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Abstract The mercury content of mullets and black
mojarras of Urı́as lagoon (NW Mexico) were determined
every second month from November 2012 to September
2013, to determine differences related to season or to
trophic levels. The Hg contents of the muscle were significantly higher in mojarras, confirming that Hg contents
tend to increase along the food chain, while the levels in
liver were higher in mullets, suggesting different Hg storage strategies of these species. In mullets, the content of
muscles did not vary seasonally and was significantly lower
than in the liver. In black mojarras there were no significant
differences between muscle and liver, and the lowest mean
values were in May in both tissues. Given the low Hg
contents, both species are safe for human consumption, but
care should be taken in traditional fishing communities.
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Mercury (Hg) is a highly toxic pollutant of worldwide
concern. It reaches terrestrial and aquatic environments
mainly through aerial deposition and accumulates eventually in coastal waters and sediments through river transport
and continental runoff. It may be present in several organic
and inorganic forms, among which methylated mercury
(MeHg) is considered its most toxic species (EFSA 2012,
Polak-Juszczak 2015). In Mexico, total atmospheric emissions for 2004 were estimated at 50.46 Mg of Hg, in
agreement with the 19.7–97.4 Mg range estimated by
UNEP (2013) for Central America, including Mexico and
the Caribbean. The main sources were Hg-based paints
(23.1 Mg), waste burning (7.36 Mg), cement manufacturing (4.9 Mg), mineries (4.44 Mg), coal burning power
plants and chlor-alkali plants, with 2.96 and 2.75 Mg,
respectively (Maiz-Larralde 2008). Estimates of releases to
the terrestrial environment amount to 185.66 Mg, mostly in
mine tailings (155.39 Mg) and informal waste deposits
(28.7 Mg), and those to national waters from wastewater
treatment systems, dental works residues and Hg-based
paints were estimated as 6.13 Mg (Maiz-Larralde 2008).
Estero de Urı́as lagoon (State of Sinaloa, NW Mexico) is
of particular interest because most lagoons of this state are
impacted by effluents of intensive agriculture and related
activities (Páez-Osuna and Osuna-Martı́nez 2015), while
Urı́as Lagoon is mostly under urban impact. This is generated by the city of Mazatlán and its commercial and
fishing harbor, the related industrial activities (mostly
seafood processing plants), one thermoelectric power plant,
and unknown volumes of untreated urban wastewater of the
surrounding areas. Additional impacts are the effluents of
five shrimp farms (Ochoa-Izaguirre and Soto-Jiménez
2014).
Fish is considered important for human nutrition
because of its high content of essential nutrients. Its
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consumption has several dietetic advantages and additionally it decreases the risk of cardiovascular diseases and
neuro-development disorders, among others (FDA 2006).
However, fish is known to accumulate metals, partly from
water and mainly through the food chain and, given the
affinity of MeHg for muscle tissues (Renzoni et al. 1998),
its consumption may entail an unknown degree of risk.
Since Hg excretion rates are generally lower than the rates
of inputs, its concentrations tend to increase progressively
along the food chain (Sackett et al. 2013). This increases
the level of risk if the fish consumed is a predator species.
In this study we determined the Hg content of the
muscle and liver of mullets, Mugil spp, which are omnivorous and detritivorous, and of the black mojarra Eugerres,
which is a carnivorous predator and which, for this reason,
was expected to have a higher Hg content than mullets.
Since both species are popular in fish markets, the data
obtained were used to assess the level of risk associated to
their consumption and calculate their provisional tolerable
weekly intake (PTWI). Season-related differences in the
Hg content in aquatic organisms have been described in
Mexican NW lagoons, with higher values during the rainy
season because of water transport and continental runoff
(Páez-Osuna and Osuna-Martı́nez 2015). However, inputs
to Urı́as lagoon are continuous, which might cause differences in the time-related trends of Hg contents of the two
species.

