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palavras-chave 

 
Tartarugas marinhas, biomarcadores, pesticidas organoclorados, química 
plásmatica 

Resumo 
 
 

As tartarugas marinhas sofrem um forte impacto populacional devido às 
atividades antropogênicas, como as causadas pelo aumento da exploração 
comercial e industrial nas áreas costeiras, alteração do habitat, ingestão de 
resíduos sólidos, captura acidental nas atividades pesqueiras e a 
contaminação de poluentes químicos. Das sete espécies de tartarugas 
marinhas existentes distribuídas por quase todos os oceanos (Caretta caretta, 
Chelonia mydas, Dermochelys coriacea, Eretmochelys imbricata, Lepidochelys 
olivacea, Natator depressus e Lepidochelys kempii), exceto o Natator 
depressus, todos os outros seis são listados como vulneráveis, em perigo ou 
criticamente ameaçado na lista da IUCN. Os contaminantes ambientais de 
origem química, como metais pesados, pesticidas, hidrocarbonetos, PCB, 
organoclorados e dioxinas estão causando um forte impacto na saúde de 
animais marinhos, incluindo tartarugas marinhas, e a bioacumulação desses 
poluentes em tecidos e órgãos influenciam o crescimento e desenvolvimento 
de populações naturais de tartarugas marinhas em todo o mundo, podendo 
causar mortalidade em vários estágios de seu desenvolvimento. Uma vez que 
estão em perigo é extremamente importante para a compreensão das 
respostas às medidas de impacto e conservação à longo prazo nas 
populações de tartarugas marinhas. Este trabalho é uma visão geral dos 
estudos sobre a quantificação de contaminantes em ovos e sangue de 
tartarugas marinhas, buscando relações entre o tamanho da carapaça e a 
atividade de enzimas antioxidantes usando técnicas não-letais. A concentração 
de pesticidas organoclorados (OCPs) no plasma das fêmeas adultas e os ovos 
das tartarugas de pente (Eretmochelys imbricata) e tartaruga verde (Chelonia 
mydas) que desovam na área costeira de Campeche serão analisados. O 
objetivo principal desta tese é avaliar o potencial das populações naturais 
como bioindicadores de contaminação química.  Para tal, foram analisados os 
valores hematológicos, contaminação de OCPs no plasma e ovos de duas 
espécies de tartarugas marinhas com hábitos alimentares diferentes e uma 
possível transferência materna na espécie de tartaruga de pente. Por fim, a 
atividade de biomarcadores enzimáticos foram correlacionadas com a 
contaminação por OCPs. Os resultados mostraram que foram encontrados 
OCPs em todos os ovos analisados, mostrando maiores concentrações de 
ΣHCH e ΣDrines nas duas espécies selecionadas, sendo encontradas 
diferenças significativas entre as espécies e os anos analisados. Foram 
encontras diferenças significativas entre as concentrações de OCPs (∑HCHs, 
∑Drines e ΣChlordanes) em relação ao sangue e ovos, indicaram que esses 
contaminantes químicos estão sendo transferidos maternalmente. Nenhuma 
enzima antioxidante teve relação significativa com os OCPs mais encontrados 
no sangue (∑DDTs, ∑HCHs e ∑Drines). 
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Abstract 

 
Sea turtles have been suffering strong population impact due to anthropogenic 
activities, such as those caused by the increase in commercial and industrial 
exploitation of coastal areas, habitat alteration, ingestion of solid waste, 
incidental capture in fishing activities and contamination of chemical pollutants. 
Of the seven species of marine turtles existing distributed by almost all oceans 
(Caretta caretta, Chelonia mydas, Dermochelys coriacea, Eretmochelys 
imbricata, Lepidochelys olivacea, Natator depressus and Lepidochelys kempii), 
except the Natator depressus, all other six are listed as vulnerable, endangered 
or critically endangered on the IUCN list. Environmental contaminants of 
chemical origin such as heavy metals, pesticides, hydrocarbons, PCBs, 
organochlorine, and dioxins are causing major health impacts of marine 
animals, including sea turtles, and bioaccumulation of these pollutants in 
tissues and organs influence the growth and development of natural 
populations of sea turtles worldwide, may cause mortality in various stages of 
development. Because they are endangered is extremely important to the 
understanding of responses to impact and conservation measures in the long 
term in the populations of sea turtles in developing. This work is an overview of 
studies on the quantification of contaminants in blood and sea turtle eggs, 
searching for relationships between, carapace size and the activity of 
antioxidant enzymes using non-lethal techniques. The concentration of 
organochlorine pesticides (OCPs) in plasma of adult females and eggs of 
hawksbill turtles (Eretmochelys imbricata) and green turtle (Chelonia mydas) 
that nest in the coastal area of Campeche will be analysed. The main objective 
of this thesis is to evaluate the potential of natural populations as bioindicators 
of chemical contamination. For this, the hematological values, contamination of 
OCPs in the plasma and eggs of two species of sea turtles with different 
feeding habits and a possible maternal transfer in the hawksbill turtles were 
analysed. Finally, the activity of enzymatic biomarkers was correlated with the 
contamination by OCPs. The results showed that OCPs were found in all 
analysed eggs, showing higher concentrations of ΣHCH and ΣDrines in the two 
species selected, being found significant differences between the species and 
the studied years. We find significant differences between the concentrations of 
OCPs (ΣHCHs, ΣDrines and ΣChlordanes) of blood to eggs showed that these 
chemical contaminants being transferred maternally. No antioxidant enzyme 
had significant relationship with COPs main found in the blood (ΣDDTs, ΣHCHs 
and ΣDrines).  
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1. General Introduction 

 

1.1 Contextualization 

 

There are seven living species of sea turtles, distributed across nearly all 

oceans (Caretta caretta, Chelonia mydas, Dermochelys coriacea, Eretmochelys 

imbricata, Lepidochelys olivacea, Natator depressus and Lepidochelys kempii). 

Except for Natator depressus, all above are catalogued as vulnerable, endangered 

or critically endangered by the IUCN list (IUCN 2016). Sea turtles assume a very 

important ecological role in trophic nets of coastal ecosystem. Their movements 

during spawning and feeding between different habitats (seagrass beds, coral 

reefs, ocean waters, sandy beaches) are important for energy transfer and nutrient 

recycling (Bjorndal 1997). Considering that Mexico represents a large area for 

feeding and spawning of sea turtles and six of the seven species existing in the 

world frequent the continental coast of that country (Instituto Nacional de Ecología, 

1999), the importance of this selected are of study is reinforced. 

Environmental contaminants, such as heavy metals, pesticides, 

hydrocarbons, PCBs, organochlorine, and dioxins due to their chemical origin, are 

capable to trigger major health impacts on marine animals (Mckenzie et al. 1999). 

In sea turtles, most of these pollutants can bioaccumulate on tissues and organs, 

influencing the species growth and their worldwide natural populations 

development. Mortality in all stages of sea turtle species development is another 

consequence usually triggered by chemical ecosystems contamination (Alava et 

al. 2006, D'Ilio et al. 2011, Camacho et al. 2013). 

The bioaccumulation of metals, persistent organic pollutants (POPs) and 

polycyclic aromatic hydrocarbons (PAHS) in tissues and organs influences the 

growth and development of natural populations of marine turtles and may cause 

mortality at various stages of their development (eggs, juvenile or adult) (Lake et 

al. 1994, von Osten 2005, de Andréa 2008, Marcovecchio and Freije 2013). In 

terms of potential effects on adult species, these pollutants usually damage the 

endocrine system, resulting in effects on growth, development, reproduction and 
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on the immune system, leading to the emergence of other diseases, such as 

cancer and in embryos and hatchlings, altered sex ratio, malformations, increasing 

early mortality and low hatching success (Camacho et al. 2013).  

According to Casale et al. (2006), ecotoxicological studies and 

bioaccumulation of contaminants, as well as the effects on growth and 

reproduction in natural populations of marine turtles, have received relatively little 

attention in the last decades. In our opinion, those particularities are very important 

to elucidate the impacts and responses on measures of long-term conservation in 

the development of sea turtle populations. These contaminants are also 

transferred to the offspring via ovogenesis and largely involve the transfer of 

lipoproteins from maternal tissues to eggs, with serious implications for embryonic 

development and health once outside the shell (Van de Merwe et al. 2010, Stewart 

et al. 2011). 

The study of turtle offers a number of specific advantages as ecosystems 

pollution indicators. Information about the target chemical contaminants, as from 

many others suppressing marine environments, are easily extracted from sea 

turtle species due to they long life and consequent long term exposure to 

contaminated areas. However, considering that the diet is the highest factor of 

influence on contaminant accumulation in animals (Jakimska et al. 2011). 

Bioaccumulation of contaminants in an animal depends on many factors, abiotic 

as size, weight, age, gender, diet, metabolism and the position in feed chain; 

abiotic such as metals distribution in their environmental, salinity, temperature, pH, 

habitat type, water and the interactions with other metals (de Souza 2008). 

The need of sub-lethal detection of toxic effects bioaccumulated on the 

organisms leads the investigation of biomarkers indicators. Biomarkers not only 

shows the health status of an organism in lower levels of organization (molecular 

or cellular) but also present a fast response to stress, attributing to those analysis 

a high importance to toxicological studies comprehension. In addition, biomarkers 

can be used as early indicators of environmental changes before happening 

permanent damages in the ecosystem (Huggett et al. 1992). Analysis of 

hematological and biochemical parameters, including oxidative stress indicators, is 



General Introduction 

5 

a valuable tool for assessing wildlife health, especially for threatened or 

endangered species. Blood sampling has been used as a non-destructive 

technique to monitor and evaluate clinically, the condition in which it was observed 

the body, as the presence of ectoparasites, tumours and skin lesions (Keller et al. 

2004a; b, Hamann et al. 2006). 

 

1.2 Aim and outline 

 

The main goal of this thesis is to evaluate the potential of sea turtle natural 

populations as bioindicators of environmental chemical contamination. The 

concentration of organochlorine pesticides (OCPs) in the plasma of the adult 

females and the eggs of the hawksbill turtles (Eretmochelys imbricata) and green 

turtle (Chelonia mydas) that spawn in the coastal area of Campeche will be 

analysed. In addition, the activity of enzymatic biomarkers and hematological 

evaluation, necessary for the maintenance of life, was evaluated. Because they 

are associated with the process of detoxification of compounds in living beings and 

allow the survival of organisms in impacted environments, in order to facilitate the 

diagnosis of the impact of contaminants, they were also evaluated. The analysis of 

the activity of these enzymes allows control of the environment and functions as a 

warning signal of contamination, being, therefore, an important technique for the 

environmental surveillance and control of the activities on the environment. To 

achieve these general objectives, this project specifically aims to: 

 

i) Quantify the bioaccumulation of organochlorine pesticides (OCPs) in the 

plasma and eggs of Eretmochelys imbricata and Chelonia mydas; 

ii) To determine the relation of OCPs in the females and their eggs; 

iii) To evaluate the activity of enzymatic biomarkers; 

iv) Hematological evaluation; 

v) To develop experimental research in order to define the appropriate 

parameters to be used as enzymatic biomarkers in natural populations of sea 

turtles. 
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This thesis is composed of seven chapters. Chapter 1 consists of this 

contextualization and a brief introduction with an overview of the impact of 

contaminants in the population development of sea turtle and its subsequent 

effects on environments. Chapters 2 to 6 are structured as scientific papers (all 

submitted to international peer-reviewed scientific journals). Chapter 7 provides a 

general discussion and Final Remarks. The description of each chapter is 

summarized below: 

 

Chapter 1: General Introduction. Contains a contextualization of the 

impact of contaminants in the population development of sea turtle and the 

evaluate the activity of enzymatic biomarkers. 

 

Chapter 2: Contaminants Impact on Marine Turtle Populations 

Development. An Overview. The aim of this study is to show an overview of 

studies on contaminants quantification in blood, tissues, and eggs in sea turtle. 

 

Chapter 3: Organochlorines contaminants in eggs of hawksbill 

(Eretmochelys imbricata) and green sea turtles (Chelonia mydas) in Mexico 

coast. The aim of this study was to determine the COPs concentrations in eggs of 

two species of sea turtles: C. mydas and E. imbricata, with different trophic levels 

during the breeding, and the conservation associated with the chemical 

contamination in sea turtle eggs. Results will be crucial to turtles in the Campeche 

turtles hatching areas management and conservation, evaluating the 

environmental and anthropogenic potential risks to turtle reproduction and 

development. 

 

Chapter 4: Persistent organic pollutants concentrations effects in 

reproductive performance of hawksbill turtle Eretmochelys imbricata nesting 

population (Punta Xen, Mexico). The aim of this study was to determine the 

OCPs concentrations in the blood and eggs of one species of sea turtles 

Eretmochelys imbricata, during the breeding season and the relationship between 

the concentrations of contaminants in mother-eggs transference. 
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Chapter 5: Oxidative stress biomarkers and organochlorine pesticides 

in nesting female hawksbill turtles Eretmochelys imbricata from Mexican 

coast 

(Punta Xen, Mexico). The aim of this study was to evaluate the health status of 

sea turtles, and the effect of organochlorine compounds (OC) in the southern part 

of the Gulf of Mexico, we searched for relationships between, carapace size and 

several oxidative and pollutant stress indicators of the hawksbill sea turtle during 

the 2014 - 2015 nesting season at Punta Xen (Campeche, Mexico). 

 

Chapter 6: Hematology and Plasma Biochemistry in nesting female 

hawksbill turtles Eretmochelys imbricata from Mexican coast. The aim of this 

study was to produce working reference intervals for hematologic and plasma 

biochemical parameters of nesting hawksbill sea turtles along the Mexican coast 

(Punta Xen). 

 

Chapter 7: Discussion and Final Remarks. This chapter provides a 

general discussion of the results obtained in Chapters 2 to 6 and gives a short 

overview of the main highlights of the thesis. 
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Abstract 

 

Sea turtles have been suffering strong population impact due to anthropogenic 

activities, such as those caused by the increase in commercial and industrial 

exploitation of coastal areas, habitat alteration, ingestion of solid waste, incidental 

capture in fishing activities and contamination of chemical pollutants. Of the seven 

species of marine turtles existing distributed by almost all oceans (Caretta caretta, 

Chelonia mydas, Dermochelys coriacea, Eretmochelys imbricata, Lepidochelys 

olivacea, Natator depressus and Lepidochelys kempii), except for Natator 

depressus, all other are listed as vulnerable, endangered or critically endangered 

in the IUCN list. Environmental contaminants of chemical origin how the 

organochlorine compounds are chlorinated hydrocarbons synthesized by man, 

not occurring naturally in the environment and can be divided into two groups: low 

(industrial solvents and chlorofluorocarbon (CFCs)) and high (organochlorine 

pesticides (OCPs) and polychlorinated biphenyls (PCBs)) molecular weight. 

Organochlorine contaminants (OCs) cause strong impact on nature, because of 

three basic characteristics: environmental persistence, bioaccumulation, and high 

toxicity, causing health impacts of marine animals, including sea turtles, and the 

bioaccumulation of these pollutants in tissues and organs can influence the 

growth and development of populations of sea turtles worldwide, causing mortality 

in various stages of development. Because they are endangered is extremely to 

understand the responses to impact and conservation measures in the long term 
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in the populations of sea turtles in developing. This work is an overview of studies 

on contaminants quantification in blood, tissues, and eggs in sea turtle. 

 

Keyword: Sea turtle, biomarkers, contaminants, clinical plasma chemistry 

 

 

1. Introduction 

 

There are seven sea turtle’s species in the world, distributed nearly in all 

the oceans (Caretta caretta, Chelonia mydas, Dermochelys coriacea, 

Eretmochelys imbricata, Lepidochelys olivacea, Natator depressus and 

Lepidochelys kempii), except for Natator depressus, all others are catalogued as 

vulnerable, endangered or critically endangered in the IUCN list (IUCN 2016). 

Currently, six species of sea turtles are included in the lists of endangered 

species worldwide (MTSG 1995, Lutcavage et al. 1997) and on the Red List of 

Threatened Animals IUCN). According to the Marine Turtle Specialist Group 

(MTSG), currently, the main threats to sea turtles are coastal development, the 

incidental capture by fisheries, and direct use for human consumption, climate 

change, pollution, and biotic threats.  

During life cycle, sea turtles face various challenges in a fight for survival 

and are subject to many natural threats, biotics, abiotics and anthropogenic. Biotic 

threats are related to diseases and parasites as fibro papillomatosis and 

spiroquidiasis, bacterial or fungi infections in eggs (Aguirrre 1995; 2000, Rossi et 

al. 2009, Rodenbusch et al. 2014), presence of other turtles spawning (Eckrich 

and Owens 1995), predation of the eggs and offspring (Fowler 1979), and also 

growth of vegetation around the nests, because roots can invade nests and cause 

young turtles death (Godfrey et al. 1995).   

Abiotic threats are related to strong rains, erosions, heat stress and climate 

change (Hawkes et al. 2009). The eggs absorb moisture from the environment 

around them and can change on the morphological and physiological features of 

embryonic and hatchling (Hewavisenthi and Parmenter 2001). Such substances 
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adsorbed may affect the process of hatching nests and influence the development 

and survival of the offspring since the early stages of embryonic development are 

the most vulnerable to toxic exposure (Bishop et al. 1991, Alam and Brim 2000, 

Hewavisenthi and Parmenter 2001). 

In addition to effects on phenology, according to Walther et al. (2002) 

climate change may have more direct impacts on thermally sensitive organisms, 

and under future scenarios of climate warming, and given the conservation 

concern regarding of sea turtle population, being important the understanding of 

the potential effects of temperature increases on sea turtle populations and their 

potential to cope with such changes since sea turtles have a temperature-

dependent sexual determination, where the sex ratio is influenced by the 

temperature the sand during incubation, in which sex is determined by 

temperature in the middle third of incubation with males offspring at lower 

temperatures and female-produced at higher temperatures within a thermal 

tolerance range of 25 to 35 ° C. (Ackerman 1997, Hawkes et al. 2007). 

Threats associated with human activities are related to the population being 

increasing (Marcovaldi and Marcovaldi 1999); hunt and egg collection (Márquez 

and Doi 1973, Wetherall et al. 1993, Gallo 2001, Pupo et al. 2006); erosion and 

accretion of beaches (Witherington and Martin 2000); artificial lighting (Marcovaldi 

and Marcovaldi 1999, Witherington and Martin 2000); fishing nets (Spotila et al. 

2000, Heppel et al. 2003); shading (Van De Merwe et al. 2006). 

Sea turtles assume an important ecological role in trophic nets of the 

coastal ecosystem, either as consumers (seaweed, seagrass, sponges, tunicates, 

crustaceans, cnidarians) or as preys (eggs, youth, and adults). Their movements 

during spawning and feeding between different habitats (seagrass beds, coral 

reefs, ocean waters, sandy beaches) are important in energy transfer and nutrient 

recycling (Bjorndal 1997). Species with slow growth and a long-life cycle, they are 

often used as models for evolutionary studies of adaptation to different 

environmental conditions, since they are extremely susceptible to the action of 

man in all phases of its life cycle (Dodd and Dreslik 2008).    
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Organochlorine contaminants (OCs) cause strong impact on nature, 

because of three basic characteristics: environmental persistence, 

bioaccumulation, and high toxicity and are causing major health impacts of marine 

animals, including sea turtles, and bioaccumulation of these pollutants in tissues 

and organs influence the growth and development of natural populations of sea 

turtles worldwide, may cause mortality in various stages of development (Lake et 

al. 1994, von Osten 2005, de Andréa 2008, Marcovecchio and Freije 2013, 

Guerranti et al. 2014).  

In any event, these contaminants are transferred to the offspring via eggs, 

with serious implications for embryonic development and health once outside the 

shell (Russell and Haffner 1999, Alava et al. 2006). Environmental contaminants of 

chemical origin how the organochlorine contaminants are chlorinated 

hydrocarbons synthesized by man, not occurring naturally in the environment and 

can be divided into two groups: low (industrial solvents and chlorofluorocarbon 

(CFCs)) and high (organochlorine pesticides (OCPs) and polychlorinated 

biphenyls (PCBs)) molecular weight (Clark 1992). 

Bioaccumulation of metals, persistent organic pollutants (POPs) and 

polycyclic aromatic hydrocarbons (PAHs) in tissues and organs influence in the 

growth and development of natural sea turtle population in the whole world, which 

could cause mortality in various stages of their development (egg, juvenile or 

adult) (D'Ilio et al. 2011, Camacho et al. 2013). The bioaccumulation of these 

substances due to transfer in the food chain has become a reason for concern 

about the health of these communities (Storelli et al. 2003, Alava et al. 2006, da 

Silva et al. 2014). Because they are threatened of extinction is extremely important 

understanding about responses to impacts and conservation measures in long 

term of sea turtle population. 

Heavy metals as (Hg, Pb, Cd, Cr, As, Se, Fe, Mn, Zn, Cu, Ni, Co) in tissues, 

eggs, and blood can contribute to the contamination of sea turtle populations. 

Some of them are essential to the life processes of organisms, but others are 

toxic, even at low concentrations, they penetrate organisms via food, respiratory 

pathways or the dermal contact. (Sakai et al. 1995, Becker et al. 2002, Innis et al. 
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2008, Jakimska et al. 2011), that may affect, for example, the system reproductive, 

gastrointestinal, respiratory, immunologic and renal (Godley et al. 1999, Sakai et 

al.2000, Franzellitti et al. 2004, Cortés-Gómez et al. 2014).  

 

2. Sea Turtles Classification 

 

 The sea turtles are classified in two families: Cheloniidae and 

Dermochelyidae. The first family has six species (C. caretta, C. mydas, N. 

depressus, E. imbricata, L. olivacea, L. kempii), with carapace covered by plates, 

variable in numbers for each species. This family is characterized by having a 

strong skull; secondary palate. Their edges are shaped as nonretractable fins 

covered by numerous small plates; elongated fingers and tightly stuck for 

connective tissue. Their claws are reduced to one or two fins (Pritchad et al. 

1997). 

 And the second family include only the species D. coriacea in which instead 

of having a shell covered by plates, it has a skin similar to leather. This species is 

characterized by an extreme reduction of shell and cravats; development of a 

dorsal surface composed of a mosaic with millions polygonal bones; lack of claws 

and plates in the shells (there are plates until the juvenile stage) and a skeleton full 

of fat with extensive areas of vascularized cartilage in the vertebras and fins joints. 

Its skull does not have nasal bones and its surface mandibular is covered by 

keratin. This species is considered the largest one among all the species (MOLL et 

al. 1979). 

From seven species catalogued in the world, six of them are threatened by 

extinction, the most part is distributed in the tropical seas (C. mydas, E. imbricata, 

C. caretta, L. olivacea, D. coriacea), and two species have restricted distribution, 

N. depressus in northeast of Australia and L. kempii in the Gulf of Mexico and 

North Atlantic (IUCN 2016) (Table 1). Turtles are identified for many 

characteristics such as inframarginal scutes (womb), costal scutes (back), size 

and shape of the head, the shape of heads scutes and formation and colour of 

costal scutes. 



 

 

Table 1 - Main characteristics of sea turtles. 

 

SPECIES KEY FEATURES HABITAT FEEDING SPAWNING 
LENGTH/ 
WEIGHT 

    LOCATION 
STATUS 

IUCN 

Caretta caretta 
(Linnaeus, 1758) 

large size of the head; 
proportionally larger 
than the other species 

shallow depth, 
about 20m 

crustaceans; molluscs; 
jellyfish; hydrozoans; fish 
eggs 

from 110 to 
130 eggs 

110 cm carapace/ 
150 kg 

Florida, South Africa, 
Greece, Turkey, Indian 
Ocean, Australia, Japan, 
United States, 
Mediterranean, Brazil 

Vulnerable 

Eremochelys 
imbricata  
(Linnaeus, 1766) 

hull is formed by 
overlapping scales; 
corneum beak  

shallow depth, 
about 40m 

fish eggs; crustaceans; 
molluscs; bryozoans; 
coelenterates; hedgehogs 

from 110 to 
180 eggs 

110 cm carapace/ 
120 kg 

Atlantic, Indo-Pacific, the 
Caribbean Islands, 
Australia and Oceanic 
Islands Brazilian 

Critically 
endangered 

Chelonia mydas 
(Linnaeus, 1758) 

colour is gray-green; 
the belly is white 

shallow depth, 
about 20m 

puppies are omnivorous, 
becoming herbivorous in 
adulthood 

from 110 to 
130 eggs 

120 cm carapace/ 
230 kg 

Globally distributed and 
generally found in tropical 
and subtropical waters 

Endangered 

Lepidochelys olivácea 
(Escholtz, 1829) 

One of the smallest 
species; greenish gray 

shallow depth, 
about 20m 

fishes; molluscs; 
crustaceans; bryozoans; 
jellyfish; fish eggs 

from 100 to 
110 eggs 

70 cm carapace/ 
70 kg 

Central America, Mexico, 
India, Suriname, French 
Guiana, Brazil 

Vulnerable 

Dermochelys 
coriácea  
(Linnaeus, 1758) 

colour is black with white 
spots; carapace has 
seven longitudinal keels 

depth between 
50 and 80m 

ctenophores and 
cnidarians 

from 80 to  
90 eggs 

180 cm carapace/ 
700kg 

French Guiana Pacific and 
Costa Rica, Atlantic, 
South Africa 

Vulnerable 

 
Lepidochelys kempii 
(Garman, 1880) 
 

endemic to the Gulf of 
Mexico; least of all 
species, arribadas 

depth about  
50m 

crabs; fishes; jellyfish; 
molluscs 

from 100 to 
120 eggs 

60-70 cm carapace/ 
45 kg 

Gulf of Mexico 
Critically 

endangered 

Natator depressus 
(Garman, 1880) 

carapace flattened, 
oval and smooth 

depth of about 
10m 

squid; sea cucumbers; 
soft corals; molluscs 

from 50 to 
70 eggs 

100 cm carapace/ 
90 kg 

Australia Data deficient 

C
ha

pte
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1. Ecotoxicological studies in sea turtles 

 

1.1. Bioaccumulation of heavy metals in sea turtles 

 

 Sea turtle characteristics offer many specifics advantages as pollution 

indicators by heavy metals and other kinds of marine environment contaminants, 

for having a long life and migratory cycle, providing more time to integrate 

environmental exposure. The concentration of a metal in the tissues of a predator 

may be higher than in the tissues of its victims, because of bioaccumulation, 

resulting from trophic transfer factor (DeForest et al. 2007, Jakimska et al. 2011). 

Metals bioaccumulation in an animal depends on many factors, abiotic as size, 

weight, age, gender, diet, metabolism and the position in food chain; abiotic such 

as metals distribution in their environmental, salinity, temperature, pH, habitat 

type, water and the interactions with other metals (de Souza 2008).  

The organisms that live near the coast are the most susceptible to exposure 

to all type of pollutants by proximity to areas of human occupation. The 

bioaccumulation of contaminants in the tissues of these animals is considered a 

major problem for growth and development factors (Jakimska et al. 2011). The 

metals present in an animal may have no effect on its health, but they can also be 

harmful. Some metals in small concentrations allow the metabolic system to 

function normally, but if these levels are exceeded, they become toxic and can 

cause death (Bianchini 2008). 

Many works were done to determine heavy metals in tissues and sea turtle 

organs (Caurant et al. 1999, Godley 1999, Franzellitti 2004, Maffucci et al. 2005, 

Lam et al. 2006, Storelli et al. 2008, Andreani et al. 2008, Silva 2011). Agusa et al. 

(2008), carried out analyses of concentrations of total arsenic (As) in liver, kidney, 

muscle and stomach content of green turtles (C. mydas) and hawksbill turtle (E. 

imbricata), where the concentrations in hawksbill turtles were higher than those in 

green turtles, indicating that hawksbill turtles may have a specific accumulation 

mechanism for As. 
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 Anan et al. (2001), carried out analyses in the liver, kidney, and muscle to 

determine the concentration of 18 trace elements in turtles in Japan, and 

accumulation features of trace elements in the three tissues were similar between 

green and hawksbill turtles, and no gender differences in trace element 

accumulation in liver and kidney were found for most of the elements. Sakai et al. 

