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FIGURE 11.1 Relative concentrations of persistent organic poliutants (POPs) measured in loggerhcad
sea turtle blood components along the east coast of the United States. Arithmetic means were converted
from Keller et al. (2004a, 2005a) and taken from Ragland et al. (2011) and O'Connell et al. (2010). The
year the chemical class was listed on the Stockholm Convention is shown in parentheses along the y-axis:
UC =under consideration for the Stockholm Convention. Of the chemicals indicated as “not yet measured.”
none have been measured in sea turtles except for dioxins and furans in green sea turtle blood from Australia
(Hermanussen et al., 2006). The high ranking of toxaphenes may be misleading. because toxaphene data
are available only from adult males that likely have higher concentrations relative to juveniles that were
used for most other POP classes shown here. Chemical abbreviations are PCBs=polychlorinated biphe-
nyls: PFOS =perfluorooctane sulfonate: DDTs=4.4"-dichlorodiphenyltrichloroethane-related compounds:
PBDEs =polybrominated diphenyl ethers: HBCDs = hexabromocyclododecanes: HCHs =hexachlorohexanes:
and HCB =hexachlorobenzene.

and too toxic for continued widespread use: many of these chemicals were named by Carson four
decades earlier. Figure 11.1 shows the so-called Dirty Dozen compounds listed in 2001 as well
as recent additions to the Stockholm Convention’s list of chemicals to eliminate or restrict from
production and use or to reduce unintentional releases. Abbreviations for these compound classes
are also provided in Figure 11.1.

More than 22.000 chemicals are listed on selected United States and Canadian chemical reg-
istries, which do not account for all chemicals in use or production. A recent assessment of their
chemical structure and properties demonstrated that about 610 of them might be persistent and
bioaccumulative, two of the three characteristics of POPs (Howard and Muir, 2010). The majority
of these have not yet been discussed by the Stockholm Convention. Furthermore, only 47 of these
chemicals are routinely monitored in the environment (Howard and Muir, 2010) and only 16 have
been reported in the sea turtle literature (Figure 11.1).

11.2  INTRODUCTION TO EXPOSURE AND EFFECTS

Understanding the exposure and effects of POPs on sea turtles is important because societies care
about conserving their populations. Moreover, POPs have contributed to population declines of
several wildlife species (Fox. 2001: Guillette et al., 1994). For example. an American alligator
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(Alligator mississippiensis) population inhabiting Lake Apopka in Florida declined by 85% within
3 years of a spill of a pesticide called Dicofol containing DDT (Guillette et al., 1994). and egg
shell thinning caused by widespread DDT use contributed to sharp population declines of birds
in the 1950s and 1960s (Fox. 2001). Adding to evidence of cause and effect, the populations
began to recover atter DDT was banned. While no studies have directly investigated the effects
of environmental pollutants on sea turtles at the population level, many scientists suspect that
contaminants contribute to health problems. disease prevalence. altered embryonic growth,
mortality or reduced reproductive success of sea turtles (Aguirre et al.. 1994: Herbst and Klein.
1995: Keller et al., 2004c: van de Merwe et al., 2010b). While a handful of studies have provided
correlative evidence that chemical pollutants may affect the health, survival, or reproduction of sea
turtles, much more research and a weight of evidence approach is needed to better understand the
toxic eftects and more importantly to provide resource managers information to determine mortal-
ity risk due to this threat. In fact, a committee of 35 sea turtle researchers named chemical pollu-
tion as a top global priority tor future sea turtle research (Hamann et al., 2010). Furthermore. the
National Oceanic and Atmospheric Administration convened a “Sea Turtles and Contaminants
Workshop™ in May 2010 to address the uncertainty surrounding this threat; the workshop report
has been delayed in part because of the Deepwater Horizon Oil incident, which coincidentally
occurred 2 weeks before the workshop.

