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Background: Metal pollution is a problem in many parts of the world. These metals can be 
harmful when they exceed the recommended limits. By analyzing metal concentrations in 
living organisms, it is possible to deduce the bioavailability and the level of environmental 
contamination for specific metals in an ecosystem. The aim of this study was to determine the 
heavy metals copper, cadmium, lead, nickel and mercury in edible tissues of fish, to establish 
the risk analysis for human health. There are currently no studies in this area indicating these 
factors.

Methods: The edible tissue samples were treated under the techniques of the official mexican 
standards (NOM-117-SSA1) and analyzed using atomic absorption spectroscopy (flame and 
graphite). The heavy metal concentrations were used to calculate the estimated daily intakes, 
target hazard quotients, hazard indices, and target cancer risks for children and adults.

Results: The highest concentrations of copper (138.82 μg/g), cadmium (1.28 μg/g) and lead 
(3.20 μg/g) in the edible tissue samples exceeded the permissible limits considered in this 
study while nickel and mercury levels did not. The target hazard quotient indices for copper, 
cadmium and nickel in specific sites were higher than the United States Environmental 
Protection Agency (US-EPA) criteria (>1), while the values   for mercury and lead were below 
one. The hazard indices were higher than the US-EPA criteria (>1) in more than 50% of the 
sites analyzed. 

Conclusion: This study is an alert, indicating that inhabitants who consume the fish, particularly 
children, are at risk of cadmium, lead and nickel toxicity.
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Introduction 

urrently, coastal ecosystems are exposed 
to a heavy metal pollution due to the cur-
rent industrial and urban activities. This 
problem arises from the fact that large 
amounts of waste materials are dumped 

without proper advance treatments. Heavy metals are 

of special interest because they are highly persistent, 
toxic, and can accumulate in the exposed organisms [1, 
2]. During the transport of heavy metals to the sea, they 
undergo physical and chemical transformations, such as: 
precipitation, sedimentation and adsorption in the sedi-
ments, all of these make them available to the aquatic 
life [3]. In this context, heavy metals contamination is 
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a serious threat to aquatic systems due to their toxicity, 
abundance and persistence in the environment [4]. 

Cadmium (Cd) is a non-essential element that is gener-
ated as a waste material from fertilizer production and 
other industrial activities. There are no natural sources 
that generate and release Cd into the environment [5]. 
In species, such as Galaxias maculatus the effects of 
Cd on the metabolic processes have been observed, in-
cluding the deterioration of oxygen consumption, stress 
parameters, and decreased activity of hepatic catalase 
enzyme [6]. Copper (Cu) is an essential trace element 
that can cause harmful effects in fish and tend to accu-
mulate heavy metals in their tissues, causing damages, 
such as histopathological alterations [7]. Lead (Pb) is a 
potential threat to aquatic life, leading to decreases in red 
and white blood cells in both humans and fish. It also 
decreases blood hemoglobin, and is responsible for a rise 
in the rate of serum heterophile antigens [8].

Catfish, Ariopsis felis (A. felis), is produced and mar-
keted in Mexico either captured from the sea or at aqua-
culture farms. It is popular for its flavor and nutritional 
benefits, and is a source of high economic profits, its 
capture and production is carried out by various com-
munities in Mexico [9]. The American Heart Associa-
tion recommends the consumption of fish for the useful 
fatty acids contents [10]. There are few studies con-
ducted in Mexico on this subject. One of the studies that 
was undertaken in the Gulf of Mexico, showed that the 
abundant toxic metals found in the catfish tissues were 
chrome (Cr), vanadium (V), and nickel (Ni) [11]. 

Health risk analyses allow us to predict the possible 
adverse effects on humans arising from carcinogens and 
non-carcinogens due to the consumption of species that 
are exposed to toxic food contaminants. This study was 
designed to investigate the presence of specific heavy 
metals and the degree of contamination in edible tissue 
samples of catfish A. felis that grows in Mexico, and to 
compare the levels with the safe limits set by national 
and international organizations, such as Food and Agri-
culture Organization (FAO), World Health Organization 
(WHO), Ministry of Agriculture Forestry and Fisheries 
(MAFF), and Official Mexican Standards (NOM).

