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ABSTRACT

Objective. Hg was quantified in the dorsal muscle of the 11 species of fish most consumed in San
Marcos, located in the region of La Mojana. Materials and methods. Dorsal muscle samples were
taken from the fish species. T-Hg concentrations were quantified using cold vapor atomic absorption
spectrophotometry (CVAAS). Results. The species with the highest T-Hg values were those with
carnivorous eating habits: Pseudoplatystoma magdaleniatum (0.44 * 0.09 ug/g), Plagioscion
surinamensis (0.42 £ 0.14 pg/g) and Hoplias malabaricus (0.39 £ 0.11 ug/g). However, the maximum
recommended amount of Hg in fish (0.5 pg/g) set by the European Union was not exceeded by any
of the species studied. Conclusions. It is concluded that the commercial ichthyofauna of La Mojana
is contaminated by Hg as a result of the mining activities that take place in the channels of the rivers
that discharge in this region. The persistent consumption of fish from the evaluated areas by its
inhabitants represents a high risk due to the high toxicity of Hg, which presents adverse effects on
human health, even when it is consumed in low doses for prolonged periods of time.

Keywords: Environmental toxicology; fishing; food safety; heavy metals; mining; wetlands (Sources:
FAO, Environmental Thesaurus for Colombia).

RESUMEN

Objetivo. Se cuantificd el Hg en musculo dorsal de las 11 especies de peces mas consumidas en San
Marcos, localizado en la regidn de la Mojana. Materiales y métodos. Se tomaron muestras del musculo
dorsal de las especies icticas, cuantificando las concentraciones de Hg-T mediante espectrofotometria
de absorcion atdmica por vapor frio (CVAAS). Resultados. Las especies que presentaron los mas
altos valores de Hg-T fueron las de habitos alimenticios carnivoros: Pseudoplatystoma magdaleniatum
(0.44%£0.09 ug/qg), Plagioscion surinamensis (0.42+0.14 pg/g) y Hoplias malabaricus (0.39+0.11
KMg/g). No obstante, la maxima cantidad recomendable de Hg en peces (0.5 pg/g) fijado por la Unién
Europea, no fue superada por ninguna de las especies estudiadas. Conclusiones. Se concluye que
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la ictiofauna comercial de la Mojana esta contaminada por Hg, resultado de las actividades mineras
gue se desarrollan en los cauces de los rios que descargan en esta region. El consumo persistente de
pescado proveniente de las zonas evaluadas por parte de sus pobladores representa un alto riesgo,
debido a la alta toxicidad del Hg, el cual presenta efectos adversos en la salud humana aun cuando
es consumido en dosis bajas durante periodos de tiempo prolongados.

Palabras clave: Humedales; metales pesados; mineria; pesca; seguridad alimentaria; toxicologia
ambiental (Fuentes: FAO, Tesauro ambiental para Colombia).

INTRODUCTION

Mercury (Hg) is a neurotoxic metal that
is increasingly present in the environment
due to human activities (1). The inadequate
management of Hg in gold mining areas has
generated serious contamination processes
in soils and aquatic ecosystems (2), which
exponentially increases the risk of exposure
to people through contaminated food products
(3). Although there are many forms of exposure
to Hg, direct inhalation of anthropogenic
emissions and consumption of fish are the main
routes of human exposure (4). Even when Hg
concentrations are low in aquatic ecosystems,
they can reach dangerously high levels in the
biota of these environments, particularly in fish,
due to the accumulation of this pollutant through
the food web (5).

The activity that contributes the most to Hg
contamination in Colombia is gold mining (6),
being the north of Antioquia and south of Bolivar
the areas with the greatest exploitation of this
metal (7). A large part of this gold mining area
is limited to La Mojana, an extensive region of
swamps and floodplains in which the Cauca, San
Jorge, and Magdalena rivers drain their waters
(8). The department of Sucre occupies an area of
the Mojana region, which is located in the south,
and the municipality of San Marcos is located
there, which has numerous bodies of water
(9), which are reservoirs of a huge diversity
of aquatic fauna that plays a fundamental
ecological role (10), and in turn represents an
important food source for the inhabitants of this
territory. The soils and waters of San Marcos
have been contaminated through the waters of
the San Jorge River, which receives water and
sediments contaminated with heavy metals
from the other rivers that surround La Mojana,
in whose basins the exploitation of ferronickel
and gold occurs (11).

