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Abstract: The objective of this study was to determine the concentrations of insecticides (DDT and 
their metabolites) and heavy metals (Cd, Pb, Cu and Hg) in benthic organisms such as oysters, crab 
and shrimp. The studies were carried out in six lagoon systems along the Gulf of Mexico: Madre, 
Tamiahua, Grande, Mandinga, Alvarado and Mecoacán. The sampling sites in each lagoon system 
were selected in the areas of commercial fishing. The levels of pesticides in oysters and crabs 
indicated they were in constant contact with these compounds, which are used in livestock, 
agricultural and aquacultural activities, and in the efforts carried out in adjoining zones to control 
the vectors of dengue and malaria. The concentration ranking of heavy metals in F. aztecus in the 
Tamiahua system was Cu > Cd > Pb, while for L. setiferus in the Alvarado system it was Pb > Cd > 
Hg.  
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1. Introduction 
According to the FAO (2010), global fishing production is 90 million tons and is composed mostly 
of benthic organisms such as crustaceans, molluscs and fish. In Mexico, the primary fishery 
resources, by capture volume, are crustaceans and bivalve molluscs, harvested from coastal lagoon 
systems along the Gulf of Mexico. These, have been negatively impacted by anthropogenic 
activities such as agriculture, mining, fossil fuel extraction and refinement, and agrochemical 
industries (Botello & Villanueva, 2010). Such activities have and continue to alter the balance in 
these aquatic ecosystems. Additional causes of altered equilibria are the introduction of exotic 
aquatic species, rapid population growth, changes in soil use, and climatic variability (Villanueva et 
al., 2010). According to the UN (1992), approximately half of the world population lives less than 
60 kilometers from the coast and it is predicted that this level will reach 70% by the year 2020. 
Such coastal aquatic systems integrate wetlands, lagoons, marshes, mangrove swamps, estuaries 
and river and riparian areas, and systems that receive freshwater, dissolved solids, and particulates 
and organic and inorganic compounds coming from the continent (Escobar, 2002). As well, they are 
subjected to the influence of contaminants such as hydrocarbons, heavy metals, organochlorine 
pesticides and microorganisms (Botello et al., 2002). Such compounds, especially those of synthetic 
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origin that are resistant to natural processes of degradation in the environment, are very stable and 
have a long half-life, cause damage to the health and quality of the bioaccumulating organisms that 
inhabit these systems and, consequently, negatively affect human health (Allsopp & Erry, 2000; 
Luna et al., 2002; Martínez & Yarto, 2004). Another group of chemical elements that affect aquatic 
organisms and the environment are the heavy metals. The primary sources of origin along the 
coastal region of the Gulf of Mexico are fossil fuel extraction and refining, fertilizer production, 
mining activities and the discharge of domestic sewage effluents (Páez, 2005). The heavy metals 
turn toxic when they reach levels capable of damaging the vital functions of aquatic organisms, and 
their toxicity in the ecosystems depends on the degree of oxidation and the chemical form in which 
they are found in the environment (Priju & Narayana, 2007).  

The Gulf of Mexico is one of the most important and productive estuarine zones in the world due to 
its high biodiversity (Tunnell et al., 2004; Toledo, 2005). Therefore, the concentration of 
organochlorine pesticides and heavy metals in aquatic organisms of commercial importance from 
the lagoon systems along the coast of the Gulf of Mexico were evaluated. 

2. Materials and Methods 
2.1 Study Area 
The study was performed in the lagoon systems of Madre, Tamiahua, Grande, Mandinga, Alvarado 
and Mecoacán, located along the coast of the Gulf of Mexico (Fig 1). 

2.1.1 Laguna Madre 
The lagoon is located in the state of Tamaulipas, Mexico, between the coordinates 24° 01' and 25° 
58' N and 97° 23' and 97° 54' W. It is bounded to the north with the Bravo River delta and to the 
south with the Soto La Marina River estuary. The lagoon covers approximately 200,000 ha and its 
depth varies between 1.5 and 4.5 m (Carta Nacional Pesquera, 2004; Estavillo & Aguayo, 2012). 

2.1.2 Laguna Tamiahua 
This lagoon system is located in the state of Veracruz, Mexico, between the coordinates 21° 06' N 
and 97° 23' and 97° 46' W. It is bounded to the north with the Pánuco River and to the south with 
the Tuxpan River (Castañeda & Contreras, 1994). It covers approximately 88,000 ha (Contreras, 
2001; Carta Nacional Pesquera, 2004). 

2.1.3 Laguna Grande 
This lagoon is located in the municipality of Vega de Alatorre in the state of Veracruz between the 
coordinates 20° 02' and 20° 06' N and 96° 38' and 96° 41' W. It covers a total of 2,250 ha (Carta 
Nacional Pesquera, 2004). 

2.1.4 Laguna de Mandinga 
This lagoon complex is located in the state of Veracruz between 19° 00' and 19° 06' N and 96° 02' 
and 96° 06' W; 18 km from the port city of Veracruz (Contreras, 1985). It covers an area of 3,250 
ha (Carta Nacional Pesquera, 2004). 

2.1.5 Laguna de Alvarado 
This lagoon system is located between the coordinates 18° 46' and 18° 42' N and 95° 34′ and 95° 58' 
W at 10 m above sea level and 70 km southeast of the port city of Veracruz. It covers an area of 
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6,200 ha and has a maximum depth of 4.5 m (Reguero & García-Cubas, 1989; Carta Nacional 
Pesquera, 2004). 

2.1.6 Laguna de Mecoacán 
This lagoon is located along the coast of the municipality of Paraíso, in the state of Tabasco (Carta 
Nacional Pesquera, 2004), between the coordinates 18° 16′ and 18° 26' N, and 93° 04′ and 93° 14' 
W (Galaviz et al., 1986), and covers an area of 5,168 ha. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Study area and coastal lagoon systems along the Gulf of Mexico 

2.2 Sample Collection and Processing 
Oyster, shrimp and crab samples were collected during winter (January and February, a portion of 
the windy season), during the dry season when water levels are low (March to June), and during the 
rainy season (July to October). Oyster (Crassostrea virginica) samples were collected in 2009 from 
the lagoon systems of Madre, Mandinga and Mecoacán. Samples of the sharptooth swimming crab, 
Callinectes rathbunae, were collected in 2008 from Laguna Grande. Samples of the shrimp 
Farfantepenaeus aztecus and L. setiferus were collected in 2004 and 2010 from the Tamiahua and 
Alvarado lagoons, respectively. Each oyster sample was composed of 100 oysters, collected by 
free-diving, at sampling stations in each lagoon system, from which 30 oysters of commercial size 
were selected (7.0 ± 3.0 cm). 

