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The Cape Verde nesting population of loggerhead sea turtles (Caretta caretta) is the third largest population of
this species in the world. For conservation purposes, it is essential to determine how these reptiles respond to
different types of anthropogenic contaminants. We evaluated the presence of organochlorine pesticides
(OCPs), polychlorinated biphenyls (PCBs), and polycyclic aromatic hydrocarbons (PAHs) in the plasma of
adult nesting loggerheads from Boa Vista Island, Cape Verde, and studied the effects of the contaminants
on the health status of the turtles using hematological and biochemical parameters.
All turtles had detectable levels of non-dioxin like PCBs, whereas dioxin-like congeners (DL-PCBs) were
detected in only 30% of the turtles. Packed cell volume decreased with higher concentrations of PCBs,
which suggests that PCB exposure could result in anemia in sea turtles. In addition, a negative association
between some OCPs and white blood cells (WBC) and thrombocyte estimate was noted.
The DDT-metabolite, p,p′-DDE was negatively correlated with the Na/K ratio and, additionally, a number of
correlations between certain PAHs and electrolyte balances were found, which suggest that exposure to
these environmental contaminants could affect the kidneys and salt glands in sea turtles.
Additionally, several correlations were observed between these environmental pollutants (OCPs and PAHs)
and enzyme activity (GGT, ALT, ALP and amylase) and serum protein levels, pointing to the possibility that
these contaminants could induce adverse metabolic effects in sea turtles.
Our results indicate that anthropogenic pollutants are present in the Cape Verde loggerhead turtle nesting
population and could exert negative effects on several health parameters. Because of the importance of
this loggerhead nesting population, protective regulations at national and international levels as well as in-
ternational action are necessary for assuring the conservation of this population.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The Cape Verde nesting population of loggerhead sea turtles
(Caretta caretta) is the second largest population of this species in
the Atlantic and the third in the world after the nesting populations of
t of Clinical Sciences, University
Palmas de Gran Canaria, Spain.

rights reserved.
Oman and Southeast Florida (Marco et al., 2011). López-Jurado et al.
(2000a) reported the presence of loggerheads at practically all of Cape
Verde's Islands and confirmed nesting activity on Sal, Boa Vista, Maio
and Sao Vicente Islands. Almost 90% of the nesting of Cape Verde logger-
heads occurs on the island of Boa Vista, the largest of the eastern islands.
The population is currently estimated at greater than 15,000 nests per
year (Marco et al., 2012). This population is genetically distinct from
other loggerhead populations in the Atlantic and the Mediterranean
(Monzón Argüello et al., 2010). Although other sea turtle species have
been observed in the area, such as the olive ridley (Lepidochelys olivacea),
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leatherback (Dermochelys coriacea), hawksbill (Eretmochelys imbricata),
and green turtle (Chelonia mydas), the loggerhead sea turtle is the most
common species and the only one that nests on the Cape Verde Islands.

There are many anthropogenic causes of sea turtle mortality that
have contributed to the decline in local and global numbers of marine
turtles. Because of the status of the loggerhead sea turtle, which is listed
as endangered on the Red List of the IUCN (International Union for
Conservation of Nature) (IUCN, 2012), a turtle conservation program
led by Natura 2000 and the Cape Verde Government has been operating
in this region since 1999. This programhas included the reinforcement of
the local sea turtle law, themonitoring and protection of nesting beaches,
sea turtle research, environmental monitoring, and the implementation
of environmental education programs (López Jurado et al., 2000b).

The deleterious effect of environmental pollutants is currently in-
cluded among the top 20 research topics for sea turtle conservation
(Hamann et al., 2010). Although environmental pollutants in sea turtles
have been assessed by several authors throughout the world (D'Ilio
et al., 2011; Labrada-Martagón et al., 2011; Perugini et al., 2006; Pugh
and Becker, 2001; Ragland et al., 2011; Storelli et al., 2007; van de
Merwe et al., 2010), and our group has recently reported the level of
contamination by PAHs in loggerhead sea turtles from the Cape Verde
archipelago (Camacho et al., 2012), very few studies have documented
the health effects derived from these exposures (Keller et al., 2004b;
Swarthout et al., 2010). For sea turtle conservation purposes, it is essen-
tial to determine how these reptiles respond to different types of
anthropogenic contaminants.

