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Abstract

We assessed human health risk due to mercury (Hg) concentrations in fish from three coastal lagoons (Urfas, Huizache, and
Teacapan) in the SE Gulf of California. We also determined Hg distribution in muscle and liver of analyzed ichthyofauna and
compared the results among studied areas according to tissue, season, and lagoon system by using multivariate analyses. Lev-
els of Hg in most of the analyzed fish followed the sequence liver > muscle. The highest Hg levels in muscle (2.80 ug g~! dw)
and liver (9.51 pg g~' dw) were measured in Cynoscion reticulatus and Pomadasys macracanthus, respectively, although
according to the multivariate analyses, statistical differences of Hg concentrations were not found according to the season
and the tissue but were found according to the system. It seems that the higher concentrations were associated with areas
where the hydrological regime is lower. With respect to health risk assessment, the highest hazard quotients were estimated
for Cynoscion reticulatus (0.45) and Stellifer furthii (0.29) from Urias and Pomadasys macracanthus (0.35) from Huizache.
None of the studied fish represent a risk for consumers in terms of Hg levels in the edible portion.

Mercury (Hg) is mobilized by natural and anthropogenic
processes in the environment; some of the natural processes
include volcanic activity, wind-borne soil particles, sea
salt spray, forest wildfires, and biogenic emissions (Nriagu
1989). Anthropogenic activities that release Hg include
power plants that use fossil-fuels, manufacturing of ferrous
and nonferrous metals, caustic soda production plants, facili-
ties for ore processing, incinerators for urban, medical and
industrial wastes, cement plants, and production of chemi-
cals (Pirrone et al. 2010). Hg is known as a global and harm-
ful pollutant to the environment; it may be accumulated by
many organisms, transferred, and biomagnified through food
webs and eventually found in economically important spe-
cies for human consumption (Furness and Rainbow 1990).
In aquatic biota, fish constitute the main source of Hg to
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humans (Luoma and Rainbow 2005). In this context, it is
necessary to monitor metal levels and assess their potential
implications of human health.

Demersal fish species are those that live near to the sea
bottom or temporarily in contact with it and reach a depth of
about 500 m (Moyle and Cech 2000). Within marine ecosys-
tems, demersal fish transform energy from organic matter,
phytoplankton, zooplankton, invertebrates, and other fish
and regulate energy transfer between ecosystems (Yafez-
Arancibia and Lara-Dominguez 1988; Lopez Jiménez et al.
2014).

Along the Gulf of California, there are diverse habitats
including mangrove forests, marshes, estuarine, and marine
systems, which have a high biological diversity and richness
and complex pathways of trophic transfer (Flores-Verdugo
et al. 1990). These coastal ecosystems provide several eco-
logical services, such as protection and breeding habitats for
many species; additionally, they have the ability to accumu-
late materials that are discharged near to the coast (Mon-
tafio-Ley et al. 2015). Discharged materials include Hg and
wetlands have been recognized as sinks of Hg, they are also
considered as producers of methylmercury (MeHg) (Har-
bison 1986; Chatterjee et al. 2011). Considering the above
scenario, it is necessary to monitor Hg occurrence in coastal
ecosystems; for this purpose, fish have been used for many
years as indicators of water pollution since they are excellent
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biomarkers of metals (Marcus et al. 2013). With the aim of
comparing Hg concentrations in the three studied areas, we
measured elemental concentrations in muscle and liver of
several demersal fish. We also assessed human health impact
based on the rate of fish consumption and Hg levels in the
edible portion of specimens. Additionally, reports on Hg
levels in similar fish species were compared with our results.

