2000
Loggerhead AM D lung 1990-1991 SE Italy 1860 (1450 - 2270) 245 (230 - 260) 2 Storelli and
Marcotrigiano 2000
Loggerhead H D whole 1995 Cyprus, 102 (114) 571 (319) 560(523) 610 (557) 46.8 (31.5)° 4 Mckenzie et al . 1999
Greece
Loggerhead E UD,UH whole 1995 Cyprus, 483 1480 2570 2580 308 1 Mckenzie et al. 1999
Greece
Loggerhead E UH,late egg 1993 SC 1188 (311)' 16 (16)' Cobb and Wood 1997
stage  contents
Loggerhead E UH, late CAM 1993 SC 10100 (5466)i 16 (16)j Cobb and Wood 1997
stage
Loggerhead E UH,UD egg 1993 SC 2556 (1202)' 44y Cobband Wood 1997
contents
Kemps ridley J D blood 1999 MA 216 (248) 985 (1250) 166 (147) 172 (147) 77.2 (81.6) 8 Kelleretal.inprepa
Kemps ridley J D yellow fat 1998 -2000 MA & NC 247 (244) 1050 (1220) 154 (111) 156 (113) 158 (138) 9 Kelleretal.inprepa
Kemps ridley J D brown fat 1998 -2000 MA & NC 377 (512) 1110 (1030) 254 (332) 257 (332) 240 (331) 10 Keller et al. in prep a
Leatherback AF EU blubber 1999 NC 2570 9040 1120 1130 1300 1 Kelleretal.inprepa
Leatherback AM D blubber 1988 Wales 1200 1 Davenport et al. 1990
Leatherback AF EU adipose 1999 NC 3500 11000 1120 1120 1340 1 Keller et al . in prep a
Leatherback AM D adipose 1993 - 1996 Wales & 93.6 (83.6) 327 (250) 97.8 (77.5) 3 Godley et al . 1998
Scotland
Leatherback AM D adipose 1993 + 1995 Scotland 51.3 210 63.8 67.5 26.92 2 Mckenzie et al . 1999
Leatherback AM D liver 1993 + 1995 Scotland 11.5 27.3 35.6 96.1 18.7% 2 Mckenzie et al . 1999
Green M D adipose 2000 NC 64.4 182 33.6 33.6 34.2 1 Kelleretal.inprep a
Green M D adipose 1998 NE Australia 70 171 45 53 15 1 Vetter et al . 2001
Green J D adipose 1995 Cyprus, 47.5 (50.2) 432 (344) 28.5 (25.6) 38.9 (28.8) ND? 3 Mckenzie et al. 1999
Greece
Green J D liver 1995 - 1996 Cyprus, 42.8(27.3) 222 (131) 28.0 (27.1) 39.6 (29.8) 3.64 (7.28)¢ 9ok  Mckenzie et al . 1999
Greece
Green H D whole 1995 Cyprus, 4.53 (7.84) 58.4 (88.7) 2.06(3.56) 24.8(40.5) 1.65(2.85)¢ 3 Mckenzie et al . 1999

Greece
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Table 1.2. continued

Stage/
Species Sex”  Status®  Tissue’ Year Location PCB 153 Sum PCBs 4,4'-DDE Sum DDTs Chlordanes® N  Reference
Green E UD,UH whole 1995 Cyprus, ND' 87.1 329 61.4 ND# 1 Mckenzie et al . 1999
Greece
Green E UD~day yolk 1972 Ascension 939 (698)™ 36 (33) 10 (4)J Thompson et al . 1974
30 Island

* values either came directly from the published study or were lipid-normalized from wet mass concentrations using % lipid values.

° BJ = Benthic juvenile; J = juvenile; A = adult; M = male, F = female; E = eggs; H = hatchling.

¢ L = live; ill = visibly chronically ill; HL = healthy; VTG = abnormally expressing VTG; no VTG = no abnormal expression of VTG; D = dead; EU =
euthanized; UD = undeveloped; UH = unhatched; stage or day of incubation is listed for eggs.

