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Abstract Concentrations of mercury (Hg) were quanti-

fied in muscle tissues of the Pacific angel shark, Squatina
californica sampled from Southern Gulf of California,

Mexico, considering total length, sex, diet and the dietary

risk assessment. High Hg levels are typically associated

with carnivorous fishes, however S. californica showed low
Hg concentrations (\1.0 µg g−1) in muscle (0.24 ±

0.27 µg g−1 wet weight; n = 94). No effect of sex, total

length and weight on Hg concentrations were observed in

the shark (p [ 0.05). Hg concentrations were highest in

the darkedge mishipman: Porichthys analis (0.14 ±

0.08 µg g−1) and red-eye round herring Etrumeus teres
(0.13 ± 0.05 µg g−1) relative to other prey species, which

could suggest that Hg concentrations in S. californica were

influenced by these species. Given the relatively low con-

centration of Hg across age-classes and sex, consumption

of S. californica’s muscle tissue poses limited risk to

humans.
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Sharks and rays are traditionally used for food in Mexico,

either fresh, frozen or more commonly salt-dried. Around

60 % of total shark catches reported in Mexico are made in

the Pacific Ocean. From catches in the Mexican portion of

the Pacific Ocean, 40 % correspond to small sharks (less

than 150 cm total length) locally known as cazón (Bonfil

1994; Rose 1996). Although an important shark fishery has

developed in the central Gulf of California, the southern

portion supports captures of commercially important sharks

like the Pacific angel shark Squatina californica (Villavi-

cencio-Garayzar 1996).

Squatina californica is a demersal shark that feeds

mainly on fishes, although it can also prey on crustaceans,

and cephalopods (Escobar-Sánchez et al. 2006). This spe-

cies is a long-lived (e.g., 25–35 years) carnivore, with an

estimated trophic level of � 4.0 (Escobar-Sánchez et al.

2011). These characteristics suggest a high capacity for the

bioaccumulation of mercury (Hg) in their tissues.

Methylmercury is the most toxic form of the naturally

occurring element and is considered a global pollutant of

public health concern when its concentrations are above

natural background level (Boening 2000).̇

In aquatic food webs, the primary source of Hg and

anthropogenic contaminant exposure is from the con-

sumption of contaminated prey, especially for carnivorous

species. Hg transfer through the food chain is also the

primary source of risk to human health due to the con-

sumption of fish (Moore 2000) and metal accumulation can

reach dangerous levels depending on the fish species and

frequency of consumption (Ruelas-Inzunza et al. 2011).

Squatina californica is commercially exploited in the Gulf

of California and its meat is consumed largely by coastal

communities. The rate of consumption may be an impor-

tant factor associated to Hg transfer in these communities,

representing a health risk, especially for children and
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pregnant women. In the present study, Hg was measured in

muscle tissue of S. californica and in prey species sampled

from stomach contents in order to determine the concen-

trations of Hg across age classes and sexes of S. californica
and their prey species, and to assess human health risk.

Materials and Methods

Stomach and anterior-dorsal muscle samples from angel

shark were sampled in the southern Gulf of California in

the fishing camp El Portugués (24°44′N; 110°40′W).

Sharks were captured by fishermen using multifilament gill

nets of 10-30 cm mesh size. The nets were set a 1–10 km

from the shoreline at sunset and inspected the following

morning (Escobar-Sánchez et al. 2006). The Pacific angel

shark migrates to deep waters during summer associated to

reproduction (Galván-Magaña et al. 1989). Given sampling

protocols sharks were collected in February, March,

October and December of 2012, and in February of 2013.

Total length (TL, cm), weight (w), sex, and state of

maturity (juveniles and adults) were recorded for each

shark captured. A total of 94 angel sharks were obtained

with a range of 52–92 cm of TL (77.1 ± 10.9 cm) and

weight range of 1.0–6.1 kg (3.3 ± 1.6 kg) (Table 1). State

of maturity was determined according to Romero-Caicedo

(2013). Male sharks above 75.6 cm TL and female indi-

viduals above of 77.7 cm TL were considered as adults.

The choice of prey species for the Hg analyses was

based on a previous study carried out by Escobar-Sánchez

et al. (2006) in the Southern Gulf of California, in which

the abundance, biomass, and frequency of occurrence were

taken into account in order to identify the main prey spe-

cies. These authors reported to fishes, Porichthys analis,
Etrumeus teres, Decapterus macrosoma, and the crus-

tacean, Sicyionia penicillata, as the most important prey in

the Pacific angel shark’s diet. From stomach contents, prey

species that were intact and in good overall condition

(without digestive effect) were used individually for anal-

ysis. These prey species were identified and processed. All

the shark tissues and their prey were kept in polyethylene

bags and transported in ice until the laboratory analysis.