Materials and Methods

Geographic Area: Pom-Atasta system in Mexico is lo-
cated in the western part of the Terminos Lagoon, be-
tween 18°, 30’ and 18°, 35’ north latitude and 91°, 50 ‘ 
and 92°, 20’ west longitude. It is part of the coastal plain 
of Campeche, supplied by the Grijalva and Usumacinta 

rivers. This aquatic system consists of interior lagoons 
of variable dimensions, with a total area of approxi-
mately 300 km2 and a depth of 2.7 meters. Atasta and 
Pom are the largest body of waters, and include banks 
where clams (Rangia cuneata), oysters (Crassostrea vir-
ginica), crab (Callinectes sapidus) and catfish are caught 
commercially. The water temperature in this area ranges 
between 25.6 and 32.6°C with the transparency of 20 to 
83.3%. The oxygen content in these waters vary widely, 
from 4.2 to 8.2 ml/L. This aquatic system is dominated 
by clay silt sediments with a low content of calcium car-
bonate [12].

Marine Sample Collection: In Atasta Lagoon (Figure 1), 
fishing make up an important economic activity. To catch 
the marine organisms, two sampling campaigns were car-
ried out in the rainy and dry seasons (Table 1). The organ-
isms were collected through artisanal fishing techniques, 
using casting net. A total of 60 catfish samples were caught.

Sample preparation for analyses: The edible tissue was 
dissected and removed from each fish, using a compos-
ite sample type. These tissues were homogenized in a 
food processor, obtaining a sample of 20 g, which were 
treated according to the method suggested by the offi-
cial Mexican standards [13]. The tissue digestion was 
achieved by the addition of 10 ml of nitric acid (HNO3; 
CAS 7697-32-2; Sigma Aldrich) followed by heating the 
homogenate at controlled temperature and the addition 
of 2mL hydrogen peroxide H2O2 (CAS 7722-84-1; Sig-
ma Aldrich) in 30% solution. The digested samples were 
concentrated to a volume of 1mL, and filtered through 
Whatman #32 paper. Finally, the filtrate was made up to 
20 ml for the subsequent analyses. 

Sample analyses: The edible tissue samples were ana-
lyzed in an atomic flame absorption equipment adapted 
with a Thermo-Scientific brand graphite furnace (iCE 
3000). For the quality control of the procedures, the 
traceable reference materials of the ARSA spectromet-
ric solutions were used. These were produced under the 
NMX-EC-17025-IMNC-2006 standard (the general re-
quirements for the competence of testing and calibration 
laboratories). For the quality control and calibration of 
the equipment, the Limits Of Detection (LD) and Quan-
tification (LQ) were estimated. 

Statistical analyses: The variation of the mean concen-
trations of heavy metal contents in the edible tissue were 
evaluated according to the climatic season (rainy, dry) 
and the site, by means of a one way analysis of variance 
(ANOVA, α=0.05), using the statistical package, Statis-
tica software, version 7.1. 
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Risk Analysis: According to the US-EPA [14], the 
evaluation of health risks is based on such parameters 
as estimated daily intake (EDI), target hazard quotient 
(THQ), hazard index (HI) and target cancer risk (TCR), 
using the following equations (Equation 1):

1. EDI=
(FIR)(MC)

(Bwc)

Where:

FIR = Proportion of fish consumed (100g, children; 
240g, adult men/women/week) [9, 15].

MC = Concentration of the metal in µg/g.

Bwa = The average body weight of the population of 
interest (70kg, men; 60kg, women, and 16 kg, children 
aged 4-6 years) [15]. 