(1995), carried out analysed heavy metals concentration in sea turtle eggs to 

develop a non-lethal method monitoring. Hg concentrations also were measured in 

keratinized fragments (shells) and in internal tissues of green turtles, being the use 

of shells fragments considered a non-invasive and lethal technique (Bezerra et al. 

2012; 2013). 

Lam et al. (2004), too analyzed the concentrations of 19 individuals trace 

elements and heavy metals in various tissues and organs to establish a baseline 

dataset for chemical contaminants in green turtles nesting in South China and 

provide data for comparison with previous studies, and the results showed that the 

levels of As in different turtle tissues of South China were similar to those reported 

from Japan and Hawaii. Many studies were carried out in sea turtle population in 

Pacific Ocean (Sakai et al. 2000, Lam et al. 2004, Carvalho et al. 2009, 

Malarvannan et al. 2011), in Mediterranean Sea (McKenzie et al. 1999, Storelli et 

al. 2005, Storelli et al. 2014), and in Atlantic Ocean (Casal et al. 2007, Monagas et 

al. 2008, Orós et al. 2009, Rossi 2014). 

 

3.2 Bioaccumulation of Persistent Organic Pollutants (POPs) in sea 

turtles 

 

 POPs are organics compounds which resist to chemical degradation, 

photolytic and biological (Clark 1992) and being present in all the sea systems of 

the world, as a result of their generalized use and long-distance transport 

(Hamann et al. 2010). Bioaccumulation of these toxic substances has become a 

cause of concern for the likelihood of its possible transfer through the food chain, 

causing an impact on many species of wild animals in environmental marine 

(Marcotrigiano and Storelli 2003, Keller et al. 2004, Ogata et al. 2009). The 
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pollution of the marine system is one of the investigation priorities seconded by 

researchers who work in areas related to turtle biology and its conservation 

(Hamann et al. 2006). 

Pursuant to a decision in Johannesburg, POPs control measures cover in a 

first stage 12 chemical compounds grouped into three categories. The list includes 

eight pesticides (aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, mirex, and 

toxaphene), two industrial chemicals (PCBs and hexachlorobenzene, also used as 

pesticide) and two involuntary by-products from the industrial combustion process 

(dioxins and furans). 

Organochlorine contaminants (OCs), as organochlorine pesticides (OCPs) 

and polychlorinated biphenyls (PCBs), due to their toxicity and higher persistence 

in the environment may be absorbed and accumulated by living organisms and 

through bloodstream can accumulate in the fat tissue (Corsolini et al. 2000). Many 

studies have reported contamination levels in sea turtles in the whole world in the 

past decade (Cobb and Wood 1997, Keller et al. 2006, Alava et al. 2006, Orós et 

al. 2009, D'Ilio et al. 2011, Camacho et al. 2014, De Andrés et al. 2016). 

Gardner et al. (2003), measured organochlorine residues in three species of 

sea turtles from the Baja California peninsula, Mexico. Seventeen of 21 

organochlorine pesticides analysed were detected, and PCBs were detected in all 

but one of the 9 turtles studied, concluded that levels of organochlorines detected 

in the study were low, potentially attributable to the feeding habits of the 

predominant species collected in this study (herbivorous) and/or the samples 

obtained in an unindustrialized region.  

Studies which carry out pollutants concentration in sea turtles use tissues 

collected from dead animals (Table 2) (Malarvannan et al. 2011, Guerranti et al. 

2014, Storelli et al. 2014), in adipose tissue (Lazar et al. 2011), or in more than 

one tissue as studies already done (Corsolini et al. 2000a, Miao et al. 2001, 

Gardner et al. 2003, Keller et al. 2004b, Monagas et al. 2008, da Silva 2009, Oros 

et al. 2009). 
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Table 2 – Published Studies on Persistent Organic Pollutant concentrations in Sea Turtle 
Tissues. 
 
Location Species Tissue (n) ΣPCBs ΣDDTs Reference 

Hawaii C. mydas 
liver/adipose 
tissue (3) 

52.1 ± 664.7* 
 

Miao et al. 
(2001) 

Mexico L. olivacea 

liver (1) 
kidney (1) 
adipose (1) 
muscle (1) 

58.1 
63.4 
18.4 
16.9 

10.4 
18.3 
5.1 
8.6 

Gardner et 
al. (2003) 

Florida C. caretta 
adipose tissue 
(44) 

2.01 ± 2.96 452 ± 643 
Keller et al. 
(2004b) 

Japan 
C mydas 
E. imbricata 
C.caretta 

liver (5) 
liver (3) 
liver (2) 

0.04 ± 0.92 
2.5 ± 13 
1.3 ± 3.8 

0.008 ± 0.27 
0.56 ± 9.0 
2.0 ± 3.8 

Malarvannan 
et al. (2011) 

eastern 
Adriatic  
Sea 

C. caretta yellow fat (27) 474 ± 547 112.5 ± 72.3 
Lazar et al. 
(2011) 

Southeast 
Coast of 
Brazil 

C. mydas 
adipose tissue 
(51)/ hepatic 
tissue (64) 

 

Adipose 
(8.114 ± 
13.723); 
Hepatic 
(4.249 ± 
8.503) 

Sarmiento 
(2013) 

South-
eastern 
Italy 

C. caretta liver (12)  

Males 
(1255.39 ± 

702.10); 
Female 

(1497.16 ± 
1671.50) 

 
Storelli et al. 
(2014) 

PCBs (ng/g− 1 lipid weight), *female. 

 

Certain levels of POPs may have negative effects on sea turtle health 

parameters, as shown by some studies, these contaminants are maternally 

transferred and may adversely affect normal embryonic development and 

hatchling sizes. Guirlet et al. (2010), examined the organochlorine contaminants 

(OCs), pesticides (DDTs and HCHs) and polychlorinated biphenyls (PCBs), and 

the temporal variation of blood and eggs concentrations from leatherback turtles, 

where all OCs detected in leatherback blood were detected in eggs, suggesting a 

maternal transfer of OCs. This transfer was shown to depend on female blood 

concentration for ΣDDTs and for the most prevalent PCB congeners since 

significant relationships were found between paired blood–egg concentrations. 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

23 

Just as the study that investigated the maternal transfer and effects of 

POPs on embryonic development in a green sea turtle, C. mydas population in 

Peninsular Malaysia, where they are found a significant correlation between 

increasing egg POP concentration and decreasing hatchling mass: length ratio. 

POPs may, therefore, have subtle effects on the development of C. mydas eggs, 

which may compromise offshore dispersal and predator avoidance. (van de Merwe 

et al. 2010a). Similar results have been found in the study by Stewart et al. (2011), 

where concentrations were lower than those shown to have acute toxic effects in 

other aquatic reptiles but may have sub-lethal effects on hatchling body condition 

and health. 

For this reason, the fat tissues and blood are being used to verify a possible 

maternal transfer in female turtles as shown by some studies (Cobb et al. 1997, 

McKenzie et al. 1999, Alava et al. 2006, D’Ilio et al. 2011, García-Besné et al. 

2014). Blood samples were successfully used to measure organochlorine 

pollutants concentrations, being considered a non-lethal collect technique (Table 

3). Other analyses were also carried out through blood tests with Comet assay in 

erythrocytes of C. caretta resulting in a useful method to detect possible genotoxic 

effects, increasing knowledge about the state of ecotoxicological healthy of this 

species (Caliani et al. 2014). 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 3 - List of Published Studies on Persistent Organic Pollutant Concentrations in blood and eggs of Sea Turtle. 

Location Species Matrix (n) ΣPCBs ΣDDTs ΣChlordane ΣHCHs ∑OCPs 
ΣPOPs 

(OC+PCB+PBDE) 
ΣPAHs Reference 

Merritt Island, 
Florida 

Cc, Cm 
eggs (Cm-
2/Cc-9) 

78 66 * 
     

Clark and 
Krynitsky 
(1980) 

Merritt Island, 
Florida 

Cc 
eggs (56) 
dw 

 99      
Clark and 
Krynitsky 
(1985) 

South Carolina Cc 
eggs (16)  
lw 

1188 ± 311 
      

Cobb (1997) 

Heron Island, 
Queensland 

Cm eggs (15)   1.7 ± 0.3 *      
Podreka et al. 
(1998) 

Mar Medit., 
Scotland 

Cc, Cm, 
Dc 

eggs (1) 
Cc - 89/ 
Cm-6.1 

Cc - 155/ 
Cm- 4.3      

McKenzie et al. 
(1999) 

Northwest Florida Cc 
eggs (20) 
dw  

753 -800 
     

Alam and Brim 
(2000) 

North Carolina Cc 
blood (12) 
ww 

5.14 ± 3.95 
a 

0.58 ± 
0.30 

0.26 ± 0.18 
    

Keller et al. 
(2004a) 

North Carolina Cc 
blood (48) 
ww 

5.56 ± 5.28 
0.65 ± 
0.68 

0.22 ± 0.20 
 

6.55 ± 6.14 
  

Keller et al. 
(2004) 

North Carolina Cc,Lk 
blood (Cc-
44/Lk-10) 
lw 

Cc- 0.002 
± 0.003/Lk- 
0.98 ± 
0.001 

Cc- 0.30 
± 0.57/Lk- 
0.17 ± 
0.15 

Cc- 0.10 ± 
0.15/Lk- 0.07 
± 0.08 

    
Keller et al. 
(2004b) 

Southern Florida Cc 
eggs (22) 
ww 

144 ± 280 
50.2 ± 
92.4 

25.5 ± 46.7 0.258 ± 0.508 
   

Alava et al. 
(2006) 

North Carolina Cc 
blood (27) 
ww 

6.25 ± 1.14 
0.721 ± 
0.152 * 

0.253 ± 0.048 
    

Keller et al. 
(2006) 

Cape Cod, 
Massachusetts 

Lk blood (31) 
 

ND (n = 
13) / 10 (n 
= 5) * 

     
Innis et al. 
(2008) 

Australia Cm eggs (10) 

18- 0.016 ± 
0.0004/74- 
0.015 ± 
0.0001 

 
trans 0.02 ± 
0.0004  

endolsufan I 
- 0.20 ± 
0.005 

  
van de Merwe 
et al. (2009a) 

Malaysia Cm 
eggs (55) 
ww 

0.47 ± 
0.083 

0.083 ± 
0.018 

0.057 ± 0.009 0.069 ± 0.009 0.39 ± 0.04 1.09 ± 0.43 
 
 

van de Merwe 
et al. (2009) 
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Location Species Matrix (n) ΣPCBs ΣDDTs ΣChlordane ΣHCHs ∑OCPs 
ΣPOPs 

(OC+PCB+PBDE) 
ΣPAHs Reference 

French Guiana Dc 
eggs / 
blood (38) 
ww 

B- 1.26 ± 
0.71/E- 
6.98 ± 5.02 

B- 0.31 ± 
0.22/E- 
1.44 ± 
1.26 

 

B- 0.15 ± 
0.16/E- 0.41 ± 
0.26 

   
Guirlet et al. 
(2010) 

Gulf of Mexico Lk, Cm 
blood 
(Cm-9/Lk-
46) ww 

Cm- 0.53 ± 
0.70/ Lk- 
0.42 ± 0.36 

Cm- 0.12 
± 0.11/Lk- 
0.68 ± 
0.65 

Cm- 0.01 ± 
0.020/Lk- 
0.11 ± 0.10 

Cm- 0.014 ± 
0.011/Lk- 0.015 
± 0.014 

   
Swarthout et al. 
(2010) 

Australia Cm 
blood (16) 
ww 

0.68 ± 0.15 
    

0.93 ± 0.17 
 

van de Merwe 
et al. (2010) 

Malaysia Cm 
eggs (33)/ 
blood (11) 
ww 

E- 0.55 ± 
0.05/B- 
0.58 ± 0.09 

N.A. 
 

E- 0.17 ± 0.007 
**/B- 0.50 ± 
0.06 

 
E- 1.29 ± 0.07/B- 
1.38 ± 0.19  

van de Merwe 
et al. (2010a) 

Southeaster 
United States 

Cc 

eggs -WF-
11/EF- 
24/NC-9 
lw 

WF- 32.4 ± 
14.1/EF- 
372 ± 
148/NC- 
1460 ± 493 

WF- 23.8 
± 7.1/EF- 
136 ± 
56/NC -
694 ± 251 

WF- 20.8 ± 
9.6/EF- 113 ± 
31/NC- 375 ± 
146 

WF- 0.449 ± 
0.017/EF- 1.21 
± 0.49/NC- 
3.15 ± 1.39 

   
Alava et al. 
(2011) 

San Diego Bay Cm blood (20)  
 

0.736 
± 0.097 * 

0.554 ± 0.073 
(n=12) 

0.915 ± 0.092 
(y HCH)    

Komoroske 
(2011) 

Eastern, Florida Cc 
blood (19) 
ww 

0.005 ± 
0.002     

0.005 ± 0.002 
 

Ragland et al. 
(2011) 

Eastern, Florida Dc eggs (34) 8.45 ± 3.1 1.87 ± 0.4 
 

N.A. 
   

Stewart et al. 
(2011) 

Canary Islands/ 
Cape Verde 

Cc 
blood (IC-
162/CV-
205) 

      

IC- 6.38 ± 
4.95/CV-  
5.95 ± 
4.88 

Camacho et al. 
(2012) 

Canary Islands/ 
Cape Verde 

Cc 
blood (IC-
162/CV-
197) 

IC- 3.77 ± 
5.90/CV- 
0.15 ± 0.40 

IC- 0.78 ± 
1.22/CV- 
0.21 ± 
0.30 

  

IC- 1.98 ± 
2.58/CV- 
0.77 ± 1.21 

  
Camacho et al. 
(2013) 

Cape Verde Cc blood (50) 0.17 ± 0.19 
0.075 ± 
0.07 *   

0.095 ± 0.08 
 

1.64 ± 
1.14 

Camacho et al. 
(2013a) 

South Carolina Cc 
eggs (10) 
lw b 

659 ± 216 325 ± 185 94.9 ± 41.2 
    

 
Keller (2013) 
 
 



 

 

Location Species Matriz (n) ΣPCBs ΣDDTs ΣChlordane ΣHCHs ∑OCPs 
ΣPOPs 

(OC+PCB+PBDE) 
ΣPAHs Reference 

Cape Verde Cm, Ei 
blood 
(Cm-21/ 
Ei-13) 

Cm- 0.53 ± 
1.05/Ei- 
0.19 ± 0.56 

   
Cm- 0.33 ± 
0.75/Ei- 0.2 
± 0.37 

 
Cm- 12.06 
± 0.61/Ei- 
2.95 ± 2.90 

Camacho et al. 
(2014) 
 

Canary Islands Cc blood (56) 
27.06 ± 
42.09    

1.16 ± 1.79 
 

6.00 ± 
8.26 

Camacho et al. 
(2014a) 

Mexico Cm, Ei 
eggs/ 
blood (30) 
lw 

 

Cm- B- 
2.087 ± 
3.076/ E- 
38.72 ± 0 
// Ei- B -
2.078 ± 
3.525/ E- 
331.1 ± 
379.7 * 

     
García-Besné 
et al. (2014) 

Hawaii Cm 
blood (13) 
ww c 

0.144 ± 
0.165 

0.013 ± 
0.008 * 

0.013 ± 0.004 
    

Keller et al. 
(2014) 

Adriatic Sea/ 
Canary Islands 

Cc 
blood 
(MA-35/ 
IC-30) 

 

MA- 1.15 
± 0.96/IC- 
0.17 ± 
0.33 

    

MA- 20.1 
± 
30.89/IC- 
6.29 ± 
4.54 

Bucchia et al. 
(2015) 

Caribbean Cc, Cm 
eggs  
(Cm-1/ 
Ei-4) ww 

Cm - 4.57 
± 0.47/Ei- 
1.72 

Cm- 0.17 
± 0.04/ 
Ei- 0.19 

 
Cm- 0.17 ± 
0.007/Ei- 0.47    

Dyc et al. 
(2015) 

Costa Rica Dc 
eggs (18) 
lw 

102.3 ± 
93.3     

113.9 ± 96.5 
 

De Andrés et 
al. (2016) 
 

Note: Loggerhead (Cc), green (Cm), leatherback (Dc), Kemp’s ridley (Lk), olive ridley (Lo), hawksbill (Ei), flatback (Nd) sea turtles; Mean 
(SD) in ng/g; * for only p,p′ -DDE; ** only yHCH; dw - dry weight;  lw – lipid weight; ww - wet weight;  
ND = not detected; B – blood; E – egg; MA - Adriatic Sea; IC- Canary Islands; a - whole blood - technique A; b - Botany Bay Island, South 
Carolina; c - Kailua Bay. 
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3.3. Biochemical biomarkers in sea turtles 

 

Biochemical biomarkers (Timbrell 1998) are essential for assessing health 

risks from exposure to potentially chemical toxic products. Biomarkers are used in 

a broad meaning to include any measure which shows an integration between a 

biological system and a potential danger which may be chemical, physical and 

biological (Organization 1993). A biomarker is defined as an alteration in a 

biological response (varying among molecular through cells responses and 

physiological for changing behaviours), that may be related to exposure or toxic 

effects of environmental chemical products (Peakall 1994).  

It may be used for various purposes depending on study aim and on 

chemical exposure and can be classified into three types: exposure biomarkers, 

affect biomarkers and susceptibility (Amorin 2003, von Osten 2005). And the use 

of biochemical biomarkers is being used by some studies, where they analyse the 

level of several indicators of oxidative and pollutant stress in marine turtle 

population (Yoshida 2012, Richardson et al. 2009).  

Identification and quantification of certain alterations in organic systems 

made by biochemical or physiological cells signals may be used to the biological 

assistance of a population exposure to environmental agents. The enzymatic 

activities determination by biomarkers or bioindicators provides diagnostic of 

impact by contaminants (Cogo et al. 2009). Cellular components are liable to 

oxidative damage, and lipids, proteins, and nucleic acids are classic examples of 

molecules which undergo functional changes when oxidized (Halliwell and 

Gutteridge 1989).  

According to Agarwal et al. (2005), oxidative stress is a situation created by 

an imbalance among oxidants and antioxidants, in favour of oxidants. In certain 

physiological, environmental, psychological and social situations, our organism 

goes on alert state, when oxygen consumption and enzymatic activities of some 

oxygenizes and oxidases are high. This greater activities and consumption take to 

a bigger production of free radicals. Excess of free radicals in the organism is 

combated by antioxidants produced by the own organism or absorbed in a diet. 
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Endogenous antioxidants act through enzymes, for instance, glutathione 

peroxidase (GSH-Px), catalase (CAT) and superoxide dismutase (SOD), or non-

enzymatically, for example, GSH, histidine peptides, iron-bound proteins 

(transferrin and ferritin) and dihydrolipoic acid (Hebbel 1986). 

Enzymes from oxidative stress represented by catalase, superoxide 

dismutase, glutathione reductase and peroxidase are necessary to the 

maintenance of life for being associated with the detoxification process of 

compounds formed in living beings and are considered important by allowing 

survival of environmental impacted organisms (Cogo et al. 2009). An analysis of 

activities from these enzymes allows an environmental control and works as alert 

signal contamination. And other researchers applied these analyses in sea turtle’s 

population (Table 4), and other tissue (Table 5).  

 A need of sub lethal detection of toxic effects on the organisms led to 

biomarkers indicators. They can be used as early indicators of environmental 

changes before happening permanent damages in an ecosystem (Huggett et al. 

1992). Use of biochemical biomarkers in monitoring programs offer some 

advantages because are normally the first to be changed, it presents good 

sensibility, relative specificity, and low-cost analysis when compared to chemical 

analyses (Stegeman and Hahn 1994). 

Glutathione-S-transferase (GST), for instance, develops a critical role in the 

electrophiles exogenous and endogenous detoxification just as well products of 

oxidative stress. Of the natural and anthropogenic threats to sea turtles, the 

chemical and environmental effects and biochemical mechanisms related such as 

GST detoxification catalysed is probably least understand.  

 

 

 

 



 

 

Table 4 - Comparison of Antioxidant Concentrations of enzyme activity (GST, glutathione S-transferase; CAT, catalase; GPx, glutathione 
peroxidase; t-SOD, Mn-SOD; GR, glutathione reductase, in blood of sea turtles. 
 

Location Species Matrix (n) GST CAT mn- SOD t-SOD SOD total GR GPx Reference 

Baja 
California, 
Mexico 

Cm 
blood  
(PA-39/ 
BM-11) * 

PA-0.99± 
0.17/BM- 
0.62 ± 0.11 

PA-223.29 
± 19.77/ 
BM- 92.22 ± 
14.07 

PA-0.266± 
0.04/BM-
1.990±0.37 

PA-0.426 
± 0.06/ 
BM- 2.951 
± 0.32 

 
 

PA-12.39 ± 
0.97/BM-
12.50 ± 
2.68 

Labrada-
Martagón et 
al. (2011) 

 
Brazil 
 

Cm blood (27) 
78.39± 
5.73** 

3.66 ±0.35 
  

74.66± 
7.56 

0.65± 
0.12 

3.52± 0.16 
Yoshida 
(2012) 

 
Southwest  
Florida 

Lk blood (13) 
    

48.0 ± 
10.3***   

Perrault et 
al. (2014) 

*PA- Punta Abreojos; BM- Bahía Magdalena, U g Hg-1; **group 2 (n=10), SOD, superoxide dismutase (U SOD.ml-1); GST, glutathione S-
transferase (µmol.min-1.ml-1); GPx, glutathione peroxidase (µmol.min-1.ml-1); GR, glutathione reductase (µmol.min-1.ml-1); CAT, catalase 
(mmol.min-1.ml-1); *** SOD: U/ml.; Kemp's ridley (Lk), green turtle (Cm). 
 
Table 5 – Published Studies on concentrations in Sea Turtle Tissues. 
 

Location Species Tissue (n) Enzymes GST CAT SOD total Reference 

Baja California, 
Mexico 

C. mydas 
agassizii 

heart, kidney, 
liver, lung, 
pectoral 
muscle (19) 

GST/ 
SOD/ 
CAT 

h (102.6 ± 18.1); k 
(457.7 ± 49.4); li 
(1032.2 ± 147.5); lu 
(68.6 ± 9.2); pm 
(210.3 ± 17.5) 

h (8.9 ± 1.2); k 
(63.6 ± 8.5); li 
(78.1 ± 12.2); lu 
(3.7 ± 0.4); pm 
(5.6 ± 0.8) 

h (22.05 ± 
3.7); k (3.1 ± 
3.4); li (35.1 ± 
4.7); lu (12.1 
± 1.5); pm 
(24.1 ± 2.5) 

Valdivia et al. 
(2007) 

Baja California, 
Mexico 

Cc, Lo, Ei, 
Cm 

liver (Cc-4/Lo-
4/Ei-3/Cm-4) 

GST 

Cc-7.52 (3.89) /Lo-
4.68 (1.26) /Ei-6.16 
(1.16) /Cm-7.70 
(1.89) * 

  
Richardson et al. 
(2009) 

Baja California, 
Mexico 

Cc, Lo, Cm 
liver (Cc-4/Lo-
4/Cm-4) 

PCB/ 
GST 

** 
  

Richardson et al. 
(2010) 

Loggerhead (Cc), green turtle (Cm), olive ridley (Lo), hawksbill (Ei); *catalytic efficiency (Vmax/Km) as nmol/min/mg protein/μM; ** no 
significant differences were observed in cytosolic GST activity. 
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In the study carried out by Richardson et al. (2009), GST activity was 

characterized in four species of sea turtles with varied life histories and feeding 

strategies offering information about differences of biotransformation potential and 

the possible impacts on the health of contaminants of biotransformation by sea 

turtles, the results of the study indicate that hawksbill, loggerhead, olive ridley, and 

green sea turtles possess functional GST enzymes with similar kinetic parameters, 

however, rates of catalytic activities using class-specific substrates show inter and 

intra-species variation. GST from the herbivorous green sea turtle shows 3 - 4.5-

fold higher activity with the substrate ethacrynic acid than the carnivorous olive 

ridley sea turtle. Hematologic and biochemical standards analyses including 

oxidative stress indicators were carried out in a subspecies green turtle group of 

Oriental Pacific (C. mydas agassizii) from a relatively undisturbed habitat in 

Mexico.  

Antioxidants enzymes, superoxide dismutase (SOD), catalase (CAT) and 

glutathione-s-transferase (GST) were determined as a mechanisms defence 

indicator against ROS in the study carried out by Valdivia et al. (2007), where 

overall levels of all found variables were within ranges reported for other reptile 

species, showing that results suggest differences in oxidative metabolism among 

tissues, such as, for example, the liver and muscle showed the highest SOD 

activity, while liver and kidney had the highest CAT and GST activities. This study 

has achieved information from oxidative stress indicators base, in conclusion, that 

they are analyses which help in the health of wildlife evaluation especially for 

threatened species in the group.   

Perrault et al. (2014), using plasma analysed the presence of brevetoxins 

and superoxide dismutase concentration (SOD) in sea turtles Ridley Kemp at 

Florida, where no significant correlations were observed between plasma 

brevetoxin concentrations and plasma proteins or SOD activity, however, alpha-

globulins tended to increase with increasing brevetoxin  concentrations in the 

bloom group, where Smaller (carapace length and mass) bloom turtles had higher 

plasma brevetoxin concentrations than larger bloom turtles.  
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In order to determine potential contaminants effects in young turtles, C. 

mydas from East Pacific, Labrada-Martagón et al. (2010), has analysed 

environmental concentrations organochlorine of pesticides, trace metals and 

correlation to body condition, measuring the activity of antioxidant enzymes and 

lipid peroxidation levels, using spectrophotometric analyse, where results indicate 

that correlations between antioxidant enzyme activities and concentration of 

xenobiotics suggest physiological sensitivity of East Pacific green turtles to 

chemicals. Analysis of hematological and biochemical parameters, including 

oxidative stress indicators, are a valuable tool in assessing wildlife health, 

especially for threatened or endangered species. 

 

3.4. Hematological biochemical parameters in sea turtles 

 

In the clinical investigation of reptiles, blood samples are of great clinical 

diagnostic value, where hematological evaluation has great importance. Serum 

biochemistry represents an important tool for monitoring the health and 

physiological status of sea turtles, due to the increasing need to evaluate their 

health status, for a possible maintenance of healthy animals in captivity and 

rehabilitation of free-living individuals (Pires et al. 2006).  

The comparison of the data obtained is, however, limited due to possible 

differences among populations, as well as variations in techniques used and 

factors such as age, size, seasonality, health, habitat, and diet, which may also 

influence in hematological parameters. On the other hand, the descriptions of the 

morphological characteristics of blood cells of marine chelonians are limited (Pires 

et al. 2009). 

Due to chemical pollution exposure sea turtle’s population face in numerous 

environmental challenges which may contribute to immune system failure resulting 

in increasing diseases. Therefore, it is necessary a complete evaluation of this 

immune status for these threatened animals and in danger of extinction, and these 

functional assays have been successful in this study used to evaluate immune 

functions in a range of aquatic species (Rousselet et al. 2013).  
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In the last years, blood sampling has been used as a non-destructive 

technique to monitor and evaluate clinically the condition the organism (Table 6). 

As in the results obtained by Keller et al. (2004), the study provides the first 

evidence, although strictly correlative, that OCs contaminants may be affecting 

sea turtle health. Although the concentrations of OCs are relatively low compared 

with other species, were observed significant correlations between OCs levels and 

health indicators as homeostasis of proteins, carbohydrates, and ions.  

Table 6 - List of Published Studies on Hematological Parameters in Blood Matrices of sea 
turtles. 
 