Although the feeding grounds for juvenile loggerhead sea turtles from
Cape Verde have not been identified (Monzón Argüello et al., 2010), the
Atlantic coast of Africa, between Mauritania and Sierra Leone, is their
feeding area during the non-reproductive period for adult female logger-
heads and possibly also for males (Cejudo et al., 2008). In addition, a di-
chotomy has been observed in the migratory behavior of loggerhead
turtles from Cape Verde: the larger turtles migrate southward to benthic
feeding grounds along the coast of Sierra Leone, whereas small-sized fe-
males migrate to oceanic waters off of Mauritania, Gambia and Senegal
(Hawkes et al., 2006). Currently, none of these marine areas have special
protection (i.e., from the International Maritime Organization) to pre-
serve their recognized biodiversity.

We hypothesized that the anthropogenic alteration of the marine
environment could have a relevant impact on the sea turtle population
in Cape Verde. To explore this possibility, we developed the present
study to measure the potential effect of environmental contaminants
Fig. 1. Map of the Republic of Cabo Verde, western Africa.
on the health status of thesemarine turtles using a panel of hematolog-
ical and biochemical parameters.

2. Materials and methods

Blood samples were collected from 50 nesting female loggerhead
sea turtles (C. caretta). Animals were sampled during August 2011 on
Boa Vista Island, the Republic of Cape Verde. The study site included
1050 and 1700 km of beaches located on the southeast of the island
and called Ervatao and Punta Cosme, respectively (latitude 16.18°N,
longitude 22.92°W; Fig. 1), which are considered to be the areas with
the greatest nesting activity (López Jurado et al., 2007).

Nesting females were approached after nest-building behavior
ceased and egg-laying activity had finished. A complete visual physical
examination was performed, and the curved carapace length (CCL) was
measured. A foraging dichotomy among sexually mature females has
been observed in which large adult females forage primarily in neritic
habitats and smaller adult females forage primarily in oceanic habitats
(Eder et al., 2012; Hawkes et al., 2006). According to these previous
reports, we compared both groups of turtles: large and small turtles.

Whole blood samples (6 ml)were taken from the cervical sinus using
a disposable syringe and placed into blood collection tubes containing
lithium heparin (Aquisel SL, Barcelona, Spain). In previous experiments
all collection and handling equipment in contact with blood specimens
was tested as possible sources of PCB-,OCP- or PAH-contamination. 5 sy-
ringes were completely filled with cyclohexane, and the solvent was
allowed to interact for 1 h. After this, 25 mlwas collected and evaporated
under a gentle nitrogen stream to a final volume of 200 μl. This concen-
trate was analyzed for the target analytes of this study and no signal
was obtained. Therefore we concluded that no contaminating materials
were present in the collecting material. The hematological parameters
evaluated throughout this work were the packed cell volume (PCV), red
blood cell count (RBC), white blood cell count (WBC), differential leuko-
cyte count (heterophils, eosinophils, lymphocytes, monocytes and baso-
phils), and thrombocyte estimate. Thin blood smears were stained with
Diff-Quick (Everest, Barcelona, Spain) according to themanufacturer's in-
structions for differential leukocyte count. PCV was determined using
microhematocrit capillary tubes (Hematokrit, Kapillaren, Hirschmann
Laborgerate, Eberstadt, Germany). WBC and RBC were counted with a
Neubauer hemocytometer (Zuzi Neubauer improved) using the Natt
and Herrick method. The quantity of thrombocytes per liter of blood
was estimated according to a method described previously (Wilkinson,
2004). The remaining bloodwas centrifuged at 5000 g for 5 min (Nahita,
mini centrifuge 2507/100), and the plasmawas obtained. Plasma samples
were stored at−20°C until analysis.

The biochemical constituents of the plasmaweremeasured using an
automated biochemical analyzer (dry chemistry system) (Olympus
AU640, Japan). The biochemical panel included total protein, albumin,
globulins, calcium, triglycerides, uric acid, glucose, total cholesterol,
urea, total bilirubin, creatinine, lactate dehydrogenase (LDH), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALP), γ-glutamyl transferase (GGT), creatine phosphokinase
(CPK), amylase, lipase, chlorine, sodium, potassium, phosphorus and
magnesium.

