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Abstract This study investigated selected trace elements tox-
icity in sea turtles Caretta caretta population from Baja
California Sur (BCS), Mexico, by analyzing associations
among Zn, Se, Cu, As, Cd, Ni, Mn, Pb, and Hg with various
biochemical parameters (packed cell volume, leukocytes, and
selected blood parameters), and whether their concentrations
could have an impact on the health status of sea turtles. Blood
samples from 22 loggerhead (C. caretta) sea turtles from BCS,
Mexico, were collected for trace elements on biochemistry
parameter analyses. Significant associations among trace ele-
ment levels and the biochemistry parameters were found: Cd
vs ALP (R* = 0.874, p  0.001), As vs ALP (R* = 0.656,
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p 0.001), Mn vs ALP (R* = 0.834, p 0.001), and Ni vs
LDH (R* = 0.587, p 0.001). This study is the first report of
the biochemical parameters of the North Pacific loggerhead
sea turtle (C. caretta) from Baja California Sur, Mexico, and it
is the first to observe several associations with toxic and es-
sential trace elements. Our study reinforces the usefulness of
blood for the monitoring of the levels of contaminating ele-
ments and the results suggest that, based on the associations
with health clinical parameters, high levels of Cd and As could
be representing a risk to the North Pacific loggerhead popula-
tion health.

Keywords Sea turtle - Caretta caretta - Biochemistry
parameters - Trace elements - North Pacific loggerhead

Introduction

The sea turtle is in the final links of the webs of life with few
predators, which has allowed him to develop and adapt to
climate change of the planet during his evolutionary develop-
ment (Spotila 2004). But now, all the species of this reptile are
in a status of endangerment (SEMARNAT 2010; CITES
2015) that are the result of human pressures (Gardner and
Nichols 2001; Aguirre and Lutz 2004; Broderick et al.
2006). The loggerhead sea turtle, Caretta caretta, with only
nine populations at the global level, has been strongly impact-
ed, particularly the North Pacific loggerhead (Aguirre et al.
2016). As a result of this, studies on the aspects of population,
anthropogenic and natural threats, and biointoxication are im-
portant (Seminoff et al. 2014).

Anthropogenic activities have generated and pouring dif-
ferent pollutants to the environment, like solid residues,
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organic persistent pollutants, and heavy metals (Clark 2001;
Green-Ruiz and Paez-Osuna 2004; Green-Ruiz et al. 2005;
Kucuksezgin et al. 2006), strongly impacting on the health
of ecosystem and living beings (Aguirre and Lutz 2004;
Wilcox and Aguirre 2004). In particular, toxic trace elements
like Cd, Hg, Pb, As, and even essential elements, that are in
high concentrations can be harmful to organisms, are relevant
in ecotoxicology, because these inorganic pollutants tends to
accumulate, concentrate, and biomagnify through the food
chain (Storelli et al. 2005; Camacho et al. 2013), mainly af-
fecting species in the end links like sharks and sea turtles
(Aguirre and Lutz 2004; Tabor and Aguirre 2004; Frias-
Espericueta et al. 2014; Zavala-Norzagaray et al. 2014).