For crabs, the sample was composed of 30 individuals of commercial size (± 110 mm). The crabs 
were selectively collected using the "nasa" method, which consists of a 0.75 m diameter ring trap 
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outfitted with 25 mm plastic netting set one day before collection; a method assuring the capture of 
commercial sized crabs. For shrimp, 1 kg of commercial sized specimens (10 – 15 g per specimen) 
was collected in each sample. 

The oyster, shrimp and crab samples were cleaned to remove any adhering materials or particles. In 
accordance with NOM-109-SSA1-1994 (Diario Oficial de la Federación, 1994), the samples were 
then placed in labeled polyethylene Ziplock® bags and stored in refrigerators at 5 °C prior to 
transportation to the laboratory for analysis. 

2.3 Laboratory Analysis 
2.3.1 Sample Preparation for Oysters, Crabs and Shrimp 
2.3.1.1 Oysters 
The oysters were shelled and the soft tissues were separated by dissection and placed in labeled 
Ziplock® bags, in triplicate, for sample management. The samples were stored at -40 °C in a 
Thermo Model 726 ultrafreezer (Thermo Fisher Scientific Inc., San Fernando, CA, USA). The 
frozen samples were lyophilized in a Thermo Savant Moduly OD-114 for 72 hours at -49 °C and at 
a vacuum pressure of 36x10-3 mbar. The samples were then stored in hermetically sealed bags 
inside a dessicator with sílica gel to control humidity. The samples were then ground in an Osterizer 
blender until obtaining a fine particle size and then they were homogenized with a N° 30 sieve with 
a mesh size of 595 µm. To avoid contamination from humidity, the samples were stored in a 
dessicator for approximately 3 days. For heavy metal determination, the samples were digested, and 
extraction was used for insecticides. In both analyses a microwave was utilized (CEM model 
MARS 5, CEM Corporation, Matthews, North Carolina, USA), following the Oyster Pure method 
(EPA, 2000). 

2.3.1.2 Crab 

The crab were dissected to separate the muscle from the viscera and to obtain two combined 
samples of approximately 500 g wet weight each, which were then stored in Ziploc® bags. The 
storage techniques, dehydration and grinding of the samples, as well as the analyses for the 
determination of organochlorine pesticides were the same as those used for oysters. 

2.3.1.3 Shrimp 

The specimens in each sample were dissected to obtain one composite sample of the tail muscle. 
These samples were obtained in triplicate. Sample storage, dehydration and grinding, as well as the 
determination of heavy metals were performed using the same techniques and methods as with 
oysters. 

2.3.2 Processing the Oyster and Crab Samples for Pesticide Determination 
The materials used in the study were prepared according to the analytical protocol for pesticide 
residues (Waliszewki et al., 1985). The glassware was washed with potassium dichromate and 
rinsed with tap water, followed by a rinse with distilled water (Milli-Q), petroleum ether and 
acetone. All solvents and reagents used were analytical grade. To avoid any cross-contamination of 
the samples, the purity of the petroleum ether used to wash the glassware was evaluated periodically 
using gas chromatography. The samples were analyzed using hexane (Baker) with a boiling 
temperature range of 40-50 °C, sodium sulphate powder (Baker) previously activated and purified 
in a forced air oven (Riossa CF-102) at a temperature of 650 °C for 16 h, and with sulfuric acid 
(Merck) of 95 to 97% purity. For quality control, the chromatograph readings for each pesticide 
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were adjusted to follow the calibration of a 5-point curve. Reference samples were used to construct 
the calibration curve using a ChemStation HP 3398A (ChemService, Inc., West Chester, 
Pennsylvania, USA). To guarantee a recovery of 93%, a calibration test was performed. 

The concentration of organochlorine pesticides in the oyster samples was performed following the 
technique of Murphy (1972), and modified by Waliszewki et al. (1985). For each season, a sample 
of 10 g of ground and freeze-dried oyster was weighed out and placed in a Teflon® container with 
20 ml of acetone and 20 ml of hexane as solvents. The volume of this solution was divided into two 
parts, one to be used for the extraction of lipids and the other to determine the concentration of 
organochlorine pesticides. 

The extraction of lipids was performed in 30 min at 110 °C and 200 psi. The extract was collected 
and placed in 250 ml flasks and left to chill for 30 min, after which 20 ml was removed and the 
solvent evaporated in a roto-evaporator at a temperature of 45 °C. The extract was then weighed on 
a digital scale to determine the total lipids in each sample. 

For the analysis of organochlorine pesticides, 10 ml of the original solution was placed into a 50 ml 
tube with a Bakelite plug. Then, 1 ml of sulfuric acid was added and the solution agitated 
vigorously for 1 min to precipitate the fat, after which the solution was left to rest for 15 min to 
separate the phases. The supernatant was filtered onto a sodium sulphate layer (8.0 g), washed with 
10 ml of petroleum ether and evaporated at 45 °C to a volume of 1 ml of purified sample which was 
stored in an amber vial (Reacti-vial, Pierce®). 

The equipment used for this study was a gas chromatograph (Thermo Electron Model Trace GC 
Ultra 115V, Thermo Fisher Scientific Inc. ©, Monterrey, Nuevo León, Mexico) with an electron 
capture detector. The separation of pesticides was performed in a 30m x 0.32mm x 0.25μm 
chromatographic column with 14% cyanopropylphenyl polysiloxane (Thermo Fisher Scientific 
Inc©, Belleford, Pennsylvania, USA), and a carrier gas of ultrapure nitrogen (Praxair-Mexico) at a 
flow of 2.5 ml min-1. Operating temperatures were 300 °C for the detector, 250 °C for the injector 
and 160 to 280 °C for the column (4 °C min-1).  The injection volume was 1 μl in splitless mode. 

2.3.3 Processing of the Shrimp Samples for Heavy Metal Determination 
The material used in the digestion was washed previously with a 10% solution of soap that was 
neutral and free of phosphates in order to avoid ionic interference in reading the spectrophotometer. 
Then the material was rinsed with tap water and submerged in a solution of distilled water and 20% 
nitric acid for 24 h. To assure complete removal of the acid, the material was submerged in type II 
water for 24 h. Finally, the glassware was drained and dried in a forced air oven (Riossa CF-102) at 
a temperature of 100 °C for 24 h. For digestion, 0.5 g of each sample was weighed out and placed in 
a Teflon® container (HP-500) to which 9 ml of 70% nitric acid (reagent grade) was added. This 
process was carried out at a temperature of 190 °C. Each group of samples was accompanied by one 
blank sample and a control. At the end of the digestion, the samples were vacuum-filtered into a 
Nalgene® bottle using 0.45 µm nitrocellulose Millipore® filters. The filtrate was diluted in a flask 
to a volume of 25 ml with Type II water (obtained with a Milli-Q membrane), after which the 
diluted samples were transferred to polypropylene flasks and stored at a temperature of 4 °C for 
subsequent reading. The concentration of Cadmium (Cd) was determined using a Varian SpectrAA 
– Duo Flame Atomic Absorption Spectrophotometer FS220 (with ultralamps, autodiluter S1PS20 
and autosampler SPS5). The concentrations of Lead (Pb) and Arsenic (As) were determined using a 
Graphite Furnace 220Z, according to NOM-117-SSA1-1994 (Diario Oficial de la Federación, 
1995). 