HQ is the hazard quotient, E and RfD are the level of Hg
exposure and the reference dose for total Hg (0.5 lg/
kg/day for an adult: FDA 2006), respectively, and the level
of exposure E is obtained as E = C I/W, where C is Hg
concentration (lg/g wet weight) of the food item, I is its
apparent daily consumption (1.29 and 0.08 kg/person/year
for mojarras and mullets, equivalent to 3.53 and
0.22 g/day, respectively: CONAPESCA 2011). W is the
bodyweight (bw) of the average Mexican consumer:
70.7 kg and 62.9 kg for women of child bearing age
(CANAIVE 2012).
Risk due to mullet and black mojarra consumption was
also estimated using for these two species the total
Hg:MeHg ratio 1:0.8 determined for several fish species by
Polak-Juszczak (2015).
The mean values of the three samples of muscle and liver
of each month were considered representative for the specimens of each species caught in that particular month, and
were compared using one way ANOVA or Kruskall-Wallis
tests, depending on the results of Kolmogorov–Smirnov and
Bartlett’s tests. Significantly different means were separated
with Holm-Sidak or Dunn’s tests. The mean values determined in each sample of muscle of each species were
compared to the corresponding samples of livers with t tests
for paired observations. Differences between species were
determined with t tests. The software for all tests was SigmaStat 3.5 (Systat Software, San Jose, CA), and the level of
significance used for all tests was a = 0.05.

Materials and Methods
Results and Discussion
Samples were obtained in Estero de Urı́as every 2 months,
from November 2012 to September 2013. On each date, three
samples of 10 adult fish of similar size (annual mean: Mugil
spp = 30.4 ± 3.6 cm; E. axillaris = 24.6 ± 3.2 cm) were
obtained from local fishermen at their main landing site
(106° 250 W, 23° 100 N), and transported to the laboratory on
ice in individual polyethylene bags. The 10 specimens of
each sample were dissected and equal aliquots of each tissue
were used to obtain composite samples. These were freezedried, ground, homogenized in a Teflon mortar and three
0.5 g aliquots were pre-digested overnight at room temperature with 5 mL of HNO3 (trace metal grade). Digestion was
carried out in Teflon bombs at 120 °C for 4 h, each digested
sample was diluted to 25 mL with Milli-Q water, and total
mercury was determined after reduction with SnCl2 in a
Buck Scientific model 410 mercury analyzer. For QA/QC all
tissues were analyzed in triplicate: detection limit was
0.01 lg/g, the certified reference material DOLT-4 gave
104.34 % recovery. Blanks were used to check contamination and all materials were acid-washed.
Risk due to fish consumption was estimated with the
equation HQ = E/RfD (Newman and Unger 2002), where
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Mullet samples consisted in almost equal parts of Mugil
cephalus and M. curema which, in view of their common
habitat and feeding habits (Sánchez-Rueda 2002), were not
separated for analysis. There were no significant differences between the mean concentrations determined in the
muscle, which ranged from 0.09 ± 0.06 (March) to
0.23 ± 0.08 lg/g (September). In the liver, mean concentrations tended to be higher between March and July, and
the highest was that of the May samples (Table 1).
Although Hg contents in aquatic biota are supposed to
be higher in the rainy season (Páez-Osuna and OsunaMartı́nez 2015), the highest mean value in the liver was
found in May, towards the end of the dry season and the
lowest in September, at the peak of the rainy season
(Table 1). The mean Hg concentration in the muscle of E.
axillaris was significantly higher than that of Mugil spp
(0.52 ± 0.36 and 0.16 ± 0.07 lg/g, respectively) whereas
that of liver was significantly higher in Mugil spp
(0.61 ± 0.30 and 0.83 ± 0.32 lg/g for E. axillaris and
Mugil spp). The liver of mullets had significantly higher
values than the muscle (t test for paired samples, p \ 0.05),
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Table 1 Monthly mean values (±standard deviation) of the total
mercury content (lg/g, dw) of muscle and liver of Mugil spp of Estero
de Urı́as lagoon
Month