Species Location Blood analysis (n) Variables Reference 

 
 
 
 
 
 
 

Chelonia 
Mydas 

Cayman 
Islands 

Hematological 
parameter (51) 

PVC; Hb; RBC; WBC 
Wood and Ebanks 
(1984) 

Bahamas 
Blood biochemical 
(100)/Packed cell 
volume (106) 

PVC; GLC; Na; K; Cl; 
CO2; IB; BUN; CR; 
BUN/CR; UA; Ca; P; TP; 
Alb; Glob; A/G; IC; TB; 
ALP; LDH; AST; ALT; 
CHOL; TC; Fe 

Bolten and 
Bjorndal (1992) 

Hawaii 

Morphology and 
blood 
cytochemistry  
(26) 

Lymp; MO; Het; Eos; Bas; 
WBC 

Work et al. (1998) 

Australia Blood biochemical 
CR; U; GLC; ALT; AST; 
CPK; TP; Alb; Glob; A/G; 
Ca; P; Mg; TSI; UA 

Hamann et al. 
(2006) 

Brazil 
Blood biochemical 
(33) 

ALT; AST; ALP; CPK; CR; 
U; UA; TP; Alb; Glob; 
A/G; GLC; TC; P; Cl; Na; 
K; 

Leite (2007) 

Brazil 
Hematological 
parameter (60) 

Hct; RBC; Hb; RBC; 
MCH; MCHC; WBC; Mo; 
Lymp; Het; Eos; Bas, THB 

de Deus Santos et 
al. (2009) 

Australia 
Hematological 
parameter/Blood 
biochemical (290) 

PCV; THB; Lymp; Het; 
Eos; Mo; Bas; WBC/Alb; 
ALP; AST; Ca; Cl; CR; 
CPK; Glob; GLC; LDH; 
Mg; P; K; TP; Na; TB; U; 
UA 

Flint et al. (2010) 

USA 
Hematological 
parameter/Blood 
biochemical (41) 

WBC; Het; Lymp; Eos; 
Bas; Mo; Hct/ ALP; ALT; 
CR; LDH; TP; Alb; Glob; 
CHOL; GLC; Ca; P; Ca; 
K; Na; UA; U; Cl 

Komoroske et al. 
(2011) 

Cayman 
Islands 

Blood biochemical 
(5) 

GLYC; TRIG; BUTY Price et al. (2013) 

Atoll 
Palmyra 

Hematological 
parameter/Blood 
biochemical (157) 

Bas; Eos; Het; Lymp; Mo; 
WBC; PCV/CPK; ALP; 
AST; LDH; TP; Alb; Glob; 
CHOL; TRIG; Ca; GLC; K; 
P; Na; UA 

McFadden et al. 
(2014) 
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Caretta 
caretta 

USA 
Hematological 
parameter/Blood 
biochemical (48) 

RBC; Hb; Hct; Het; Lymp; 
Mo; Eos; Azu; Bas; 
Het/GLS; TP; Alb; Glob; 
A/G; BUN; UA; CR; SBR; 
AST; ALP; LDH; CPK; 

Keller et al. (2004) 

USA 
Plasma Protein 
Electrophoresis 
(41) 

plasma protein fractions 
Gicking et al. 
(2004) 

Brazil 
Hematological 
parameter/Plasma 
Protein (8) 

PVC; Hb; RBC; WBC; 
Het; Eos; Bas; Lymp; Mo; 
THB; TP 

Pires et al. (2006) 

Spain 
Hematological 
parameter (35) 

Ery; Het; Eos; Lymp; Mo; 
THB 
 

Casal and Orós 
(2007) 

Japan 
Hematological 
parameter/Blood 
biochemical (5) 

RBC; WBC; PVC; Het; 
Bas; Lymp; Mo/SBR; 
GOT; GPT; GGT; ALP; 
Amy; LDH; CPK; TP; Alb; 
CR; BUN; UA; GLC; TC; 
CHOL; Ca; P; K; Na; Cl 

Kakizoe et al. 
(2007) 

Spain 
Ultrastructural 
characterization of 
blood cell (15) 

Ery; Het; Eos; Lymp; Mo; 
THB 

Casal et al. (2007) 

Brazil 
Hematological 
parameter/Blood 
biochemical (27) 

Hct; RBC; Hb; THB; MCH; 
MCHC; WBC; Het; Lymp; 
Eos/ TP; Alb; Glob; A/G; 
GLC; CHOL; TC; CR; UA; 
AST; ALP 

Pires et al. (2009) 

USA 
Hematological 
parameter/Blood 
biochemical (83) 

PCV; RBC; WBC; Het; 
Lymp; Mo; Eos; Bas; 
Azu/GLC; Na; K; Cl; CO2; 
U; CR; TP; Alb; Glob; 
CHOL; TC; Ca; P; UA; 
ALT; AST; LDH; CPK; 
Amy; Lip; GGT 

Deem et al. (2009) 

Spain 
Hematological 
parameter/Blood 
biochemical (103) 

PCV; RBC; THB; WBC; 
Het; Lymp; Eos; Bas; 
Mo/TP; Alb; Glob; CR; 
UA; U; SBR; CHOL; TC; 
GLC; Ca; AST; ALT; ALP; 
LDH 

Casal et al. (2009) 

USA 
Hematological 
parameter/Blood 
biochemical (85) 

PVC; WBC; Het; Lymp; 
Eos; Bas; Mo/TP; Alb; 
Glob; Alb; CR; UA; BUN; 
GLC; SBR; CHOL; ALP; 
CPK; AST; ALT; GGT; 
Amy; Ca; Na; K; Cl 

Rousselet et al. 
(2013) 

Africa 
Hematological 
parameter/Blood 
biochemical (50) 

PVC; RBC; WBC; THB; 
Het; Lymp; Eos; Bas; 
Mo/TP; Alb; Glob; GLC; 
CR; UA; U; CHOL; SBR; 
TC; ALT; AST; ALP; LDH; 
GGT; CPK; Amy; Lip; Na; 
K; Cl; Ca; P; Mg 
 

Camacho et al. 
(2013) 
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Lepidochelys 
kempii 

USA 
Hematological 
parameter (100) 

Ery; Het; Eos; Lymp; Mo Cannon (1992) 

USA 
Hematological 
parameter/Blood 
biochemical (176) 

WBC; Hct; Het; Lymp; 
Mo; Eos; Bas/ALT; AST; 
CPK; LDH; GGT; Alb; TP; 
Glob; SBR; BUN; CR; 
CHOL; GLC; Ca; P; Cl; K; 
Na; UA; A/G; 

Innis et al. (2009) 

Mexico 
Hematological 
parameter (44) 

corticosterone; GLC, and 
testosterone 
 

Gregory et al. 
(2011) 

Dermochelys 
coriacea 

Africa 
Hematological 
parameter/Blood 
biochemical (35) 

PCV; RBC; WBC; Het; 
Lymp; Mo; Eos/GLC; Na; 
K; CO2; BUN; CR; TP; 
CHOL; TC; Ca; P; UA; 
ALT; AST; LDH; CPK; 
Amy; Lip; GGT 

Deem et al. (2006) 

Canada 
Hematological 
parameter/Blood 
biochemical (12) 

Lymp; Het; Eos; Mo; Bas; 
WBC/ALT; AST; ALP; 
LDH; CPK; Alb; CR; 
CHOL; GLC; Ca; P; K; 
UA; TP; Glob; Cu; Se; Hg; 
A; E 

Innis et al. (2010) 

USA 

Hematological 
parameter/Blood 
biochemical (60-
70) 

PVC; RBC; WBC; THB; 
Het; Lymp; Eos; Bas; 
Mo/TP; GLC; CR; UA; 
BUN; CHOL; ALT; AST; 
ALP; LDH; CPK; Amy; 
Lip; Na; K; Cl; Ca; P 
 

Perrault et al. 
(2012) 

Lepidochelys 
kempii/ 

Chelonia 
mydas 

Mexico 

Hematological 
parameter/Blood 
biochemical (Lk 
(46); Cm (9) 

WBC; Lymp; Neo/ TP; 
GLC; Alb; Glob; BUN; UA; 
AST; CPK; Na; K; Ca; P; 
Cl 
 

Swarthout et al. 
(2010) 

PCV = packed cell volume; Hb = haemoglobin level; RBC = red blood cell count; WBC = 
white blood cell count; MCH = Mean corpuscular haemoglobin; MCHC = Mean 
corpuscular haemoglobin concentration; Amy = Amylase; Alb = Albumin; ALP = Alkaline 
phosphatase; AST = Aspartate Aminotransferase; ALT = Alanine Aminotransferase; BUN 
= Urea nitrogen; BUN/CR = creatinine ratio; Ca = Calcium; Cl = Chloride; CR = Creatinine; 
CPK = Creatine phosphokinase; CO2 = Carbon dioxide; CHOL = Cholesterol; Fe = Iron; 
Glob = Globulin; GLC = Glucose; IC = Ionized calcium; IB = Ion balance; K = Potassium; 
Lip = Lipase; LDH = Lactic dehydrogenase; Mg = Magnesium; Na = Sodium; P = 
Phosphorus; TP = Total protein; TB = Total bilirubin; A/G = Albumin/globulin ratio; TC = 
Triglycerides; TSI = Total serum iron; U = Urea; UA = Uric acid; SBR = Bilirubin; GOT = 
glutamic oxaloacetic transaminase; GPT = glutamate pyruvate transaminase; GGT = 
gama -glutamyl transferase; Cu = copper; Se = selenium; Cad = Cadmium; Hg = 
mercurium; A = vitamin A; E = vitamin E; Neo = Neutrophils; Ery = Erythrocyte; Lymp = 
Lymphocyte; Mo = Monocyte; Eos = Eosinophils; Bas = Basophiles; WCC = Total WBC; 
Hct = Haematocrit; Het = Heterophiles; THB= Thrombocytes; TRIG = triglycerides; BUTY 
= ß-hydroxybutyrate; GLYC = glycerol; Azu = Azurophil. 
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Hamann et al. (2006), presented comparative data on population 

demographics and biochemical blood parameters for green sea turtles C. mydas in 

their foraging grounds in the Gulf of Carpentaria, Australia.  Based on biochemical 

analysis of blood, green turtles appeared to be healthy. However, mean levels of 

glucose and magnesium were generally lower than the ranges observed in other 

studies of clinically healthy green turtles. This study was the first to describe the 

population structure and provide a biochemical assessment of C. mydas for this 

population and it will provide an important dataset for assessing future impacts 

such as cyclone damage to seagrass communities. 

Plasma samples collected from fed and fasting C. mydas turtles to analyses 

Triglycerides, β-hydroxybutyrate, and glycerol concentration using 

spectrophotometric assays, to determining recent feeding history using a single 

blood sample. Serum triglyceride and glycerol concentrations decreased during 

fasting periods, while serum ß-hydroxybutyrate concentration increased during 

fasts. For triglyceride and glycerol, this decrease apparently occurred in the first 5 

days of fasting and was unaltered by further fasting (Price et al. 2013). Blood 

analyses were also measured in studies with L. kempii to measure plasma 

corticosterone, glucose, and testosterone concentrations, to determine effects of 

acute handling stress in Cedar Keys, Florida. Mean plasma corticosterone and 

glucose concentrations increased significantly with time. No significant difference 

was observed over time for mean testosterone concentrations. Approximately half 

of the turtles demonstrated an increase in plasma testosterone after 60 min of 

captivity while the others demonstrated a decrease (Gregory et al. 2011).  

Were determined hematological values and plasma biochemistry, in the D. 

coriacea species in which analyses were performed on several continents (Deem 

et al. 2006, Perrault et al. 2012). As shown by Innis et al. (2010), health 

evaluations were conducted in the northwestern Atlantic for 19 leatherback turtles, 

where was found relatively high blood concentrations of selenium and cadmium in 

all turtles. Blood samples were successfully used to measure heavy metals and 

metalloids concentration due to vital functions carried out by blood cells and their 

susceptibility to intoxication. (Innis et al. 2008, Jerez et al. 2010, van de Merwe et 
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al. 2010). Guirlet et al. (2008), examined the maternal transfer of organochlorine 

contaminants (OCs), pesticides (DDTs and HCHs) and polychlorinated biphenyls 

(PCBs), and the temporal variation of blood and eggs concentrations from 38 

leatherback turtles (D. coriacea) nesting in French Guiana.  

OC concentrations were lower than concentrations measured in other 

marine turtles which might be due to the lower trophic position (diet based on 

gelatinous zooplankton) and to the location of their foraging and nesting grounds. 

All OCs detected in leatherback blood were detected in eggs, suggesting a 

maternal transfer of OCs. This method was also used by Páez-Osuna et al. 

(2010), for validate the maternal transfer of lead (Pb) via egg-laying. 

Ley-Quiñónez et al. (2011), determined baseline concentrations of zinc, 

cadmium, copper, nickel, selenium, manganese, mercury and lead in the blood of 

22 clinically healthy, loggerhead turtles (C. caretta), captured for several reasons 

in Mexico. Concluding that blood is an excellent tissue to measure in relatively 

non-invasive way baseline values of heavy metals. As well as in the study in the 

Republic of Cape Verde, where almost all of the samples showed detectably levels 

of the 11 elements (Cu, Mn, Pb, Zn, Cd, Ni, Cr, As, Al, Hg, and Se), strengthening 

the usefulness of blood for the monitoring of the levels of contaminating elements 

and their adverse effects on blood parameters in sea turtles (Camacho et al. 

2013a). 

Blood tests were carried out in sea turtles from the C. caretta species with a 

goal to obtain values from hemogram standards and plasma protein of this species 

(Camacho et al. 2013, Rousselet et al. 2013). Nonlethal fat biopsies and blood 

samples were collected from live turtles for OC contaminant analysis, and 

concentrations were compared with clinical health assessment data, including 

hematology, plasma chemistry, and body condition. Blood concentrations of 

∑Chlordanes were negatively correlated with red blood cell counts, haemoglobin, 

and haematocrit, indicative of anemia. Positive correlations were observed 

between most classes of OC contaminants and white blood cell counts and 

between mirex and ∑TCDD-like PCB concentrations and the heterophil: 

lymphocyte ratio, suggesting modulation of the immune system. These 
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correlations suggest that OC contaminants may be affecting the health of 

loggerhead sea turtles (Keller et al. 2004). 

A total of 5 milliliters of blood were collected from captive C. caretta sea 

turtles in order to obtain hemoglobin and plasma protein parameters, whereof the 

analyzed variables as, erythrocyte count, mean globular volume, the mean 

globular hemoglobin and total and differential counts of leukocytes presented 

different values for the species in question when compared with the literature 

consulted (Pires et al. 2006; 2009). Hematologic characteristics and plasma 

chemistry values of juvenile loggerhead turtles (C. caretta), was analysed, and 

results these studies were used to establish a hematology and blood chemistry 

baseline for captive juvenile loggerhead turtles and will aid in their medical 

management (Casal et al. 2007, Kakizoe et al. 2007, Deem et al. 2009). de Deus 

Santos et al. (2009), has set young C. mydas turtles hematological values in 

captivity, concluding his results vary in relation to other authors, due to different 

methodologies with the same species. As well as Hamann et al. (2006), found 

mean levels of glucose and magnesium were generally lower than the ranges 

observed in other studies of clinically healthy green turtles.  

Wood and Ebanks (1984), analysed distinguishable blood cells, and 

Differential counts of white blood cells showed age dependent differences and the 

haemoglobin level and packed cell volume of the green sea turtle apparently 

increase with age. Similar to the study reported by Bolten and Bjorndal (1992), 

where there was a significant correlation of body size to the blood parameters 

measured. Thus, articles dealing with this issue will have Increasingly priority due 

to this technique non-lethal, helping in wildlife contaminant monitoring. And the 

information obtained will be used to monitor any changes caused by potentially 

inorganic pollutants and may help in the clinical diagnosis of diseases that affect 

these sea turtles. (D’Ilio et al. 2011, Ikonomopoulou et al. 2011, Cortés-Gómez et 

al. 2014, McFadden et al. 2014, Villa et al. 2015). 
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4. Conclusions  

 

Sea turtle’s population conservation strategies must include research, 

strengthening environmental education, local management strategies, interaction 

with local fishermen, encouraging turtle safe release when accidentally caught in 

their fishing net, discussion programs for wildlife conservation threatened by 

extinction, and voluntaries training courses. Worldwide there are many studies that 

address the issue of contaminants and their effects on sea turtles and the 

conservation plans that include since management program for the protection of 

nests and nesting females, throughout the nest translocation to protected 

hatcheries, until the protection against poaching. Emphasizing too information 

exchange between science, policy, and public participation in the design and 

implementation of conservation actions. Because contaminants are maternally 

transferred to eggs or by bioaccumulation, information about contamination by 

heavy metals, POPs or PAHs in nesting females are crucial for assessing the state 

of health of marine turtles. Also, help to evaluate and prevent malformations in 

embryos and hatchlings. Despite there are conservation programs for sea turtles, 

still, need to strengthen these programs and to raise awareness the communities 

surrounding major beaches in order to involve them in the work of conservation 

protection in the long term. 

 

Acknowledgements  

 

This work was supported by Coordination for the Improvement of Higher 

Education Personnel (CAPES Brazil), (1201/2013-01). 

 

References 

 

Agarwal, A., S. Gupta, and R. Sharma. 2005. Oxidative stress and its implications 

in female infertility–a clinician's perspective. Reproductive biomedicine online 

11:641-650. 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

39 

Agusa, T., K. Takagi, R. Kubota, Y. Anan, H. Iwata, and S. Tanabe. 2008. Specific 

accumulation of arsenic compounds in green turtles (C. mydas) and 

hawksbill turtles (Eretmochelys imbricata) from Ishigaki Island, Japan. 

Environmental Pollution 153:127-136. 

Aguirre, A. A., G. H. Balazs, T. R. Spraker, and T. S. Gross. 1995. Adrenal and 

hematological responses to stress in juvenile green turtles (Chelonya mydas) 

with and without fibropapillomas. Physiological Zoology:831-854. 

Aguirre, A. A. and G. Balazs. 2000. Blood biochemistry values of green turtles, 

Chelonia mydas, with and without fibropapillomatosis. Comparative 

Haematology International 10:132-137. 

Alam, S. and M. Brim. 2000. Organochlorine, PCB, PAH, and metal concentrations 

in eggs of loggerhead sea turtles (Caretta caretta) from northwest Florida, 

USA. Journal of Environmental Science & Health Part B 35:705-724. 

Alava, J. J., J. M. Keller, J. R. Kucklick, J. Wyneken, L. Crowder, and G. I. Scott. 

2006. Loggerhead sea turtle (Caretta caretta) egg yolk concentrations of 

persistent organic pollutants and lipid increase during the last stage of 

embryonic development. Science of The Total Environment 367:170-181. 

Alava, J. J., J. M. Keller, J. Wyneken, L. Crowder, G. Scott, and J. R. Kucklick. 

2011. Geographical variation of persistent organic pollutants in eggs of 

threatened loggerhead sea turtles (Caretta caretta) from southeastern United 

States. Environmental Toxicology and Chemistry 30:1677-1688. 

Amorim, L. C. A. 2003. Os biomarcadores e sua aplicaçäo na avaliçäo da 

exposiçäo aos agentes químicos ambientais. Rev Bras Epidemiol:158-170. 

Anan, Y., T. Kunito, I. Watanabe, H. Sakai, and S. Tanabe. 2001. Trace element 

accumulation in hawksbill turtles (Eretmochelys imbricata) and green turtles 

(Chelonia mydas) from Yaeyama Islands, Japan. Environmental Toxicology 

and Chemistry 20:2802-2814. 

Andreani, G., M. Santoro, S. Cottignoli, M. Fabbri, E. Carpenè, and G. Isani. 2008. 

Metal distribution and metallothionein in loggerhead (Caretta caretta) and 

green (Chelonia mydas) sea turtles. Science of The Total Environment 

390:287-294. 



Chapter 2  

 

40 

Becker, P. H., J. González-Solís, B. Behrends, and J. Croxall. 2002. Feather 

mercury levels in seabirds at South Georgia: influence of trophic position, sex 

and age. Marine Ecology Progress Series 243:261-269. 

Bezerra, M., L. Lacerda, E. Lima, and M. Melo. 2013. Monitoring mercury in green 

sea turtles using keratinized carapace fragments (scutes). Marine Pollution 

Bulletin 77:424-427. 

Bezerra, M. F., L. D. Lacerda, B. G. Costa, and E. H. Lima. 2012. Mercury in the 

sea turtle Chelonia mydas (Linnaeus, 1958) from Ceará coast, NE Brazil. 

Anais da Academia Brasileira de Ciências 84:123-128. 

Bianchini, A., M. M. Lauer, L. E. M. Nery, E. P. Colares, J. M. Monserrat, and E. A. 

dos Santos Filho. 2008. Biochemical and physiological adaptations in the 

estuarine crab Neohelice granulata during salinity acclimation. Comparative 

Biochemistry and Physiology Part A: Molecular & Integrative Physiology 

151:423-436. 

Bishop, C. A., R. J. Brooks, J. H. Carey, P. Ng, R. J. Norstrom, and D. R. Lean. 

1991. The case for a cause‐effect linkage between environmental 

contamination and development in eggs of the common snapping turtle 

(Chelydra s. serpentina) from Ontario, Canada. Journal of Toxicology and 

Environmental Health, Part A Current Issues 33:521-547. 

Bjorndal, K. A., P. Lutz, and J. Musick. 1997. Foraging ecology and nutrition of sea 

turtles. The biology of sea turtles 1:199-231. 

Bolten, A. B. and K. A. Bjorndal. 1992. Blood profiles for a wild population of green 

turtles (Chelonia mydas) in the southern Bahamas: size-specific and sex-

specific relationships. Journal of Wildlife Diseases 28:407-413. 

Bucchia, M., M. Camacho, M. R. D. Santos, L. D. Boada, P. Roncada, R. Mateo, 

M. E. Ortiz-Santaliestra, J. Rodríguez-Estival, M. Zumbado, J. Orós, L. A. 

Henríquez-Hernández, N. García-Álvarez, and O. P. Luzardo. 2015. Plasma 

levels of pollutants are much higher in loggerhead turtle populations from the 

Adriatic Sea than in those from open waters (Eastern Atlantic Ocean). 

Science of The Total Environment 523:161-169. 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

41 

Caliani, I., T. Campani, M. Giannetti, L. Marsili, S. Casini, and M. C. Fossi. 2014. 

First application of comet assay in blood cells of Mediterranean loggerhead 

sea turtle (Caretta caretta). Marine environmental research 96:68-72. 

Camacho, M., L. D. Boada, J. Orós, P. Calabuig, M. Zumbado, and O. P. Luzardo. 

2012. Comparative study of polycyclic aromatic hydrocarbons (PAHs) in 

plasma of Eastern Atlantic juvenile and adult nesting loggerhead sea turtles 

(Caretta caretta). Marine Pollution Bulletin 64:1974-1980. 

Camacho, M., O. P. Luzardo, L. D. Boada, L. F. L. Jurado, M. Medina, M. 

Zumbado, and J. Orós. 2013. Potential adverse health effects of persistent 

organic pollutants on sea turtles: evidences from a cross-sectional study on 

Cape Verde loggerhead sea turtles. Science of The Total Environment 

458:283-289. 

Camacho, M., J. Oros, L. Boada, A. Zaccaroni, M. Silvi, C. Formigaro, P. López, 

M. Zumbado, and O. Luzardo. 2013a. Potential adverse effects of inorganic 

pollutants on clinical parameters of loggerhead sea turtles (Caretta caretta): 

results from a nesting colony from Cape Verde, West Africa. Marine 

environmental research 92:15-22. 

Camacho, M., L. D. Boada, J. Orós, P. López, M. Zumbado, M. Almeida-

González, and O. P. Luzardo. 2014. Monitoring organic and inorganic 

pollutants in juvenile live sea turtles: results from a study of Chelonia mydas 

and Eretmochelys imbricata in Cape Verde. Science of The Total 

Environment 481:303-310. 

Camacho, M., J. Orós, L. A. Henríquez-Hernández, P. F. Valerón, L. D. Boada, A. 

Zaccaroni, M. Zumbado, and O. P. Luzardo. 2014a. Influence of the 

rehabilitation of injured loggerhead turtles (Caretta caretta) on their blood 

levels of environmental organic pollutants and elements. Science of The 

Total Environment 487:436-442. 

Cannon, M. S. 1992. The morphology and cytochemistry of the blood leukocytes 

of Kemp's ridley sea turtle (Lepidochelys kempi). Canadian Journal of 

Zoology 70:1336-1340. 

Carvalho, F. P., J.-P. Villeneuve, C. Cattini, J. Rendón, and J. M. de Oliveira. 

2009. Pesticide and PCB residues in the aquatic ecosystems of Laguna de 



Chapter 2  

 

42 

Terminos, a protected area of the coast of Campeche, Mexico. Chemosphere 

74:988-995. 

Casal, A., F. Freire, G. Bautista‐Harris, A. Arencibia, and J. Orós. 2007. 

Ultrastructural characteristics of blood cells of juvenile loggerhead sea turtles 

(Caretta caretta). Anatomia, histologia, embryologia 36:332-335. 

Casal, A. and J. Orós. 2007. Morphologic and cytochemical characteristics of 

blood cells of juvenile loggerhead sea turtles (Caretta caretta). Research in 

veterinary science 82:158-165. 

Casal, A. B., M. Camacho, L. F. López‐Jurado, C. Juste, and J. Orós. 2009. 

Comparative study of hematologic and plasma biochemical variables in 

Eastern Atlantic juvenile and adult nesting loggerhead sea turtles (Caretta 

caretta). Veterinary Clinical Pathology 38:213-218. 

Caurant, F., P. Bustamante, M. Bordes, and P. Miramand. 1999. Bioaccumulation 

of cadmium, copper and zinc in some tissues of three species of marine 

turtles stranded along the French Atlantic coasts. Marine Pollution Bulletin 

38:1085-1091. 

Clark, R. Marine Pollution, 1992. Clarendon Press, Oxford. 

Clark Jr, D. and A. Krynitsky. 1980. Organochlorine residues in eggs of 

loggerhead and green sea turtles nesting at Merritt Island, Florida--July and 

August 1976. Pesticides monitoring journal 14:7-10. 

Clark, D. R. and A. J. Krynitsky. 1985. DDE residues and artificial incubation of 

loggerhead sea turtle eggs. Bulletin of environmental contamination and 

toxicology 34:121-125. 

Cobb, G. P. and P. D. Wood. 1997. PCB concentrations in eggs and 

chorioallantoic membranes of loggerhead sea turtles (Caretta caretta) from 

the Cape Romain National Wildlife Refuge. Chemosphere 34:539-549. 

Cogo, A. J., A. F. Siqueira, A. C. Ramos, Z. M. Cruz, and A. G. Silva. 2009. 

Utilização de enzimas do estresse oxidativo como biomarcadoras de 

impactos ambientais. Natureza on line 7:37-42. 

Corsolini, S., S. Aurigi, and S. Focardi. 2000. Presence of polychlorobiphenyls 

(PCBs) and coplanar congeners in the tissues of the Mediterranean 

loggerhead turtle Caretta caretta. Marine Pollution Bulletin 40:952-960. 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

43 

Corsolini, S. and S. Focardi. 2000a. Bioconcentration of polychlorinated biphenyls 

in the pelagic food chain of the Ross Sea. Pages 575-584 Ross sea ecology. 

Springer. 

Cortés-Gómez, A. A., G. Fuentes-Mascorro, and D. Romero. 2014. Metals and 

metalloids in whole blood and tissues of Olive Ridley turtles (Lepidochelys 

olivacea) from La Escobilla Beach (Oaxaca, Mexico). Marine Pollution 

Bulletin 89:367-375. 