While POPs are the topic of this chapter, it is important to note that POPs are only one class of
environmental chemical pollutants. To put POPs into perspective, other contaminant classes include
metals like mercury. lead. copper. cadmium. and zinc; organometallics, such as methylmercury
and tributyltin; petroleum products of several types: oil dispersants: polycyclic aromatic hydrocar-
bons (PAHs). plastics: plasticizers; surfactants; current-use pesticides like organophosphates and
carbamates; excess nitrogen loading from fertilizer; sewage and urban runoff: nanoparticles like
fullerenes and quantum dots; pharmaceuticals including antibiotics, hormones. and antidepressants
to name only a few: and even naturally produced toxic chemicals from harmtul algal blooms. A few
of these chemical classes have been assessed in sea turtles, particularly metals (see Pugh and Becker
[2001] for a comprehensive bibliography prior to 2001 or more recent tissue-specific or species-
specific reviews [Aguirre et al.. 2006; D’Ilio et al.. 2011; Guirlet et al.. 2008: Perrault et al.. 2011]).
Additionally. antibiotic resistance has been detected in bacterial swabs from sea turtles, suggesting
that environmental exposure to antibiotics is changing the microbial communities that sea turtles
confront (Al-Bahry et al.. 2009; Foti et al., 2009). Several studies have also investigated harmful
algal toxins in sea turtles (Arthur et al., 2008; Harris et al.. 2011: Pierce and Henry, 2008; Takahashi
et al.. 2008; Walsh et al., 2010). Many more studies are needed to understand the effects of not only
POPs but all chemical classes in sea turtles.

11.3 SEA TURTLE EXPOSURE TO POPS

11.3.1  GroBAL ACCOUNT OF STUDIES

Currently. the number of peer-reviewed papers attempting to measure POP concentrations in sea
turtles is only 51 (Table 11.1; Figure 11.2). This is a meager number considering that there are seven
species inhabiting wide ranges of habitat types globally from remote oceanic realms to highly
contaminated urban harbors. In addition, most of these studies focus on one or two POP classes of
chemicals and are spread over more than four decades (Table 11.1). For perspective, this number
represents only 6% of the POP literature covering three categories of marine megafauna (sea
turtles, seabirds, and marine mammals). Fortunately, the interest in this field has been increasing
exponentially over four decades (Figure 11.2).

The first two published measurements of POP concentrations in sea turtle samples occurred in
1974. Interestingly. one came from an unlikely remote location, Ascension Island in the central South
Atlantic Ocean, where Thompson (Thompson et al.. 1974) sampled green turtle (Chelonia mydas)








































TABLE 11.3 (continued)
Persistent Organic Pollutant Levels in Fat of Sea Turtles from Selected Studies

Stage/
Species Sex Location Years Tissue N ZPCBs 4,4’-DDE YChlordanes THCHs HCB
Cm IMF Baja Calilorma NR Adipose 7 NA NA (<3-65.1) <3
(«<3-49.5)
Cm AF Queensland, 2004 Adipose |
Australia 2006
Lo NR Baja Califormia - NR Adipose | 184 8.1 <3

Mean (SD) and/or median (range) in ng/g wet mass, unless otherwise stated. Ranked generally from highest 1o Towest by species and location.

Dieldrin Mirex

<3

<3

Heptachlor
Epoxide IPBDEs % Lipid

(125740 78.00

Reference
Gardner et al.
(2003)
Hermanussen
ctal. (2008)
Gardner et al.
(2002)

Kemp's ridley (LK) loggerhead (Cey, leatherback (De). green (Cmy). olive ridley tLo) sea turtles. juvenile (D, adult (A male (M. female (), polychlorinated biphenyls (PCBs). hexachlorocyclohexanes tHCHs), hexachlorobenzene (HCB).

polybrominated dipheny lethers (PBDEs ) notavailable (NA3Y not reported (NR). below detection (<L.OD).
Summary statistics recaleulated osing original data in ng/g wet mass and Helsed (2008) recommendations.

