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Abstract Bay of Chetumal is a transboundary priority
area for the Mesoamerican Barrier Reef Systems project,
which has been studied because it is the receiving body of
pollutants from a large agricultural area and the city of
Chetumal. Levels of persistent organic pollutants in sedi-
ments from the Bay were assessed a few years after a mass
mortality event of Mayan catfish (Ariopsis assimilis) oc-
curred in 1996. Recent sediments were collected in the
rainy season (1999) and dry season (2000); results show
concentrations in general lower than those reported after
the fish kill, and a change of chemical profiles in chemical
pollution.

Introduction

The Bay of Chetumal, a coastal system in the Yucatan
Peninsula shared by Mexico and Belize, is a protected area
designed to preserve the habitat of the West Indies manatee
(Trichechus manatus manatus) (Lock, 1997) and is one of
the priority transboundary areas for the Mesoamerican
barrier reef ecosystems project, a program that coordinates
the conservation efforts of four countries: Mexico, Belize,
Guatemala and Honduras. A mass mortality event of Ma-
yan catfish (Ariopsis assimilis) in 1996 in the Bay made
evident the need to investigate the status of the area with
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regard to potentially toxic substances. Therefore, in the last
decade, several efforts have been made to assess chemical
pollution in the Bay, following from an environmental
evaluation made in October 1996 to determine hydrocar-
bon and organochlorine residue concentrations in sedi-
ments (Norefia Barroso et al., 1998) and in catfish liver
(Norefia Barroso et al., 2004), a study of the toxicity of
sediments from the Bay (Zapata-Pérez et al., 2000), and
community structure of benthic organisms and parasites in
response to organic pollutant levels (Salazar-Silva, 1998;
Vidal-Martinez et al., 2003). In order to compare the levels
of organochlorine pesticides, polychlorinated biphenyls
(PCBs) and polycyclic aromatic hydrocarbons (PAHs) with
those found in 1996 and to investigate any temporal
changes in contaminant loads, spatial distributions and
geochemical signatures, recent sediment samples were
collected in the two extreme climatic seasons (rainy and
dry season) with the aim of establishing possible seasonal
changes.

Materials and Methods

The Bay of Chetumal is located in the Mexican state of
Quintana Roo, between 18° 21" and 18° 52’ N, and 87° 54’
and 88° 23" W (Fig. 1). It is a shallow lagoon 67 km long
and 20 km wide with a mean depth of 3.30 m. The bay is
influenced by the city of Chetumal on the west side, the
capital of the state with about 200,000 inhabitants in the
urban area (INEGI 2001), the Hondo River that flows into
the bay near to the city of Chetumal, and a 19 km opening
to the southeast that connects the bay to the Caribbean Sea.
Freshwater input to the Bay comes mainly from the Hondo
River in the south of the system, which defines the border
between Mexico and Belize, and is a major source of or-
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Fig. 1 Location of the Bay of Chetumal and the sampling stations
considered

ganic pollutants to the bay due to sugar cane and jalapefio
pepper cultivation and processing, and wood extraction and
preparation activities in its catchment area (Rojas and
Morales, 2002).

Recent sediments were collected at 16 sampling stations
in the Mexican part of the Bay of Chetumal (Fig. 1) during
the extreme climate seasons for this area: the rainy season
(August 1999), and the dry season (June 2000). Sediments
were obtained using a 0.1 m? van Veen grab, frozen and
transported to the laboratory for further analysis.

Levels of hydrocarbons and organochlorine compounds
in the sediments were determined according to the proce-
dures described in Sericano et al. (1990). Briefly, 30 g of
freeze-dried sediments were extracted with hexane and
methylene chloride. Extracts were concentrated and then
fractionated by alumina-silica column chromatography and
the aromatic fraction (containing chlorinated pesticides,
PCBs and PAHs) was obtained by sequential elution.
Analytes were separated and quantified by gas chromatog-
raphy using a Hewlett Packard 5890 series II gas chro-
matograph equipped with a 30 m x 0.25 mm HP-5 capillary
column and working in the splitless mode. Hydrocarbons
were quantified with a flame ionization detector (FID) and
organochlorine pesticides and PCBs with an electron cap-
ture detector (ECD). Individual compounds were identified
and quantified using authentic standards from Ultra Scien-
tific. Quality assurance of the analytical procedure included
the addition of internal standards and the analysis of a
procedural and a spiked blank for each set of samples. In
addition, sediment grain size was determined by the Bou-
youcos hydrometer method and the percentage of organic
matter in each sample was measured using the Walkley and
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Black wet oxidation method (Franco et al., 1985). Non-
parametric statistical procedures were run to evaluate dif-
ferences in median values [Mann-Whitney U test and the
Kruskal-Wallis analysis of variations (ANOVA)] and cor-
relations (the Spearman rank test), using Statistica software
(StatSoft, 1991).

