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Abstract The green sea turtle (Chelonia mydas) has been a
species of global concern for decades. In this study, heavy
metals (mercury: Hg; Cadmium: Cd; Lead: Pb; Copper:
Cu; and Zinc: Zn) were measured in blood and three egg
fraction of green sea turtles nesting on the northern coast of
Sea of Oman. Heavy metals concentrations in blood, yolk,
albumen, and egg shell ranged between 0.16-36.78,
0.006-33.88, 0.003—4.02, and 0.002-6.85 pg/g (ww),
respectively. According to the results, all heavy metals
found in blood samples (n = 12) also were detected in the
various parts of the eggs (n = 48). Moreover, there were
no significant differences between concentrations of heavy
metals in different clutches laid in a nesting season.
However, Pb concentrations in blood samples significantly
increased in later clutches (p < 0.05), whereas Cu con-
centrations in blood samples exhibit a declining trend
(p < 0.05). These results reveal the existence of maternal
transfer phenomenon in green sea turtles on the northern
coast of Sea of Oman. Results of this study suggest that
heavy metals could be one of the factors influencing
reductions in fertilization and hatching success. Results
also indicate that green sea turtle on the northern coast of
Sea of Oman have high capacity in rapid response and
detoxification of heavy metals and/or from the low expo-
sure levels of these turtles to the heavy metals. Further
research is required concerning the effects of heavy metals
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on green sea turtles, especially on their possible influence
of fetal development of turtles.

Marine ecosystems are contaminated by different pollu-
tants, such as trace metals due to human activities (Sinaie
et al. 2010). Populations of green sea turtles (Chelonia
mydas) are distributed through the world’s tropical and
subtropical marine habitat, facing serious anthropogenic
threats, including poaching, fisheries impacts, pollution,
and habitat loss. Consequently, all species of sea turtles
have been classified as endangered or threatened and are
listed in Appendix I of the Convention of International
Trade in Endangered Species (IUCN 2003; Ehsanpour
et al. 2014).

Heavy metals enter sea turtles’ bodies mainly through
their food and water. Female sea turtles drink considerable
amounts of water to decrease their body temperature during
the nesting season and egg production (Kenyon et al.
2001). This phenomenon causes increased concentrations
of heavy metals in their blood. In general, nonessential
metals accumulate in tissues, such as the kidney, liver, and
pancreas, of the sea turtle (Marco et al. 2004). However,
eggs may be better indicators of recent exposure to heavy
metal contaminants. Heavy metals also may be transferred
from mother to eggs (Marco et al. 2004; Ehsanpour et al.
2014). The extent and quantity of heavy metal bioaccu-
mulation in a turtle’s body is highly dependent on the
species, status, and position of the species in the food
chain, migration route and pattern, feeding and breeding
areas, and natural activities, such as upwelling (Day et al.
2005). Furthermore, female sea turtles can transfer a part of
accumulated contaminants in their bodies to the eggs and
thus reduce the extent of contamination in their own bodies
(Nagle et al. 2001). Egg production starts with
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vitellogenesis during which the area around each follicle is
filled with fat as storage (Ehsanpour et al. 2014). This
process is completed before turtles reach their nesting
regions. Therefore, studying blood and eggs provides more
comprehensive information about toxicokinetics of essen-
tial and nonessential metals in turtles’ bodies during the
nesting season. Cu and Zn are important and necessary for
growth and metabolism of cells and for suitable structure
and function of proteins (Wallace et al. 2005). Therefore,
transfer of these metals to eggs during the nesting season is
necessary for fetal growth and development of offspring
(Wallace et al. 2005).

Various species of sea turtles, especially juvenile turtles,
have an opportunistic feeding strategy, which could lead to
an increase in entering pollutants into their bodies. For
example, juvenile green sea turtles can feed from animals
at higher levels of food chain that can lead to entrance of
the higher levels of pollution to their bodies (Kelly et al.
2008; Rauschenberger et al. 2004). Sea turtles are good
indicators of environmental health status because of their
longevity, position, and place in the food chain, mobility,
and movement (Camacho et al. 2014). Thus, several studies
have been performed in the field of ecotoxicology in var-
ious species of sea turtles around the world (Day et al.
2005; Guirlet et al. 2008; Kampalath et al. 2006; Sakai
et al. 2000; Paez-Osuna et al. 2010; Marco et al. 2004;
Nagle et al. 2001). Most studies on pollution levels in
various species of sea turtles have been performed by
collecting tissue samples of dead animals, which may not
reflect realistic contaminant levels and health status of
turtles (Ehsanpour et al. 2014). A nonlethal method for
sampling blood from sea turtles was developed by Owens
and Ruiz (1980). The development of nonlethal methods,
such as collecting blood samples from live sea turtles, has
been considered as an appropriate tool to evaluate health
status and level of pollution (Van de Merwe et al. 2010;
Day et al. 2007; Keller et al. 2004).