Plasma samples were screened at the University of Las Palmas de
Gran Canaria, Spain, for the presence of the following persistent
organic pollutants (POPs): (a) organochlorine pesticides (OCPs):
methoxychlor, the four isomers of hexachlorocyclohexane (α-, β-,
γ-, and δ-HCH), p,p′-DDT and its metabolites (p,p′-DDE, and p,p′-
DDD), o,p′-DDT and its metabolites (o,p′-DDE, and o,p′-DDD),
hexachlorobenzene (HCB), aldrin, dieldrin, endrin, heptachlor epox-
ide, chlordane (cis- and trans-isomers), mirex, endosulfan (α- and
β-isomers), dicofol and endosulfan-sulfate; (b) polychlorinated
biphenyl (PCB) congeners: 52, 77, 81, 101, 105, 114, 118, 123, 126,
138, 153, 156, 157, 167, 169, 180, and 189, numbered according to
the International Union of Pure and Applied Chemistry (IUPAC);



Table 1
Hematological and plasma biochemical values for adult nesting loggerhead sea turtles
sampled in summer of 2011 from Boa Vista Island, Cape Verde.

Parameter Mean ± SD Median (range)

Hematology
PCV (%) 36.92 ± 5.33 38.00 (21.00–48.00)
RBC (×1010 cells/l) 40.40 ± 8.46 40.00 (26.00–60.00)
WBCs (×109 cells/l) 4.80 ± 1.89 4.60 (1.20–1.26)
Thrombocyte estimate
(×109 cells/L)

16.94 ± 3,650.38 16.00 (9.02–26.00)

Heterophils (×109 cells/l) 3.65 ± 8.10 3.64 (2.88–4.37)
Eosinophils (×109 cells/l) 0.80 ± 7.80 0.79 (0.09–1.71)
Lymphocytes (×109 cells/l) 0.15 ± 2.47 0.14 (0.00–0.53)
Monocytes (×109 cells/l) 0.19 ± 2.15 0.19 (0.00–0.43)
Basophils (×109 cells/l) 0.007 ± 0.42 0.00 (0.00–0.09)

Biochemistry
Total protein (g/dl) 4.61 ± 0.58 4.60 (3.10–6.20)
Albumin (g/dl) 1.65 ± 0.23 1.70 (1.10–2.30)
Globulin (g/dl) 2.96 ± 0.41 2.95 (2.00–4.10)
Alb:Glo ratio 0.56 ± 0.07 0.56 (0.40–0.72)
Glucose (mg/dl) 87.18 ± 23.99 87.00 (38.00–136.00)
Creatinine (mg/dl) 0.38 ± 0.07 0.40 (0.20–0.50)
Uric acid (mg/dl) 0.82 ± 0.33 0.75 (0.10–19.00)
Urea (mg/dl) 31.3 ± 8.14 29.00 (14.00–56.00)
Total bilirubin (mg/dl) 0.16 ± 0.02 0.16 (0.11–0.21)
Total cholesterol (mg/dl) 336.24 ± 92.54 334.50 (177.00–584.00)
Triglycerides (mg/dl) 977.34 ± 326.52 971.00 (266.00–1,667.00)
ALT (UI/l) 2.18 ± 3.18 1.00 (1.00–22.00)
AST (UI/l) 221.40 ± 67.15 209.50 (87.00–382.00)
ALP (UI/l) 15.88 ± 7.11 15.00 (9.00–50.00)
LDH (UI/l) 134.68 ± 130.54 99.00 (1.00–671.00)
GGT (UI/l) 0.89 ± 0.40 1.00 (0.50–2.00)
CK (UI/l) 855.28 ± 1,274.59 483.00 (128.00–8,201.00)
Amylase (UI/l) 557.04 ± 192.50 547.50 (83.00–1,002.00)
Lipase (UI/l) 22.20 ± 15.41 19.00 (2.00–80.00)
Sodium (mmol/l) 148.96 ± 5.75 150.00 (117.00–155.00)
Potassium (mmol/l) 4.10 ± 0.35 4.15 (3.30–5.10)
Na:K ratio 36.45 ± 2.60 35.73 (30.00–42.57)
Chloride (mmol/l) 108.03 ± 4.75 108.00 (85.00–116.00)
Calcium (mg/dl) 13.43 ± 4.22 13.25 (1.20–20.60)
Ca:P ratio 1.66 ± 0.52 1.67 (0.11–3.23)
Phosphorus (mg/dl) 8.24 ± 1.86 8.10 (5.00–15.02)
Magnesium (mg/dl) 6.94 ± 1.15 6.77 (4.52–11.48)
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(c) the 16 most environmentally relevant polycyclic aromatic hydrocar-
bons (PAHs): naphthalene, acenaphthytilene, acenaphthene, fluorene,
anthracene, phenanthrene, fluoranthene, pyrene, benzo [a] anthracene,
chrysene, benzo [b] fluoranthene, benzo [k] fluoranthene, benzo [a]
pyrene, indeno [1,2,3,-c,d] pyrene, dibenzo [a,h] anthracene, and benzo
[g,h] perylene. The aliquots of plasma were subjected to solid-phase
extraction (SPE) and analyzed by gas chromatography/mass spectrome-
try (GC/MS) with a modification of a method previously reported
(Camacho et al., 2012), to include all the analytes of interest for this
study. For the validity of the SPE method to simultaneously extract
PAHs, PCBs and OCs we had previously performed fortification experi-
ments with liophylized serum (Dr. Ehrenstorfer). We reconstituted
10 ml (10 ampoules) of serum that were pooled. A 1 ml-aliquot of
reconstituted serumwas firstly subjected to SPE in order to know its pro-
file of contamination. After this preliminary test, we added a mixture of
the 56 POPs in acetonitrile to give a final concentration of 0.25, 2 and
20 ng/ml. The samples were incubated in the fridge overnight and
subjected to the same extraction described in the paper. The recoveries
were acceptable with this method since all the cases were above of
77%. Nevertheless, it is true that the recoveries of PAHs were lower
than those of OCs and PCBs, but we considered them as acceptable.