Several studies have pointed to exposure of sea turtles to
contaminant like trace elements could affect various function-
al processes (Aguirre et al. 2006; Camacho et al. 2013) and
like potential synergic etiologies of fibropapillomatosis and
other diseases in sea turtles (Aguirre and Starkey 1994), even
in low concentrations (Day et al. 2007). However, most stud-
ies about trace metal concentrations in sea turtle are developed
in tissues collected postmortem like the liver, heart, muscle,
and kidneys (Aguirre et al. 1994; Maffuci et al. 2005; Frias-
Espericueta et al. 2006; Gardner et al. 2006; Storelli et al.
2008). In recent years, some studies analyzed the use of blood
to determinate the heavy metals and metalloid concentrations
in sea turtles (Day et al. 2007; Day et al. 2010; Ley-Quinonez
et al. 2011; Camacho et al. 2013; Ley-Quinonez et al. 2013;
Zavala-Norzagaray et al. 2014), concluding that the blood is a
promissory tissue as analysis matrix that has made it possible
to measure trace element levels with excellent results (Day
et al. 2005; Day et al. 2010; Ley-Quinonez et al. 2011;
Zavala-Norzagaray et al. 2014), and these levels showed a
significant correlation among blood with other tissues (van
de Merwe et al. 2010). On the other hand, blood biochemistry
has been used as an invaluable tool for monitoring the health
and status of wildlife, for analyzing potential sources of con-
tamination and disease (Aguirre and Balazs 2000), and possi-
bly for observing processes of absorption, accumulation, and
circulation of trace elements and their potential toxicity in sea
turtle (Ley-Quinonez et al. 2013), however, only a few studies
have analyzed the effect of selected trace elements on the
health of sea turtles, e.g., low Hg concentration in blood of
Caretta caretta showed negatively correlation with lympho-
cyte cell counts and aspartate aminotransferase (Day et al.
2007), or other trace elements like Cd and As showed corre-
lations with biochemistry parameters which could have a neg-
ative effect on the health of sea turtles (Camacho et al. 2013).
The aim of this study was to analyze selected trace element
toxicity in sea turtle C. caretta population from Baja
California Sur (BCS), Mexico, by analyzing the existence of
associations among these elements with various biochemical
parameters, and whether their concentrations could have an
impact on the health status of sea turtles.

Materials and methods
Sampling

In July and August of 2008, blood samples from 22 logger-
head (C. caretta) sea turtles were collected from Vizcaino
Peninsula (27° 50" 00” N/115° 05’ 40" W) to Bahia
Magdalena (24° 30" 00" N/112° 00" 00" W), BCS, México.
Loggerhead turtles were captured by hand from small fishing
boats, measured and weighed. Curve carapace length (CCL)
and curve carapace width (CCW) were measured with a flex-
ible tape measure.

Samples were taken by venipuncture from the dorsal
postoccipital sinuses following manual restraint (Owens
1999). Blood samples were collected using 21 gauge needles
and 5-ml or 10-ml syringes. Five percent to eight percent of
reptile body weight, and 10% of this volume may be safely
collected (Sikes IV and Klaphake 2008). Eight milliliters of
blood of each sea turtle captured was collected, 3 ml for trace
element and 5 ml for biochemistry parameters. Blood samples
were transferred into vacutainer tubes containing lithium hep-
arin and placed on blue ice until processing at the wet lab in
the field station between 2 and 8§ h from the time of capture.

0.5 g of each blood specimen (wet weight) was subjected to
an acid digestion using a mixture of 5 ml HNO3, HCI and
H,0, in a proportion of 2:2:1. Sample digestions were per-
formed in a microwave system (ANTON PAAR) for 35 min.
The digestions were analyzed with an optical emission induc-
tively coupled plasma atomic spectrophotometer (ICP-AES)
model OPTIMA 4300™ DV (Perkin Elmer) using the proce-
dure described by Ley-Quifionez et al. (2011). The elements
analyzed were Zn, Ni, Cu, Mn, Se, Cd, As, Pb, and Hg. Limits
of detection (LOD) for each element were 0.01 pug g' for Cd,
As, Ni, Hg, and Pb, and 0.04 pug g1 for Zn, Cu, Mn, and Se.
Multielement standard SIGMA 6000 (Perkin Elmer) was used
for the spectrophotometer calibration curves. During the di-
gestion process, the lobster hepatopancreas reference material
for trace elements, TORT-2 (National Research Council of
Canada, Ottawa) was run with the samples. Percentages of
recovery of all elements were among 87 and 95%.

