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Abstract

In this study, blood, eggshells, and nest sediments of sea turtles Eretmochelys imbricata, collected during their reproductive
period, were analyzed by X-Ray fluorescence to determine the presence and concentrations of Ni, Co, Cu, Pb and Cr.
Moreover, we analyzed the possible interference of such metals in some reproductive data. All elements were detected in
low concentrations. Ni was the element found in the highest concentrations in the blood, eggshells, and sediment. Our results
demonstrated that females with the highest concentrations of Ni in their blood presented fewer eggs in their nests; and that
when the concentration of Cu in their blood is higher, the number of eggs increases. Cu has a different effect when in the
sediments covering the nests; Cu concentrations in the sediment appear to be related to an increase in dead embryos. Hence,
our results demonstrate that sea turtles are exposed and contaminated by heavy metals, and that such metals may influence the
reproduction of hawksbill turtles E. imbricata, and probably other species of sea turtles.
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INTRODUCTION

Anthropogenic action has been spewing large amounts of
heavy metals in seas and oceans around the globe (Nriagu &
Pacyna, 1988; Celik et al. 2006); such pollutants influence
the quality of the ecosystems and may cause a decline in
populations and genetic storage of marine organisms, such
as sea turtles. Although the decrease in populations of sea
turtles around the world is mainly related to incidental capture
in fisheries, degradation of nesting areas, photo—pollution
and marine pollution (Anan et al. 2001; Hamann et al. 2010;
Marcovaldi et al. 2011), several studies have reported that
heavy metal contamination may cause decline in sea turtle
populations (Godley et al. 1999; Sakai et al. 2000). The
presence of such compounds in female turtle tissues may
decrease reproduction success by different mechanisms, such
as interfering in the number of eggs or in the development of
the embryo. Thus, the analysis of tissues and eggshells may
provide information about heavy metal contamination in such

organisms, as well as insights about the influence that those
compounds have in reproductive success of sea turtles.

The presence of heavy metals in sea turtle tissues has
been revealed by some studies that examined organs of turtles
found dead; however blood samples and eggshells found in
nests seem optimal sample matrices because they can reveal
the presence of heavy metals in live animals (Paez—Osuna et
al. 2010a; Macédo et al. 2015). Through these samples, it is
possible to obtain information and make inferences about the
effects of metals in females turtles, as well as about maternal
transference, contamination of embryos, and hatching success
(Lam et al. 2006; Guirlet et al. 2008; Pacz—Osuna et al. 2010a;
Ley—Quindénez et al. 2013). In addition, the analysis of the
sediment that cover the nests may provide information about
environmental quality, as well as about embryos exposition to
heavy metals (Guirlet ef al. 2008).

Sea turtles are considered bioindicators of heavy metal
contamination in marine ecosystem because they feed on
different trophic levels, live for many years and have a
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broad geographical distribution (Lam et al. 2004). Such
characteristics increase the chances of metal bioaccumulation
through feeding, and also increase the chances of contamination
by exposure to the pollutants in water or sediment (Anan et al.
2001; Kampalath et al. 2006; Barbieri, 2009; Paez—Osuna et
al. 2010a). Eretmochelys imbricata (Linnaeus, 1766) is the
most common nesting species along the southern coast of
Pernambuco (Moura et al. 2012; Simdes ef al. 2014) and is a
good study model to analyze the presence and the influence of
heavy metals on the marine environment along the Brazilian
northeastern coast. Currently, the species is classified as
“critically endangered” of extinction by the International
Union for Conservation of Nature (IUCN, 2008). The presence
of heavy metals in blood eggshells, and nests of E. imbricata,
can indicate the pollution status in the environment; also, the
interference of such metals in reproduction of sea turtles can
provide information about how those metals may influence
their populations. In this study, we evaluated the contents of
nickel (Ni), cobalt (Co), copper (Cu), lead (Pb) and chromium
(Cr) in blood, eggshells and nests sediments of E. imbricata,
the possible effects of these metals on reproductive parameters
in E. imbricata were also analyzed.