There are more than 52 known habitats for marine turtles
used for foraging, mating, and nesting on the northern
boundaries of the Persian Gulf and the Sea of Oman
(Pritchard and Mortimer 1999). Green and hawksbill turtles
(Eretmochelys imbricata) have a large number of nesting
sites in the regions of the northern coasts of the Persian Gulf
and the Sea of Oman (Hesni et al. 2015; Tollab et al. 2015).
The Sea of Oman includes important food and reproduction
areas for Green turtles during different life stages, but rare
number of green turtle come to beach for nesting. So,
nesting ecology and toxicology information about green
turtle is rare. During the past three decades, intensive efforts
have been made to conserve these sea turtles that nest in
large groups on the northern coast of the Persian Gulf.
However, there is a lack of information on migrations to the
northern coast of Sea of Oman. Populations of the green sea

turtle in this area are facing low fertilization and hatching
success (Mohammadizadeh and Soltanpour 2014). Heavy
metals discharged into the marine ecosystem of the Sea of
Oman have the potential to impact negatively the hatching
success of this population. Overall, there is a clear need to
improve knowledge of green turtles in Iranian territorial
waters of the Sea of Oman. In line with these trends of
research, this study was conducted:

1. To assess the variations and relationships among trace
metal concentrations in maternal blood and freshly laid
eggs from the green sea turtle.

2. To estimate the maternal transfer through the metal

excretion rate on the basis of one nesting season of this
turtle.

3. To evaluate the effect of heavy metals on hatching

success of the green sea turtle.

Materials and Methods
Study Area

This study was performed on the Chabahar Beach on the
northern coast of the Sea of Oman from June to October
2015. This beach has a semidiurnal tide (2 daily high tides).
The beach is 300 km in length, and the width varies from 5
to 40 m, depending on the tide line. For this study, five
areas along the beach were chosen, which are frequented
by turtles (Fig. 1). These beaches have the highest densities
of nesting green sea turtles (C.mydas) along the northern
coast of the Sea of Oman. The beaches in these areas have
fine sand and gentle slope. The beach length is rounded by
a widespread sand system and also pebbles mixed with
sand.

Sample and Data Collection

A complete visual physical examination was performed
(n = 12) and curved carapace length (CCL) was measured.
Health status of turtles was rated based on nest-building
behavior and general body condition (Deem et al. 2006;
Perrault et al. 2012). Turtles were tagged, according to the
methodology described by the National Marine Fisheries
Service/Southeast Fisheries Science Center (2008). Blood
was collected from the interdigital vein of the hind flipper
via a dorsal approach with the use of an 18-gauge, 3.7-cm
needle and a 15-ml syringe Precoated with sodium heparin
(heparin sodium injection, USP, PPC, Inc., C504730,
Canada) or a nonheparin-coated syringe. Blood tubes were
kept on wet ice in a cooler during the remaining time
researchers were on the beach collecting samples (range
20 min to 2 h). Twelve blood samples were used in this
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Fig. 1 Location of all sampling sites

study. Five eggs from each female were haphazardly col-
lected before touching the sand during laying. We were
taking eggs out as they were being laid. We were tracking
females laying eggs in the nesting season. A total of 48 egg
samples from 12 different nests were collected and trans-
ported to the laboratory where they were kept at 4 °C until
analysis.

