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Abstract

Aquatic environments are being impacted in Mexico and worldwide due to
anthropogenic activities. Since some metals are accumulated in the environment
while others are magnified in the chain trophy, they represent a risk to organisms
living there as well as human settlements established in the zone. The objective
was to identify the concentration of lead (Pb) and copper (Cu) in the water of
Barra de dos Bocas located in Tabasco, Mexico. The water sampling was done
at depths of 1, 3 and 5 m, obtaining a weekly sample of 500ml during the period
between January and May 2007. The water samples were treated and analyzed
according to Mexican Norm NMX-AA-SCFI-051-2001 using atomic absorption.
In addition, pH and EC were determined. The Pb concentration varied in the
range of 0.123-0.378+0.062 mg L. The Pb levels were higher than those
established in the Ecological Norm NOM-001-ECOL-1996, which indicates a
Maximum Permissible Level of 0.2 mg L. The Cu levels were within a range of
0.004-0.2584+0.023 mg L' which is below the Maximum Permissible Level
indicated in the norm of 0.4 mg L. The Pb may pose a problem to the aquatic
environment and a health risk to humans
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1 Introduction

Heavy metals can cause a different sort of pollution in any given environment.
Some of them like Pb, Cu, Hg and Cd, are very toxic and widely distributed
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overseas, which is a potential health risk to humans or to organisms in that
environment [1-4]. In the case of Mexico’s coastal areas, studies have
considered the level of heavy metals [5—8] to evaluate the environmental impact
and the effect on aquatic organisms [9, 10]. Mendez ef al. [11] and Mendez et
al. [12] carried out studies in the Gulf of Mexico, specifically in the
Coatzacoalcos River, and found levels of Pb of 11.6 mg L and 29.4 mg L™
These results represent a cautionary situation because they are higher than those
established in the Mexican Norm [12], which specifies a value of 0.006 mg L™ as
a Maximum Permissible Limit (MPL).

Given this background, it is important to detect the levels of metals like Pb
and Cu, because anthropogenic activities might accelerate this process in aquatic
environments [13, 14]. Consequently, the metal presence in water could be a real
issue for communities or the environment, specifically in the area known as Boca
de dos Rios in Tabasco, Mexico, which has been altered by the oil industry for
discharge purposes and by the touristic zone of Paraiso for dumping residual
waste. One must remember that Tabasco is the most significant crude oil
producer in Mexico. The objective was to determine the concentration levels of
Pb and Cu in Boca de dos Rios. These results will help different levels of
Mexican authority to take regulatory action against anthropogenic activities and
to improve environmental legislation; but more importantly, to provide better
health to the communities established in the zone and to those protecting coastal
environmental quality.

2 Materials and methods

The study was carried out in the district known as Barra de dos Bocas, Tabasco,
Mexico. This area is located between the lagoon named dos Bocas and the
lagoon known as Mecoacan, at 18°16', 18° 26' North Latitude and 93°04', 93° 14"
West Longitude. It corresponds to the physiographic province identified as
Llanura Costera del Golfo or Zona Pantanosa de Tabasco and is also in the lower
part of the Mezcalapa River (Figure 1). The zone is situated 50 km west of the
border community and 68 km north of the community of Cardenas. The closest
town is Puerto Ceiba, which is a settlement in the northeastern part of both
lagoons.

The water sampling was taken from the lower part of the Seco River, in the
direction of the Gulf of Mexico. We hypothesized that at this point, it was
possible to find sediments and organic material coming from the tourist city of
Paraiso. Also, in this area, it was possible to find some hydrocarbon as a
byproduct of the oil industry in Tabasco. Water samples were taken at three
depths; 1, 3, and 5 m and were obtained according to Mexican Norm [15] at
weekly intervals during the period between January and May 2007. The water
sampling and water analysis were completed to determine Pb and Cu
concentration according to Mexican Norm [12].
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Figure 1: Map of Laguna dos Bocas showing the sampling points.