Rev MVZ Cérdoba. 2022. September-December; 27(3):e2488
https://doi.org/10.21897/rmvz.2488

Various studies of Hg contamination have been
carried out in the area in several environmental
compartments. In a study, Pinedo-Hernandez
et al (6) determined the presence of mercury
in sediments, registering T-Hg concentrations
between 196.2 and 1187.6 ng/g and an
average of 524.2+256.8 ng/g (6). Another
research recorded mean values of T-Hg in fish
of 0.223+0.027 pg/g in hair, a concentration
range between 0.17 - 8.8 ug/g, and in sediments
of 0.097+0.049 pg/g (7). Buelvas-Soto et al
(8) determined the Hg levels in 47 samples of
blood and feathers from the duck Dendrocygna
autumnalis, registering high Hg values in these
birds that reside in the La Mojana wetlands.
Marrugo-Negrete et al (12) determined
concentrations of mercury and methylmercury
(MeHg) in the 10 most consumed fish species
in 11 municipalities of La Mojana, obtaining
concentration ranges between 0.22-0.58 ug/g
in carnivorous fish. Marrugo-Negrete et al (13)
determined T-Hg concentrations in fish, the
highest being in the carnivore Pseudoplatystoma
fasciatum, and the lowest in the non-carnivore
Prochilodus magdalenae (13).

For this reason, the current research focuses on
the study of the presence of Hg in the ichthyofauna
of La Mojana and the most relevant impacts on
the health of the inhabitants of the area.

The purpose of this research was to determine
the concentrations of T-Hg in the eleven fish
species most consumed in the municipality of
San Marcos - Sucre.

MATERIALS AND METHODS

Study area. The samplings were carried out in
six bodies of water around San Marcos (latitude
8° 35’ 06" N-Longitude, 75° 07’ 16.39” W)
in Mojana Sucrefia. The sampling areas were
Ciénaga de San Marcos, Cafio Carate, Cafio
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Viloria, Rio San Jorge, Ciénaga de Belén, and
Ciénaga de Palo Alto. San Marcos is located in
the La Mojana ecoregion, a highly biodiverse area
located on the Caribbean coast of Colombia that
serves as drainage area for three large Colombian
rivers: Magdalena, Cauca, and San Jorge. These
three rivers transport metals and other pollutants
products of mining and agricultural activity
through their basins. The Mojana wetlands are
a reservoir of great biodiversity and provide
fundamental ecosystem services (7) (Figure 1).
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Figure 1. Mojana Sucrefia. Sampling points 1. Palo
Alto Swamp 2. Belén Swamp. 3. San Jorge
River 4. San Marcos Swamp 5. Carate
stream. 6. Viloria Stream.
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Collection of samples. The samplings were
developed during the month of June 2017. To
determine the fish species with the highest
consumption in the municipality, surveys
were applied to the inhabitants about their
consumption habits and later, the capture of the
species was carried out in the bodies of water
from the municipal seat and in the rural area
of San Marcos, with the help of local fishermen
(n=110), 10 individuals per species. The
species of interest identified for this study were:
Pseudoplatystoma magdaleniatum, Plagioscion
surinamensis, Hoplias malabaricus, Sorubim
cuspicaudus, Ageneiosus pardalis, Petenia
kraussi, Leporinus muyscorum, Triportheus
magdalenae, Prochilodus magdalenae, Pimelodus
clarias y Curimata magdalenae. The catches
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were made with the help of local fishermen
in the habitats of the studied species, using
their traditional fishing tools. The entrails were
extracted from the captured fish individually
packed in labeled plastic bags, which were
transported in a cold chain to the Water, Applied,
and Environmental Chemistry laboratory of the
Universidad de Coérdoba. T-Hg was quantified
in samples taken from the dorsal muscle of the
captured fish. The fish species studied were
identified using the taxonomic keys of The Red
Book of Freshwater Fishes of Colombia (14).

Sample analysis. Using cold vapor atomic
absorption spectrophotometry (CVAAS), T-Hg
levels were quantified in the dorsal muscle of fish
using a DMA-80 Milestone mercury determination
system (15). The extracted samples were
digested using a mixture of H,SO, -HNO; 2:1
v/v at a temperature of 100°C for 3 hours, using
0.5 g in the process for the analysis of T-Hg.
The detection limit was 0.001 pg/g calculated
as the mean plus three (3) times the standard
deviation (SD). The quality control of the method
was done with certified reference material for fish
(IAEA - 407; 0.222 £ 0.6 ug/g). The recovery
percentage was 98.6 £ 0.35%. The T-Hg results
were expressed in ug/g.

Statistical analysis. The statistical treatment
was carried out from the calculation of the
mean concentrations (£ standard deviation) of
T-Hg in the muscle of each species studied. In
this way, the Kolmogorov-Smirnov test verified
the normality of the distribution of T-Hg levels.
Subsequently, the homogeneity of the sample
variances was evaluated using the Bartlett Test
and an ANOVA was performed using the Tukey
test to determine whether or not there were
significant differences in the distribution of T-Hg
in the muscle of the fish studied, always using
a significance level of 95% (p<0.05). Data
treatment was developed with the statistical
packages Statgraphics centurion version 15.2.06
and Infostat3.