Chemical Analysis

Egg samples were rinsed with deionized water to remove
any particulate matter that might have adhered. Next, eggs
were weighed and sized and subsequently separated into
shell, albumen, and yolk. The separation was carried out
quickly to prevent thawing. This determination was carried
out in composite pools of shell, albumen, and yolk of 4
eggs dissected from 12 turtles (3 samples, each constituted
by egg fraction of 4 specimens).
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Blood samples were individually transported and pro-
cessed. Glassware and plastic materials used for handling
and transportation of samples were thoroughly acid-washed
to prevent contamination of samples (Moody and Lind-
strom 1977). Blood and pooled samples of eggs were
freeze-dried (72 h at —49 °C and 133 9 10-3 mbar) and
then powdered. Powdered samples (0.25 g) were digested
with quartz-distilled concentrated nitric acid (5 mL) in hot
plate equipment (HPA2235 M) under established condi-
tions. The digested material was finally diluted to 50 mL
using deionized water and stored in polyethylene contain-
ers for further analysis. All samples were analyzed in
triplicate for Cd, Pb, Cu and Zn by Atomic Absorption
Spectrophotometer (Lovibond 712005, Vermont, United
States). Atomic Absorption Spectrophotometer operating
condition for the studies metals are displayed in Table 1.

Total mercury levels were determined using cold vapor
analysis technique. Powdered samples (0.25g) was
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Table 1 Atomic absorption spectrophotometer operating condition for the studied metals
| Condition — Element
Cd Pb Cu Zn Hg
Instrument type Lovibond Lovibond Lovibond Lovibond Vapor
Concentration pg/L ng/L neg/L ng/L ne/L
units
Instrument mode  Absorbance Absorbance Absorbance Absorbance Absorbance
Sampling mode Autonormal Autonormal Autonormal Autonormal AutoMix
Calibration mode  Concentration Concentration Concentration Concentration Concentration
Measurement Peak area Peak area Peak area Peak area Integrate
mode
Replicates 2 2 2 2 3
standard
Replicates sample 2 2 2 2 3
Expansion factor 1 1 1 1 1
Minimum reading Disabled Disabled Disabled Disabled Disabled
Smoothing 7 point 7 point 7 point 7 point 7 point
Concentration 1 1 1 1 2
decimal places
Wavelength 326.1 283.3 327.4 2139 253.7 nm
Slit width 0.7 0.7 0.7 0.7 0.5R nm
Gain 45% 36% 36% 40% 35%
Lamp current 4.0 mA 10.0 mA 10.0 mA 4.0 mA 4.0 mA
UltrAA Lamp No Yes Yes No No
Lamp position 1 3 3 1 4
Background On On On On On
correction
Standard 1 1.0 pg/L 10.0 pg/L 10.0 pg/L 15.0 pg/L 20.00 pg/L
Standard 2 3.0 pg/L 25.0 ng/L 20.0 pg/L 30.0 ng/L 40.00 pg/L
Standard 3 5.0 pg/L 50.0 pg/L 40.0 pg/L 40.0 pg/L 60.00 pg/L
Reslope rate 0 0 0 0 0
Reslope lower 75.00% 75.00% 75.00% 75.00% 75.00%
limit
Reslope upper 125.00% 125.00% 125.00% 125.00% 125.00%
limit
Recalibration rate 0 0 0 0 0
Calibration Quadratic origin Quadratic origin Quadratic origin Quadratic origin Quadratic
algorithm origin
Calibration lower  20.00% 20.00% 20.00% 20.00% 20.00%
limit
Calibration upper  150.00% 150.00% 150.00% 150.00% 150.00%
limit
Total volume 27 uL 27 pL 27 uL 27 pL 27 pL
Sample volume 20 pL 20 pL 20 uL 20 pL 20 pL
Volume reduction 2 2 2 2 -
factor
Bulk 5.0 pg/L 5.0 pg/L 5.0 pg/L 5.0 pg/L -
concentration
Bulk vial number 51 54 51 51 -
Makeup vial 52 52 52 52 -
number

Sample number of

injections
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Table 1 continued

| Condition — Element
Cd Pb Cu Zn Hg

Sample last dry 1 1 1 1 -
step

Hot inject On On On On -

Hot inject 80 °C 80 °C 80 °C 80 °C -
temperature

Hot inject rate 5 5 5 5 -

Modifier 1 mode  Co inject Co inject Co inject Co inject -

Modifier 1 5uL 5uL 5uL 5uL -
volume

Modifier Ammonium dihydrogen =~ Ammonium dihydrogen =~ Ammonium dihydrogen =~ Ammonium dihydrogen —

orthophosphate (5 g/L.)  orthophosphate (5 g/LL)  orthophosphate (5 g/LL)  orthophosphate (5 g/L)

