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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
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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
21



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.
25



(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 total PCBs are Aroclor 1254:1260.

¥ geometric mean (range).

" means were calculated from log-transformed nest means (95 % cofidence limits).
™ PCB 153 only, estimated from graph.

" mean of the mean concentration per clutch.

® 3 pools of 13 eggs (1 pool/year); mean (range) of 3 years.

P 2 pools of 10 eggs each.
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subcellular to individual levels that may affect vital rates of populations. Toxicologists typically focus on subcellular to

individual levels of organization, but those toxicological effects can cause consequences at higher levels, including reduced

survival, reproductive failure, and altered growth. All of which can ultimately affect populations.
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Figure 1.2. Diagram of the life history of loggerhead sea turtles that nest along the southeast coast of the U.S. The approximate
duration and growth of each stage is provided. Turtle lengths (cm) are straight carapace length from the nuchal notch to the notch
in the posterior marginal scute. Arrows indicate general migration patterns of each life stage. Numbers above each arrow are
provided for the ease of following the chronological stages of loggerhead turtle development.



CHAPTER TWO

Organochlorine contaminants in loggerhead sea turtle blood: extraction techniques
and distribution among plasma and red blood cells
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ABSTRACT

Few studies have described the organochlorine (OC) contaminant
concentrations found in sea turtle tissues. These studies have relied on the
opportunistic sampling of either eggs or tissues from stranded carcasses. In this study,
the use of whole blood samples as well as both blood components (plasma and red
blood cells) were examined as a non-destructive alternative for monitoring OCs in
free-ranging loggerhead sea turtles (Caretta caretta). Blood samples were collected
from juvenile loggerhead sea turtles (N=12) captured in Core Sound, North Carolina,
USA and analyzed for 55 polychlorinated biphenyl (PCB) congeners and 24 OC
pesticides by gas chromatography with electron capture detection and mass
spectrometry. Using pooled loggerhead sea turtle whole blood, three different
liquid:liquid extraction techniques were compared. Results were similar in terms of
recovery of internal standards, lipids, and OC concentrations. An extraction
technique, employing formic acid and 1:1 methyl-tert-butyl-ether:hexane, was found
to be satisfactory. This method was applied to the extraction of OCs from whole
blood, plasma, and red blood cell (RBC) samples from five loggerhead sea turtles.
Plasma contained the highest OC concentrations on a wet mass basis, followed by
whole blood and RBCs. The majority of each OC compound was found in the plasma
rather than the RBCs, suggesting that OC compounds preferentially partition into the
plasma. On average (SD), 89.4 % (3.1 %) of total PCBs, 83.4 % (11.9 %) of total
chlordanes, 74.3 % (15.1 %) of mirex, 72.6 % (4.8 %) of total DDTs, and 80.1 %
(16.6 %) of dieldrin were found in the plasma. The concentrations of total PCBs,

mireX, total chlordanes, and total DDTs measured in both fractions of the blood
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significantly correlated to those in whole blood. These are the first reported OC
concentrations in the sea turtle blood. They were found to be similar to previously
reported levels in blood components of humans and of reptiles from relatively clean
sites, but lower than those measured in blood of fish-eating birds and marine
mammals. The results indicate that blood, preferably plasma, can be used to detect

and monitor OC contaminants in loggerhead sea turtles.

INTRODUCTION

Polychlorinated biphenyls (PCBs) and organochlorine (OC) pesticides, such as
DDT, have contaminated the global environment (Iwata ef al. 1994). Once widely
used in industry and agriculture, most of these compounds were banned from use in
developed countries starting in the 1970s mainly because of their reproductive toxicity
and carcinogenicity. However, OC contaminants continue to be detected in
environmental samples and animal tissues due to their persistence, their ability to
bioaccumulate through the food chain, and their continued use in some
underdeveloped countries (i.e.; Iwata ef al. 1994, Letcher et al. 1995, Rybitski et al.
1995).

Because of their toxicity and environmental persistence, it is important that OC
contaminants be monitored in wildlife populations. This is especially critical for
species that are threatened with extinction, as these compounds may produce
detrimental health effects and contribute to population declines in these vulnerable
species. All species of sea turtles are listed as threatened or endangered under the U.S.

Endangered Species Act or the Convention of International Trade of Endangered
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Species (Pritchard 1997). There is little information available on the levels of
contaminants in sea turtle tissues, and currently no long-term monitoring projects are
in place for these animals (for review see Pugh and Becker 2001).

OC contaminants are generally measured in fatty tissues since they are highly
lipophilic. In previous studies, fatty tissues from sea turtles, such as fat, liver, muscle,
and eggs have been collected opportunistically from either unhatched eggs or stranded
turtle carcasses in order to measure OCs (Corsolini et al. 2000, Rybitski et al. 1995,
Cobb and Wood 1997, Mckenzie ef al. 1999). Recently, however, researchers have
started to use blood in wildlife monitoring studies (i.e.; Henny and Meeker 1981,
Jenssen et al. 1994, Elliott and Norstrom 1998, Reddy et al. 1998, Bishop and Rouse
2000, Sandau et al. 2000). Blood offers several benefits over traditional tissue
sampling. It can be collected easily and relatively non-destructively from free-ranging
populations and facilitates the repeated collection of larger numbers of samples, which
improves both the monitoring of OC levels and the assessment of toxicological effects.
Blood OC concentrations have been used as a surrogate for concentrations in fatty
tissues. For example, blood OC concentrations were significantly correlated to
concentrations measured in the blubber of marine mammals, in brains of birds, and in
fat biopsies of humans (Reddy et al. 1998; Henny and Meeker 1981; Mes 1992).
However, it is difficult to compare the results of these past studies because they differ
in their choice of extraction techniques or blood fractions used in the analysis of
contaminants.

Prior studies on OCs in blood have employed everything from whole blood to

any one of its components. Whole blood can be separated into a liquid fraction
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(plasma or serum) and a packed red blood cell (RBC) fraction by simple
centrifugation. Serum is collected after the blood is allowed to clot, while plasma is
collected from blood that is mixed with an anti-coagulant, so it retains fibrinogen and
other clotting factors. The liquid fractions contain lipoproteins and other proteins,
such as albumin, which are known to bind and transport OC contaminants (see Norén
et al. 1999). OCs also bind to membranes and hemoglobin in the RBC fraction (Moss
and Hathway 1964). The goals of our study were to determine whether OCs could be
reliably detected in the blood of loggerhead sea turtles (Caretta caretta), to describe
an effective method for extracting OCs from their whole blood, and to establish the

physical partitioning of OCs within their blood.

MATERIALS AND METHODS

Samples

Twelve juvenile loggerhead sea turtles were captured between June 1998 and
July 2001 as bycatch in the pound net fishery in Core Sound, North Carolina, USA.
Seven of the turtles were female, three were male, and two were of unknown sex.
Turtles ranged in size from 62.1 cm to 79.6 cm straight carapace length (notch to tip).
Based on their size, these turtles may be estimated at somewhere between 10 and 30
years of age (Snover 2002). Two 10 mL blood samples were collected from each
turtle within 15 min of capture from the dorsocervical sinus using double-ended
needles and blood collection tubes containing sodium heparin (Becton Dickinson,
Franklin Lakes, NJ). Whole blood was kept on ice until frozen at -20 °C. The second

blood sample from each turtle was centrifuged at 400 x g for 5 min to separate the
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plasma and red blood cells (RBCs). The outside of each blood tube was marked at the
meniscus of the plasma and at the top of the packed RBCs. The plasma was
transferred to a hexane-rinsed glass vial using hexane-rinsed glass transfer pipets. The
plasma and remaining RBCs were frozen at -20 °C. Once the RBCs were removed
from the original tubes for contaminant analysis, the volume of total blood and RBCs
were determined. Packed cell volume (PCV) was estimated as the volume of packed
RBCs divided by the total blood volume.