3 Results and discussion

Figure 2 shows five graphs (a)—(e) that point out the results of Pb concentration
in the five sampling months and in the three depths. Figure 2(f) indicates the
mean level per month and per depth. In all graphs, a horizontal line calls
attention to the MPL established in Mexico’s Ecological Norm for coastal waters
(fishing exploitation, navigation and other uses) with the aim of comparing the
concentrations found. In the January sampling, concentrations were noted in the
range of 0.166-0.287 mg L™ in to 1 m depth (Figure 2(a)). These values were
lower and were detected during the first three weeks because in the fourth week,
sampling was observed in the higher concentration, reaching a value of 0.287 mg
L. In the samples at the 3 m depth, the concentrations were noted in a range of
0.266-0.378 mg L', observing higher levels in the three week samples. As to
water samples in the 5 m depths, the concentrations of this element were in the
range of 0.260-0.301 mg L' which is below the concentrations found at the 3 m
depth.

In the February sampling, the concentration of Pb in 1 m depth was in the
range of 0.184-0.222 mg L' (Figure 2(b)). In water samples at 3 m, the
concentration levels varied in the range of 0.209-0.290 mg L' which is higher
that those observed at 1 m. In the case of 5 m depth samples, the concentrations
were in the range of 0.280-0.312 mg L™ which is higher than those noted in 1 m
and 3 m depths.
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Figure 2: Pb concentration (mg L) considering sampling month, sampling
depth (a)—(e) and a concentrate of data (f).

In the March samples, the concentration level was as high as 0.293 mg L™ at
5 m and was observed in the fourth week (Figure 2(c)). This level was slightly
higher than those observed in 1 m (0.292 mg L") and in 3 m depth samples.
April concentrations at 1 m depth were in the range of 0.159-0.249 mg L' while
at 3 m, they varied from 0.201-0.258 mg L™ t0 0.279-0.306 mg L™ at 5 m depth
(Figure 2(d)). It was evident that higher concentrations of Pb were noted in the
first weeks at 5 m depth. These results may be explained by the presence of
sediments in the river that are considered critical to an aquatic environment [16,
17]; nevertheless, this metal was not found in the samples at 5 m depths during
the last two weeks.

In the May samples, the concentrations were detected in the range of 0.201-
0.321 mg L™ at 1 m depth and of 0.243-0.286 mg L™ at 3 m depth (Figure 2(¢)).

WIT Transactions on Biomedicine and Health, Vol 14, © 2009 WIT Press
www.witpress.com, ISSN 1743-3525 (on-line)



Environmental Health Risk V' 129

It was also noted that Pb was not detectable at 5 m depths during the monthly
samples. Figure 2(f) shows a concrete of the mean concentration of 0.123—
0.378+0.062 mg L™ that is higher than the MPL pointed out in the Mexican
Norm. The results reported in this study concerning Pb are higher than those
reported in previous research that specify levels of 0.23+0.14 mg L™ in Laguna la
Machona and levels of 0.24+0.4 mg L™ in Laguna de Mecoacan, in Tabasco [10].
Moreover, in Laguna de Terminos in Campeche, Mexico, levels of 0.25+0.01 mg
L' [3] were detected that are also lower than those reported in this research. The
Pb level in water has been considered a potential threat to human life throughout
Mexico, when it is analyzed that Pb concentration could be as high as 0.45 ppm,
reported for the Laguna de Bustillos in northern Mexico [14].

The Environmental Protection Agency (EPA) of the United States has
determined toxicity limits for concentrations of metals in aquatic estuarine and
coastal areas [18]. For Pb, the MPL is specified in 5.8 pg L as the mean
concentration in four days. It is a well-known fact that high levels may cause
toxicity in humans and even death. Therefore, it is noted that the present study
results concerning water quality carried out in Barra de dos Bocas, are superior
to the values specified in Mexican and international norms.