4 RBC = red blood cells; CAM = chorioallantoic membrane.

¢ Sum of trans-, cis-chlordane, trans-, cis-nonachlor, and oxychlordane unless otherwise stated.

153 plus minor congener of 132.

£ Sum of heptachlor, heptachlor epoxide, trans-, cis-chlordane, trans-nonachlor, and oxychlordane.

f‘ N=3 for chlordanes.
" mean (standard error).

J total # of eggs analyzed (out of a total # of clutches).

X' N=8 for chlordanes, N=8 for Sum DDTs.

"'ND = not detected with each studies detection limits.
™ Sum PCBs were calculated as either Aroclor 1254 only or an average of 1248 and 1254.



Table 1.3. Comparison of sea turtle blood OC concentrations to other species.”

ng/g wet mass ng/g lipid
Stage/
Species Sex” Tissue”  Year®  Location® Sum PCBs 4,4-DDE Sum PCBs 44-DDE N Reference
Loggerhead JF&IJM Blood 2000-2001 North Carolina 5.56 (5.28) 0.650 (0.704) 2490 (3700) 300 (578) 44 Keller et al . in prep a
American alligator M Serum 1995  Lake Apopka, FL 1.2 (0.5 7.35(2.41)° 6 Guillette ez al . 1999
American alligator JF Serum 1995  Lake Apopka, FL 2.4(03) 17.98 (5.35)° 7 Guillette ez al . 1999
American alligator M Serum 1995  Lake Woodruff, FL 1.25 (0.15)F 0.92 (0.06)° 14 Guillette ez al . 1999
American alligator JF Serum 1995  Lake Woodruff, FL 2.1(0.5) 1.28 (0.33)° 6 Guillette et al . 1999
American alligator ™M Serum 1995  Orange Lake, FL 1.5(0.1) 0.92 (0.06)° 11 Guillette et al . 1999
American alligator JF Serum 1995 Orange Lake, FL 12 (()‘3,)Cf 0.77 (0.03)¢ 7 Guillette ez al . 1999
American alligator JF&IM  Serum 1995 all FL lakes 1.54(0.12)° 51 Guillette et al . 1999
Snapping turtle AM Plasma 1995 Hamilton Harbor, 414.8 (351.7) 10.1 (4.3) 9 de Solla et al . 1998
L. Ont
Snapping turtle AM Plasma 1995 Lynde Creek, L. 263.3 (116.2) 21.7 (3.0) 2 de Solla et al . 1998
Ont
Snapping turtle AM Plasma 1995  Jack L. 17.8 (7.8) 0.7 (0.9) 10 de Solla et al . 1998
Snapping turtle AM Plasma 1995 L. Sasajewun 18.2(12.5) 0.2 (0.4) 4 de Solla et al . 1998
Lake Erie water snake ~AM Plasma 1998 W Lake Erie 167 5 47851 1433 4 pooled Bishop and Rouse 2000
Northern water snake ~ AM Plasma 1998  E Lake Ontario 3 2 344 229 4 pooled Bishop and Rouse 2000
Northern water snake M Plasma 1998 Little Lake, central 12 3 1875 469 4 pooled Bishop and Rouse 2000
Ontario
Diamondback water NR Blood  1994-1995 Texas, ORS® 733 (140 - 3830)% 5 Clark et al . 2000
snake
Diamondback water NR Blood  1994-1995 Texas, PLY ND 5 Clark et al . 2000
snake
Cotonmouth NR Blood  1994-1995 Texas, ORS* 759 (260 - 2220)% 5 Clark et al . 2000
Red-eared slider turtle  NR Blood  1994-1995 Texas, ORS* 124 (56.1 - 274)¢ 5 Clark et al . 2000
Red-eared slider turtle  NR Blood  1994-1995 Texas, RPL® ND- 19 5 Clark et al . 2000
Red-eared slider turtle  NR Blood  1994-1995 Texas, ML* ND 5 Clark et al . 2000
Caspian terns prefledg  Plasma 1997-1999 N. Channel, L. 22 -8o™ 78-19™ 15-30  Grasman and Fox 2001
Huron
Caspian terns prefledg  Plasma 1997-1999 Saginaw Bay, L. 110 - 300™ 23 -90™ 15-30  Grasman and Fox 2001
Huron
Bald eagle chicks Plasma 1990-1996 N. Lake Erie 129.5 (9.9 - 326)' 22.4 (3.6 - 139.4) 30 Donaldson ef al. 1999
Bald eagle chicks Plasma 1993 Lake Nipigon 47.1(21.0-197.2)' 23.9 (12.6 - 85.0)' 7 Donaldson et al. 1999
Bald eagle chicks Plasma 1992 Lake of the Woods 149.8 (114.6 - 195.7)' 54.0 (40.1 - 72.6)' 2 Donaldson ef al. 1999
Bald eagle chicks Plasma 1993 Upper Michigan 56.0 (11.1) 9.93 (4.02) 9824 (3995) 1718 (812) 4 Kumar et al . 2002
Bald eagle chicks Plasma 1993-1994 British Columbia 1.9-114 0.6 - 86 50 Elliott and Norstrom 1998
American kestrel M&F Plasma 1975 Idaho & Colorodo 182 (266) 28 Henny and Meeker 1981
Bottlenose dolphin IM & AM Blood 1991 Sarasota, FL 402 (323,263 - 752)1 237(220,12.7 - 536.3) 5 Lahvis et al . 1995
Harbor seal™ pups Blood 1994  Atlanic Ocean 7109 788% 3090870 3426094 11 pooled de Swart et al. 1995
Harbor seal™ pups Blood 1994  Baltic Sea 15062 2779% 6846364 12631824 11 pooled de Swart et al . 1995
Grey seal pups RBC 1991 Norway 4.6(7.6,1-32) 24(33,03-12) 2820 (2957) 1349 (1477)k 17 Jenssen et al . 1994