Blood extraction techniques

Three different extraction techniques (A, B, and C) were compared to
determine the relative efficiency of extracting OC contaminants from loggerhead sea
turtle whole blood (Fig. 2.1). Blood pooled from 7 juvenile loggerhead sea turtles was
sonicated and divided into 5 g aliquots. Three replicate blood tubes and a blank tube
containing 5 mL deionized water were then assigned to each extraction technique (A,
B, or C). An internal standard solution (0.2 g) of isooctane was added to each tube
resulting in the addition of 35 ng of each of the following compounds: 4,4’-DDT-dj,
4,4’-DDE-ds, 4,4’-DDD-d;, Endosulfan I-d,, PCB 103 and PCB 198. Tubes were
mixed well and allowed to set on ice for at least 2 h.

Extraction techniques were chosen based upon published methods and personal
communications. Technique A was used by the National Institute of Standards and
Technology (NIST) to determine the certified values for Standard Reference Material
(SRM) 1589a (PCBs, Pesticides, and Dioxins/Furans in Human Serum) and was
similar to another published method (Dr. Michele Schantz, personal communication,

Hovander ef al. 2000). Technique A (Fig. 2.1) was carried out by adding 5 mL of
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hexane-rinsed 98 % formic acid followed immediately by the addition of 5 mL of 1:1
(v/v) methyl-fert-butyl ether (MTBE):hexane. These tubes were shaken by vortex for
2 min. Technique B (Fig. 2.1) was modified from a protocol developed for measuring
dioxins in human whole blood (Dr. David J. Brown, personal communication). These
tubes (technique B) received 25 mL of acetone and were mixed by shaking. Then,
they received 1 mL 98 % formic acid and were mixed by inversion. These tubes were
extracted by the addition of 10 mL 1:1 MTBE:hexane. Technique C (Fig. 2.1) was a
method reported in a study measuring OCs in Antarctic seabird blood (van den Brink
et al. 1998). This technique employed 25 mL acetone followed by an addition of 10
mL of 1:1 MTBE:hexane.

Emulsions formed from each extraction technique were broken by adding
another 5 mL of 1:1 MTBE:hexane to the tubes. Organic layers from all extraction
tubes were transferred to clean tubes and the blood samples were re-extracted with 10
mL 1:1 MTBE:hexane. Organic layers were combined with the previous fractions and
a third extraction was carried out. For the third extraction, tubes in technique A
received 10 mL of hexane, while those in techniques B and C received 10 mL of 1:1
MTBE:hexane. The organic layers were combined with the previous fractions. As
each organic layer from techniques B and C was transferred, they were washed three
times with 5 mL of aqueous 1 % KCI (mass:volume) to remove water. The combined
final extracts were reduced by evaporation with purified N (Turbovap 11, Zymark,
Hopkinton, MA).

Lipid content was determined gravimetrically for all blood samples and NIST

SRM 1589a. Approximately 5 % to 10 % of each extract by weight was removed and
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transferred to a tared aluminum weighing boat. The solvent in the weighing boat was
allowed to evaporate at room temperature for 6 h to 12 h. The mass of dried lipid
residue was measured to the nearest 0.0001 mg.

Four calibration solutions were prepared from 5 NIST SRMs: 2261
(Chlorinated Pesticides in Hexane), 2275 (Chlorinated Pesticides in Hexane II), 2262
(Chlorinated Biphenyl Congeners in 2,2,4-trimethylpentane), 2274 (PCB Congener
Solution II), and a solution containing 14 additional PCB congeners. The calibration
curve ranged from approximately 50 pg to 3,500 pg. An internal standard solution of
isooctane was added to each calibration solution resulting in the addition of
approximately 35 ng of each of the following compounds: 4,4’-DDT-ds, 4,4’-DDE-d,
4,4°-DDD-ds, Endosulfan I-d,, PCB 103 and PCB 198. The calibration solutions were
not extracted.

Sample Clean-up

High molecular mass compounds in the blood extracts were removed by gel
permeation chromatography (GPC) on a 600 mm x 25 mm (10 pum particle size with
100 A diameter pores) PLGel column (Polymer Labs, Amherst, MA) using CH,Cl,
according to Kucklick et al. (2002). Following separation, sample extracts were
reduced in volume to approximately 0.5 mL using the Turbovap and the solvent was
changed to hexane.

The sample extracts and the calibration solutions were fractionated into
relatively lower and higher polarity fractions (F1 and F2, respectively) using a semi-

preparative aminopropylsilane column (uBondapak NH,, Waters) (Kucklick et al.
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2002). Each fraction was amended with 5 ng PCB 14 prior to analysis in order to
calculate percent recovery of internal standards. Compounds contained in F1 included
PCBs, heptachlor, 2,4’-DDE, 4,4’-DDE, 2,4’-DDT, hexachlorobenzene (HCB), aldrin,
mirex, and oxychlordane. Analytes in F2 included 4,4’-DDT, cis- and trans-
chlordane, cis- and trans-nonachlor, a- -, and y-hexachlorocyclohexane (HCH),
heptachlor epoxide, 2,4’-DDD, 4,4’-DDD, dieldrin, endrin, endosulfans I and II, and
endosulfan sulfate.
Contaminant Analysis

OC compounds contained in F1 were identified by gas chromatography (GC)
with dual micro-electron capture detectors (ECD) (Hewlett Packard 6890; Kucklick et
al. 2002). Organochlorines were separated using a 60 m, 0.25 mm interior diameter,
0.25 pm film thickness, 5 % phenyl methyl-poly-siloxane capillary column (DB-5
column, J&W Scientific, Folsom, CA) and a 60 m, 0.25 mm interior diameter, 0.25
pum film thickness proprietary phase capillary column (DB-XLB column, J&W
Scientific, Folsom, CA). The injector and detector temperatures were 220 °C and 325
°C, respectively. The carrier and makeup gasses were H, (constant velocity of 30
cm/s) and N, (30 mL/min), respectively. Samples were injected into the GC (2 pl,
splitless injection), and the oven was programmed for 90 °C initially (1 min hold) to
170 °C at 18 °C /min, then 1 °C /min to 260 °C then ramped to 300 °C at 1.5 °C /min
(107 min run time). The coplanar PCB congeners (PCB 77, PCB 126, and PCB 169)
were not targeted for analysis, because the levels of these compounds in sea turtle

blood would likely be well below the limits of detection (10 pg/g wet mass).
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OC compounds in F2 were determined using a Hewlett Packard 6890/5973
GC-MS operating in the electron-impact (EI) mode and using selected ion monitoring
(SIM) programs targeting only the analytes in this fraction. By quantifying the F2
compounds using GC-MS, the signal to noise ratio was greatly improved, which was
not a problem with the F1, resulting in more reliable quantification of these
compounds. Samples were injected (2 pl) onto a 60 m, 0.25 mm interior diameter,
0.25 pm film thickness, 5 % phenyl methyl-poly-siloxane capillary column (DB-5
MS, J&W Scientific, Folsom, CA). Helium was used as the carrier gas at a constant
flow rate of 30 cm/s. The initial column temperature was 60 °C; the temperature was
then ramped to 170 °C at 25 °C /min, then to 200 °C at 1 °C /min, then to 240 °C at 2
°C/min. The final ramp brought the temperature to 300 °C at 10 °C / min, with a 10
min hold. The ions used to determine the analytes are given in Table 2.1.