Science and Education Centre of North America©                www.todayscience.org 

~ 68 ~ 

 

2.4 Statistical Analysis 
A single-factor analysis of variance was performed on the concentrations of organochlorine 
pesticides and heavy metals in the oyster, crab and shrimp samples. The pesticide data from oyster 
samples were transformed using natural logarithms. Tukey tests were performed for the multiple 
comparisons of means. The data were analyzed using the software Statistica v7.0 (StatSoft, Inc., 
Tulsa, Oklahoma, USA). 

3. Results 
3.1 Organochlorine Pesticide Levels in Oysters 
Table 1 presents the average concentrations of organochlorine pesticides obtained from samples of 
oysters, C. virginica, collected from the Madre, Mandinga and Mecoacán lagoon systems. 

3.2 DDT and Its Metabolites in Crab 
Chromatographic analysis revealed the presence of high concentrations of DDT and its metabolites 
in muscle and viscera samples from Callinectes rathbunae during the three sampling seasons 
(Tables 2, 3). 

Table 1 Organochlorine pesticides in oysters C. virginica (ng g-1)                                                     
in the Madre, Mandinga and Mecoacán lagoon systems. (± SD) 

Note: Values in the same row that have the same letters indicate no significant 
differences (p > 0.05); n.d. = not detected. 
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Table 2 Mean concentrations of DDT and its metabolites measured in samples of muscle             
and viscera from Callinectes rathbunae collected during January to October 2008                       

from Laguna Grande and Laguna Vega de Alatorre, Veracruz, Mexico. 

Note: Values in parentheses indicate the range of concentrations. Values in the same row 
having the same letters indicate no statistically significant differences (p > 0.05) 

Table 3 Mean values of the different forms of DDT (ng g-1) and its metabolites                         
found in muscle and viscera samples from Callinectes rathbunae 

3.3 Concentrations of Heavy Metals in Shrimp 
Mean concentrations of heavy metals in both of the shrimp species sampled are presented in Table 
4. Heavy metal concentrations during windy (January – February), and the dry and rainy seasons 
are presented in Table 5. 



Science and Education Centre of North America©                www.todayscience.org 

~ 70 ~ 

 

Table 4 Concentrations of heavy metals (µg g-1) in different species of                                     
shrimp from coastal lagoons along the Gulf of Mexico 

  n.d. = not detectable 

Table 5 Seasonal variation of heavy metal concentration in shrimp collected                                
from Tamiahua and Alvarado lagoons of Mexico. (µg g-1 dry weight) 

n.d. = not detectable 

4. Discussion 
4.1 Organochlorine Pesticide Levels in Oysters 
All of the pesticides analyzed were found in the Mandinga lagoon system, providing evidence of a 
contamination problem and risk to public health. In Laguna Madre, the compounds endrin, op´-
DDT, endrin aldehyde, and beta-endosulfan were not detected. In the Mecoacán lagoon system, the 
compounds pp´-DDE, endrin aldehyde and beta-endosulfan were not detected. 

In all the lagoon systems, delta-Hexachlorocyclohexane (delta-HCH) was detected, but the greater 
concentration was observed in Laguna de Mandinga, with a mean value of 1466.65 ± 8.29 ng g-1. 
This can be attributed to the affinity that delta-HCH has for organic matter found in the digestive 
tract of bivalve molluscs, which is generally composed of 60% detritus, 30% phytoplankton and 
10% unidentified material (CNROP, 2004; Muñeton et al., 2001). Castañeda et al. (2007) report that 
α, β and γ-HCH have been detected during these three seasons of the year in C. virginica from the 
lagoon systems of La Mancha and Alvarado, in the state of Veracruz, Mexico, along the Gulf of 
Mexico. The presence of such compounds was assumed to be associated with the predominance of 
banana cultivation. Other authors associate the presence of these compounds with the cultivation of 
corn, beans, mangos, pineapple, chiles, lime, grasses, red and green tomatoes, maradol papayas and 
watermelon, all of which are characteristic crops of zones adjoined to the lagoon systems studied 
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(Table 6). According to Randall et al. (1998), the presence of γ-HCH coincides with the application 
of the pesticide lindane, which is utilized for the control of cattle ectoparasites. 
 

Table 6 Principle developmental production activities within the study area 

Another pesticide that was present at medium-high concentrations was hexachlorobenzene (HCB) 
which was detected in C. virginica from Laguna Madre (287.87 ± 1.43 ng g-1). These compounds 
are characteristically deposited in the sediments of lagoon systems, and the sedimentation process is 
enhanced by the stability of the water column which favors the association of this compound with 
benthic organisms, as is the case with the oyster C. virginica. In this way, the particles in 
suspension, upon being filtered by this organism, are incorporated into the tissues and allow these 
compounds to bioaccumulate (ATSDR, 2002). 

Dieldrin is a persistent organic pesticide whose use has been restricted since 1970 in the United 
States and countries included in the Stockholm Convention of  2001 (COP, 2001).  However, in 
1972 the Environmental Protection Agency of the United States (EPA) approved the use of aldrin 
and dieldrin for the control of termites (ATSDR, 2002b). In 1980 the use of these compounds was 
prohibited again due to their carcinogenic effects (TREHI, 2001). Nevertheless, in this study 
dieldrin was found in the lagoon systems of Madre, Mandinga and Mecoacán, with concentrations 
of 355.73 ± 11.83, 159.37 ± 45.00, and 45.53 ± 0.00 ng g-1. The presence of dieldrin is due to the 
degradation of aldrin that is applied to corn and potatoes for pest control (WHO, 2003; ELIKA, 
2008), as well as to the capacity that dieldrin has to adhere to sediments in aquatic systems and 
remain stable (ATSDR, 2002b). 