Gas chromatography separations were performed on a Thermo
Trace GC Ultra equipped with a TriPlus Autosampler and coupled to
a Triple Quadrupole Mass Spectrometer Quantum XLS (Thermo Fisher
Scientific Inc., Waltham, MA, USA), using appropriate internal stan-
dards (ISs). We have used as ISs a mixture of tetrachloroxylene,
heptachloro epoxide cis, PCB 202 and phenanthrene D-10. This mix-
ture was prepared at 1 ppm in acetonitrile, and 20 μl was added to
each 1 ml serum sample, just before the SPE procedure. We used
also a “procedural blank” (the pooled reconstituted liophylized
serum with known analyte concentrations) as QC, that was intro-
duced in the autosampler carousel every 15 turtles' samples.

Database management and statistical analysis were performed
with PASW Statistics v 18.0 (SPSS Inc., Chicago, IL, USA). Because
the OCP, PCB, and PAH plasma levels did not follow a normal distribu-
tion, we used non-parametric tests. Thus, differences between two in-
dependent groups were tested with Mann–Whitney U-test, and the
existence of correlations between the plasma levels of pollutants
and continuous variables was analyzed with the Spearman correla-
tion test. P values of less than 0.05 (two-tailed) were considered to
be statistically significant.

3. Results

3.1. Morphometric characteristics and clinical parameters of the turtles

The mean and standard deviation of the CCL of the turtles were
84.23 ± 5.85 cm (range 75.33–99.50 cm). According to the dichoto-
my observed by Hawkes et al. (2006), we established two groups:
large turtles (95.93 ± 2.90 cm) (n = 8) and small turtles (82 ±
2.77 cm) (n = 42).

The hematological and biochemical parameters are shown in
Table 1.

In the study of the potential associations between biochemical and
hematological parameters and CCL, we observed that large turtles
showed lower levels of creatinine (p b 0.05), ALP (p b 0.01), phospho-
rus (p b 0.01), sodium (p b 0.05), and magnesium (p b 0.001) than
small turtles. On the contrary, higher levels of lymphocytes (p b 0.01)
were observed in large- compared to small-sized female turtles.

3.2. Profile of contamination by PCBs, OCPs and PAHs

Although only seven PCB congeners (PCB 52, PCB 118, PCB 123, PCB
138, PCB 153, and PCB 180) were detected in the samples analyzed
throughout this work, all of the samples showed detectable levels of
several PCB congeners. In addition, all of the samples showed detectable
levels of those PCBs that are considered markers of environmental con-
tamination (PCBs 52, 101, 118, 138, 153, and 180; ΣM-PCBs). However,
dioxin-like congeners (ΣDL-PCBs = PCB 77, PCB 81, PCB 105, PCB 114,
PCB 118, PCB 123, PCB 126, PCB 156, PCB 157, PCB 167, PCB 169 and PCB
189) were detected in only 30% of the samples from the female sea tur-
tles analyzed. Congener 138 was detected in the greatest percentage of
turtles (98%), followed by PCB 153 (92%), PCB 180 (82%), PCB 52 (72%),
PCB 118 (26%) and PCB 123 (4%).