The amount of each compound in the unknowns was calculated using the mass
of PCB 14 added and the slope and intercept of the four calibration solutions. PCB 14
was used to calculate percent recovery of internal standards and all values were
corrected with those recovery estimates. The average recovery of PCB 103 and PCB
198 was used to correct all analytes in F1, except for 2,4’-DDE, 4,4’-DDE, and 2,4’-
DDT where the percent recovery of 4,4’-DDE-dswas used. When the values from the
GC-ECD were similar between columns, they were averaged. In cases where the
values from the two columns disagreed, the smaller value of the two was reported. In
F2, all compounds were corrected for the percent recovery of 4,4’-DDD-dg, except

4,4’-DDT which was corrected using the recovery of 4,4’-DDT-d.
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Analysis of NIST SRM 1589a (Human Serum) and plasma, red blood cells, and
whole blood from individual turtles

Five bottles of NIST SRM 1589a (PCBs, Pesticides, and Dioxins/Furans in
Human Serum) were analyzed for OC contaminants. Each bottle of freeze-dried
serum was reconstituted with water according to the instructions in the Certificate of
Analysis. Briefly, 10.0 mL of deionized water was added to each bottle. The bottles
were mixed periodically over 1 h at room temperature.

OC contaminants were analyzed in plasma, RBCs, and whole blood samples
from 5 individual loggerhead sea turtles (3 females and 2 males) all captured in July
2001. Analytical conditions for the NIST SRM 1589a and the turtle samples were
identical to those described above except for the following modifications (Fig. 2.1).
Extraction technique A was used to extract approximately 10 g of reconstituted human
serum, 3 g of turtle plasma, 3 g turtle RBCs, and 4 g turtle whole blood.
Approximately 3 ng of each internal standard compound was added to these samples
prior to extraction. The tubes were mixed by sonication for 15 min and allowed to set
for 2 h at room temperature. In order to reduce emulsions, the third re-extraction used
10 mL 1:1 MTBE:hexane instead of hexane. Remaining water was removed from the
combined organic extracts with 5 g to 10 g of anhydrous Na,SO4. Sample clean-up
was carried out using alumina columns prepared using the methods described in
Holden and Marsden (1969). Briefly, alumina was activated by heating to 800 °C for

4 h and then deactivated by adding 5 % H,O. Above glass wool, 2 g of alumina was
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poured into a glass pipet and topped with Na,SO4. Hexane (30 mL) was used to elute
the OC compounds from the column. After fractioning each sample and calibration
solution on the aminopropylsilane column, approximately 5 ng of PCB 14 was
amended to each fraction.

The percentage of each compound distributed into the plasma or RBCs was
calculated using the following equation:

% in fraction; = (C,P)/[(C,P}) + (C,P2)]*100

where C; is the concentration of a compound in fraction; of the blood on a wet mass
basis, P; is the proportion of whole blood consisting of fraction; on a volume basis
(calculated by PCV), and C; and P, are the same as above for fraction, of the blood.

Lab blanks (5 mL deionized water) and field blanks were processed with each
sample batch. Field blanks were 5 mL deionized water pulled through a Vacutainer
needle directly into a Vacutainer tube, both of which were previously taken into the
field.
Statistics

All statistical tests were performed using Systat 8.0 (SPSS, Inc, Chicago, IL).
Differences in percent recovery of internal standards, percent lipid, and final
contaminant concentrations among the three extraction techniques were analyzed
using analysis of variance (ANOVA) and the Tukey multiple comparison test.
Pearson correlations were calculated to compare the contaminant concentrations

between the different blood components.
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RESULTS

The three extraction techniques resulted in similar percent recovery of the
internal standards and resulted in similar lipid values from the pooled loggerhead sea
turtle whole blood (Table 2.2). Significant differences were noted for only PCB 198
in which technique A extracted less than techniques B and C. Percent lipid
determined in the pooled blood did not differ among the extraction techniques.

Fifty-five PCB congeners and 24 OC pesticides were targeted for analysis.
Twenty-four PCBs and 7 pesticides were detected in the pooled loggerhead sea turtle
whole blood (Table 2.3). Figure 2.2 shows a representative chromatogram of
loggerhead sea turtle whole blood. Each of the extraction techniques allowed for the
detection of the major compounds. Few differences in OC concentrations were
observed among the techniques. Technique A resulted in the detection of slightly
higher concentrations of PCB 99, PCB 158, PCB 163, dieldrin, trans-nonachlor, and
total chlordanes than technique C. Extraction technique A resulted in the detection of
lower concentrations of PCB 206 than techniques B or C. Although some significant
differences were detected, the three techniques were generally similar, at most
differing by only 24 %.

In order to validate the analytical method, OC contaminants were determined
from five bottles of NIST SRM 1589a (Human Serum) using extraction technique A.
The OC concentrations were compared to the certified and reference values (Table
2.4). The results differed from the mean certified values by less than 30 % for all
compounds, except PCB 118, PCB 206, PCB 209, and trans-nonachlor. The

measured concentrations of PCB 74, mirex, and 2,4’-DDE also substantially differed
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from the mean reference values. Interfering, unknown compounds may have
artificially increased the measured concentrations of PCB 118, PCB 206, PCB 209,
trans-nonachlor, and mirex, while the reason for the lower observed concentrations of
PCB 74 and 2,4’-DDE is unknown. The observed concentrations of 4,4’-DDT closely
matched the reference value for SRM 1589a; however, the GC-MS peak for 4,4’-DDT
in the turtle samples was abnormally shaped and did not consist of the correct target
ions. The 4,4’-DDT concentrations, therefore, were not reported for the turtle samples
nor were they included in the calculation of total DDTs for the turtle samples.

PCB and pesticide concentrations were compared between both components of
the blood (plasma and RBCs) and whole blood from five individual loggerhead sea
turtles (Table 2.5). Generally, plasma contained the highest concentrations of OCs on
a wet mass basis, followed by whole blood and RBCs. In the turtles with lower levels
of OCs, several compounds were below the limits of detection in the RBC fraction.

As indicated by the large standard deviations, the blood OC concentrations varied
greatly among individual turtles, suggesting that some turtles are exposed to or are
accumulating higher levels than others.

The partitioning of OCs was calculated between plasma and RBCs. Estimated
packed cell volume (PCV) averaged 35.2 % and ranged from 22.7 % to 40.7 %. Using
these values we calculated the percentage of OC masses that were distributed between
the plasma and RBCs. Plasma contained a larger percentage of OC contaminants than
the RBC fraction (Fig. 2.3). Plasma comprised 65 % of loggerhead sea turtle blood
and contained 81 % to 95 % of the individual congeners of PCBs and chlordanes. The

plasma also contained approximately 80 % of the total masses of dieldrin and 75 % of
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mirex and DDTs found in whole blood. Therefore, the majority of OC compounds
preferentially partitioned into the plasma even though no differences in lipid content
were observed between plasma, RBC, or whole blood. When comparing the OC
concentrations measured in the two fractions to each other or to whole blood,
significant correlations were observed for most compounds (Table 2.6). Dieldrin,
however, did not correlate between the whole blood and the two fractions. The lack of
correlation for dieldrin was most likely due to the fact that many of the samples were

below the detection limit.

DISCUSSION

This study is the first to report OC concentrations in sea turtle blood and to
provide comparative methods for extracting OC contaminants from their blood.
Additionally, this study provides the first comparison of the distribution of OC
contaminants among the plasma and cellular components of whole blood in a reptile
species.