Packed cell volume (PCV) was measured using capillary
tubes spun for 5 min with a microcentrifuge model ZO-1 (LW
Scientific Inc.). Five blood smear slides were prepared imme-
diately on board and allowed to air dry. Plasma total protein
was recorded using a small hand-held refractometer model
VET-360 (REICHERT). Plasma was separated by centrifuge
COMPACT I model 420225 (Becton Dickinson) at 3000 rpm
for 15 min and pipetted into 1.6-ml cryogenic vials. The white
blood cell layer was collected in one cryogenic vial per sam-
ple. Plasma, WBC, red blood cells, and whole blood samples
were stored in a freezer until transfer for further biochemical
analysis. Blood plasma parameters were measured at IDEXX
Laboratories, West Sacramento, CA. Plasma samples (40 pL)
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were analyzed using a chemistry analyzer model VetTest 8008
(IDEXX) and commercial kits, according to the IDEXX spec-
ifications. Quality Control F1620 (IDEXX) was analyzed
once a month, to verify that equipment was functioning prop-
erly (IDEXX 2014). Selected blood parameters are the most
frequently used in sea turtles (Aguirre 1996; Camacho 2013).
Total protein, albumin, alanine aminotransferase (ALT), as-
partate aminotransferase (AST), alkaline phosphatase (ALP),
creatine phosphokinase (CPK), gamma-glutamyl
transpeptidase (GGT), lactate dehydrogenase (LDH), blood
urea nitrogen (BUN), creatinine, uric acid, calcium, phospho-
rus, cholesterol, glucose, sodium, globulin, and potassium
were quantified. In addition, we calculated values of
albumin/globulin (A/G) and sodium/potassium (Na/K) ratios.
Blood smears were fixed in methanol and stained using the
HEMA® stain set protocol (Romonowsky type, Fisher
Scientific, USA) at the American Museum of Natural
History. Blood smear slides were reviewed for leukocytes
and classified based on the morphologic features (Casal and
Oros 2007) using an Accuscope compound microscope with
40x lens and Neubauer hemocytometer, according to the Natt
and Herrick method (Camacho et al. 2013). The estimated
count method is performed by counting the total number of
leukocytes in ten consecutive fields multiplied by 1000 to
obtain the estimate. Two hundred leukocytes were counted
and classified as heterophil, lymphocyte, monocyte, eosino-
phil, or basophil to determine relative leukocyte differential
counts (Deem et al. 2009). The article of Sikes IV and
Klaphake’s Hematology reptile was used as cell identification
guide (Sikes IV and Klaphake 2008). Counting an identifica-
tion cell was made by trained personnel.

Statistical analyses

Mean, standard error (SE), and range data were reported for
curve carapace length (CCL), weight, trace elements, and
values for each blood parameter. Kolmogorov-Sminov test
was used as a normality test. The correlations among statisti-
cal variables were determined using a simple regression model
R*> 50% and p value as statistical indicators. The CCL and
weight were used as a relative indicator of age determination
in sea turtles (Gardner et al. 2006; Ley-Quinonez et al. 2013).

Results

Mean, standard error (SE), curved carapace length (CCL),
weight, and metal concentrations for 22 loggerhead turtles
are summarized in Table 1. Low numbers of epibionts ( 20)
on the specimen plastron suggest healthy animals and may be
a useful clinical indicator of good health (Gelli et al. 2008;
Deem et al. 2009; Flint et al. 2010).
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Tablel Mean, standard error (SE), and curved carapace length (CCL),
weight, and blood trace element concentrations for loggerhead turtles
(Caretta caretta) from Baja California Sur, Mexico

Variable Mean + SE Range
Carapace length (cm) 69.0 £ 1.1 54.0-83.5
Weight (kg) 485 £2.7 17.0-80.0

Zinc 448 £2.6 28.0-75.0
Copper 2.8+0.3 <LOD 1.0 (13)
Manganese 0.6 +0.7 <LOD 2.6 (16)
Nickel 15+19 <LOD 13.2 (15)
Cadmium 1.8 +04 1.3-3.7

Arsenic 40+12 0.3-23.6
Selenium 614+ 14 1.2-14.4

n = 22; trace element concentration in micrograms per gram wet weight;
range (min-max) followed by the number of samples above the LOD in
parenthesis if <16. Limits of detection (LOD) for each element were
0.01 pg gﬁ1 for Cd, As, Ni, Hg, and Pb and 0.04 pg g1 for Zn, Cu,
Mn, and Se. Trace element concentrations previously published by Ley-
Quinodnez et al. (2011)

ND no determined, LOD limit of detection

Trace element concentrations were previously published by
Ley-Quifidnez et al. (2011). Samples for the trace elements
were collected from the same sampled turtles for biochemical
and hematological analysis. Trace element distribution was
Zn>Se>Cu> As>Cd > Ni>Mn. Pb and Hg concentrations
were below of the detection levels of the calibration curve
used (Table 1). No correlations were found among trace ele-
ments analyzed in blood and the size or weight of the turtles
(R* 0.50;p 0.05).