Table 1.3. Continued

ng/g wet mass ng/g lipid
Stage/
Species Sex” Tissue® Year”  Location® Sum PCBs 4,4'-DDE Sum PCBs 4,4'-DDE N Reference
Polar bear AF with  RBC 1990-1994 Svalbard 12.92" 0.096" 6460 (2710 - 11200)° 48 (<40 - 170)° 11 Bernhoft et al. 1997
cub
Polar bear J RBC  1990-1994 Svalbard 2900 - 40100 <40-710 39 Bernhoft et al . 1997
Harp seal AFfat  Blood 1998  Greenland Sea 1.13' 0.28" 201 (55)" 50 20)™ 10 Lydersen ef al . 2002
Harp seal AF lean  Blood 1999  Greenland Sea 8.1 2.244 1447 (800)" 400 (150)™ 7 Lydersen et al . 2002
Northern fur seal AF mom Blood 1996  St. George Island, 14.5(2.6) 1.4 (0.9) 7250 700" 19 Beckman et al. 1999
Alaska
Northern fur seal pups Blood 1996  St. George Island, 20.6 (6.9) 7.8(9.2) 6867 2600" 48 Beckman et al . 1999
Alaska
Human (fish eaters) AF Plasma 1992 Ontario 3.4(0.7-23.0)" 2.9(0.2 - 26.0)° 4652 (117.1 -2428.8)"  364.1 (22.4 - 3031.6)° 51 Kearney et al. 1999
Human (no fish) AM Plasma 1992 Ontario 3.9(1.1-12.00" 2.3(0.4-16.0)° 4425 (154.0 - 1484.3)®  292.8 (72.1 - 1855.3)° 45 Kearney et al. 1999
Human (fish eaters) ~ AM Plasma 1992 Ontario 5.5(0.9-21.00" 3.8(0.5-51.0)° 613.6 (142.4 - 2562.6)®  383.1 (73.7 - 4611.4)° 101 Kearney et al. 1999
Human (Canadian Inuit) M & F Blood 1992 N. Quebec 15.2(1.19 - 65.9)' 30 Sandau et al . 2000
Human pooled Blood NR S. Quebec 0.488 pool  Sandau et al. 2000
Human (no fish) AM Plasma NR SE Sweden 1.5 (0.6 - 3.5)¢ 24(0.6-5.1) 470 (220 - 760)% 750 (290 - 1100) 9" Asplund et al . 1994
Human (moderate) AM Plasma NR SE Sweden 1.8 (0.8-3.3)% 3.5(0.7-11) 580 (330 - 860)% 1200 (300 - 1900) 147 Asplund et al . 1994
Human (high) AM Plasma NR SE Sweden 3.4(0.7 - 6.6)° 14 (1.8 -33) 1000 (400 - 2400)* 4500 (1300 - 14000) 147 Asplund et al . 1994