Target Hazard Quotient (THQ): To set up these val-
ues, the US-EPA risk analysis standards [14] were used. 
Equation 2 shows the estimate of THQ, in which the 
correction factors were not used [15-17] .

2. THQ=
(Efr)(EDtot)(FIR)(MC)

(Rfd)(Bwa)(Atn)
Where:

Efr = Frequency of exposure (365 days/year)

EDtot = Frequency of exposure (Mexican population: 
70 years). 

Rfd = Reference dose of individual metal (µg/g/day); 
5x10-4 for Hg; 1x10-3 for Cd; 4x10-3 for Pb; 2x10-2 for Ni 
and 4x10-2 for Cu [15-17].

Atn = Average time for non-carcinogens (EfrxEDtot). 

Hazard Index (HI): was determined with the individu-
al sum of each of the analyzed factors that represent the 
target hazard quotient and Equation 3. 

3. HI= THQ
Toxican n

Toxican 1
∑

Target Cancer Risk (TCR): was based on Region III 
values of US-EPA criteria [18], and Equation 4.

4. TCR=
(Efr)(ED)(FIR)(MC)(CPSo)

(Bwa)(Atn)

Where:

Carcinogenic Potency Slope (CPSo): CPSo , oral 
(µg/g bw/day) 8.5x10-3 for Pb, [18] 1.7 for Ni [19] and 
2.59 x10-4 for Cd [19].

Results 

Heavy metals in edible tissue samples: In the present 
study, only the edible tissue (muscles), were selected for 
analyses. The quality control parameters are shown in 
Table 2. The results obtained for the edible tissues are 
shown in Table 3.

Figure 1. Study area
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Copper: The seasonal averages of Cu were 68.25 µg/g for 
the dry and 39.74 µg/g for the rainy seasons. The statistical 
analyses indicated that there were significant differences for 
the sites and the seasons (P<0.05). The Mexican legislation 
(NOM) does not consider Cu as a pollutant in fish; however, 
the international standards set by FAO and WHO allow a 
maximum of 20 and 30 µg/g respectively, so the detected 
levels were above these limits (Table 4) [20, 21]. The aver-
age values did not exceed any of the required limits.

Cadmium: The concentration of Cd was higher in the 
dry season with the maximum being 1.2864 µg/g (site 3) 
which exceeded the permissible limits of 0.5 µg/g by the 
Mexican legislation NOM [21] and the international lim-
its of FAO and MAFF whose permissible levels are 0.5 
and 0.2 µg/g, respectively (Table 4) [20-23]. The average 
in the dry season were 0.223 and 0.046 µg/g in the rainy 
season. Statistically, there were significant differences 
for the climatic season (P<0.05). Total average value did 
not exceed any of the recommended limits.

Lead: The average value for lead, determined in the dry 
season, was 0.907 µg/g, which exceeded the values (0.5 
µg/g) set by FAO and JECFA (Table 4) [20, 24]. The high-
est concentration found in the dry season of 3.209 µg/g 
(site 7) was above the permissible limits of FAO, WHO, 
NOM, MAFF and JECFA (Table 4) [20-24] whose lim-
its are 0.5, 2.0, 1.0, 2.0 and 0.5 µg/g, respectively. In the 
rainy season, the average value was 0.0439 µg/g, which 
did not exceed any of the recommended limits.

In the current study, significant differences existed 
among the sites and seasons, based on the statistical 
analysis (P<0.05). However, the average value 0.224 
µg/g did not exceed any of the recommended limits. 

Nickel: The maximum concentration found for Ni 
(41.77 µg/g) occurred in the rainy season at site 5. The 
average values for the dry and the rainy seasons were 
5.73 µg/g and 10.22 µg/g, respectivily. Statistically, there 
were significant differences for Ni per climatic season 
(P<0.05). The US-FDA [25] has established a maximum 
limit of 70-80 µg/g of Ni in fish (Table 4), the results ob-
tained by our study were within the international limits. 