Truns- and cis-chlordane were the only chlordanes measured.
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TABLE 11.4 (continued)
Persistent Organic Pollutant Levels in Liver of Sea Turtles from Selected Studies

Species

Ce

Ce

Cu

De
De
Cm
Cm

Cm

Cm

Stage/
Sex

IMF

AF

IME

NR

IMFF

M

NR

IMF

Al

AM

INE

IME

IME

Location
Last Florida

Southern
Adriatic Sea
and Tonian
Sca

Southern
Adriatic Sea
and lonian
Sea

Baja California

Baja California

Ishigaki Island
and Kochi,
Japan

Baja Calitfornia

Baja California

Canary Islands

Scotland

Canary Islands

Fast Florida

Cyprus

Baja Calitornius

Years
NR

1990-
1991

1999—
2001

NR

2001
2003

1998
2006

NR

2000
2003

2002-
2008
1993~
1993

2002-
2005

NR
1995-

1996

NR

N

19

ZPCBs
o641 (01.1)
HLS

(R.O-1R2)

557

52.32¢7499)
NA
(6,85~
297.49)
4.0

19.3 (5.80)

210020
1.71
(1.[R5-3.8)

5.1

1520617y

445

NA(31-37)

16

6330157y

69 (43-80)

3364222

i<l 1-77

NA
(<3 47

4,4'-DDE
215328
8.5 (2-100)

65.2

246 (0.94)!
206(1.7-2.37

NA (1.7-6.5)

3445

1.5 (<l-1)
4.80 (6.4
271102

ZChlordanes

<3

0711 (0.506)
0.553
((L.292

|44

453

NA (2.3

19
Cod

107 (1.35)
.45
(<h4-3.7)

NA (<3-104)

SHCHs

G257 (0.172)

(183
(0.150-
0.313)

HCB

6.36¢

0.0901
10.0383)

0.086Y
(0.05688-
0.1159)

33

NA (<} 18.6)

Heptachlor
Dieldrin Mirex Epoxide PBDEs %o Lipid

1591 (9.64)

6.5¢5.7)
NA (0),5-23.3)

<3
0.209 (.39 10.5¢5.7)
0.081 R2(6.5-19)
(0.060-
(1.855)
<3
NA(2.5-31)
143 (10T
1.5 1<0.4-3)
<3

Reference

MceKim and
Tohnson (1983)

Srorelli and
Marcotrigiuno
(2000)

Storelli et al.
(2007

Gardaer et al,
(2003}

Richardsor et al.
2010y

Malarvannan
ctal. (2011

Guardner et al.
(2003)

Richardson et al.
2010

Or6s et al. (2009)

Mckenzie et al.
(1999

Ords et al. (2009)

NMeKim and
Johnson (1983

Mckenvzie et al,
(1999

Mckenzie et al.
{1999)

Gardner et al,
12003)
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20y = R

Spatial comparison of average persistent organic pollutant (POP) concentrations in logger-
head sea turtle tissues along the coast of the United States. Data were taken from Alava et al. (2011) and Keller
(unpublished data) (yellow), O’Connell et al. (2010) (blue), and Ragland et al. (2011) (red).

winter, had lower POP concentrations than the transients that chose to forage in northern regions
off of South Carolina to New Jersey. Their choice of foraging habitat influenced their POP expo-
sure, and these satellite tracking studies provide critical information about previously unknown
foraging habitat selection.