Materials and Methods

Fish were collected from three coastal lagoons (Urias,
Huizache-Caimanero, and Teacapédn) located in the state
of Sinaloa (SE Gulf of California); these lagoons are sur-
rounded by mangrove forests and have different levels
of anthropogenic disturbances (Fig. 1). Urias is located
in the city of Mazatlan, Sinaloa; it has an extension of
800 ha and receives domestic untreated sewage, effluents
from seafood processing plants, cooling waters from a

thermoelectrical plant, and waters discarded from shrimp
farming and agricultural fields (Pdez-Osuna et al. 1990;
Osuna-Lopez et al. 1997). Huizache-Caimanero locates in
the southern portion of Sinaloa state; it receives intermit-
tent flows from two rivers connected by narrow channels
that transport freshwater to the lagoon during the rainy
season. This system has a surface of 17,100 ha. The most
relevant impacts derive from agriculture, water course
deviations, mining activities, and mangrove deforestation
(de la Lanza and Garcia 1991; Zetina-Rejon et al. 2003).
Teacapan is located in the boundary between Sinaloa and
Nayarit states. Teacapan system accounts for 38,000 ha;
the main disturbances are mangrove degradation, agricul-
ture, cattle production, shrimp farming, and shrimp and
oyster fisheries (Contreras 1985; Flores-Verdugo et al.
1990). Fishes were collected by local fishermen during
the rainy season (August and October 2011, and June and
August 2012) and during the dry season (November and
December 2011, and from February to May 2012). Fish
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Fig. 1 Sites of fish collection in the SE Gulf of California. a Urias, b area where study sites are located, ¢ Huizache-Caimanero, and d Teacapan
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specimens were transported to the laboratory in ice boxes
where taxonomic identification (Fischer et al. 1995), total
length, and total weight were determined. Fish were kept
frozen (— 19 °C) until dissection and processing. Glass-
ware and plastic utensils were acid washed according to
the procedure described by Moody and Lindstrom (1977).
Specimens were dissected to extract the liver and a portion
of muscle tissue from the median dorsal area.

Liver and muscle samples were freeze-dried in a
Labconco Freeze-dry-System-FreeZone 6 (°49 °C and
133 x 1073 mbar for 72 h); dried samples were ground
and homogenized in an agate mortar with pestle. Digestion
of duplicate powdered samples was made with concen-
trated nitric acid (trace metal grade, JT Baker) in capped
Teflon vessels (Savillex™) on a hot plate (Barnstead
Thermolyne; St. Louis, MO) at 120 °C for 3 h. Analy-
ses of Hg were made by cold vapor atomic absorption
spectrophotometry in a Hg analyzer (Buck Scientific 410;
Norwalk, CT; UNEP 1993). Quality control of analytical
runs was assessed by using certified reference materials of
fish muscle (DORM-3, NRC-Canada) and liver (DOLT-4,
NRC-Canada). Recovery percentages of Hg in DORM-3
(110.5%) and DOLT-4 (103.2%) reference materials were
acceptable. Blanks and reference materials were run with
every batch of 20 samples. Results are expressed as pg g~
on a dry weight basis. Hazard quotient (HQ) was estimated
to assess health risk from fish intake by using the equa-
tion (Newman and Unger 2002) HQ = E/RfD, where E
is the level of exposure or metal intake (Hg) and RfD is
the reference dose for mercury (Hg = 0.5 pg kg~! body
weight/day). The level of exposure (E) is calculated as
E = C x I/W, where C is the concentration of Hg in fish
(ug g~! wet weight), I is the ingestion rate of fish per cap-
ita (25 g day™'), and W is the average weight of an adult
(70 kg).

Descriptive statistics (average and standard deviation)
of total length and weight of fish and mercury concentra-
tions in studied tissues were calculated. Differences of Hg
concentrations between muscle and liver of every fish spe-
cies were defined by a parametric test (Student’s 7 test) or a
nonparametric test (Mann—Whitney U test). The statistical
tests were performed with the software GraphPad Prism 4.0
(Graph Pad Software, San Diego, CA) at a significance level
p < 0.05. Besides, mean Hg concentrations in collected fish
were compared with an nMDS ordination multivariate analy-
sis considering tissue (liver, muscle), season (rainy, dry), and
localities (Urias, Huizache-Caimanero, Teacapan) as factors.
Analysis of similarity was applied to define statistical differ-
ences of Hg levels among factors. In case of differences, a
similarity percentage (SIMPER) analysis was used (Clarke
and Warwick 2001). Multivariate statistical analysis was
performed with a specialized software (PRIMER-E version
6.0, 2007).