The extraction techniques selected for this study were compiled from several
sources (see methods section) and differed mainly in their use of formic acid. Formic
acid used in techniques A and B was expected to aid in the extraction of most
compounds and decrease the amount of lipid and acid-sensitive dieldrin recovered
from the samples. Interestingly, lipid recovery did not differ between the three
techniques, and technique A resulted in the detection of higher dieldrin concentrations
than the acid-free extraction employed by technique C. These results suggest that

formic acid did not negatively affect lipid determinations nor acid-sensitive
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compounds. Based on these data and in order to remain consistent with the methods
currently used for the certification of SRM 1589a, technique A with slight
modifications was chosen for future analyses.

Other techniques such as solid phase extraction (SPE) are available to extract
OCs from blood components (Guillette ez al. 1999). SPE can easily extract plasma
and serum samples but not coarse tissues such as whole blood or RBC. Coarser
samples must first be extracted using a liquid:liquid technique prior to employing the
SPE (Volz et al. 2001).

Regardless of which technique is employed, insufficient sample volumes or
high analytical costs often limit the number of replicates that can be analyzed for each
sample. When each sample can only be analyzed once, which is often the case, it is
important to extract replicates of a pooled sample or a standard material in order to
estimate the variation in measured contaminant concentrations. This study provides
two estimates of variation, a) the standard deviation observed from the bottles of
human serum (SRM 1589a, Table 2.4) and b) the standard deviation of the three
replicates of pooled loggerhead sea turtle blood for each extraction technique (Table
2.3). Among the three extraction techniques, the standard deviations for most
compounds are very similar and relatively small (Table 2.3). Between loggerhead sea
turtle blood (technique A) and the human serum, the standard deviations are also
similar, except for those compounds that are found at a higher concentration in one
than the other (i.e.; 4,4’-DDE). These known standard deviations could provide an
estimate of variation for future analyses of sea turtle blood when only one replicate

can be analyzed per sample. It should also be noted that analytical error in measuring
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OCs in sea turtle blood (see SD of the pooled turtle blood in Table 2.3) is much
smaller than the biological variation of OCs measured among 5 individual turtles
(Table 2.5).

OC contaminants were detectable in both fractions of the blood (plasma and
RBCs) as well as whole blood. The OC concentrations measured in the two fractions
correlated to those detected in whole blood and to each other for the majority of the
compounds. The same relationship has been observed for total PCB concentrations
between human whole blood and plasma (Sandau et a/. 2000) and for chlordanes,
DDE, and total PCB concentrations between polar bear plasma and RBCs (Bernhoft et
al. 1997). Future studies should examine the relationship between blood OC
concentrations and those in fatty tissues of sea turtles to determine if blood can be
used as a surrogate for those tissues.

OC contaminants preferentially partitioned into the liquid fraction of sea turtle
blood, which is similar to observations in mammalian studies. Harbor seal blood is
made up of approximately 33 % serum and 66 % RBCs, but 41 % of PCBs that were
measured in whole blood were found in the serum, suggesting that substantial amounts
of OC compounds bind to non-cellular molecules (Boon ef al. 1987). Matthews and
others (1984) injected Sprague-Dawley rats with eight PCB congeners to investigate
the distribution of the PCBs between the plasma and RBC fractions. The larger
proportion of each PCB congener (52 % to 83 %) was found in the plasma. Similarly,
the majority of hexa- to octa-chlorinated PBCs, frans-nonachlor, and DDTs were
found in human serum or plasma rather than the RBC fraction (Mes ef al. 1992). OC

contaminants are known to associate with plasma proteins, such as lipoproteins and
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albumin (see Norén et al. 1999). This could explain the partitioning of OCs into the
plasma.

The results observed with sea turtle blood suggest that any blood component
may be used to measure OCs, but plasma offers significant advantages. Plasma
contained the highest concentrations of OCs, therefore allowing for better detection of
compounds. Operationally, plasma is easier to use because it resulted in fewer
emulsions during the liquid:liquid extraction, and it can be passed directly through a
solid phase extraction cartridge. However, for large-scale field projects that survey
sea turtle populations, collecting whole blood is simpler and minimizes the potential of
contaminating the sample in the field. If feasible, the blood components can be
separated by centrifugation and the tubes then frozen in an upright position. Later, the
blood can be thawed and plasma removed carefully from the underlying RBCs without
contamination.

The blood OC concentrations (mean, and/or ranges on a wet mass basis)
measured in the loggerhead sea turtles were similar to those reported for other reptile
species. PCB concentrations measured in the blood of loggerhead sea turtles (mean =
5.14 ng/g; range = 1.01 ng/g — 11.0 ng/g) were similar to concentrations reported in
blood components of the adult northern water snakes (3 ng/g — 12 ng/g) from the Great
Lakes and juvenile American alligators (1.54 ng/mL) from lakes in central Florida
(Bishop and Rouse 2000; Guillette ef al. 1999). The loggerhead blood PCB
concentrations were lower than those in plasma of snapping turtles from reference
lakes (~ 18 ng/g) and contaminated sites (means ranged from 263 ng/g to 415 ng/g) in

the Great Lakes (de Solla ef al. 1998).
60



Compared to PCB concentrations in blood components of fish-eating or
predatory birds, the loggerhead sea turtle has one to three orders of magnitude lower
levels of PCB contaminants. For example, total PCBs in plasma of Caspian tern
chicks from Lake Huron were reported to range from 20 ng/g to 400 ng/g (Grasman
and Fox 2001). Total PCB concentrations in the plasma of bald eagle chicks from
Lake Erie ranged from 9.9 ng/g to 326 ng/g (Donaldson et al. 1999), and from the
Pacific coast of Canada they ranged from 1.9 ng/g to 114 ng/g (Elliott and Norstrom
1998).

PCB levels in loggerhead sea turtle blood were similar to those measured in
RBC from grey seal pups from Norway (1 ng/g — 32 ng/g; Jenssen et al. 1994), but
substantially lower than those in blood of bottlenose dolphins from Sarasota, Florida
(26.3 ng/g — 752 ng/g; Lahvis et al. 1995). Compared to humans, PCB levels in
loggerhead blood were similar to the mean plasma concentration of fish-eating men
from Ontario, Canada (5.5 ng/g; Kearney ef al. 1999) and slightly lower than those
seen in Canadian Inuit blood (15.2 ng/g; Sandau et al. 2000).

Similar comparisons can be observed for 4,4’-DDE concentrations.
Loggerhead blood concentrations of 4,4’-DDE (0.576 ng/g) were similar to alligator
and snapping turtles from reference sites (means ranged from 0.2 ng/g to 1.28 ng/g),
but lower than those animals from contaminated sites (7.35 ng/g — 21.7 ng/g; Guillette
et al. 1999; de Solla ef al. 1998). The loggerhead had three orders of magnitude
lower 4,4’-DDE concentrations than blood of snakes and red-eared slider turtles from

a site in Texas (56.1 ng/g — 3830 ng/g; Clark et al. 2000). DDE concentrations in the
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birds and marine mammals mentioned previously were typically one to three orders of
magnitude higher than those of loggerhead sea turtles.

In conclusion, OC concentrations are relatively low in sea turtle blood, but the
sensitivity of sea turtles to these levels is unknown. OC contaminants were detected in
loggerhead sea turtle blood components and a liquid:liquid extraction technique
(technique A) employing formic acid and 1:1 MTBE:hexane was determined to be
sufficient for future analyses. This analytical technique was validated using a similar
tissue matrix, human serum (NIST SRM 1589a). Additionally, loggerhead sea turtle
plasma was determined to contain the largest proportion of OC compounds found in
the whole blood, suggesting that plasma may be the best blood component to use when
monitoring OCs in sea turtles. Numerous studies, worldwide, survey sea turtle
populations and many already collect blood for genetic research. This fact combined
with the results and methods described in this study indicate that monitoring OCs may
now be easily incorporated in these projects using non-destructive and selective blood

sampling.
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Table 2.1. Target ions for GC-MS used to identify compounds in fraction 2.