Mugil sp

E. axillaris

Nov

0.18 ± 0.04a

0.70 ± 0.24b

Jan
Mar

0.18 ± 0.06a
0.09 ± 0.06a

0.62 ± 0.32b
0.53 ± 0.16b

May

0.12 ± 0.06a

0.10 ± 0.01a

Jul

0.17 ± 0.05a

0.55 ± 0.09b

Sep

0.23 ± 0.08a

0.63 ± 0.15b

Nov

0.66 ± 0.16ab

0.86 ± 0.08b

Jan

0.79 ± 0.09ab

0.70 ± 0.23ab

Mar

1.02 ± 0.11ab

0.26 ± 0.12a

May

1.17 ± 0.32b

0.29 ± 0.30ab

Jul

0.96 ± 0.24ab

0.75 ± 0.16ab

Sep

0.36 ± 0.06a

0.80 ± 0.15ab

Muscle

Liver

Different letters indicate significant differences between data in the
same column (one way ANOVAs, a = 0.05)

while the difference between tissues was not significant for
E. axillaris (p [ 0.05).
Although Delgado-Alvarez et al. (2015) did not find
any season-related differences in the Hg contents
(0.05–0.37 lg/g) of oysters of the NW coast of Mexico,
several authors (Yesudhason et al. 2013; Páez-Osuna and
Osuna-Martı́nez 2015) reported a tendency to higher Hg
contents in aquatic organisms during the rainy season,
probably related to increased inputs due to surface runoff
from the surrounding agricultural areas. The different
trends of fishes of Urı́as lagoon are probably due to the
continuous inputs of urban wastewater, industrial effluents
and fumes and cooling water from an oil-burning power
plant (Ochoa-Izaguirre and Soto-Jiménez 2014).
The values determined in the muscles of Mugil spp in
this study are comparable to those found in other Mugilidae
of NW Mexico, but higher than those of M. incilis of the
Colombian coast, even in Cartagena Bay, where sediments
are contaminated by the residues of a chlor-alkali plant
(Alonso et al. 2000). Additionally, our data coincide with
most authors, which indicate higher concentrations in the
liver than in the muscle (Table 2).
Since Mugilidae are mostly primary consumers or
detritus feeders, their Hg contents were expected to be
lower than in E. axillaris (troph 2–2.5 and 3.4, respectively: Froese and Pauly 2014). As expected, the mean Hg
content of the muscle of E. axillaris was significantly
higher than that of Mugil spp, although this had significantly higher values in the liver. This, the lack of a significant difference between tissues of E. axillaris, and the

significantly higher value in the liver of Mugil spp, indicate that these two species accumulate Hg in different
tissues.
The values found in E. axillaris of Estero de Urı́as
lagoon coincide with the range of mean values determined
in Latin American samples of the same taxonomic group
(Gerreidae) (Table 2). Liver is the preferential organ for
metal accumulation because of its physiological functions
of detoxification and storage (Tepe et al. 2008), which
coincides with the difference between tissues determined in
Mugil spp, but not with the results obtained with E. axillaris which shows that, at least for Hg, metal accumulation
in the liver is not a general rule.
On the other hand, due to the presence of sulfhydril
groups, methylated Hg (MeHg) is supposed to have higher
affinity for the muscle (Renzoni et al. 1998). This would
explain the similar values found in the liver and muscle of
E. axillaris, and coincides with the lack of difference
between hepatic and muscular tissues and/or the higher Hg
concentrations of the muscles determined in several
freshwater and marine fish species by Cizdziel et al. (2003)
and Polak-Juszczak (2015), among others.
However, in agreement with our results for Mugil spp,
other authors determined higher Hg values in fish liver than
in muscle (i.e. Azevedo et al. 2012), which might be due to
differences in the Hg species present in these two organs,
since the low values in the muscle with corresponding high
liver contents might be explained by a high percentage of
inorganic Hg, probably because of ongoing demethylation
of MeHg in the liver (Joiris et al. 1999), whereas similar or
higher values in the muscles seem to indicate a higher
percentage of total Hg present as MeHg (Branco et al.
2007, Coelho et al. 2010). This could be due to different
bioaccumulation and detoxification strategies (Sackett
et al. 2013), leading to interspecific differences such as
those found in this study.
Present Mexican regulations indicate that the maximum
Hg content (as MeHg) in marine products other than tuna
and related species should not exceed 0.5 lg/g (wet
weight) (Secretarı́a de Salud 2011), while the European
Community established a maximum total Hg limit of
1.0 lg/g (wet weight) for most fish (European Union
2008). The values detected in our study, converted to wet
weight assuming moisture content of 80 % of fresh fish,
and a total Hg: MeHg ratio of 1:0.8, are well below the
maximum permissible contents of both limits. The mean
HQ values calculated for mullet consumption were
0.25 ± 0.08 9 10-3 and 1.26 ± 0.38 9 10-3 for total Hg
and MeHg, respectively, which were significantly
(p \ 0.01) lower than those for black mojarra
(1.29 ± 0.53 9 10-2 and 0.06 ± 0.03. These low values
seem to indicate that in Mexico there is a negligible risk
related to the consumption of these two fish species.
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Table 2 Mercury contents (lg/
g dw) in Mugil spp., and in
Eugerres and other Gerreidae
from Mexico and other Latin
American countries