Results and Discussion
Distribution of Hg in Fish from the Studied Areas

Demersal fish species that were collected in the three areas
belong to nine families. In Urias, the collected fish repre-
sented seven families; the biometric characteristics and
Hg levels are presented in Table 1. In terms of the num-
ber of specimens from Urias, Caranx caninus and Mugil
cephalus were the best represented species. According
to length and size of maturity of fish, most of the indi-
viduals (38%) were juveniles. The highest Hg concentra-
tions in muscle (2.80 pg g~") and liver (3.97 ug g~') were
detected in Cynoscion xanthulus. Overall concentrations
of Hg were significantly (p < 0.05) higher in liver than in
muscle; considering single species from Urias, Hg levels
were significantly (p < 0.05) higher in liver than in mus-
cle of Mugil cephalus. In Huizache, ten fish species of
seven families were collected (Table 2). The mugilids M.
cephalus and M. curema were the most abundant species.
In this area, most of the specimens were juveniles (40%).
The highest Hg levels were detected in Pomadasys mac-
racanthus (muscle 1.86 ug g='; liver 9.51 ug g~"). Con-
sidering all the ichthyofauna from Huizache, average Hg
levels were liver > muscle. In Caranx caballus and M.
cephalus, Hg levels were significantly (p < 0.05) higher
in liver than in muscle. Fish from Teacapan belong to 16
species of 9 families (Table 3). In terms of abundance,
the milk fish Chanos chanos was the best represented
species. Considering biometric information, 49% of the
specimens were in a juvenile stage. In muscle, the high-
est Hg level was 1.36 ug g~ in Nematistius pectoralis; in
liver the most elevated concentration was 6.33 ug ¢~ in
Stellifer furthii. Considering the averaged Hg levels in all
ichthyofauna, Hg levels in liver were significantly higher
(p < 0.05) than in muscle. Considering single species, Hg
concentrations in liver were significantly higher (p < 0.05)
than in muscle in five cases; in N. pectoralis, Hg levels
were significantly higher (p < 0.05) in muscle than in
liver. In diverse studies with fish, it has been concluded
that Hg is preferentially accumulated in liver (Storelli
et al. 2005; Mieiro et al. 2012). This behavior has been
related to the metabolic function of liver and the pres-
ence of metallothioneins. On the other hand, some studies
(Kwasniak and Falkowska 2012) have reported that muscle
may contain more elevated levels of Hg than liver because
of the affinity of methylmercury to sulfhydryl groups that
exist in muscle and also by demethylation of the organic
forms of Hg in the liver (Khoshnamvand et al. 2013). With
respect to length and weight of specimens, it has been
stated that Hg may be accumulated with the age of fish.
In our study, fish from the three studied areas had wide
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Table 1 Average (+ SD) length (cm), weight (g), and total Hg (in pg g~ dry weight) in muscle and liver tissues of demersal fish from Urias

Species Common name TL N Length Weight Muscle Liver
Ariidae

Cathorops fuerthii Congo sea catfish 4.26 2 250+ 1.4 151.0 +48.1 0.59 +0.28 2.08 +2.39
Carangidae

Caranx caballus Green Jack 4.10 2 30.0+ 6.4 319.0 + 155.6 0.76 + 0.95 0.86 + 0.87

Caranx caninus Crevalle Jack 4.17 6 25.0+4.3 223.5+98.4 0.95 + 0.64 0.76 + 0.40
Centropomidae

Centropomus robalito Yellowfin snook 3.95 1 21.0 89.0 0.15 0.27
Haemulidae

Pomadasys macracanthus Longspine grunt 3.18 1 20.5 123.0 0.10 N.A.

Pomadasys panamensis Panama grunt 3.80 3 227+ 1.5 201.0 +30.6 0.79 + 0.25 1.85 +0.12
Mugilidae

Mugil cephalus Grey mullet 2.19 6 253 +5.8 185.7 +36.9 0.08 + 0.09 1.36% + 1.13

Mugil curema White mullet 2.01 2 263 + 1.8 185.5 +£53.0 0.27 + 0.08 1.23 +£0.42
Nematistidae

Nematistius pectoralis Roosterfish 4.50 1 40.0 654.0 1.15 0.86
Sciaenidae

Cynoscion reticulatus Striped corvina 4.78 3 375+52 519.3 +214.7 2.80 + 1.65 3.97 +£2.95

