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Abstract Total mercury (Hg) concentrations were de-
termined by atomic absorption spectrophotometry in
muscles and liver of composite samples of Mugil
cephalus and M. curema collected during November
2013 and in January, April, and July 2014 from the
coastal lagoons Altata-Ensenada del Pabellón (AEP),
Ceuta (CEU), and Teacapán-Agua Brava (TAG) of
Sinaloa State. The mean Hg contents and information
on local consumption were used to assess the possible
risk caused by fish ingestion. Mean total mercury levels
in the muscles ranged from 0.11 to 0.39 μg/g, while the

range for liver was 0.12–3.91 μg/g. The mean Hg con-
tent of the liver was significantly (p < 0.001) higher than
that of the muscles only in samples collected from AEP.
Although total Hg levels in the muscles were lower than
the official permissible limit, the HQ values for methyl
mercury calculated for the younger age classes of one
fishing community were >1, indicating a possible risk
for some fishing communities of the Mexican Pacific
coast.

Keywords Mercury .Mugil . Coastal lagoons . Human
consumption . Food safety

Introduction

Mercury is a contaminant of global concern because of
its toxicity, wide distribution, and capacity to
bioaccumulate and biomagnify along the food chain.
Data on its emissions are mainly based on estimated
releases from different sectors and sources at the global
or regional level (UNEP 2013), while data at the nation-
al level are scarce. In the case ofMexico, the most recent
estimate gives a total of 56.77 t. Most of this remains
stored in soils and solid residues, while the amounts
liberated to air and water were estimated as 1.20 and
0.23%, respectively. Emissions from the coastal state of
Sinaloa (NW Mexico) were 9.84 t, with 2.1 and 8.9%
liberated to water and air, respectively (Maiz-Larralde
2008). These emissions are likely to increase mercury
availability to the biota of coastal water bodies, which
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may be relevant since fish is the main contributor of
mercury to human diets (FDA 2006).

Mugil cephalus and M. curema are detritivorous fish
species of the family Mugilidae that inhabit American
Pacific and Atlantic coastal water bodies, between 42° N
and 42° S. They are abundant and easily accessible
resources for artisanal fishing communities and are pop-
ular in NW Mexico fish markets. Both species were
suggested as biomonitors for metal contaminants
(Carmo et al. 2012; Türkmen et al. 2012; Waltham
et al. 2013), but the Hg levels concentrations of their
tissues were determined only in few studies.

In this work, we determined the total mercury in
muscles and liver of mixed samples of both species
obtained from three coastal lagoons of Sinaloa State. A
survey among the residents of neighboring communities
served to estimate their average fish consumption and
calculate the related level of risk.

Material and methods

During November 2013 and in January, April, and
July 2014, fish samples were obtained from local fish-
ermen (3–4 fishes/fisherman) of the coastal lagoons of
Altata-Ensenada del Pabellón (AEP), Ceuta (CEU), and
Teacapán-Agua Brava (TAG) (Fig. 1). In each case,
samples consisted of 30 specimens of Mugil cephalus
and M. curema in approximately equal parts, which
were not separated for analysis due to their similar
commercial importance, common habitat, and feeding
habits (Sánchez-Rueda 2002).

Samples were transported at 4 °C in polyethylene
bags to the laboratory and divided in three groups of
ten specimens. Muscles and liver were dissected out,
freeze-dried (−49 °C and 133 × 10−3 mBar), ground and
homogenized in a Teflon mortar, giving three composite
samples of each tissue for each lagoon and each sam-
pling date. Triplicate subsamples (0.5 g aliquots) of each
composite sample were digested with trace metal grade
HNO3 (4 h at 120 °C in Teflon bombs SAVILLEX).
Total mercury concentrations were determined after re-
duction with SnCl2 in a Buck Scientific model 410
mercury analyzer (Loring and Rantala 1992; Frías-
Espericueta et al. 2016).

For QA/QC, all sampling and laboratory materials
were acid-washed (Moody and Lindstrom 1977).
Blanks were used to check contamination, and the ac-
curacy of the analytical technique was evaluated with

the certified reference material DOLT-4, with a recovery
of 104.34%. Detection limit was 0.01 μg/g. Data are
expressed as μg/g on a dry weight basis.