METHODS

Eighteen females of E. imbricata and their respective
nests were randomly chosen for the study. Blood samples and
biometric data were collected from each animal immediately
after eggs post. Each nest was monitored until hatching, when
eggshells and sediment were collected. Blood, eggshells, and
sediment samples were analyzed to determine concentrations
of Ni, Co, Cu, Pb, and Cr by X- Ray fluorescence. The study
was authorized under the license from SISBIO/ICMBIO N°
45623—1 and was conducted according to the regulations of the
Ethics Committee on Animal Use N° 23076.054310/2014-70
from January 2015 to July 2015.

Study area

The study area is located in Ipojuca, state of Pernambuco,
at -8.401667°S; -35.062500°W, and the nests are spread over
five beaches: Muro Alto (2.5 km long), Cupe (2.4 km long),
Merepe (3.5 km long), Porto de Galinhas (1.5 km long), and
Maracaipe (3,1 km long), totalizing 13 km (figure 1). These
beaches feature sandstone reefs parallel to the shore; such
structures support the development and growth of corals,
algae and small marine animals, and is used as foraging area
by sea turtles (Moura ef al. 2012). The area is monitored by
NGO Ecoassociados, an institution working in the monitoring,
and conservation of sea turtles, and in helping identification of
animals and nests.

Collection of samples in the field

Initially, the beaches were inspected during the night to
identify the time when each one of the 18 females left the
sea to nest. During nesting, biometric data on the curved
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carapace length (CCL) and curved carapace width (CCW)
were collected with a tape measure. After egg posting, 10 mL
of blood ware collected from the dorsal cervical sinus (Owens
& Ruiz, 1980) and stored in a vacutainer tube containing
heparin. Then, the properly identified samples were kept at
4°C and transported to the laboratory, where they were stored
at -20°C until processing.

The nests were isolated with tapes and wood stacks for
protection and referenced using a GPS; all nests were then
monitored daily. After the period of hatching (45-60 days),
each nest was cleaned, and the number of eggs, the number
of live hatchlings, newborn mortality, and the number of
unhatched eggs were recorded in spreadsheets. Then, 20
eggshells, randomly selected, and the sediment where they
were incubated (bottom of the nests), were collected. Each
sample was packed in 2 L plastic bags, transported to the
laboratory, and stored at room temperature.

Laboratory analyses of heavy metals

Blood samples were centrifuged at 3,000 rpm for 15
minutes to separate blood cells and particles suspended in
the plasma. Thereafter, 500 pL of plasma were separated and
diluted in 1,500 pL of ultrapure water (Milli—Q water); then, 1
mL of the dilution was stored in Eppendorf® tubes.

Eggshells from each nest were dried at 50°C, crushed,
weighed and placed in a glass container, to which 8 mL of
concentrated nitric acid (HNO,) were added. Each solution
formed with the samples was placed in a digester exhaust
camera for digestion at 95°C, for approximately 3 h. Then,
each solution received 2 mL of distilled water and 10 mL of
hydrogen peroxide (H,0,). This mixture was again heated for
approximately 2 h. After cooling, 1 mL of the final product
was transferred to Eppendorf® tubes, which were subsequently
stored.

Sediment samples were dried at 50°C (= 2°C) and
subsequently crushed and separated into 2 g subsamples for
digestion following the method 3050B of USEPA (United
States Environmental Protection Agency). After digestion, 1
mL of the obtained products was transferred to an Eppendorf®
tube and then stored.

The chemical analyses were performed by X-ray
fluorescence (XRF). For this process, each sediment, blood
and eggshell sample received 100 puL of Gallium (Ga) solution
(102.5 mg L"), used as a standard solution. Then, the mixtures
were stirred for homogenization and 5 pL of each sample
were pipetted on an acrylic reflector (in triplicate) and dried in
an oven at approximately 60°C.

After drying, all measurements were performed at the
XRF beamline of the Brazilian Synchrotron Light Laboratory,
in Campinas (Brazil). A 13.5 keV monochromatic beam of
0.1 mm high by 5 mm wide was used to excite the samples
under total reflection conditions. Samples were measured for
500 s using a silicon drift detector (KETEK, GmbH) with an
energy resolution of 140 eV at 5.9 keV and the collected X—
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ray fluorescence spectra were evaluated using the PYMCA
software (Solé et al. 2007). All analyses were performed in
an air atmosphere. The results obtained for each item sampled
were expressed in mg Kg .