Last dry step 0 0 0 0 -

Injection rate -

Modifier 1 53 53 53 53 -
position

Number of 1 1 1 1 -
injections

Measurement - - - - 50s
time

Pre-read delay - - - - 60 s

Vapor type - - - - Cold vapor

Burner height - - - - 4.4 mm

digested in 20 ml of 3:1 concentrated redistilled HNO3 and
concentrated H2SO4 and then oxidized with 10 ml of
saturated solution of KMnO4. Excess oxidizing agents and
mercury ions were reduced by 10 ml of a reducing solution
(3% NaBHa in 1% NaOH) in a hydride generator apparatus
((Lovibond 712005). Thereafter mercury was vaporized
and measured in the atomic absorption spectrophotometer
(Lovibond 712005). The instrument was pre-calibrated
using standard solutions prepared from commercial Hg
chemical of analytical grade. A blank (n = 3) was run in
the same manner as that of samples. The stock solution was
prepared daily. Mercury analysis was determined using
standard prepared in the same acid matrix, which did not
show significant metal contamination.

Nesting Parameters Data Collection

Hatching success was determined following the methodol-
ogy described by Miller (1999) using records from all bea-
ches. Hatching success was defined as “the proportion of
hatchlings that hatched out of their shells” (Miller 1999).
Quality Control

Replicate samples, certified reference materials, and pro-
cedural blanks were used as quality control procedures.

@ Springer

Reproducibility and recovery were high (>85%). To per-
form quality control, the procedural blanks were periodi-
cally analyzed for each batch of five samples. Quantitative
analysis was done on a three-point linear calibration of
heavy metal (Hg, Cd, Pb, Cu, and Zn) solution, obtained by
dilution of the certified standard mixture of heavy metal
(TraceCERT® CRMs, Sigma Aldrich). Satisfactory lin-
earity was obtained, with values of the correlation coeffi-
cient R above 0.99.

Statistical Analysis

Statistical analyses of the data were conducted by using
Statistical Package for Social Sciences (SPSS) software,
version 20. All data are reported as mean =+ standard
deviation. Additionally, Microsoft Office Excel (2010) was
applied to draw the diagrams and to estimate the linear
regression coefficient between heavy metals (Hg, Cd, Pb,
Cu, and Zn) concentration in the whole three egg fractions
and blood measured in green sea turtles (C. mydas). The
data possessed the homogeneity of variance and were
normally distributed. One-way analysis of variance
(ANOVA) was run followed by a Tukey’s test to compare
the means (p < 0.05) between heavy metals (Hg, Cd, Pb,
Cu, and Zn) contents determined in the green sea turtles
blood samples and in the three egg fractions.
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Table 2 Mean and standard deviation values (ug/g of w.w) of heavy metals (Cd, Cu, Zn, Pb, and Hg) in blood and three egg fractions of C.

mydas
CV% Pb CV % Zn CV % Cu CV% Cd CV % Hg Samples
19.6 3.31 £ 0.65° 7.8 33.88 £ 2.65* 104 248 £ 0.26* 133 0.45 £ 0.06* 16.6 0.006 £ 0.001*  Yolk
32.1 3.02 £ 097" 227 3.34 + 0.76° 4.7 4.02 £0.19* 145 0.62 + 0.09° 333 0.003 £ 0.001*  Albumen
13.1 425 4+ 0.56> 197 532 + 1.05° 9.7 6.85 + 0.67° 125 0.40 £ 0.05* 50 0.002 £ 0.001* Egg shell
15.9 0.77 £ 0.20° 8.7 36.78 +3.20" 1144 2.01 £023* 54 0.37 £ 0.02* 25 0.16 & 0.04>  Blood
Values followed by the same letter vertically are not significantly different (p < 0.05)
CV coefficient value
90 - Table 3 Summary of hatching .
# Yolk success (%) for green turtle (C. Nest no  Hatchling success %
80 - < Albumen mydas) clutches laid T, 383
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Fig. 2 Percentages of heavy metals loads in the three egg fractions of
C.mydas