D’ilio, S., D. Mattei, M. Blasi, A. Alimonti, and S. Bogialli. 2011. The occurrence of 

chemical elements and POPs in loggerhead turtles (Caretta caretta): an 

overview. Marine Pollution Bulletin 62:1606-1615. 

da Silva, C. C., A. S. Varela, I. F. Barcarolli, and A. Bianchini. 2014. 

Concentrations and distributions of metals in tissues of stranded green sea 

turtles (Chelonia mydas) from the southern Atlantic coast of Brazil. Science 

of The Total Environment 466:109-118. 

da Silva, J. 2009. Ocorrência de pesticidas organoclorados e bifenilos policlorados 

em tartarugas marinhas Chelonia mydas. Universidade de São Paulo. 

de Andréa, M. M. 2008. Bioindicadores ecotoxicológicos de agrotóxicos. 

De Andrés, E., B. Gómara, D. González-Paredes, J. Ruiz-Martín, and A. Marco. 

2016. Persistent organic pollutant levels in eggs of leatherback turtles 

(Dermochelys coriacea) point to a decrease in hatching success. 

Chemosphere 146:354-361. 

de Deus Santos, M. R., L. S. Ferreira, C. Batistote, A. Grossman, and C. Bellini. 

2009. Valores hematológicos de tartarugas marinhas Chelonia mydas 

(Linaeus, 1758) juvenis selvagens do Arquipélago de Fernando de Noronha, 

Pernambuco, Brasil. Brazilian Journal of Veterinary Research and Animal 

Science 46:491-499. 

de Souza Spinosa, H., S. L. Górniak, and J. P. Neto. 2008. Toxicologia aplicada à 

medicina veterinária. Manole. 

Deem, S. L., T. M. Norton, M. Mitchell, A. Segars, A. R. Alleman, C. Cray, R. H. 

Poppenga, M. Dodd, and W. B. Karesh. 2009. Comparison of blood values in 

foraging, nesting, and stranded loggerhead turtles (Caretta caretta) along the 

coast of Georgia, USA. Journal of Wildlife Diseases 45:41-56. 



Chapter 2  

 

44 

DeForest, D. K., K. V. Brix, and W. J. Adams. 2007. Assessing metal 

bioaccumulation in aquatic environments: the inverse relationship between 

bioaccumulation factors, trophic transfer factors and exposure concentration. 

Aquatic Toxicology 84:236-246. 

Dodd, C.K., Dreslik, M.J., 2008. Habitat disturbances differentially affect individual 

growth rates in a long‐lived turtle. Journal of Zoology 275, 18-25. 

Dyc, C., A. Covaci, C. Debier, C. Leroy, E. Delcroix, J.-P. Thomé, and K. Das. 

2015. Pollutant exposure in green and hawksbill marine turtles from the 

Caribbean region. Regional Studies in Marine Science 2:158-170. 

Eckrich, C. E. and D. W. Owens. 1995. Solitary versus arribada nesting in the olive 

ridley sea turtles (Lepidochelys olivacea): a test of the predator-satiation 

hypothesis. Herpetologica:349-354. 

Fowler, L. E. 1979. Hatching success and nest predation in the green sea turtle, 

Chelonia mydas, at Tortuguero, Costa Rica. Ecology 60:946-955. 

Flint, M., J. M. Morton, C. J. Limpus, J. C. Patterson-Kane, P. J. Murray, and P. C. 

Mills. 2010. Development and application of biochemical and haematological 

reference intervals to identify unhealthy green sea turtles (Chelonia mydas). 

The Veterinary Journal 185:299-304. 

Franzellitti, S., C. Locatelli, G. Gerosa, C. Vallini, and E. Fabbri. 2004. Heavy 

metals in tissues of loggerhead turtles (Caretta caretta) from the 

northwestern Adriatic Sea. Comparative Biochemistry and Physiology Part C: 

Toxicology & Pharmacology 138:187-194. 

Gallo, B. M., S. Macedo, B. d. B. Giffoni, J. H. Becker, and P. C. Barata. 2006. 

Sea turtle conservation in Ubatuba, southeastern Brazil, a feeding area with 

incidental capture in coastal fisheries. Chelonian Conservation and Biology 

5:93-101. 

García-Besné, G., C. Valdespino, and J. Rendón-von Osten. 2015. Comparison of 

organochlorine pesticides and PCB residues among hawksbill (Eretmochelys 

imbricata) and green (Chelonia mydas) turtles in the Yucatan Peninsula and 

their maternal transfer. Marine Pollution Bulletin 91:139-148. 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

45 

Gardner, S. C., M. D. Pier, R. Wesselman, and J. A. Juárez. 2003. Organochlorine 

contaminants in sea turtles from the Eastern Pacific. Marine Pollution Bulletin 

46:1082-1089. 

Gicking, J. C., A. M. Foley, K. E. Harr, R. Raskin, and E. Jacobson. 2004. Plasma 

protein electrophoresis of the Atlantic loggerhead sea turtle, Caretta caretta. 

Journal of Herpetological Medicine and Surgery Volume 14. 

Godley, B. J., D. R. Thompson, and R. W. Furness. 1999. Do heavy metal 

concentrations pose a threat to marine turtles from the Mediterranean Sea? 

Marine Pollution Bulletin 38:497-502. 

Godfrey, M. H. and R. Barreto. 1995. Beach vegetation and seafinding orientation 

of turtle hatchlings. Biological Conservation 74:29-32. 

Gregory, L. F. and J. R. Schmid. 2001. Stress responses and sexing of wild 

Kemp's ridley sea turtles (Lepidochelys kempii) in the northeastern Gulf of 

Mexico. General and Comparative Endocrinology 124:66-74. 

Guerranti, C., M. Baini, S. Casini, S. E. Focardi, M. Giannetti, C. Mancusi, L. 

Marsili, G. Perra, and M. C. Fossi. 2014. Pilot study on levels of chemical 

contaminants and porphyrins in Caretta caretta from the Mediterranean Sea. 

Marine environmental research 100:33-37. 

Guirlet, E., K. Das, and M. Girondot. 2008. Maternal transfer of trace elements in 

leatherback turtles (Dermochelys coriacea) of French Guiana. Aquatic 

Toxicology 88:267-276. 

Guirlet, E., K. Das, J.-P. Thomé, and M. Girondot. 2010. Maternal transfer of 

chlorinated contaminants in the leatherback turtles, Dermochelys coriacea, 

nesting in French Guiana. Chemosphere 79:720-726. 

Halliwell, B. and J. Gutteridge. 1989. Protection against oxidants in biological 

systems: the superoxide theory of oxygen toxicity. Free radicals in biology 

and medicine 86. 

Hamann, M., C. S. Schäuble, T. Simon, and S. Evans. 2006. Demographic and 

health parameters of green sea turtles Chelonia mydas foraging in the Gulf of 

Carpentaria, Australia. Endangered Species Research 2:81-88. 

Hamann, M., M. Godfrey, J. Seminoff, K. Arthur, P. Barata, K. Bjorndal, A. Bolten, 

A. Broderick, L. Campbell, and C. Carreras. 2010. Global research priorities 



Chapter 2  

 

46 

for sea turtles: informing management and conservation in the 21st century. 

Endangered Species Research 11:245-269. 

Hawkes, L., Broderick, A., Godfrey, M., Godley, B., 2007. Investigating the 

potential impacts of climate change on a marine turtle population. Global 

Change Biology 13, 923-932. 

Hawkes, L. A., A. C. Broderick, M. H. Godfrey, and B. J. Godley. 2009. Climate 

change and marine turtles. Endangered Species Research 7:137-154. 

Hebbel, R. P. 1986. Erythrocyte antioxidants and membrane vulnerability. The 

Journal of laboratory and clinical medicine 107:401-404. 

Heppell, S., L. Crowder, D. Crouse, S. Epperly, and N. B. Frazer. 2003. Population 

models for Atlantic loggerheads: past, present, and future. 

Hewavisenthi, S. and C. J. Parmenter. 2001. Influence of incubation environment 

on the development of the flatback turtle (Natator depressus). Copeia 

2001:668-682. 

Huggett, R. J. 1992. Biomarkers: biochemical, physiological, and histological 

markers of anthropogenic stress. CRC. 

Ikonomopoulou, M. P., H. Olszowy, C. Limpus, R. Francis, and J. Whittier. 2011. 

Trace element concentrations in nesting flatback turtles (Natator depressus) 

from Curtis Island, Queensland, Australia. Marine environmental research 

71:10-16. 

Innis, C., M. Tlusty, C. Perkins, S. Holladay, C. Merigo, and E. S. Weber III. 2008. 

Trace metal and organochlorine pesticide concentrations in cold-stunned 

juvenile Kemp's ridley turtles (Lepidochelys kempii) from Cape Cod, 

Massachusetts. Chelonian Conservation and Biology 7:230-239. 

Innis, C. J., J. B. Ravich, M. F. Tlusty, M. S. Hoge, D. S. Wunn, L. B. Boerner-

Neville, C. Merigo, and E. S. Weber III. 2009. Hematologic and plasma 

biochemical findings in cold-stunned Kemp's ridley turtles: 176 cases (2001–

2005). Journal of the American Veterinary Medical Association 235:426-432. 

Innis, C., C. Merigo, K. Dodge, M. Tlusty, M. Dodge, B. Sharp, A. Myers, A. 

McIntosh, D. Wunn, and C. Perkins. 2010. Health evaluation of leatherback 

turtles (Dermochelys coriacea) in the Northwestern Atlantic during direct 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

47 

capture and fisheries gear disentanglement. Chelonian Conservation and 

Biology 9:205-222. 

IUCN, 2016, The IUCN Red List of Threatened Species. Version 2016.3. 

<www.iucnredlist.org>. Downloaded on 10 June 2016. 

Jakimska, A., P. Konieczka, K. Skóra, and J. Namiésnik. 2011. Bioaccumulation of 

metals in tissues of marine animals, part I: the role and impact of heavy 

metals on organisms. Pol. J. Environ. Stud 20:1117-1125. 

Jerez, S., M. Motas, R. Á. Cánovas, J. Talavera, R. M. Almela, and A. B. del Río. 

2010. Accumulation and tissue distribution of heavy metals and essential 

elements in loggerhead turtles (Caretta caretta) from Spanish Mediterranean 

coastline of Murcia. Chemosphere 78:256-264. 

Kakizoe, Y., K. Sakaoka, F. Kakizoe, M. Yoshii, H. Nakamura, Y. Kanou, and I. 

Uchida. 2007. Successive changes of hematologic characteristics and 

plasma chemistry values of juvenile loggerhead turtles (Caretta caretta). 

Journal of Zoo and Wildlife Medicine 38:77-84. 

Keller, J. M., J. R. Kucklick, M. A. Stamper, C. A. Harms, and P. D. McClellan-

Green. 2004. Associations between organochlorine contaminant 

concentrations and clinical health parameters in loggerhead sea turtles from 

North Carolina, USA. Environmental health perspectives:1074-1079. 

Keller, J., J. Kucklick, and P. McClellan-Green. 2004a. Organochlorine 

contaminants in loggerhead sea turtle blood: extraction techniques and 

distribution among plasma and red blood cells. Archives of Environmental 

Contamination and Toxicology 46:254-264. 

Keller, J. M., J. R. Kucklick, C. A. Harms, and P. D. McClellan‐Green. 2004b. 

Organochlorine contaminants in sea turtles: correlations between whole 

blood and fat. Environmental Toxicology and Chemistry 23:726-738. 

Keller, J. M., P. D. McClellan-Green, J. R. Kucklick, D. E. Keil, and M. M. Peden-

Adams. 2006. Effects of organochlorine contaminants on loggerhead sea 

turtle immunity: comparison of a correlative field study and in vitro exposure 

experiments. Environmental health perspectives:70-76. 



Chapter 2  

 

48 

Keller, J. M. 2013. Forty‐seven days of decay does not change persistent organic 

pollutant levels in loggerhead sea turtle eggs. Environmental Toxicology and 

Chemistry 32:747-756. 

Keller, J. M., G. H. Balazs, F. Nilsen, M. Rice, T. M. Work, and B. A. Jensen. 2014. 

Investigating the potential role of persistent organic pollutants in Hawaiian 

green sea turtle fibropapillomatosis. Environmental science & technology 

48:7807-7816. 

Komoroske, L. M., R. L. Lewison, J. A. Seminoff, D. D. Deheyn, and P. H. Dutton. 

2011. Pollutants and the health of green sea turtles resident to an urbanized 

estuary in San Diego, CA. Chemosphere 84:544-552. 

Labrada-Martagón, V., L. C. Méndez-Rodríguez, S. C. Gardner, V. H. Cruz-

Escalona, and T. Zenteno-Savín. 2010. Health indices of the green turtle 

(Chelonia mydas) along the Pacific coast of Baja California Sur, Mexico. II. 

Body condition index. Chelonian Conservation and Biology 9:173-183. 

Labrada-Martagón, V., P. A. T. Rodríguez, L. C. Méndez-Rodríguez, and T. 

Zenteno-Savín. 2011. Oxidative stress indicators and chemical contaminants 

in East Pacific green turtles (Chelonia mydas) inhabiting two foraging coastal 

lagoons in the Baja California peninsula. Comparative Biochemistry and 

Physiology Part C: Toxicology & Pharmacology 154:65-75. 

Lake, J. L., R. Haebler, R. McKinney, C. A. Lake, and S. S. Sadove. 1994. PCBs 

and other chlorinated organic contaminants in tissues of juvenile Kemp's 

Ridley Turtles (Lepidochelys kempi). Marine environmental research 38:313-

327. 

Lam, J. C., S. Tanabe, S. K. Chan, E. K. Yuen, M. H. Lam, and P. K. Lam. 2004. 

Trace element residues in tissues of green turtles (Chelonia mydas) from 

South China Waters. Marine Pollution Bulletin 48:174-182. 

Lam, J. C., S. Tanabe, S. K. Chan, M. H. Lam, M. Martin, and P. K. Lam. 2006. 

Levels of trace elements in green turtle eggs collected from Hong Kong: 

evidence of risks due to selenium and nickel. Environmental Pollution 

144:790-801. 

Lazar, B., L. Maslov, S. H. Romanić, R. Gračan, B. Krauthacker, D. Holcer, and N. 

Tvrtković. 2011. Accumulation of organochlorine contaminants in loggerhead 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

49 

sea turtles, Caretta caretta, from the eastern Adriatic Sea. Chemosphere 

82:121-129. 

Leite, A. T. M. 2007. Determinação do perfil bioquímico de tartarugas-verdes 

(Chelonia mydas) juvenis selvagens no litoral sul do Brasil. 

Ley-Quiñónez, C., A. Zavala-Norzagaray, T. L. Espinosa-Carreon, H. Peckham, C. 

Marquez-Herrera, L. Campos-Villegas, and A. Aguirre. 2011. Baseline heavy 

metals and metalloid values in blood of loggerhead turtles (Caretta caretta) 

from Baja California Sur, Mexico. Marine Pollution Bulletin 62:1979-1983. 

Lutcavage, M. E., P. Plotkin, B. Witherington, and P. L. Lutz. 1997. Human 

impacts on sea turtle survival. The biology of sea turtles 1:387-409. 

Maffucci, F., F. Caurant, P. Bustamante, and F. Bentivegna. 2005. Trace element 

(Cd, Cu, Hg, Se, Zn) accumulation and tissue distribution in loggerhead 

turtles (Caretta caretta) from the Western Mediterranean Sea (southern Italy). 

Chemosphere 58:535-542. 

Malarvannan, G., S. Takahashi, T. Isobe, T. Kunisue, A. Sudaryanto, T. Miyagi, M. 

Nakamura, S. Yasumura, and S. Tanabe. 2011. Levels and distribution of 

polybrominated diphenyl ethers and organochlorine compounds in sea turtles 

from Japan. Marine Pollution Bulletin 63:172-178. 

Marcotrigiano, G. and M. Storelli. 2003. Heavy metal, polychlorinated biphenyl and 

organochlorine pesticide residues in marine organisms: risk evaluation for 

consumers. Veterinary research communications 27:183-195. 

Marcovaldi, M. Â. and G. G. Dei Marcovaldi. 1999. Marine turtles of Brazil: the 

history and structure of Projeto TAMAR-IBAMA. Biological Conservation 

91:35-41. 

Marcovecchio, J. and R. FREIJE. 2013. Procesos químicos en Estuarios. 

Universidad Tecnológica Nacional. 

Márquez, R. and T. Doi. 1973. Ensayo teórico sobre el análisis de la población de 

tortuga prieta, Chelonia mydas (Caldwell), en aguas del Golfo de California, 

México. Bull. Tokai Reg. Fish. Res. Lab 73:1-22. 

McFadden, K. W., A. Gómez, E. J. Sterling, and E. Naro-Maciel. 2014. Potential 

impacts of historical disturbance on green turtle health in the unique & 



Chapter 2  

 

50 

protected marine ecosystem of Palmyra Atoll (Central Pacific). Marine 

Pollution Bulletin 89:160-167. 

McKenzie, C., B. Godley, R. Furness, and D. Wells. 1999. Concentrations and 

patterns of organochlorine contaminants in marine turtles from Mediterranean 

and Atlantic waters. Marine environmental research 47:117-135. 

Miao, X.-S., G. H. Balazs, S. K. Murakawa, and Q. X. Li. 2001. Congener-specific 

profile and toxicity assessment of PCBs in green turtles (Chelonia mydas) 

from the Hawaiian Islands. Science of The Total Environment 281:247-253. 

Monagas, P., J. Oros, J. Araña, and O. Gonzalez-Diaz. 2008. Organochlorine 

pesticide levels in loggerhead turtles (Caretta caretta) stranded in the Canary 

Islands, Spain. Marine Pollution Bulletin 56:1949-1952. 

MOLL, E., M. Harless, and H. Morlock. 1979. Turtles, perspectives and research. 

Turtles, perspectives and research. 

MTSG (Marine Turtle Specialist Group). 1995. A global strategy for the 

conservation of marine turtles. IUCN, Gland, Switzerland. 

Ogata, Y., H. Takada, K. Mizukawa, H. Hirai, S. Iwasa, S. Endo, Y. Mato, M. Saha, 

K. Okuda, and A. Nakashima. 2009. International Pellet Watch: Global 

monitoring of persistent organic pollutants (POPs) in coastal waters. 1. Initial 

phase data on PCBs, DDTs, and HCHs. Marine Pollution Bulletin 58:1437-

1446. 

Organization, W. H. 1993. Biomarkers and risk assessment: concepts and 

principles. 

Oros, J., O. Gonzalez-Diaz, and P. Monagas. 2009. High levels of polychlorinated 

biphenyls in tissues of Atlantic turtles stranded in the Canary Islands, Spain. 

Chemosphere 74:473-478. 

Páez-Osuna, F., M. Calderón-Campuzano, M. Soto-Jiménez, and J. Ruelas-

Inzunza. 2010. Lead in blood and eggs of the sea turtle, Lepidochelys 

olivacea, from the Eastern Pacific: concentration, isotopic composition and 

maternal transfer. Marine Pollution Bulletin 60:433-439. 

Peakall, D. B. 1994. The role of biomarkers in environmental assessment (1). 

Introduction. Ecotoxicology 3:157-160. 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

51 

Perrault, J. R., D. L. Miller, E. Eads, C. Johnson, A. Merrill, L. J. Thompson, and J. 

Wyneken. 2012. Maternal health status correlates with nest success of 

leatherback sea turtles (Dermochelys coriacea) from Florida. PLoS One 

7:e31841. 

Perrault, J. R., J. R. Schmid, C. J. Walsh, J. E. Yordy, and A. D. Tucker. 2014. 

Brevetoxin exposure, superoxide dismutase activity and plasma protein 

electrophoretic profiles in wild-caught Kemp's ridley sea turtles (Lepidochelys 

kempii) in southwest Florida. Harmful Algae 37:194-202. 

Pires, T. T., G. Rostan, and J. E. Guimarães. 2006. Hemograma e determinação 

da proteína plasmática total de tartarugas marinhas da espécie Caretta 

caretta (Linnaeus, 1758), criadas em cativeiro, Praia do Forte, Município de 

Mata de São João-Bahia. Brazilian Journal of Veterinary Research and 

Animal Science 43:348-353. 

Pires, T. T., G. Rostan, T. C. C. de Bittencourt, and J. E. Guimarães. 2009. 

Hemograma e bioquímica sérica de tartarugas cabeçudas (Caretta caretta) 

de vida livre e mantidas em cativeiro, no litoral norte da Bahia. Brazilian 

Journal of Veterinary Research and Animal Science 46:11-18. 

Podreka, S., A. Georges, B. Maher, and C. J. Limpus. 1998. The environmental 

contaminant DDE fails to influence the outcome of sexual differentiation in 

the marine turtle Chelonia mydas. Environmental health perspectives 

106:185. 

Price, E. R., T. T. Jones, B. P. Wallace, and C. G. Guglielmo. 2013. Serum 

triglycerides and ß-hydroxybutyrate predict feeding status in green turtles 

(Chelonia mydas): evaluating a single blood sample method for assessing 

feeding/fasting in reptiles. Journal of Experimental Marine Biology and 

Ecology 439:176-180. 

Pritchard, P. C., P. Lutz, and J. Musick. 1997. Evolution, phylogeny, and current 

status. The biology of sea turtles 1:1-28. 

Pupo, M. M., J. M. Soto, and N. Hanazaki. 2006. Captura incidental de tartarugas 

marinhas na pesca artesanal da Ilha de Santa Catarina, SC. Biotemas 19:63-

72. 



Chapter 2  

 

52 

Ragland, J. M., M. D. Arendt, J. R. Kucklick, and J. M. Keller. 2011. Persistent 

organic pollutants in blood plasma of satellite‐tracked adult male loggerhead 

sea turtles (Caretta caretta). Environmental Toxicology and Chemistry 

30:1549-1556. 

Richardson, K. L., G. Gold-Bouchot, and D. Schlenk. 2009. The characterization of 

cytosolic glutathione transferase from four species of sea turtles: Loggerhead 

(Caretta caretta), green (Chelonia mydas), olive ridley (Lepidochelys 

olivacea), and hawksbill (Eretmochelys imbricata). Comparative Biochemistry 

and Physiology Part C: Toxicology & Pharmacology 150:279-284. 

Richardson, K. L., M. Lopez Castro, S. C. Gardner, and D. Schlenk. 2010. 

Polychlorinated Biphenyls and Biotransformation Enzymes in Three Species 

of Sea Turtles from the Baja California Peninsula of Mexico. Archives of 

Environmental Contamination and Toxicology 58:183-193. 

Rodenbusch, C., C. Baptistotte, M. Werneck, T. Pires, M. Melo, M. de Ataíde, K. 

dos Reis, P. Testa, M. Alieve, and C. Canal. 2014. Fibropapillomatosis in 

green turtles Chelonia mydas in Brazil: characteristics of tumors and virus. 

Diseases of aquatic organisms 111:207-217. 

Rossi, S., T. Zwarg, T. C. Sanches, M. d. O. Cesar, M. R. Werneck, and E. R. 

Matushima. 2009. Hematological profile of Chelonia mydas (Testudines, 

Cheloniidae) according to the severity of fibropapillomatosis or its absence. 

Pesquisa Veterinária Brasileira 29:974-978. 

Rossi, S. 2014. Analise da atividade de leucócitos e de bifenilas policloradas 

aplicada ao estudo da fibropapilomatose em Chelonia mydas (Testudines, 

Cheloniidae) (Linnaeus 1758). PhD thesis. Escola Superior de Agricultura 

Luiz de Queiroz–Centro de Energia Nuclear na Agricultura, Universidade de 

Sao Paulo, Piracicaba, Brazil. 

Rousselet, E., M. Levin, E. Gebhard, B. M. Higgins, S. DeGuise, and C. A. 

Godard-Codding. 2013. Evaluation of immune functions in captive immature 

loggerhead sea turtles (Caretta caretta). Veterinary immunology and 

immunopathology 156:43-53. 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

53 

Russell, R. W., F. A. Gobas, and G. D. Haffner. 1999. Maternal transfer and in ovo 

exposure of organochlorines in oviparous organisms: a model and field 

verification. Environmental science & technology 33:416-420. 

Sakai, H., H. Ichihashi, H. Suganuma, and R. Tatsukawa. 1995. Heavy metal 

monitoring in sea turtles using eggs. Marine Pollution Bulletin 30:347-353. 

Sakai, H., K. Saeki, H. Ichihashi, H. Suganuma, S. Tanabe, and R. Tatsukawa. 

2000. Species-specific distribution of heavy metals in tissues and organs of 

loggerhead turtle (Caretta caretta) and green turtle (Chelonia mydas) from 

Japanese coastal waters. Marine Pollution Bulletin 40:701-709. 

Sarmiento, A. M. S. 2013. Determinação de pesticidas organoclorados em tecidos 

de tartarugas-verdes (Chelonia mydas) provenientes da costa sudeste do 

Brasil: estudo da ocorrência em animais com e sem fibropapilomatose. 

Universidade de São Paulo. Dissertação (Mestrado em Patologia 

Experimental e Comparada) - Faculdade de Medicina Veterinária e 

Zootecnia, University of São Paulo, São Paulo, 2013. Disponível em: 

<http://www.teses.usp.br/teses/disponiveis/10/10133/tde-16072014-

151420/>. Acesso em: 2016-04-2 

SEMARNAT, 1996. Normas Oficiales Mexicanas Vigentes. NOM-008-RECNAT-

1996, 10pp. 

www.semarnat.gob.mx/leyesynormas/Normas%20Oficiales%20Mexicanas%

20vigentes. 

Silva, L. M. 2011. Metais pesados em tecidos de Chelonia mydas encalhadas no 

Litoral do Rio Grande do Sul, Brasil. 

Spotila, J. R., R. D. Reina, A. C. Steyermark, P. T. Plotkin, and F. V. Paladino. 

2000. Pacific leatherback turtles face extinction. Nature 405:529-530. 

Stegeman, J. J. and M. E. Hahn. 1994. Biochemistry and molecular biology of 

monooxygenases: current perspectives on forms, functions, and regulation of 

cytochrome P450 in aquatic species. Aquatic toxicology: molecular, 

biochemical, and cellular perspectives 87:206. 

Stewart, K. R., J. M. Keller, R. Templeton, J. R. Kucklick, and C. Johnson. 2011. 

Monitoring persistent organic pollutants in leatherback turtles (Dermochelys 

coriacea) confirms maternal transfer. Marine Pollution Bulletin 62:1396-1409. 



Chapter 2  

 

54 

Storelli, M. and G. Marcotrigiano. 2003. Heavy metal residues in tissues of marine 

turtles. Marine Pollution Bulletin 46:397-400. 

Storelli, M., A. Storelli, R. D'Addabbo, C. Marano, R. Bruno, and G. Marcotrigiano. 

2005. Trace elements in loggerhead turtles (Caretta caretta) from the eastern 

Mediterranean Sea: overview and evaluation. Environmental Pollution 

135:163-170. 

Storelli, M., G. Barone, A. Storelli, and G. Marcotrigiano. 2008. Total and 

subcellular distribution of trace elements (Cd, Cu and Zn) in the liver and 

kidney of green turtles (Chelonia mydas) from the Mediterranean Sea. 

Chemosphere 70:908-913. 

Storelli, M. M. and N. Zizzo. 2014. Occurrence of organochlorine contaminants 

(PCBs, PCDDs and PCDFs) and pathologic findings in loggerhead sea 

turtles, Caretta caretta, from the Adriatic Sea (Mediterranean Sea). Science 

of The Total Environment 472:855-861. 

Swarthout, R. F., J. M. Keller, M. Peden-Adams, A. M. Landry, P. A. Fair, and J. R. 

Kucklick. 2010. Organohalogen contaminants in blood of Kemp’s ridley 

(Lepidochelys kempii) and green sea turtles (Chelonia mydas) from the Gulf 

of Mexico. Chemosphere 78:731-741. 

Timbrell, J. A. 1998. Biomarkers in toxicology. Toxicology 129:1-12. 