Mercury: The maximum value of Hg was 0.03 µg/g 
during the rainy season (site 4) and all of the values   de-
termined were lower than the maximum permissible of 
0.5 µg/g set by WHO and Mexican legislation (NOM) 
[21, 22]. The international limits (Table 4) has estab-
lished a maximum level of 0.05 µg/g for Hg in fish.

Accumulation of Cu, Cd and Pb in specific sites were 
higher than the recommended limits set by FAO, WHO, 
NOM, MAFF and JECFA [20-24]. Hence, the human 
health risk assessments were carried out.

Risk analysis: The evaluation of risks to human health 
is “The process to estimate the nature and probability 
of adverse effects on human health when exposed to 
chemicals in contaminated environments” US-EPA [14]. 
The Estimated Daily Intake (EDI), Target Hazard Quo-
tient (THQ), Hazard Index (HI) and Target Cancer Risk 
(TCR) are shown in Tables 5-7.

THQ in children: This value should not exceed 1; if 
the detected value is lower than one, it is interpreted that 
there is no evidence of adverse effects or potential car-
cinogenic risk in the exposed population. In the present 
study, the THQ value was higher than one for Cu at sites 
4 and 7 (dry season) and 1, 3 and 5 (rainy season), for Cd 

Table 1. Sampling sites and geographic coordinates along Atasta lagoon, Mexico

Sampling Site Geographical Coordinate

1 8°34’57.69”N 92° 8’39.68”O

2 8°34’57.69”N 92° 8’39.68”O

3 18°34’49.27”N 92° 6’30.09”O

4 18°35’22.17”N 92° 4’50.89”O

5 18°34’47.82”N 92° 4’90.41”O

6 18°35’31.63”N 92° 4’50.22”O

7 18°36’21.76”N 92° 3’55.16”O

8 18°36’45.84”N 92° 4’42.91”O

9 18°37’60.39”N92° 5’17.21”O
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Table 2. Quality control parameters. 

Metal Wavelength (nm) LD (μg/g) LQ (μg/g) Standard Calibration (μg/L) Correlation Coefficient (R2)

Cu 324.8 0.190 0.109 0, 3, 5, 10, 20,50, 100 0.985

Cd 228.8 0.033 1.561 0, 0.1, 0.3, 0.5, 1.5, 3.5 0.989

Pb 217.0 0.095 0.290 0, 0.1, 0.2, 0.5, 5, 10 0.956

Ni 283.3 0.515 0.101 0, 0.1, 2, 10, 20, 30,50 0.956

Hg 253.7 0.036 0.578 0, 0.1, 0.2, 0.5, 1, 1.5, 5 0.995

Table 3. Average values in the edible tissue samples of catfish A. felis in μg/g.

Site Climatic Season
Edible Tissue Samples

Cu Cd Pb Ni Hg

1 1 10.7000 0.6287 0.2567 5.0303 0.0032

2 1 ND ND ND ND ND

3 1 27.040 1.286* 0.144 14.599 0.002

4 1 96.460 0.022 0.018 14.967 0.029

5 1 ND ND ND ND ND

6 1 ND ND ND ND ND

7 1 138.820* 0.069 3.209* 16.963 0.004

8 1 ND ND ND ND ND

9 1 ND ND ND ND ND

1 2 46.350 0.002 0.149 20.877 0.001

2 2 ND ND ND ND ND

3 2 61.300 0.380 0.029 23.131 0.018

4 2 0.850 0.004 0.010 2.199 0.029

5 2 46.000 0.004 0.027 41.774* 0.003

6 2 1.220 0.009 0.027 1.633 0.015

7 2 42.670 0.007 0.046 1.198 0.001

8 2 42.290 0.000 0.110 0.575 0.002

9 2 38.410 0.008 0.003 0.627 0.021

Average*
Standard deviation

30.672 0.134 0.224 7.976 0.007

38.802 0.331 0.748 11.708 0.010

* Determined maximum value. **Average values for 3 replications. Climatic season: 1 (dry); 2 (rainy). ND: Not detected.
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Table 4. Recommended limits of heavy metals in fish (µg/g).

