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Abstract With the aim of determining Hg distribution in
muscle and liver of bycatch fish from Guerrero state in the
Eastern Pacific Ocean and assess the potential risk to
consumer, Hg was quantified in 14 species of bycatch fish.
For the majority of fish the order of Hg levels was liver [
muscle. The highest concentration corresponded to the
liver of Isopisthus remifer (2.05 lg g-1) and the lowest
(0.02 lg g-1) was detected in muscle of Prionotus sp. The
highest hazard quotient (0.75) was found in the Mexican
milkfish Micropogonias ectenes; considering all the individuals, mean hazard quotient was 0.336.
Keywords Mercury  Bycatch fish  Shrimp fishery 
Guerrero coast  Risk assessment
Guerrero state has a territory of 63, 794 km2, it accounts
for 3.2 % of the total area of Mexico and the coast line is
500 km, approximately. Considering total Hg emissions
per year, Guerrero state (10.73 tons of Hg) ranks 14th
among the 32 states of Mexico (SEMARNAT 2008). In
Mexican waters, including Guerrero coasts, the shrimp
trawl fishery is the main source of bycatch; it includes fish,
crustaceans, and mollusks that are discarded every year
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(Madrid-Vera et al. 2007). Among bycatch species, fish is
the most abundant group (Rábago-Quiroz et al. 2008);
during trawling operations, 10 kg of fish can be caught per
one kg of shrimp (Alverson et al. 1994). Fishing operations
are usually performed on soft bottoms of the continental
shelf at a depth range of 10–240 m. Such areas are not far
from the continent and influence of fluvial and atmospheric
discharges might be noticeable in living resources. Heavy
metal pollution is most evident in coastal areas as a result
of industrial and municipal discharges; mining, agriculture,
and dredging activity; and some natural processes. At sea,
contaminants accumulate in organisms and sediments and
they are subsequently transferred to humans through the
food chain (Giordano et al. 1991). Among trace metals,
mercury (Hg) is one of the most dangerous elements in the
marine environment; it is supplied from natural and
anthropogenic sources and can be extremely toxic to
humans (ATSDR 1992). Pollution of the aquatic environment by Hg is of global concern; sometimes the sources of
the element are not local and measured concentrations in
fish may be of foreign origin. Besides, Hg can be converted
to methylmercury; this chemical form of Hg accounts for
most of the element in the muscle tissue of fish (Holsbeek
et al. 1997). The consumption of food has been identified
as the primary route of human exposure to trace metals.
Risk to human health by Hg (specifically methyl Hg) can
be assessed by non-cancer methods (US EPA 1989). The
hazard quotient (HQ) allows an estimation of human health
risk considering the rate of consumption and correspondent
methyl Hg concentration in food stuffs, and a reference
dose (RfD). The RfD is considered as the degree of metal
exposure below which no adverse effects may occur
(Marrugo-Negrete et al. 2008). In the case of methyl Hg,
the RfD is 0.1 lg kg-1 day-1 (US EPA 2000). When
estimating HQ, values above one indicate potential effects
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on health of consumers. Rate of consumption of bycatch
fish in Mexico has not been estimated; instead, we use a
value of 9.01 kg person-1 year-1 (25 g person-1 day-1)
(Ruelas-Inzunza et al. 2010). Such figure is below the
world average consumption of fish of 63 g person-1 day-1
(WWF 2000). In the above context, the purposes of this
study are: (a) to quantify Hg in muscle and liver of bycatch
fish; (b) to estimate the potential risk to consumer health
according to the levels of Hg (considering that it is mostly
in the form of methyl Hg) in the edible portion and the rate
of consumption of bycatch fish.

Materials and Methods
Bycatch fish were obtained directly from the fishermen of
the shrimp boats based in Mazatlán, Sinaloa. Fish samples
were collected on November 25th 2011 from two sites in
Guerrero state (Site A and Site B; Fig. 1) by using trawl
nets on the continental shelf selecting those fish species
representative of each site. In the laboratory, most fish were
identified to species level, after total length and weight
were recorded. Muscle tissue from the median dorsal portion area and liver were used for the analysis; samples were
frozen at -20 °C. Glassware and plastic utensils were
previously cleaned according to Moody and Lindstrom
(1997). Samples were lyophilized for 72 h (-52 °C and
60 9 10-3 mbar) in a Labconco Freeze-dry-System-FreeZone 6, they then were ground in an agate mortar with