Stellifer fiirthii White stardrum 32 2 203 +1.1 123.0+ 14.1 1.61 +0.62 33+£125
Total/average 29 26.5+6.4 2427 + 158.8 0.86 +0.99 1.68* + 1.59

N.A. not available, T.L. trophic level

*For a given species, significantly (p < 0.05) higher than in muscle

Table 2 Average (+ SD) length (cm), weight (g), and total Hg (in ug g~' dry weight) in muscle and liver tissues of demersal fish from Huizache

Species Common name TL N Length Weight Muscle Liver
Ariidae

Cathorops fuerthii Congo sea catfish 4.26 5 243+ 1.3 116.0 + 16.9 0.36 +0.14 1.01 +£0.58

Sciades guatemalensis Widehead catfish 3.60 8 29.1 +6.5 2582+ 1734 0.67 +0.36 1.39 +1.17

Sciades seemani Tete sea catfish 4.26 10 29.9 +10.5 372.8 +588.9 1.16 + 1.13 2.02+1.98
Carangidae

Caranx caballus Green Jack 4.10 6 19.1+13 94.5 +26.5 0.97 +0.57 1.4% +0.76

Caranx caninus Crevalle Jack 4.17 10 19.0+ 1.5 104.1 + 15.7 0.62 + 0.27 1+0.35
Centropomidae

Centropomus robalito Yellowfin snook 3.95 3 235+2.6 1213 +12.3 0.59 +0.28 0.40 +0.27
Chanidae

Chanos chanos Milkfish 2.00 3 345+39 320.7 +92.9 0.18 +0.12 0.61 +0.47
Haemulidae

Pomadasys macracanthus Longspine grunt 3.18 1 25.0 234.0 1.86 9.51
Mugilidae

Mugil cephalus Grey mullet 2.19 18 262 +3.2 176.9 + 64.5 0.21 +0.34 0.76* + 0.66

Mugil curema White mullet 2.01 16 247+ 1.7 146.9 +31.2 0.19 +0.10 0.49 + 0.46
Sciaenidae

Cynoscion xanthulus Orangemouth corvina 4.07 13 272+ 1.7 1925 +334 0.80 + 0.37 0.54 +0.26
Total/average 93 25.6+5.6 189.0 +210.7 0.56 + 0.58 1.03 +1.30

T.L. trophic level

*For a given species, significantly higher (p < 0.05) than in muscle
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Table 3 Average (+ SD) length (cm), weight (g), and total Hg (in ug g~! dry weight) in muscle and liver tissues of demersal fish from Teacapan

Species Common name TL N Length Weight Muscle Liver
Ariidae

Cathorops fuerthii Congo sea catfish 4.26 6 199 +44 81.6 +52.3 0.30 +0.19 1.19 + 1.05

Sciades guatemalensis Widehead sea catfish 3.60 13 357 +4.4 467.6 + 195.2 0.80 + 0.82 2.11% +2.67

Sciades seemanni Tete sea catfish 4.26 14 34.0 +4.5 4449 + 180.4 1.14 + 091 2.40% +3.75
Carangidae

Caranx caballus Green Jack 4.10 1 20.2 115.0 0.34 0.21

Caranx caninus Crevalle Jack 4.17 6 18.8 +2.7 99.3 +31.6 0.88 + 0.60 0.82 + 0.45
Centropomidae

Centropomus robalito Yellowfin snook 3.95 9 222 +25 137.7 +49.2 0.67 +0.25 0.33 +0.28
Chanidae

Chanos chanos Milkfish 2.00 39 334 +3.8 289.8 + 109.7 0.23 +£0.20 0.24* £ 0.16
Clupeidae

Opisthonema libertate Pacific thread herring 2.90 5 22.1 +0.7 85.8 +16.7 0.30 +£0.22 0.55 +0.48
Haemulidae

Pomadasys macracanthus Longspine grunt 3.18 6 21.3 +3.7 150.0 +75.7 0.57 £0.32 0.75*% + 0.69

Pomadasys panamensis Panama grunt 3.80 3 20.8 +2.8 159.0 + 56.0 0.61 +0.34 1.47 + 1.00
Mugilidae