The mean Hg contents of liver and muscles were
compared with two-way ANOVA tests using lagoon
and sampling date as independent variables. Tests were
performed after R1 rank transformation, because data
were not normal (Conover 2012). Significant differ-
ences were separated with Holm-Sidak’s tests. For each
lagoon, Spearman’s correlation coefficients were calcu-
lated between Hg contents in muscles and liver, and the
mean values determined in the muscles of the fishes of
each lagoon were compared to those of the respective
livers with t tests for paired observations. All tests were
performed with α = 0.05 (Zar 1999).

For health risk assessment, the inhabitants of local
communities were interviewed; estimating sample size
according to Morales-Vallejo (2011): 239 people were
interviewed in Ceuta (37.9%), 315 in Altata-Ensenada
del Pabellón (18.1%), and 531 (13.2%) in Teacapán-
Agua Brava. Men, women, and children of different
ages were included in the survey and informed of the
objective of the study. In each interview, apart from
other general information, data were obtained on age,
body weight, quantity, and frequency of Mugil spp.
consumption.

With these data, the Hazard Quotient (HQ) of Hg
ingestion due to consumption of these species was cal-
culated with the equation HQ = E/RfD (Newman and
Unger 2002), where the terms E and RfD are the level of
Hg exposure and the reference dose for total Hg (0.5 μg/
kg body weight/day for an adult; FDA 2006), respec-
tively. The level of exposure E is obtained as E = CI/W,
where C is Hg concentration (μg/g wet weight) of the
food item, I is its daily consumption (in kg/person/day),
and W is the body mass of the consumers.

Results and discussion

Mean total mercury levels in the muscles ranged from
0.11 to 0.39 μg/g. The range for liver was 0.12–3.91 μg/
g (Table 1). For muscles and liver, the coefficients of
variation ranged from 14.1 to 79.7% and from 3.01 to
92.5%, respectively. Variability was generally low in
muscles with the exception of January and April in
TAG while, with the exception of January, the highest
variability in liver was that of AEP (Table 1).
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The mean Hg content of the liver of AEP samples
was significantly (p < 0.001) higher than that of the
muscles, while differences between tissues were not
significant in the remaining lagoons (Table 2). The
concentrations determined in livers were not correlated
to those of the respective muscles (p > 0.05 in all cases).

In most fish species, liver is the main storage site for
metals (Türkmen et al. 2011, 2016; Azevedo et al.
2012). However, this is not a general rule in the case
of Hg, since Waltham et al. (2013) and Diop and Amara
(2016) found no differences between the Hg content of
liver and muscles of some fish species, while Coelho

Fig. 1 Study area. A Altata-
Ensenada del Pabellón (AEP) la-
goon. B Ceuta (CEU) lagoon. C
Teacapán-Agua Brava (TAG)
lagoon

Table 1 Total Hg concentrations (μg/g, dry weight) in muscles and liver of the mulletMugil spp. from three coastal lagoons (NWMexico).
Different letters indicate significant differences (two-way ANOVA, after rank transformation, α = 0.05)

Lagoon Nov. 2013 Jan. 2014 April 2014 July 2014

Muscles

AEP 0.17 ± 0.05b 0.20 ± 0.06b 0.18 ± 0.06b 0.22 ± 0.09b

CEU 0.28 ± 0.04c 0.39 ± 0.07c 0.15 ± 0.02ab 0.13 ± 0.02a

TAG 0.28 ± 0.04c 0.22 ± 0.18bc 0.21 ± 0.16b 0.11 ± 0.03a

Liver

AEP 0.66 ± 0.61bc 3.91 ± 0.12c 0.67 ± 0.41bc 0.66 ± 0.41bc

CEU 0.17 ± 0.06a 0.59 ± 0.23bc 0.34 ± 0.23ab 0.23 ± 0.12a

TAG 0.14 ± 0.03a 0.63 ± 0.16bc 0.22 ± 0.18a 0.12 ± 0.06a

AEPAltata-Ensenada del Pabellón lagoon, CEU Ceuta lagoon, TAG Teacapán-Agua Brava lagoon
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et al. (2010) and Polack-Juszczak (2015) detected
higher values in muscles than in liver of other species.

