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ABSTRACT

Mercury is an environmental contaminant found in in aquatic ecosystems, derived from both manmade and natural sources. Studies
of mercury contamination in fish have focused on areas with a known history of contamination, such as large rivers and their
tributaries. As few data are available on the contamination of fish by heavy metals, the major urban centers in the Amazon basin
have been surveyed, and in the present study, the mercury levels in the principal fish species marketed in some of the largest
retailers in the city of Belém were evaluated. Samples were collected in March 2013 from the city’s principal supermarkets and
street markets, either in the form of whole fish or processed portions. A sample of 10-20 g of muscle tissue was taken from each
specimen for preparation and analysis in a Cold Vapor Atomic Absorption Spectrometer. Only four of the 28 species analyzed
presented mercury concentrations higher than those permitted by the World Health Organization (0.5 pg.g"). While contamination
may be partly related to the feeding habits of the species, environmental variables are the principal determinants of contamination.
Given this, there is a clear need for the monitoring of mercury contamination levels in fish supplies, and the careful evaluation of
the supply chain, in order to minimize any major future risks to public health.
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Niveis De Mercirio Em Peixes Comercializados Na Reigao Metropolitana De
Belém, Para, Brasil

Resumo

O merctrio ¢ um contaminante ambiental presente nos ecossistemas aquaticos tanto por motivos antrépicos como por fatores
naturais. Os estudos sobre contamina¢do por mercurio em peixes foram direcionados a localidades onde ha um histérico de
contaminagao, como grandes rios e seus afluentes. Tendo em vista que nenhum estudo sobre contaminagao por metais pesados em
peixes foi realizado nos grandes centros urbanos amazonicos, o presente trabalho teve como objetivo avaliar os niveis de mercurio
presente nas principais espécies de peixes comercializadas nos maiores pontos de venda do municipio de Belém. Amostragens
foram realizadas durante o més de Marco de 2013 em alguns dos principais supermercados e mercados populares de Belém,
adquirindo-se o pescado em postas ou inteiro. De cada individuo foi coletado 10 — 20 g de musculo, que foram preparados e
analisados por meio de Espectrometria de Absor¢do Atdmica com Vapor Frio. De todas as 28 espécies analisadas, apenas quatro
apresentaram concentra¢do de mercurio superior a permitida pela Organizagdo Mundial da Satde que é de 5,0 pg.g". Isto pode
estar relacionado ao hébito alimentar das espécies, mas principalmente ao ambiente do qual elas procedem. Sendo assim, torna-se
indispensavel uma maior fiscalizagdo quanto a procedéncia do pescado e seu monitoramento quanto aos niveis de contaminagio
por mercurio, para assim prevenir qualquer dano futuro a saude publica.

Palavras-chaves: Centro Urbano, Amazdnia, Peixe Contaminado, Elemento Trago, Feiras e Supermercados, Niveis Troficos.
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INTRODUCTION

Mercury is an environmental contaminant that may be
introduced into the aquatic ecosystem through both
natural and anthropogenic processes (Fadini and Jardim
2001, Mieiro et al. 2012). Due to its high toxicity,
especially in its methylated form, the potential effects of
mercury contamination on the environment and through
the continuous exposure of local organisms are attracting
increasing interest from researchers around the world
(Chan 2011, Rocha et al. 2012).

Until now, the principal reports of mercury conta-
mination have come from regions with a long history of
mineral extraction (Nevado et al. 2009), such as areas
influenced by petrochemical plants and coal-burning
industries, as well metal casting plants (Zhang and Wong
2007, Mieiro et al. 2011). In these areas, mercury enters
the human body mainly through the ingestion of seafood
and fish (Dorea 2003, Dorea et al. 2012).

In the specific case of the Amazon basin, despite
many years of mining activity, more than 90% of the
mercury found in the environment actually occurs
naturally (Roulet et al. 2001, Beklger and Forsberg
2006). Mercury is present in the soil in association with
iron, in ancient geological formations, and is leached
into rivers during the rainy season (Comte et al. 2013).
This process is accentuated by deforestation and burn-off
for farming, which favors soil erosion, leading to the
release of additional mercury into local tributaries
(Comte et al. 2013, Kasper et al. 2014).