* Concentrations are means (SD or range) unless otherwise stated.

® A =adult; J = juvenile; S = subadult; M = male; F = female; NR = not reported; RBC = red blood cells.
¢ Sites in bold indicate that effects were noted in those animals.

4 ORS = OId River Slough, RPL = Research Park Lake; PL = Private Lake; ML = Municipal Lake, all within 17 km of Texas A&M, College Station, TX.
¢ mean (SE); ng/ml.

Festimated values from a graph.

¢ geometric mean (95% confidence intervals).

%‘ range of the mean concentrations for each year.

' geometric mean (range).

J sum of tri- through deca-chloro PCBs.

¥ sum DDTs.

''back calculated using mean and mean %lipid.

™ pups from NE Scotland were fed fish from either the Atlanic Ocean or Baltic Sea for 1 year.

" back calculated using median and median %lipid.

° median (range).

P PCB is Aroclor 1260.

9PCB 153 only.

"N for lipid normalized values are 8 for no, 7 for moderate, and 11 for high fish intake.



Table 1.4. Comparison of sea turtle adipose OC concentrations (ug/g) to other species.”

ug/g wet mass ug/g lipid

Species” Stage/Sex” Tissue”  Year” Location Sum PCBs 4,4-DDE Sum PCBs 4,4-DDE N Reference
Loggerhead BJ adipose 2000 - 2001 North Carolina 0.256 (0.269) 0.0644 (0.0648) 2.01 (2.96) 0.445 (0.643) 44 Keller et al . in prep a
Leatherback AF adipose 1999 North Carolina 0.129 0.0132 11.0 1.12 1 Keller e al . in prep a
Leatherback AF blubber 1999 North Carolina 2.33 0.288 9.04 1.12 1 Keller et al . in prep a
Snapping turtle adipose 1988 Grasse R. & Snye Marsh, 258-1010 2 Hong et al . 1998