Teflon vessels and other utensils were previously washed

with Milli-Q water and nitric acid (HNO3) according to

Moody and Lindstrom (1977). Tissues were also washed

with Milli-Q water to remove residual blood, sand or other

undesired material. All tissues were freeze-dried for 72 h at

−52°C and 100 9 10−3 mbar in a Labconco Freeze Drying

System. Samples were weighed before and after the

lyophilization process in an analytical balance OHAUS

(±0.001 g) to obtain the humidity percentage. Percentage of

humidity was estimated (74.06 %± 5.42 %) and conversion

of Hg concentrations from dry to wet weight was made by

using the equation Hg (ww) = Hg (dw)*(100-humidity)/

100 (Magalhães et al. 2007).

Dry samples were pulverized in an agate mortar with

pestle (Fischer Scientific) for homogenizing the samples.

Pulverized samples (0.25 g) were placed in capped Teflon

vessels (SAVILLEX) for digestion. Concentrated nitric

acid (5 mL) was added to each sample vessel. The diges-

tion process was conducted at 120°C for 3 h on a hot plate

(Barnstead Thermolyne). Digested samples were placed in

polyethylene recipients and then made up to 25 g with

Milli-Q water.

Mercury readings were determined by cold vapor atomic

absorption spectrophotometry (CV-AAS) in a Buck Sci-

entific mercury analyzer. Blanks (n = 6) and Standard

Reference Materials (DORM-3 fish protein) were used to

assess the quality of the analytical process. Hg analysis was

checked by running these blanks and reference materials

with every set of muscle samples. Concentrations were

expressed in µg g−1 wet weight (ww). Mean recovery was

of 0.41 µg g−1 (107 %) for muscle (DORM-3:

0.382 ± 0.06 µg g−1; n = 6). The limit of detection was

0.012 µg g−1 dry weight.

A generalized linear model (GLM) was used to test the

effect of sex, total length, weight and state of maturity of

individuals on Hg concentrations.

The hazard quotient (HQ) was calculated to assess the

human health risk proposed by Newman and Unger (2002):

Table 1 Number of specimens (N), mean and standard deviation values of total length, weight, Hg concentrations (µg g−1), hazard quotient

values (HQ) and maximum possible consumption of fish meat (MPCF; g) of Pacific angel shark from southern Gulf of California, Mexico

Category N Muscle

(Hg concentration)

TL Average (cm) TW Average (kg) HQ MPCF

Man (70 kg) Woman (60 kg) Child (16 kg)

Overall 94 0.24 ± 0.28 77.2 ± 10.8 3.3 ± 1.6 0.004 1167 613 163

Males 35 0.19 ± 0.19 74.9 ± 10.4 2.60 ± 1.14 0.003 1474 774 206

Females 59 0.27 ± 0.31 78.3 ± 11.0 3.68 ± 1.68 0.005 1037 544 145

Juveniles 35 0.22 ± 0.20 64.7 ± 6.8 1.64 ± 0.86 0.004 1273 668 178

Adults 59 0.25 ± 0.31 84.36 ± 4.0 4.25 ± 1.01 0.005 1120 588 157
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HQ ¼ E=RfD

where E is the intake of Hg; RfD is the reference dose for

Hg (0.5 µg kg−1 of body weight of a person day−1). Hg

intake was estimated as E = C* I/W (C is the concentration

of Hg in muscle of sharks, I is the ingestion rate of sharks

in Mexico = 0.63 g day−1 (CONAPESCA, 2013), and W is

the weight of an average adult = 70 kg). If the quotient

does not exceed 1 (HQ ≤ 1), the human population is

assumed to be safe.

The maximum possible consumption of fish meat

(contained Hg) per week was calculated (MPCF; g of

edible portion of fish per kg−1 of body weight) by means of

the following formula: MPCF = PTWI/THgj
Where: PTWI is the provisional tolerable weekly intake

established by WHO (World Health Organization), THgj is

the average THg concentration in fish j). For THg, the

PTWI value is 4.0 μg kg−1 body weight per week (equal to

0.57 µg/kg bw/day) (Joint FAO/WHO Expert Committee

on Food Additives 2010). For pregnant or lactating women

this value is restricted to 2.45 μg−1 kg−1 body weight per

week. For adults men, women and children, the average

weight of 70, 60 and 16 kg, respectively, were considered

in this analysis.

Results and Discussion

A total of 94 muscle samples were analyzed. Shark muscles

of all specimens showed a mean and standard deviation of

0.24 ± 0.27 µg g−1 w.w. In comparison with other elas-

mobranchs distributed in Mexican waters, S. californica
showed Hg values more similar to batoids (\0.5 µg g−1 w.

w.) (Ruelas-Inzunza et al. 2013; Escobar-Sánchez et al.