Results
Heavy Metals Concentrations

Concentrations of heavy metals (Hg, Cd, Pb, Cu, and Zn)
determined in blood samples and three egg fractions of
green sea turtles from the northern coast of the Sea of
Oman are presented in Table 2. Percentages of heavy
metals loads in the three egg fractions of green sea turtle
are displayed in Fig. 2. Results showed that there are
higher quantities of essential heavy metals (Cu, Zn) in
blood and eggs of turtles compared to nonessential heavy
metals (Cd, Hg, Pb). No significant difference was found
between Trace metal concentrations in three egg fractions
and hatching success (p > 0.01). There is a significant
correlation between the quantities of Cd, Pb, and Zn in
turtle eggs and blood. Concentrations of Cd, Zn, and Hg
did not exhibit significant differences in the various clut-
ches in a single nesting season.

T Tang, R Ramin, L Lipar, K
Kacho

Hatching Success

Hatching success (%) determined in the green sea turtle (C.
Mpydas) clutches laid are shown in Table 3. The results
indicated that clutches at Lipar had the highest hatching
success followed in order by Ramin, Kacho, and Tang.
When comparing hatchling success among beaches, there
were no significant differences between them (p > 0.05).

Maternal Transfer of Metals

The results of spearman rank correlations between heavy
metals (Hg, Cd, Pb, Cu, and Zn) concentration in the three
egg fractions and blood measured in green sea turtles are
summarized in Table 4. Heavy metal contents found in the
blood samples were also found in the three egg fractions in
the green sea turtles. The results showed that the amount of
Pb concentration in the blood samples has increased sig-
nificantly in the later egg laying times (p < 0.05). The
amount of Cu concentration in the blood sample has
dropped significantly in the later clutches laid in a nesting
season (p < 0.05).
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Table 4 Spearman rank correlation between egg fractions and blood samples of C. mydas

Blood <« Samples
Zn Cu cd Hg Pb
_ - - - 0.591 (p<0.01) Pb
on
- — _ - D
0.100 (p<0.01) Hg S
. . 0.540 (p<0.01) - - a E%
I
; 0344 (p<0.01) - - - cu 3=
0.721 (p<0.01) - - - - Zn ®

Discussion

Results of the percentages of heavy metals (Cd, Cu, Zn, Pb,
and Hg) in the various parts of eggs showed that all heavy
metals have high levels of accumulation in egg vitellus
except for Cu. This confirms and emphasizes the results of
previous studies on the importance of the vitellus in the
accumulation of heavy metals (Godley et al. 1999; Sakai
et al. 2000; Paez-Osuna et al. 2010). Similar results have
been observed in the Loggerhead turtle (Caretta caretta)
(Sakai et al. 1995; Kaska and Furness 2001), the Olive
Ridley turtle (Lepidochelis olivacea) (Paez-Osuna et al.
2010), and the hawksbill turtle (Ehsanpour et al. 2014).

The coefficients of variation (CV) of heavy metals in
eggs of green sea turtles indicated the low extent of vari-
ations in these coefficients. Accordingly, one of the
implications of this finding concerns the regulation of
heavy metals suitably during the homeostatic and modi-
fying processes and prevented their toxic effects (Paez-
Osuna et al. 2010). This also may result from the high
capacity of these turtles in rapid response and detoxifica-
tion of heavy metals and/or from the low exposure levels of
these turtles to the heavy metals.

The essential and nonessential heavy metal concentra-
tion results in green sea turtle’s egg and their comparison
with those found by other researchers (Table 5) indicate
that concentrations were similar and in the low ranges of
contamination, suggesting no acute effects for fetuses.
However, long-term exposure to such levels of heavy
metals may influence reproduction (Lam et al. 2006; Sakai
et al. 2000; Ehsanpour et al. 2014; Paez-Osuna et al. 2010).
One of the main problems in the northern coasts of the Sea
of Oman is the low hatching success and the high mortality
rate of eggs before formation of fetuses (Mohammadizadeh
and Soltanpour 2014). It seems that presence of heavy
metals can be an influencing factor in reducing egg fertil-
ization rates. On the other hand, eggs can absorb
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contaminants during the incubation period due to their
permeable membranes, and this increases concentrations of
contaminants in eggs, may have destructive effects on
them, and thus can reduce hatching success. However, this
research did not find any relationships between concen-
trations of heavy metals and hatching success in the studied
nests. Further research is needed about heavy metals (Cd,
Cu, Zn, Pb, and Hg) in this area.