Compound Major ion Minor ion
PCB 14 222 -
>HCHs 219 217
4,4-DDT 235 237
4,4-DDT-d8 243 245
2,4-DDD 235 237
4,4'-DDD 235 237
4,4'-DDD-d8§ 243 245
heptachlor epoxide 353 355
trans- and cis -chlordane 373 375
trans - and cis -nonachlor 409 407
dieldrin 263 265
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Table 2.2. Mean (SD) percent recovery of internal standards and percent lipid content
extracted from pooled whole blood of juvenile loggerhead sea turtles extracted with
three different techniques.

Technique A (%) Technique B (%) Technique C (%)  Differences™ b

PCB 103 41.1 (5.5) 442 (3.6) 46.6 (1.8) NS
PCB 198 43.6 (5.9) 52.4 (1.9) 58.4 (3.4) A<B<C
4,4'-DDE-d, 42.8 (6.3) 46.8 (2.1) 51.2(3.3) NS
4,4-DDD-d, 49.1 (1.6) 46.2 (0.9) 49.6 (6.6) NS
4,4-DDT-dg 59.8 (2.9) 60.3 (3.0) 60.8 (10.0) NS
Percent lipid 0.200 (0.076)  0.267 (0.058)  0.175 (0.096) NS

? Differences were determined by the Tukey Multiple Comparison Test (p < 0.05).
® NS, not significant.
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Table 2.3. Mean (SD) organochlorine concentrations (pg/g wet mass) in pooled whole
blood of seven juvenile loggerhead sea turtles extracted with three different
techniques.

Technique A Technique B Technique C

(pg/g wet mass)  (pg/g wet mass)  (pg/g wet mass) Differences™”
PCB 66 48.3 (6.0) 44.1 (6.7) 39.2 (3.0) NS
PCB 99 457 (19) 430 (8) 406 (13) A>C
PCB 105 152 (14) 135 (7) 130 (9) NS
PCB 118 392 (24) 385 (15) 367 (14) NS
PCB 128 102 (9) 96.3 (3.4) 94.6 (6.7) NS
PCB 138 2630 (53) 2560 (10) 2520 (76) NS
PCB 146 342 (11) 333 (3) 325 (%) NS
PCB 149 19.3 (2.2) 21.5(5.8) 20.4 (2.9) NS
PCB 153 2110 (190) 2130 (197) 2090 (144) NS
PCB 156 49.4 (6.3) 49.7 (4.2) 43.7(2.3) NS
PCB 157 16.3 (3.7) 13.2 (2.3) 8.07 (7.15) NS
PCB 158 73.7 (6.4) 63.9 (8.2) 56.3 (1.0) A>C
PCB 163 329 (11) 312 (2) 302 (6) A>C
PCB 170 136 (11) 136 (5) 130 (3) NS
PCB 174 13.1 (12.3) <10 <10
PCB 180 762 (10) 821 (41) 805 (29) NS
PCB 183 187 (6) 195 (8) 188 (7) NS
PCB 187 639 (18) 657 (10) 644 (23) NS
PCB 193 213 (6) 220 (11) 211 (8) NS
PCB 194 56.2 (4.1) 61.9 (1.9) 64.2 (4.0) NS
PCB 195 33.1 (4.9) 344 (1.5) 31.3(0.9) NS
PCB 201 41.0 (4.6) 39.9 (2.1) 342 (2.7) NS
PCB 206 93.0 (1.8) 103 (4) 104 (4) A<B=C
PCB 209 25.6 (2.8) 27.8 (1.7) 26.0 (1.0) NS
Total PCBs 8920 (369) 8870 (272) 8640 (304) NS
mirex 34.5(5.7) 33.2(2.4) 30.8 (3.1) NS
dieldrin 72.8 (7.2) 66.4 (12.5) 46.8 (6.2) A>C
trans -chlordane 45.0 (11.8) 35.1 (1.7) 36.2 (0.7) NS
oxychlordane 63.9 (7.2) 58.6 (5.8) 53.6 (2.6) NS
trans -nonachlor 120 (0) 112 (4) 106 (7) A>C
cis -nonachlor 36.5 (4.8) 344 (1.9) 29.7 (3.1) NS
Total chlordanes 265 (17) 240 (6) 225(9) A>C
4,4'-DDE 579 (33) 583 (45) 568 (10) NS

? Differences were determined by the Tukey Multiple Comparison Test (p < 0.05).
® NS, not significant.
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Table 2.4. Comparison of measured organochlorine concentrations (pg/g wet mass) to
certified and reference values of NIST SRM 1589a Human Serum using extraction

technique A.
Certified values® Reference values’ Measured values®
(pg/g wet mass) (pg/g wet mass)  (pg/g wet mass)

PCB 28 20.5(5.2)
PCB 66 249 (4.2)
PCB 74 226 (5) 433 (9.1)
PCB 95 47 (4) 32.4(6.6)
PCB 99 121 (10) 155 (20)
PCB 101+90 34 (9) for 101 38.5(6.0)
PCB 105 29 (4) 37.2 (4.0)
PCB 110 25.3(2.8)
PCB 118 119 (9) 162 (17)
PCB 138 331 (39)
PCB 146 76 (5) 90.0 (9.8)
PCB 149 56 (8) 54.0 (9.1)
PCB 151482 28 (4) for 151 51.9(18.9)
PCB 153 672 (35) 730 (49)
PCB 156 66 (4) 77.2 (22.1)
PCB 163 125 (15)
PCB 170 186 (4) 186 (28)
PCB 180 483 (29) 487 (65)
PCB 183 65 (5) 73.1(7.9)
PCB 187 172 (25) for 187+182 212 (22)
PCB 193 34.8(9.7)
PCB 194 98 (14) 123 (24)
PCB 195 22 (4) 28.7(5.9)
PCB 206 40 (6) 64.0 (12.3)
PCB 209 25 (4) 41.3 (7.8)
Total PCBs 3280 (137)
PCB 138 + 163 483 (39) for 138+163+164 552 (64)
hexachlorobenzene 49 (9) 64.4 (11.3)
mirex 43 (4) 92.0(17.1)
dieldrin 73 (7) 102 (26)
heptachlor epoxide 75 (9) 84.7 (18.1)
oxychlordane 157 (14) 112 (16)
trans -nonachlor 169 (29) 285 (25)
cis -nonachlor 40.6 (5.4)
Total chlordanes 438 (18)
2,4'-DDE 85 (%) 15.2 (2.6)
4.4'-DDE 6600 (1000) 7030 (204)
2,4'-DDT 144 (55)
4,4'-DDT 85 (10) 81.6 (21.6)
Total DDTs 7370 (133)

* Mean (the expected uncertainty) described in Certificate of Analysis.

® Mean (SD) obtained from 5 bottles of NIST SRM 1589a.
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Table 2.5. Organochlorine concentrations (pg/g wet mass) in different components of blood from five juvenile loggerhead sea
turtles using extraction technique A.

