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Mercury (Hg), one of the trace elements of great environmental concern (Botkin
and Keller 2000; Gray et al. 2002), may also be important for the health of the
population of southwestern Mexico, in particular for the coastal zone of the
states of Colima and Jalisco. This area belongs to the tectonically active
province of the Sierra Madre del Sur, which is rich in mineral deposits. Hg-ore
deposits of the Arrayanal (Monografia 1994), the abandoned “Mina Martinez”
Hg-ore mines (Gonzalez-Reyna,1956), and the “Pefia Colorado™ iron-ore mines
in Sierra El Mamey near Minantitlan are located in the upper watershed of the
tropical Rio Marabasco. The river, born in the Sierra Manantldan at 1200 m
altitude, had a mean annual water discharge of 12.8 m’s™ from Oct 2000 to Sept
2001, with maximum of 66.1 m’s™" (Registro de los datos ...2001), although it
has reached 742 m’s in recent years (Estudio Hidrologico...1995). In its lower
course, the river supplies fresh water for the irrigation of a large agricultural
area, the Cihuatlan plantations, and finally flows into Laguna de Navidad, part
of the famous international resort zone. Because of these reasons, knowledge of
the ambient levels of Hg is of significant environmental and practical interest for
a State of Colima and Mexico.

To contribute to the basic knowledge of the situation, the Hg contents in the
sediments of the Rio Marabasco, its delta, and the adjacent Laguna de Navidad
were analyzed, and the results are reported here.

MATERIALS AND METHODS

Samples of surface sediments were taken using a Van Veen grab sampler on 12-
14 October 2000 all along the course of Rio Marabasco, its delta, and the
shallow (0.2 to 4.0 m depth) semiclosed Laguna de Navidad, which receives
water and suspended matter from this river during most of the year. Sample
locations are presented in Figure 1. The samples were air-dried, homogenized in
an agate mortar, and subsampled for textural, mineralogical, and chemical
analysis. Details of this study as well as lithologic, mineralogical, and
geochemical information obtained will be presented and discussed in a separate

paper.
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The Hg content was measured by the cold vapor technique using a Yuliya-2-
Hitachi flameless atomic absorption spectrophotometer (Kot et al. 1999). The
detection limit, defined as three times the standard deviation of the procedural
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Figure 1. Study area and sampling site locations: a)Rio Marabasco and its
delta; b) Laguna de Navidad
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blank expressed per unit sample analyzed. was 2 ng g"'. The major matrix
elements Al and Fe, representing the content of aluminosilicates and iron oxides-
hydroxides, were measured by flame atomic absorption spectrophotometry
(Shumilin et al. 2001) after strong acid digestion (Ultrex quality HNOs, HCL, and
HF) of 200 mg aliquots in open teflon beakers at 130 ’C. The method of
determination of total carbon (TC) and organic carbon (OC) in sediments is
based on the rapid combustion of two samples (with and without treatment by
hydrochloric acid) in a tubular furnace at 850 °C and with oxygen as the carrier
gas.The resulting carbon dioxide is carried away by the oxygen flow into a
coulomb cell of the express-analyzer AN-7529, where it is absorbed by solution
of barium hydroxide at an exactly defined pH. The carbonate content is
calculated as the difference between TC and OC (Ljutsarev 1987). The results of
the analysis of the standard reference material “NBS 1646 “Estuarine sediment”
fell within the 15% standard deviation limits, considered as acceptable by US
EPA recommendations. The treatment of data was done using the software
STATISTICA (Statistica 2001). The spatial distribution of Hg in the surface
sediments of the Laguna de Navidad was drawn by using the SURFER-32
software (Surfer 1995).

RESULTS AND DISCUSSION

The results of the determination of Hg, Al, Fe, carbonates, and OC in the surface
sediments from the Rio Marabasco , its delta, and Laguna de Navidad are
presented in Table 1. Variations of Hg contents in the stream sediments along the
river course are shown in Figure 2, while the spatial distribution of Hg
concentrations in the surface sediments of Laguna Barra de Navidad is given in
Figure 3.

The Hg content in surface sediments of the river varies from 2 ng g to 22 ng g™
(mean 9.4 + 7.8 ng g, all representing background levels for soil and river bed
sediments (Gray et al. 2002). The lowest Hg content (3 to 8 ng ¢™') is found for
sediments of Sts.]1 and 2, upstream of the Pefia Colorada iron mine near the
village of Upper Minatitldn, and at St. 4, from a non-contaminated tributary, Rio
San Jose, draining the Sierra El Perote. The highest Hg levels (17 to 22 ng g™
were detected in the sediment samples from Sts.3,5, and 8, which were also
richer in OC (0.53% to 1.70 %) (Fig. 2; Meyer, personal communication). This
type of Hg enrichment is a natural geochemical phenomenon, Hg having a high
affinity with organic matter during migration across terrigenous environments.
Thus, the Hg-ore deposits and mines of the drained territory have not produced
elevated Hg contents in bottom sediments of the river and estuary.

The content of Hg in the surface sediments of the Laguna de Navidad varies
from 2 to 32 ng g, with a mean concentration of 15 + 9 ng g™, (Table 1, Fig. 3).
All of these Hg contents reflect natural background levels in sedimentary
material. Their apparent variation is presumably controlled by the grain-size of
the sediment particles and by their organic matter concentrations; the finer the
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particles the richer they are in OC and the higher is the Hg content in the
sediments. This is similar to that reported for the spatial distribution of Hg in
surface sediments of the subtropical Laguna de La Paz, southeastern Baja
California Peninsula (Kot et al.1999).
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Figure 2. Mercury distribution in the surface sediments along the Rio
Marabasco

Table 1. Contents of Al, Fe, carbonates, OC, and Hg in surface sediments from
the Rio Marabasco, its delta, and Laguna de Navidad

) Carbonates, He,
Sample locations  Al, % Fe, % OC, % R
% ngg
Rio Marabasco 0.6-8.0 1.1-7.2 0.9-5.1 0.02-1.70  2-22
and its delta 8.7+0.7 42423 22+14 0.55+0.53 9.4+7.8
Laguna de 5.3-10.7 0.6-5.0 1.4-17.2 0.1-7.1 2-32
Navidad 8.2+1.7 29+1.9 4.8+4.5 1.6+1.5 1549

Above: range of values (dry weight basis); below: average +sd.
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Figure 3. Spatial distribution of Hg in surface sediments
from Laguna de Navidad

Both correlation and principal component analyses of the data were performed to
more precisely evaluate the association of Hg with the principal constituents of
the sediment matrix for the whole set of samples (Table 2).

Table 2. Correlation matrix showing association of Hg with major
components of the sediments of the Rio Marabasco and the Laguna de

Navidad.
Al Fe Carbonates CO Hg
ol 1.00
K 0.98 1.00
Carbonates ) 5, 0.95 1.00
co 0.99 0.98 0.97 1.00
He 0.86 0.86 0.82 0.88 1.00
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This correlation matrix of the whole data set (river and lagoon sediments) firmly
supports our previous observation about the importance of organic matter for the
migration of Hg in the aquatic environment. The relationship between Hg and
organic carbon is evidenced by the high positive correlation coefficient of 0.88.
Therefore, we conclude that existing Hg deposits and ancient Hg mines situated
in the drainage basin of the Rio Marabasco do not supply excess Hg to the
sediments of the river and the Laguna de Navidad, leaving the river resort free
of detectable anthropogenic contamination by this potentially dangerous
pollutant.
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