The investigation of heavy metals in the blood samples
of green sea turtles during the nesting season indicates the
different toxicokinetic behaviors of the studied heavy
metals. The results showed no significant differences
between concentrations of Cd, Zn, and Hg in the different
clutches. The results achieved in the present study could be
explained by the low concentrations of these metals in the
environment or from the short duration of time that these
turtles were present in the region during the nesting season
(Guirlet et al. 2008). Results indicated that an increased in
the number of clutches laid in a nesting season will reduce
the Cu concentration in the blood. This can be due to lower
entry of contaminants through food, because turtles feed
little or not at all during the nesting season. Moreover, it
could be caused by shortage of stored Cu in the liver and
kidney tissues of the turtle (Andreani et al. 2008). Contrary
to Cu concentration, the results represented that concen-
tration of Pb increases with an increase in the number of
clutches laid in a nesting season. A possible justification for
our findings might be due to the replacement of calcium
(Ca) during egg formation (Bilinski et al. 2001). Calcium is
an important element in formation of the bones and shells
of baby turtles. Female turtles absorb Ca ions and store
them in yolks and shells of the eggs (Bilinski et al. 2001).
In vertebrates, Ca needs are satisfied by absorbing it from
food, but female turtles obtain it from Ca reserves, such as
bones, because they do not feed during the nesting season.
Because Pb and Ca have similar kinetics, Pb can be
transferred to blood together with Ca (Fossette et al. 2007;
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Table 5 Heavy metals concentration (mean & SD, 1 g/g dry weight) in blood and three egg fractions of marine turtles from different locations

Reference Location Hg Zn Pb Cu Cd Species  Yolk
Lam et al. (2004), China - 120 £ 9.6 091 £ 0.10 - C. mydas
Sakai et al. (2000) Japan 12.1 &+ 3.41 344 +£3.18 0.02 £ 0.007 157 £0.07 - C. careta
Lam et al. (2006) China 0.002 + 0.0001 45 £ 3.6 0.49 + 0.008 0.34 £ 0.03 - C. mydas
Sakai et al. (2000) Japan 12.1 £ 341 344 +3.18 - 1.57 £ 0.07 0.02 £ 0.007 C. careta
Paez-Osuna et al. (2010) Mexico - 723+ 109 - 224+ 147 024 +£0.1 L. olivacea
Ehsanpour et al. (2014)  Persian 0.0070 £ 0.002 34.12 £+ 8.2 3.1 £0.92 228 £ 035 042 +£0.09 E. imbretica
gulf
Current study Oman Sea  0.006 £ 0.001 33.88 £2.65 331 +£0.65 248 +026 0.45+0.06 C. mydas
Speceis  Albumen
Lam et al. (2004) China - 11.1 £ 22 - 233 £ 040 - C. mydas
Sakai et al. (2000) Japan 0.49 £+ 0.24 0.59 £ 0.54 - 0.12 £ 0.08 - C. careta
Lam et al. (2006) China - 0.3 +£0.05 0.005 £/001 0.06 £0.01 - C. mydas
Sakai et al. (2000) Japan 0.49 £+ 0.24 0.59 + 0.058 - 0.12 £ 0.08 - C. careta
Paez-Osuna et al. (2010) Mexico - 33.6 £ 6.1 - 353 £287 022 +£0.09 L. olivacea
Ehsanpour et al. (2014)  Persian 0.004 + 0.004 345+ 1.18 276 £ 0.38 3.81 £ 11.14 0.059 + 0.35 E. imbretica
gulf
Current study Oman Sea  0.003 £ 0.001 334 +£076 3.02+097 4.02+£0.19 0.62=+0.09 C. mydas
Reference Location Hg Zn Pb Cu Cd Species Egg
fraction
Lam et al. (2004), China - 29 + 0.6 - 3.16 £ 0.80 0.04 £ 0.03 C. mydas
Sakai et al. (2000) Japan 4.05 £ 1.31 2.17 £ 0.59 - 5.57 £0.76 C. careta
Paez-Osuna et al. (2010) Mexico - 124 £ 1.5 - 748 £2.6 047 £ 0.09 L. olivacea
Ehsanpour et al. (2014) Persian gulf 0.02 £ 0.002  5.56 +3.39 4.16 £3.15 6.64£3.09 0.63 &£ 0.36 E. imbretica
Current study Oman Sea 0.002 £ 0.001 5.32 £ 1.05 425 £ 0.56 6.85+£0.67 040 £ 0.05 C. mydas
Species Blood
Kenyon et al. (2001) USA 0.00005-0.067 3.28-18.9 0.03-0 0.12-1.3 - L. kempii
Guirlet et al. (2008) French 0.011 £0.003 11.1 £0.28 0.18 £ 0.05 1.34+£0.28 0.08 £ 0.03 D. coriacea
Guiana
van de Merwe et al. (2010) Australia 2.51 £ 0.05 - 22.18 £583 - 3547 +£9.52 C. mydas
Paez-Osuna et al. (2010) Mexico - 584 + 4.7 - 228 +04 045+02 L. olivacea
Ehsanpour et al. (2014) Persian gulf 0.18 £ 0.05 37.6 £ 3.98 0.56 £ 0.25 1.89+0.78 0.34 &£ 0.08 E. imbretica
Guirlet et al. (2008) French 0.011 £0.003 11.10 £ 0.28 - 1.34 £ 0.28 0.08 £ 0.03  D.coriacea
Guiana
Current study Oman Sea 0.16 £ 0.04 366.78 £3.20 0.77 £ 0.20 2.01 £0.23 0.37 £ 0.02 C. mydas