Endrin is a pesticide used since the 1950s to counteract diverse agricultural pests, particularly in 
rice cultivation, although it is also used on sugarcane and corn, and is also employed as a 
rodenticide (EPA, 2012). This compound is adsorbed in water and sediments, has a half-life of 10 
years, accumulates in the tissues of aquatic organisms and can be toxic (ATSDR, 1997). At 
concentrations of 100 ng g-1 it can reduce shell growth in mature oysters by 51% (Wilber, 1971). 
The FDA (2002), established a maximum permissible limit of 0.30 ppm (µg g-1) for the 
consumption of bivalve molluscs. The presence of this pesticide in the lagoon systems in the states 
of Tabasco and Veracruz is due to persistent use of this compound in agricultural activities (Díaz & 
Rueda, 1996). However, it was not detected in samples of C. virginica from Laguna Madre. The 
pesticide endrin aldehyde was not detected in Laguna Madre or Laguna de Mecoacán, and was only 
found in samples from Laguna de Mandinga with an average concentration of 130.25 ± 6.98 ng g-1. 
This is because the percentage of endrin that is degraded to endrin aldehyde is low due to the 
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chemical characteristics of endrin which require that it be exposed to high temperatures and 
prolonged periods of light to transform it into endrin aldehyde. Such conditions are not found in the 
lagoon systems where the average depth is 1.5 m, the temperature is relatively low and turbidity is 
high, which impedes the penetration of light (ATSDR, 1997).  

Endosulfan is another pesticide widely used in Mexico and is considered important for study 
because of its high toxicity in aquatic organisms and risk to public health (INE, 2011). This 
pesticide has two isomers, endosulfan I and II. In this study, endosulfan I had the greatest mean 
concentration in samples from Laguna de Mandinga (37.27 ± 0.00 ng g-1) and the smallest from 
Laguna Madre (13.97 ± 0.30 ng g-1). Based on these concentrations, Laguna de Mandinga has a 
value 50% below the maximum concentration permitted (74 ng g-1) that was established by the EPA 
for water and aquatic organisms, while Laguna Madre has a value 71% under the limit (EPA, 2000). 
Although endosulfan is dispersed in the air, water and sediments, it can be degraded in weeks, but it 
can also remain for years adhered to soil particles without being degraded. The properties of this 
compound are worthy of noting, due to the sedentary habits of benthic organisms like oysters that 
are chronically exposed to this pesticide (INE, 2011). Indeed, some ecotoxicological effects in 
oysters are referred to as genotoxic and embryotoxic (UNEP, 2009). 

Endosulfan II had a mean concentration of 99.48 ± 16.21 ng g-1 in samples from Laguna de 
Mandinga, while in the lagoon systems of Madre and Mecoacán it was not detected. Benthic 
organisms ingest and easily incorporate this pesticide because of its solubility in water, low 
persistence, and easy elimination (UNEP, 2009). The concentration reported in this study showed 
that benthic organisms are exposed continuously to this insecticide because of its use in the 
cultivation of tomatoes, corn and coffee. 

The DDT isomers included in this study were op´-DDT and pp´-DDE. Laguna de Mandinga had the 
highest mean concentrations (44.43 ± 2.38 and 44.51 ± 12.45 ng g-1, respectively), values within the 
ranges detected for the lagoon systems of La Mancha and Alvarado (Castañeda et al., 2011). DDT 
is used in the control of malaria vectors and its presence in the lagoon systems is due to the 
overland runoff that transports sediments into the aquatic systems where they remain available to 
benthic organisms. DDT and its isomers DDE and DDD can remain in sediments for long periods 
of time, possibly hundreds of years (ATSDR, 2002c). 

Its extensive use in subtropical and tropical areas of the Gulf of Mexico has promoted the 
bioaccumulation and biomagnification of DDT and its metabolites, as well as the incorporation of 
these compounds throughout the trophic web, resulting in problems for public health (Castañeda et 
al., 2011). 

4.2 Organochlorine Pesticides in Crab 
Among benthic organisms, the crab C. rathbunae is the most important fishery resource in Laguna 
Grande in Vega de Alatorre. Castañeda et al. (2011) estimated the concentrations of DDT and its 
metabolites in this system, and found relatively high concentrations as a consequence of their use in 
sanitary campaigns to control dengue. It is for this primary reason that studies on this organism 
have focused on detecting the presence of DDT. 

According to the results obtained in this study, the predominant compound was pp'-DDT with a 
mean value of 136.35 ± 70.00 ng g-1, followed in descending order by op'-DDT (52.90 ± 35.80), 
pp'-DDE (42.30 ± 24.61) and pp'-DDD (31.64 ± 22.06 ng g-1). pp'-DDE was the only metabolite 
that did not show statistically significant differences (p > 0.05) in the mean concentrations from 
viscera and muscle tissue samples, within or among seasons. The minimum and maximum 
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concentrations of this compound were found in muscle and varied between 26.90 and 50.56 ng g-1 
(Table 2). pp'-DDD and op'-DDT showed similar patterns of bioaccumulation in both tissues, but 
with significantly greater concentrations in muscle (p < 0.05) during the dry and rainy seasons 
(Table 2). 

On the contrary, pp'-DDT had a greater concentration in samples of crab viscera than in muscle 
tissue, and showed significant differences (p < 0.05) during the rainy season where the 
concentrations varied from 96.54 in muscle to 216.05 ng g-1 in viscera. In terms of total DDT value 
(the sum of pp'-DDE, pp'-DDD, pp'-DDT and op'-DDT), a decline in accumulated concentrations in 
the muscle was observed in samples collected during the rainy season, and differed significantly (p 
< 0.05) with the values detected in the viscera samples (Table 2). The greatest concentration of total 
DDT was measured in viscera samples collected during the rainy season (319.22 ng g-1) and the 
lowest value was registered in samples of the same tissue during the windy season (207.82 ng g-1). 

Table 3 shows the values of the ratio DDT / DDE for muscle and viscera tissue samples from C. 
rathbunae. The relation was 2.78 for muscle and 3.51 for viscera due to the biomagnification of the 
concentrations of pp'-DDT. Despite these values, there were no significant differences (p > 0.05) in 
the levels of DDT accumulated in both tissues. 

It is probable that the greater quantity of DDT in this ecosystem stemmed from the overland runoff 
into the Cerrito, Diamante and Carey rivers (Fig 1) during the rainy season. The process was 
magnified by the strong winds during the windy season that transported pesticides from their 
application sites to the lagoon. The organic matter from these rivers acts intermediately to the 
processes of deposition and circulation in the lagoon, permitting the DDT to remain suspended in 
the body of water by attaching to particles or becoming trapped primarily in the superficial layers of 
sediment due to its low solubility and high persistence in these environments (ATSDR, 1994; 
Willman et al., 1997). The high levels of DDT found in C. rathbunae can be explained by their 
feeding habits; they are considered benthic opportunistic omnivores (Perry & McIlwain, 1986), 
whose diet consists preferably of bivalve molluscs, fish, and deposited and suspended organic 
matter (detritus, phytoplankton and zooplankton) (Guillory et al., 2001; Gorni & Weber, 2004; 
Gómez, 2009).  This also results in biomagnification because this pesticide passes through one or 
more levels of the trophic web (Clark et al., 1988; Morales & Cobos-Gasca, 2001). 