Mean packed cell volume was 34.76% (£0.77, range
25.00—44.00%). Heterophils were the most numerous leuko-
cytes found, followed by lymphocytes. No basophils or
hemoparasites were detected in any of the 22 turtles sampled.
For lactate dehydrogenase (LDH) and uric acid, only 16 tur-
tles and one turtle could be analyzed, respectively. Blood pa-
rameter values are summarized in Table 2.

Heterophils, lymphocytes, and alanine phosphatase were
significantly correlated with body length and weight. Similar
correlations obtained for body length and weight could be
explained by the linear relationship between these two vari-
ables (R* = 0.94). Lymphocyte percentage (%Lc) and ALP
demonstrated a positive correlation with CCL (%Lc:
R*=0.624, p=0.004; ALP: R*=0.501, p = 0.029) and weight
(%Lc: R* = 0.639; p = 0.003; ALP: R* = 0.0.485, p = 0.035).
Statistically, there were no relations among other biochemistry
parameters vs size or weight (R* 0.50; p  0.05).

Significant associations among Cd vs Cu (R* = 0.949,
p 0.001) or trace element levels and the biochemistry param-
eters were found: Cd vs ALP (R2 =0.874,p 0.001), As vs
ALP (R* = 0.656, p  0.001), Cu vs ALP (R* = 0.877,
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Table 2  Mean, standard error (SE), and biochemical and hematologic
values for loggerhead turtles (Caretta caretta) from Baja California Sur,
Mexico

Variable Mean + SE Range

PCV (%) 347+ 0.7 25.0-44.0
Heterophil (%) 56.1 = 1.1 40.0-70.0
Lymphocyte (%) 332+ 14 20.0-45.0
Eosinophil (%) 58+13 0.0-12.0
Monocyte (%) 495+08 2.0-9.0
Basophil (%) ND ND

ALP (U T 137.0 £ 9.2 15.0-395.0
ALT (U 1Y 58+24 0.0-24.0
AST (U 155.6 + 10.3 23.0-520.0
CPK (U I'h 3404 + 12.5 51.0-1077.0
LDH (U T 78 £4.0 39.0-0 (16)
GGT (U 1Th 22+06 1.0-4.0
Albumin (g dI"") 1.5+02 1.1-2.1
Total protein (g dI™") 45+02 3.4-53
Globulin (g dI™") 3.0 £0.1 2.3-3.7
BUN (mg dI'") 135.6 + 3.3 58.0-206.0
Creatinine (mg dl™") 0.1+02 0.0-0.4
Cholesterol (mg drh 2255 +44 104.0-342.0
Glucose (mg dI'") 102.9 +2.0 72.0-144.0
Calcium (mg dI'") 6.1 +0.7 2.3-10.8
Phosphorus (mg dI ") 6.9 +0.7 3.2-123
Potassium (meq 1) 40+03 2.8-5.6
Sodium (meq 1) 1525 +£0.2 145.0-156.0
A/G ratio 0.5+0.1 0.4-0.7
Na/K ratio 1.9 27.0-55.0

Range (min-max) followed by number of samples analyzed in parenthesis
if <16

n =22, ND no determined, ALP alkaline phosphatase, ALT alanine ami-
notransferase, AST aspartate aminotransferase, CPK creatine phosphoki-
nase, LDH lactate dehydrogenase, GGT gamma-glutamyl transferase,
BUN blood urea nitrogen, A/G albumin globulin ratio, Na/K sodium
potassium ratio, PCV packed cell volume

p 0.001), Mnvs ALP (R> =0.834, p 0.001), and Nivs LDH
(R*=0.587,p 0.001) (Fig. 1).