Statistical analyses

General Linear Models (multi—-way regression analysis)
(Mccullagh & Nelder, 1989) were performed to estimate
whether the concentration of five heavy metals (Ni, Co, Cu,
Pb and Cr) in each substrate (blood and eggshells of live
hatchlings, and sediments of nests), considered in this study
as predictor variables, affects each of the dependent variables
(total eggs, unhatched eggs, stillbirths turtles, live hatchlings
and hatching success). Furthermore, a multiple linear
regression analysis was performed to verify to what extent
the concentration of heavy metals in the blood of females can
predict its size as measured by CCW. Before “running” each
model, we used the “Variance Inflation Index” to analyze
whether there was an autocorrelation between predictor
variables. All heavy metals which showed autocorrelations
with index values above 3 were excluded from the analyses.
After running the models, we performed a residual analysis
(raw residual normality and Cook’s Distance) to verify whether
the data used were well-adjusted to the test assumptions. We
also verified a possible correlation between the concentrations
of each metal in the sediments and the concentrations of
the metals in eggshells. All tests were performed using the
software Statistica 7.0 (StatSoft, 2004). The analyses were
performed with a significance level considering p<0.05.

RESULTS

Table 1 summarizes the results of reproductive parameters
collected in the 18 monitored nests. The nests presented
together 2,573 eggs (mean: 142.94) with 1,668 live hatchlings,
ranging from 6 (nest 01) to 142 (nest 04). The nests 01, 06 and
18 did not presented stillbirths hatchlings, while the nests 02
and 12 presented 31 and 51 stillbirth hatchlings, respectively.
A total number of 704 unhatched eggs were recorded, ranging
from 5 (nest 02) to 106 (nest 13) unhatched eggs per nest.
Hatching success (mean: 63.2% + 8.19%) was lower in the
nest 18 (18.33%), and higher in the nests 06 and 11 (86% and
85.71%, respectively).

The X-Ray fluorescence analysis revealed that all the
samples of blood, eggshells, and sediment presented some
level of contamination by Ni, Co, Cu, Pb, and Cr. Ni was
the element found in the highest concentration in the three
matrices (mean: 1.71 mg Kg' in blood, 4.689 mg Kg' in
eggshells, and 0.451 mg Kg' in sediment), while Cr was the
lowest concentrated metal in blood (mean: 0.085 mg Kg'),
Pb was the lowest concentrated metal in eggshells (mean:
0.041 mg Kg), and Co was the lowest concentrated metal in
sediment (mean: 0.029 mg Kg) (figure 1).

General linear model showed that concentration of metals
in the blood of females interfere in the number of eggs
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Table 1 Characterization of Eretmochelys imbricata nests regarding the
number of live hatchlings, stillbirth hatchlings, unhatched eggs, total eggs
and hatching success (%).

Female/ N°Total N°Unhatched Hatching N° Stillbirth N°Live
Nest eggs eggs success (%) hatchlings hatchlings

01 16 10 375 00 06
02 165 05 78.18 31 129
03 123 43 64.22 01 79
04 194 47 73.19 05 142
05 121 38 66.94 02 81

06 152 23 84.86 00 129
07 146 32 75.34 04 110
08 131 46 59.54 07 78

09 159 29 64.15 28 102
10 163 18 73.61 25 120
11 105 10 85.71 05 90
12 184 06 69.02 51 127
13 157 106 24.2 13 38

14 184 39 65.76 24 121
15 133 25 80.45 01 107
16 170 74 54.7 03 93

17 150 55 62.67 01 94
18 120 98 18.33 00 22

Total 2,573 704 1,138.37 201 1,668

in their nests. When the concentration of Cu in the blood
of turtles was higher, their nests presented more eggs (p =
0.016); when the concentration of Ni in the females’ blood
was higher, the number of eggs in the nest was lower (p =
0.031). Multiple linear regression showed that the number of
stillbirths increases with the increase of Cu concentration in
the sediment (p = 0.031). The metals presented in the sediment
or eggshells had no influence on the number of eggs, and the
concentration of metals in the sediment was not correlated
to the concentration of those metals in eggshells. There was
no evidence of maternal transfer of metals to the eggshells
according to multiple linear regression (p > 0.05). Regarding
the size of females, our results demonstrate that larger animals,
measured by CCL, presented higher concentrations of Ni in
their blood (p = 0.048).

