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At present, marine pollution due to petroleum and its derivatives in Mexican coasts
is one of the greatest ecological challenges, since Mexico is among the most
important producers of crude oil, exporting to the USA, Canada, Latin America,
Europe, and Asia about 2.8 millions of barrels per day.

Polycyclic aromatic hydrocarbons (PAHs) are among the by products of the oil
industry that represent a potential risk to public health and other forms of life
(Martel et al. 1986). Some of them, such as benzo(a)pyrene, are powerful
carcinogens, associated to the ethology of some human cancers (Arcaro et al
1999). Nowadays there is a great deal of literature about PAHs levels in coastal
systems around the world (e.g. Botello et al. 1993; Valette, 1993); however, most
of these studies have been carried out in areas that receive direct influence of
industrial and municipal discharges, but very few work is devoted to tropical o
subtropical systems with direct influence of oil industry. ’

1t is important to mention that PAHs are associated with fine particles in the coastal
waters, thus; their range, distribution pattern, and extension of their accumulation
in tropical estuarine systems are extremely variable (Olsen et al. 1993). Recent
studies indicate that PAHs are not only detected in urban centers, but also in rural
and remote areas due to atmospheric transport (Valette, 1993).

In the coastal systems, during water mixing, particles of the contaminated
sediments remain suspended in the water column, affecting bivalve organisms that
feed through filtration (Eertman, et al. 1995), hence, the relevance of determining
PAHs levels in sediments from coastal lagoons, since these sites are extremely
important for the development and growth of organisms constituent of commercial
fisheries; among them are oysters, mussels, and detritivorous crustaceans such as
the shrimps and lobster.

This study was aimed to evaluate the concentrations, characterization and
distribution of PAHSs in sediment samples, and to search for a correlation between
PAHs and the percentage of organic carbon and with the type of sediments from
the tropical lagoons considered in this study.
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MATERIALS AND METHODS

The area considered (Figl) includes the Salada, El Llano, La Mancha, and
Mandinga lagoons, and is located in the state of Veracruz, at Central Coastal Plains
of southern Gulf of Mexico. It is limited by the outer geographic coordinates of
18°30, 19°42’ latitude, and 95°00', 96°27" longitude.

Surface sediments were collected between 1997 and 1999 from 20 sampling sites
by means of a small stainless steel van Veen grab sampler (6 L) and frozen (4°C)
in glass jars previously cleansed and rinsed with bi-distilled acetone and dried over
night for 200 °C, then rinsed with hexane grade chromatographic. Samples were
defrosted and dried during 48 h at 45°C in the laboratory and sifted through a
0.25-mm mesh.

Samples were collected during different periods of time: El Llano, Salada, and La
Mancha lagoons during October (1997), February, May, and August(1998); and
Mandinga lagoon in December (1998), February and May (1999).

Analytical procedures for extraction and purification of PAHs were performed
following the CARIPOL/IOCARIBE/UNESCO (Caribbean Pollution Program.
Intergovernmental Oceanographic Commission for Caribbean of UNESCO,1986)
method, according to UNEP (United Nations Environment Programe, 1992) . Each
set of samples (6) was accompanied by a complete blank and a spiked blank, and
handled identically to the samples throughout the entire analytical procedures. 10
grams of dried sediment were Soxhlet extracted with methanol (100 ml) and KOH
5%, standard additions were added before extraction. The internal reference
standard contained phenanthrene (200 pl). The saturated and aromatic fractions
were purified by adsorption chromatography using glass columns of 2.5 internal
diameter and 25cm of length, packed with alumina and silica gel (5%) deactivated
with water. Aliphatic hydrocarbons were eluted in the first fraction with 12 ml »-
hexane more 12 ml n-hexane, and aromatics in the second with n-
hexane/methylene chloride mixture (7:3) and methylene chloride. The extracts
containing fraction 1 (saturates) and fraction 2 (aromatics) were roto-evaporated up
to 2 ml and analyzed by high resolution gas capillary chromatography with a
flame ionization detector (GC-FID).

Quantification and identification of the aromatic fraction was made by means of a
Hewlett Pack-ard gas chromatograph, model 5890, equipped with 30 m x 0.25 mm
ID x 0.25um bonded 5%-phenilmethylsilicone, fused silica column (temperature
programmed 40 - 300°C at 6 °C/min). Nitrogen was used as carrier gas (flow 1
ml/min). A standard with a mixture of 15 PAHs (Chemical Service PPH-10M) was
used as external reference . Detection limit for individual aromatic compounds
was 0.01 ug/g and recovery yields were up to 95%.