Discussion

Sea turtles are considered sentinel species and provide an
overview of the possible ecosystem health (Aguirre and Lutz
2004); however, it is necessary to understand the impact of
contaminants such as some heavy metals and metalloids may
pose to sea turtle populations and establish health parameters
and biochemical reference intervals (RIs) for each species and
regional populations (Storelli and Marcotrigiano 2003). There
is limited available data on blood values and reproductive

status for sea turtles, and establishing baseline information
remains a priority for conservation management (Aguirre
and Balazs 2000; Deem et al. 2009). Although the RIs did
not differ between turtle sex and maturity, so these factors
do not influence the health status of turtles (Bolter and
Bjorndal 1992; Flint et al. 2010). Several studies concluded
that the RIs in sea turtles must be considered regionally (Deem
et al. 2009; Flint et al. 2010); therefore, comparisons between
the results of this study and previous studies are complicated
and possibly inaccurate, because the species behavior
(Samour et al. 1998), foraging areas (Whiting et al. 2006),
methods of blood collection, handling, processing, and bio-
chemical analysis must be a source of possible variation
(Bolter and Bjorndal 1992). Other important point is the lim-
itation in accessing individuals for sampling and constrained
resources, e.g., the population of the North Pacific
Loggerhead C. caretta is one of the nine populations most
strongly impacted (Aguirre et al. 2016), and our study area
is a foraging area (Tomaszewicz et al. 2015). Seminoff et al.
(2014) estimated an annual abundance of 43,226 loggerhead
turtle; however, the number of loggerheads sighted each year
ranged from 230 to 309 with a density of 0.650 turtles km 2,
which widely reduces the capture possibility of a specimen;
however, this study is useful as the first to report of biochem-
ical parameters and to observe several association with toxic
and essential trace elements. No significant differences were
observed among the means of the distinct biochemistry pa-
rameters and morphometric of the individuals sampled. The
results obtained are consistent with those of (Flint et al. 2010),
who concluded that there is no relationship among sex or size
in sea turtles based on biochemistry parameters.

Trace element accumulation in sea turtles present differ-
ences between both intraspecific and interspecific populations
from different areas (Aguirre and Balazs 2000), and previous
studies highlighted the need to understand toxicological effect
of selected metal accumulation in sea turtle and their immune
response to it (Storelli and Marcotrigiano 2003; Ley-
Quinonez et al. 2011); however, such studies remain limited.
The rank order of the blood concentration of the trace ele-
ments evaluated is consistent with the rank order of the blood
element concentration report by Camacho et al. (2013), only
Mn concentration varied, presenting the lowest level in
C. caretta from Cape Verde, West Africa. The authors con-
clude that metal concentrations have potential adverse effects
on the C. caretta hematological and biochemical parameters.

Niand Mn levels also presented a positive relationship with
ALP (Fig. 1). Ni and Mn are considered essential for organ-
isms like for some plants, bacteria, and invertebrates (Clark
2001; Liu et al. 2008; Ley-Quinonez et al. 2011); however,
high concentrations in organisms can develop different dis-
eases, €.2., Ni, As, and Se cause negative effect on white blood
cells (Camacho et al. 2013). Some algae and marine plants
accumulate high levels of Ni, as defense against predators and