St. Lawrence R.
Snapping turtle M adipose  1988-1989  Lake Ontario 633.292 87.598 1 Olafsson et al . 1983
Snapping turtle M adipose  1988-1989  Hudson R, NY 3608 14.999 1 Olafsson et al . 1983
Snapping turtle adipose NR NY 4.2 - 1600 2 Bryan et al. 1987
Snapping turtle adipose NR Hudson R, NY 750 1 Rappe et al . 1981
Snapping turtle F adipose  NR 6 sites in NY 98.651 (207.187)° 0.119 (0.197)° 196.993 (351.199)" 0.60 (0.453)" 6 Paganoetal. 1999
Snapping turtle adipose  1976-1978  Hudson R, NY 2990 (2990) 104 (215) 11" Stoneetal. 1980
Snapping turtle adipose  1976-1978  Other NY waters 464 (716) 115 (264) 9 Stone et al . 1980
Snapping turtle M adipose  1981-1982 MD 41.2(37.24) 0.390 (0.310) 7 Albers et al . 1986
Snapping turtle F adipose  1981-1982  MD 36.17 (81.16) 0.100 (0.160) 6 Albers et al . 1986
Snapping turtle M adipose  1981-1982 NI Brackish 291.13 (304.82) 0.160 (0.290) 8 Albers et al . 1986
Snapping turtle F adipose  1981-1982  NJ Brackish 34.07 (15.56) 0.260 (0.440) 3 Albers et al . 1986
Snapping turtle M adipose  1981-1982 NI Freshwater 23.55(11.19) 2.03 (1.24) 8 Albers et al . 1986
Snapping turtle adipose 1981 Minnesota 2.14 (1.89) 265 (223) 15 Helwig and Hora 1983
Snapping turtle F adipose 1974 Towa ND 1 Punzo et al . 1979
Midland painted turtle M adipose 1974 Towa 0.018 1 Punzo et al . 1979
Midland painted turtle adipose NR Tennessee 2.672 (0.589)° 2 Owen and Wells 1976
Red-eared slider turtle adipose NR Tennessee 4.558 (3.886)° 3 Owen and Wells 1976
American alligator neonate adipose NR Bear Island, SC 0.75 (0,57)r 7.542 (NR)r 13 Bargar et al . 1999
Northern water snake F adipose 1974 Towa 0.079 (ND - 0.300) 13 Punzo et al . 1979
Northern water snake M adipose 1974 Towa 0.215 (ND - 0.625) 5 Punzo et al . 1979
Red-sided garter snake F adipose 1974 Iowa 0.036 1 Punzo et al . 1979
Smooth green snake F adipose 1974 Towa ND 1 Punzo et al . 1979
Western plains garter F adipose 1974 Towa 0.112 1 Punzo et al . 1979
snake
Western plains garter M adipose 1974 Towa 0.01 2 Punzo et al . 1979
snake
Python A adipose 1999 NE Australia >0.380 0.03 1 Vetter et al . 2001
Laysan albatross A fat 1993-1994  Midway Atoll, N Pacific 2.11-2.75 2 pools of Jones et al. 1996
Bald eagle JF fat 2000 Michigan 8.1-17 1.6-2.3 9.85-22.6 1.95 - 3.06 2 Kumar et al . 2002
Mallard NR fat 1989 Raquette R. 9.2 1 Hong et al . 1998
Herring gull NR fat 1992-1994  Korea 7.818 (1.8 - 24.0) 2.675 (1.136 - 5.100)% 7 Choi et al . 2001
Bottlenose dolphin J blubber 1995 Beaufort, NC 38.33 (14.01) 21 Schwacke et al . 2002
Bottlenose dolphin AM blubber 1995 Beaufort, NC 70.27 (7.92) 2 Schwacke et al . 2002
Bottlenose dolphin AF blubber 1995 Beaufort, NC 4.24 (1.18) 4 Schwacke et al . 2002