Sediment composition (sand, silt, and clay content) was measured by wet sieving
and pipette analysis (Folk, 1974). The percentage of organic carbon was
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determined by the method of Gaudette et al. (1974), in which exothermic heating
and oxidation with K,CrO, and concentrated H,SO, was followed by titration of

the excess dichromate with 0.5 N Fe(NH,)»(SO,).6H,0.

To test for significant differences between group means, Analysis of Variance (F)
was used when data were homoscedastic (Levene’s test 95%) and Kruskal-Wallis
test (H) when heteroscedasticity was detected even after log transformation. To
describe the possible association between variables, a non-parametric correlation of
Sperman (Zar, 1996) was determined.

RESULTS AND DISCUSSION

Table 1 shows the mean levels and relative abundance by groups (2-3 and 4-5
rings) of PAHs, as well as the percentage of organic carbon and the type of
sediments obtained from all sampling sites in different climatic seasons (dry and
rainy).

Salada Lagoon system neighbors with the Nuclear Power Plant of Laguna Verde
(NPLYV), sediments are typically sandy with an organic carbon content from 0.8 to
3.4%. The highest PAHs concentration was obtained in August 1998 (9.48 ug/g).
At the other sampling periods, average levels ranged from 0.15 pg/g in October
1997 to 2.01 pg/g in May 1998.

Regarding individual distribution of PAHs, stations 2 and 4 presented the highest
mean concentrations with 7.3 and 11.6 pg/g, respectively, whereas station 3
yielded the lowest concentration (1.1 pg/g). The mean Total PAHs in this system
was 3.35ug/g.

Specific analysis of total PAHSs revealed the following concentrations in decreasing
order: benzo(a)anthracene > benzo(b)fluoranthene > pyrene >
benzo(k)fluoranthene > fluoranthene.

Since this lagoon is the closest one to the Nuclear Power Plant, it was also
performed gas chromatography analyses of the fuels used for its operation, i.e.,
diesel and lubricant.

Results revealed that lubricant presents 11 of the 15 PAHs contained in the
mixture of reference standards, predominating benzo(k)fluoranthene,
acenaphthene, chrysene, and benzo(a)anthracene, with a total sum of
approximately 177 pg/g. Diesel revealed 7 PAHs, predominating chrysene and
benzo(a)anthracene with a total sum of approximately 62 pg/g. Therefore, the
presence and distribution of PAHs in Salada Lagoon seems to be produced by
direct chronic inflows from Nuclear Power Plant, independently that their
sediments are predominantly conformed by sands (68.7 — 90.2%).
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Sediments from Salada, El Llano, and La Mancha lagoons revealed no
acenaphthene, whereas Mandinga lagoon showed mean concentrations below 0.5
ug/g; probably because it is a very volatile PAHs, constituted by only two bencenic
rings, affected by photo-oxidation, chemical oxidation, winds, tides, and microbial
metabolic processes (Neff, 1979).

From all sites evaluated, Salada lagoon was the only one with a positive
correlation between anthracene and clays (r=0.5, p >0.05), however negative
correlations were present between PAHs of 4-5 bencene rings and gravels
(benzo(a)anthracene r=-0.61, p=0.12; benzo(b)fluoranthene 1=-0.58, p=0.2;
benzo(k)fluoranthene r=-0.56, p=0.25; and benzo(a)pyrene r=-0.58, p=0.2). PAHs
distribution in Salada lagoon was similar to that reported by Botello and Calva
(1998) for the Tampamachoco Lagoon where pollution by PAHs is determined by
direct inflows from the nearby Thermal-Power Plant, independently from the type
of sediments, however PAHs persistence increases with increasing molecular
weight (Witt, 1995).

In contrast to other estuarine systems, El Llano lagoon recorded one of the highest
mean PAHs levels at stations 1 (12.4 pg/g) and 2 (6.1 pg/g), which are placed
near the mouth of the lagoon. These levels in its northern region are probably
caused by the discharges of Actopan river. Another relevant fact is that several
accidents of diesel and oil transporting vehicles had occurred in the surroundings of
the system, causing important spills that were most probably transported towards
the coastal zone and could have been deposited into the lagoon either by rain, run-
off and winds.

Although station 3 is also subjected to riverine influences, its levels were lower
(0.6ng/g), since gravel is the prevailing type of sediment in the region. Individual
PAHs pattern was in decreasing order: benzo(a)anthracene > pyrene >
benzo(b)fluoranthene > benzo(k)fluoranthene > fluoranthene.