Mugil cephalus Grey mullet 2.19 8 31.6 +5.7 318.5 +237.6 0.09 + 0.05 1.76*% + 1.39

Mugil curema White mullet 2.01 23 284 +3.2 216.3 +£52.5 0.08 +0.05 0.62 +0.37
Nematistidae

Nematistius pectoralis Roosterfish 4.50 10 42.6 £12.6 973.8 +707.0 1.36% +0.73 1.17 + 0.64
Sciaenidae

Cynoscion reticulatus Striped corvina 4.78 1 31.5 333.0 0.33 0.72

Cynoscion xanthulus Orangemouth corvina 4.07 3 293+ 1.5 230.33 +44.3 0.36 +0.17 0.81 +1.03

Stellifer fiirthii White stardrum 3.20 2 17.5 £ 0.7 72.5+16.3 0.98 +0.03 6.33+2.11
Total/average 149 30.1 +7.9 310.6 +297.1 0.50 + 0.60 1.02* + 1.74

T.L. trophic level
*Significantly (p < 0.05) higher than in muscle

weight ranges. Accordingly, Hg levels showed large vari-
ations. In this context, essential elements are usually less
variable because of homeostatic mechanisms; i.e., they
usually do not correlate with length or weight (Jakimska
et al. 2011). In the case of Hg, numerous studies have
documented the increasing trend of its levels with age or
weight of specimens (Kojadinovic et al. 2007). Further-
more, size of fish is considered the most significant factor
related to Hg fluctuations (Burger and Gochfeld 2011).
Additionally, the process of biomagnification in the marine
environment results in elevated Hg levels in top predators.
In our study, trophic levels (T.L.) of analyzed ichthyo-
fauna (Amezcua et al. 2015; Fishbase 2017) was variable
(range 2.00-4.78). In muscle tissue of fish from Urias and
Teacapan, the highest Hg levels were detected in fish of
elevated trophic level (T.L. > 4.40). In the case of liver,
the most elevated Hg levels corresponded to fish species
of T.L. from intermediate (3.18 in Huizache and 3.20 in
Teacapéan) to elevated (4.78 in Urias).

Comparison of Hg in Fish from Mexican Waters

With the purpose of contrasting Hg concentrations, reports
in similar fish species from Mexican waters were compared
(Table 4). Only Hg levels in the edible portion (muscle)
were included since this tissue is the most commonly used
for monitoring reasons and for human health risk assess-
ments. Our results were presented as ranges of average Hg
concentrations for every fish family. The high value of Arii-
dae (1.16 ug g~!) in our study was an order of magnitude
more elevated than in the published studies. On the contrary,
the top Hg figure for Carangidae (0.97 ug g~') and Centro-
pomidae (0.67 pg g~') were an order of magnitude lower
than the corresponding values reported in other studies. For
Mugilidae, the Hg ranges (0.08-0.27 ug g~') of our study
were comparable to the other reports (0.03-0.47 ug g™1). In
diverse monitoring studies, it has been suggested that closely
related species should be compared, because their toxico-
dynamics and toxicokinetics are similar (Rainbow 1995).
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Table 4 Levels of Hg (ug g dry weight) in selected ichthyofauna from Mexican waters

Species Common name Site Muscle Reference

Ariidae
Cathorops fuerthii Catfish Guaymas harbor 0.48 Ruelas-Inzunza and Paez-Osuna (2005)
Ariopsis felis Catfish Southern Gulf of Mexico 0.08 Vazquez et al. (2008)
Arius platypogon Cominate sea catfish Topolobampo 0.98 Ruelas-Inzunza et al. (2008)
Ariidae (3 species) Sinaloa state 0.30-1.16 This study

Carangidae
Caranx caninus Pacific crevalle jack Topolobampo 3.32 Ruelas-Inzunza et al. (2008)
Carangidae (2 species) Sinaloa state 0.34-0.97 This study