Valdivia, P. A., T. Zenteno-Savín, S. C. Gardner, and A. A. Aguirre. 2007. Basic 

oxidative stress metabolites in eastern Pacific green turtles (Chelonia mydas 

agassizii). Comparative Biochemistry and Physiology Part C: Toxicology & 

Pharmacology 146:111-117. 

Van De Merwe, J., K. Ibrahim, and J. Whittier. 2006. Effects of nest depth, 

shading, and metabolic heating on nest temperatures in sea turtle hatcheries. 

Chelonian Conservation and Biology 5:210-215. 

van de Merwe, J. P., M. Hodge, H. A. Olszowy, J. M. Whittier, K. Ibrahim, and S. 

Y. Lee. 2009. Chemical contamination of green turtle (Chelonia mydas) eggs 

in peninsular Malaysia: implications for conservation and public health. 

Environmental health perspectives 117:1397. 

van de Merwe, J. P., M. Hodge, J. M. Whittier, and S. Y. Lee. 2009a. Analysing 

persistent organic pollutants in eggs, blood and tissue of the green sea turtle 



Contaminants Impact on Marine Turtle Populations Development. An Overview 

 

55 

(Chelonia mydas) using gas chromatography with tandem mass 

spectrometry (GC-MS/MS). Analytical and bioanalytical chemistry 393:1719-

1731. 

van de Merwe, J. P., M. Hodge, H. A. Olszowy, J. M. Whittier, and S. Y. Lee. 

2010. Using blood samples to estimate persistent organic pollutants and 

metals in green sea turtles (Chelonia mydas). Marine Pollution Bulletin 

60:579-588. 

van de Merwe, J. P., M. Hodge, J. M. Whittier, K. Ibrahim, and S. Y. Lee. 2010a. 

Persistent organic pollutants in the green sea turtle Chelonia mydas: Nesting 

population variation, maternal transfer, and effects on development. Marine 

Ecology Progress Series 403:269-278. 

Villa, C., S. Finlayson, C. Limpus, and C. Gaus. 2015. A multi-element screening 

method to identify metal targets for blood biomonitoring in green sea turtles 

(Chelonia mydas). Science of The Total Environment 512:613-621. 

von Osten, J. R. 2005. Uso de biomarcadores en ecosistemas acuáticos. Golfo de 

México: contaminación e impacto ambiental: diagnóstico y tendencias:121. 

Walther, G.-R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, T.J., 

Fromentin, J.-M., Hoegh-Guldberg, O., Bairlein, F., 2002. Ecological 

responses to recent climate change. Nature 416, 389. 

Wetherall, J., G. Balazs, R. Tokunaga, and M. Y. Yong. 1993. Bycatch of marine 

turtles in North Pacific high-seas driftnet fisheries and impacts on the stocks. 

North Pacific Commission Bulletin 53:519-538. 

Witherington, B. E. and R. E. Martin. 2000. Understanding, assessing, and 

resolving light-pollution problems on sea turtle nesting beaches. 

Wood, F. E. and G. K. Ebanks. 1984. Blood cytology and hematology of the green 

sea turtle, Chelonia mydas. Herpetologica:331-336. 

Work, T. M., R. E. Raskin, G. H. Balazs, and S. Whittaker. 1998. Morphologic and 

cytochemical characteristics of blood cells from Hawaiian green turtles. 

American journal of veterinary research 59:1252-1257. 

Yoshida, E. T. E. 2012. Avaliação da influência da ingestão de lixo plástico nos 

indicadores de estresse oxidativo no sangue de tartarugas verdes (Chelonia 

mydas). 



 

56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3 

_________________________________________________ 

Organochlorines contaminants in eggs of hawksbill  

(Eretmochelys imbricata) and green sea turtles  

(Chelonia mydas) from Mexico coast 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Organochlorines contaminants in eggs of hawksbill and green sea turtles  

59 

Organochlorines contaminants in eggs of hawksbill (Eretmochelys 

imbricata) and green sea turtles (Chelonia mydas) from Mexico coast 

 

 

Patricia I. Salvarani, Fernando Morgado, Luis R. Vieira and Jaime Rendón-von Osten 

 

This chapter has been submitted as an original article in: 

Science of the Total Environment 

 

 

 

 

Abstract 

 

The investigation of organochlorine pesticides (OCPs) levels in sea turtles is an 

important issue in conservation research, due to the harmful effects of these 

chemicals. In the present study concentrations of OCPs and the conservation risks 

associated with the chemical contamination in the eggs from two sea turtle species 

(Eretmochelys imbricata and Chelonia mydas), collected from the Punta Xen and 

Isla Aguada (Mexican coast) between 2014 and 2015 were investigated. 

Concentrations of 20 OCPs were analysed, including: isomers of 

hexachlorocyclohexane (alpha, beta, gamma, delta - HCH), aldrin, dieldrin, endrin, 

endrin aldehyde, ketone Endrin, trans (gamma) chlordane, cis chlordane, 

endosulfan l, ll Endosulfan, Endosulfan Sulfate, Methoxychlor, p,p’ DDE, p,p’ DDD, 

p,p’ DDT, Heptachlor, Epox Hep). From the group of contaminants considered 

(analysed as families), the results revealed higher concentrations of ΣHCH and 

ΣDrines on both selected species. In addition, principal component analysis 

indicated pattern differences between species and years, in good agreement with 

concentrations differences. 

 

Keywords: Sea Turtles eggs, Eretmochelys imbricata, Chelonia mydas, Organochlorine 

Pesticides; Conservation Research. 
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1. Introduction 

 

Global anthropogenic pollution of the marine environment by organic 

contaminants, including persistent organic pollutants (POPs), is an issue of great 

concern. Environmental contaminants of chemical origin, such as POPs are 

organic compounds which resist to chemical, photolytic and biological degradation 

(Clark 1992). Their presence in aquatic systems around the world is a result of its 

widespread use and long-distance transport (Hamann et al. 2010). Due to their 

lipophilic properties and resistance to breakdown, these chemicals are extremely 

persistent in the environment and can have many harmful effects on the 

development and functioning of sea turtles and other animals (Clark and Krynitsky 

1980, Mckenzie et al. 1999, Alava et al. 2006). The bioaccumulation of these toxic 

substances has become a major cause for concern due to its bioaccumulation 

potential into the food chain and the resulting impact in the marine environment on 

several wildlife species (Marcotrigiano and Storelli 2003, Keller et al. 2004b, Ogata 

et al. 2009), and for the marine turtle communities worldwide (Lake et al. 1994, 

Storelli et al. 2003, Alava et al. 2006, de Andréa 2008, Alava et al. 2011, 

Marcovecchio and Freije 2013, da Silva et al. 2014, Guerranti et al. 2014).   

Sea turtles have recently been considered as suitable environmental 

indicators in order to improve the effectiveness of conservation strategies 

(Parliament 2008) due to their long life, their trophic position and their mobility, 

which allow for the integration of pollutants from extensive areas. Taking into 

account those characteristics, several studies have reported the worldwide 

accumulation of pollutant substances in the marine turtles during the last decade 

(Alam and Brim 2000, Gardner et al. 2003, Lam et al. 2004, Andreani et al. 2008, 

Monagas et al. 2008, Orós et al. 2009, Jerez et al. 2010, Alava et al. 2011, D'Ilio et 

al. 2011). As marine turtles allow the integration of pollutants from extensive areas 

they can therefore offer a comprehensive contamination profile within that energy 

flow system. The contamination of the marine system is one of the research 

priorities in the topic of turtle biology and conservation (Hamann et al. 2006). 
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The persistent organic pollutants mimic hormones may cause adverse 

health effects in wildlife populations, namely on the fecundity and reproductive 

competence. According to Camacho et al. (2013a), the bioaccumulation of POPs 

such as organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs) and 

polybrominated diphenyl ethers (PBDEs) and polycyclic aromatic hydrocarbon 

(PAHs), in the tissues and organs of these animals can influence sea turtle natural 

populations’ growth and development, ultimately causing mortality in the various 

stages of development. Many sea turtle populations are declining worldwide at 

alarming rates (Pritchard and Cox 2002) and are considered globally threatened or 

endangered. (MTSG 1995). Populations of marine turtles suffer greatly by 

environmental stress and anthropogenic activities being most of the impact on 

these populations is caused by increased commercial and industrial exploitation in 

the coastal regions. 

 According to the Marine Turtle Specialist Group (MTSG), the main threats 

to marine turtles currently causing of these species population collapse are coastal 

development, the incidental capture by fisheries, habitat loss (spawning and 

feeding) (Derraik 2002), direct use for human consumption, and egg poaching 

(López-Mendilaharsu et al. 2007), climate change, pollution and pathogens 

(Shigenaka 2003). Mexican coast represents an area of great importance for the 

survival of marine turtles to growth and reproduce. Six of the seven existing 

species in the world occurs in its coastal areas: (Caretta caretta, Chelonia mydas, 

Dermochelys coriacea, Eretmochelys imbricata, Lepidochelys olivacea, Natator 

depressus, Lepidochelys kempii), except for Natator depressus, all are listed as 

“vulnerable”, “endangered” and “critically endangered” in the IUCN Red List 

(International Union for Conservation of Nature) (IUCN 2016).  

The green turtle (Chelonia mydas) can be found in all tropical and 

subtropical seas, and nesting populations are generally comprised of individuals 

that have migrated from a wide range of foraging grounds (Godley et al. 2002, 

Seminoff et al. 2008), being the species of sea turtle that presents more coastal 

habits (de Padua Almeida et al. 2011). Hawksbill turtles (Eretmochelys imbricata) 

are circumtropically distributed in coastal waters (Meylan and Donnelly 1999), 
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where this species can be found in larger numbers in tropical coastal areas than in 

subtropical seas (Marcovaldi et al. 2011). During their reproductive years, C. 

mydas and E. imbricata show strong fidelity to these foraging and breeding sites, 

which can be up to thousands of kilometres apart (Carr 1964, Carr and Carr 1972, 

Limpus et al. 1992, Lohmann et al. 1997). Marcovaldi and Marcovaldi (1985) 

describe these species’ general feeding characteristics, indicating that E. imbricata 

prefers corals and sponges and the C. mydas feeds on small molluscs and 

sponges during the first year of life, preferentially feeding on macroalgae and 

phanerogams after this period; During this foraging time, local environmental 

nutritional resources are deposited into follicles (which become the yolk of the egg) 

for the next nesting season. 

Most studies focusing on the concentrations of pollutants in sea turtles were 

based on tissues collected from dead animals. Levels and distribution of various 

chemical compounds where analysed on samples from the liver (Malarvannan et 

al. 2011, Guerranti et al. 2014, Storelli et al. 2014), adipose tissue (Lazar et al. 

2011, Yogi 2002), or from more than one tissue (Lake et al. 1994, Corsolini et al. 

2000, Miao et al. 2001, Gardner et al. 2003, da Silva 2009, Orós et al. 2009, D'Ilio 

et al. 2011). Blood samples were successfully used to measure the concentrations 

of organochlorine pollutants, which is considered to be a non-lethal collection 

technique (Keller et al. 2004a, Hamann et al. 2006, Swarthout et al. 2010, 

Camacho et al. 2013b; 2014). 

 Assessments from POP concentrations in eggs and the extent to which 

contaminants affect these developmental stages of sea turtles are scarce, 

including in the pubertal development, the timing of reproductive maturation, or the 

onset of secondary sexual characteristics, or even plasma estrogen levels of 

immature turtles. Contaminant levels in eggs may offer information for two life 

stages, the embryo and the adult females, since contaminants are transferred to 

the egg from the mother during vitellogenesis (Pagano et al.1999). The OCPs 

concentrations measured in sea turtle eggs should be investigated for their 

potential impact on embryonic and hatchling development. Additional sea turtle 

nesting populations should be analysed to determine the range of exposure 
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among different species and locations (Alava et al. 2011). Therefore, as nesting 

females do not feed during migration or nesting periods (Bjorndal et al. 1997), their 

POPs concentrations are likely to reflect the contamination in their foraging areas 

and their feeding habits (Bjorndal et al.1985; 1997, Alava et al. 2006; 2011).  

Consequently, the POPs concentrations in eggs represent contamination 

received on the adult female foraging grounds. Females nesting on the same 

beach but foraging in different locations would likely produce eggs containing 

different POPs concentrations. Alternatively, if females from one nesting beach 

forage in similar locations, then their egg POPs concentrations would be similar 

and indicative of their foraging region. There, adult females accumulate POPs 

from their prey, as well as from incidentally ingested sediments, which then are 

deposited, along with lipids, into the follicles. As a matter of fact, maternal transfer 

of POPs into eggs has been documented in some turtle species, including sea 

turtles (Russel and Haffner 1999, Stewart et al. 2001, Guirlet et al. 2008; 2010). 

 According to Aguirre (2006), the consumption of sea turtle products 

(tissues, eggs, and blood) poses a number of public health concerns because of 

the high lipid content and the presence of bacteria, parasites, and environmental 

contaminants. Thereby, the World Health Organization (WHO) and other regional 

organizations have provided a guide for consumption of foods containing 

environmental contaminants, with these compounds’ acceptable daily intakes 

(ADIs) (FAO/WHO 2007). The ADIs are based on human and animal experiments 

which investigate the non- observable adverse effect levels of these chemicals 

and are generally presented as micrograms per kilogram of body weight per day 

(Van Oostdam et al. 2005). 

Because marine turtles are an endangered species it is important to 

understand the responses to long term impact and conservation measures. 

Therefore, knowing the species exposure level to these compounds is of 

paramount importance to make informed management decisions and carry out 

response measures in order to improve the effectiveness of long-term 

conservation strategies in developing populations’ recovery (Lam et al. 2004, 

Casale et al. 2006, Jakimska et al. 2011). The aim of this study was to determine 
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the POPs concentrations in eggs from two species of sea turtles for two 

consecutive years: C. mydas and E. imbricata, with different trophic levels during 

breeding. The conservation associated with the chemical contamination in sea 

turtle eggs is crucial to turtles in the Campeche hatching area management and 

conservation for evaluating the environmental and anthropogenic potential risks to 

turtle reproduction and development. 

 

2. Material and methods 

 

2.1. Sample collection  

 

  The eggs of two species of sea turtles with spawning areas from Campeche 

were collected to analyse the concentration of organochlorine contaminants. 

Campeche is located in southeastern Mexico in the Yucatan Peninsula (Fig. 1). 

 

 

 

  Fig.1 – Map of the study area and sampling locations in Mexico. 
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Two species were analysed in the study: green turtles (C. mydas) were 

sampled in Isla Aguada field (18°47'15.5" N, 91°29'56.5" W), and hawksbill turtles 

(E. imbricata) were sampled in the Punta Xen field (19°12'39" N, 90°52'09.7" W). It 

was collected 60 eggs of 60 sea turtle (one egg from each nest) of each species 

during the breeding season of 2014 and 2015 (30 eggs per year). The license 

(SGPA/DGVS/03974/14) to collect samples was provided by the Department of 

Environment and Natural Resources (SEMARNAT). The curved carapace length 

(CCL) and curved carapace width (CCW) of the carapace was measured with a 

flexible tape (Bolten 1999).  Eggs were collected and wrapped in aluminium foil, 

stored in Ziploc bags, stored on ice and frozen at - 20 °C. All analyses were 

performed at the Institute of Ecology, Fishery and Oceanography of the Gulf of 

Mexico (EPOMEX, Campeche, Mexico).  

 

2.2. Pollutants analyzed in this study 

 

 A total of 20 organochlorine pesticides compounds were investigated in sea 

turtle eggs, including isomers of hexachlorocyclohexane (alpha, beta, gamma, 

delta - HCH), aldrin, dieldrin, endrin, endrin aldehyde, ketone Endrin, trans 

chlordane, cis chlordane, endosulfan l, Endosulfan II, Endosulfan Sulfate, 

Methoxychlor, p,p’ DDE, p,p’ DDD, p,p’ DDT, Heptachlor, Epox Hep). OCPs were 

analysed using a mix of standards (SUPELCO 47426-U CLP Organochlorine 

Pesticide Mix), contaminant concentrations were organized as families: ΣDDT was 

defined as the sum of p,p’ DDE, p,p’ DDT, and p,p’ DDD; ΣChlordanes as the sum 

of cis-chlordane and trans- chlordane; ΣHCH as the sum of alpha, beta, gamma, 

delta; ΣHeptachlor as the sum of Heptachlor and Epoxide Heptachlor; ΣDrines as 

the sum of aldrin, dieldrin, endrin, endrin aldehyde and ketone endrin; 

ΣEndosulfans as the sum of endosulfan l, Endosulfan II and Endosulfan Sulfate. 

 

2.3. Contaminant analysis 

 

All the solvents used in the laboratory procedures were of 98% of purity 

grade (HPLC). Silica gel, alumina, Florisil and sodium sulfate were purified 
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following the protocol NMX-AA-071-1981 (1981). The glassware was washed with 

Extran, dried in the oven for 4 hours at 200 °C and washed with acetone and 

hexane. POP analysis of the eggs followed the method described by Zhang et al. 

(2007). Fertile eggs were rinsed with distilled water, and the contents were 

extracted and homogenized thoroughly. The homogenized mix was dried in an 

oven at 40 °C. Three extractions were performed in an ultrasonic bath. For the first 

extraction, 50 ml of ethyl acetate-hexane (1:1) was added, and the sample was 

sonicated for 1 h. The organic layer was transferred to a glass tube, and the 

extraction was repeated twice with 40 mL of hexane for 1 h. Samples were purified 

by column chromatography. The column was packed with silica gel (2g), alumina 

(2g), florisil (2g) and sodium sulfate (2g). First 20 ml of methylene chloride was 

added, followed by 20 ml acetone and finally 20 ml of hexane. The mobile phase, 

35 mL mixture of ethyl acetate: hexane (1: 9) was added. The cleaned extracts 

were diluted to 5 mL for analysis. The final volume of the solvent used was 0.5 mL. 

 

2.4. Instrumental analysis 

 

The contaminants were quantified using a Varian 3800 gas chromatograph 

equipped with an Ni63 electron capture detector and HT8 capillary column (60 m × 

0.25 mm; 25 μm film thickness) (SGE Analytical Science, USA). The temperatures 

of the injector and detector were 150 and 300 °C, respectively. The oven 

temperature was maintained at 60 °C/min and then increased to 320 °C at a rate 

of 2 °C/min for 5 min. The nitrogen flow into the column was 2 ml/min and a 

composition of 30 mL/min. Qualitative data were obtained by calculating the area 

under the curve with the star Chromatography Workstation software version 6 and 

the calibration patter. The quality of the standard is 99%, and the stock solutions, 

to make the calibration curve were: 1, 10, 50, 100 and 150 ug/mL. 

 

2.5. Quality assurance 
 
 
Laboratory blanks were analysed for quality assurance. Chicken egg 

samples were used in triplicate. One millilitre of a 200 ng/mL Decachlorobiphenyl 
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surrogate spike (SK011 Sigma-Aldrich) was added to the samples before the 

extraction, and they were subsequently refrigerated for 48 h. One of the 

subsamples was not spiked with the standard as a positive blank. Afterward, the 

contaminants were extracted and processed in an identical manner to the rest of 

the samples. Percentages of recovery was > 85%. 

 

2.6. Statistical analysis 

 

All obtained data were checked for distribution, normality and homogeneity 

of variances using the Kolmogorov–Smirnov and Levene's tests, respectively (Zar 

1996). A logarithmic transformation (log (x+1)) was used when data did not fulfil 

the assumptions of normality or homogeneity of variances. Differences in 

concentrations among eggs within species and years were determined using a 

one-way Analysis of Variance (ANOVA) and the interactions using a two-way 

ANOVA. For these analysis, the IBM SPSS Statistics package, version 22.0, was 

used, and the significance level was 0.05. The variation of contaminants was, also, 

tested by a Permutational multivariate analysis of variance (PERMANOVA) test, 

including a multifactorial temporal and spatial design (sampling locations, years 

and interactions). The Principal Coordinates Analysis (PCO) was used visualise 

the temporal and spatial variation of selected contaminants, with vector overlays 

(Pearson correlations) indicating correlations between these variables and 

ordination axes (Anderson et al. 2008). Both PERMANOVA and PCO analysis 

were based on Euclidian distances between samples, after data transformation 

Log (x +1). Multivariate PERMANOVA tests were performed using PRIMER with 

PERMANOVA software (PRIMER v6 & PERMANOVA v1, PRIMER-E Ltd.). 

 

3. Results 

 

Hundred fourteen eggs were selected for contaminant analyses, however 

POPs data from six of these were excluded because of problems during analysis. 

We identified POPs as ΣChlordane, ΣHCHs, ΣDrines, ΣDDTs, ΣHeptachlor, 

ΣEndosulfans and Methoxychlor in all 114 of the eggs analysed. Compounds most 
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commonly identified in Punta Xen were ΣDrines, ΣHCHs, and ΣDDT, and in Isla 

Aguada were ΣDrines, ΣHCHs, ΣChlordane and ΣHeptachlor. 

 

3.1. Contaminants concentration in the eggs of hawksbill turtles 

 

In Punta Xen, ΣChlordane, ΣDrines, ΣEndosulfans, and Methoxychlor were 

the most highly concentrated compounds in 2014 than in 2015, whereas ΣDDTs, 

ΣHCHs and ΣHeptachlor were found at higher levels in 2015 than in 2014 (Table 

1). For the hawksbill turtles, no significant differences were found between the 

other concentrations of OCs families in eggs between the years (p > 0.05). No 

correlation was found between the CCL of the concentration levels in the eggs (p > 

0.05). 

 

3.2. Contaminants concentration in the eggs of green turtles 

 

In Isla Aguada, ΣChlordane, ΣHCHs, ΣDrines, ΣEndosulfans, ΣHeptachlor, 

ΣDDTs and Methoxychlor were the most highly concentrated compounds in 2015 

than in 2014 (Table 1). Except for ΣDDT (p = 0.124), significant differences were 

found between the other concentrations of OCs families in eggs between the years 

in green turtles (p < 0.05). No correlation was found between the CCL of the 

concentration levels in the eggs (p > 0.05). 

 

 



 

 

Table 1 - Selected contaminants concentrations (mean ± SD) for each family of compounds (ng/g dw) in the eggs of green turtles and 
hawksbill turtles, during two spawning seasons. The One-Way ANOVA results within each species are also presented (p < 0.05). 
 

  
                   E. imbricata 

  
One-Way 
ANOVA  

                  C. mydas 
  

One-Way 
ANOVA 

OCs  N               2014  N               2015 F    p  N             2014  N              2015 F p 

∑HCHs 32    0.504 ± 0.371 27    0.695 ± 1.229 0.673 0.415 28   0.484 ± 0.404 27   4.934 ± 16.834 5.581 0.022 

∑DRINES 32    0.329 ± 0.452 27    0.289 ± 0.691 0.071 0.791 28   0.506 ± 0.508 27   2.635 ±  6.049 7.480 0.008 

∑CHLORDANE 32    0.201 ± 0.290 27    0.193 ± 0.439 0.007 0.935 28   0.337 ± 0.319 27   2.417 ±  6.096 7.406 0.009 

∑DDTs 32    0.192 ± 0.337 27    0.318 ± 0.615 0.953 0.333 28   0.308 ± 0.389 27   0.965 ±  6.001 2.444 0.124 

∑HEPTACHLOR 32    0.100 ± 0.151 27    0.155 ± 0.418 0.452 0.504 28   0.189 ± 0.194 27   2.460 ±  4.777 11.611 0.001 

∑ENDOLSUFANS 32    0.191 ± 0.337 27    0.185 ± 0.379 0.004 0.949 28   0.330 ± 0.348 27   0.941 ±  2.161 5.595 0.022 

METHOXYCHLOR 32    0.073 ± 0.141 27    0.059 ± 0.209 0.087 0.769     28   0.165 ± 0.167 27   1.060 ±  1.787 12.359 0.001 
 
 
 
Table 2 - Summary statistics for organochlorine contaminant concentrations (mean ± SD) for each family of compounds (ng/g dw) in the eggs 
of hawksbill turtles (Punta Xen) and green turtles (Isla Aguada). The presented values are the mean of both studied years (2014/2015). 
 

  E. imbricata 
 

C. mydas 
 

One-Way ANOVA 

             OCs N       Mean        SD N     Mean         SD F p 
∑HCHs 59 0.591 ± 0.880 55 4.244 ± 12.404 4.999 0.027 
∑DRINES 59 0.311 ± 0.575 55 2.076 ± 4.544 8.595 0.004 
ΣCHLORDANE 59 0.197 ± 0.366 55 1.907 ± 4.566 8.075 0.005 
∑DDTs 59 0.250 ± 0.489 55 1.196 ± 4.310 2.757 0.100 
∑HEPTACHLOR 59 0.125 ± 0.305 55 1.729 ± 3.699 10.821 0.001 
∑ENDOLSUFANS 59 0.188 ± 0.357 55 0.819 ± 1.614 8.438 0.004 
METHOXYCHLOR 59 0.067 ± 0.176   55 0.761 ± 1.397   14.105 0.000 

O
rga

no
chlorine

s contam
ina

nts in
 eg

gs of h
aw

ksbill an
d g

re
en

 sea
 tu

rtle
s  

 

6
9 



Chapter 3 

70 

3.3. Inter year and inter-site comparisons 

 

The concentrations of OCPs in eggs significantly differed between the 

green and hawksbill turtles (p < 0.05) in nearly every family of compounds, except 

for ΣDDT, being higher in the green turtles in both years (Table 2). The 

concentrations of OCPs in eggs are listed in Table 2 for green turtles (Isla Aguada) 

and for hawksbill turtles (Punta Xen), during two spawning seasons. When 

analysing the data of Two-Way ANOVA, according to the year and the sampling 

location, it was found the interaction between factors was significant (p < 0.05), 

and also in each factor separately showed significant differences (p < 0.05) (Table 

3). The Permutational multivariate analysis of variance (PERMANOVA) test, 

allowed to verify that all the location was different from each other, and showed a 

significant correlation between location and year (p = 0.015). See the 

PERMANOVA complete results of Two-Way ANOVA. The Principal Coordinate 

Analysis (PCO) shows how significantly different the years were in the ordination 

(Figure 4). The PCO analysis also shows that the two points of collection, Isla 

Aguada e Punta Xen, were different from each other. 

 
Table 3 - Summary results of Two-Way ANOVA main test. 
           

    Two-Way ANOVA 

 
F 

 
P 

 
Location 19.210 

 
0.000 p<0.001 

Year 11.062  0.001 p<0.05 
Year x Location 11.161  0.001 p<0.05 

 
 
Table 4 - Summary results of Permutational multivariate analysis of variance 
(PERMANOVA) main test. 
 

Source df SS Pseudo-F P(perm) 

Location 1 25230 14.04 0.001 
Year 1 17311 9.6333 0.001 
Location x Year 1 5927.3 3.2985 0.015 
Res 118 2.1205E5 
Total 121 2.6037E5 
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Fig. 2 - Principal Coordinate Analysis (PCO) scaling plot of the analysed contaminants in 
both sites (A) and Years (B). In both analysis, vectors are also overlapping the scaling plot 
with Pearson correlations. 
 
 
Table 5 - Summary statistics for organochlorine contaminant concentrations (ng/g) in eggs 
collected from sea turtles from different locations. 
 

Location Species Matrix (n) ΣDDTs Σchlordane ΣHCHs ∑OCPs Reference 

Merritt Island, 

Florida 
Cc, Cm 

eggs 

(Cm-

2/Cc-9) 

66 * 
   

Clark Jr, D. and A. 

Krynitsky, 1980 

Merritt Island, 

Florida 
Cc 

eggs (56) 

ww 
99    

Clark Jr, D. and A. 

Krynitsky, 1985 

Heron Island, 

Queensland 
Cm eggs (15)  1.7 ± 0.3 *    

Podreka, S., et al. 