Figure 3 (a)—(e) shows the concentration levels of Cu due to sampling month,
sampling depth and a concentrate of the mean information of this element
(Figure 3(f)). In the January sampling, the levels of Cu varied in the range of
0.038-0.079 mg L™ at 1 m depth and of 0.034-0.064 mg L™ at 3 m depth. This
element was not detected in water samples at 5 m depth (Figure 3(a)). Results of
the February sampling are noted in Figure 3(b). Notice that the higher level was
detected during the first week with a concentration level of 0.027-0.064 mg L™ at
1 m depth. The Cu concentration at 3 m depth was in the range of 0.038-0.052
mg L™ similar to the January sampling. Cu levels were not detected during this
month at 5 m depth. During the March sampling, the Cu concentrations varied
from 0.034-0.074 mg L™ (Figure 3(c)) at 1 m depth while concentrations in the
range of 0.036-0.046 mg L™ were noted at 3 m depth. Figure 3(d) exemplifies the
results of the April sampling. It is evident that, generally Cu concentrations
increased after each week of sampling. The concentration level at 1 m depth
varied from 0.031-0.065 mg L' while in the 3 m depth, changes were in the
range of 0.051-0.107 mg L™,

Water samples in May showed concentrations of 0.041-0.243 mg L™ at 1 m
depth and of 0.004-0.258 mg L™ at 3 m depth (Figure 3(e)). A higher Cu level
was noted during the last week of sampling with 0.243-0.258 mg L. General
data for this element from January to May 2007 is shown in Figure 3(f). In
general, the results reported here are higher than some previously reported in
analogous ecosystems, such as in the neighboring state of Veracruz, Mexico,
where 0.049 mg L' was reported and Campeche, Mexico with levels of
0.045 mg L' [19]. Nonetheless, in this particular case, the Cu concentration did
not over estimate the MPL that is specified in Mexico’s Ecological Norm that
point to a level of 0.4 mg L' for coastal water. Moreover, the EPA has
established a level of 2.9 pg I'' that is higher than the values reported in the
present study.
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Figure 3: Cu concentration (mg L) considering sampling month, sampling

depth (a)—(e) and a concentrate of data ().

The pH of seawater is lightly elemental ranging from 7.5 to 8.4 [20]. The
results of this study show that pH values at 1 m depth ranged from 6.81 to 7.82
while at 3 m depth, they varied from 6.86 to 7.77. In respect to this parameter at
5 m depth, the values were from 6.78 to 8.03. So, pH values detected in this
study agree with those values established as MPL in the Mexican norm for
coastal water. Concerning the EC parameter, the values ranged from 0.09 uS to
0.63 uS which are normal but the highest values were noted in the April samples.

4 Conclusions
The Pb concentration noted in this study was higher than the levels specified in

Mexican norms as well as the values reported as Maximum Permissible Levels
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for the EPA in the United States. These results are of practical importance
because the whole environment is being affected and they represent a red flag for
the communities settled along this river who depend on this natural resource. On
the other hand, the Cu levels are not higher than those reported in the Mexican
and International standards.

References

[17 Rosas P.I., Baez A. and Belmont R. (1983). Oyster (Crassostrea virginica)
as indicator of heavy metals pollution in some lagoons of the Gulf of
Mexico. Water, Air and Soil Pollution 20, 127-135.

[2] Goldberg E.D. (1984). The Mussel Watch Concept. La Sirena. En: Noticias
del Programa del PNUMA para los Mares Regionales. No. 23, mano 1984,
pp. 22-28.

[3] Paez-Osuna F., Botello A.V. and Villanueva S.F. (1986). Heavy metals in
Coatzacoalcos Estuary and Ostion Lagoon, México. Mar. Pollut. Bull. 11,
516-519.

[4] Paez-Osuna F., Valdez L.D., Alexander M.H. and Fernandez P.H. (1987a).
Trace metals in the fluvial system of Terminos Lagoon, Mexico. Mar.
Pollut. Bull. 18, pp.294-297.

[5] Ochoa S.A., Halffter G. and Ibarra R. (1972a). Industrial development and
ecological equilibrium: one example, Bajo Rio Coatzacoalcos. International
symposium over environmental protection and natural resources, Roma,
April 24-28, CONACyT-Instituto Italo-Latinoamericano, pp. 225-274.

[6] Ochoa S.A., Halffter G. and Ibarra R. (1972b). Study of contamination in
Bajo Rio Coatzacoalcos. First works. First seminar over the evaluation of
environmental contamination. Instituto Mexicano de Recursos Naturales
Renovables, Escuela Nacional de Ciencias Bioldgicas, IPN, México,
pp. 115-162.