2014) than to other sharks ([1.0 µg g−1 w.w.) that are

mainly pelagic (Maz-Courrau et al. 2012). Even though the

consumption of fishes by predators is related with high Hg

levels (de Pinho et al. 2002), it was not reflected in S.
californica, which is an ichthyophagous shark that prey on

species that live in the water column (Decapterus macro-
soma, Etrumeus teres) and other fish associated to ocean

floor (Porichthys analis, Ophidion iris).
Some variables such as total length and sex of sharks can

have a significant effect on the concentration of Hg (Adams

et al. 2003; Storelli et al. 2005). However, Hg levels were

not affected by sex, total length, weight or state of maturity

in the Pacific angel shark (Table 2). In different sharks

species (e.g. Carcharhinus limbatus), embryos shown certain

Hg levels due to the pass of Hg through the maternal fluid

exchange (Adams et al. 2003), therefore the mature females

could have a lower amount of Hg respect to the males

(Lyons et al. 2013). However, Hg transfer to embryos differs

in shark species due to differences by the reproduction mode

(Le Bourg et al. 2014). In comparison with placental vivi-

parous, the aplacental species have a minor Hg transfer

(Pethybridge et al. 2010). Likewise, S. californica is an

aplacental viviparous, where not placental connection exist

between mother and the embryo, it which are successively

nourished by external and internal yolk-sac reserves. Fur-

thermore diet composition can vary ontogenetically between

size classes and therefore different patterns of Hg bioaccu-

mulation could be observed. However, there are no

ontogenetic diet shifts in relation with angel shark total

length’s (Escobar-Sánchez et al. 2006), and therefore the Hg

levels did not show that differences by total length.

Feeding habit is an important factor related to expected Hg

concentrations in fish (Ruelas-Inzunza et al. 2011), because

fish absorb Hg (in methylated form) mostly from their food.

Knowledge of prey selection enables mapping the flow of

persistent chemical contaminants through aquatic food webs

(Murphy 2004). Therefore main prey reported for S. califor-
nica in the Gulf of California (Escobar-Sánchez et al. 2006)

were considered in this study to know the potential prey items

that provide themajor amount ofHg to this predator. The prey

with the highest Hg concentration were fish as the darkedge

midshipman P. analis (0.14± 0.08 µg g−1 w.w.), followed by
the red-eye round herring, E. teres (0.13± 0.05 µg g−1 w.w.).
The crustacean Sicyonia penicillata (peanut rock shrimp) was

also analyzed but their Hg concentration was below the

method Hg detection limit (\0.012 µg g−1 dry weigh)

(Table 3).

Although the uptake through from the water column also

provide certain Hg, the main transference of mercury is

through the food. In spite of the trophic transference of Hg

was based on a few prey, the Hg concentration in the prey

indicated different levels of bioaccumulation, i.e. fish

accumulated more Hg than crustacean and the Pacific angel

shark showed higher concentrations of chemical contami-

nant than their prey. Most of the prey analyzed are

carnivorous, but the flathead grey mullet Mugil cephalus is
an omnivorous fish, that fed on periphyton or microphy-

tobenthic organisms. Overall, the piscivorous fish contain

more Hg than the non-piscivorous (Ruelas-Inzunza et al.

2011). It which is observed among P. analis (piscivorous)
and M. cephalus (detritivorous). Furthermore it is neces-

sary to know the consumption rate per day of S. californica
to determine the Hg uptake per individual, e.g. if shark

consume four specimens of P. analis the total Hg transfer

would be 0.56 µg g−1 per day. However it is necessary

known the specific assimilation of the metal by sharks and

the chemical form of Hg, due to that organics ones being

efficiently assimilated whereas inorganics ones are poorly

assimilated.

Elevated Hg levels in fishes represent both an ecological

and human health concern (Houserova et al. 2006). Human

exposure to Hg is primarily through the consumption of
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fish. Recently, there has been an increase in the con-

sumption of S. californica in the market stalls from Baja

California Sur, and also the product is exported mainly to

Distrito Federal, Jalisco and Baja California, Mexico.

Therefore this is a product that should be monitored to

assess the risks derived from its consumption. With the

exception of one sample of shark muscle tissue, all the

sharks have mercury levels below the 1.0 µg g−1 (Limit

permissible; NOM-027-SSA1-1993). The HQ calculated

for S. californica was of 0.004, while the average amount

of meat consumed maximum possible consumption of fish

meat (contained Hg) per week were of 1167 g (adults men),

613 g (women) and 163 g (children) (Table 1). Therefore,

based on the tissue concentrations and risk analysis exer-

cises completed in this study, the Hg concentrations

determined in Pacific Angel Shark from the Gulf of Cali-

fornia (Mexico) present low risk for human consumption.
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