Table 1.4. Continued

ug/g wet mass ug/g lipid
Species® Stage/Sex”  Tissue’ Year” Location® Sum PCBs 4,4-DDE Sum PCBs 4,4-DDE N Reference
Bottlenose dolphin J blubber 1992 Matagorda Bay, TX 86.24 (74.43) 19 Schwacke et al . 2002
Bottlenose dolphin AM blubber 1992 Matagorda Bay, TX 91.21 (53.60) 7 Schwacke et al . 2002
Bottlenose dolphin AF blubber 1992 Matagorda Bay, TX 10.27 (14.50) 7 Schwacke ez al . 2002
Bottlenose dolphin J blubber 1997-1999  Sarasota Bay, FL 76.78 (62.94) 19 Schwacke et al . 2002
Bottlenose dolphin AM blubber 1997-1999  Sarasota Bay, FL 76.18 (84.03) 6 Schwacke ez al . 2002
Bottlenose dolphin AF blubber 1997-1999  Sarasota Bay, FL 5.07 (4.27) 11 Schwacke et al . 2002
Bottlenose dolphin AM blubber 1990 Matagorda Bay, TX 13.7-414 10 Finklea e al. 2000
Bottlenose dolphin AF blubber 1995 & 1999 NE Australia 0.794 - 1.722 0.420 - 1.683 2 Vetter et al. 2001
Bottlenose dolphin M blubber 1996-1997  NE Australia 6.601 - 25.524 11.303 - 52.416 2 Vetter et al . 2001
Bottlenose dolphin AF, SM, AM  blubber 1992 NE Italy 584 (456) 170 (190)% 1000 (750) 330 (390)* 7 Corsolini et al . 1995
Risso's dolphin AM & SF blubber NR W Italy 20-610 5.2 - 4002 42 - 1000 11 - 6708 2 Corsolini et al . 1995
Common dolphin JF blubber 1995 NE Australia 0.627 0.396 1 Vetter et al . 2001
Striped dolphin mixed, E blubber 1990-1992  Mediter. Sea 855.9 (569) 30 Borrell et al. 1996
Striped dolphin mixed, E blubber 1990 Mediter. Sea ~750" 72 Aguilar and Borrell 1994
Striped dolphin mixed, L blubber 1987-1991  Mediter. Sea ~300" 109  Aguilar and Borrell 1994
Dall's porpoise AM blubber 1984 NW Pacific 9.02 (3.88) 11.0 (3.08) 12 Subramanian et al. 1987
Harbor seal mixed, E blubber 1988 UK. 21.1(5.03 - 54.9) 2.03 (0.040 - 4.60) 57.5(7.62 - 337) 4.86 (0.108 - 25.3) 34  Halletal.1992
Harbor seal mixed, L blubber 1989 UK. 13.5(0.273 - 99.7) 1.04 (0.30 - 10.0) 32.7 (0.496 - 348) 2.34(0.055-17.8) 54  Halletal.1992
California sea lion AF (Pre) blubber 1970 San Miguel Island, CA 112.4 (85 - 145) 824.4 (626 - 1039)¢ 133.8' 981.4'¢ 6 DeLong et al. 1973
California sea lion AF (F-T) blubber 1970 San Miguel Island, CA 17.1 (12 - 25) 103.2 (51 - 203)* 20.1° 121.4 4 DeLong et al . 1973
Beluga whale F blubber 1987-1990  St. Lawrence estuary 29.6 (8.82 - 833)“ 10.4 (1.736 - 52.3) 21 Muir ez al . 1996
Beluga whale M blubber 1987-1990  St. Lawrence estuary 78.9 (8.33 - 412)i 47.07 (2.1 - 249)i 15 Muir ez al . 1996
Killer whale mixed, R blubber 1994-1999  Kenai Fjords/Prince 3.9 (4.5) 3.1 (41 14 (13) 11 (12) 64  Ylitalo et al. 2001
William Sound, AK
Killer whale mixed, T blubber 1994-1999  Kenai Fjords/Prince 59 (43) 71 (54) 230 (130) 280 (180) 13 Ylitalo et al. 2001
William Sound, AK
Polar bear AM adipose 1996 N Alaska 3.59 (1.44) 0.0616 (0.0403) 4.34 (1.83) 0.0739 (0.0482) 5 Kucklick et al . 2002
Dugong mixed blubber  1996-1999  NE Australia > 0.069 - 0.209 ND - 0.161 8 Vetter et al . 2001

* Concentrations are means (SD or range) unless otherwise stated.
" E =died during epizootic; L = live before or after epizootic; A = adult; J = juvenile; S = subadult; M = male; F = female; P = pregnant;

= females had premature pups; F-T = females that had full-term pups; R = resident; T = transient; NR = not reported.

¢ BI = Bear Island, SC. Sites in bold are locations in which effects were noted.

4 all sites were averaged, mean lipid concentrations were converted to wet mass concentrations using mean lipid at each site.
“ mean (SE) from control turtles, not from turtles exposed in the laboratory.
fvalues were estimated from graphs, PCB 153 only, and DDE plus minor PCB 85.

€ total DDTs.

f‘ estimated medians from graph.
"back calculated using mean and mean % lipid.
J geometric mean (range).

L = lactating; Pre



Table 1.5. Comparison of sea turtle egg OC concentrations to other species.”