@ Springer



9534

Environ Sci Pollut Res (2017) 24:9530-9537

600
500
450 500
_ 400 . - e
g 350 - - . L .
g 300 * 2'300 o
< 250 3 |
20 < 200 .
150 e ’,‘.A"
100 R 100 g
50 o y = 169.49- 188.08 ¥ y = 17.945x + 69.479
¢ R?=0.8741 A R2 = 0.6564
0 0
0 1 2 3 4 0 5 10 15 20 25
a Cd (ug g) b As (ng g*)
450 600
400 R o0
350 o ®
300 ° _, 400 L .
) 5 . .
229 < 300 . }
200 :
2 <o e
150 ae. @ o5
100 o 100 y=174.57x+ 18.609
. -8 s s o! R? = 0.8341
50 e y = 192.42x - 66.021 pe
o2* R?=0.8778 0
0 0 05 1 15 2 25 3
0 05 1 15 2 25 3 Mn (ug o)
C Cu(ugg™) d
45
40 .
3B -
.30 . e
-
5 L
520
a
15 L
10 o
5 g e y =2.6933x + 0.6919
~~~~ ) R2=0.5333
0 +*de ‘ .
0 2 4 6 8 10 12 14
e Ni (g g)

Fig.1 Relation among blood metal concentration (ug g') with clinical blood parameters for loggerhead sea turtles. a Cd vs ALP (R* = 0.874,p 0.001).
b As vs ALP (R* = 0.656, p 0.001). ¢ Mn vs ALP (R* = 0.834, p 0.001). d Cu vs ALP (R* =0.877,p 0.001). e Ni vs LDH (R> = 0.587, p 0.001)

pathogens (Baker et al. 2000), while higher levels of Mn was
found in the kidney and muscle for other loggerhead popula-
tions (Sakai et al. 2000b; Gardner et al. 2006); however, the
role of the Mn and its accumulation in sea turtles are not clear
(Storelli et al. 2003; Ley-Quinonez et al. 2013).

Blood Pb levels in sea turtles show differences between the
turtle size (Day et al. 2005; Wang 2005; Camacho et al. 2013),
possibly like a reflect of different eating habits during lifespan,
in oceanic zones while are small size, and neritic in large size
(Eckert et al. 2000; Eder et al. 2012). Our study doesn’t show
differences among the turtles size, and the load of this con-
taminate appears to be low in North Pacific loggerhead sea
turtle from BCS (Gardner et al. 2006; Ley-Quinonez et al.
2011) and other species sea turtles from Mexican Pacific
(Frias-Espericueta et al. 2006; Gardner et al. 2006; Paez-
Osuna et al. 2010a; Ley-Quinonez et al. 2013; Zavala-
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Norzagaray et al. 2014 are possibly a reflect of the feeding
areas (Camacho et al. 2013), apparently pristine or nearly
pristine grounds (Paez-Osuna et al. 2010a).

Previously, other studies observed a response of biochem-
ical parameter caused by Hg and organochlorine (OC) con-
taminant levels in loggerhead blood (Keller et al. 2004; Keller
et al. 2005; Day et al. 2007; Day et al. 2010) and concluded
that both, the Hg as OC contaminants, even in low concentra-
tions may be affecting the health of loggerhead sea turtles.
Day et al. (2007) observed that Hg exposure, even in low
concentration, can raise some blood parameter levels like
AST or CPK and conclude a negative impact on C. caretta
sea turtle immune function. Keller et al. (2004) found that
persistent OC contaminants were correlated positively with
AST activity and negatively with ALP activity, suggesting a
possible hepatocellular damage.
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Cd and As are metals with great ecotoxicological impor-
tance. Mean concentrations of Cd and As in C. caretta blood
were higher than those reported in previous studies on other
sea turtle species (Kenyon et al. 2001; Guirlet et al. 2008;
Paez-Osuna et al. 2010b; van de Merwe et al. 2010;
Camacho et al. 2013). In fresh water turtles, Cd might affect
gonadal developmental during embryonic and postnatal stages
and enhance the apoptosis rate (Kitana and Callard 2008);
Paez-Osuna et al. (2010b) suggest that Cd concentration in
L. olivacea sea turtle from Mexican coast, even at low levels,
might be a hazard to the eggs by maternal transfer.

Cd has a particular importance in the Northwest of Mexico,
there are natural benches on the Baja California peninsula, as
well as waste from phosphorus exploitation in the region,
Likewise, conditions in the Gulf of California, a semi-
enclosed sea of high primary productivity, and upwelling,
contribute the bioavailability of Cd in the food chain
(Storelli et al. 2008; Ley-Quinonez et al. 2011), particularly
in the species carnivorous feeding on calcareous organisms
such as crabs, main food of the loggerheads turtle; however,
there is a lack of knowledge in this ecotoxicological research
(Ley-Quinonez et al. 2013). Our results show an association
among blood Cd and As levels with ALP enzyme. Firstly, the