Benzo(a)anthracene, pyrene, and fluoranthene can be found in municipal effluents
and household discharges, as well as in emissions from pit-coal ovens, motorized
vehicles, either gasoline or diesel, oil and gas refineries, and burning of grasslands,
a common practice in the areas around these lagoons for agricultural and cattle
raising purposes.

In La Mancha lagoon the highest mean concentration of PAHs was found in the
rainy season, accompanied by organic matter supplies that contribute to a larger
adsorption of PAHs which are precipitated and stored at the bottom within the
sediments. By the same token, the location and the prevailing environmental
conditions, such as minimal currents, large terrigenous supplies, and shallowness
favored PAHs accumulation.

Stations 3 and 4 revealed the highest mean concentration with 11.3 and 7.8 pg/g,
respectively. Station 2, located at the mouth of the lagoon yielded the lowest values
(3.8 ug/g). A gas pipeline (from Petroleos Mexicanos, PEMEX) runs across this

894



region along the coastal line; hence, the area has been influenced by the use of
machinery and the maneuvers to ground the gas pipeline, dumping fuel and other
wastes into the system.

In general, the most striking compounds were in decreasing order:
benzo(a)anthracene > pyrene > benzo(b)fluoranthene > benzo(k)fluorantene
> chrysene.

For Mandinga Lagoon, the station 6 located in the southern region of the system,
yielded the highest PAH levels in all samplings, and also this station presented the
major mean levels (18.2 g/g). Several streams, such as Cafio Salazar, Palma Sola
and Principal discharge their effluents in this area, which is, therefore, constituted
by clayish-muddy sediments that would favor PAHs adsorption. Station 4 with 5.4
pg/g is located in the central portion of the lagoon, which is very shallow, reaching
barely an average of 0.8 m depth; in contrast, station 1 near the mouth presented
the lowest levels (2.2 pg/g), probably due to the fact that sediments there are sandy
and the area is influenced by the discharge of Jamapa river.

Among the most relevant PAHs found in this system were: chrysene >
benzo(b)fluoranthene > benzo(a)pyrene > Indene(1,2,3-c,d)pyrene >
benzo(a)anthracene.

The statistical results shown that differences in total concentration of PAHs during
dry and rainy seasons were no significatives (p=<0.05), as well as the differences
related with spatial distribution of PAHs. This is probably due to the shallowness
and size of these lagoons, which are very small compared with others systems in
the Gulf of Mexico.

Also it was not possible to establish a direct correlation between the organic
carbon (C.0.%) and the PAHs determined in the sediments of each lagoon. This
demonstrates that the PAHs concentrations are independent of the percentages of
organic carbon present in the lagoons. This contradicts the sorption theory, which
is sustained in the affinity of PAHs with sediments having a high organic carbon
content, such as clay and silt. This non-affinity has been reported for marine
sediments (Readman et al. 1986), and in suspended estuarine particles (Raoux and
Garriges 1993; Coakley et al. 1993, Botello and Calva, 1998).

Comparison of the present results to those from other coastal systems along the
Gulf of Mexico revealed that Mandinga lagoon is an area with high PAHs inputs
mainly of pyrogenic origin, coming from the inflows of the rivers crossing
industrial areas, oil and gasoline spills from fishing and tourism boats, the burning
of surrounding vegetation and  atmospheric transport. Its mean levels are
comparable to those of Tampamachoco lagoon (7.65 pg/g) located north of
Veracruz state, and also affected by urban discharges and industrial complexes
(Botello and Calva, 1998).
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The presence of compounds made up primarily of 4 and 5 benzene rings, proves
the hypothesis that the origin of the PAHs determined in all these lagoons is mainly
anthropogenic. Besides the presence of 2-ring aromatic compounds in Mandinga
lagoon confirms recent petrogenic inputs, as pointed out by Cranwell and Koul
(1989); Steinhauer and Boehm (1992); Raoux et al. (1999) and Gogou et al. (2000).

The levels of PAHs determined in the present work are higher compared with those
reported for Florida coasts in a Mussel Watch study (1986-1991) by Miles and
Delfino (1999),those from the Baltic Sea (Witt,1995) and from Prince William
Sound in Alaska (Short et al. 1999). Noteworthy are the high benzo(a)pyrene
concentrations found in the sediments of Mandinga lagoon, since oyster culture
and production is commercially relevant in this lagoon, and this compound has
been demonstrated to be carcinogenic and mutagenic even for humans
(Shchekaturina et al. 1995).

Finally, the presence and levels of PAHs determined in this study, can be
considered as an ecological risk for the estuarine organisms living in these tropical
coastal lagoons and even more, their presence jeopardize the reproductive success
for oysters and shrimps due to their ecophysiological effects on larvae and juvenile
stages of these important species.
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