1998 

Southern 

Florida 
Cc 

eggs (22) 

ww 
50.2 ± 92.4 25.5 ± 46.7 0.258 ± 0.508 

 

Alava, J.J., et al. 

2006 

A 

B 
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Australia Cm 
eggs (10) 

ww  

trans 0.02 ± 

0.0004  

endolsufan 

I - 0.20 ± 

0.005 

van de Merwe, 

J.P., et al. 2009b 

Malaysia Cm 
eggs (55) 

ww 

0.083 ± 

0.018 
0.057 ± 0.009 0.069 ± 0.009 0.39 ± 0.04 

van de Merwe, 

J.P., et al. 2009a 

French 

Guiana 
Dc 

eggs / 

blood (38) 

ww 

B- 0.31 ± 

0.22/E- 

1.44 ± 1.26 
 

B- 0.15 ± 

0.16/E- 0.41 ± 

0.26 
 

Guirlet, E., et al. 

2010 

Malaysia Cm 

eggs (33)/ 

blood (11) 

ww 

N.A. 
 

E- 0.17 ± 

0.007 **/B- 

0.50 ± 0.06 
 

van de Merwe, 

J.P., et al. 2010 

Eastern, Florida Dc 
eggs (6) 

ww 
1.87 ± 0.4 2.28 ± 1.71 N.A. 

 

Stewart, K.R., et 

al. 2011 

Caribe Ei, Cm 

eggs 

(Cm-

11/Ei-4) 

 ww 

Cm- 0.17 ± 

0.04/Ei- 

0.19 
 

Cm- 0.17 ± 

0.007/Ei- 0.47  

Dyc, C., et al. 

2015 

Southeastern 

United States 
Cc 

eggs -

WF-

11/EF- 

24/NC-9 

 lw 

WF- 23.8 ± 

7.1/EF- 

136 ± 

56/NC -694 

± 251 

WF- 20.8 ± 

9.6/EF- 113 ± 

31/NC- 375 ± 

146 

WF- 0.449 ± 

0.017/EF- 1.21 

± 0.49/NC- 

3.15 ± 1.39 

 

Alava, J.J., et al. 

2011 

South Carolina Cc 
eggs (10) 

 lw b 
325 ± 185 94.9 ± 41.2 

  

Keller, J.M., et al. 

2013 

Mexico Cm, Ei 

eggs 

/blood 

(30)  

lw 

Cm- B- 

2.087 ± 

3.076/ E- 

38.72 ± 0 // 

Ei- B -

2.078 ± 

3.525/ E- 

331.1 ± 

379.7 * 

   

García-Besné, et 

al. 2015 

Costa Rica Dc 
eggs (18)  

lw     

De Andrés, E., et 

al. 2016 

Northwest 

Florida 
Cc 

eggs (20) 

dw 
753 -800    

Alam, S. K., and 

Brim, M. S., 2000 

Mexico Cm, Ei 

eggs 

(Cm-

55/Ei-59) 

dw 

Cm- 1.19 

±0.58/Ei- 

0.25±0.05 

Cm- 1.90 

±0.61/Ei- 

0.19±0.04 

Cm- 4.24 

±1.67/Ei- 

0.59±0.11 

Cm- 1.81 

±0.62/Ei- 

0.24±0.5 

present study 

Loggerhead (Cc), green (Cm), leatherback (Dc), hawksbill (Ei) sea turtles; Mean (SD) in 
ng/g-1. 
*for only p,p′ DDE; **only y HCH; dw - dry weight;  lw – lipid weight; ww - wet weight;  
ND = not detected; B – blood; E – egg; WF = Western Florida; EF = Eastern Florida; NC = 
North Carolina; b - Botany Bay Island, South Carolina. 
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4. Discussion 

 

Overall, the present research results may provide an important baseline 

data on contaminant concentrations in sea turtle eggs from south eastern Mexico. 

OCP concentrations (ng/g dw) measured in this study are comparable to those 

recorded in previous studies in sea turtle eggs (Table 5). 

The green turtle is a typically nectonic and solitary animal, and may 

occasionally form aggregations in feeding areas (Márquez 1990). Their diet varies 

considerably during their life cycle, and during the first years of life, they are 

omnivorous, mainly consuming food of animal origin, becoming herbivorous when 

juvenile and adult, being able to feed themselves eventually of living, sponges, 

propagules of Mangrove, molluscs, fish, and crustaceans (Bjorndal 1997). 

According to Meylan, hawksbill turtle were indiscriminate omnivores and 

demonstrated that they specialize on a diet of sponges (Meylan 1988). Differences 

in feeding preferences, foraging strategies and thus trophic levels could explain 

the differences in OCP concentrations observed in these two species of sea 

turtles. However, according to Alava et al. (2011), POP concentrations in eggs 

may reflect differences in foraging areas and cannot be elucidated by trophic level. 

The average hawksbill turtle ΣHCH concentration (0.59 ng/g dw) measured 

in the current study was similar to that found in loggerhead eggs (0.44 ng/g lw) 

from Western Florida (Alava et al. 2011), leatherback eggs (0.41 ng/g ww) from 

Guiana Francesa (Guirlet et al. 2010), and green turtle eggs (0.69 ng/g ww) from 

Malasia (van de Merwe 2009a), being lower than the concentrations in green turtle 

eggs (4.24 ng/g dw) found in the present study. ΣDrines were the second most 

abundant OCP class measured, which represented 72.8% in Punta Xen and 

84.7% in Isla Aguada. The average ΣDrines concentrations (0.31 ng/g dw) 

measured in the hawksbill egg samples, and (2.07 ng/g dw), measured in the 

green turtle, are lower than those measured in Morelet’s crocodiles of CETMar 

eggs (8.11 ng/g lw) (Gonzalez-Jauregui et al. 2012), and those measured in the 

loggerhead egg samples in Southern Florida (2.53 ng/g ww) (Alava et al. 2006). 
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Alava and collaborators found that the mean 4,4′-DDE concentration in the 

loggerhead eggs (50.2 ng/g ww) was more than ten times higher than the 

concentrations found in green turtle eggs, concluding that the green turtles are 

herbivores so they do not accumulate POPs to the same level as omnivorous 

loggerhead turtles (Alava et al. 2006), nevertheless, average ΣDDTs 

concentrations found in the present study were higher in green turtle eggs (1.19 

ng/g dw) than hawksbill turtles (0.25 ng/g dw). Extreme caution must be kept in 

mind when comparing values with those of other studies different species because 

of differences in feeding grounds. 

Green turtle eggs exhibited relatively close concentrations of ΣChlordane 

(1.90 ng/g dw) in relation to leatherback eggs (2.28 ng/g ww) from Eastern, Florida 

(Stewart et al. 2011), and higher concentrations than those found in green turtle 

eggs (0.057 ng/g ww) from Malaysia (van de Merwe 2009a). We concluded that 

different locations in the Gulf of Mexico seem to have a significant influence on 

OCP concentrations, as well as different years. The average concentration of 

ΣHeptachlor, ΣEndosulfans and Methoxychlor in Isla Aguada (1.729; 0.819; 0.761 

ng/g dw respectively) was greater than measured in the Punta Xen (0.125; 0.188; 

0.067 ng/g dw respectively). 

In fact, in the specie C. mydas most OCP concentrations appear to have 

increased, during the two years analysed. These comparisons suggest that most 

OCP concentrations have not substantially decreased through time, even though 

most of these compounds were banned from use in the North America (i.e. 

Canada, USA and Mexico) and other developing countries (UNEP 2003). The 

differences concentration between species, are likely attributable to differing 

foraging locales, on trophic differences, as well as different metabolic breakdown 

or elimination of congeners in reptiles inhabiting different climates. For example, 

leatherback turtles inhabiting water both much further north and much deeper than 

the loggerhead. 

Future studies should investigate this latter possibility (Alava et al. 2011). In 

addition, the comparison between the present and previous studies are limited, 

because of different analytical methodologies, sampling locations, and sample 
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sizes used. Further investigations are necessary to evaluate long-term effects of 

OCPs and to understand if the concentrations are decreasing or increasing on a 

temporal scale in green and hawksbill turtles nesting in south eastern Mexico in 

the Yucatan Peninsula. 

 

5. Conclusions 

 

The present provides a broader foundation for future research and 

monitoring of sea turtle eggs for contaminant concentrations and their toxic effects. 

Were analysed eggs concentrations of OCP for nesting green and hawksbill 

turtles, analysing the differences in the concentrations of the two species, which 

are classified into different trophic levels. The concentration of ΣDDTs was the 

only family contaminants not to have significant influence in relation to the species. 

The concentration found in the different location and years in the Gulf of Mexico 

within the majority of OCP confirm to have the significant influence on the 

contaminant concentrations in the green turtle. 
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Abstract 

Environmental contaminants of chemical origin, such as organochlorine 

pesticides (OCPs), are causing major impacts on the health of marine animals, 

including sea turtle due to bioaccumulation of those substances by transference 

throughout the food chain. The effects of environmental pollution on the health of 

marine turtles are very important for management strategies and conservation. 

Because contaminants are maternally transferred to eggs, we chose to examine 

the effects of OCPs on turtle nesting population reproductive performance, 

namely maternal transfer and embryonic development (total eggs, number of 

offspring, offspring/eggs ratio, weight of whole egg, weight content, shell) in 

relation with sea turtle populations size (CCL = curved carapace length; CCW = 

curved carapace width) of blood and egg concentrations from 60 hawksbill turtles 

(Eretmochelys imbricata) nesting at Punta Xen turtle camp (Yucatan Peninsula, 

Campeche, Mexico). OCPs samples were analysed using gas chromatography 

with tandem mass spectrometry. There were significant correlations between 

maternal blood and eggs OCP concentrations (∑HCHs, ∑Drines, and 

ΣChlordanes), indicating that these chemicals are being transferred from nesting 

female to eggs and hatchlings due to maternal transfer. OCPs may, therefore, 

have effects on the health of organisms and reproductive performance of the 

Eretmochelys imbricata hawksbill turtles, its fertility, and development of 

population eggs. 

 

Keywords: Sea turtle; Organochlorine Pesticides; Nesting populations; Maternal 

Transfer 
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1. Introduction 

 

Sea turtles are among the oldest animals on the earth with its origin going 

back more than 150 million years ago (Zangerl 1980), and they are common 

animals in all tropical and temperate oceans of the world. They have a long-life 

expectancy, late maturity, slow reproductive rates, vast geographic ranges and 

spend all their life in the sea, coming to beaches exclusively to lay eggs (de Pádua 

Almeida 2011, Rodrigues 2005). Sea turtles are long-lived animals, they occupy 

different levels in the food chain and can, therefore, offer a comprehensive profile 

of contamination within that energy flow system, since they have been used as 

bioindicators of human impacts on ocean systems (Aguirre and Lutz 2004, Lam et 

al. 2004, Jakimska et al. 2011). 

Throughout the Mexican coast, six of the seven sea turtle species are 

found: (Caretta caretta, Chelonia mydas, Dermochelys coriacea, Eretmochelys 

imbricata, Lepidochelys olivacea, and Lepidochelys kempii), and all are listed as 

vulnerable, endangered or critically endangered by the International Union for 

Conservation of Nature (IUCN 2016). 

Environmental contaminants of chemical origin, such as organochlorine 

pesticides, likely cause major impacts on the health of marine animals, including 

sea turtles (Keller et al. 2004a, de Andréa 2008, Camacho et al. 2013a), due to 

bioaccumulation of those substances by transference throughout the food chain. 

Maternal transfer is a major concern for the sea turtle communities worldwide 

(Storelli et al. 2003, Alava et al. 2006, da Silva et al. 2014), because it can 

influence the growth and development of sea turtle populations, ultimately causing 

possible mortality in various stages of development (Camacho et al. 2013b, D’Ilio 

et al. 2011). Sea turtles have been proposed as suitable environmental indicators 

to improve the effectiveness of conservation strategies (Sakai et al. 2000, Keller et 

al. 2004a).  

Ecotoxicological studies of marine turtles have received relatively little 

attention, particularly regarding bioaccumulation, effects on growth and 
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reproduction, and conservation management (Casale et al. 2006). Most studies 

focusing on the concentrations of pollutants in sea turtles were based on tissues 

collected from dead animals. Liver and fat are matrices of choice for the 

investigation of organic compounds, because they reflect the physical and 

chemical properties of the target analytes (Corsolini et al. 2000, Monagas et al. 

2008, Richardson et al. 2010, Storelli et al. 2014). 

Studies using plasma have also been effective as a non-lethal sampling 

technique. This tissue may help monitor the long-term trends of contamination. 

Some studies (Cobb et al.1997, McKenzie et al. 1999, Alam et al. 2000, Alava et 

al. 2006, Guirlet et al. 2008; 2010, Páez-Osuna et al. 2010, D’Ilio et al. 2011, 

Stewart et al. 2011, García-Besné et al. 2014) also analysed the concentration of 

pollutants in the fat and blood of female turtles and their respective broods to 

analyse possible maternal transference. 

The effects of environmental pollution on the health of marine turtles is the 

least studied but has been increasing studies that directly relate maternal transfer 

to eggs in the presence of contaminants in the nesting or feeding areas (Guirlet et 

al. 2008; 2010, van de Merwe et al. 2010, García-Besné et al. 2015, De Andrés et 

al. 2016). Nesting female turtles can incorporate OCPs into eggs during 

vitellogenesis and ovoposition (Guillette and Crain 1996). Concentrations in eggs 

reflect the exposure of the developing embryo, a stage during which toxic effects 

may be more detrimental than during adulthood causing adverse effects on the 

health of organisms, mainly affecting reproductive performance and fertility of the 

population (Guirlet et al. 2010). According to Russel (1999), considerable 

scientific evidence demonstrates that early life stages of oviparous organisms, 

including fish and reptiles, often exhibit a greater toxicological sensitivity to 

chemical contaminants than adult life stages. 

Because of their vulnerable population status (IUCN 2016), it is particularly 

important to understand the impacts of bioaccumulation of OCs and long-term 

conservation measures. Eretmochelys imbricata is a species found in tropical and 

subtropical seas. The main threat to this species, was once the hunting and killing 

of females and collecting their eggs, mainly for exploration and trade of its hull 
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(Marcovaldi et al. 2011), and is listed as critically endangered by the IUCN (IUCN 

2016). 

This study documented contaminant concentrations and maternal transfer of 

OCPs in nesting hawksbill turtles. The aim of this study was to determine OCPs 

concentrations in blood and eggs of one species of sea turtle Eretmochelys 

imbricata, during the breeding season and the relationship between the 

concentrations of contaminants on turtle nesting population reproductive 

performance, namely maternal transfer and embryonic development (total eggs, 

number of offspring, offspring/eggs ratio, weight of whole egg, weight content, 

Shell) in relation with sea turtle populations size (CCL = curved carapace length; 

CCW = curved carapace width). The results could be useful to evaluate 

preliminary contaminant concentrations, strengthening capacity marine turtle 

management strategies at medium and long-term. 

 

2. Material and methods 

 

2.1. Study area 

 

The study area, Punta Xen, Campeche, Mexico, is located on 700 hectares 

of natural beach. This area holds a number of habitats including a nesting beach, 

forest, mangrove habitat, and a wealth of natural flora and fauna. Campeche is in 

south-eastern Mexico in the Yucatan Peninsula (Fig. 1). The coast of Campeche is 

one of the most important nesting sites in the world for the hawksbill turtle 

(Escareno et al. 1990).  

 

2.2. Sample collection 

 

During the 2014 and 2015 nesting seasons, whole blood and egg samples 

were collected from 60 nesting hawksbill turtles in Campeche (19°10'16.4"N, 

90°54'56.2"W) and were analyzed for OCPs. The license (SGPA/DGVS/03974/14) 

to collect samples was provided by the Department of Environment and Natural 

Resources (SEMARNAT). The curved carapace length (CCL) and curved 
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carapace width (CCW) of the carapace were measured with a flexible tape (Bolten 

1999). 

 Blood was collected from the dorsal cervical sinus (Owens and Ruiz 1980) 

after the egg laying process was complete. For each female, a total of 4 mL of 

blood were collected using a disposable syringe and immediately transferred to 

Vacutainer tube EDTA. Before collecting the blood, one egg was collected during 

oviposition and wrapped in aluminium foil, stored in Ziploc bags, stored on ice and 

frozen at - 20 °C. All analyses were performed at the Institute of Ecology, Fishery, 

and Oceanography of the Gulf of Mexico (EPOMEX, Campeche, Mexico). 

 

Fig. 1 - Study area. The sea turtle camp Grupo Ecologista Quelônios A.C. of Punta Xen 
(19°10'16.4" N, 90°54'56.2" W) in Campeche Mexico. 
 
 

2.3. Contaminant analysis 

 

OCP analysis followed the same method that is detailed in García-Besné et 

al. (2015). The solvents used in the laboratory procedures were of 98% of purity 

grade (HPLC). Silica gel, alumina, Florisil and sodium sulfate were purified 

following the protocol NMX-AA-071-1981 (1981). The glassware was washed with 

Extran, dried in the oven for 4 hours at 200 °C and washed with acetone and 
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hexane. To analyse OCPs in plasma, we used the extraction technique A 

described by Keller et al. (2004b). The samples were weighed and 1 mL of internal 

standard was added in addition to 2 mL ethyl alcohol and ammonium sulfate, 

which were then agitated for 15 seconds by vortex. Then, 5 mL of hexane were 

added and stirred for 8 min at 2300 rpm, and the organic layer was transferred to a 

clean glass tube and the extraction was repeated two more times. 

The lipid content of the samples was determined and then it was purified on 

a packed glass column of Florisil (7 g) and sodium sulfate (1 g). It was added 15 

mL of DCM, 15 mL of acetone, 15 mL of hexane and 20 mL of DCM mixture 

mixture were added to the sample: HX (30:70). The purified sample was dried, and 

1 mL of hexane was added to the gas chromatograph analysis. The OCP analysis 

of the eggs followed the method described by Zhang et al. (2007). Fertile eggs 

were rinsed with distilled water, and the contents were extracted and homogenized 

thoroughly. The homogenized mixture was dried in an oven at 40 °C. Three 

extractions were performed in an ultrasonic bath. For the first extraction, 50 mL of 

ethyl acetate-hexane (1:1) was added, and the sample was sonicated for 1 h.  

The organic layer was transferred to a glass tube, and the extraction was 

repeated twice with 40 mL of hexane for 1 h. The samples were purified by column 

chromatography. The column was packed with silica gel (2 g), alumina (2 g), florisil 

(2 g) and sodium sulfate (2 g). First 20 mL of methylene chloride was added, 

followed by 20 mL acetone and finally 20 mL of hexane. The mobile phase, 35 mL 

mixture of ethyl acetate: hexane (1: 9) was added. The cleaned extracts were 

diluted to 5 mL for analysis. The final volume of the solvent used was 0.5 mL. 

OCPs were analysed using a mix of standards (SUPELCO 47426-U CLP 

Organochlorine Pesticide Mix), most of them were divided into seven families as 

follows: ΣDrines related (aldrin, endrin, dieldrin, endrin ketone, endrin aldehyde), 

ΣHCH (α-HCH, β-HCH, χ-HCH, δ-HCH), ΣChlordanes (cis-chlordane, trans-

chlordane), ΣEndosulfans (endosulfan I, endosulfan II, endosulfan aldehyde), 

ΣDDTs (p,p’ DDT, p,p’ DDD, p,p’ DDE), ∑Heptachlors (heptachlor epoxide, 

heptachlor) and Methoxychlor. Values are reported in ηg g−1 blood. 
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2.4. Instrumental analysis 

 

The contaminants were quantified using a Varian 3800 gas chromatograph 

equipped with an Ni63 electron capture detector and DB-5 (5% phenyl) 

methylpolysiloxane column measuring 30 m × 0.25 mm × 0.32 mm. The injector 

temperature was 270 °C and the detector was 300 °C. The furnace temperature 

was maintained at 60 °C /min and then increased to 320 °C at a rate of 2 °C/min 

for 5 min. The nitrogen flow into the column was 2 mL/min and a composition of 30 

mL/min. Quantitative data were obtained by calculating the area under the curve 

with the software Star Chromatography Workstation version 6 and the calibration 

standards. Laboratory blanks were analysed for quality assurance. Chicken egg 

samples were used in triplicate. One milliliter of a 200 ng/mL pesticide mix 

(SUPELCO) was added to the samples before the extraction, and they were 

subsequently refrigerated for 48 h. One of the subsamples was not spiked with the 

standard as a positive blank. Afterward, the contaminants were extracted and 

processed in an identical manner to the rest of the samples. Percentages of 

recovery was > 85%. 

 

2.5. Statistical analysis 

 

The normality and homogeneity of variances of all data were analysed 

using Kolmogorov-Smirnov and Levene tests (Zar 1996). When necessary, log 

(x+1) and square root transformations were also applied. One-way analysis of 

variance (ANOVA) was applied to compare parameters between the two years 

and tissues (blood and eggs). To analyse the relations between the OCP 

concentrations and the morphometric parameters, the number of offspring and 

offspring/egg rations, a Pearson Correlation was performed for a p < 0.05.  A non-

metric multidimensional scaling (MDS) was used to produce two-dimensional 

ordination plots. The Bray–Curtis coefficient was used to construct the similarity 

matrix from the square root transformed data. For the tests, 9999 permutations 

were used. A significance level (p) of < 0.05 was considered. All data preliminary 

analyses, transformations and one-way ANOVA was performed using SPSS (IBM 
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version 21); The MDS tests were performed using PRIMER with PERMANOVA+ 

software (PRIMER v6 & PERMANOVA+ v1, PRIMER-E Ltd.). All data preliminary 

analyses, transformations and one-way ANOVA was performed using SPSS (IBM 

version 21); The MDS tests were performed using PRIMER with PERMANOVA+ 

software (PRIMER v6 & PERMANOVA+ v1, PRIMER-E Ltd.). 

 

3. Results  

 

3.1. Concentrations and patterns 

 

A total of 60 hawksbill sea turtles were sampled in this study with a mean of 

CCL: 89.87 ± 6.36 cm (75.50 – 101.00 cm). A gross clinical examination did not 

detect obvious abnormalities, such as tumours and injuries, in any of the sampled 

turtles. Parameters measured the as size and eggs contents (g) in hawksbill turtles 

were compiled in Table 1 per year, showing that there is a strong increase in the 

shell of 2014. 

 

3.2. Relationship between egg and blood concentrations 

 

In blood, ∑Drines and ∑DDTs were the predominant OCP found in 2014, 

and ∑HCHs, ∑DDTs predominated in 2015 (Table 2). ∑Drines were detected in all 

blood samples in 2014. ∑DDTs were the second most abundant OCP class 

measured in the two years, represented mainly by the metabolite p,p’ DDT, p,p’ 

DDD and p,p’ DDE which occurred in 91.6% of samples. A significant difference 

was observed (p = 0.049) between the years for the ∑DDTs blood concentrations. 

No significant difference was observed between the blood concentrations between 

the years in other contaminant classes. In eggs, ∑HCHs and ∑Drines were the 

predominant OCP class found, which occurred in 98.3% and 93.3% of samples 

respectively in 2014, and ∑HCHs (88.3%) predominant in 2015 (Table 2).  



 

 

 

Table 1 - Summary of the parameters measured in hawksbill sea turtles nesting at Punta Xen: size (cm), and eggs contents (g) of hawksbill 
turtles (mean ± standard error of the mean; min; max). 
 

  2014   2015   One-Way ANOVA 

      Mean   SEM   Min   Max      Mean   SEM  Min    Max   F Sig. 

CCL (cm) 89.953 ± 1.155 76 101   89.233 ± 1.204 75.5 100.0   0.186 0.668 

CCW (cm) 77.881 ± 1.652 39 90   79.550 ± 1.142 70.0 93.5   0.673 0.415 

Total Eggs 133.56 ± 3.882 83 178   136.14 ± 5.391 87.0 194.0   0.154 0.696 

Weight of whole egg (g) 30.632 ± 0.478 25 36.2   30.680 ± 0.483 25.8 37.8   0.005 0.943 

Weight content (g)  28.413 ± 0.462 23.1 33.2   27.917 ± 0.461 23.3 35.1   0.574 0.452 

Shell (g) 2.3818 ± 0.067 1.8 3.3   2.7633 ± 0.107 2.10 4.60   9.240 0.004 

CCL=curved carapace length; CCW = curved carapace width. 

 

Table 2 - Summary of the parameters measured in hawksbill sea turtles nesting at Punta Xen: organochlorine contaminant concentrations in 
eggs and blood (ηg/g). 
 

  
 

Blood 
One-Way 
ANOVA  

Eggs 
One-Way 
ANOVA 

  N 2014 N            2015 F p    N             2014   N           2015 F p 
∑HCHs 29 0.204 ± 0.062 30   1.948 ± 0.930 3.380 0.071   29    0.521 ± 0.066 30   3.429 ± 1.711 6.456 0.025 
∑Drines 29 0.779 ± 0.091 30   0.882 ± 0.449 0.049 0.825   29    0.342 ± 0.089 30   2.567 ± 1.522 5.345 0.037 
∑Chlordanes 29 0.129 ± 0.058 30   0.468 ± 0.211 2.323 0.133   29    0.221 ± 0.056 30   1.488 ± 0.840 4.125 0.048 
∑DDTs 29 0.290 ± 0.095 30   1.593 ± 0.631 4.032 0.049   29    0.203 ± 0.066 30   2.072 ± 1.177 5.352 0.041 
∑Heptachlors 29 0.057 ± 0.016 30   0.767 ± 0.417 2.788 0.100   29    0.110 ± 0.029 30   1.100 ± 0.603 3.634 0.074 
∑Endosulfans 29 0.149 ± 0.051 30   1.166 ± 0.545 3.325 0.073   29    0.208 ± 0.066 30   1.681 ± 0.999 4.625 0.049 
Methoxychlor 29 0.080 ± 0.023 30   0.566 ± 0.244 3.785 0.057   29    0.079 ± 0.027 30   0.677 ± 0.425 3.542 0.063 
                                 
TOTAL  1.690 ± 0.373 7.395 ± 3.378       1.688 ± 0.361 13.016 ± 7.229     
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∑Chlordanes were the third most abundant OCP class measured, 

represented mainly by the metabolite cis-chlordane and trans-chlordane which 

occurred in 88.3% samples in 2014. A significant difference was observed (p = 

0.025; p = 0.037; p = 0.048; p = 0.041; p = 0.049) between the years for the 

∑HCHs, ∑Drines, ΣChlordanes, ∑DDTs and ∑Endosulfan in egg concentrations 

respectively. No significant difference was observed between the egg 

concentrations between the years in ∑Heptachlors and Methoxychlor. 

Table 3 - Organochlorine contaminant concentrations (ng/g wet mass), eggs compared 
with concentrations in blood between the years. 
 

  
Eggs/Blood Ratio 

Between 
Years 

Between 
Tissues 

  2014 2015 F p F P 
∑HCHs 5.838 ± 1.877 41.132 ± 36.380 7.324 0.012 14.297 0.000 
∑Drines 0.570 ± 0.170 47.587 ± 29.849 8.456 0.009 4.818 0.041 
∑Chlordanes 1.302 ± 0.602 12.458 ± 10.115 5.056 0.044 4.630 0.049 
∑DDTs 1.817 ± 0.598 9.735 ±  6.716 4.655 0.047 0.856 0.357 
∑Heptachlors 2.328 ± 0.829 3.667 ±  1.874 2.665 0.105 1.779 0.185 
∑Endosulfans 2.842 ± 1.152 2.851 ±  2.245 2.866 0.098 0.169 0.682 
Methoxychlor 1.591 ± 0.666 3.694 ±  2.684 3.056 0.062 1.153 0.285 
                  
TOTAL 2.050 ± 0.5286 33.8608 ± 21.8481     
 

Maternal transfer of OCPs and correlations with hatchling parameters.  

