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Abstract We determined total Hg and Se contents of
hepatopancreas, exoskeleton, and muscle, and the Se:Hg
molar ratios in the muscle of shrimps Farfantepenaeus
californiensis and Litopenaeus stylirostris caught in NE
Pacific Mexican waters. Total Hg mean values in muscle,
hepatopancreas, and exoskeleton were 0.31 ± 0.26,
0.28 ± 0.29, and 0.24 ± 0.06 μg g−1, and 0.46 ± 0.46,
0.41 ± .034, and 0.24 ± 0.06 μg g−1 for F. californiensis
and L. stylirostris, respectively. In all tissues, the mean

concentrations of Se tended to be close to one order of
magnitude higher than the respective Hg values. In
F. californiensis, the hepatopancreas of the larger com-
mercial size had significantly (p < 0.05) higher Hg con-
tent than smaller sizes, but correlations size-Hg concen-
tration calculated for each tissue of either species were
not significant. The Hg content of the muscle of all
commercial sizes of both species was lower than the
permissible limit and their Se:Hg ratios in all sizes were
higher than 1, indicating low risk for human
consumption.
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Introduction

Fish and shrimp consumption confers several health
benefits, because of their protein, mineral, and polyun-
saturated fatty acids contents (Smith and Guentzel
2010); however, these organisms may contain several
contaminants, among which mercury (Hg) is considered
one of the most hazardous due to its high toxicity to
wildlife and humans (Kehrig et al. 2013).

Some of the main Hg effects in humans are neuro-
logical and locomotory disorders, depressed immune
system, muscular weakness, and some cardiovascular
diseases (Ratcliffe et al. 1996). An important property of
Hg is that it may cross maternal placentas and bind to
fetal tissues, as reported in humans (Ask et al. 2002) and
in marine sharks (Frías-Espericueta et al. 2015).
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Selenium (Se) is an essential element because of the
important antioxidant activity of selenoenzymes
(Ralston et al. 2008). It is also important because its
presence may reduce Hg toxicity (Yoneda and Suzuki
1997), since Hg binds to selenoenzyme active sites. This
modifies its catalytic activity, which is what impairs
cellular metabolism (Kehrig et al. 2013).

Marine shrimp fishery has a high economic and
social importance in Mexico. Total landings in 2013
were 22,672 tons, and the most important species were
Farfantepenaeus californiensis and Litopenaeus
stylirostris (CONAPESCA 2013). Although the metal
contents of Mexican wild-caught shrimp were deter-
mined in several studies (Frías-Espericueta et al. 2007
and literature therein), knowledge on Hg concentrations
in wild shrimps is limited to one coastal lagoon (Ruelas-
Inzunza et al. 2004), and none is available on the Hg and
Se contents of shrimps landed by the Mexican
shrimping fleet.

The aim of the present study was to determine the
total Hg and Se contents in muscle, hepatopancreas, and
exoskeleton and their molar ratio in the edible tissue of

marine wild shrimps caught in Mexican Pacific waters,
which is important for health risk assessment for high
seafood consumers (Polak-Juszczak 2015).

Materials and methods

The shrimp samples of F. californiensis (78) and
L. stylirostris (14) were obtained from August 2014 to
January 2015 by federal observers stationed on board
commercial shrimp trawlers operating in front of the
states of Baja California, Baja California Sur, Nayarit
and Sinaloa (NW Mexico, Fig. 1). Each sample
consisted of 15 shrimps of the same species and of
nearly equal length, caught in the same operation. All
samples were stored at −20 °C inmetal-free plastic bags,
kept in a box separate from the main catch until arrival
to Mazatlán harbor (SE Gulf of California).