4.3 Heavy Metals in Shrimp 
The Gulf of Mexico basin contains excessive amounts of some metals in its coastal ecosystems due 
to their introduction as river contaminants. Nearly 95% of the metals transported by the rivers are 
deposited along the coastal margins including estuaries, the continental shelf and the continental 
slope (Botello et al., 2004). Benthic organisms are the most affected by heavy metals in ocean and 
coastal waters, due to their direct interaction with sediments (Laws, 2000). 

There is greater heavy metal contamination along the coastal zones of the Gulf of Mexico, 
particularly from Pb, Cd and Cr (Botello et al., 2004). These metals can produce adverse 
toxicological effects in benthic organisms inhabiting coastal zones, and negatively affect coastal 
lagoon systems such as Tamiahua and Alvarado. 

The concentration ranking of heavy metals in the shrimp F. aztecus from the Tamiahua lagoon 
system was Cu > Cd > Pb, while for L. setiferus from the Alvarado lagoon system the concentration 
ranking was Pb > Cd > Hg. The concentrations of Pb and Cd from F. aztecus complied with the 
specifications of NOM-242-SSA1-2009 (Diario Oficial de la Federación, 2011), and were lower 
than 0.5 µg g-1 for both metals. Copper had maximum concentrations although its maximum 
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permissible limits are not found in Mexican legislation, nor for the European Community, although 
the United Kingdom has established a permissible limit of 20.0 µg g-1 (UK, 1998), and the FDA 
(1993) of 32.5 µg g-1. 

In F. aztecus and L. setiferus the maximum levels of Cd were registered during the dry season, as 
was that for Cu in F. aztecus and for Pb in F. aztecus during winter. In F. aztecus Cu had greater 
concentrations than Cd and Pb in the seasons studied. Significant differences were observed for the 
concentrations of Cu, Cd and Pb over seasons in the sampling sites (p < 0.05). 

No significant difference existed (p > 0.05) for L. setiferus among seasons for the concentrations of 
Pb, Cd and Hg, but differences were observed between the levels of Pb and those obtained for other 
metals (p < 0.05). Pb and Hg had their highest concentrations during winter, 1.0534 ± 0.1432 and 
0.1459 ± 0.0523, respectively.  In contrast, Cd had a minimal concentration during this season 
(0.0674 ± 0.0382 µg g-1. 

Phillips & Rainbow (1989) associated the high concentrations of Cu in shrimp muscle and other 
tissues to its function as an essential element for their development. In decapod crustaceans its 
concentration is regulated as a function of their metabolic needs, despite the high concentration in 
the environment. Palomarez et al. (2009) also related differences in the concentrations of this metal 
to species, geographical zone, biological factors such as the total size of the organisms analyzed and 
the present concentrations in the environment. Likewise, Mendoza (2010) obtained a similar 
maximum concentration of 18.625 µg g-1 in samples of F. aztecus from Laguna de Tampamachoco. 

The maximum concentration of Pb was in samples of L. setiferus from the Alvarado lagoon system, 
while concentrations of this metal in samples of F. aztecus from the Tamiahua lagoon system were 
much lower. According to Viarengo (1993), the presence of high concentrations of Pb in shrimp is 
related to its competition with Cu, which is a bioessential element in tissue ionic regulation 
processes. 

The concentration of Cd in F. aztecus, as in L. setiferus, was elevated in samples from both lagoon 
systems, ranking it third in terms of concentration. However, the levels were low in both cases and 
were within the permissible limits set by Mexican norms, as well as being below the limits set for 
the consumption of aquatic food (0.20 µg g-1 Cd) (Nauen, 1983; Lango et al., 2010). 

Because Hg is a nonessential metal, it is highly toxic for all organisms (Wallace et al., 1982; Landis 
& Yu, 1992). As such, body concentrations of nonessential metals such as Hg or Cd cannot be 
regulated by some crustaceans (Frías et al., 2001), resulting in high accumulated levels in tissues 
and occasional organism death (Zanders & Rojas, 1992; Frías et al., 2001). 

The concentrations of Hg obtained for the lagoon systems during the 3 seasons studied were below 
the limits stipulated by NOM-242-SSA1-2009 that report the concentration of mercury as 
methylmercury (0.5 µg g-1), a limit that establishes a different concentration than that reported by 
Nauen (1983) of 2.5 µg g-1 dry weight, and the FDA (1978) with 5.0 µg g-1 dry weight. The low 
levels registered in this investigation (0.1459 ± 0.0523, 0.0972 ± 0.0184), and those not detected 
(n.d.) during the winter, dry and rainy seasons, were similar to those reported by Reymer & Reymer 
(1975) of a mean of 0.06 ± 0.12 µg g-1 (wet weight) in samples of F. aztecus from Laguna de 
Tampico, 0.04 ± 0.02 µg g-1 and 0.03 ± 0.04 µg g-1 in samples of L. setiferus from the Port of 
Veracruz and Laguna de Términos, respectively. As well, Báez et al. (1975) recorded a range of 
0.16-0.85 µg g-1 for the same species from the Coatzacoalcos River. 



Agricultural Science 

~ 75 ~ 

 

5. Conclusions 
The levels of pesticides in oysters and crabs indicates a constant contribution of these compounds 
which are used in livestock operations, agricultural activity and the sanitary campaigns against 
dengue and malaria vectors that are performed in zones adjoined to the lagoon systems studied. 
Laguna de Mandinga had the greatest concentrations of pesticides in comparison with Laguna 
Madre and Laguna de Mecoacán. The bioaccumulation of DDT and its metabolites in the muscle 
and viscera of C. rathbunae were similar in both tissues. pp'-DDT was the most dominant of the 
metabolites, indicating recent contributions of this compound into the lagoons as a consequence of 
the sanitary campaigns to control human disease vectors. The levels of DDT found in the samples of 
muscle and viscera from C. rathbunae exceeded the permissible maximum limits established by the 
FDA (1984) for aquatic organisms destined for human consumption, and those of the Norma Oficial 
Mexicana (NOM-031-SSA1-1993) which states that fresh or refrigerated molluscs should not 
contain DDT or residuals of prohibited pesticides (Diario Oficial de la Federación, 1995) listed in 
the catalogue of pesticides. 

The persistent metals in the shrimp F. aztecus and L. setiferus were Cd and Pb, and their 
concentrations in F. aztecus complied with the specifications of NOM-242-SSA1-2009 (Diario 
Oficial de la Federación, 2011) and were lower than 0.5 µg g-1 for both metals. Normative 
legislation is not available for Hg and Cu. 