ng/g wet mass ng/g lipid
Speciesb Year® Location®™ Sum PCBs 4,4-DDE Sum PCBs 4,4-DDE N¢ Reference
Loggerhead 1992 NW Florida 240-3720 80+ (20)° Alam and Brim 2000
Loggerhead 1976 Florida 78 (32_201)f 66 (21; 18-200)% 909) Clark and Krynitsky 1980
Loggerhead 1993 South Carolina 1188 (311)% 16 (16)  Cobb and Wood 1997
Snapping turtle 1998 Hamilton Harbor, L. Ont 2956.28 (1448.36) 135.14 (85.67) 43157.37" 1972.85" 70 (14)  de Sollaet al. 2002
Snapping turtle 1998 Akwesasne, St. Law. R. 3377.00 (3265.34) 10.00 (6.56) 46579.31" 137.93" 15(3) deSollaetal.2002
Snapping turtle 1998 Algonquin Park 20.33 (10.79) 1.67 (0.58) 379.29" 31.16" 15(3) deSollaetal.2002
Snapping turtle 1998 Akwesasne, St. Law. R. 95289 (259577) 117.63 (296.86) 1033503" 1275" 40 (8)  deSollaeral.2001
Snapping turtle 1989 Algonquin Park 17.9 (8.8) 1.8 (0) 35(7) Bishopetal.1998
Snapping turtle 1989 Rondeau Park, L. Erie 616.8 (404.1) 36.9 (26.4) 30(6) Bishopetal.1998
Snapping turtle 1989 Big Creek, L. Erie 388.3 (245.4) 54.7 (28.9) 25(5) Bishopetal.1998
Snapping turtle 1989 Hamilton Harbor, L. Ont 2082.4 (919.4) 311.9 (154.0) 35(7) Bishopetal.1998
Snapping turtle 1990 Hamilton Harbor, L. Ont 3574.9 (2089.5) 388.8 (251.6) 60 (12) Bishop et al. 1998
Snapping turtle 1991 Lynde Creek, L. Ontario 1429.6 (484.9) 231.8 (108.6) 40 (8)  Bishop et al. 1998
Snapping turtle 1991 Cranberry Marsh, L. Ontario 241.4 (173.5) 31.6 (21.8) 15(3) Bishopetal.1998
Snapping turtle 1989 Trent River, L. Ontario 834.9 (759.6) 71.3 (69.8) 20 (4)  Bishopetal. 1998
Snapping turtle 1990 Akwesasne, St. Law. R. 3945.8 (1425.4) 67.8 (22.9) 35(7) Bishopetal. 1998
Snapping turtle 1976-1978 Hudson River, NY 23400 (12100) 151 (267) 6 (6)i Stone et al . 1980
Snapping turtle 1974 Towa nd 1(1) Punzo et al . 1979
Snapping turtle 1974 Rondeau Park, L. Erie 1390 - 1920/ 150 - 210 31591 - 36923™" 3409 - 4038" 2 Bishop and Gendron 1998
Snapping turtle NR 6 sites in NY 3277 (4775) 7.3(7.5) 70333 (121163) 118 (119) 6 (6) Pagano et al. 1999
American alligator 1984 Lake Apopka, FL 170 (ND - 450)k 5800 (3400 - 76()0)k 6(3) Heinz et al . 1991
American alligator 1984 Lake Okeechobee, FL ND 870 (380 - 32()())k 14(7)  Heinzetal. 1991
American alligator 1984 Lake Griffin, FL 80 (ND - 670)k 450 (100 - 2400)“ 12(6) Heinzetal. 1991
American alligator CAM NR BIL, SC 711 (250)° 15(3) Cobbetal.1997
American alligator CAM NR YWC, SC 1671 (483)¢ 14(7)  Cobbetal.1997
American alligator E NR BI, SC 386 (81)¢ 19(3) Cobbetal.1997
American alligator E NR YWC, SC 3763 (1175)¢ 19(7)  Cobbetal. 1997
American alligator NR BI, SC 333.0 (171.7 - 645.8)' 19(7)  Cobb et al. 2002
American alligator NR YWC, SC 3176 (197()_5120)‘ 19(7)  Cobb et al. 2002
American alligator NR RWR, LA 218.3 (94.0-507.0)' 5(5) Cobb et al . 2002
American alligator NR BIL, SC 250 (150)™ 2632 (NR) 13 (NR) Bargar et al. 1999
Chrysemys picta marginata 1974 L. Huron & L. Erie 1190 (1455) 195 (153) 25783 (3 1617)Jh 4088 (3158)h 6 Bishop and Gendron 1998
Apalone spiniferus 1974 Rondeau Park, L. Erie 5680 720 71000™ 9000" 1 Bishop and Gendron 1998
Graptemys geographica 1974 Canadian Great L. Basin 1408 (1398)’ 275 (253) 22408 (17063f“ 4499 (2836)h 4 Bishop and Gendron 1998
Emydoidea blandingi 1974 Long Point, L. Erie 330 - 340 160 - 160 4250 - 5156 2000 - 2500" 2 Bishop and Gendron 1998
American crocodile 1997 Turneffe Atoll 111 (22) 12(5) Wuetal.2000a
Morelet's crocodile 1997 S Belize 103 31) 11(4)  Wuetal.2000a