DISCUSSION

Our study demonstrates that the population of FE.
imbricata which nests in the coast of Pernambuco presents
varying concentrations of Ni, Co, Cu, Pb, and Cr in their
blood and eggshells; furthermore, their nests are located in
contaminated sediments. The contamination of sea turtles
by heavy metals has been demonstrated over the past two
decades. A study on dead juveniles, conducted by Macédo
et al. (2015) on the coast of the state of Bahia, related the
presence of 22 heavy metals in the liver, kidney and bones of
green turtles and hawksbill turtles. Anan ef al. (2001) studied
18 elements in the liver, kidney and muscles of E. imbricata
and C. mydas captured dead in Japan. Both studies found
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Figure 1 Location map of the study area and sampling sites (N = 18) in Muro Alto, Cupe, Merepe, Porto de Galinhas and Maracaipe beaches, in the
municipality of Ipojuca, Pernambuco (PE) state, Brazil. The nest is presented according to identification in Table 1.

very low concentrations of the elements Ni, Co, Cu, Pb and
Cr in hawksbill turtle tissues, something similar to the results
obtained in this study; here, however, some of the blood and
eggshell samples presented high concentrations of Ni. Table 2
summarizes and compares our results to some literature data.
Studies conducted by Vazquez ef al. (1997) and Guirlet et
al. (2008) on Dermochelys coriacea, Kaska & Furness (2001)
on Caretta caretta, and Lam et al. (2006) on Chelonia mydas
pointed out that low concentrations of heavy metals in the
blood and eggshells probably do not cause harm to sea turtles.
However, the presence of heavy metals in the blood tissue and
eggshells may indicate a recent exposure to toxic substances
(Wolfe et al. 1998; Storelli & Marcotrigiano, 2003; van de
Merwe, 2010).

Sea turtles can bioaccumulate heavy metals according
to their dietary patterns (Bjorndal, 1997). Hawksbill turtles
preferentially feed on marine sponges, and these may represent
the source of heavy metals found in their body (Meylan,
1988; Macédo et al. 2015). However, we do not know all
the feeding sites of the turtles studied here, nor the pattern
of metal contamination of the organisms that serve as food,
which makes it difficult to interpret the results. Several studies
report that sea turtles accumulate heavy metals mainly by
food, and may store or eliminate them (Wang, 2002; Guirlet
et al. 2008). Some authors report that reproduction (transfer

to eggs) may represent a way to climinate these elements
from the organism of females (Sahoo et al. 1996; Godley et
al. 1999). However, our results did not show any relationship
between contamination in blood and contamination in
eggshells. Results reported by Sakai et al. (1995), Storelli &
Marcotrigiano (2003), Paez—Osuna et al. (2010b) and Paez—
Osuna et al. (2011) were not able to find such a correlation.
Statistical issues, as number of animals studied and the
variation in concentration of the metals, may explain such
lack of correlation. Guirlet et al. (2008) explain that some
parameters, such as the characteristics of the species, the
nature of the element and the level of contamination, may
explain the non—transfer of heavy metals to eggs. More studies
are necessary to provide a framework for understanding the
patterns of maternal transfer.

Among the analyzed metals, Ni was that one found
in the highest concentrations in blood and eggshells of
E. imbricata (Figure 1), as Lam et al. (2006) also noted
studying C. mydas. Our results demonstrate that the increase
of Ni concentration in the blood of females is related with
a decrease in the number of eggs in the nest. According to
Forgacs ef al. (2012), Ni has toxic effects on the ovaries,
probably by oxidative stress, and reduce progesterone
production and ovulation, what could explain our results.
Furthermore, multiple linear regression demonstrated that
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Figure 2 Concentrations of Ni, Co, Cu, Pb, and Cr in the blood, eggshells, and sediments covering the nests. The values of the concentrations were
transformed to log10 in order to better represent the variation in the concentrations of the metals.

when the concentration of Cu in the blood of females is
higher, their nests show more eggs. Some authors suggest
that copper may influence the release of FSH and LH from
the pituitary gland. Michaluk et al. (2006) suggest that
copper binds to GnRH, released from the hypothalamus, and
such a complex is more effective than the native GnRH in
stimulating the release of FSH and LH from the pituitary
gland. Thus, the increased amount of FSH and LH released
into the bloodstream may eventually stimulate more oocytes
in the ovary, increasing the number of eggs released.