elevation of ALP may be caused by Cd and As levels, as it is
observed with other pollutants could suggest a possible liver
damage (Keller et al. 2004; Keller et al. 2005; Day et al. 2007,
Innis et al. 2008; Camacho et al. 2013). Other possibility may
occur due to an incorrect excretion process (Barile 2008),
resulting in organism suffering a series of toxic effects and
the development of pathologies such as fever, anorexia, hepa-
tomegaly, melanosis, cardiac arrhythmia, and pulmonary and
neurological diseases (Cantilena 2008). Maffucci et al. (2005)
observed highly significant correlations between Cd and Cu or
Zn in the liver and kidney of C. caretta and mentioned the
detoxification process by metallothionein that are effective
against the toxicity of Cd in sea turtles. These results are
consistent with our study, and a relationship between Cd and
Cu was also observed, which contributes to the data men-
tioned above during MT production, an increase in both
values was observed as a result of possible liver or kidney
damage (Storelli and Marcotrigiano 2003; Storelli et al.
2008; Camacho et al. 2013). The above supports the relation-
ship of Cd vs Cu such relationships are common in liver and
kidney during metallothionein (MT) production (Sakai et al.
2000a; Sakai et al. 2000b; Storelli and Marcotrigiano 2000;
Anan et al. 2002; Storelli et al. 2005; Storelli et al. 2008; Paez-
Osuna et al. 2010b; Zavala-Norzagaray et al. 2014). Proteins
function as toxic metal chelates (Ley-Quinonez et al. 2013)
and partake in the excretion process of these contaminants
(Gardner et al. 2006; Garcia-Fernandez et al. 2009).

Although the change in blood biochemistry caused by dif-
ferent diseases is similar in reptiles and mammals (Heard et al.
2004; Camacho 2013) and heavy metals and metalloids have

potential adverse effects on the hematological and biochemi-
cal parameters of sea turtles (Suzuki et al. 2012), explaining
the nature of each correlation remains speculative (Innis et al.
2008), due to probable involvement of immune responses and
the pathologies that can develop. Hematologic characteristics
and plasma chemistry values enable the detection of potential
sources of contamination, disease, and the determination of
baseline health values (Bolter and Bjorndal 1992; Aguirre
and Balazs 2000). Moreover, blood characteristics in animals
indicate physiologically and also specific values in relation to
disease (Kakizoe et al. 2007). Even though the effects of po-
tential toxic metals and other organic pollutants on vertebrates
are known (Keller et al. 2004; Innis et al. 2008), their toxic
effects and the immune response in wildlife are still unknown,
particularly in sea turtles (Aguirre et al. 1994; Camacho et al.
2013).

In conclusion, this study further supports the use of blood
as an ideal tissue for health assessments and heavy metal
monitoring.

According to the physical examination, the North Pacific
loggerhead sea turtle (Caretta caretta) population from Baja
California Sur, Mexico, presents apparent good health; how-
ever, the results from this study suggest that, based on the
associations with health clinical parameters, high levels of
heavy metals such as Cd and As could be representing a risk
to the North Pacific loggerhead population health. Therefore,
further studies allowing for observation of the possible short-
and long-term effects of these contaminants on the health of
the sea turtles are needed.

Blood analysis can be used not only to diagnose sea turtle
diseases but also to assess the health status of populations.
Therefore, establishing baseline blood chemical profiles for
healthy, wild populations of endangered sea turtle species
has become a high priority. Information on sea turtle health
can help to establish clinical attention in sea turtles. It is nec-
essary to highlight the importance of support for program
development and management plans that allow the perfor-
mance of studies by trained personnel in the long term, con-
tributing to the establishment of different factors for each sea
turtle population, like abundance, densities, biochemical ref-
erence intervals, and medical attention to unhealthy turtles.
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