In the Amazon region, studies of mercury conta-
mination in fish have focused on areas where contamina-
tion has occurred both naturally, and through human
activities, and may be endangering the health of the
riverside populations that often consume fish (Santos et
al. 2000, Dorea 2003, Oliveira et al. 2010, Vieira et al.
2013). As no data are available on the contamination of
the fish marketed in the largest urban centers in the
Amazon region, the present study investigated the
mercury concentrations in the principal fish species sold
at some of the large retailers in the city of Belém, Brazil.

METHODS

The municipality of Belém is located in in the Brazilian
state of Par4, in the north of country, and has 2,079,699
habitants. It is located on the right margin of Guajara
Bay, formed by the confluence of the Guama and Acara
rivers near the Amazon Delta.

Collection and Preparation of Samples

Sampling was carried out in March 2013 in the principal
supermarkets and street markets in the municipality of
Belém, with specimens being obtained in the form of
whole fish or steaks. The specimens were identified to
the lowest taxonomic level, classified by feeding habits
and trophic levels following Froese and Pauly (2016),
and measured (total length, L) whenever possible. A 10-
20 g sample of muscle tissue was extracted from the
dorsal region of each specimen and stored in
polyethylene bags. The samples were then washed with
deionized water, shredded and homogenized with
sterilized stainless steel surgical scissors, and transferred
to glass tubes. These tubes were maintained at -4°C until
analysis of the mercury content at the Evandro Chagas
Institute in Belém.

Analyses of Mercury Content

An aliquot of approximately 500 mg of the homogenized
material was weighed and transferred to glass volumetric
flasks with 50 mL nitric acid, sulfuric acid, perchloric
acid. Deionized water was then added to the flasks,
which were transferred to a heating plate to be heated
under reflux to a temperature of 250°C for 30 minutes.
After digestion, the samples were cooled and hydrated to
50 ml with deionized water. After this acid digestion, the
samples were analyzed by cold vapor atomic absorption
spectrometry (CV-AAS) using a HG-201 Mercury
Analyzer manufactured by SANSIO (Akagi et al. 1995).

RESULTS

We sampled 110 individuals belonging to 28 species and
classified into five trophic categories (Table 1):
planktivores (1 species), herbivores (1), detritivores (1),
omnivores (1) and carnivores (24). The samples included
99 carnivorous fish, and 11 non-carnivores. Only four of
the study species (Plagioscion squamosissimus, Mugil
sp., Carcharhinus sp., and Cichla monoculus) presented
a mean mercury concentrations above the value (0.5 pug
g!) recommended by the World Health Organization,
while some individuals of a fifth species, Cynoscion
microlepdotus, also surpassed this threshold.
Carcharhinus sp., and Cichla monoculus also presented
contamination levels above the limit established by
Brazilian legislation (ANVISA) for predatory fish - 1.0

ug g (Figure 1).
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Table 1. Feeding habits and trophic level of the species
sampled in the municipal markets of Belém.