Caut et al. 2007). As a result of replacement of the Ca
required for more than 300 eggs during the nesting season,
considerable quantities of Pb enter the blood.

All heavy metals studied in the blood of green sea turtles
also were found in the various parts of their eggs. This
indicates the phenomenon of maternal transfer of heavy
metals to eggs among the turtles that lay eggs on the
northern coasts of the Sea of Oman. The results acquired in
the present study may be explained by the transformation
of heavy metals to the eggs during the nesting season by
being attached to transporter proteins called metallopro-
tein. In amphibians and fish, combination of metals, such as
Cd and Zn, with vitellogenin is considered an important

transfer mechanism (Falchuk and Montorzi 2001). In rep-
tiles, the copper transporter protein (CTP) has been iden-
tified as an important agent in the absorption of Cu and its
transfer to the eggs (Riggio et al. 2002). Unrine et al.
(2006) also introduced lipovitellin as an important trans-
porter protein for selenium. Numerous studies point out the
role of metallothionein protein during the homeostasis and
detoxification process, yet the role this protein plays in
transferring heavy metals to the subsequent generation in
mammals and reptiles is unclear (Riggio et al. 2003). A
positive correlation between heavy metals in blood and
eggs of turtles may be related to the active presence of
transporter proteins, such as albumin and vetillogenin
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(Suzuki and Sasakura 1998), whereas lack of a significant
correlation may indicate homeostasis of these elements in
female sea turtles so that their transmission to offspring is
not dependent on the level of contaminants to which the
mother turtle is exposed to (Riggio et al. 2003). On the
other hand, the phenomenon of maternal transfer is greatly
dependent on the type of species, level of contamination,
and the characteristics of the heavy metals (Guirlet et al.
2008). Study of the maternal transfer phenomenon during
nesting season represented that there were no significant
differences between concentrations of heavy metals and the
times the eggs were laid. This indicates that the maternal
transfer phenomenon is constant during the nesting season.
Guirlet et al. (2008) also reported similar results in lea-
therback turtles (Dermochelys coriacea).

The present study provides useful initial information
concerning concentrations of heavy metals (Cd, Cu, Zn,
Pb, and Hg) in green sea turtles of the northern coasts of
the Sea of Oman. The studied heavy metals had low con-
centrations, yet they could be detected in blood and various
egg parts. This suggests the occurrence of maternal trans-
fer. The low concentrations of heavy metals in green sea
turtles may be due to their diet, because they consume large
quantities of algae and plants from the low levels of the
food chain. Results of this study indicate that heavy metals
could be one of the factors influencing reductions in fer-
tilization of turtle eggs and in their hatching success.
However, more research concerning the effects of heavy
metals on fetal development in turtles and on their hatch
rates is required, and greater attention than any time before
must be paid to environmental evaluation of industrial and
development projects, especially on sea turtle nesting
beaches.
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