RESULTS

The mean values of T-Hg in the 11 species
studied are recorded in Table 1. In this sense,
Pseudoplatystoma magdaleniatum presented the
highest average levels of Hg in the evaluated
tissue, while Curimata magdalenae, presented
the lowest concentrations of Hg. Regarding the
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consumption of the studied species, the species
most consumed by the population under study
was Prochilodus magdalenae, while the least
consumed species was Ageneiosus pardalis.
Regarding the eating habits of the studied
species, the species with carnivorous habits
were the ones that bioaccumulated the most Hg
(0.44£0.09 pg/g), while the non-carnivorous

species presented mean concentrations of this
metal that were relatively lower (0.19 + 0.04

Hg/9).

Figures 2, 3, and 4 illustrate the differences in
the distributions of the mean T-Hg values in the
fish studied by species, according to their eating
habits and trophic levels, respectively.

Table 1. Mean values of T-Hg (pg/g) in the fish with the highest consumption in San Marcos with the trophic
level, feeding habits, type of migration, and average weekly consumption (g/week).

Common name Scientific name Trophic level Fﬁaegii:sg n;?g":aet?cfn co::t?::t?on Mea;stl:)or(\::7;|:?)tion
(g/week)

Bagre pintado Psnfggggllgﬁ’i’;fgma sc P-C MM 97.92 0.44 % 0.09
Pacora Plagioscion surinamensis SC P-C MM 49.85 0.42 £ 0.14
Moncholo Hoplias malabaricus SC P-C NM 101.39 0.39 £ 0.11
Bagre blanquillo Sorubim cuspicaudus SC P-C MM 131.81 0.37 £ 0.07
Doncella Ageneiosus pardalis SC P-C SM 14.32 0.35 £ 0.04
Mojarra Amarilla Petenia kraussii SC P-C NM 59.64 0.19 £ 0.04
Comelon Leporinus muyscorum PC NC-0 SM 82.92 0.13 £ 0.01
Arenca Triportheus magdalenae SC Z-C NM 35.002 0.11 £ 0.01
Bocachico Prochilodus magdalenae PC NC-D MM 504.57 0.11 £ 0.01
Barbudo Pimelodus clarias SC NC-O LM 47.93 0.10 £ 0.02
Viejito Curimata magdalenae PC NC-D SM 78.43 0.07 £ 0.01

SC: Secondary consumer. PC: Primary consumer. P-C: Piscivorous carnivore. Z-C: Zooplanctophage Carnivore. NC-O: Non
carnivore omnivore. NC-D: Non carnivorous detritivore. SM: short migration. MM: Medium migration. LM: Large migration.

NM: Non-migratory.
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Figure 2. Distribution of the mean levels of T-Hg
(Mg/g) in the fish species studied
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Figure 3. Variability of the mean concentrations
of T-Hg (pg/g) according to the eating
habits of the fish species consumed in the
municipality of San Marcos.
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Figure 4. Variability of the mean concentrations
of T-Hg (pg/g) according to the trophic
levels of the fish species consumed in the
municipality of San Marcos.

DISCUSSION

Among the fish species studied, P. magdalenae,
S. cuspicaudus, and H. malabaricus are the
ones with the highest consumption in the area
(12). P. magdalenae and S. cuspicaudus are
endemic to Colombia, and of great acceptance
and commercial value. P. magdalenae is fished
and consumed constantly throughout the year
(16), and for a few decades, a high pressure has
been exerted on this species due to its excessive
exploitation, being currently the main species in
the municipality’s artisanal fishing (12). On the
other hand, S. cuspicaudus is a rheophilic fish
that travels long distances in schools, making
two migrations annually, one reproductive or
climbing, and the other trophic or low (17); within
its genus, it is considered the largest species,
reaching up to 80 cm in standard length, which
makes it ideal for human consumption (18). On
the other hand, H. malabaricus is a neotropical
fish that has a wide geographical distribution,
present in almost all the hydrographic basins of
South America, except the trans-Andean area of
the rivers of Patagonia (19). This species has the
ability to adapt to various aquatic ecosystems,
including estuarine ones, which makes it a
valuable fishery resource (20).

The highest levels of T-Hg were quantified in
species with carnivorous habits, which may be
due to the fact that they feed on smaller fish,
since these species occupy high links in the
trophic networks of the bodies of water they
inhabit (7), which encourages heavy metals, such
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as mercury to bioaccumulate and biomagnify
more efficient and significantly (21,22). On
the other hand, the lowest levels of T-Hg were
recorded in detrivorous fish showing indirect
phytoplanktonic habits, which could explain
the lower rate of mercury bioaccumulation in
the dorsal muscle (23). In particular, species
such as L. muyscorum have omnivorous eating
habits with an herbivorous tendency (24). On the
other hand, T. magdalenae has a carnivorous-
zooplanktonic diet (25). Therefore, it is possible
that the permanent interaction with sediments,
in which high concentrations of mercury are
generally deposited and accumulated (26) is
the cause of mercury contamination in this
important species, which is consumed due to
its great abundance, ease of capture, and low
commercial cost (27).