In the laboratory, the 15 organisms of each sample
were thawed and dissected, and equal aliquots of edible
muscle, hepatopancreas, and exoskeleton of each
shrimp were used to obtain one composite sample of

Fig. 1 Location of sampling sites. BC, BCS, SON, SIN, and NAY should not be underlined, states of Baja California, Baja California Sur,
Sonora, Sinaloa, and Nayarit, respectively
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each tissue. This gave a total of 78 samples of muscle,
hepatopancreas, and exoskeleton of F. californiensis,
and 14 samples of muscle, hepatopancreas, and exoskel-
eton of L. stylirostris. These were lyophilized, ground,
and homogenized in a Teflon mortar, and three 0.5 g
aliquots were pre-digested overnight at room tempera-
ture with 5 mL of HNO3 (trace metal grade). Digestion
was carried out in SAVILLEX Teflon bombs at 120 °C
for 4 h. Each digested sample was diluted to 25 mLwith
Milli-Q water, and total mercury was determined after
reduction with SnCl2 in a Buck Scientific model 410
mercury analyzer (Delgado-Alvarez et al. 2015). A
Thermo element 2XR high resolution ICP-mass spec-
trometer (HR-ICP-MS) was used for 77Se and 78Se
determination (Soto-Jiménez et al. 2008).

The Se:Hg molar ratio was calculated following
Burger and Gochfeld (2013). Quality assurance and
quality control (QA/QC) is the certified reference mate-
rial TORT-3 that gave 104.34 and 112% recovery for Se
and total Hg, respectively. Blanks were used to check
contamination, and all tissues were analyzed in tripli-
cate. All materials were acid-washed. Detection limits
were 0.01 μg g−1 for Hg and 0.07 μg g−1 for Se.

Data were separated according to size (determined as
commercial counts: e.g., 26–30 = between 26 and 30
shrimps lb.−1, individual wet weight: between 15.1 and
17.8 g; U-8 = under 8 shrimps lb.−1, individual wet
weight > 56.7 g). Data were not normally distributed
(Kolmogorov-Smirnov tests) and were compared with
non-parametric tests. The metal concentrations of the
tissues of each commercial size were compared with
Kruskal-Wallis tests, whereas those of each of the three
tissues calculated using all size classes were compared
with non-parametric one-way block ANOVA
(Friedman’s) tests. Differences were identified with
multiple comparisons Dunn’s tests. Interspecific differ-
ences were tested with Mann-Whitney’s tests. Relations
between mean shrimp size (in cm) of each sample and
its Hg and Se concentrations were calculated for each
species with Spearman’s correlation tests. All tests were
performed with α = 0.05.

Results and discussion

The only difference in Hg concentration of the different
sizes of F. californiensis was the high content of the
hepatopancreas of the larger commercial size (U-8),
which was significantly higher (p < 0.05) than those of

sizes U-15, 15–20, and 26–30 (Table 1). In the case of
L. stylirostris, the exoskeleton of size 26–30 had a
higher Hg content than U-15 and U-10, but not of U-8
(Table 1).

According to Hosseini et al. (2014), the hepatopan-
creas has higher Hg concentrations than gills and mus-
cle, Additionally, concentrations are supposed to be
higher in larger shrimps than in smaller ones, possibly
because of the higher amounts of metal-containing preys
ingested, as well as because Hg uptake is generally
higher than Hg excretion (Diop and Amara 2016).
This is in agreement only with the significant correlation
(r = 0.402, p < 0.001) obtained in this study for the
hepatopancreas of F. californiensis, while other tissue
did not show any relation between Hg concentration and
size of the organisms.

In the case of L. stylirostris, the lack of size-related
differences in Hg concentrations and of significant cor-
relations between Hg content and size, agrees with the
results of Raissy (2016), who found no relation between
Hg content and size in Penaeus merguiensis. The dif-
ferent relation between Hg and size shown by
F. californiensis and L. stylirostris may be due to inter-
specific differences in strategies of Hg storage and han-
dling or, as pointed out by Francesconi and Lenanton

Table 1 Mean ( ± SD) total Hg concentrations (μg g−1, dry
weight) in tissues of different commercial sizes of
F. californiensis and L. stylirostris.