Agency Year Cu Cd Pb Ni Hg Reference

FAO 1983 30 0.5 0.5 - 0.5 [21]

WHO 1996 20 2 2 - 0.05 [22]

NOM 2009 - 0.5 1 - 1 [23]

MAFF 2000 20 0.2 2 - - [24]

JECFA 1989 - - 0.5 - 0.5 [25]

US-FDA 1993 - - - 70-80 - [26]

Table 5. Estimated daily intake (EDI) (µg/kg/week) values of metals via consumption of edible tissue samples of catfish A. felis

 Site Climatic 
Season

Children: Estimate Based on Mean Body Weight 
(16 kg)

Adults: Estimate Made Based on the Average 
Body Weight (70 kg)

Cu Cd Pb Ni Hg Cu Cd Pb Ni Hg

1 1 66.875 3.929 3.929 31.439 0.020 36.685 2.155 0.880 17.246 0.010

2 1 ND ND ND ND ND ND ND ND ND ND

3 1 169.000 8.040 8.040 91.248 0.0183 92.708 4.410 0.4944 50.056 0.010

4 1 602.875 0.137 0.137 93.545 0.183 330.720 0.075 0.0624 51.316 0.100

5 1 ND ND ND ND ND ND ND ND ND ND

6 1 ND ND ND ND ND ND ND ND ND ND

7 1 867.625 0.436 0.436 106.022 0.029 475.954 0.239 11.004 58.160 0.016

8 1 ND ND ND ND ND ND ND ND ND ND

9 1 ND ND ND ND ND ND ND ND ND ND

1 2 289.680 0.013 0.013 130.481 0.009 158.914 0.0072 0.512 71.578 0.005

2 2 ND ND ND ND ND ND ND ND ND ND

3 2 383.125 2.378 2.378 144.573 0.116 210.171 1.304 0.101 79.308 0.063

4 2 5. 312 0.030 0.030 13.749 0.186 2.914 0.016 0.034 7.542 0.102

5 2 287.500 0.028 0.028 261.087 0.022 157.714 0.015 0.094 143.225 0.0120

6 2 7. 625 0.061 0.061 10.208 0.098 4.182 0.033 0.095 5.599 0.054

7 2 266.687 0.046 0.046 7.492 0.006 146.297 0.025 0.158 4.110 0.003

8 2 264.312 0.005 0.005 3.593 0.018 144.994 0.002 0.379 1.971 0.010

9 2 240.062 0.055 0.055 3.922 0.135 131.691 0.030 0.011 2.151 0.074

Climatic season: 1 (dry); 2 (rainy). ND: Not detected.
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at site 3 (dry season), and for Ni at sites 3 and 6 (rainy 
season). THQ values we are less than one for Pb and Hg 
in all sites and seasons.

HI in Children: In this study, 50% of the sites exceeded 
the values   of the comparison standard, i.e., HI>1.

THQ in Adults: The THQ value in adults were only 
greater than one for Cu in sites 4 and 7 (dry season).

HI in Adults: The values obtained for 33% of the sites 
exceeded those   of the comparison standards, i.e., HI>1. 

For Cu and Hg, the TCR values wwere not determined, 
and there we r e n o  carci nogenic potency slope, oral 
(CPSo) values [26]. 

Discussion

The internal organs of fish tend to accumulate heavy 
metals [27-30]. Analogous results were shown in the 
fish, Pterois volitans [28]. In an study conducted on Ky-
phosus vaigiensis, Stegastes rectifraenum and Balistes 
polylepi [29] the authors concluded that Cd and Cu ac-
cumulated differently in the organs. The findings agree 
with the bioaccumulation studies on muscle, liver and 
gills in Cyprinus carpio, where no significant differences 
were found in the metals’ levels in the muscle and liver 
[30], supporting the hypothesis that fish muscle is a good 
indicator of heavy metals contamination [27-30]. 