Significant relationships were found for ∑HCHs, ∑Drines and ΣChlordanes (p = 

0.000; p = 0.041 and p = 0.049, respectively) for which concentrations in eggs 

were positively correlated with their corresponding concentrations in blood (wet-

mass basis). For ∑DDTs, ∑Heptachlors, ∑Endosulfans and Methoxychlor, 

relationship was not significant (p = 0.357; p = 0.185; p = 0.682 and p = 0.285, 

respectively). 

 Between the years, significant relationships were found for ∑HCHs, 

∑Drines, ΣChlordanes and ∑DDTs (p = 0.012; p = 0.009; p = 0.044 and p = 0.047 

respectively). Eggs compared with concentrations in blood between the years and 

tissues are presented in Table 3. No correlation was found between the 

morphometric parameters and OCP measured in eggs. Pearson correlations are 

present in Table 4. 
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Table 4 - Pearson Correlations between the biometric parameters and OCPs measured in 
eggs. 
 

 

  
CCL 

 (cm) 
CCW 
(cm) 

Total 
Eggs 

Weight of whole egg 
(g) 

Weight content 
(g)  

Shell 
(g)   

∑HCHs -.102 -.067 .157 .005 -.056 .292*   

∑Drines -.104 -.078 .162 -.028 -.090 .286*   

∑Chlordanes -.114 -.078 .157 -.022 -.079 .265*   

∑DDTs -.107 -.084 .145 -.023 -.093 .331*   

∑Heptachlors -.109 -.077 .170 -.010 -.069 .281*   

∑Endosulfans -.107 -.083 .153 -.028 -.092 .294*   

Methoxychlor -.092 -.082 .145 -.019 -.092 .347**   

**. Correlation is significant at the 0.01 level. 
*. Correlation is significant at the 0.05 level. 
 

According to Pearson correlations between the number of offspring and 

OCPs measured in blood and eggs, the contaminants had no effect on 

reproductive success, are present in Table 5. 

 
Table 5 - Pearson Correlations between the Number of offspring and OCP measured in 
blood and eggs. The same correlations between the hatching success and the 
contaminants analysed in both blood and eggs, are also presented. 
 

  Number of offspring Hatching Success 

O
C

P
s 

in
 B

lo
o

d 

∑HCHs 0.00 0.01 
∑Drines -0.07 -0.17 
∑Chlordanes 0.03 -0.06 
∑DDTs 0.03 -0.01 
∑Heptachlors 0.03 -0.14 
∑Endosulfans 0.06 -0.14 
Methoxychlor 0.07 -0.12 

O
C

P
s 

in
 E

g
gs

 

∑HCHs 0.04 0.03 
∑Drines 0.06 0.10 
∑Chlordanes 0.04 0.00 
∑DDTs 0.05 0.15 
∑Heptachlors 0.05 0.05 
∑Endosulfans 0.13 0.12 
Methoxychlor 0.16 0.13 
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A MDS was used to produce two-dimensional ordination plots for the two 

years (2014 and 2015), and in the two consecutive years, we can observe that 

there is a clear separation between the three major blocs (eggs, blood, 

morphometric), are present in Fig 2a and Fig 2b. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
Fig 2a. MDS correlations between the number of eggs, morphometric and OCP measured 
in blood and eggs, are presented for 2014. 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2b. MDS correlations between the number of eggs, morphometric and OCPs 
measured in blood and eggs, are presented for 2015. 
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4. Discussion 

 

This study provides additional baseline data on contaminant concentrations 

in sea turtle blood and eggs and possible maternal transfer. The ∑HCHs in 2014 

blood and eggs found in the present study were similar to levels observed in 

studies reported by Guirlet et al. (2010) in leatherback turtles, Dermochelys 

coriacea, nesting in French Guiana, just as the ∑DDTs blood concentrations were 

similar. ∑DDTs values detected were higher in eggs loggerhead turtles (Alava et 

al. 2006) than in the leatherback turtles (Stewart et al. 2011) and hawksbill turtles 

in this study. However, the concentration of ∑DDTs in blood of hawksbill turtles is 

higher than the concentrations in the leatherback turtles (Guirlet, 2010, Stewart et 

al. 2011). 

The relationship in the present study between OCP concentrations in eggs 

and blood was positive in some components (∑HCHs, ∑Drines, and ∑Chlordane), 

just as of the studies carried out by Guirlet et al. (2010) found positive correlations 

between concentrations of ∑DDT, p,p’ DDE (p= 0.0009 and p= 0.0001 

respectively)  in the blood and eggs of leatherback turtles, and by Stewart et al. 

(2011), was found total PCBs, 4,4-DDE, total PBDEs and total chlordane were 

significantly and positively correlated between blood and eggs, suggesting 

maternal transfer. Significant correlations between maternal blood and eggs were 

found for PCBs, PBDEs, HCH, trans-chlordane, and mirex. Similar correlations 

were observed between eggs and hatchling blood (van de Merwe et al., 2010). 

In the present study, no relationship was found between the CCL and CCW 

and the concentrations measured in hawksbill turtles, just as results found in study 

by García-Besné et al. (2014), a negative correlation exists between the size of 

the turtles and the OCP concentrations in the eggs and blood of the hawksbills. 

The variation in OCP profiles observed in the present study indicates that animals 

are being exposed to different types and concentrations of OCP compounds, 

nevertheless, we should be careful when comparing values with those of other 

studies, there are several factors that may complicate this interpretation, such as 

the age of the animals, differences in techniques, the report of mean or median 
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values, type of tissues and the variations in contamination of food sources within 

foraging areas. 

Correlations between maternal blood, eggs, and hatching success OCP 

concentrations indicates that these chemicals are being transferred from nesting 

female Eretmochelys imbricata to eggs and hatchlings. Due to the lipophilic 

properties of OCP, it is likely that these chemicals are transferred from nesting 

females as lipids are mobilized for yolk production, sea turtles mobilize lipids to 

meet the metabolic demands of migration and egg production (Hamann et al. 

2002, van de Merwe et al. 2010). In recent years, several studies throughout the 

literature, have reported that the potential effects that OCP may have on 

reproduction and health of wild animals, compromising the future of some of these 

species.  

Results obtained by Guirlet et al. (2010) and Stewart et al. (2011) found that 

both PCBs and PBDEs are maternally transferred to eggs and hatchlings in 

leatherback turtles, just as this study. Keller et al. (2004) suggested that persistent 

organic pollutants (POPs) affect health parameters and may have sub lethal 

effects in the loggerhead sea turtle (C. caretta), and too there is evidence that 

certain levels of POPs can have negative effects on reproduction success of green 

turtle, according to what studies by van de Merwe et al. (2010). A strong negative 

correlation between sum of PBDE concentrations and hatching success rate was 

found in study by De Andrés et al (2016). 

No correlation was found between the parameters as total eggs, number of 

offspring, offspring/eggs ratio, weight of whole egg, weight content, shell and the 

OCP concentrations measured. The MDS analysis produced three major blocs 

(eggs, blood, morphometric) over the two consecutive years not related to each 

other. The results of the present study indicate a significant increase in between 

the years and no between the tissues, also indicate that the transfer of OCP from 

eggs to hatchling may be compound-specific Contaminants reduce survival 

through several mechanisms, including acute mortality. It is probably that these 

high levels of contaminants contribute to the death of young organisms, being 
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mortality in early stages of development been documented (Longnecker et al. 

2001, Schwacke et al. 2002).  

The transfer of accumulated contaminants to eggs during the life of an adult 

female turtle may reach lethal levels to the developing embryo, especially in the 

first clutch eggs levels, can impair reproductive rate by many mechanisms, but 

most involve the disruption of the endocrine system. This disruption by 

contaminants has resulted in abnormal development, altered sex ratio and a 

reduction in reproductive rates in juvenile alligator’s wild populations (Guillette Jr. 

et al. 1994). 

Due to for their presence in a wide variety of habitats, their wide distribution, 

and their longevity and, their fidelity to sites sea turtles could be used as 

environmental biomarkers. Activities with sea turtles that promote the 

conservation, protection and research, in order to understand their biology, 

migrations, know the population densities in the nesting sites and genetic 

characterization of populations are of crucial importance and long-term monitoring 

is necessary to know if concentrations are decreasing or increasing on a temporal 

scale in the hawksbill turtles nesting in Campeche. 

 

5. Conclusion 

 

This study provides a foundation for future research and monitoring of sea 

turtle blood and eggs for contaminant concentrations and their toxic effects in 

hawksbill turtles. Results from this study provide strong evidence that OCP are 

maternally transferred in hawksbill turtles and provides an important baseline of 

OCP concentrations for nesting and stranded hawksbill in the southeastern 

Mexico. Considering this information, it is essential that additional studies are 

undertaken to examine the source of these contaminants, and more importantly, 

determine the population-level effects of these compounds on this endangered 

species. The level of contamination remains, however, low in all females’ samples 

but despite these low concentrations, a maternal transfer of OCP occurs and eggs 
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are contaminated.  In oviparous organisms, early stages of life often exhibit a 

greater sensitivity to contaminants. 
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Abstract 

 

Because of their vulnerable population status, assessing exposure levels and 

impacts of toxicants on the health status of Gulf of Mexico marine turtle 

populations is critical, and this study was aimed to obtain baseline information on 

oxidative stress indicators in hawksbill sea turtle (Eretmochelys imbricata). In order 

to evaluate the health status of sea turtles, and the effect of organochlorine 

compounds (OC) in the southern part of the Gulf of Mexico, we searched for 

relationships between carapace size and the activity of antioxidant enzymes in the 

blood of the hawksbill sea turtle. The level of oxidative stress biomarkers such as 

the enzymes catalase (CAT), superoxide dismutase (SOD), glutathione reductase 

(GR), glutathione S-transferase (GST), and acetylcholinesterase (Ache) in the 

hawksbill sea turtle, was analysed during nesting season in the years 2014 - 2015 

at Punta Xen (Campeche, Mexico). The results of this study provide insight into 

data of antioxidant enzyme activities in relation to contaminant OCPs in hawksbill 

sea turtles and the possible health impacts of contaminant in sea turtles. 

 

Keywords: Biomarkers; Antioxidant enzymes; Eretmochelys imbricata; Organochlorine 

pesticide; Conservation; blood 
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1. Introduction 

 

The Campeche coast is one of the most important nesting sites for 

hawksbill sea turtles (Eretmochelys imbricata) and is in southeastern Mexico on 

the Yucatan Peninsula (Escareno et al. 1990). Five of the seven world’s extant 

sea turtle species can be found along cost Mexico as the leatherback 

(Dermochelys coriacea), hawksbill (Eretmochelys imbricata), olive ridley 

(Lepidochelys olivacea), green (Chelonia mydas), and loggerhead (Caretta 

caretta). Six species of sea turtles are globally considered critically endangered, 

endangered, or vulnerable (IUCN 2016).  

During life cycle, sea turtles face various challenges in fight for survival and 

are subject to many threats biotics, abiotic and anthropogenic, as, for example, 

diseases and parasites (Aguirrre 1995; 2000, Rossi et al. 2009, Rodenbusch et al. 

2014), presence of other turtles spawning (Eckrich et al. 1995), predation of the 

eggs and offspring (Fowler 1979), strong rains; erosions; heat stress and global 

warming (Hawkes et al. 2009), hunt and egg collection (Gallo 2006, Pupo et al. 

2006); erosion and accretion of beaches (Witherington and Martin 2000); artificial 

lighting (Witherington and Martin 2000); fishing nets (Spotila et al. 2000, Lewison 

et al., 2004); shading (Van De Merwe et al. 2006); pollution and contaminants 

(Lutcavage et al. 1997). The intensive use of xenobiotic composites in human’s 

activities can be considered responsible for environmental contamination resulting 

in alterations in different ecological levels (Stegeman et al. 1992). Contaminants 

as heavy metals, polycyclic aromatic hydrocarbons (PAHs) and persistent organic 

pollutants (POPs) are bioaccumulated in aquatic ecosystem, sediments, 

suspended matter and in sea organisms, and can cause significant environmental 

impacts in sea turtle populations (Gardner et al. 2003, Freire et al. 2008, 

Richardson et al. 2010, Labrada-Martagón et al. 2011, Camacho et al. 2014, 

Garcia-Besné et al. 2015). Affecting the system reproductive, hepatic, nervous, 

immunological, hormonal systems, can also affect neurotransmitters and cells of 

the immune system. 
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Sea turtles are animals slow-growing, late maturing, and long-lived, which 

make them particularly susceptible to population decline caused by toxicity 

associated with bioaccumulation, may place them in jeopardy of reduced 

reproductive fitness and population stability in habitats contaminated with 

persistent synthetic compounds (Rowe 2008), and the harmful effects of 

anthropogenic stress, which may impair their physiology, decreased immune 

function and increased disease susceptibility (Aguirre and Lutz 2004). Pollutants 

are known to stimulate the intracellular formation of reactive oxygen species 

(ROS) (Halliwell 2007), in a healthy body, ROS and antioxidants remain in 

balance and when the balance is disrupted towards an overabundance of ROS, 

oxidative stress occurs. (Agarwal et al. 2005). 

In certain physiological and environmental situations, the organism goes 

on alert state, when oxygen consumption and enzymatic activities of some 

oxygenizes and oxidases are high, take to a bigger production of free radicals, 

with the exception the vitamin E, that acts as a membrane-associated 

antioxidant. Excess of free radicals in the organism is combated by antioxidants 

produced by the own organism. Endogenous antioxidants are enzymes, for 

instance, glutathione peroxidase (GSH-Px), catalase (CAT) and superoxide 

dismutase (SOD), or non-enzymatically, for example, GSH, histidine peptides, 

iron-bound proteins (transferrin and ferritin) and dihydrolipoic acid (Hebbel 1986). 

Acetylcholinesterase (AChE) enzymes are useful for assessment of individual or 

population-group exposure to the impact of pollutants on ecosystems (Gambi et 

al. 2007). Based on inhibition of AChE, they are used as a successor to diagnose 

intoxication by pollutants us vertebrates (Sanchez‐Hernandez and Sanchez 

2002). To assist in the responses to possible contamination, biomarkers are 

used in a broad meaning to include any measure which shows an integration 

between a biological system and a potential danger which may be chemical, 

physical and biological (Organization 1993). A biomarker is defined as an 

alteration in a biological response, that may be related to exposure or toxic 

effects of environmental chemical products (Peakall 1994). 
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Biomarkers show the health status of the organism in lower levels of an 

organization and present a fast response to stress. They can be used as early 

indicators of environmental changes before happening permanent damages in an 

ecosystem (Huggett et al. 1992). According to Stegeman and Hahn (1994), use 

of biochemical biomarkers in monitoring programs offer some advantages 

because are normally the first to be changed, it presents good sensibility, relative 

specific and low-cost analysis when compared to chemical analyses. In order to 

evaluate the health status of sea turtles, and the effect of organochlorine 

compounds (OC) in the southern part of the Gulf of Mexico, we searched for 

relationships between, carapace size and the activity of antioxidant enzymes in the 

blood of the hawksbill sea turtle during the 2014 - 2015 nesting season at Punta 

Xen (Campeche, Mexico). The employment of biomarkers of oxidative stress to 

assess the health status of marine turtles may provide an important tool for the 

conservation of these species. 

 

2. Materials and methods 

 

2.1. Sample collection 

 

The blood samples of hawksbill sea turtles with spawning areas from 

Campeche were collected to analyse the OCPs concentrations and oxidative 

stress biomarkers. The samples of hawksbill turtles were studied in the Punta Xen 

field (19°10'16.4" N, 90°54'56.2" W). Fieldwork (rides on the all-terrain vehicle 

along the beach) was performed every night for two reproductive seasons (2014 

and 2015). We collected 60 blood samples during the breeding season. The 

curved carapace length (CCL) and curved carapace width (CCW) of the carapace 

were measured with a flexible tape (Bolten 1999). The blood was collected from 

the cervical sinus (Owens and Ruiz 1980) since female turtle had just laid the eggs 

and was covering the nest. For each female, a total of 4 mL of blood was collected 

with a disposable syringe and the collection tubes had lithium heparin to prevent 

clotting and a tube without anticoagulant (EDTA). The plasma was separated from 

the blood by centrifugation at 3000 rpm for 10 min and then it was transferred with 
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Pasteur pipettes, pre-washed (acetone), to cryotubes and frozen at -80 °C, until 

further chemical analysis (Pippenger et al. 1998). In order to measure the 

antioxidant enzyme activities, washed erythrocytes according to (Pippenger et al. 

1998) were equally divided in five vials for oxidative stress indicators (superoxide 

dismutase, catalase, glutathione-S-transferase, and glutathione reductase) and 

acetylcholinesterase analysis. Samples were frozen by immersion in liquid 

nitrogen, where the aliquots of enzymes were kept at -80 °C, and aliquots for 

OCPs at -20 °C, until analysis. All samples were transported to Institute EPOMEX 

(Universidad Autónoma de Campeche, Mexico). 

 

2.2. Washed erythrocytes analysis 

 

The washed erythrocyte fractions of the blood samples were diluted 1:10 

(v/v) in a phosphate buffer solution (0.1 M, pH 7). The GST activity was 

determined by the reaction between GSH and 1-chloro-2.4-dinitrobenzene at 340 

nm (Habig and Jakoby 1981). The enzymatic activity of CAT was estimated with 

the decrease in concentration of H2O2 at 240 nm (Aebi 1984). A unit of CAT 

activity is defined as the amount of enzyme needed to reduce 1 μmol H2O2 per 

min. The xanthine/xanthine oxidase system at 560 nm was used as an O2 

constant generator to assess the activity of the total SOD following the assay of 

Suzuki (2000) with nitroblue tetrazolium. One unit of SOD activity is defined as the 

amount of enzyme needed to inhibit the reaction by 50% of the O2 U−NBT 

reaction. The change in absorbance per minute at 560 nm (ΔA560) was 

calculated. The AChE activity was measured at 390 nm by the method of Ellman 

et al.  (1961) adapted to microplates (Guilhermino et al. 1996). The hydrolysis of 

acetylthiocholine leads to the formation of acetate and thiocholine, the thiol group 

of which reacts with DTNB releasing the coloured anion trinitrobenzoic sulfonic 

acid (TNB). GR activity was measured based on the reduction of 5,5'-dithiobis (2- 

nitrobenzoic acid) by GSH following Cribb et al. (1989). To determine the 

hemoglobin (Hb), drabkin reagent was used according to the manufacturer’s 

instructions and was expressed in mg mL-1 Hb. To standardize the results of the 

enzyme activities, the total hemoglobin concentration was calculated. All 
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enzymatic activities from the erythrocytes fraction were expressed in U 127 mg 

Hb-1, and samples were analysed in triplicate at 25 °C. 

 

2.3. Contaminant analysis 

 

OCPs analysis followed the same method that is detailed in García-Besné 

et al. (2015). The solvents used in the laboratory procedures were of 98% of purity 

grade (HPLC). Silica gel, alumina, Florisil and sodium sulfate were purified 

following the protocol NMX-AA-071-1981 (1981). The glassware was washed with 

Extran, dried in the oven for 4 hours at 200 °C and washed with acetone and 

hexane. To analyse OCPs in plasma, we used the extraction technique A 

described by Keller et al. (2004). The samples were weighed and it was added 1 

mL of the internal standar, 2 mL of ethyl alcohol and ammonium sulfate, which 

agitated for 15 seconds by vortex. Then, 5 mL of hexane were added and stirred 

for 8 min at 2300 rpm, and the organic layer was transferred to a clean glass tube 

and the extraction was repeated two more times. It was determined the fat content 

of the sample and then it was purified on a packed glass column of Florisil (7 g) 

and sodium sulfate (1 g). It was added 15 mL of DCM, 15 mL of acetone and 15 

mL of hexane and 20 mL of DCM mixture: HX (30:70). The purified sample was 

dried, and 1 mL of hexane was added to the gas chromatograph analysis. OCPs 

were analysed using a mix of standards (SUPELCO 47426-U CLP Organochlorine 

Pesticide Mix), most of them were divided into seven families as follows: ΣDrines 

related (aldrin, endrin, dieldrin, endrin ketone, endrin aldehyde), ΣHCH (α-HCH, β-

HCH, χ-HCH, δ-HCH), ΣChlordane (cis-chlordane, trans-chlordane), ΣEndosulfans 

(endosulfan I, endosulfan II, endosulfan aldehyde), ΣDDTs (p,p’ DDT, p,p’ DDD, 

p,p’ DDE), ∑Heptachlors (heptachlor epoxide, heptachlor) and Methoxychlor. 

Values are reported in ηg g−1 blood (plasma + washed erythrocyte). 

 

2.4. Instrumental analysis 

 

The contaminants were quantified using a Varian 3800 gas chromatograph 

equipped with an Ni63 electron capture detector and DB-5 (5% phenyl) 
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methylpolysiloxane column measuring 30 m × 0.25 mm × 0.32 mm. The injector 

temperature was 270 °C and the detector was 300 °C. The furnace temperature 

was maintained at 60 °C/ min and then increased to 320 °C at a rate of 2 °C/min 

for 5 min. The nitrogen flow into the column was 2 mL/min and a composition of 30 

mL/min. The quantitative data were obtained by calculating the area under the 

curve with the software Star Chromatography Workstation version 6 and the 

calibration standards. The quality of the standard is 99%, and the stock solutions, 

to make the calibration curve were: 1, 10, 50, 100 and 150 ug/mL. For quality 

assurance, human plasma samples were used in triplicate. One milliliter of a 200 

ηg mL pesticide mix (SUPELCO) was added to the samples before the extraction, 

and they were subsequently refrigerated for 48 h. One of the subsamples was not 

spiked with the standard as a positive blank. Afterward, the contaminants were 

extracted and processed in an identical manner to the rest of the samples. 

Percentages of recovery was > 85%. 

 

2.5. Statistical analysis 

 

All obtained data were evaluated for distribution, normality and homogeneity 

of variances using the Kolmogorov–Smirnov and Levene's tests, respectively. A 

logarithmic transformation (log (x+1)) was used when data did not fulfil the 

assumptions of normality or homogeneity of variances. Differences in blood AChE, 

CAT, GR and GST among years, tissues and interactions were determined using 

a and the interactions using a two-way Analysis of Variance (two-way ANOVA).  A 

One-Way ANOVA was performed to assess the differences among years for the 

remaining parameters. For these analysis, the IBM SPSS Statistics package, 

version 22.0, was used, and the significance level was 0.05. To assess the 

relationship between biological and environmental data, the ordination technique 

of redundancy analysis (RDA), an ordination method of direct gradient analysis 

(Ter Braak and Prentice 1988) was applied. The Tuttle’s biomarkers and biometry 

(carapace length (CCL) and curved carapace width (CCW)) were selected as 

biological descriptors and analysed OCPs were selected as environmental data. A 

model-based type of Monte Carlo permutation test was used (Ter Braak and 
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Šmilauer 2002). This analysis was performed using the software CANOCO 4.5 for 

Windows (Biometris, The Netherlands). Spearman’s correlations using “vegan” 

(Oksanen et al. 2011).   

 

3. Results  

 

A total of 60 hawksbill sea turtles were sampled in this study with a mean of 

89.87 ± 0.82 cm (75.50 – 101.00 cm), of curvilinear carapace length. A gross 

clinical examination did not detect obvious abnormalities, such as tumours and 

injuries, in any of the sampled turtles, suggesting these turtles were healthy and 

appeared in good body weight with adequate energy levels based on nesting 

behavior. The parameters measured in the blood of hawksbill sea turtles are listed 

in Table 1. 

 

3.1. Organochlorine pesticides concentrations in blood 

 

In blood, ΣHCHs, ∑Drines, ΣDDTs, ΣChlordanes, ∑Heptachlors, 

ΣEndosulfans, and Methoxychlor were the most highly concentrated compounds 

found in 2015 than in 2014 (Table 2). ∑Drines and ∑DDTs were the predominant 

OCPs found in 2014, and ∑HCHs, ∑DDTs predominated in 2015 (Table 3). 

∑Drines are detected in all blood samples in 2014. ∑DDTs were the second most 

abundant OCPs class measured in the two years, represented mainly by the 

metabolite p,p’ DDT, p,p’ DDD and p,p’ DDE which occurred in 91.6% samples. A 

significant difference was observed (p = 0.049) between the years for the ∑DDTs 

blood concentrations. No significant difference was observed between the blood 

concentrations between the years in other families. No correlation was found 

between the CCL of the concentration levels in the blood (p > 0.05). 

 

3.2. Antioxidant enzymes 

 

In relation to enzymes, when analysing the data of Two-Way ANOVA, 

according to the biochemical indicators measured in the blood (plasma and 
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washed erythrocytes) and years, it was found the interaction between factors was 

significant in GR and GST (p < 0.05), and too in each factor separately showed 

significant differences (p < 0.05) in AChE, CAT and GST in relation by blood and 

only GST by years (Table 2). 

Table 1 - Summary of the parameters measured in hawksbill sea turtles (Eretmochelys 
imbricata) nesting at Punta Xen (Campeche, Mexico): biochemical indicators measured in 
the blood (plasma and washed erythrocytes) and OCPs concentrations (ηg/g−1). 
 

  N Mean Median SEM Min Max 

CCL 60 89.87 92.00 0,82 75.50 101.00 
CCW 60 79.38 79.00 0,8 68.00 93.50 

Stress indicators       

AChE (U mg Hb−1)* 54 25.03 25.83 1.85 1.24 59.34 

AChE (U mg Hb−1)** 44 5.35 0.96 2.18 0.04 103.45 

CAT (U mg Hb−1)* 53 2.77 1.19 0.99 0.03 33.93 

CAT (U mg Hb−1)** 58 0.12 0.03 0.08 0.00 3.39 

GR (U mg Hb−1)** 56 0.00 0.00 0.00 0.00 0.02 

GST (U mg Hb−1)* 59 0.00 0.00 0.00 0.00 0.01 

GST (U mg Hb−1)** 44 0.00 0.00 0.00 0.00 0.00 

SOD (U mg Hb−1)** 54 72.23 35.76 13.04 3.82 454.38 

OCPs       

∑HCHs 37 1.09 0.05 0.48 0.00 21.69 
∑Drines 55 0.83 0.39 0.23 0.00 11.61 
ΣChlordanes 28 0.30 0.00 0.11 0.00 4.76 
∑DDTs 54 0.95 0.13 0.33 0.00 13.37 
∑Heptachlors 38 0.42 0.03 0.22 0.00 11.48 
∑Endosulfans 37 0.67 0.05 0.28 0.00 12.11 
Methoxychlor 31 0.33 0.02 0.13 0.00 5.19 

SEM (Standard Error of the Mean), Activity of: SOD (Superoxide dismutase), CAT 
(Catalase), GST (Glutathione S-transferase), GR (Glutathione reductase), AChE 
(acetylcholinesterase), * plasma, ** washed erythrocytes. 
 
 
 AChE (plasma) mean activity in 2014 (29.02) was superior to 2015 (20.91), 

with no significant differences between them. The highest CAT (plasma) activity 

was found in 2015 (5.82) than in 2014 (1.34), with no significant differences 

between them. SOD (washed erythrocytes) mean activity in 2014 (83.03) was 

superior to in 2015 (61.44), with no significant differences between them. GR 

mean activity in 2014 (0.002) was lower than in 2015 (0.004). Statistically, no 

significant differences in all activity were detected between the CCL. 
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Table 2 - Summary results of ANOVA main test measured in hawksbill sea turtles 
(Eretmochelys imbricata) nesting at Punta Xen (Campeche, Mexico): biochemical 
indicators measured in the blood (plasma and washed erythrocytes). 
 

 
Blood Year Blood*Year 

 
F p F p F p 

AChE 53.165 0.000 0.655 0.421 2.919 0.091 
CAT 9.547 0.003 2.968 0.089 1.832 0.180 
GR 2.426 0.123 0.000 0.984 4.341 0.040 
GST 4.507 0.037 4.507 0.037 4.507 0.037 
SOD - - 0.486 0.490 - - 
 
 
Table 3 - Summary results of ANOVA main test measured in hawksbill sea turtles 
(Eretmochelys imbricata) nesting at Punta Xen (Campeche, Mexico): organochlorine 
contaminant concentrations in blood (ηg/g-1). 
 