The concentrations of pesticides and metals in benthic organisms of commercial importance are 
related to the habitat and feeding habits (detritivores and filterers) of these animals. As such, the 
consumption of these compounds permits their bioaccumulation in the tissues of these organisms 
and in those of human consumers, thus constituting a public health risk. This situation directly 
affects consumers living along the Gulf of Mexico and anywhere these products are marketed. 

 
References  
[1] Albert, L. A., & Benítez, J. A. (2005). Impacto ambiental de los plaguicidas en los ecosistemas 

costeros. p. 157-176. In A. V. Botello., J. Rendón von Osten., G. Gold Bouchot., & C. A. 
Hernández (Eds.), Golfo de México Contaminación e Impacto Ambiental: Diagnostico y 
Tendencias (2nd ed., pp. 696). Univ. Autón. de Campeche, Univ. Nal. Autón. de México, 
Instituto Nacional de Ecología.  

[2] Allsopp, M., & Erry, B. (2000). COPs en América Latina. Una revisión de los niveles de 
contaminantes orgánicos persistentes en América Latina (pp. 73). GREENPEACE. Reino 
Unido.  

[3] ATSDR (1994). Agency for toxic substances and disease registry. Toxicological Profile for 
4,4'-DDT, 4,4'-DDE, 4,4'-DDD (Update). U.S. Dept. Health & Human Services. Agency for 
toxic substances and disease registry (TP-93/05, pp. 166). 

[4] ATSDR (1997). Agency for toxic substances and disease registry. Resúmenes de Salud Pública: 
Endrina (Endrín). Retrieved May 17, 2012, from http://www.atsdr.cdc.gov/es/phs/es_phs89.html 

[5] ATSDR (2002a). Agency for toxic substances and disease registry. Resúmenes de Salud Pública: 
Hexaclorobenceno. Retrieved June 22, 2012, from http://www.atsdr.cdc.gov/es/phs/es_phs90.html 

[6] ATSDR (2002b). Resúmenes de Salud Pública: Aldrín y Dieldrín. Retrieved June 26, 2012, 
from http://www.atsdr.cdc.gov/es/phs/es_phs1.pdf  

[7] ATSDR (2002c). Resúmenes de Salud Pública: DDT, DDE y DDD. Retrieved June 29, 2012, 
from http://www.atsdr.cdc.gov/es/phs/es_phs35.pdf 



Science and Education Centre of North America©                www.todayscience.org 

~ 76 ~ 

 

[8] Báez, A. P., Rosas, I., Nulman, R., & Gálvez, L. (1975). Movimiento del mercurio residual en 
el estuario de río Coatzacoalcos. Anales de Instituto de Geofísica UNAM, 18, 131-147.   

[9] Botello, V. A., Barrera, G., Díaz, G., Villanueva, S., & Wong, I. (2002). Contaminación marina 
y costera. La pesca en Veracruz y sus perspectivas de desarrollo (pp. 97-111). Instituto 
Nacional de la Pesca, Universidad Vera.  

[10] Botello, V. A., Villanueva, F. S., & Rosales, H. L. (2004). Distribución y contaminación de 
metales en el Golfo de México (pp. 683-710). In M. Caso., I. Pisanty., & E. Ezcurra (Comp.), 
Diagnostico ambiental del Golfo de México (Vol. II, pp. 1104). SEMARNAT, INE, Instituto 
de Ecología y Harte Research Institute for Gulf of Mexico Studies.  

[11] Botello, V. A., & Villanueva, F. S. (2010). Introducción (pp. 1-14). In A.V. Botello., F. S. 
Villanueva., J. Gutiérrez., & G. J. Rojas (Eds.), Vulnerabilidad de las zonas costeras 
mexicanas ante el cambio climático (pp. 514). SEMARNAT-INE, UNAM-ICM y L, 
Universidad Autónoma de Campeche. 

[12] Castañeda, L. O., & Contreras, E. F. (1994). Serie bibliográfica comentada sobre ecosistemas 
costeros mexicanos (pp. 615). Golfo de México I: Tamaulipas a Veracruz. CONABIO/UAM-
1/CDELM.  

[13] Castañeda, C. M. R., Lango, R. F., & Pardío, S. V. (2007).  Plaguicidas organoclorados en 
ostión Crassostrea virginica de dos sistemas lagunares del estado de Veracruz, México. In R. 
F. Lango, C. M. R. Castañeda, V. M. P. Hernández, T. M. Cervantes, G. M. I. Jiménez, R. C. 
I. Pérez, & R. G. S. Curiel (Comp.), Memorias del Symposium AQUAMAR Internacional (pp. 
191-198). Boca del Rio, Veracruz, México.  

[14] Castañeda, C. M. R., Lango, R. F., & Landeros, S. C. (2011).  DDT in Crassostrea virginica 
(Gmelin, 1791) of Coastal Lagoons in the Gulf of Mexico. Journal of Agricultural Science, 
3(1), 183-193. 

[15] Carta Nacional Pesquera (2004).  Ecosistemas lagunares costeros. Diario Oficial de la 
Federación 15 de Marzo de 2004. Retrieved May 25, 2011, from http://www.conapesca. 
sagarpa.gob.mx/wb/cona/cona_parte_4 

[16] Clark, T., Clark, K., Paterson, S., Mackay, D., & Norstrom, R. J. (1988). Wildlife monitoring, 
modeling, and fugacity. Indicators of chemical contamination. Environmental Science and 
Technology, 22(2), 120-127. doi: http://dx.doi.org/10.1021/es00167a001 

[17] Contreras, F. (1985).  Lagunas costeras mexicanas. Centro de Ecodesarrollo (pp. 253). 
Secretaría de Pesca. D. F.  

[18] Contreras, E. F. (2001). Caracterización de lagunas costeras mexicanas a través de variables 
ecológicas seleccionadas (pp. 95). Tesis de Doctorado. División de Ciencias Biológicas y de 
la Salud. Unidad Iztapalapa. UAM. México. 

[19] COP (2001). Contaminantes Orgánicos Persistentes. Convenio de Estocolmo sobre 
Contaminantes Orgánicos Persistentes. Estocolmo. Retrieved February 26, 2012, from http:// 
europa.eu/legislation_summaries/environment/air_pollution/l21279_es.htm 

[20] CNROP (2004).  Centro Nacional de Referencia sobre Contaminantes Orgánicos Persistentes. 
Breve perfil de las sustancias COP incluidas en el Convenio de Estocolmo y el Reglamento 
(CE) nº 850/2004. Retrieved July 12, 2011, from http://www.cnrcop.es/gc/assets/docs 
/Lindano.pdf 



Agricultural Science 

~ 77 ~ 

 

[21] Diario Oficial de la Federación (1994). Norma Oficial Mexicana NOM-109-SSA1-1994, 
Bienes y servicios. Procedimientos para la toma, manejo y transporte de muestras de 
alimentos para su análisis microbiológico. Secretaría de Salud, Aclaración Diario Oficial de 
la Federación 26 de mayo de 1994. México. 