Size n Muscle Hepatopancreas Exoskeleton

F. californiensis

26–30 2 0.23 ± 0.01a 0.08 ± 0.01b 0.30 ± 0.01a

21–25 9 0.29 ± 0.2a 0.27 ± 0.14ab 0.23 ± 0.06a

16–20 23 0.27 ± 0.21a 0.20 ± 0.12b 0.23 ± 0.06a

U-15 20 0.22 ± 0.1a 0.18 ± 0.1b 0.24 ± 0.06a

U-12 14 0.32 ± 0.15a 0.27 ± 0.09ab 0.25 ± 0.06a

U-10 6 0.30 ± 0.29a 0.41 ± 0.35ab 0.22 ± 0.07a

U-8 4 1.01 ± 0.57a 1.15 ± 0.69a 0.30 ± 0.07a

L. stylirostris

26–30 1 1.05 0.28 0.36

16–20 1 0.30 0.65 0.25

U-15 3 0.17 ± 0.04a 0.12 ± 0.03a 0.20 ± 0.01b

U-10 6 0.29 ± 0.28a 0.41 ± 0.32a 0.22 ± 0.04b

U-8 3 0.82 ± 0.63a 0.59 ± 0.47a 0.28 ± 0.08ab

Different letters indicate significant differences between data of the
same species in the same column (Kruskal-Wallis tests).
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(1992), it might be caused by differences in feeding
habits, or by different biological activities or finally by
differences in environmental Hg levels.

In the case of Se, the concentrations of all tissues
tended to be close to one order of magnitude higher than
the respective values determined for Hg. This agrees
with the results obtained by Plessi et al. (2001) for
shrimp and Guns et al. (1992) for several aquatic organ-
isms, including shrimp. Hepatopancreas had the highest
Se concentrations followed by muscle and exoskeleton
in this order, and there were no size-related differences
within each of the tissues of either species (Table 2).

There were no significant differences between Hg
concentrations calculated with the values of all shrimp
sizes of each species and, although the values of hepa-
topancreas and muscle tended to be higher in
F. californiensis than in L. stylirostris, differences be-
tween the two species were not significant (p = 0.15 and

Table 2 Mean ( ± SD) total Se concentrations (μg g−1, dry
weight) in tissues of different commercial sizes of
F. californiensis and L. stylirostris.

Size n Muscle Hepatopancreas Exoskeleton

F. californiensis

26–30 2 6.46 ± 0.08a 18.67 ± 5.55a 1.79 ± 0.76a

21–25 9 4.39 ± 1.74a 24.58 ± 13.67a 1.82 ± 1.01a

16–20 23 4.15 ± 1.40a 31.35 ± 12.43a 2.23 ± 0.99a

U-15 20 4.56 ± 2.29a 33.55 ± 16.65a 2.01 ± 0.83a

U-12 14 4.13 ± 1.49a 27.31 ± 11.47a 1.62 ± 0.99a

U-10 6 3.25 ± 1.66a 23.22 ± 8.05a 1.03 ± 0.49a

U-8 4 4.12 ± 1.49a 22.49 ± 13.88a 1.52 ± 1.02a

L. stylirostris

26–30 1 6.79 9.91 0.71

16–20 1 1.53 86.66 2.17

U-15 3 5.81 ± 2.13a 36.71 ± 5.57a 0.87 ± 0.28a

U-10 6 6.14 ± 5.68a 34.41 ± 21.49a 1.02 ± 0.46a

U-8 3 6.19 ± 1.22a 26.19 ± 15.76a 1.29 ± 0.61a

Equal letters indicate lack of significant differences between data
of the same species in the same column (Kruskal-Wallis tests).

Table 3 Mean values (μg g−1, dry weight) of Hg and Se in shrimp
of NW Mexico

Element Muscle Hepatopancreas Exoskeleton

F. californiensis

Hg 0.31 ± 0.26a 0.28 ± 0.29a 0.24 ± 0.06a

Se 4.43 ± 0.98b 25.88 ± 5.21c 1.72 ± 0.38a

L. stylirostris

Hg 0.46 ± 0.46a 0.41 ± .034a 0.24 ± 0.06a

Se 5.29 ± 2.13b 38.78 ± 28.76c 1.21 ± 0.58a

Different letters indicate significant differences between tissues
(Friedman’s and Dunn’s tests, a < b < c)

Table 4 Hg and Se content (μg g−1, dw) in tissues of penaeid
shrimp of several areas