In addition, most of the plasma samples (98%) showed detectable
levels of some OCP. However, HCB, p,p′-DDE and dieldrin were the
only detectable OCPs in the analyzed samples. HCB and p,p′-DDE
were the OCPs most frequently detected (86% and 98%, respectively).

Some PAHs were detected in all plasma samples. Phenanthrene
and fluorene were the chemicals most frequently detected (in 100%
and 94% of the plasma samples, respectively).

The concentrations of OCPs, PCBs and PAHs and the percentage of
detection of each contaminant are presented in Table 2. In our study
we found that the highest levels of contamination were from PAHs
(median ΣPAHs: 1.22 ng/ml). On the contrary, we observed that the
total burden of OCPs was low (median: 0.069 ng/ml) and that the
median concentrations of ΣPCBs were approximately 0.11 ng/ml.

3.3. Association between contaminants and clinical parameters and
morphometric data

A number of weak but significant correlations between POP levels
and clinical parameters were found (Table 3).



Table 2
POP levels (ng/ml) in plasma samples of female nesting loggerhead sea turtles.

Variable Mean ± SD Median (range) % detected

Pesticides
HCB 0.012 ± 0.01 0.009 (bLOD-0.064) 86
p,p′-DDE 0.075 ± 0.07 0.057 (bLOD-0.377) 98
Dieldrin 0.008 ± 0.03 0.000 (bLOD-0.174) 6
ΣOCPs 0.095 ± 0.08 0.069 (bLOD-0.382) 98

PCB congeners
PCB-52 0.013 ± 0.01 0.01 (bLOD-0.06) 72
PCB-118 0.005 ± 0.01 0.00 (bLOD-0.08) 26
PCB-123 0.0006 ± 0.02 0.00 (bLOD-0.02) 4
PCB-138 0.08 ± 0.09 0.05 (bLOD-0.55) 98
PCB-153 0.047 ± 0.06 0.03 (0.00-0.44) 92
PCB-180 0.023 ± 0.02 0.02 (bLOD-0.17) 82
ΣM-PCBs 0.17 ± 0.19 0.11 (0.02-1.25) 100
ΣDL-PCBs 0.006 ± 0.01 0.00 (bLOD-0.08) 30
ΣPCBs 0.17 ± 0.19 0.11 (0.02-1.25) 100

PAHs
Naphtalene 0.07 ± 0.38 0.00 (bLOD-2.69) 14
Acenaphtene 0.016 ± 0.04 0.00 (bLOD-0.25) 14
Fluorene 0.24 ± 0.16 0.20 (bLOD-0.82) 94
Anthracene 0.003 ± 0.01 0.00 (bLOD-0.12) 4
Phenanthrene 1.21 ± 0.74 0.92 (0.50–3.48) 100
Fluoranthrene 0.03 ± 0.04 0.03 (bLOD-0.16) 68
Pyrene 0.04 ± 0.04 0.02 (bLOD-0.16) 68
Benzo [a] anthracene 0.005 ± 0.03 0.00 (bLOD-0.24) 6
Chrysene 0.006 ± 0.03 0.00 (bLOD-0.24) 4
ΣPAHs 1.64 ± 1.14 1.22 (0.67–7.11) 100
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Thus, the hematological parameters were correlated with several
POPs. We noted an inverse association between the most prevalent
PCBs in marine turtles (congeners 138 and 180) and PCV. Additional-
ly, PCB 52 was negatively associated with WBCs; similarly, a negative
association between HCB and both WBC and the thrombocyte esti-
mate was also noted. In addition, p,p′-DDE was negatively correlated
with heterophils, although it was positively correlated with eosino-
phils. Furthermore, several hematological associations between the
hematological parameters and PAHs were observed.

Additionally, several correlations were detected between the
biochemical parameters and contaminants analyzed. For example,
the turtles showing the highest levels of PCB 52 presented the lowest
concentrations of glucose. On the contrary, a positive correlation was
found between PCB 52 and phosphorus. Furthermore, lower levels of
uric acid and total cholesterol were associated with higher concentra-
tions of ΣM-PCBs. Additionally, a negative correlation was found be-
tween GGT and p,p′-DDE, and ΣOCPs.