[22] Diario Oficial de la Federación (1995). Norma Oficial Mexicana Bienes y Servicios NOM-
117-SSA1-1994, Método de prueba para la determinación de cadmio, arsénico, plomo, 
estaño, cobre, fierro, zinc y mercurio en alimentos, agua potable y agua purificada por 
espectrometría de absorción atómica. Secretaría de Salud, Diario Oficial de la Federación 29 
de junio de 1995. México. 

[23] Diario Oficial de la Federación (2011).  NOM-242-SSA1-2009, Productos y servicios. 
Productos de la pesca frescos, refrigerados, congelados y procesados. Especificaciones 
sanitarias y métodos de prueba. Secretaria de Salud, Diario Oficial de la Federación 10 de 
Febrero de 2011. México. 

[24] Díaz, G. G., & Rueda, Q. N. (1996).  Niveles de concentración de plaguicidas organoclorados 
en las lagunas del Carmen, Machona y Alvarado (p. 177). In A. V. Botello., J. L. Rojas-
Galavíz., J. A. Benitez., & D. Zarate-Lomelí (Eds.), Golfo de México, Contaminación e 
Impacto Ambiental: Diagnostico y Tendencias (pp. 666). EPOMEX. Serie Científica 5. 
Universidad Autónoma de Campeche. México. 

[25] ELIKA (2008). Fundación Vasca para la Seguridad Agroalimentaria.  Ficha de sustancias 
indeseables: Alimentación animal. Retrieved June 28, 2012, from http://www.elika.net/datos/ 
pdfs_agrupados/Documento8/ENDRIN%20WEB%20doc.pdf 

[26] EPA (2012). Basic information about endrin in drinking water. Retrieved May 25, 2012, from 
http://water.epa.gov/drink/contaminants/basicinformation/endrin.cfm 

[27] EPA (2000). Guidance for assessing chemical contaminant data for use in fish advisories (3rd 

ed., volume 1, Fish sampling and analysis). Washington. Retrieved January 5, 2011, from 
http://www.epa.gov/waterscience/fishadvice/volume1/index.html 

[28] Escobar, J. (2002). La contaminación de los ríos y sus efectos en las áreas costeras y el mar. 
CEPAL Serie Recursos Naturales e Infraestructura. ECLAC. Naciones Unidas. Santiago de 
Chile, Chile. Retrieved May 22, 2012, from http://www.bvsde.paho.org/bvsacd/aidis-
ar/lcl1799e.pdf 

[29] Estavillo, G. C., & Aguayo, C. J. E. (2012). Ambientes sedimentarios recientes en Laguna 
Madre, NE de México. Retrieved May 25, 2012, from http://boletinsgm.igeolcu.unam.mx/ 
epoca03/1985-46-1%20y%202%20Estavillo-Aguayo.pdf 

[30] FAO (2010). El examen mundial de la pesca y la acuicultura 2010. Retrieved July 25, 2012, 
from http://www.fao.org/docrep/013/i1820s/i1820s01.pdf 

[31] Galavíz, S. A., Gutiérrez, E. M., & Castro del Río, A. (1986). Morfología, sedimentos e 
hidrodinámica de las lagunas de Dos Bocas y Mecoacán, Tabasco, México. Retrieved May 17, 
2012, from http://biblioweb.tic.unam.mx/cienciasdelmar/instituto/1987-2/articulo268.html 

[32] Frías, E. M. G., Voltolina, D., & Osuna, L. J. I. (2001). Acute toxicity of cadmium, mercury, 
and lead to whiteleg shrimp (Litopenaeus vannamei) postlarvae. Bulletin of Environmental 
Contamination and Toxicology, 67, 580-586. doi: http://dx.doi.org/10.1007/s001280163 

[33] Guillory, V., Perry, H., Steele, P., Wagner, T., Keithly, W., Pellegrin, B., Petterson, J., Floyd, 
T., Buckson, B., Hartman, L., Holder, E., & Moss, C. (2001).  Description of the stock(s) 
comprising the management unit (p. 3:1-40). In V. Guillory, H. Perry, & S. VanderKooy 



Science and Education Centre of North America©                www.todayscience.org 

~ 78 ~ 

 

(Eds.), The blue crab fishery of the Gulf of Mexico, United States: a regional management 
plan (pp. 403). Num. 96. Gulf States Marine Fisheries Commission Publishing. Ocean 
Springs, Mississippi 39566-0726. 

[34] INE (2011). Diagnóstico de la situación del endosulfán en México. Instituto Nacional de 
Ecología. México (pp. 35).  Retrieved June 8, 2012, from http://www.ine.gob.mx/descargas/ 
sqre/2011_diag_endosulfan_mex.pdf 

[35] INE (2012). Metales pesados. Sus efectos a la salud y medio ambiente. Retrieved June 8, 
2012, from http://www.ine.gob.mx/sqre-temas/763-aqre-metales#3 

[36] Lango, R. F., Landeros, S. C., & Castañeda, C. M. R. (2010).  Bioacumulation of cadmium 
(Cd), lead (Pb) and arsenic (As) in Crassostrea virginica (Gmelin, 1791), from Tamiahua 
lagoon system, Veracruz, México. Revista Internacional de Contaminación Ambiental, 26(3), 
201-210.  

[37] Laws, E. A. (2000).  Aquatic Pollution. An Introduction Text (3rd ed., Chapter 12). United 
States of America: John Wiley and Sons, Inc. 

[38] Luna, J. M., Rendón, V. O., & Alpuche, G. L. (2002).  Presencia de plomo en agua y ostión 
en las lagunas de Alvarado y La Mancha (pp. 427). Centro de Estudios Ambientales, A. C. 
Universidad Autónoma de Campeche. México.  

[39] Martínez, C. M. A., & Yarto, R. M. A. (2004). Capitulo 1: Antecedentes (p. 17-31). In B. A. 
Fernández., R. M. Yarto., & D. J. Castro (Eds.), Las sustancias toxicas persistentes en México 
(pp. 261). INE: SEMARNAT, Master Print México D.F.  

[40] Mendoza, D. F. (2010). Determinación de metales, Cd, Cr, Cu y Pb en Farfantepenaeus 
aztecus (Ivis, 1891) colectados en la laguna de Tampamachoco, Veracruz (pp. 84). Tesis de 
maestría. Universidad Veracruzana. México.  