Results and Discussion

Levels of POPs found in sediments of the Bay of Chetumal
for both climatic seasons are shown in Table 1. Twenty
individual chlorinated pesticides were identified in recent
sediment collected in the rainy and dry season. In the rainy
season, total pesticides ranged from 0.45 to 39.82 ng g,
with a median concentration (+ one interquartile range) of
4.84 + 4.24 ng g~'. For the dry season, levels found were
lower, with a median of 2.47 + 3.97 ng g, a minimum of
1.55 ng g and a maximum of 12.10 ng g~'. Hexachlo-
rocyclohexanes (HCHs) was the group of pesticides with
the highest concentration in the rainy season (0.80 + 0.63
ng g~') and dichlorodiphenyltrichloroethane (DDT) and its
metabolites were highest during the dry season (0.58 + 0.38
ng g'). Statistical analysis showed no significant differ-
ence between seasons regarding either total pesticide con-
tent or any individual pesticide in the sediments.

There were fewer PCB congeners than chlorinated
pesticides, 10 and nine compounds for the rainy and dry
seasons, respectively. PCB concentrations were also lower
than those of pesticides for both seasons. Total PCBs had a
minimum of 0.37 ng g”' and a maximum of 2.17 ng g,
with a median of 0.82 + 0.93 ng g™' during the rainy sea-
son, but they reached higher levels during the dry season,
ranging from 0.74 to 4.26 ng g~', with a median value of
1.63 + 1.59 ng g (Table 1). According to their degree of
chlorination, in the rainy season PCBs with three chlorine
atoms in their structure (TriCBs) were the highest with 0.75
+0.67 ng g and for the dry season four chlorine atoms in
their structure (TetraCBs) had the highest level with 1.56 +
0.89 ng g”'. A Mann-Whitney U test showed statistically
significant differences (p-value < 0.05) in the levels of total
PCBs, triCBs, tetraCBs and heptachlorinated biphenyls
between seasons. Low-chlorinated congeners, such as those
found in the bay in high concentrations, are more soluble in
water and more biodegradable than high-chlorinated
congeners (Nie et al., 2005). The lowest- and highest-
chlorinated congeners (bi- and nona- and decachlorinated
biphenyls, respectively) found in 1996 (21 individual
analytes), were not present in the 1999-2000 sampling.
Changes in PCB profiles could be due to a reduction of
PCB sources to the bay.

Levels of chlorinated compounds in recent sediments of
the Bay for both seasons are low if compared with other
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Table 1 Concentrations of persistent organic pollutants (POPs) in sediments from the Bay of Chetumal, Mexico

Station TCBs* XHCHs* Chlordanes* Drins* DDTs* ZPesticidest 2PCBs 2PAHs
ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g