Whole blood (pg/g wet mass) Plasma (pg/g wet mass) Red blood cells (pg/g wet mass)
Mean (SD) Range Mean (SD) Range Mean (SD) Range
PCB 66 25.7(27.6) <10-56.9 34.3 (14.5) 17.6 -47.4 16.4 (11.5) <10-31.8
PCB 99 337 (280) 71.2-709 555 (478) 84.5-1120 99.1(79.9) 15.1-190
PCB 105 96.4 (72.3) 25.9 - 205 122 (82.2) 32.1-239 33.5(34.2) <10-80.4
PCB 118 324 (264) 62.3-717 444 (327) 87.6 - 872 136 (103) 29.9 - 281
PCB 128 69.4 (49.3) 13.4-136 74.6 (54.9) <10- 138 28.1(28.7) <10-67.0
PCB 138 1050 (863) 271 -2390 1550 (1140) 407 -3130 303 (240) 63.8 - 635
PCB 146 129 (101) 28.8 -291 199 (171) 35.8 - 486 29.1 (39.6) <10-95.8
PCB 153 1500 (1270) 303 - 3560 2100 (1610) 405 - 4580 479 (394) 64.8 - 1070
PCB 163 143 (105) 21.3-253 186 (131) 26.3 - 353 67.3 (54.7) <10-122
PCB 170 91.5 (66.4) 19.7 - 174 111 (66) 31.8-177 37.6 (36.9) <10-74.5
PCB 180 509 (443) 52.2-1190 678 (450) 178 - 1330 177 (136) 43.4-372
o PCB 183 138 (104) 25.6 - 296 164 (119) 25.5-339 46.3 (39.3) <10-102
~ PCB 187 +182 320 (178) 97.5-570 412 (265) 105 - 822 106 (101) <10 - 246
PCB 193 114 (98) 20.7 - 260 147 (106) 33.7-280 38.4 (38.3) <10-89.3
PCB 194 58.2 (49.5) <10-131 80.1 (43.6) 36.5-140 31.4 (30.5) <10-68.7
PCB 206 71.0 (59.9) <10 - 142 89.5 (61.2) 13.5-157 35.3(34.7) <10-754
Total PCBs" 5140 (3950) 1010 - 11000 7130 (4940) 1540 -13700 1720 (1350) 231 - 3560
mirex 55.8 (74.8) <10-178 36.5 (52.9) <10-116 29.6 (47.1) <10-108
dieldrin 45.9(29.2) <10-78.3 18.8 (19.1) <10-443 8.90 (12.6) <10-26.8
oxychlordane 111 (116) 17.7-307 121 (118) 39.6 - 322 64.8 (75.9) <10-182
trans -nonachlor 109 (60) 44.2 - 176 103 (48) 45.4 - 148 51.0 (52.4) <10-116
Total chlordanes 260 (182) 61.8 - 531 238 (155) 98.2 - 485 135 (135) <10-292
4,4'-DDE 576 (305) 194 - 901 575 (294) 236 - 998 448 (329) 107 - 941
Total DDTs" 583 (307) 194 -918 578 (294) 236 - 997 457 (320) 107 - 941
% lipid 0.341 (0.080) 0.209 - 0.427 0.269 (0.095) 0.166 - 0.426 0.281 (0.040) 0.238 - 0.343

*Totals include the major compounds listed in this table plus other minor detectable compounds.
®In parentheses are the number of samples out of 5 that had detectable concentrations.
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Table 2.6. Pearson correlations of organochlorine contaminant concentrations (on a wet mass basis) between the different

components of loggerhead sea turtle blood.

Whole blood vs. Plasma

Whole blood vs. red blood cells

Plasma vs. red blood cells

RZ

RZ

RZ

p slope intercept p slope intercept p slope intercept
Total PCBs 0.985 0.002 0.789 -481 0.930 0.022 2.89 152 0.944 0.016 0.271 -206
mirex 0.983 0.003 1.43 0.657 0.894 0.041 1.63 3.78 0.827 0.084 0.868 -1.58
dieldrin 0.535 0.352 0.899 28.0 0.558 0.328 1.62 26.5 0.917 0.028 0.530 1.44
oxychlordane 0.989 0.001 0.987 -8.77 0.960 0.010 1.53 9.87 0.972 0.005 0.620 -9.24
trans -nonachlor  0.982 0.003 1.22 -16.2 0.873 0.053 1.20 45.0 0.922 0.026 0.983 -47.2
Total chlordanes  0.969 0.007 1.16 -16.6 0.936 0.019 1.28 85.7 0.977 0.004 0.795 -53.0
4,4'-DDE 0.955 0.011 0.990 6.53 0.955 0.011 0.794 220 0.908 0.033 0.756 13.7
Total DDTs 0.957 0.011 1.01 0.883 0.956 0.011 0.805 214 0.902 0.036 0.735 32.7




Figure 2.1. Analytical scheme for determining PCBs and organochlorine pesticides in
loggerhead sea turtle blood. Original scheme was used for pooled loggerhead sea
turtle blood to determine differences among the three extraction techniques (A, B, and
C). *Shown in brackets are modifications made to technique A for extracting human
serum (NIST SRM 1589a) and sea turtle plasma, red blood cells, and whole blood.

69



Blood (5 g)

Internal Standard Solution Addition

Liquid:Liquid Extraction Techniques

1 A B C
5 mL Formic Acid 25 mL AC?tOHG_ 25 mL Acetone
5mL 1:1 MTBE:hexane 1 mL Formic acid 10 mL 1:1 MTBE:hexane

10 mL 1:1 MTBE:hexane
2 | | |
10 mL 1:1 MTBE:hexane 10 mL 1:1 MTBE:hexane 10 mL 1:1 MTBE:hexane

| | |
3 10 mL hexane 10 mL 1:1 MTBE:hexane 10 mL 1:1 MTBE:hexane

*[10 mL 1:1 MTBE:hexane]

*[Organic layers mixed with 5 Organic layers mixed with
to 10 g Na,SO4] 5 mL 1% KCI before
combining

|
Size Exclusion Chromatography
(Gel Permeation Chromatography)
*[alumina column]

Aminopropylsilane Column

F1: PCBs and lower F2: Higher polarity pesticides
polarity pesticides
Amended with PCB 14 Amended with PCB 14
GC-ECD GC-MS
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Figure 2.2. Representative chromatogram of PCBs and OC pesticides by GC-ECD in fraction 1 of a sample of loggerhead sea

turtle whole blood. The blood was extracted using technique A and analyzed as described in the methods section.
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Figure 2.3. Distribution of organochlorine contaminants between loggerhead sea
turtle plasma and red blood cells (RBCs). Paired samples of plasma and RBCs from
five loggerhead sea turtles were extracted with technique A. The percentage of each
compound found in each fraction was calculated and averaged among the 5 turtles.
The error bars indicate standard deviation.
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CHAPTER THREE

Organochlorine contaminants in sea turtles: correlations between whole blood and fat
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ABSTRACT

Monitoring toxic organochlorine (OC) compounds is an important aspect in
wildlife studies, especially in protected species such as sea turtles. The goal of this
study was to determine whether blood OC concentrations can reliably predict those in
adipose tissue of sea turtles. Blood offers many benefits for monitoring OCs. It can
be collected non-destructively from live turtles and can be sampled repeatedly for
continuous monitoring. OC concentrations in blood may better represent the exposure
levels of target tissues, but blood concentrations may fluctuate more than those in fatty
tissues following recent dietary exposure or lipid mobilization. Paired fat and blood
samples were collected from 44 live, juvenile loggerhead sea turtles and 10 juvenile
Kemp’s ridley sea turtle carcasses. OCs were analyzed using gas chromatography
with electron capture detection and mass spectrometry. For both species, lipid-
normalized OC concentrations measured in the blood significantly correlated to levels
found in the fat samples. This result suggests that sea turtle blood is a suitable
alternative to fatty tissues for measuring OCs, because blood concentrations
reasonably represent those observed in the paired fat samples. However, blood OC
concentrations calculated on a wet mass basis were significantly and inversely
correlated to lipid content in the fat samples. Therefore, caution should be used when
monitoring spatial or temporal trends, as OC levels may increase in the blood
following mobilization of fat stores, such as during long migrations, breeding, or

disease events.
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INTRODUCTION

Organochlorine (OC) compounds, such as pesticides and polychlorinated
biphenyls (PCBs), are highly persistent, bioaccumulative, lipophilic contaminants.
Most of these compounds were banned from use in the U.S. and Europe beginning in
the 1970s; however, they continue to be detected in both biological and environmental
samples worldwide (Safe 1993). OCs have been shown to affect a variety of
biological systems at concentrations much lower than those responsible for acute
toxicity. Effects have been demonstrated on the immune, endocrine, developmental,
and reproductive systems (i.e.; Ross et al. 1996; Grasman and Fox 2001; Guillette et
al. 1999). The toxicity of OCs poses a considerable hazard for both wildlife and
human populations.