Fig. 1 Location of bycatch fish
collection from two sites of
Guerrero state (SW Mexico)
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pestle (Fisher-Scientific). Powdered samples (0.25 g) were
acid digested (5 mL of concentrated nitric acid-trace metal
grade, Baker) using capped Teflon vials (SavillexTM) on a
hot plate (Barnstead Thermolyne) during 3 h (120 °C).
Digested samples were stored in polyethylene containers
for further analysis. For total mercury analysis we used a
mercury analyzer Buck Scientific 410 by the cold vapor
technique (UNEP 1993). To determine the accuracy and
precision of the method we analyzed reference materials
consistent of fish muscle tissue (DORM-3, NRC-Canada)
and liver (DOLT-4, NRC-Canada). Detection limit was
estimated in 0.012 lg g-1 dry weight. Recoveries for
DORM-3 and DOLT-4 reference materials were 90 % and
102 % respectively. Blanks and reference materials were
run with every batch of 20 samples. Results are reported in
lg g-1 on a dry weight basis. Since legal limits of Hg are
given on a fresh weight basis, conversion of Hg concentration from dry weight (Hgdw) to fresh weight (Hgfw) was
made according to the equation: Hgfw = Hgdw 9 (100-%
humidity)/100 (Magalhães et al. 2007); the percentages of
humidity in liver and muscle tissue were 67 ± 5 % and
71 ± 6 %, respectively. To assess health risk from bycatch
fish intake we used the equation (Newman and Unger
2002) HQ = E/RfD, where E is the level of exposure or
metal intake and RfD is the reference dose for the metal of
interest (methyl Hg = 0.1 lg/kg body weight/day). The
level of exposure (E) is calculated as E = C 9 I/W,
where C is the concentration of the metal of interest
(lg g-1 wet weight), I is the ingestion rate per capita
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Table 1 Biometric characteristics of bycatch fish species from the state of Guerrero
Species

Common name

Food item

Area

N

Total length
(cm)

Total weight (g)

Micropogonias ectenes

Mexican milkfish

Benthic crustaceans, mollusks,
worms

A

25

17.36 ± 1.07

71.44 ± 21.69

Haemulopsis axillaris

Yellowstripe grunt

Benthic invertebrates

A

12

19.47 ± 1.52

109.17 ± 15.80

Trachinotus kennedyi
Cyclopsetta querna

Blackblotch pompano
Toothed flounder

Benthic invertebrates
Benthic invertebrates small fish

A
A

30
5

20.67 ± 1.47
15.22 ± 1.61

103.63 ± 19.51
40.40 ± 11.87

Umbrina xanti

Yellowtail croaker

Fish, crustaceans, bivalves

A

2

11.35 ± 2.62

17.00 ± 4.24

Prionotus sp

Raspy cow/Lumptail
searobin

Shrimps, crabs, fish

A

1

13.20

20.00

Gymnothorax panamensis

Panamic moray

Fish, crustaceans

A

2

45.40 ± 10.47

171.00 ± 100.41

Isopisthus remifer

Silver weakfish

Fish, shrimps, cephalopods

A

2

22.50 ± 2.12

115.00 ± 43.84

Pomadasys panamensis

Panama grunt

Benthic invertebrates, crustaceans,
fish

A

15

11.76 ± 0.59

22.77 ± 4.89

Larimus argenteus
Micropogonias ectenes

Silver drum
Mexican milkfish

Planktonic crustaceans
Benthic crustaceans, mollusks,
worms

B
B

11
26

16.88 ± 1.46
19.57 ± 0.81

53.64 ± 12.86
98.85 ± 11.19

Haemulopsis axillaris

Yellowstripe grunt

Benthic invertebrates

B

16

19.25 ± 2.26

91.00 ± 23.16

Diapterus peruvianus

Peruvian mojarra

Benthic invertebrates, fish

B

62

16.78 ± 1.25

63.74 ± 16.31

Ancylopsetta dendritica

Three-spot flounder

Fish

B

10

16.56 ± 3.26

53.14 ± 30.98

Pseudupeneus
grandisquamis

Bigscale goatfish

Worms, crustaceans mollusks,
echinoderms

B

32

15.96 ± 1.11

56.79 ± 16.64

Hemicaranx leucurus

Yellowfin jack

Crustaceans

B

10

22.35 ± 1.16

126.48 ± 12.34

A Northern Guerrero, B Southern Guerrero

Table 2 Mean mercury
concentrations (±standard
deviation; in lg g-1) in bycatch
fish from Guerrero