These differences could be due to the chemical Hg
species present in these organs, since inorganic Hg has
higher affinity for hepatic tissues, while organic Hg has
higher affinity for the thiol ligands present in muscular
tissues (Renzoni et al. 1998). In this case, mean concen-
trations were different only in one of the three lagoons,
which seems to indicate that the storage site is depen-
dent on external factors, possibly because of different
Hg species present in the benthic environment, where
Mugilidae usually forage sifting through sediments
(Sánchez-Rueda 2002). This increases their exposure
to contaminants, either by direct ingestion or because

it liberates metals from sediments into the water column
(Waltham et al. 2013).

There are several examples of mercury concentra-
tions of Mugilidae one order of magnitude higher than
the mean value determined in this study (Marcovecchio
2004; DeMarco et al. 2006;Waltham et al. 2013). There
are also a few cases of values one order of magnitude
lower (Sankar et al. 2006; Squadrone et al. 2013), while
most are similar to the mean value found in this study,
which lies within the range of total Hg concentrations
(0.07–0.47 μg/g) determined by Ruelas-Inzunza et al.
(2008) in Mugil cephalus of AEP and in M. curema of
other coastal lagoons of NW Mexico (Table 3).

Fish consumption is important for human nutrition
because of its contents of minerals, n-3 PUFAs and high
quality proteins (FDA 2006). The mean total Hg values
determined in this study are one order of magnitude
lower than the maximum permissible concentration of
total Hg (0.5 μg/g w.w. = 2 μg/g d.w.; FAO-WHO
2003), which suggests wide limits of safety for the
consumption of these fish species. However, the inter-
views carried out in the local communities showed that
mullet consumption is higher in Ceuta than in other
lagoons, although in all cases HQ values for total mer-
cury are <1, indicating no risk for these communities
(Table 4).

Table 2 Mean total mercury concentrations (μg/g dry weight) in
the mullet Mugil spp. from different coastal lagoons of NW
Sinaloa

Lagoon Muscles Liver

AEP* 0.19 ± 0.07* 1.29 ± 1.75

CEU 0.24 ± 0.12 0.33 ± 0.24

TAG 0.20 ± 0.24 0.27 ± 0.14

*Significant difference between tissues (t test for paired observa-
tions, p < 0.001)

Table 3 Mean total Hg values (μg/g, dry weight) in muscles of Mugilidae species around the world (A) and in Mexico (B)

Species Site Hg Reference

A

Mugil brasiliensis Rio de la Plata 1.32 De Marco et al. (2006)

Mugil liza Rio de la Plata 1.60 Marcovecchio (2004)

Mugil auratus Mediterranean sea 0.13 Storelli et al. (2006)

Mugil labrosus Mediterranean sea 0.17 Storelli et al. (2006)

Mugil capito Mediterranean sea 0.17 Storelli et al. (2006)

Liza aurata SE Mediterranean 0.36 Zohra and Habib (2016)

Mugil cephalus Tunisian lagoon 0.34 Chouba et al. (2007)

Mugil cephalus Calicut, India 0.04a Sankar et al. (2006)

Mugil cephalus Mediterranean sea 0.10 Dural et al. (2007)

Mugil cephalus Mediterranean sea <0.1 Squadrone et al. (2013)

B

Mugil cephalus Mexican NW coast 0.07 Ruelas-Inzunza et al. (2008)

Mugil curema Mexican NW coast 0.47 Ruelas-Inzunza et al. (2008)

Mugil spp. Urías lagoon (NW Mexico) Mexico, Mexico) 0.16 Frías-Espericueta et al. (2016)

Mugil spp. Coastal lagoons (NW Mexico) 0.21 This study

awet weight
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However, it has been recognized that between 82 and
86% of total mercury of fish muscles is methyl-mercury,
which is the most toxic chemical form (Polack-Juszczak
2015). On this basis, we recalculated HQs using the
highest percentage (86%) and the corresponding RfD
value for methyl mercury. In this new scenario, the HQ
values calculated for the first two age sectors of the
Ceuta population were >1 (Table 4), and the highest
was that for children. This should be considered of
concern for the health of the younger sectors of this,
and of other equally isolated and marginal fishing com-
munities of the Mexican Pacific coast.
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