Moreover, several correlations were observed between PAHs and
enzyme activity (ALT, ALP and amylase). In addition, total protein,
albumin and globulins were positively correlated with levels of con-
tamination by some PAHs (i.e., phenanthrene and fluoranthene).

Furthermore, we noted several correlations between electrolyte
levels and POP levels. Potassium, calcium, phosphorus and magne-
sium were positively correlated with phenanthrene, fluoranthene,
and ΣPAHs. However, a negative correlation was observed between
magnesium and ΣPAHs. In addition, a negative correlation between
PAHs and total bilirubin was noted.

Regarding the potential associations between contaminants and size,
a positive correlationwas observed between CCL and ΣPAHs (r = 0.478;
p b 0.001). In fact, large turtles showed higher median concentrations
than small turtles (2.99 vs 1.08; p b 0.001). However, we did not observe
any significant correlation between pesticides or PCB congener concen-
trations and size.

4. Discussion

In this study, the baseline data of hematological and plasma chem-
istry values for female nesting loggerheads from Cape Verde, profiles
of the presence of POPs in plasma, and potential associations between
levels of contaminants and clinical parameters are presented.

Establishing biochemical and hematologic reference values for sea
turtles is important for evaluating the health status of turtles, and there-
fore, baseline blood values can be used for conservation purposes as an
indicator of population health. Many research groups have reported ref-
erence intervals formarine turtles (Bolten andBjorndal, 1992; Casal et al.,
2009; Deem et al., 2009; Flint et al., 2010; Jacobson et al., 2007; Stamper
et al., 2005; Swimmer, 2000). Themajority of the hematological and plas-
ma chemistry values from our study were within the range of values
reported in other studies for loggerhead turtles (Deem et al., 2009;
Stamper et al., 2005; Turnbull et al., 2000). Only one previous publication
studied hematological and biochemical parameters in female loggerhead
sea turtles from the Cape Verde nesting area (Casal et al., 2009). The me-
dian values obtained in the present studywere very similar tomost of the
parameters analyzed in that previous study. However, we observed
higher values of RBC, WBC, monocytes, AST, glucose and triglycerides
and smaller values of lymphocytes, thrombocytes, total bilirubin and
ALP. Variability in biochemistry and hematology values for healthy tur-
tlesmay occur due to nutritional status, age, sex, nesting stage,migratory
status, diet, geographical locations, habitats, pathogens, toxin exposure,
genetics and environmental conditions (Deem et al., 2009; Lutz and
Dunbar-Cooper, 1987; Stamper et al., 2005). These factors could also ex-
plain the differences observed in several hematological and biochemical
parameters among both size groups that were analyzed.

Several studies have examined loggerhead turtles for PCBs and
OCPs (Corsolini et al., 2000; Keller et al., 2004a; Lazar et al., 2011;
Monagas et al., 2008; Orós et al., 2009; Perugini et al., 2006; Storelli
et al., 2007). However, studies on PAHs in sea turtles are quite scarce
(Alam and Brim, 2000; Camacho et al., 2012; Godley et al., 1998; Hall
et al., 1983). Although the use of PCBs and OCPs has been banned or
reduced in most developed countries since the 1980s, these chemical
compounds are well known for the lipophilic character, resistance to
degradation, and are still present in the environment and therefore in
wildlife throughout the world (Peterle, 1991).

PCBprofiles reported by other authors in sea turtleswere dominated
by the higher chlorinated congeners (PCB 138 > PCB 153 > PCB 180)
(Corsolini et al., 2000; Keller et al., 2004a; Lazar et al., 2011; Orós
et al., 2009; Perugini et al., 2006; Storelli et al., 2007). Different degrees
of contamination in sea turtle tissues from different locations around
the world have been observed (Corsolini et al., 2000; Gardner et al.,
2003; Lake et al., 1994; Mckenzie et al., 1999; McKim and Johnson,
1983). In this context, it should be noted that DL-PCBs have been recog-
nized as having a negative effect on animals but that M-PCBs (the most
prevalent in the environment) may also exert deleterious effects on
animal health (Fox, 2001).