Species

Zone

Mugil sppa

Urı́as lagoon, Mexico

0.09–0.23

0.36–1.17

2.0–2.5

Mugil cephalusb

Coastal lagoons NW Mexico

0.02–0.86

0.26–1.33

2.5 ± 0.2

Mugil cephalusc

Topolobampo, NW Mexico

0.05

1.22

2.5 ± 0.2

Mugil incilisd

Cartagena Bay, Colombia

0.01–0.09

–

Mugil incilisd

Ciénaga Santa Marta, Colombia

0.01–0.02

Eugerres axillarisa

Urı́as lagoon, Mexico

0.10–0.70

0.26–0.86

3.4 ± 0.5

Eugerres plumierid

Cartagena Bay, Colombia

0.11–0.33

–

2.2 ± 0.0

Eugerres plumierid

Ciénaga Santa Marta, Colombia

0.01–0.03

–

Eugerres brasilianuse

Jaguaribe River, NE Brazil

0.02–0.13

Diapterus peruvianusc

Topolobampo, NW Mexico

0.5

–

3.7 ± 0.2

Puerto Rico

0.05–0.21

–

2.2 ± 0.0

Eugerres plumieri

f

Muscle

Liver

Troph*

2.0 ± 0.1
2.0 ± 0.1

2.2 ± 0.0
3.4 ± 0.4

* Trophic level, based on food ı́tems (Froese and Pauly 2014)
a

This study; b Ruelas-Inzunza and Páez-Osuna (2005); c Ruelas-Inzunza et al. (2008);
(2000); e Costa and Lacerda (2014); f Rodrı́guez-Sierra and Jiménez (2002)

However, the risk assessed using the only available
values of fish and seafood consumption (apparent consumption, calculated considering total national landings
and the total Mexican population) might give an optimistic
estimate of the risk of Hg ingestion. A recent survey in the
coastal city of Mazatlán (Delgado-Alvarez 2015) evaluated
a higher local consumption than the national value. While
all HQs remained below the level of risk even considering
local consumption rather than the national value, the
coefficients were at least twice higher than those estimated
using official data, which indicates the urgent need of
further studies to identify eventual populations at risk,
which might be some of the traditional fishing communities
common along the Mexican Pacific coast.
The European Community suggests a provisional tolerable weekly intake (PTWI) of 4 lg/Kg bw of total Hg
(including pregnant women), but the limit for MeHg is only
1.3 lg (EFSA 2012), which is lower than the 1.6 lg
established by FAO-WHO (2003). Using the lower PTWI
value (EFSA 2012), the tolerable weekly consumption
would be 2.84 kg/person for mullet and 0.87 kg/person for
black mojarra for an average adult (2.54 and 0.78 kg in the
case of women of child-bearing age, with an average bw of
62.9 kg), which become likely quantities in the fishermen’s
families of the poorest Mexican coastal communities.
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