The bioavailability of metals in the muscles of Ictalurus 
punctatus, Lepomis cyanellus and Lepomis macrochirus 
is subject to climatic conditions [31], and the findings are 

Table 6. Target Hazard Quotient (THQ) and Hazard Index (HI) values of metals via consumption of edible tissue samples of 
catfish A. felis

Site Climatic 
Season

 Children: Mean Body Weight (16 kg) HI: 
Children

Adults: Mean Body Weight (70 kg) HI: 
AdultsCu Cd Pb Ni Hg Cu Cd Pb Ni Hg

1 1 0.238 0.561 0.057 0.224 0.005 1.087** 0.131 0.307 0.031 0.123 0.003 0.596

2 1 ND ND ND ND ND ND ND ND ND ND ND ND

3 1 0.603 1.148* 0.032 0.651 0.005 2.441** 0.331 0.630 0.017 0.357 0.002 1.339**

4 1 2.153* 0.019 0.004 0.668 0.052 2.897** 1.181* 0.010 0.002 0.366 0.028 1.589**

5 1 ND ND ND ND ND ND ND ND ND ND ND ND

6 1 ND ND ND ND ND ND ND ND ND ND ND ND

7 1 3.098* 0.062 0.716 0.757 0.008 4.643** 1.699* 0.034 0.393 0.415 0.004 2.547**

8 1 ND ND ND ND ND ND ND ND ND ND ND ND

9 1 ND ND ND ND ND ND ND ND ND ND ND ND

1 2 1.034* 0.001 0.033 0.932 0.002 2.004** 0.567 0.001 0.018 0.511 0.001 1.099**

2 2 ND ND ND ND ND ND ND ND ND ND ND ND

3 2 1.368* 0.339 0.006 1.032* 0.033 2.780** 0.750 0.186 0.003 0.566 0.018 1.525**

4 2 0.018 0.004 0.002 0.098 0.053 0.177 0.010 0.002 0.001 0.053 0.029 0.097

5 2 1.026* 0.004 0.006 1.864* 0.006 2.908** 0.563 0.002 0.003 1.023 0.003 1.595**

6 2 0.027 0.008 0.006 0.072 0.028 0.143 0.014 0.004 0.003 0.039 0.015 0.078

7 2 0.952 0.006 0.010 0.053 0.001 1.024** 0.522 0.003 0.005 0.029 0.001 0.562

8 2 0.943 0.000 0.024 0.025 0.005 1.000** 0.517 0.000 0.013 0.014 0.002 0.548

9 2 0.857 0.007 0.000 0.028 0.038 0.932 0.470 0.004 0.000 0.015 0.021 0.511

Climatic season: 1 (dry); 2 (rainy). ND: Not detected. *=THQ>1, **HI>1.
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consistent with our results. In the current study, the Cu 
concentrations exceeded those of THQ>1 for five sites 
in both climatic seasons. Our findings suggest that there 
might have been a constant source of Cu generation. The 
Cd level exceeded THQ>1   at one site during the dry sea-
son. This finding may be due to the proximity to popu-
lated areas. Further, Ni exceeded the comparison values   
of THQ>1 at two sites during rainy season. Given our 
findings, the consumption of catfish A. felis should be 
considered a health risk in   southern Mexico, mainly for 
the most vulnerable population, i.e., children. These re-
sults are consistent with a previous study, where THQ>1,   
exceeding the comparison parameters [32] and pointing 
out to the vulnerabil i ty of  the population to toxic and 
persistent bioaccumulative pollutants present in fish.