When Cu is present in the nest sediment, however, its
effects seem to be deleterious to the offspring; according
to the multiple linear regression, with an increase in Cu
concentration in sediment, there is an increase in the number
of stillbirths in the nests. According to Canas & Anderson
(2002), Marco et al. (2004) and Guirlet et al. (2008), the
survival of hatchlings may be affected by contaminants from
the nest sediment even during incubation. The metals present
in the sediment probably reach the hatchling even at the final
stage of development through the open pores of eggshells,
and cause damage that can be fatal. The elements Cr, Ni,
Cu and Pb, detected in the sediment of the nests (figure 1),
were found at higher concentrations by Celik et al. (2006)
upon analyzing C. mydas nests in Turkey. These authors, as
well as Shriadah (1999), argue that the presence of Cr can

be explained by geological aspects and by the formation of
rocks, while the presence of the other elements is likely to be
due to anthropogenic activity (Kennish, 1997).

CONCLUSION

Our results demonstrate that the specimens of E.
imbricata studied present different concentrations of
the heavy metals Ni, Co, Cu, Pb, and Cr in their blood,
evidencing the exposure of the population of sea turtles
to contaminated environments. Eggshells and sediment
were also contaminated by varying concentrations of those
metals. Our statistical analyses do not show any correlation
between the metals in the blood and the metals in the
eggshells, nor any correlation between concentrations of
metals in the eggshells and the concentrations of metals in
the sediment. Probably, statistical issues and differences in
how each metal pass from the dams’ organism to the eggs
make it difficult to find a pattern of maternal transfer of those
metals. High concentrations of Ni in the blood of female
turtles seem to cause a decrease in the number of eggs such
female can post. On the other hand, high concentrations of
Cu in the blood of dams cause an increase in the number of
eggs in the nest. When in the sediment that cover the nest,
Cu is toxic for embryos; our results demonstrate that an
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Table 2 Concentration of heavy metals (mean) in blood, eggshells and sediments covering the nests in this study and in the literature (mg Kg™).

Species Sample Ni Co Cu Pb Cr Author
Blood 1.711 0.284 0.951 0.729 0.085 This study
Eretmochelys
imbricata Eggshells 4.689 0.181 0268 0.041 0237 This study
Sediment  0.451 0.029 0.035 0.032 0.034 This study
Kaska e Furness
- - 529  0.633 2001)
Eggshells Ley-Quinonez
Caretta Caretta 1.59 - 2.83 - - etal. 2011)
Sakai et al.
) . 357 . (2000)
Guirlert et al.
Blood - - 134 0.18
Dermochelys (2008)
coriacea Vazquez et al.
Eggshells - - - 0.011 (1997)
0.012 330 130 0.11 047 Lametal. (2006)
Eggshells Celik et al.
Chelonia mydas 364 - 1843004 055 (2006)
. Celik et al.
Sediment 27.31 - 17.77  1.21 3789 (2006)
Lepidochelys Paez-Osuna et al.
olivacea Blood 28 ) 2.28 ) (2010)
Chelﬁ)mg mydas Blood 1.03 ) 171 } . Ley Quindénez et
agasiizzi al. (2013)
increase in Cu concentration in the sediment that cover the REFERENCES

nest causes an increase in the number of stillbirths. These
results demonstrate that heavy metals in the organisms of
the females and in the sediment covering the nest influence
the reproduction capacity of the dams and the survival of
the embryos. Hence, the increase of heavy metals in the
environment, including in the trophic chain, may contribute
to a decrease in populations and genetic diversity of sea
turtles; however, more studies are necessary to better
understand the biological mechanisms by which heavy
metals influence reproduction in sea turtles.
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