The variance analyzes carried out show significant
variability (p<0.05) in the bioaccumulation rates
and mercury distribution in the studied species
and their several niches and habitats. From this,
it is shown that carnivorous fish accumulate
higher concentrations of Hg, which is in
accordance with that reported by Marrugo et al.
(28), in a study carried out in the Urra reservoir
(Coérdoba), in which the carnivorous species
Hoplias malabaricus presented the highest
mercury values (1.39 £ 0.69 ug/g), while the
non-carnivorous-detrivorous species Curimata
magdalenae, as in this research presented the
lowest Hg concentrations (0.15 + 0.02 pg/g). In
a study carried out in the Ayapel swamp (13),
the highest mercury values were presented
by the carnivorous species Pseudoplatystoma
fasciatum (0.432 £ 0.107 pg/g), while the non-
carnivorous species P. magdalenae presented
the lowest concentration (0.143 + 0.053 ug/g).
Another study carried out in 11 municipalities of
La Mojana evaluated the levels of mercury and
MeHg in the 10 most consumed fish species,
determining that the highest values of mercury
and MeHg were recorded in carnivorous species,
such as C. kraussii, S. cuspicaudus and A.
pardalis (12).

At this point, it is necessary to understand
the mobility and displacement regimes of the
studied species to understand the accumulation
processes, contamination, and mercury toxicity
in aquatic ecosystems (29). P. magdaleniatum,
S. cuspicaudus, and Plagioscion surinamensis
are cataloged as migratory species. Their
reproductive habits induce them to travel in
search of suitable places to carry out this vital
function (30). It has been recorded that, in
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the places of origin of these species, there are
places where considerable concentrations of Hg
are present in various environmental matrices
(7), particularly in the Viloria channel, where
contamination is relatively high (31). The second
group in which T. magdalenae and C. magdalenae
are classified as species that perform their vital
functions mainly in swamps have a lower relative
mobility regime, and consequently, a lower
probability of presenting significant variations
in Hg contamination processes (32).

There are two exceptions that must be taken
into account: the first corresponds to P. clarias
and P. magdalenae, which are migratory species.
However, the analyzes showed low concentrations
and variability in the Hg accumulation processes;
and the second corresponds to H. malabaricus,
which is a non-migratory species, but which
has a high concentration and variability of Hg.
These particular cases may occur because,
in addition to the trophic position and the
mobility regime of the species, there are other
factors that determine the bioaccumulation
and biomagnification processes of Hg, such as
the type of tissue in which it accumulates, the
species, age, sex, weight, length, temperature,
microbial biomass activity, salinity, pH, and
oxidation potential-reduction of the water mass
(33).

Regarding the toxicity of Hg in the species
studied, a series of serious and acute effects
have been reported on the health and integrity
of contaminated individuals (34,35). Among
the characteristic adverse effects of Hg
intoxication in fish, there are nervous, motor,
behavioral, reproductive, hematological, and
metabolic alterations and dysfunctions (36,37).
Consequently, the frequent consumption of
fish contaminated with Hg generates serious
alterations in human health (12,38), since the
great majority of the Hg that enters the human
body through the consumption of contaminated
fish species does so, in the form of methylmercury
(MeHg) and dimethylmercury (DMHg) (38),
which enhances and maximizes the toxicological
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capacity of this heavy metal in the body, since
these bioactivated forms of Hg have a high
affinity with the molecular and tissue component
of the human body, generating cytotoxicity and
genotoxicity (39), as well as serious neurological
and hematic alterations (40).

Although none of the species studied presented
mean concentrations of Hg above the maximum
value established by the WHO (0.5 pg/g), the
consumption habits of the surveyed residents
of the municipality of San Marcos represent a
potential long-term risk, since Hg has a high
toxicity, even when it is consumed in low doses
for long periods of time (41).

It is concluded that the most consumed fish in
San Marcos are contaminated with Hg, a product
of mining that occurs upstream, which discharges
its residues in La Mojana. This represents a risk
for the fish assemblages and the inhabitants of
the area who feed on them. Constant monitoring
of Hg contamination levels in the area and
environmental policies are recommended to
avoid the excessive dumping of heavy metals
in this region.

Feeding fish meat contaminated with mercury is
a risk to public health in this region, which is why
educating the populations of La Mojana about the
consumption of these fish is necessary in order
to protect pregnant women, children, and adults
about the damages that Hg can cause.
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