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Bay of Chetumal, an important habitat for the West Indian manatee (Trichechus
manatus), is located southeast of the Yucatan Peninsula (Fig. 1) on the border
between Mexico and Belize (Lock, 1997). It is a shallow estuarine coastal lagoon
with several freshwater inputs from rivers, the main being the Rio Hondo that sets
the border between the two countries. The influence of the Caribbean Sea is limited
to the southeastern area. There are pollution problems in the Bay, such as inputs of
urban sewage (Ortiz and Sédenz, 1997), the presence of organochlorine pesticides
used in agricultural areas (mainly sugar cane) on the margins of Rio Hondo (Euan-
Avila et al, 2002), and hydrocarbon inputs through sewage from the city of
Chetumal, and outboard motor activities. The distribution of organochlorine
compounds (pesticides and PCBs) and hydrocarbons in sediments has been described
(Norefia-Barroso et al., 1998), and the toxicity of sediments established (Zapata-
Perez et al., 2000).

The objective of this study was to evaluate the concentrations and speciation of seven
heavy metals (Zn, Pb, Ni, Cu, Cd, Fe and V) in the sediments of the bay, as a
contribution to the knowledge and rational management of the bay.

MATERIALS AND METHODS

Surface sediments were collected at 16 sampling stations at the Bay of Chetumal in
August 1999 (rainy season) and June 2000 (dry season; Fig. 1). Sediments were
sampled using a 0.1 m* Van Veen grab. Percentage of sand, clay and silt were
determined with the Bouyoucos hydrometer method and organic matter determined
using the Walkley and Black wet oxidation method (Franco et al., 1985).

To evaluate the speciation of metals (Zn, Pb, N1, Cu, Cd, Fe and V) in the different
fractions of the sediments, and thus their bioavailability, a sequential extraction
procedure was applied (Pempkowiak et al., 1999). Briefly, sediment samples were
extracted sequentially with: 0.11 M acetic acid, to obtain metals loosely adsorbed to
the surface of sediment particles; 0.05 M hydroxylamine hydrochloride, to isolate
metals associated with manganese and iron oxides/hydroxides; 1 M ammonium
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acetate after digestion with 8.8 M hydrogen peroxide, to isolate metals bound to
organic matter; finally, to obtain metals incorporated into clay minerals lattices,
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Figure 1. Map of Chetumal Bay, showing the samphng statlons.

fuming nitric acid was added overnight, then hydrogen peroxide, and finally refluxed.
Metals adsorbed to the surface of sediment particles are considered the most
bioavailable. Metals were quantified in each fraction using a Perkin Elmer Spectrum
Emission Plasma 400 ICP. As part of the quality control procedures, intercalibration
sample TAEA-356 was measured along with the samples.

Normality was verified with the Shapiro-Wilks test, and the significance of seasonal
changes in concentrations of the metals were obtained with a nonparametric Mann-
Whitney test using Statistica Software (StatSoft, 1991). Spatial distribution maps of
the heavy metals in the different sediment fractions were made with Surfer Software
(Golden Software, 1999).

RESULTS AND DISCUSSION

Shapiro-Wilks normality test indicated that results were non-normal, then non-
parametric tests were applied. Analysis of the intercomparison sample showed
recoveries from 75 to 98% of consensus values.

Sediments in the Bay are coarse (>85% sand); however, temporally the percentages

change. Percent sand and clay were higher during the rainy season (sand P=0.04; clay
P=0.01), and silt was higher during the dry season (P = 5.2 x 10™). Organic matter
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did not present significant differences between the two seasons (P = 0.3). The spatial
distribution of different particle sizes changed seasonally. In the dry season sand was
restricted to the outlet of Hondo River, but clay, silt and organic matter had the
highest concentrations at the center of bay. This pattern seems to be consequence of
currents.

Median total concentrations (+ interquantile range, in pg/g dry weight ) of metals,
and the percentage of each metal associated with each sediment fraction, are given
in Table 1. Metal total concentrations in the two seasons were in the order:
Fe>V>Ni>Pb>Zn>Cu>Cd. There were no significant differences in median
concentrations of metals between seasons, except for Cu and V. Non-parametric
Mann-Whitney tests indicated that the difference is highly significant (Cu, P = 0.01;
V,P=7.7x107).