Centropomidae
Centropomus viridis White snook Coatzacoalcos estuary 0.61 Ruelas-Inzunza et al. (2009)
Centropomus armatus Armed snook Topolobampo 1.51 Ruelas-Inzunza et al. (2008)
Centropomus nigrescens Black snook Topolobampo 0.56 Ruelas-Inzunza et al. (2008)
Centropomus medius Black fin snook Santa Maria 0.82 Ruelas-Inzunza et al. (2008)
Centropomus robalito Yellowfin snook Sinaloa state 0.15-0.67 This study

Haemulidae
Haemulopsis axillaris Yellowstripe grunt Sinaloa coast 1.18 Ruelas-Inzunza et al. (2008)
Haemulopsis axillaris Yellowstripe grunt Topolobampo 1.01 Ruelas-Inzunza et al. (2008)
Haemulon sexfasciatum Graybar grunt Santa Maria 1.49 Ruelas-Inzunza et al. (2008)
Haemulidae (2 species) Sinaloa state 0.10-1.86 This study

Mugilidae
Mugil curema White mullet Veracruz 0.04 Reimer and Reimer (1975)
Mugil cephalus Gray mullet Tampico 0.07 Reimer and Reimer (1975)
Mugil cephalus Gray mullet Guaymas 0.03 Reimer and Reimer (1975)
Mugil cephalus Gray mullet Topolobampo 0.03 Reimer and Reimer (1975)
Mugil cephalus Gray mullet Mazatlan 0.06 Reimer and Reimer (1975)
Mugil curema White mullet Sinaloa coast 0.47 Ruelas-Inzunza et al. (2008)
Mugil cephalus Gray mullet Sinaloa coast 0.07 Ruelas-Inzunza et al. (2008)
Mugilidae (2 species) Sinaloa state 0.08-0.27 This study

Nematistidae
Nematistius pectoralis Rooster fish Topolobampo 1.34 Ruelas-Inzunza et al. (2008)
Nematistius pectoralis Rooster fish Sinaloa state 1.15-1.36 This study

Only in the case of Ariidae, our results were more elevated
than other reports. For Mugilidae, the results were compara-
ble, and for Carangidae and Centropomidae, Hg levels were
lower. There is a need to perform species-specific studies to
know more about Hg dynamics in coastal ecosystems from
tropical and subtropical latitudes. In temperate latitudes,
species diversity is lower compared with areas close to the
equator where it is elevated and food webs are more complex
(Rohde 1992). This issue makes biomonitoring studies more
difficult in tropical regions.

Levels of Hg According to Tissue, Season, and Site
To corroborate statistical differences in the concentrations of
Hg according to tissue (muscle and liver), season (rainy and

dry), and lagoon system (Urias, Huizache, and Teacapén),
multivariate analyses were performed. The nMDS analysis
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showed clear cut groups between the concentrations in the
different lagoons, but a clear separation regarding the other
factors was not observed (Fig. 2). This was corroborated by
ANOSIM, which indicated that the Hg concentration dif-
fered statistically among all systems, but differences were
not found in the concentration of Hg according to season
or tissue (Table 5). According to SIMPER, the differences
between systems were caused due to two factors. First, the
species that were not present in all systems were a major
source of differences. The other factor that accounted for the
differences is related to the species present in all systems but
with the average Hg concentration higher depending on the
locality (Table 6). In this sense, five species most contrib-
uted to the observed differences; the most important was the
grunt, Pomadasys macracanthus, which was present in all
three systems but with higher concentrations in Huizache,
and then decreasing in Urias, and finally the lower values
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Fig.2 Multidimensional scaling (MDS) plot of the mean Hg concen-
tration in muscle and hepatic tissue of fish in the different systems
analyzed from a Bray—Curtis similarity matrix. The total stress was
0.01

Table5 Test ANOSIM factors for different mercury levels in tissues
of demersal fish from three lagoon systems in southern Sinaloa

Factor R P Different

Lagoon

0.833 0.031 Yes
0.896 0.028 Yes
0.852 0.029 Yes

Urias versus Huizache-Caimanero
Huizache-Caimanero versus Teacapan
Teacapén versus Urias
Tissue
Muscle versus Liver 0.016 0.344 No
Season