Species

Micropogonias ectenes

A Northern Guerrero,
B Southern Guerrero, NA not
available; for a given column,
same superscript letters denote
significant differences
(p \ 0.05)

Area

A

Muscle

Liver

(Dry weight)

(Wet weight)

(Dry weight)

(Wet weight)

0.72 ± 0.44a

0.21 ± 0.12a

0.42 ± 0.25b

0.14 ± 0.08b

Haemulopsis axillaris

A

0.61 ± 0.51

0.18 ± 0.15

0.69 ± 0.25

0.23 ± 0.08

Trachinotus kennedyi

A

0.11 ± 0.09

0.03 ± 0.02

0.05 ± 0.04

0.02 ± 0.01

Cyclopsetta querna

A

0.21 ± 0.25

0.06 ± 0.07

0.99 ± 1.26

0.33 ± 0.41

Umbrina xanti

A

0.40 ± 0.10

0.12 ± 0.03

NA

NA

Prionotus sp

A

0.02

0.006

0.40

0.13

Gymnotorax panamensis

A

0.19 ± 0.11

0.06 ± 0.03

0.21 ± 0.10

0.07 ± 0.03

Isopisthus remifer
Pomadasys panamensis

A
A

0.48 ± 0.52
0.12 ± 0.09

0.14 ± 0.15
0.03 ± 0.02

2.05 ± 0.79
0.30 ± 0.25

0.68 ± 0.26
0.10 ± 0.08

Larimus argenteus

B

0.21 ± 0.16

0.06 ± 0.04

0.09 ± 0.41

0.03 ± 0.13

Micropogonias ectenes

B

0.37 ± 0.15a

0.11 ± 0.04a

0.88 ± 0.35b

0.29 ± 0.11b

Haemulopsis axillaris

B

0.44 ± 0.08

0.13 ± 0.02

0.98 ± 0.64

0.32 ± 0.21

Diapterus peruvianus

B

0.53 ± 0.41

0.15 ± 0.011

0.69 ± 0.94

0.23 ± 0.31

Ancylopsetta dendritica

B

0.26 ± 0.15

0.08 ± 0.04

1.14 ± 1.39

0.38 ± 0.45

Pseudupeneus grandisquamis

B

0.38 ± 0.49

0.11 ± 0.14

0.20 ± 0.11

0.07 ± 0.03

Hemicaranx leucurus

B

0.13 ± 0.03

0.04 ± 0.01

0.15 ± 0.22

0.05 ± 0.07

(25 g day-1) and W is the average weight of an adult
(70 kg). Therefore, a value of HQ below 1.0 means that
the exposure level is less than the reference dose; it
implies that daily exposure to this level is not likely to

cause adverse effects during the life of the consumer.
Differences of Hg levels between muscle and liver of fish
from sites A and B were defined by t-Student and Mann–
Whitney tests.
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Table 3 Mean mercury concentrations (±standard deviation; in
lg g-1 dry weight) in similar bycatch fish collected in the Eastern
Pacific Ocean (Sinaloa state)

Table 4 HQ in bycatch fish from Guerrero according to Hg concentrations (wet weight concentrations) in the edible portion and rate
of consumption

Species

Muscle

Liver

Reference

Species

Area

HQ

M. ectenes

0.656 ± 0.701

1.078 ± 0.791

Ruelas Inzunza
et al. (2012)

Micropogonias ectenes

A

0.75

Haemulopsis axillaris

A

0.64

Trachinotus kennedyi
Cyclopsetta querna

A
A

0.11
0.21

Umbrina xanti

A

0.42

Prionotus sp

A

0.02

Gymnothorax panamensis

A

0.21

Ruelas Inzunza
et al. (2012)

Isopisthus remifer

A

0.50

Pomadasys panamensis

A

0.11

Ruelas Inzunza
et al. (2012)

Larimus argenteus

B

0.21

Micropogonias ectenes

B

0.39

Ruelas Inzunza
et al. (2012)

Haemulopsis axillaris

B

0.46

Diapterus peruvianus

B

0.53

Ancylopsetta dendritica

B

0.29

Pseudupeneus grandisquamis

B

0.39

Hemicaranx leucurus

B

0.14

H. axillaris

1.696 ± 1.022

0.69 ± 0.25

Ruelas Inzunza
et al. (2012)

T. kennedyi

0.106 ± 0.09

0.528 ± 0.646

Ruelas Inzunza
et al. (2012)