According to the bibliography and the present study, p,p′-DDE is,
in general, the pesticide present in the greatest concentrations in
sea turtles due to its highly persistent nature (Keller et al., 2004a;
Lake et al., 1994; Lazar et al., 2011; Mckenzie et al., 1999; Monagas
et al., 2008; Perugini et al., 2006; Rybitski et al., 1995; Storelli et al.,
2007; Storelli and Marcotrigiano, 2000). DDE has a particular signifi-
cance because of its undesirable effects on environmental quality and
animal health (Guillette, 2000).

All plasma samples from our turtles had detectable values of at least
one type of PAH. Studies investigating PAHs have primarily focused on
aquatic ecosystems (Kannan and Perrotta, 2008; Marsili et al., 2001).
Several studies evaluated the effects of oil on sea turtles through the di-
rect application of crude oil, demonstrating that sea turtles are vulnera-
ble to the effects of crude oil at all life stages (Lutcavage et al., 1997; Lutz
et al., 1986). Although, no study has proven that oil exposure leads to
elevated PAH concentrations in the blood, in a previous study the
mean concentrations of fluoranthene was much higher in juvenile
loggerhead turtles stranded due to crude oil ingestion (Camacho et al.,
2012). Nevertheless, we have to take into account that PAHs come
from burning fossil fuels, and urban runoff, not only from oil spills.
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The study published by Camacho et al. (2012) was the first to
report blood levels of PAHs in sea turtles. The differences observed
between ΣPAH concentrations in that study as compared to the pres-
ent one (5.95 vs 1.64 ng/ml) are difficult to explain. This unexpected
result might be due to the fact that PAHs could be rapidly metabolized
and may disappear from the blood. Thus, the possibility exists that
differences among animals in polymorphisms in genes encoding xe-
nobiotic metabolizing enzymes (i.e., gluthation-S-sulfotranspherase,
cytochrome P450, N-acetyl-Transferase) highly impact on blood levels
of contaminants (Richardson et al., 2009). Thus, inter-individual differ-
ences in the detoxifying capacity of turtlesmay explain hugedifferences
in pollutants plasma levels among individuals (Richardson et al., 2010).

Attending to the insignificant degree of biomagnification of PAHs
previously targeted in aquatic organism (Nakata et al., 2003;
Perugini et al., 2007), the higher levels of PAHs found in larger vs
smaller turtle were unexpected. Many higher trophic-level aquatic
organisms can metabolize PAHs (Roscales et al., 2011). Therefore,
PAH concentrations in sea turtles could be directly related to recent
exposure to waters or food contaminated by PAHs. A difference in
feeding areas has been observed between large- and small-sized fe-
male turtles from Cape Verde (benthic and oceanic, respectively)
(Hawkes et al., 2006). This difference in feeding could explain the sta-
tistically significant differences in PAH levels. Since oil production
started off the coasts of Mauritania, Senegal, Gambia, Guinea-Bissau,
Guinea, and Sierra Leone, oil spills from offshore fields, intensive
traffic of oil tankers and uncontrolled spillage of oil residues from the
tankers may have contributed to the presence of PAHs in the plasma
of loggerhead turtles from Cape Verde.

Few previous studies have reported correlations between levels of
organic (Keller et al., 2004b; Swarthout et al., 2010) or inorganic
contaminants (Day et al., 2007; Innis et al., 2008) and clinical health
parameters in sea turtles. In the present study, we detected several asso-
ciations between the contaminant concentrations and the clinical param-
eters. Thus, several correlationswere observedbetween the different PCB
congeners and the overall health indicators, such as cell counts and
biochemical parameters. PCV decreased with higher concentrations of
several PCB congeners. The association between RBC and DL-PCBs has
been previously described in loggerhead sea turtles (Keller et al.,
2004b), suggesting that PCBs could result in anemia in sea turtles.

Regarding the influence of contaminants on the blood cell counts
it is also remarkable that in a recent study total WBC and heterophil
counts were also negatively associated with PCB levels in red eared
slider turtles (Yu et al., 2012), pointing to the possibility that PCB
may suppress immune function in turtles. In fact an inverse correlation
between WBC counts and concentrations of pesticides was reported
previously in juvenile loggerhead turtles (Keller et al., 2004b). Similarly
to Keller's results, in our study higher concentrations of p,p′-DDE
were associated with lower heterophil values, and also were associated
with higher eosinophil values. Keller et al. (2004b) observed the same
positive association between eosinophil values and ΣDDTs and ΣOCPs.