Species Zone Hg Se

Hepatopancreas

P. merguiensisa Persian Gulf 0.11–1.15

L. vannameib Bahia, Brazil 0.08–7.07

L. stylirostrisc NW Mexico 0.41 ± .034 38.78 ± 28.76

F. californiensisc NW Mexico 0.28 ± 0.29 25.88 ± 5.21

Muscle

P. merguiensisa Persian Gulf 0.06–0.41

L. vannameib Bahia, Brazil 0.82–3.97

P. kerathurusd Mediterranean
Sea

0.13 1.03

P. longirostrisf Mediterranean
Sea

0.60 2.04

P. longirostrisg Andalusia,
Spain

0.02

P. kerathurusf Senegalese
Coast

0.014 ± 0.009 0.211 ± 0.08

P. merguiensisg SE Iran 0.25 ± 0.08

X. kroyerih SE Brazil 0.01–0.03 0.11–0.25

L. stylirostrisc NW Mexico 0.46 ± 0.46 5.29 ± 2.13

F. californiensisc NW Mexico 0.31 ± 0.26 4.43 ± 0.98

a Hosseini et al. (2014), b Silva et al. (2016), c this study, d Plessi
et al. (2001), e Olmedo et al. (2013), f Diop and Amara (2016),
g Raissy (2016), h Kehrig et al. (2013).

Table 5 Se:Hgmolar ratio ofF. californiensis and L. stylirostris at
different commercial sizes

Size Se/Hg

F californiensis L. stylirostris

26–30 53.2–87.2 13.44

21–25 8.6–50.9 –

16–20 9.4–228.8 9.63

U-15 9.2–147.1 36.99–106.44

U-12 10.9–68.2 –

U-10 9.4–56.5 12.53–291.17

U-8 4.1–41.8 8.56–57.99

– No data
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0.09, respectively).
For both shrimp species, there were no significant

differences in the concentrations of the three tissues
calculated with the values of all shrimp sizes
(p > 0.05, Table 3). This is in agreement with the results
obtained with cultured shrimp by Soares et al. (2011)
and Delgado-Álvarez et al. (2015), but not with the
higher Hg contents found in the hepatopancreas of
several shrimp species by Ruelas-Inzunza et al. (2004).
Although high hepatopancreas concentrations could be
due to its high metallothionein content, or to high metal
accumulation in metabolically active organs, such as
liver and hepatopancreas (Kalay et al. 1999; Diop and
Amara 2016), differences in the chemical Hg species
stored might explain these discrepancies, given the dif-
ferent affinities of inorganic and organic Hg for the
metallothionein proteins of the hepatopancreas, or for
the thiol groups of muscle proteins (Karlsen et al. 2014),
respectively.

There is little information on the hepatopancreas Hg
and Se contents in wild shrimp. Our data lie within the
range of Hg values found by Hosseini et al. (2014) in
P. merguiensis, but Se data are between half and one
order of magnitude higher than those determined by
Silva et al. (2016) in L. vannamei. In the case of the
muscle, our Hg data are one order of magnitude higher
than those reported in X. kroyeri, P. kerathurus, and
P. longirostris by Kehrig et al. (2013), Diop and
Amara (2016) and Raissy (2016), respectively, but lie
within the range of values determined in several other
species. The Se values of this study, although higher, are
close to those of most other species enlisted in Table 4.

The high Se:Hg ratios of L. stylirostris and
F. californiensis agree with the high values of this ratio
determined by Burger and Gochfeld (2013) in shrimps
sold in public markets, and in Xiphopenaeus kroyeri by
Kehrig et al. (2013). These high values confirm the
generally low Hg content of our samples, since this ratio
is mainly Hg-related, because of self-regulation of Se by
aquatic organisms (Burger and Gochfeld 2013).

The Hg content of the muscle of all commercial sizes
of both species were lower than 0.5 μg g−1 wet weight
(2.0 μg/g dry weight), which is the limit for safe con-
sumption suggested by FAO-WHO (2003). The lack of
Hg-related risk is confirmed by Table 5, which shows
that all Se:Hg ratios are higher than 1, which is an
additional criterion for fish and shrimp safe consump-
tion (Kehrig et al. 2013; Polak-Juszczak 2015; Diop and
Amara 2016).
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