Rainy season

1 n.d. 1.55 0.09 0.03 n.d. 2.42 0.46 0.11
2 n.d. 0.14 n.d. n.d. n.d. 0.45 1.03 0.11
3 0.56 0.58 n.d. n.d. n.d. 2.70 1.94 0.19
4 0.61 0.71 n.d. n.d. n.d. 7.50 1.15 0.29
5 0.48 0.71 n.d. 0.05 n.d. 3.88 0.75 0.51
6 0.27 0.81 0.65 n.d. n.d. 7.18 0.89 0.22
7 0.20 0.60 0.59 n.d. 0.59 4.30 0.40 0.08
8 0.18 1.88 0.35 0.01 0.14 5.54 1.78 0.22
9 2.20 4.47 6.39 n.d. 0.10 39.82 2.17 0.97
10 0.93 0.56 1.03 n.d. n.d. 5.37 0.61 0.51
11 n.d. 0.93 0.00 n.d. n.d. 7.67 1.48 0.44
12 n.d. 0.08 1.01 n.d. n.d. 3.44 0.37 0.03
13 n.d. 0.79 0.31 n.d. n.d. 2.76 0.57 0.43
14 n.d. 0.85 0.12 0.03 n.d. 4.27 0.52 0.28
15 n.d. 1.31 2.10 0.15 n.d. 9.73 1.47 0.10
16 0.01 1.14 0.89 n.d. n.d. 6.08 0.59 0.08
Median 0.18 0.81 0.35 0.00 0.00 5.37 0.89 2.50
1Q 0.56 0.71 1.01 0.03 0.00 4.06 0.91 3.95
Dry season
1 n.d. 0.32 0.22 0.19 0.80 2.02 0.99 0.09
2 n.d. 0.31 n.d. n.d. 0.58 1.64 2.52 1.04
3 1.18 0.42 n.d. n.d. 1.04 6.21 2.90 0.97
4 0.07 0.23 0.12 0.16 0.58 2.76 1.64 0.91
5 n.d. 1.18 n.d. n.d. 0.08 2.26 3.41 0.37
6 0.02 0.45 n.d. 0.09 0.77 2.44 2.73 0.92
7 n.d. 0.23 n.d. 0.18 0.81 1.82 3.72 0.20
8 0.04 0.26 n.d. 0.13 0.42 2.26 1.45 0.52
9 0.04 0.35 n.d. 0.11 0.65 2.50 1.81 0.40
10 0.84 0.26 n.d. 0.74 1.09 6.01 4.26 0.95
11 0.02 0.29 n.d. n.d. 0.38 1.55 1.63 0.14
12 n.d. 0.58 n.d. n.d. n.d. 6.80 1.63 0.46
13 n.d. 0.94 0.11 n.d. n.d. 5.83 0.74 0.07
14 n.d. 1.17 0.81 0.02 0.04 2.35 1.00 0.09
15 n.d. 0.63 0.10 n.d. n.d. 6.73 0.92 0.04
16 n.d. 2.21 1.92 n.d. 0.55 12.10 1.63 0.14
Median 0.00 0.42 0.00 0.02 0.58 2.50 1.64 0.40
1Q 0.04 0.65 0.12 0.16 0.72 3.95 1.45 0.78

(n.d. = not detected)

* TCBs = 1,2,4,5-TCB + 1,2,3,4-TCB; HCHs = «-HCH + -HCH + y-HCH + §-HCH; chlordanes = heptachlor + heptachlor epoxide + o-
chlordane + Cis-nonachlor; Drins = aldrin, dieldrin, endrin; DDTs = op-DDE + pp-DDE + op-DDT + pp-DDT

1 ZPesticides also includes endosulfan II, mirex, hexachlorobenzene, pentachloroanisole and pentachlorobenzene

studies. Median concentrations of total DDTs for the rainy  national status and trends program for the northern Gulf of
and dry seasons (0.37 and 0.58 ng g', respectively), total ~ Mexico (O’Connor, 1990) of 3.2 ng g”' for chlordanes, 24
chlordanes (0.65 and 0.22 ng g ') and total PCBs (0.82 and  ng g~' for DDTs and 120 ng g~' for total PCBs. Moreover,
1.63 ng g~') are between one and three orders of magnitude  concentrations of chlorinated compounds in the Bay are
lower than the unadjusted mean values reported by the  lower than the effects range-low (ERL) and effects range-
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median (ERM) reference values reported by the US Na-
tional Oceanic and Atmospheric Administration (NOAA)
(Buchman, 1999), so that chlorinated compounds in the
sediments are not likely to cause deleterious biological
effects.