Species Trophic category Trophic level N
Pomatomus saltatrix Carnivore 4.5 1
Potamotrygon sp. Carnivore 4 3
Gadus macrocephalus Carnivore 4.01 2
Bagre bagre Carnivore 4.01 4
Carcharhinus sp. Carnivore 4.46 3
Lobotes surinamensis Carnivore 4.16 3
Cynoscion microlepdotus Carnivore 4.1 3
Prochilodus nigricans Detritivore 2.38 5
Brachplatystoma flavicans Carnivore 4.5 8
Brachplatystoma filamentosum Carnivore 4.47 5
Airus parkeri Carnivore 4.1 6
Lutijanus sp. Carnivore 3.6 7
Selene brownii Carnivore 3.72 3
Genyatremus luteus Carnivore 35 1
Cynoscion acoupa Carnivore 4.05 6
Plagioscion squamosissimus Carnivore 4.4 5
Macrodon ancilodon Carnivore 39 6
Brachplatystoma vaillantii Carnivore 4.5 9
Megalopis atlanticus Carnivore 3.61 1
Lutijanus sp. Carnivore 3.6 2
Oncorhynchus keta Carnivore 3.42 1
Pellona flavipinis Carnivore 4.5 2
Sardinela brasiliensis Planktivore 3.13 3
Scomberomorus crysorus Carnivore 4.37 7
Mugil sp. Omnivore 2.48 1
Colossoma macropomum Herbivore 2.02 2
Hoplosternum litorale Carnivore 2.86 3
Cichla monoculus Carnivore 4.1 2

DISCUSSION

The results of the study show that most of the fish sold
in the metropolitan area of Belém is within the tolerable
limit of mercury contamination, and thus suitable for
human consumption. While the feeding habits of the
species contributed to these values, the environment in
which the fish were caught appears to be the principal
determinant (Dorea and Barbosa 2007, Kasper et al.
2009, 2012), given that the omnivorous Mugil sp.
presented a higher level of contamination than expected
for its trophic category. Species from areas with a known
history of contamination tend to have higher concen-
trations of the metal, regardless of their trophic category,
in comparison with more preserved areas (Kasper et al.
2009, 2012).

In addition, the simple presence of mercury in the
environment does not guarantee contamination. A

number of factors, such as pH, temperature, dissolved
oxygen and the amount of nutrients in the water, as well
as the bacterial flora that control the bioavailability of
mercury, making it more or less susceptible to accumu-
lation in the tissue of the organisms (Ullrich et al. 2001,
Achaetal. 2011, Coelho-Souza et al. 2011). The species
marketed in the metropolitan region of Belém had
mercury levels similar to those found in the same study
species in rivers with widespread contamination, such as
the Madeira and Tapajos (Table 2).

While the mercury levels found in the present study
were mostly relatively low, further studies are required
to verify a wider range of species and different supply
chains, as well as possible seasonal and ontogenetic
variations in the level of mercury in the contaminated
species. More effective controls on the origin of the fish
sold in local markets, where data on the source of the
fish is scarce or non-existent, are especially important.
The risks and effects of mercury contamination on the
population of Belém are still poorly-known, and there is
a clear need for the monitoring of mercury levels in fish
supplies from contaminated areas, in order to prevent
potential future risks to public health.
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Figure 1. Mean, standard deviation and maximum mercury concentrations in 28 fish species analyzed in the municipality of Belém .

Table 2. Comparative mercury concentrations (ug g') in fish from different regions of the Amazon basin.

Species Mean Locality Reference Mean value, present study
Cichla sp. 0.416 Madeira River Dorea and Barbosa 2007
0.162 Negro River
0.47 Madeira River Kehrig et al. 2008
0.38 Negro River 1.039
0.55 Tapajos River
0.24 Balbina Reservoir
0.49 Tucurui Reservoir
Brachyplatistoma vaillanti 0.09 Madeira River Basttos et al. 2008 0.022
Brachplatystoma flavicans 0.907 Madeira River Basttos et al. 2008 0.127
Brachplatystoma filamentosum 1.359 Madeira River Basttos et al. 2008 0.154
Pellona flavipinnis 1.597 Madeira River Basttos et al. 2008 0.110
0.327 Solimdes River Beltran-Pedreros et al. 2011
Plagioscion squamosissimus 0.449 Madeira River Basttos et al. 2008 0.551
0.547 Solimdes River Beltran-Pedreros et al. 2011
Prochilodus nigricans 0.342 Madeira River Basttos et al. 2008 0.034
0.056 Solimdes River Beltran-Pedreros et al. 2011
Colossoma macropomum 0.126 Madeira River Basttos et al. 2008 0.004

0.063

Madeira River

Beltran-Pedreros et al. 2011
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