C. querna
U. xanti
Prionotus sp
I. remifer

0.394 ± 0.236
0.579
0.530 ± 0.298
1.776 ± 0.639

0.536 ± 0.532
2.9
2.558 ± 0.000
2.624 ± 1.933

Ruelas Inzunza
et al. (2012)

L. argenteus

0.9 ± 0.752

4.622 ± 0.41

Ruelas Inzunza
et al. (2012)

D.
peruvianus

2.556 ± 1.171

3.186 ± 2.947

Ruelas Inzunza
et al. (2012)

H. leucurus

0.582 ± 0.539

0.595 ± 0.424

Ruelas Inzunza
et al. (2012)

H. axillarisa

1.01

NA

Ruelas Inzunza
et al. (2011)

H. axillarisb

1.34

NA

Ruelas Inzunza
et al. (2011)

a

Topolobampo, Sinaloa, bSanta Marı́a, Sinaloa

Results and Discussion
The biometric characteristics of bycatch fish species from
the state of Guerrero are presented in Table 1. Fourteen fish
species were analyzed from two different areas (A and B).
Micropogonias ectenes and Haemulopsis axillaris were
collected in both areas. From biometric information of
collected bycatch fish, 80 % of the icthyofauna are juveniles, the rest are in adult stage (Allen and Robertson
1994). In terms of the number of collected individuals, the
blackblotch pompano Trachinotus kennedyi (n = 30) and
the Peruvian mojarra Diapterus peruvianus (n = 62) were
the most representative species in areas A and B respectively. The sequence of Hg concentrations in the majority
of fish in the present study was: liver [ muscle (Table 2).
Hg concentrations (lg g-1, dry weight) were highly variable, the highest concentration was detected in the liver of
Isopisthus remifer (2.05 lg g-1) and the lowest
(0.02 lg g-1) was found in muscle of Prionotus sp. Levels
of Hg in muscle of M. ectenes from area A were significantly (p \ 0.05) higher than in individuals of the same
species from area B; the opposite behavior was found in
liver; i.e., individuals from area B had more Hg than fish
from site A. Considering the analyzed tissues; in muscle,
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M. ectenes showed the highest level of Hg (0.72 lg g-1)
while in the liver, the highest concentration (2.05 lg g-1)
was detected in I. remifer. In Bahı́a Blanca (Argentina), De
Marco et al. (2006) found similar values of Hg in muscle
(0.305 lg g-1) and liver (0.3 lg g-1) of Micropogonias
furnieri. In contrast, Carneiro et al. (2013) found higher Hg
concentrations in liver (0.103 lg g-1) than in muscle
(0.073 lg g-1) of Micropogonias furnieri collected from
Sepetiba bay (Rio de Janeiro, Brazil).
Table 3 shows the results of Hg concentrations in
muscle and liver of similar fish species collected in the
Eastern Pacific Ocean (Sinaloa coasts).We included fish of
the same species or genus since comparisons of metal
concentrations should comprise individuals with similar
physiology (Rainbow and Phillips 1991); i.e., it is more
objective to do intraspecific comparisons. After comparing
the same fish species and tissues from Sinaloa state
(Table 3) and our results (Table 2) it can be seen that ten
species were common in both areas (Sinaloa state and
Guerrero state). In the case of muscle eight species from
Sinaloa had higher Hg levels. In the case of liver, seven
species from Sinaloa had higher Hg levels and only one
species from Guerrero had higher Hg concentration.
Though total Hg emissions (SEMARNAT 2008) to the
environment in Sinaloa (9.84 tons of Hg) are lower than in
Guerrero (10.73 tons of Hg), other factors may account for
such differences; the characteristics of the environment
where fish live (Johnson and Stevens 2000), the trophic
position of studied species (Kress et al. 1998), and the age
and size of the specimens are some of the most relevant.
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Considering all the fish in this study the mean HQ values
were 0.33 (from area A) and 0.34 (from area B), as can be
observed values were similar. Hazard quotients from consumption of collected fish did not exceed the limit of 1.0
(Table 4), M. ectenes (from area A) presented the highest
HQ (0.75); the lowest HQ (0.02) was for Prionotus sp,
(from area A). It implies that daily exposure to levels and
rate of fish consumption is not likely to cause adverse
effects during the life of the consumers. It has been estimated that fishermen and people related to fishing activities
consume more fish (from two to three times) than an
average consumer (Ruelas Inzunza et al. 2011) so it is
necessary to focus the attention on this sector of the population and generate information related to the rate of
consumption of certain fish species and their Hg levels in
the edible portion.
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