Table 1. Concentrations of heavy metals (in two seasons) in fractions of sediments in
Bay of Chetumal (n = 16)

ASSOCIATED

L mmEstReace  WITHMNAND BOUNDTO  IGGTIOEED
TOTAL TQRANGE 0 G DIMENT oxn)Eg/EHYDR 3&(}‘}1115 MINERALS
PARTICLES OXIDES LATTICES
Rainy season
g/g Y %o Yo %

Zn 6.14 297 4.00 0.00 0.00 95.38
Pb 23.92 1.85 3.75 5.86 293 88.03
Ni 27.43 16.47 11.01 13.30 7.71 69.82
Cu 4.49 0.91 3.37 5.81 2.39 87.66
Cd 145 0.3 2.42 6.1 7 0.80 90.32
Fe 86771  550.08 0.00 0.01 0.18 99.81
v 70.15 29.09 4.79 2.15 1.84 91.36
Dry season

Zn 5.59 1.44 1.01 0.00 1.02 97.83
Pb 22.98 4.3 4.80 6.29 5.93 82.58
Ni 27.83 12.46 9.30 10.66 4.95 76.38
Cu 5.10 0.86 3.01 5.89 4.36 86.67
Cd 1.57 0.23 3.44 5.92 5.37 85.42
Fe 82591 416.11 0.00 0.01 0.14 99.84
\% 139.90 33.11 2.15 1.08 0.96 95.71

Zn and V were mostly adsorbed to the surface of sediment particles (1 to 5%); Pb,
Ni and Cu were associated with manganese and iron hydroxides (6 to 13 %); finally,
Fe was complexed with organic matter (0.2 %). Ni (19 to 24 %) and Pb (9 to 11%)
were the most bioavailable metals (adsorbed to surfaces of sediment particles and
associated with manganese and iron hydroxides).

The total concentrations in five of seven metals, are considered by NOAA in their
Sediment Quality Guidelines (I.ong and Morgan, 1990). Only nickel concentrations
exceeded the ER-L (30 g/g). More than half the stations exceeded it in both
samplings, and only station 14 in the dry season exceeded the ER-M (50 g/g), thus
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Figure 2. Spatial distribution of total Zn ( g/g dry weight) in A) rainy season and B) dry
season; and total Ni ( g/g dry weight) in C) rainy season and D) dry season, in sediments
of Bay of Chetumal.
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total metal concentrations in the bay can be considered as not dangerous. High V
concentrations were observed in marine sediments in the Mexican State of Veracruz
(VazquezGutiérrez et al., 1991). However, the highest concentrations of all metals
were those incorporated into the mineral structure of the sediments (79 a 99%),
which makes their bioavailability low.

Spatially the highest metal concentrations in sediments were at the stations near the
outlet of Rio Hondo, except for Ni and V that had their highest concentrations near
the east coast and outlet of the bay. Spatial distribution of total concentrations of Zn
(Fig. 2A and 2B), Pb, Cu, Cd and Fe decrease about the mouth of bay. This tendency
is possibly a consequence of contribution of terrigenous material from Rio Hondo.
However, the distribution of Ni (Figs. 2C and 2D) and V were more related to
organic material, that is, their highest concentrations were at the center and mouth
of the bay. This relation was confirmed by the high correlation coefficients of both
metals with organic matter observed in all fractions of the sediments.

Ni and V displayed different characteristics from others metals: a) V highest
concentration was in the dry season; b) Ni was one of the most bioavailable metals;
¢) Ni and V had high total concentrations; d) Ni and V have very similar spatial
distribution patterns; e¢) Ni and V are frequently associated with petroleum
hydrocarbons, that is, their presence is usually related with the presence of
hydrocarbons. In this study a relationship with hydrocarbons concentration was
found. In the rainy season the bioavailable fraction of Ni and V correlated with
atiphatic hydrocarbons (Ni: r=0.62; P <0.01 and V:r=0.73; P <(0.001 ). In the dry
season, these metals showed a good correlation with the unresolved complex mixture
(UCM) (Ni: r = 0.64; P <0.007 and V: r = 0.61; P £0.01) and total hydrocarbons
{Ni:1=0.65; P <0.006 and V: r=0.62; P < 0.01; Norefia-Barroso, Per. Com.)

The correlation structure of the bioavailable fractions, and the grain size fractions,
are presented in Fig. 3, for the rainy and dry seasons, respectively. The figures show
the first two axes of a Principal Component Analysis, based on a Spearman
correlation matrix. During the rainy season (Fig. 3A) nickel and vanadium are
strongly associated with organic matter and the clay fraction. The first two axes
represent 52.6% of total variance. Cadmium, copper, zinc and iron seem to co-vary
together, and have a moderate correlation with silt. Since iron is in that group then
it seems to represent the normal contribution of sediments. In the dry season (Fig.
3B) nickel and vanadium arc associated again with organic matter and the fine
sediments, but this time the group includes lead. Iron is not included in this group;
it looks close, but it is a geometric factor produced by showing only two dimensions
of the ordination. Zinc seems to be associated with sand, and copper and cadmium
are correlated.

In general, metal concentrations were low, and considered as not dangerous,
nevertheless the relatively high concentrations of Ni and V can be attributed to
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Figure 3. Principal component analysis (on a Spearman correlation matrix) of the
bioavailable fraction of metals in sediments, and grain size fractions, from Bay of
Chetumal, México for the A) Rainy, and B) Dry seasons.
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pollution by hydrocarbons. This is an important factor to consider in the management
of Bay of Chetumal, because hydrocarbon (and thus Ni and V) sources to the bay can
be controlled.
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