[71 Halffter C.R., Ibarra A. and Ochoa A. (1973). Study of the contamination in
Bajo Rio Coatzacoalcos. Final report pertaining to the second phase of
work. Presented to la Escuela Nacional de Ciencias Biologicas, IPN,
México.

[8] Ibarra R., Halffter G., Bustamante Y., De la Chica F. and Ochoa S.A.
(1973).  Contamination by heavy metals in Rio Coatzacoalcos (first
results). Acta Politecnica. Mexicana. P. 14, pp.12-140.

[91 Botello A.V. Hicks E. and Mandelli E.F. (1976). Preliminary studies of
levels of some contaminates in Laguna de Términos, Campeche, México.
Symposium about advances in marine investigations in Caribe and adjacent
regions. Caracas FAO, pp.49-53

[10] Pérez—Zapata, A. J. (1981). Lead and Mercury. In coastal lagoons of
Tabasco: A dangerous ecosystem. Development Center, pp. 58-61.

[11] Méndez S.B.L., Bozada-Robles L.M. and Chavez-Alarcon Z.(1982). Edad
y crecimiento en Arius melanopus (Guther1864) del estero Casitas,
Municipio de Tecolutla, Ver., Univ.Autén. Sin. y Soc. Mex. Zool.

WIT Transactions on Biomedicine and Health, Vol 14, © 2009 WIT Press
www.witpress.com, ISSN 1743-3525 (on-line)



132

[12]

[13]

[15]

[16]

[17]

(18]

[19]

(20]

Environmental Health Risk V

Restmenes VI Congr. Nac. 2001. Mazatlan, Sin., México, diciembre 6-10,
1982, p. 4.

Secretaria de Desarrollo Urbano y Ecologia (1990). Gaceta Ecoldgica. Vol.
11, No. 6, Enero de 1990, p. 64.

Rubio, A.H., Word, K, and Alanis, H.E. 2004. Water pollution in the Rio
Conchos of Northern Mexico. Development and application of computer
techniques to Environmental Studies. Editors; G. Latini, G. Passerini and
C.A. Brebbia. Witpress 167-176

Rubio, A.H., Saucedo, R.A., Lara, C.R., Wood, K., and Jimenez, J. 2005.
Water quality in the Laguna Bustillos of Chihuahua, Mexico. Water
Resources Management III. Editors M. de Conceicao Cunha and C.A.
Brebbia. 155-160

Norma Mexicana NMX-AA-003, Aguas residuales-Muestreo, publicada en
el Diario Oficial de la Federacion el 25 de marzo de 1980.

Boese, B.L., Ozretich, R.J., Lamberson, J.O., Cole, F.A., Swarts, R.C.,
Ferraro, S.P. 2000. Phototoxic evaluation of marine sediments collected
from a PAH-Contaminated site. Arch. Env. Contam. Toxicol. 38:274-282
Gonzalez-Lozano, M. C., Mendez-Rodriguez, L., Lopez-Veneroni, D.,
Vazquez-Botello, A. 2006. Evaluation of sediment contamination in the
port and coastal zone of Salina Cruz, Oaxaca Mexico. Interciencia,
Association. Highbeam Research, 8 April, 2009. http://www.highbeam.com
Agencia de Proteccion del Medio Ambiente de EE.UU (EPA - United
States of America. Environmental Protection Agency.
http://www.epa.gov/espanol/http://www.epa.gov/safewater/agua/plomo.htm
1

Villanueva F.S., Botello V.A. and Paez-Osuna F. (1988). Evaluation of
heavy metals in organisms of Rio Coatzacoalcos and Laguna del Ostion,
Veracruz México, International Journal of Environmental Contamination 1
yr/vol 4, number 001. Universidad Nacional Auténoma de México, Distrito
Federal, México, pp. 19-31

Caldeira, K., Witcket, M.E. 2003. Anthropogenic carbon and ocean pH.
The coming centuries may see more ocean acidification than the past 300
million years. Nature 365-425

WIT Transactions on Biomedicine and Health, Vol 14, © 2009 WIT Press
www.witpress.com, ISSN 1743-3525 (on-line)