  Blood One-Way ANOVA 

  2014     2015 F p 
∑HCHs 0.204 ± 0.062 1.948 ± 0.930 3.380 0.071 
∑Drines 0.779 ± 0.091 0.882 ± 0.449 0.049 0.825 
ΣChlordanes 0.129 ± 0.058 0.468 ± 0.211 2.323 0.133 
∑DDTs 0.290 ± 0.095 1.593 ± 0.631 4.032 0.049 
∑Heptachlors 0.057 ± 0.016 0.767 ± 0.417 2.788 0.100 
∑Endosulfans 0.149 ± 0.051 1.166 ± 0.545 3.325 0.073 
Methoxychlor 0.080 ± 0.023 0.566 ± 0.244 3.785 0.057 
          
TOTAL 1.6903 ± 0.3737 7.395 ± 3.3788   
 

 

3.3. Organochlorine pesticides and antioxidant defense response 

 

No correlation coefficients between the chemical contaminants and the 

activity of the antioxidant enzymes were found (p > 0.05). The relationships 

between parameters measured and Contaminants was statistically evaluated by 

redundancy analysis (RDA) (Fig. 1). The results of RDA are shown in an 

ordination diagram (Fig. 1). The first two axes of the RDA analysis accounted for 

83.2%; the first axis (horizontal) explained 70.3% and the second axis (vertical) 

the additional 12.9% of total variability. (Fig. 1). The first axis was particularly 

associated with the concentrations of Endosulfan, Chlordane, Methoxychlor and 

HCHs, correlated with higher activity levels of GR and CAT, both in erythrocytes. 

The second axis was influenced essentially by a separation of DDTs and 
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Heptachlor concentrations, not particularly associated with any biochemical 

marker, and the other analysed contaminants and biomarkers. 

 

  

Fig. 1 -  Redundancy analysis (RDA) ordination diagram with biological and environmental 
data: All parameters measured in blood (blue) and (b) Contaminants (red).  Both sampling 
years are also indicated and delimited all the data points. Both axis explained 83.2% of 
variability; First axis (horizontal) explained 70.3% and the second axis (vertical) the 
additional 12.9% of total variability. P- Plasma; E - Erythrocytes. 
 

4. Discussion 

 

In the present study, the activity of antioxidant enzymes was not influenced 

by body condition and size of the sea turtles, in which study classification of 

injured individuals was done based only on visual physical appearance. 

Glutathione s-transferases (GST) play a critical role in the detoxification of 

exogenous and endogenous electrophiles, as well as the products of oxidative 

stress (Richardson et al. 2009). According to with study to Valdivia (2007) in green 

sea turtles, higher activity of GST was found in the liver followed by the kidney. 

The ranges reported in this study for the activity of GST in blood are around with 

the mean values reported for blood of stranded green sea turtles from the Baja 

California peninsula (Labrada et al. 2011), and hawksbill sea turtle nesting at 

Southern Gulf of Mexico (Tremblay et al. 2016). Glutathione s-transferases (GST) 
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play a critical role in the detoxification of exogenous and endogenous 

electrophiles, as well as the products of oxidative stress (Richardson et al. 2009). 

According to with study to Valdivia (2007) in green sea turtles, higher activity of 

GST was found in the liver followed by the kidney. The ranges reported in this 

study for the activity of GST in blood are around with the mean values reported for 

blood of stranded green sea turtles from the Baja California peninsula (Labrada et 

al. 2011), and hawksbill sea turtle nesting at Southern Gulf of Mexico (Tremblay et 

al. 2016). 

Antioxidant enzyme GR does not act directly in the removal of ROS but it is 

responsible for the regeneration of glutathione to its reduced form (GSH), in the 

presence of nicotinamide adenine dinucleotide phosphate (NADPH), aiming to 

prevent the paralysis of the metabolic cycle of glutathione (Meister and Anderson 

1983). The ranges reported in this study for the activity of GR in blood are around 

with the mean values reported for the blood of hawksbill sea turtle nesting at 

Southern Gulf of Mexico (Tremblay et al. 2016), and green sea turtles from Brazil 

(Yoshida 2012). The concentrations of CAT found in this study are lower than 

those reported in for blood of hawksbill sea turtle nesting at Southern Gulf of 

Mexico (Tremblay et al. 2016), and green green turtles from Brazil and Mexico 

(Labrada et al. 2011, Yoshida 2012). However, a positive correlation between 

activities of catalase and glutathione peroxidase and the organochlorine pesticides 

in the blood of green turtles was observed by Labrada-Martagón et al. (2011). 

Highest SOD activity was found in the blood of green sea turtles from Brazil 

(Yoshida 2012), in relation to this study. Results lower were reported in hawksbill 

sea turtle nesting at Southern Gulf of Mexico (Tremblay et al. 2016), and in liver, 

lung, muscle, and muscle of green turtle in eastern Pacific (Valdivia et al. 2007). 

Concentrations of AChE found in this study are higher than those reported in for 

blood of hawksbill sea turtle nesting at Southern Gulf of Mexico (Tremblay et al. 

2016). 

The predominant OCPs found in 2014 were ∑Drines and ∑DDTs, and 

∑HCHs, ∑DDTs predominated in 2015.  ∑Drines are detected in almost all blood 

samples in 2014 (93%), and the range of aldrin found in plasma in this study 
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(0.83%) was smaller than the range reported in 2016 (46) in the blood of hawksbill 

turtles sampled in the same region (Tremblay et al. 2016). The ∑Drines blood 

samples from juvenile loggerhead sea turtles captured from Core Sound, North 

Carolina were higher (60.8) than found in this study. (Keller et al. 2004). ∑DDTs 

were the second most abundant OCPs class measured in the two years, which 

occurred in 91.6% samples. A significant difference was observed (p = 0.049) 

between the years for the ∑DDTs blood concentrations, the range of DDTs found 

in this study (0.95) was higher than the concentrations results reported in 2011 

(0.42) in the blood of leatherback turtles (Stewart et al. 2011). No significant 

difference was observed between the blood concentrations between the years in 

other families. The most detected OCP family, ∑DDTs (p,p’ DDT, p,p’ DDD, p,p’ 

DDE) and ∑Drines (aldrin, dieldrin, endrin, endrin ketone, and endrin aldehyde) 

are restricted in Mexico since 1987 e 1991 respectively (INECC 2015). The 

∑HCHs was the third most abundant OCPs class measured, in 2014 blood 

concentrations found in the present study (1.09) was smaller than to levels 

observed in studies reported by Guirlet et al. (2010) in leatherback turtles, nesting 

in French Guiana (0.15). 

In the present study, the activity of antioxidant enzymes and COPs levels 

were not influenced by body condition, size of the sea turtles. In sea turtles the 

activity of the antioxidant enzymes GST, SOD and AChE was not found a 

correlation with the concentrations of OCPs most abundant (∑Drines, ∑DDTs and 

∑HCHs) (p > 0.05). The RDA results suggest that the GR and CAT activities 

(analysed in Erythrocytes) were influenced by Endosulfan, Chlordane, 

Methoxychlor and HCHs concentrations, indicating that the presence of these 

contaminants may induce oxidative stress in hawksbill turtles.  These results are in 

good agreement with those observed by Tremblay et al. (2016) in the same 

species, where a significant correlation was found between CAT activity and 

hexachlorohexane (HCH). In another study with green sea turtles from Baja 

California Sur, Mexico, the activity of the antioxidant enzymes GST and CAT were 

positively correlated with the concentrations of many OCPs according to Labrada 

et al. (2011).  The present and referred studies indicated that the measurement of 

oxidative stress effective tool for the health assessment of endangered species, 
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and its employment as part of a suite of biomarkers in studies of sea turtles is 

recommended. The present results, also indicated the importance of selecting a 

multivariate approach, including a biomarker battery, to assess the effects on 

organism’s key mechanisms and functions (Vieira et al., 2018). Results the 

comparison of antioxidant concentrations of enzyme activity in sea turtle blood in 

some studies are shown in the table (Table 4). 

Table 4 - Comparison of Antioxidant Concentrations of enzyme activity (GST, glutathione 
S-transferase; CAT, catalase; t-SOD, Mn-SOD; GR, glutathione reductase, in blood of sea 
turtles. 

 
Location Species Matrix (n) GST CAT mn- SOD SOD total GR Reference 

Baja 

California, 

Mexico 

Chelonia 

mydas 

blood(PA-

39/BM-11)* 

PA-0.99± 

0.17/BM- 

0.62±0.11 

PA-223.29 
± 

19.77/BM- 
92.22± 
14.07 

PA-0.266± 

0.04/BM-

1.990±0.37 

 
 

Labrada-

Martagón, 

et al. 

(2011) 

Brazil 
Chelonia 

mydas 

blood/faeces 

(27) 

78.39± 

5.73** 
3.66±0.35 

 
74.66± 7.56 

0.65± 

0.12 

Yoshida, 

(2012) 

Southwest 

Florida 

Lepidochelys 

kempii 
blood (13) 

   
48.0± 10.3*** 

 

Perrault, et 

al. (2014) 

Mexico 
Eretmochelys 

imbricata 
Blood (28) 4±2 13±11  26±22 0.6±0.26 

Tremblay, 

et al. 

(2016) 

Mexico 
Eretmochelys 

imbricata 
Blood (60) 0.001 2.77±0.991  72.23±13.041 0.001 

present 
study 

(Mean±SD); * PA- Punta Abreojos; BM- Bahía Magdalena, U g Hg -1; ** grupo 2 (n=10), 
SOD, superoxido dismutase (U SOD.ml-1); GST, glutationa S-transferase (µmol.min-1.ml-
1); GPx, glutationa peroxidase (µmol.min-1.ml-1); GR, glutationa redutase (µmol.min-1.ml-
1); CAT,catalase (mmol.min-1.ml-1) no sangue de tartarugas verdes; *** SOD: U/ml, 
1 plasma 

 

5. Conclusions 

 

This study contributes with baseline data of antioxidant enzyme activities 

information on the physiological responses of sea turtles in the Southern Gulf of 

Mexico, during the 2014 and 2015 nesting season at Punta Xen (Campeche, 

México). The knowledge about the antioxidant responses and oxidative stress in 

wildlife is scarce, mainly in hawksbill sea turtles, it's important to have an 

understanding of the responses and their adverse effects in the short and long 

term, in order to understand your population dynamics for sea turtles, helping 

conservation. Antioxidant enzymes limit the damages, and in this study enzyme 
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activities levels were not correlated with any OCPs however future studies are 

needed in sea turtles to clarify the variability of the oxidative stress indicators 

between male blood and include other analyses in compartments of ecosystems, 

such as sediment and water analyses, across individuals over time. 
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Abstract 

 

In order to obtain plasma chemistry values, blood was collected for 47 nesting 

females of apparently healthy Eretmochelys imbricata sea turtles using sodium 

heparin as an anticoagulant. Blood samples were collected in April- Jun for two 

years (nesting season). Hematologic characteristics, including packed cell 

volume, white blood cell counts, red blood cell count and hemoglobin level; and 

plasma chemistry values, including creatinine, blood urea nitrogen, uric acid, 

triglyceride, total cholesterol, glucose were measured. The data generated from 

this study may be useful for clinical assessment of health and disease of wild 

hawksbill sea turtles on nearshore habitats in the Gulf of Mexico, thus 

contributing to a conservation this species. 

 

Keywords: Eretmochelys imbricata, hematology, plasma chemistry, conservation  
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1. Introduction 

 

Marine turtles face an increasing number of threats that are both natural and 

caused by human, which create obstacles to their survival and are driving them to 

extinction (MTSG 1995, Lutcavage et al. 1997). Thus, a complete evaluation of 

the host immune response and the susceptibility of these endangered animals is 

required (Rousselet et al. 2013, Swimmwer 2000, Aguirre and Balazs 2000). Due 

to several factors, such as age, size, sex, season, health, habitat and diet, it is 

difficult to make a comparative analysis of blood reference values between 

individual sea turtles, may affect hematological parameters (Wood et al. 1984, 

Aguirre et al. 1995). Since the changes in blood chemistry can be related to their 

physiological state, and can still be used for the identification of pathological 

conditions, it is important to know the normal blood standard for any animal (Lutz 

and Dunbar-Cooper 1987). 

Hematological analysis has been used worldwide with excellent results as an 

important technique in the investigation of diseases in reptiles, showing 

physiological changes between free-living animals and monitoring the health of 

captive animals (Bolten and Bjordal 1992, Christopher et al. 1999, Pires 2009).   

According to Bolten et al. (1992), although some studies are published on the 

hematological values of sea turtles, due to the methods of sampling, 

manipulation, processing and biochemical analysis, which vary widely between 

these works, it is difficult to use this information in comparative studies. 

The hawksbill turtles, E. imbricata is listed as "critically endangered" in the 

IUCN, 2016. Physical examinations, hematology, plasma biochemistry reference 

ranges of biochemical parameters are considered important for assessing and 

monitoring the health status of sea turtles and creating suitable environmental 

indicators to improve the effectiveness of conservation strategies. The objective of 

this study was to produce working reference intervals for hematologic and plasma 

biochemical parameters of nesting hawksbill sea turtles along the Mexican coast 

(Punta Xen). 
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2. Materials and Methods 

 

2.1. Study area 

 

The studded hawksbill sea turtles (E. imbricata) were collected in Punta 

Xen Turtle camp, Campeche, México, a nesting area located in southeastern 

Mexico in the Yucatan Peninsula. The samples were collected in sea turtle camp 

Grupo Ecologista Quelonios A.C. of Punta Xen (19°12'39"N, 90°52'09.7"W). The 

study area, Punta Xen Turtle camp, Campeche, México, is of about 700 hectares 

of land located in a natural setting, mixed beach, sun, forest, mangroves and 

incalculable wealth of flora and fauna. To date it was reached a record of 289 

hawksbill nests and 17 000 680 eggs of hawksbill (E. imbricata) and green turtle 

(C. mydas), In 2012 it was protected 531 nests and 48,000 hatchlings were 

released, however, in 2013 nearly the amount of both doubled, which means that 

more turtles are coming to spawn in the Campeche coast. (SEMARNAT 2012, 

Escareno and Gómez 1990, Guzmán and García 2010).  

 

2.2. Blood Sampling 

 

During the reproductive season of 2014 and 2015, blood samples were 

collected from forty seven females of hawksbill sea turtles. The license (SGPA / 

DGVS / 03974/14) to collect the blood samples was provided by the Secretaria de 

Medio Ambiente y Recursos Naturales (SEMARNAT). Blood was drawn from the 

cervical vein sinus (Owens and Ruiz 1980) Since the turtle had just laid the eggs 

and was covering the nest. For each female a total of 2 mL of blood was collected 

with a disposable syringe and collection tubes containing lithium heparin to 

prevent coagulation. The samples were centrifuged at 4000g for 10 min to obtain 

plasma which was stored at -20 °C until assay . The  biological material  collected 

was sent and processed in the Central Laboratory of Animal Pathology of 

Campeche (LACEPAC)(Campeche, México). Plasma biochemistry determinations 

included cholesterol, glucose, triglycerides, urea, creatinine, and uric acid.  
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For the statistical analysis (mean, standard deviation, minimum, and 

maximum), the R version 3.2.3 was used (R Core Team (2015)). The statistical 

significance level was set at p < 0.05. The distribution of all parameters was tested 

for normality using a Shapiro-Wilk test. Correlations between Curved carapace 

length data and the biochemical parameters value of this study were evaluated 

using Pearson’s chi-squared test. 

 

3. Results 

 

3.1. Physical examinations and morphometric 

 

Forty seven animals were measured which from 75.5 to 100.0 cm (89.20 ± 

6.38), of curvilinear carapace length, thus, all animals were considered adults, 

Curved carapace length (CCL) and curved carapace width (CCW), was measured 

with a flexible tape measure (Bolten 1999). No fibropapillomas were observed on 

any of the forty seven turtles and all appeared in good body weight with adequate 

energy levels based on nesting behavior.  

 

3.2. Hematology and Plasma biochemistry 

  

Range ,mean, and standard deviation (Mean ± SD) of biometric data and 

biochemical parameters of female foraging and nesting turtles are given in Tables 

1 and  2. Results of hematologic tests are provided in Table 1. the mean PCV was 

0.80 with a range of 0.20 ± 2.50, the means WBC count was 215.50 with a range 

of 101.20 ± 250.70. Plasma biochemistry data are provided in Table 2, with 

values reported for blood collected in lithium heparin. Most of the biochemical 

parameters have significant correlation with biometric factors (p < 0.05) with CCL. 

Urea (p-value = 0.494), Creatinine (p-value = 0.4227), Glucose (p-value = 

0.4554), Cholesterol (p-value = 0.0805), Uric acid (p-value = 0.9309) and 

Triglyceride (p-value = 0.4908). 
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Table 1 - Hematological values (mean ± SD) and range in foraging hawksbill turtles 
nesting in Mexican cost. 
 

Parameter       N Mean ± SD     Range 
WBC - x 103/ μL 30 215.50 ± 37.03 101.20 ± 250.70 
Hb -  g/dL 30 10.76 ± 1.48 6.70 ± 13.20 
PLT  -  x 103/ μL 28 14.32 ± 13.47 2.00 ± 59.00 
PCV - % 27 0.80 ± 0.77 0.20 ± 2.50 
RBC - x 103/ μL 22 0.03 ± 0.02 0.02 ± 0.11 

PCV = packed cell volume; WBC = white blood cell count; Hb = hemoglobin level; RBC = 
red blood cell count; PLT = platelet count. 
 

Table 2 - Plasma chemistry values (mean ± SD) and range in foraging hawksbill turtles (n 
= 47) nesting in Mexican cost. 
 
   Parameter Mean ± SD Range 
CCL 89.20 ± 6.38 75.50 ± 100.00 
CCW 78.34 ± 8.52 39.00 ± 93.50 
Urea (mg/dL) 26.03 ± 14.57 10.13 ± 81.00 
Glucose (mg/dL) 101.19 ± 30.86 0.94 ± 148.00 
Creatinine (mg/dL) 0.57 ± 0.27 0.11 ± 1.26 
Uric acid (mg/dL) 1.06 ± 0.69 0.28 ± 3.80 
Triglyceride (mg/dL) 470.80 ± 214.13 89.74 ± 1228.00 
Cholesterol (mg/dL) 177.66 ± 64.84 37.07 ± 326.00 
CCL=Curved carapace length; CCW = curved carapace width. 
 

Difference in the values verified in the literature is due to several factors 

such as the feeding variability and the capture stress, according to Bolten and 

Bjorndal 1992. 

 

4. Discussion 

 

Evaluating the health status and diagnosing diseases in hawksbill turtles 

based on blood samples from the monitoring of hematologic values and 

biochemical parameters could be useful for future conservation and rehabilitation 

projects and to prevent malformations in embryos and hatchlings. The general 

health of the turtles in this study was rated as good based on nest-building activity, 

energy level, and body condition, with all of these turtles able to successfully come 

ashore to nest. 

Urea values ranged from 11 to 70 mg/dL (mean 35.25 mg/dL ± 13.50), the 

mean plasma urea values presented in studies with hawksbill turtles were 9.14 
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mg/dL (± 1.29) (Ehsanpour et al. 2015), and in this study the values analysed were 

26.03mg/dL (± 14.57). 

Glucose concentrations in the hawksbill were similar to those reported for 

the nesting herbivorous green sea turtle (96.1mg/dL (± 21.5) (McFadden et al. 

2014) and too as reported for the othes study with hawksbill turtle (104 mg/dL(± 

30) (Caliendo et al. 2010), and (106 mg/dL (± 7.83) (Ehsanpour et al. 2015), 

similar to the values of this study 101.19 mg/dL (± 30.86).  

Normal values for serum creatinine are generally very low, less than 1 

mg/dL, and high values are expected in severe dehydration and renal diseases 

(Campbell 1996). Caliendo et al. (2010), found an average of 1.4 mg/dL (± 404) of 

creatinine in the plasma of hawksbill turtles, and Ehsanpour, et al. (2015) by an 

average 0.23 mg/dL (± 0.03), normal values of creatinine as obtained in this study. 

creatinine  concentration was determined  also the subject of studies of  Camacho 

et al. (2013) which presented a value lower than 0.1 mg/dL, and Innis et al. (2008) 

obtained the mean of 0.1 mg/dL (± 0.1), for the species L. kempii. 

Uric acid is the end product of the primary catabolism of proteins, non-

protein nitrogen and purines in reptiles, and diet can influence uric acid levels, 

especially those rich in protein and urea (Campbell 1996). Some paper present 

values of this parameter for green turtles, McFadden et al. (2014), found an 

average of 0.9 mg/dL (± 0.5), as well as Caliendo et al. (2010) 1.7 mg/dL (± 0.4), 

in this study, close values were found for hawksbill turtle 1.06 mg/dL (± 0.69). 

However, in loggerhead sea turtles, that have a different feed, was found mean 

uric acid values ranged between 0.3 mg/dL and 1.2 mg/dL (mean 0.62 mg/dL ± 

0.21) (Goldberg et al. 2011).   

Cholesterol and triglyceride values are often elevated during vitellogenesis 

(Hamann et al. 2002). The mean plasma triglyceride values presented in studies 

with hawksbill turtle were 376.42 mg/dL (± 50.20) (Ehsanpour et al. 2015), Results 

that were lower than those found in this study 470.80 mg/dL (± 214.13), while 

values obtained with loggerhead sea turtle were 977.34 mg/dL (± 327) (Camacho 

et al. 2013).  



Plasma Chemistry values in wild female hawksbill turtle 

 

137 

According to Swimmer (2000), reptiles kept in captivity have higher levels of 

triglycerides, due to a high fat diet and insufficient exercise, or both. For the green 

sea turtle, McFadden et al. (2014), found an average of 164.9 mg/dL (± 55) of total 

cholesterol in plasma samples, while, Ehsanpour et al. (2015), found an average 

of 158.58 mg/dL (± 19.94) in plasma samples for the hawksbill turtle, similar to the 

values found with this study of 176.66 mg/dL (± 64.84). 

The values reported in this study provide reference ranges of hematologic 

and biochemical parameters that may be useful for assessing and monitoring the 

health status of hawksbill turtles. Through comparisons among populations, 

detecting changes in health status among turtles, associations between specific 

biochemical parameters, we can lower and prevent disease and malformations in 

embryos and hatchlings, thus strengthening marine turtle management 

conservation at medium and long term.  

 

5. Conclusion 

 

The hematological values found, varied in relation to other authors, even 

when working with the same species, but using a different methodology. This 

reinforces the need to establish specific hematological values for each population, 

taking into account also characteristics such as the size of the animals and the 

methodology used. The data presented here may be useful as a reference in the 

assessment of the health and disease susceptibility of hawksbill populations from 

the Mexican coast. In addition, this study might contribute to the rehabilitation of 

sick animals and their reintroduction into the wild.  
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1. General Discussion 

 

This thesis addresses the problem of toxicity levels of the pesticide 

organochlorine, and environmental stress as found in the blood and eggs of sea 

turtles, using non-lethal techniques. Worldwide, there are several studies that 

address the issue of contaminants or their effects on sea turtles. Conservation 

plans include a management program that will protect nesting females and their 

nests. This is achieved by re-locating nests to protect hatching, which reduces 

natural predators, and protects them from poaching. Despite being carried out 

conservation programs for sea turtles, still, need to strengthen these programs and 

to raise awareness in the communities surrounding major beaches in order to 

involve them in the work of conservation protection. 

Organochlorine pesticides (COPs) concentrations were determined in the 

eggs of green and hawksbill turtles, two species of sea turtles with different trophic 

levels during the nesting season, for two consecutive years. We compared 

concentrations between species and years, analysed the relationship between 

turtle size and the COPs concentrations. This study provides a broader foundation 

for future research and monitoring of sea turtle eggs for contaminant 

concentrations and their toxic effects. The concentration of ΣDDTs in Punta Xen, 

and the concentration of ΣHeptachlor, ΣEndosulfans, and Methoxychlor in Isla 

Aguada, increased over the previous year. 

Because contaminants are transferred via the mother to the eggs, as has 

been analysed in this work, and by Besne et al. (2015), Guirlet et al. (2008), and 

Stewart et al. (2011). The obtained results indicate a significant increase in 

between the years and no between the tissues, also inferring that the transfer of 

OCPs from eggs to hatching may be compound-specific, related to ovogenesis. 

Therefore, considering that the ovogenesis largely involves the transfer of 

lipoproteins from maternal tissues to eggs, a new and, long-term monitoring 

becomes necessary to completely clarify if the contaminant concentrations are 

decreasing or increasing on a temporal scale in the hawksbill turtles nesting in 

Campeche. In regards the foraging of metals, POPs and PAHs in nesting female’s, 
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information comparing the contaminant bioaccumulation and transfer breast 

becomes crucial in order to assess the real health state of the marine turtles. 

 The biomarkers analysis demonstrated that the health status of the sea 

turtle organism in lower levels of organization (molecular or cellular) and present a 

fast response to stress and high importance toxicological. Use of biochemical 

biomarkers in monitoring programs offer some advantages because are normally 

the first to be changed, it presents good sensibility, relative specific and low-cost 

analysis when compared to chemical analyses (Stegeman and Hahn 1994). To 

provide the insights into the physiological responses of sea turtles in the southern 

part of the Gulf of Mexico, we searched for relationships between, carapace size 

and several oxidative and pollutant stress indicators of the hawksbill sea turtle. 

Data obtained in this study also contributed to providing antioxidant enzyme 

activity information on the physiological responses of sea turtles, during the 2014 

and 2015 nesting season at Punta Xen. The results gathered from the antioxidant 

responses and oxidative stress in wildlife is scarce, being found mainly in 

hawksbill sea turtles, and antioxidant enzymes limit the damages. Moreover, in 

this study, enzyme activity levels were not correlated with any OCPs. In our 

opinion, this data is vital because it clarifies the responses and their adverse 

effects over the short and long term. The data will provide a better understanding 

of the population dynamics of sea turtles, which will in turn aid in conservation. 

Physical examinations, hematology, plasma biochemistry reference ranges 

of biochemical parameters are considered important for assessing and monitoring 

the health status of sea turtles and creating suitable environmental indicators to 

improve the effectiveness of conservation strategies (Keller et al. 2004). The 

values reported in this study provide reference ranges of hematologic and 

biochemical parameters that may be useful for assessing and monitoring the 

health status of hawksbill turtles along the Mexican coast (Punta Xen). Through 

comparisons among populations, detecting changes in health status among 

turtles, associations between specific biochemical parameters, we can lower and 

prevent disease and malformations in embryos and hatchlings, thus strengthening 

marine turtle management conservation at medium and long-term. 
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Our study reinforces the utility of blood as an excellent sample for the 

detection of persistent toxic pollutants in marine turtles live in a non-lethal and 

relatively non-invasive way. Although there are conservation programs for sea 

turtles, improvement should be made to strengthen these programs, and to raise 

awareness throughout local communities near to major beaches that will involve 

them in the work of conservation protection. Conservation strategies must include 

continued research, management of local turtle populations, and education of the 

locals, including encouraging fishermen to release turtles caught accidentally.  

Although the study of antioxidant enzymatic activity and contaminants have 

progressed in the last few years, further research has to be conducted to evaluate 

and/or develop new approaches to describe this type of combination in order to 

detect damage in advance on health for sea turtle population. Future studies are 

needed in sea turtles to clarify the variability of the oxidative stress indicators and 

effect of OCPs on male’s blood of this area, and include other analyses in 

compartments of ecosystems, such as sediment and water analyses, across 

individuals over time.  Finally, discussions on the topics of programs for wildlife 

conservation, and marine turtle surveys should occur. 
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