Temporal trend studies are very important for monitoring changes in POP concentrations after the
onset of manufacture or restriction in use of a compound. POP concentrations have been shown to
change through time in the environment, but trends are often species and location dependent (Tuerk
et al., 2005). Using Tables 11.2 through 11.5, it is very difficult to extract time trends in sea turtle
tissues. Blood sampling has only occurred in the last decade, so no across-study comparisons are
available (Table 11.2). Kemp’s ridley fat and liver collected from stranded animals in the north-
eastern United States generally show a decline in PCBs and OCPs from 1985 to 2005 (Tables 11.3
and 11.4) (Innis et al., 2008; Keller et al., 2004a; Lake et al., 1994; Rybitski et al., 1995). Likewise,
PCB and 4.4'-DDE concentrations seem to have declined in loggerhead fat from Virginia-North
Carolina from 1991-1992 to 2000-2001 (Table 11.3) (Keller et al., 2004a; Rybitski et al., 1995) and
in loggerhead eggs from eastern Florida between 1976 and 2002 (Table 11.5) (Alava et al., 2011;
Clark and Krynitsky, 1980).
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parameters. Significant positive correlations were observed for total white blood cell counts. the
heterophil:lymphocyte ratio (Keller et al.. 2004c¢), and the ability of B- and T-lymphocytes to pro-
liferate after mitogen stimulation (Keller et al., 2006b): negative correlations were observed for
plasma lysozyme activity (Keller et al.. 2006c¢). These findings suggest that POPs could be alter-
ing the number of immune cells in the peripheral blood and atfecting the way those cells respond
to non-self antigens. The positive correlation with the heterophil:lymphocyte ratio indicates that
turtles with higher POP exposure may respond physiologically as if they are experiencing more
stress. and the negative correlations with lysozyme suggests that more highly exposed turtles are
producing less antibacterial enzymes. possibly leaving them more susceptible to infections. Aside
from immunology. significant positive correlations were seen between POP concentrations and
blood urea nitrogen (BUN). aspartate aminotransferase (AST). and plasma sodium concentrations
(Keller et al., 2004c¢). Significant negative correlations were observed for body condition. plasma
glucose. albumin, albumin:globulin ratio. alkaline phosphatase (ALP) activity. gamma glutamyl
transferase (GGT) activity. magnesium, and markers of anemia (hemoglobin, hematocrit and red
blood cell counts) (Keller et al.. 2004c¢). The authors concluded from these correlations that expo-
sure to environmental PCB and OCP concentrations may attect a wide variety of biological func-
tions in loggerhead sea turtles, including immunity. organ health, and homeostasis of proteins.
carbohydrates, and ions. What is most striking about these correlations is that they were seen in
turtles that appeared mostly healthy and were foraging in a fairly pristine location. supporting
prior conclusions that turtles may be exquisitely sensitive to POPs (Bishop and Gendron. 1998:
Sheehan et al.. 1999).

Three recent studies have repeated this type of study while focusing on sea turtle popula-
tions that are more highly exposed. Correlative studies have been performed for juvenile Kemp’s
ridley sea turtles from the Gulf of Mexico (Swarthout et al.. 2010). aduit male loggerheads cap-
tured near Cape Canaveral. Florida (Ragland et al., 2011). and green turtles from San Diego
Bay. Calitornia (Komoroske et al.. 2011). In all three, blood POP concentrations were similar or
higher than the loggerhead study trom North Carolina (Table 11.2). In approximately 20 Kemp's
ridley turtles. significant negative correlations were seen between ZDDT blood concentrations
and T-lymphocyte proliferation. suggesting immunosuppression in the more exposed turtles
(Swarthout et al.. 2010). This correlation is in the opposite direction as was seen in loggerhead
sea turtles, indicating that more research is needed to understand how POPs modulate the sea
turtle immune system. Significant positive correlations were noted between BUN and Zchlordane
concentrations (similar to the finding in loggerhead turtles by Keller et al. [2004¢]) and between
XDDTs and plasma potassium concentrations. Significant negative correlations were observed
between ZPCBs and creatine phosphokinase (CPK) activity. which is an unexpected direction
similar to the correlations seen for ALP and GGT in loggerheads. and between dieldrin and tes-
tosterone concentrations in female turtles. Some of these correlations were similar to the previous
loggerhead study. while others differed. Differences could be due to the smaller sample size of
this Kemp's ridley study or caused by species or location differences. In the 19 adult male log-
gerheads assessed by Ragland et al. (2011). no significant correlations were observed between
plasma XPCBs. ZDDTs. Zchlordanes. or ZPBDEs and any hematological or plasma chemistry
value. It is difficult to determine why no correlations were observed as these turtles were the most
exposed group of sea turtle ever monitored by blood sampling. but the sample size could have
limited the power to detect relationships. In addition. nothing is known about normal ranges of
these health indicators in adult male sea turtles, let alone how those values might change during
the mating season. which is when these males were sampled. Understanding the toxic effects of
POPs on male reproductive success is important especially if climate change results in warmer
nest temperatures. skewing the sex ratio toward fewer males. Temperature is the most important
factor for sex determination in developing sea turtles. but hormones and hormone disruptors
like POPs also play a role. In 20 green turtles from San Diego Bay. y-HCH. rrans-chlordane.
and 4.4-DDE plasma concentrations correlated with a few health parameters (y-HCH negatively
