The toxicological effects of OC contaminants create special problems for
endangered and threatened species, such as sea turtles. All seven species of sea turtles
are listed nationally or internationally as endangered or threatened (Pritchard 1997).
The Kemp’s ridley sea turtle (Lepidochelys kempii) is considered the most endangered
sea turtle species in the world. The number of nesting females of this species
plummeted in the 1960s and continued to decline until 1985 when fewer than 1000
nests were laid on their only known nesting beach at Rancho Nuevo, Mexico (TEWG
2000). Since then, the population has been increasing, largely due to conservation
policies that have reduced poaching and entanglement in fishing gear. Similarly, the
loggerhead sea turtle (Caretta caretta) is listed as threatened on the U.S. Endangered
Species Act and has suffered population declines. While the loggerhead

subpopulation that nests in southern Florida has recently been increasing in numbers,
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the northern subpopulation that ranges from northern Florida to North Carolina has
been decreasing by 2 % to 3 % per year (TEWG 2000). The cause of this decline is
unknown, but it has prompted the U.S. National Marine Fisheries Service to consider
uplisting the loggerhead sea turtle to the endangered status.

While sea turtles clearly face numerous man-made threats, the effects of
environmental contaminants on their health, survival, and reproduction are completely
undocumented. The life history of sea turtles creates a challenge for toxicological
research as they are highly migratory and long-lived species. Loggerhead turtles
circumnavigate the Atlantic Ocean as pelagic juveniles, spending time in the open
ocean and near the Azores, Madeira, and the Canary Islands (Musick and Limpus
1997). Some even enter the Mediterranean Sea during this stage. They return to U.S.
estuaries as large juveniles to feed on benthic crustaceans and molluscs. Kemp’s
ridley sea turtles spend their pelagic juvenile phase in the offshore waters of the Gulf
of Mexico or the western North Atlantic Ocean. The age at which these turtles mature
is not known, but has been estimated to be 25 to 35 years for the loggerhead and 7 to
16 years for the Kemp’s ridley (Chaloupka and Musick 1997; Snover 2002). Their
long migrations facilitate their exposure to diverse contaminant classes arising from a
variety of sources, while their long lifespan allows time for them to accumulate
persistent OC contaminants.

Studies reporting contaminant concentrations in sea turtle tissues are limited
and widely scattered across contaminant types, geographic locations, species, and
tissues (see Pugh and Becker 2001 for a review). Furthermore, none of these studies

have analyzed sea turtle blood for contaminants. Since OCs possess a great ability to
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bioaccumulate into lipid-rich tissues, past studies have primarily analyzed eggs or
fatty tissues from dead sea turtles. As shown in snapping turtles and birds, egg
concentrations reasonably represent the contaminant burdens of adult nesting females,
as OC compounds are maternally transferred into eggs (Pagano ef al. 1999; Bargar et
al. 2001). Fatty tissues, such as fat and liver, can only be collected from live animals
using invasive or logistically difficult sampling; therefore, these tissues have
traditionally been collected from carcasses stranded on the beach. Samples from dead
stranded turtles are solely opportunistic and may be biased towards diseased or
partially decomposed animals. As shown with marine mammals, diseased animals
may have higher contaminant concentrations than live, healthy organisms (Hall et al.
1992; Aguilar and Borrell 1994). These studies are further complicated, because
decomposition can result in cross contamination from other tissues or surroundings.
The loss or decomposition of lipids may increase the net tissue OC concentrations, as
concentrations are typically normalized to lipid content. OC concentrations in
collected tissue samples may decrease due to bacterial degradation of the compounds.
An alternative tissue — blood — can be collected from live sea turtles in a relatively
non-destructive and non-biased manner and has recently become a common tissue for
measuring OC levels in humans and wildlife (i.e.; Reddy ef al. 1998; Bishop and
Rouse 2000; Sandau et al. 2000; Keller et al. submitted).

The use of turtle blood to measure accumulation of OC contaminants may
offer many benefits; however, studies in other organisms have shown that the
concentrations in blood can fluctuate temporally depending upon recent dietary

exposure or mobilization of lipid stores. OC concentrations have been shown to
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increase in the blood of humans and seals following dramatic weight loss, suggesting
that contaminants stored in adipose tissue are released into the blood during lipid
mobilization (Lydersen ef al. 2002; Chevrier et al. 2000). However, a great number of
studies examining birds, marine mammals, and humans found that blood OC
concentrations were proportional to concentrations present in fatty tissues (Reddy et
al. 1998; Henny and Meeker 1981; Bernhoft e al. 1997; Wolff et al. 1982; Mes 1992;
Kanja et al. 1992). In all of these studies, statistically significant, positive correlations
were observed between blood and fatty tissue OC contaminant levels. Boon et al.
(1994) provides data on harbor seals that supports a kinetic model, in which OC
concentrations in the blood are in a dynamic balance with other fatty tissues. Overall,
these prior studies suggest that blood OC concentrations will fluctuate during lipid
mobilization, but in many situations and with many wildlife species blood can be
successfully used for monitoring contaminants.

Our study investigated OC concentrations in the blood of sea turtles and
compared these to levels found in adipose tissue. Our goal was to determine if blood
could be used to monitor OC contaminants in these endangered animals. Temporal
changes were also investigated in blood OC concentrations by analyzing and
comparing samples taken from loggerhead turtles that were captured at different times.
Lastly, we compared blood OC concentrations to the lipid content in the adipose
tissue. This allowed us to determine whether turtles with low fat lipid content, and
possibly those that had mobilized their fat reserves, had higher levels of OCs in their

blood.
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MATERIALS AND METHODS
Samples

During August 2000 and July 2001, 44 free-ranging, juvenile loggerhead sea
turtles were captured using the pound-net fishery in Core Sound, North Carolina, USA
and were transported to the National Marine Fisheries Service in Beaufort, NC. The
turtles ranged from 45.7 cm to 74.1 cm in straight carapace length (SCL, nuchal notch
to posterior marginal notch) and from 14.4 kg to 56.6 kg in weight. Based on these
sizes, the turtle ages may fall somewhere between 10 to 30 years of age (Snover
2002). Body condition was calculated as weight (kg) divided by the cube of SCL and
multiplied by 10,000 as suggested by Bjorndal ef al. (2000). The turtles were tagged,
and a laparoscopy was performed to determine their sex. Thirty turtles were identified
as females and 14 as males. Blood samples (10 mL) were collected from the
dorsocervical sinus using Vacutainer double-ended needles inserted directly into
Vacutainer blood collection tubes containing sodium heparin (Becton Dickinson,
Franklin Lakes, NJ). Whole blood samples were kept on ice until frozen at -20 °C.
Six of the loggerhead turtles were recaptured at a later date and a second blood sample
was drawn.