[41] Muñetón, G. M. S., Villalejo, F., & Gárate, L. I. (2001). Contenido estomacal de Spondylus 
leucacanthus (Bivalvia: Spondylidae) y su relación con la temporada de reproducción y la 
abundancia de fitoplancton en Isla Danzante, Golfo de California. Revista de Biología 
Tropical, 49(2), 581-590. 

[42] Murphy, P. G. (1972). Sulfuric acid for the cleanup of animal tissues for analysis of acid-
stable chlorinated hydrocarbon residues. Journal of the Association of Analytical Chemists, 
55, 1360-1362. 

[43] ONU (1992).  Organización de las Naciones Unidas. Programa 21: Un Plan de Acción en pro 
del Desarrollo Sostenible-Texto definitivo de los acuerdos logrados por los Gobiernos en la 
Conferencia de las Naciones Unidas sobre el Medio Ambiente y el Desarrollo (CNUMAD) 3–
14 de junio de l992, Río de Janeiro, Brasil, Naciones Unidas, NY. USA. 

[44] Páez, O. F. (2005).  Fuente de metales en la zona costera marina (p. 329-342). In A. V. 
Botello., J. Rendón-von Osten., G. Gold Bouchot., & C. A. Hernández (Eds.), Golfo de 
México Contaminación e Impacto Ambiental: Diagnostico y Tendencias (2ª ed., pp. 696,). 
Univ. Autón. de Campeche, Univ. Nal. Autón. de México, Instituto Nacional de Ecología. 
México.  

[45] Palomarez, G. J. M., Castañeda, C. M. R., Lango-R, F., & Landeros, S. C. (2009).  Niveles de 
metales pesados en camarón café Farfantepenaeus aztecus de la laguna de Tamiahua, 
Veracruz, México. Revista de Investigaciones Marinas, 30(1), 63-69. 



Agricultural Science 

~ 79 ~ 

 

[46] Perry, H. M., & McIlwain, T. D. (1986). Blue crab-species profiles: Life histories and 
environmental requirements (pp. 21). U.S. Fish and Wildlife Service, Slidell, La, FWS/OBS-
82/11.55  

[47] Phillips, D. J. H., & Rainbow, P. S. (1989). Strategies of trace metals sequestration in aquatic 
organisms. Marine Environmental Research, 28, 207-210. doi: http://dx.doi.org/10.1016/ 
0141-1136(89)90226-2 

[48] Priju, C. P., & Narayana, A. C. (2007). Heavy and trace metals in Vembanad lake sediments. 
International Journal of Environmental Research, 1(4), 280-289. 

[49] Randall, R. C., Young, D. R., Lee, H. L., & Echols, S. F. (1998). Lipid methodology and 
pollutant normalization relation ships for neutral nonpolar organic pollutant. Journal of 
Environmental Toxicology and Chemistry, 17, 788-791. doi: http://dx.doi.org/10.1002/ 
etc.5620170504 

[50] Reguero, M., & García-Cubas, A. (1989). Moluscos de la Laguna de Alvarado, Veracruz: 
Sistemática y Ecología. Instituto de Ciencias del Mar y Limnología. UNAM. Retrieved June 5, 
2012, from http://biblioweb.dgsca.unam.mx/cienciasdelmar/instituto/1989-2/articulo347.html. 

[51] Reymer, A., & Reimer, R. D. (1975). Total mercury in some fish and shellfish along the 
mexican coast. Bulletin of Environmental Contamination and Toxicology, 14, 105-111. doi: 
http://dx.doi.org/10.1007/BF01685607 

[52] Toledo, O. A. (2005).  Marco conceptual: caracterización ambiental del Golfo de México (p. 
25-52). In A. V. Botello., J. Rendón-von Osten., G. Gold Bouchot., & C. A. Hernández (Eds.), 
Golfo de México Contaminación e Impacto ambiental: Diagnostico y Tendencias (2ª ed.,  pp. 
696). Univ. Autón. de Campeche, Univ. Nal. Autón. de México, Instituto Nacional de 
Ecología.  

[53] Tunnell Jr., J. W., Felder, L. D., & Earle, A. S. (2004).  Los ecosistemas del Golfo de México. 
El Golfo de México: pasado, presente y futuro. Una colaboración entre Estados Unidos de 
América, México y Cuba (pp. 361-371). Diagnóstico Ambiental del Golfo de México. In M. 
Caso., I. Pisanty., & E. Escurra (Comp.), SEMARNAT, INE, Instituto de Ecología y Harte 
Research Institute for Gulf of Mexico Studies (Vol. I., pp. 626). 

[54] UK (1998). MAFF UK: metals and other elements in dietary supplements and licensed 
medicinal products. Number 156. Retrieved May 26, 2011, from http://archive.food.gov.uk 
/maff/archive/food/infsheet/1998/no156/156diet.htm#bottom 

[55] UNEP (2009a). Endosulfan. Risk Profile. Adopted by the persistent organic pollutants review 
committee at its fifth meeting. Retrieved October 7, 2011, from http://chm.pops.int 
/Convention/POPs%20Review%20Committee/Chemicals/tabid/781/language/en-GB/Default. 
aspxUNEP/POPS/POPRC.5/10/Add.2 

[56] Viarengo, A., & Nott, J. (1993). Mechanims of heavy metal cation homeostasis in marine 
invertebrates. Comparative Biochemistry and Physiology, 104C, 355-372. doi: http://dx.doi. 
org/10.1016/0742-8413(93)90001-2 

[57] Villanueva, F. S., Ponce, V. G., Garcia, C., & Presa, J. (2010). Ecosistemas costeros. p. 37-72. 
In A.V. Botello., S. Villanueva-Fragoso., J. Gutiérrez., & J. L. Rojas Galavíz (Eds.), 
Vulnerabilidad de las zonas costeras mexicanas ante el cambio climático (pp. 514). 
SEMARNAT-INE, UNAM-ICMyL, Universidad Autónoma de Campeche. 

[58] Waliszewski, S. M., Szymczynski, G. A., & Rogowska, Z. (1985). Rapid and low cost method 
for monitoring determination of selected chlorinated pesticides in food mixture. Bulletin of 



Science and Education Centre of North America©                www.todayscience.org 

~ 80 ~ 

 

Environmental Contamination and Toxicology, 34, 518-526. doi: http://dx.doi.org/10.1007/ 
BF01609770 

[59] WHO (2003). Andrin and dieldrin in drinking water: Guidelines for drinking water quality. 
Retrieved May 19, 2012, from http://www.who.int/water_sanitation_health/dwq/chemicals/ 
adrindieldrin.pdf 

[60] Wilbert, G.C. (1971). The biological aspects of water pollution (2a ed., pp. 296). Charles C. 
Thomas Publisher, New York. 

[61] Williams (1974). The swimming crabs of the genus callinectes (Decapoda portunidae). 
Fishery bulletin, 72(3), 685-699.      