Rainy versus dry —0.021 0.504 No

were found in Teacapan. Considering averaged Hg values
from all the species in every lagoon (Tables 1, 2, 3), fish
from Urias had the highest concentrations in muscle and
liver, perhaps as a consequence of the higher anthropogenic
activities occurring there. Urias is next to the city of Maza-
tlan, and therefore, there are more human impacts. Previ-
ous studies have highlighted that Urfas is a polluted system
(Soto-Jiménez and Paez-Osuna 2008). In fact, a significant
contribution of atmospheric Hg in this area is represented by
a thermoelectrical power plants that has been operating since
1966; in a dated core near the power plant, it was indicated
that Hg pollution initiated in 1968 (Ruiz-Fernandez et al.
2009). Perhaps this contributed to the highest Hg concentra-
tions found there, as was the case of Cynoscion reticulatus.

However, the reason that the Hg concentrations are not very
high can be related to the hydrological regime of Urias, in
which the water exchange with the sea is much higher than
in Huizache and Teacapan (Soto-Jiménez and Paez-Osuna
2001a). As a consequence, the contaminants are removed
from this system, which on average makes them less avail-
able to the biota. In a similar study, Cd and Pb levels in
fish from the same sites were significantly different (Gil-
Manrique et al. 2017). It seems that the hydrological regime
is a relevant factor related to the presence of trace elements.

Health Risk Assessment

Fish with the highest HQ values were Cynoscion reticulatus
(0.45) and Stellifer furthii (0.29) from Urias and Pomadasys
macracanthus (0.35) from Huizache (Fig. 3). Estimation of
HQ was based on the same rate of fish consumption, so its
variation is due to the amount of Hg in the edible portion
of the analyzed ichthyofauna. The carnivore fish that had
the highest HQ values had relatively higher amounts of Hg
and elevated trophic levels (TL > 3.5), it is possible that Hg
biomagnification accounts for this behaviour; i.e., elevated
HQ values in top predators correspond to elevated TL val-
ues. Trophic levels of C. reticulatus (4.78) and S. furthii
(4.62) were the highest among the collected ichthyofauna
(Amezcua et al. 2015). The other factor that may influence
the HQ value is the site where fish were collected; it is not
surprising that fish from Urias had higher Hg levels than
specimens from the other areas; Urfas is more impacted by
human activities than the other sites. Although Urias has a
lower water residence (5—7 days) time (Soto-Jiménez and
Péaez-Osuna 2001b) than the other areas (Huizache 67 days;
Teacapan 22.8 days), its smaller water surface (21 times
smaller than Huizache and 48 times smaller than Teacapén)
and circulation pattern favor the accumulation of pollutants
(Cardoso-Mohedano et al. 2016).

None of the HQ results were above the unity; i.e., the
total amount of Hg was below the corresponding RfD. If
we consider that almost all Hg in muscle tissue of fish is in
the organic (mostly methyl Hg) form (Akagi et al. 1994),
we may reestimate HQ values using methyl Hg (equiva-
lent to the total of measured Hg) and the RfD of methyl Hg
(0.1 ug kg~! day~!; US EPA 2014) and results are higher by
a factor of five (range from 0.05 to 2.25). Under this sce-
nario, in seven cases (from a total of 16, equivalent to 44%),
there would be a health risk. The site with more HQ values
above one was Urias (3 cases), followed by Teacapan and
Huizache (2 cases each). This issue is of concern; however,
sound conclusions cannot be drawn on this matter, because
no methyl Hg analyses were performed and rates of fish con-
sumption were estimated as apparent consumption (total of
the annual fish production in Mexico divided by the popu-
lation of the country). In a study in the Brazilian Amazon,
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Table 6 Mean pairwise Hg concentrations of fish species from the lagoon systems based on SIMPER analysis

Pair Species Mean (Hg) Mean (Hg) Mean dis-  Mean dissimilarity/ Contribution %
similarity ~ SD contribution

Teacapéan versus Huizache Nematistius pectoralis 1.01 0 5.16 12.36 20.07
Opisthonema libertate 0.81 0 4.19 10 16.3
Pomadasys macracanthus 0.73 0.95 3.75 2.28 14.59
Mugil cephalus 0.62 0.82 1.57 2.12 6.11
Mugil curema 0.72 0.79 0.88 1.74 341
Chanos chanos 0.7 0.78 0.8 1.66 3.1
Caranx caballus 0.36 0.99 3.39 1.53 13.17
Sciades guatemalensis 0.85 1.01 0.95 1.5 3.68
Cathorops fuerthii 0.9 0.87 0.86 1.46 3.33