Although experiments on the physiological and clinicopathological
effects of crude oil have been studied in loggerhead sea turtles
(Lutcavage et al., 1997), the present survey is the first study reporting
correlations between internal contamination with PAHs and health in-
dicators in sea turtles. Temporal hematologic changes associated with
direct exposure to oil have been previously observed (Lutcavage et al.,
1997). In a recent study Casal and Orós (2009) observed that juvenile
loggerhead turtles stranded by crude oil ingestion had significantly
lower RBC, and significantly higher WBC and thrombocyte counts,
than those observed in clinically normal turtles.

Correlations between PCBs and biochemical parameters were also
found. Decreases in glucose levels associated with high levels of PCBs
have been reported previously in other vertebrate species (Boll et al.,
1998). Additionally, a negative correlation between glucose and the adi-
pose concentration of dieldrin andΣDDTs in the loggerhead sea turtle has
been reported and suggests that organochlorine contaminants may be
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affecting glucose regulation (Keller et al., 2004b). In addition, higher
phosphorus concentrations were associated with higher levels of PCB
52. A Ca:P ratio of b1 has been considered indicative of kidney disease
in reptiles (Campbell, 2004). However, in the present study, we did not
observe any correlations of the contaminant levels with the Ca:P ratio.

In addition, we observed a negative correlation between blood con-
centrations of p,p′-DDE and OCpesticides andGGT. Although tissue levels
of GGT are low in chelonians, high levels of GGT could indicate liver dam-
age (Divers, 2000). Keller et al. (2004b) also observed a negative associa-
tion betweenGGT and the pesticide dieldrin. Nevertheless, due to the lack
of previous studies determining the distribution of enzymes among or-
gans of sea turtles, it is difficult to interpret the correlations observed.

In sea turtles the electrolyte balance is regulated by the kidneys
and salt glands. Our results indicated a negative association between
p,p′-DDE and the Na/K ratio and agree with the results found by
McConnell (1985) reporting that kidneys are sensitive to POPs.
Thus, the alteration in ion regulation found in our study could be
due to the influence of OCPs on these organs.

We found aweak but significant influence of PAH levels on blood en-
zymes. Sea turtles stranded by crude ingestion showed significantly
higher values of ALT and ALP (Casal and Orós, 2009). However, the
scarce number of studies in reptiles evaluating levels of PAHs, blood en-
zymes, and their potential relationship makes it difficult to compare
these results with other studies or to understand the potential effects.

In addition, we noted several significant correlations between elec-
trolyte levels and PAHs (such as a negative association betweenmagne-
sium and PAHs). Furthermore, total proteins, albumin, globulins and
creatinine were positively correlated with several PAHs. These findings
suggest that PAHs could affect kidney in sea turtles.

From our results it seems clear that environmental pollutantsmay in-
fluence adversely different hematological or biochemical parameters, but
in any case the contaminants are the only factors that are modulating
these parameters. In this sense, it seems obvious that other confounding
or unknown factors (not recorded in ourwork) could be influencing such
clinical parameters. Therefore, further studies are necessary to explore
the potential role exerted by POPs on clinical parameters in these reptiles.
In any case, studies must take into account the enormous variability in
clinical parameters found in sea turtles. Other studies using different sen-
sitive biomarkers of exposure to POPs could help to understand the del-
eterious effects of these chemicals on the health status of turtles.

5. Conclusion

This study represents the first evaluation of the potential effects of
persistent organic pollutant in loggerhead sea turtles from Cape
Verde. Several associations between POP levels and clinical parameters
were found. Few previous studies have observed a correlation between
organochlorine contaminants and heavy metals with clinical parame-
ters. However, this study is the first reference that evaluates association
between PAHs and clinical parameters.

Our results support the idea that anthropogenic pollutants are present
in the Cape Verde loggerhead turtle nesting population.We detected sev-
eral correlative findings with health parameters. Because of the impor-
tance of this loggerhead nesting population, protective regulations at
national and international levels and international action by the IMO (In-
ternational Maritime Organization) are necessary to assure the conserva-
tion of this population. We recommend that additional studies on the
presence of contaminants in other life stages (i.e., eggs, hatchlings, and ju-
veniles) be used to provide more comprehensive information on the im-
pact of contaminants on the survival of this population.
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