Excisional biopsies of subcutaneous fat (0.4 to 4.0 g) were removed from the
left inguinal region through a 3 cm transverse incision approximately 3 cm to 5 cm
caudal to the plastron margin. Stainless steel surgical instruments were hexane-rinsed
and sterile, and the surgical site was blocked prior to the procedure by infiltration of a
lidocaine local anesthetic (Lidocaine Hydrochloride Injectable-2%, Phoenix

Pharmaceutical, Inc., St. Joseph, MO). The incisions were closed with 4-O
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polyglyconate (Maxon, Sherwood-Davis & Geck, Manati, Puerto Rico) in patterns
according to surgeon preference, and cyanoacrylate tissue glue. Turtles were observed
for a few hours and then released.

Fat samples were stored in hexane-rinsed aluminum foil and were frozen at -80
°C until analyzed for OC contaminants. A portion of a fat biopsy from one turtle was
placed in 10 % neutral buffered formalin. Fixed tissue was processed routinely for
paraffin sections and stained with hematoxylin and eosin for histological examination.

During a cold stunning event in November 1999 along Cape Cod,
Massachusetts, USA, blood and fat samples were collected from eight juvenile
Kemp’s ridley sea turtles that died during rehabilitation. The turtles ranged from 21.9
cm to 31.1 cm in SCL and were estimated to be 1.25 to 2.25 years of age based on a
skeletochronological method which counts the number of annually deposited layers of
arrested growth in the humerus (Snover ef al. 2000). Blood was drained from the
heart directly into open Vacutainer tubes containing sodium heparin and was stored at
—20 °C. Two types of fat were collected, yellow fat surrounding the internal organs
and brown fat along the carapace margin and in the inguinal and shoulder regions. Fat
samples were collected using hexane-rinsed stainless steel instruments and stored in
hexane-rinsed foil at —80 °C. Both types of fat, but not blood, were also collected
from 2 Kemp’s ridley sea turtles (a female at 45.6 cm SCL, 4.75 years old (Snover
2002); and a male at 29.7 cm SCL, approximately 2 years old) that drowned in North
Carolina in April of 1998 and July 2000, respectively.

In addition to the loggerhead and Kemp’s ridley sea turtle samples, fat samples

were also collected from one juvenile male green sea turtle (24.2 cm SCL) found dead
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on Aug. 7, 2000 in Core Sound, NC and one adult female leatherback sea turtle (176.0
cm curved CL) that was euthanized following an injury inflicted by a boat propeller
near Long Beach, NC on June 9, 1999. The blubber layer of the carapace was also
sampled from the leatherback turtle along the right margin of the carapace and
plastron.
Organochlorine Contaminant Analysis

Whole blood and fat samples were analyzed for 55 PCB congeners and 24 OC
pesticides. All analyses were performed using cleaned and hexane-rinsed glassware,
stainless steel instruments, and glass serological and transfer pipets. The fat samples
were analyzed using a method modified from Kucklick et al. (2002). The blood
samples were analyzed using a liquid:liquid extraction technique (technique A)
described in Keller et al. (submitted).
Extractions of fat biopsies

Fat samples (0.4 g — 4 g) were weighed, minced using a hexane-rinsed scapel,
mixed with 40 g anhydrous Na;SOy, and transferred to 33 mL pressurized fluid
extractor (PFE) cells (Dionex, Salt Lake City, Utah). Five calibration solutions were
prepared by combining and diluting National Institute of Standards and Technology
(NIST) Standard Reference Materials (SRM): 2261 (Chlorinated Pesticides in
Hexane), 2275 (Chlorinated Pesticides in Hexane II), 2262 (Chlorinated Biphenyl
Congeners in 2,2,4-trimethylpentane), 2274 (PCB Congener Solution II), and a
solution containing 14 additional PCB congeners. The diluted calibration solutions
were added to individual PFE cells resulting in a calibration curve ranging from 0.3 ng

to 400 ng. An internal standard solution was also added containing 70 ng of each of
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4,4’-DDT-ds, 4,4’-DDE-ds, 4,4’-DDD-ds, Endosulfan I-d,, PCB 103 and PCB 198.
NIST SRM 1945 Organics in Whale Blubber and a blank were also processed with
each set of samples. Samples were extracted with dichloromethane on the PFE as
described elsewhere (Kucklick et al. 2002). Extracts were reduced in volume using
purified N (Turbovap 11, Zymark, Hopkinton, MA).
Extractions of blood samples

While Keller et al. (submitted) found that most OCs partition into the blood
plasma, only whole blood was available for many of the samples in this study. Whole
blood samples were extracted using the liquid:liquid extraction method (technique A)
described in Keller et al. (submitted). Briefly, 3 gto 5 g of blood were mixed with 0.2
g of the internal standard solution described above and allowed to set at room
temperature for 2 h. Samples were treated with formic acid then extracted 3 times
with 1:1 (v/v) methyl-tert-butyl ether (MTBE):hexane. The organic phases were
combined, reduced in volume, and dried with 10 g to 20 g anhydrous Na,SO4. NIST
SRM 1589a PCBs, Pesticides, and Dioxins/Furans in Human Serum and blanks were
processed with each sample batch.
Lipid Determination

Lipid content was determined gravimetrically for all fat biopsies, blood
samples, NIST SRM 1945, and NIST SRM 1589a. Approximately 5 % to 10 % by
weight of each extract was removed and transferred to a tared aluminum weighing
boat. The solvent was allowed to evaporate at room temperature for 4 h to 12 h, and
the dried lipid residue was reweighed to the nearest 0.00001 g for fat and 0.0001 mg

for blood.
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Sample Clean up

High molecular mass compounds in the fat samples were removed by gel
permeation chromatography (GPC) according to Kucklick ef al. (2002). The GPC was
used for all of the Kemp’s ridley blood samples and the loggerhead blood samples
from 2000. An alumina column was used for the year 2001 loggerhead blood samples
according to Holden and Marsden (1969) and modified by Keller et a/. (submitted).

All sample extracts and the calibration solutions were fractionated into
relatively lower and higher polarity fractions (F1 and F2, respectively) using a semi-
preparative aminopropylsilane column (uBondapak NH,, Waters) as detailed in
Kucklick et al. (2002). Compounds contained in F1 included PCBs, heptachlor, 2,4’-
DDE, 4,4’-DDE, 2,4’-DDT, hexachlorobenzene (HCB), aldrin, mirex, and
oxychlordane. Analytes in F2 included 4,4’-DDT, cis- and trans-chlordane, cis- and
trans-nonachlor, a- -, and y-hexachlorocyclohexane (HCH), heptachlor epoxide,
2,4’-DDD, 4,4’-DDD, dieldrin, endrin, endosulfans I and II, and endosulfan sulfate.
Each fraction of the fat samples and the corresponding standards and blanks were
reduced to approximately 0.5 mL. The blood samples, corresponding blanks, and
standards were amended with 5 ng of PCB 14 prior to analysis, in order to calculate
the recovery of internal standards (Keller ef al. submitted). The blood extracts were
reduced to between 0.05 mL and 0.1 mL using a stream of purified nitrogen prior to

analysis.
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Contaminant Analysis
Both the F1 and F2 fractions of fat samples were analyzed on a gas chromatograph
(GC) with dual micro-electron capture detectors (ECD) according to Kucklick et al.
(2002). The GC-ECD was used to analyze the F1 of the blood samples. For the F2
fraction of the blood samples, a GC-MS was used operating in the electron-impact
(EI) mode and using selected ion monitoring (SIM) according to Keller ef al.
(submitted). The calibration standards used for the fat samples were extracted, but
standards were not extracted for the blood samples. Thus, the concentrations in the
blood were corrected for recovery of t