The chlorinated organic compound content of the sedi-
ments of the Bay in this study were compared with the levels
registered after the catfish mortality event in 1996 (Fig. 2).
Pesticides show a decreasing pattern from 1996 to 2000 and
statistically significant differences between years were ob-
served by a Kruskal-Wallis ANOVA (H =9.32; p=0.0095).
On the other hand, PCB concentrations decreased between
1996 and 1999, but increased again in 2000; significant
differences between years were also observed (H=22.81; p=
0.0000). A decrease in the levels of chlorinated pesticides is
also reported in a study made by Alvarez (2002) with levels
of total pesticides going from 52.66 ng g in 1996 to 7.12 ng
¢! in 1999. The decreasing pattern of chlorinated pesticide
concentrations in the sediments of the Bay could be due to
changes in the products used as pesticides in agricultural
activities. A study of non-point sources of agricultural pol-
lution in the area made in 1999 (Euan-AVila et al., 2002)
shows that Endosulfan is the only chlorinated pesticide
currently used for jalapefio pepper crops.

For PAHs, like PCBs, there was a reduction of more
than 50% in individual analytes registered compared to
those reported in the 1996 sampling. For the rainy season,
total PAHs ranged from 0.03 pg g to 0.97 pg g”' (Ta-
ble 1). During the dry season, PAHs showed some in-
crease, with a median value of 0.39 + 0.80 ug g~ and had a
minimum of 0.04 pg g~' and a maximum of 1.04 pg g™'. A
Mann-Whitney U test showed statistically significant dif-
ferences on the levels of three- and five-ring PAHs between
seasons (U = 21, p = 0.0372; U = 9, p = 0.0114, respec-
tively). As for chlorinated compounds, levels of PAHs are
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lower than those reported for other coastal systems in
Mexico influenced by the oil industry, like the Carmen,
Machona and Mecoacan lagoons in the state of Tabasco,
with total PAHs values of 7.05 to 19.7, 2.57 to 36.1 and
3.92 to 18.5 pg g ', respectively (Gold-Bouchot et al.,
1997). They are one order of magnitude lower than the
mean concentration of 7.87 + 7.66 pg g ' reported by
Alvarez and Saenz (2005) for sediments of the Bay of
Chetumal in 1998. In addition, levels of PAHs for the rainy
and dry seasons are low if compared with effects-based
guideline values, such as the effects range-low (ERL) and
effects range-median (ERM) values set by the national
oceanic and atmospheric administration (NOAA) (Long
et al., 1995). The highest total PAHs found in the sediments
of the Bay for both seasons are much lower than the ERL
value (4.02 ug g™"), and thus biological effects caused by
PAHs are not likely to occur.

For the rainy season, median concentration of low-
molecular-weight (LMW) PAHs (X two- and three-ring
compounds) was 0.10 + 0.13 pg g, and that of high-
molecular-weight (HMW) PAHs (X four- and five-ring
compounds) was 0.03 = 0.33 pg g~'. On the other hand, for
the dry season median concentrations for low and high
molecular weight PAHs were 0.24 +0.70 pg ¢ and 0.08 +
0.10 pg ', respectively (Fig. 3). A Mann-Whitney U test
indicated significant differences between LMW and HMW
PAH concentration in the dry season (Z = 2.22; p-value =
0.02). Given that LMW PAHs had higher levels, the origin
of PAHs in sediments collected during the dry season could
be considered petrogenic. The results obtained in this study
for both seasons are opposite to those reported in 1996,
changing the origin signal of PAHs from pyrogenic with a
clear predominance of HMW PAHs over LMW com-
pounds (Norefia-Barroso et al., 1998), to petrogenic with
higher proportions of LMW PAHs. Alvarez and Saénz
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(2005) also report a pyrogenic origin of PAHs detected in
sediments collected in the bay in 1998. However, it is
important to consider that it can be difficult to identify
petrogenic sources of PAHs using PAH concentrations
ratios alone, since PAH profiles are normally dominated by
pyrogenic PAHs due to the chronic input of these com-
pounds into the environment, and any petrogenic input may
be masked. Also, weathering may alter PAH profiles.

Results of the study carried out in 1996 after the fish
mortality indicated the presence in the Bay of Chetumal of
many individual POPs that could represent a risk to the
entire ecosystem. This evaluation, made a few years later,
as well as other studies, suggests that concentrations of
organic pollutants are decreasing; that is, the system is
recovering and environmental management is effective in
the bay. The decrease in POPs concentration in recent
years supports the idea of a special set of conditions in the
Bay of Chetumal in 1996 that led to an increase of con-
tamination loads in the sediments.
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