Cadmium is considered a potent carcinogen accord-
ing to the International Agency for Research on Cancer 
(IARC) [33]. Tolerable limits for the increased risk of 

cancer, according to the New York State Department of 
Health, (NYSDOH) [34], the TCR categories are defined 
as: TCR≤10-6 low, between10-4 to 10-3 moderate, and be-
tween 10-3 to 10-1 high. Also, TCR≥10-1 is very high and 
with a high probability that the exposed population may 
develop cancer at some point in their lives. Based in our 
findings, the Cd, and Pb values for children were in the 
“low risk” category. The Ni values in children were at 
“moderate risk.” For adults, only the Ni concentration 
was classified at “moderate risk.”

The consumption of  marine species caught in rivers 
and lakes is restricted in some countries. It is also advis-
able that children at ages 1 to 4 years old only should 
consume an average of 75 g of fish per month. In chil-
dren aged 5 to 11 years, the recommended amount is 125 
g per month, and for pregnant women, the permissible 
amount is no more than 150 g per month [35]. 

Table 7. Target Cancer Risk (TCR) values of metals via consumption of edible tissue samples of catfish A. felis

Site Climatic 
Season

Children: Mean Body Weight (16 kg) Adults: Mean Body Weight (70 kg)

Cd Pb Ni Cd Pb Ni

1 1 8.161E-09 4.465E-08 0.003 2.455E-09 1.343E-08 0.001

2 1 ND ND ND ND ND ND

3 1 3.416E-08 1.409E-08 0.028 1.021E-08 4.240E-09 0.008

4 1 9.993E-12 2.244E-10 0.030 3.007E-12 6.754E-11 0.0091

5 1 ND ND ND ND ND ND

6 1 ND ND ND ND ND ND

7 1 1.008E-10 6.980E-06 0.038 3.035E-11 2.100E-06 0.011

8 1 ND ND ND ND ND ND

9 1 ND ND ND ND ND ND

1 2 9.105E-14 1.512E-08 0.059 2.740E-14 4.551E-09 0.017

2 2 ND ND ND ND ND ND

3 2 2.990E-09 5.977E-10 0.0725 9.000E-10 1.798E-10 0.021

4 2 4.757E-13 7.049E-11 0.000 1.431E-13 2.121E-11 0.000

5 2 4.181E-13 5.124E-10 0.236 1.252E-13 1.542E-10 0.071

6 2 2.023E-12 5.274E-10 0.000 6.089E-13 1.587E-10 0.000

7 2 1.161E-12 1.440E-09 0.000 3.495E-13 4.333E-10 5.861E-05

8 2 1.321E-14 8.288E-09 4.480E-05 3.976E-15 2.494E-09 1.348E-05

9 2 1.635E-12 7.379E-12 5.338E-05 4.921E-13 2.220E-12 1.606E-05

Climatic season: 1 (dry); 2 (rainy). ND: Not detected.
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Conclusions

Due to lack of effective seashore monitoring and envi-
ronmental regulations, the lagoons in the Gulf of Mexico 
are contaminated with heavy metals. This study found 
large amounts of toxic heavy metals, including copper, 
lead, nickel and cadmium, at specific sites in the fishing 
areas along the Gulf of Mexico shoreline. Our health risk 
assessments of the heavy metals suggest that cadmiun 
and nickel may contribute to the carcinogenic conditions 
in humans who consume the catfish caught in these ar-
eas. The carcinogenic risk from the heavy metal contam-
inations to the health of children and adults was found 
to be from low to moderate. Based on our findings, the 
consumption of catfish A. felis caught in the above-men-
tioned areas is not recommended. This study contributes 
significant data to the various agencies in Mexico, other 
countries, and agencies, such as the US-EPA. Our data 
are useful to the development of toxicological standards 
in order  to determine the risks to the human health aris-
ing from the consumption of foods contaminated with 
heavy metals. The data in support of the findings of this 
study are available from the corresponding author.

Limitations of the Study: This study showed contami-
nation of  heavy metals in catfish. However, the levels 
of contamination can be similar in other species in the 
same area.

Recommendations for Future Studies: Analyze other 
species such as clams (R. cuneata) and oysters (C. virgi-
nica) in heavy metal contamination studies. 
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