Table 1.5. Continued

ng/g wet mass ng/g lipid

Speciesb Year” Location™ Sum PCBs 4,4'-DDE Sum PCBs 4,4'-DDE N¢ Reference
Morelet's crocodile 1998 Gold Button Lagoon, N Belize 67 (52) 17(8)  Wuetal.2000b
Morelet's crocodile 1998 New R. Lagoon, N Belize 71 (26) 6 (1) Wu et al . 2000b
American crocodile 1977-1978 Everglades, FL 520 (450)" 1160 (830)" 23(8) Halleral.1979
Northern water snake 1974 Towa 60 (nd - 274) 909) Punzo et al . 1979
Red-sided garter snake 1974 Towa 52 1(1) Punzo et al. 1979
Western plains garter snake 1974 Towa 31 1(1) Punzo et al . 1979
Northern water snake 1993 Twelve Mile Creek 4460 (4410) 6 (6) Fontenot et al . 2000
Northern water snake 1993 Reference L. Issaqueena 180 (160) 33 Fontenot et al . 2000
Herring gull 1992 N. Channel, L. Huron 6670 4030 1 pool of 12 Grasman et al . 1996
Herring gull 1992 Saginaw Bay, L. Huron 27450 7780 1 pool of 12 Grasman et al . 1996
Caspian tern 1992 N. Channel, L. Huron 4310 930 Grasman et al . 1996
Caspian tern 1992 Saginaw Bay, L. Huron 7540 3120 Grasman et al . 1996
Caspian tern 1997-1999 N. Channel, L. Huron 3550 (2000 - 5540) 1090 (590 - 2080) 39° Grasman and Fox 2001
Caspian tern 1997-1999 Saginaw Bay, L. Huron 5690 (3450 - 8550) 1240 (980 - 1510) 39° Grasman and Fox 2001
Bald eagle 1974-1980 Lake Erie 84000 (63100 - 139400) 24400 (13800 - 35800) 6 Donaldson et al . 1999
Bald eagle 1989-1994 Lake Erie 26400 (11700 - 43700) 10800 (2700 - 22200) 6 Donaldson et al . 1999
Bald eagle 1993-1996 Lake of the Woods 3270 (1300 - 12100) 3300 (900 - 12600) 7 Donaldson et al . 1999
Brown pelican (S) 1971-1972 SC 5500 1770 11(11) Blusetal.1974

& Brown pelican (U) 1971-1972 SC 7940 3230 26 (26) Blusetal.1974

S Laysan albatross 1993 Midway Atoll, N. Pacific 177 - 220 20° Jones et al . 1996
Black-footed albatross 1993 Midway Atoll, N. Pacific 688 1 pool of 10 Jones et al. 1996

* Concentrations are means (SD or range) unless otherwise stated.

® CAM = chorioallantoic membrane; E = egg tissues; S = successful nest; U = unsuccessful nest; NR = not reported; YWC = Yawkey Wildlife Center; BI = Bear
Island, RWR = Rockefeller Wildlife Refuge.

¢ Sites in bold are locations in which effects were noted.

% total # of eggs analyzed (out of a total # of clutches).

¢ pooled 4-10 eggs per nest. 20 clutches were analyzed.

f geometric mean (range); total PCBs were measured as Aroclor 1260.

£ arithmetic mean (standard error; range).

f‘ back calculated using mean and mean % lipid.

"N =5 (5) for DDE.

I to