Teacapén versus Urias Sciades seemani 1 0 7.93 11.52 11.59
Nematistius pectoralis 1.01 0 7.99 8.74 11.67
Opisthonema libertate 0.81 0 6.51 6.64 9.5
Cathorops fuerthii 0.9 0 7.09 6.33 10.36
Chanos chanos 0.7 0 5.62 5.9 8.21
Sciades guatemalensis 0.85 0 6.86 4.96 10.02
Pomadasys macracanthus 0.19 0.95 6.15 2.44 8.98
Caranx caninus 0.28 0.92 5.28 1.52 7.7
Mugil curema 0.59 0.71 3.38 1.38 4.94

Huizache versus Urias Sciades seemani 1.11 0 9.64 8.82 14.56
Sciades guatemalensis 1.01 0 8.72 8.49 13.17
Cathorops fuerthii 0.87 0 7.57 8.28 11.43
Caranx caballus 0.99 0 8.67 6.76 13.09
Chanos chanos 0.68 0 5.92 3.62 8.93
Caranx caninus 0.28 0.95 6.04 1.58 9.12
Pomadasys macracanthus 0.19 0.73 6.25 1.08 9.44
Centropomus robalito 0.45 0.85 3.8 1.08 5.74
Cynoscion xanthulus 0.45 0 3.98 0.94 6.01

Species are listed in order of their contribution to the mean dissimilarity divided by the standard deviation (SD) between pairs of fish species

comparable fish consumption (20 g per day) to ours (25 g
per day) was reported but HQ values ranged from 1.5 to
28.5. It was concluded that the elevated risk was associated
to artisanal gold mining areas where people catch their fish
(Castilhos et al. 2015). On the other hand, the rate of con-
sumption (17.3 g per day) of demersal fish from fishery areas
in Greece (Yabanli and Alparslan 2015) resulted in low HQ
values in adults (0.07) and children (0.52). Estimation of HQ
is highly dependent on the rate of consumption, the origin
of fish, and the type of fish. In Italian supermarkets, HQ
values were below the unity in all species tested; the rate of
consumption was 18 g per day. Nevertheless, top predators,
such as swordfish (0.80) and Atlantic bluefin tuna (0.74), had
values close to one (Barone et al. 2015).

Although fish is not the only dietary item that incorpo-
rates Hg to humans, its relative contribution is relevant. In
this sense, studies related to health risk assessments should
include more food items and not only fishery products. In
a study at an industrial zone in Jiangsu, China (Cao et al.
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2010), the HQ from diverse elements in rice and vegeta-
bles was assessed. The individual rate of consumption of
rice (423.5 g per day) and vegetables (234.6 g per day) was
elevated but the HQ for Hg was very low (0.049). In con-
trast, in an Hg mining area in Wanshan (SE China), although
individual rice consumption was similar (401 g per day),
vegetable consumption was more elevated (234.6 g per day).
The HQ for Hg (0.60) was much higher (Wang et al. 2011).

Conclusions

From length and size of maturity of fish from the studied
areas, juvenile stages were common in specimens from
Urias (38%), Huizache (40%), and Teacapan (49%). The
sequence of Hg levels in analyzed tissues was liver > mus-
cle in most of the ichthyofauna from the three studied
lagoons. This is in concordance to other studies of Hg
distribution in fish, perhaps as a consequence of the
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detoxifying role of liver. However, from the multivariate
results, it can be concluded that for the compared areas,
besides the human activities, the hydrological regime also
has an effect on the accumulation of Hg and that the sea-
son and type of tissue are not a determining factor. In rela-
tion to the health risk assessment, HQ values were below
unity for all the fish species. The fish with the highest HQ
were predators of elevated trophic position (TL > 3.5). For
a more precise estimation of human health risk, it is neces-
sary to perform a detailed survey about fish consumption,
use adult fish for Hg measurements, and perform labora-
tory analysis of methylmercury.
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