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Abstract
We evaluated the total Hg concentration in different tissues of squalid callista Megapitaria squalida in order to measure Hg 
distribution in tissue and to estimate human health risk. Samples were obtained by free diving in the SW Gulf of California, 
Mexico. Concentrations are given on a wet weight basis. A total of 89 squalid callista specimens were obtained, presenting 
an average Hg concentration of 0.07 ± 0.04 µg  g−1. There were no significant differences (p > 0.05) in Hg concentration 
between tissues (visceral mass = 0.09 ± 0.08 µg  g−1; mantle = 0.06 ± 0.07 µg  g−1; muscle = 0.06 ± 0.04 µg  g−1). The low Hg 
values found in squalid callista and its low risk quotient (HQ = 0.03) suggest that the consumption of squalid callista does 
not represent a human health risk. However, HQ calculated using MeHg was > 1, it which could indicate a potential risk 
related to consumption of clams.

Keywords Heavy metals · Bioaccumulation · Health risk · Clam · Mollusk

Of all benthic invertebrate groups, the bivalve mollusks 
are the most used in coastal biomonitoring of trace metals 
(Rainbow and Phillips 1993; Ruelas-Inzunza et al. 2014) 
because as filter feeders they accumulate local pollutants 
in their tissues (Cantú-Medellín et al. 2009); they also are 
sessile or sedentary, having a wide distribution, being easy 
to sample and manipulate, and being available year-round 
(Páez-Osuna and Osuna-Martínez 2011). A species that has 
all these characteristics is the squalid callista Megapitaria 
squalida, a mollusk distributed from Laguna Ojo de Liebre, 
Baja California Sur, south to Macora, Peru (Keen 1971). It 

is one of the most abundant bivalves in northwestern Mexico 
(Arellano-Martinez et al. 2006) and therefore represents an 
important fishing resource for the state of Baja California 
Sur (López-Rocha et al. 2010). At present its fishery has 
been intensified, which has generated an increase in its pro-
duction with catches ranging from 1400 tons in 2006 to 4272 
tons in 2014 (Aragón-Noriega 2016).

Most studies on pollutants in clams from northwestern 
Mexico have focused on heavy metals such as zinc, cad-
mium, nickel, lead, iron, copper, and manganese, without 
taking Hg into consideration. The latter is the most toxic, 
volatile, and transferable metal, and its concentration can 
increase to dangerous levels that can put the quality of the 
product (e.g. clams), as well as human health, at risk. This 
risk increases mainly in coastal communities (whose shell-
fish consumption is high), and in areas with higher anthro-
pogenic impact. However, certain metals such as Hg do not 
seem to be governed completely by local sources; its volatil-
ity enables it to reach regions that are considered relatively 
pristine and remote (Cantú-Medellín et al. 2009; Méndez 
et al. 2006), and where there is no direct source of this ele-
ment. Although the Gulf of California used to be considered 
a relatively pristine area, currently it is thought of as altered 
by human settlements, mining activity, extensive agricul-
ture, aquaculture, and industrial development (Méndez et al. 
2006; Shumilin et al. 2001; Gutiérrez-Mejía et al. 2009).
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In the present study, we established the level of Hg pre-
sent in different tissues of M. squalida in La Paz Bay, Mex-
ico; we compared the Hg levels in the soft tissue with the 
maximum legal limits; and evaluated the risk that its con-
sumption could represent in the state of Baja California Sur, 
as the squalid callista is one of the most important bivalves 
in Mexican waters.

Materials and Methods

Samples were obtained monthly by clam fishermen from 
September 2012 to January 2013 and August 2013 using 
free-diving at a site located in La Paz Bay (Fig. 1). Clams 
were transported in iceboxes at low temperature. In the labo-
ratory total and soft body weights  (TW,  SW), and shell length 
and height  (SL,  SH) were recorded for each clam. Muscle 
(Mu), mantle (M), and visceral mass (Vm) were dissected 
and weighed individually. Once dissected, tissues were fro-
zen and transported to the laboratory.

Previously tagged tissues were weighed and placed in a 
lyophilizer at 133 × 10−3 mbar pressure and − 49°C during 
72 h. After the freeze-drying process, samples were weighed 
again using an OHAUS balance with ± 0.001 g precision to 
obtain the humidity percentage, which allows the conversion 
from dry weight (dw) to wet weight (ww) (Magalhães et al. 
2007). Percentage of humidity estimated was of 76% ± 4.9%. 
Freeze-dried samples were pulverized and homogenized using 
an agate mortar and pestle prior to digestion. This consists in 
taking a portion of the sample (0.2–0.3 g) and adding 5 mL of 

concentrated ultrapure nitric acid  (HNO3). This was left to pre-
digest over night in Teflon containers and the digestion was 
then performed in Teflon (SAVILLEX) containers at 120°C 
on a BARNSTEAD heating plate during 3 h. Samples were 
then placed in previously washed polyethylene vials and filled 
to the 25 mL mark with Milli-Q water (MESL 1997).

Duplicate samples were run in a BUCK SCIENTIFIC 410A 
mercury analyzer. The method used was cold vapor atomic 
absorption spectrometry (CV-AAS). Results were expressed 
as µg  g−1 on a wet weight basis.

The quality of the analytical process was assessed using 
blanks (n = 10) and standard reference materials (DORM-3 
fish protein). Mean recovery was 0.43 µg  g−1 (113%) (DORM-
3: 0.382 ± 0.06 µg  g−1; n = 5) and the limit of detection was 
0.012 µg  g−1 dry weight. All materials were acid cleaned 
(Moody and Lindstrom 1977).

A generalized linear model (GLM) was used to test the 
effect of total and soft body weights, shell length, and shell 
height of clams on Hg concentrations. To determine if Hg 
levels in M. squalida are within the limits of the Mexican leg-
islation, average concentrations were compared with the value 
(0.5 µg  g−1  CH3Hg wet weight) set in the norm NOM-242-
SSA1-2009 (Newman and Unger 2002), related to maximum 
permissible limits in bivalves for human consumption.

The human health risk was assessed using the following 
hazard quotient (HQ) (NOM-242-SSA1-2009):

where E is Hg intake; RfD is the reference dose for MeHg 
(0.1 µg  kg−1 of a person´s body weight  day−1). Hg intake 

HQ = E/RfD

Fig. 1  Study area. Location of 
the sampling area in La Paz 
Bay, B.C.S., Mexico
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was estimated as E = C × I/W, where C is the Hg concentra-
tion in clam tissue (on wet weight basis), I is the ingestion 
rate of mollusks in Mexico = 32.87 g  day−1 (CONAPESCA 
2010), 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 (i.e., it is not likely that the consumer 
will have a non-carcinogenic problem for the rest of his/
her life).

The maximum possible clam consumption (Hg con-
tained) per week was calculated by means of the following 
formula: MPCC = PTWI/THgj. MPCC is expressed in g of 
edible clam portion per  kg−1 of body weight. PTWI is the 
provisional tolerable weekly intake established by the WHO 
(World Health Organization) and  THgj is the average THg 
concentration in clam j. For THg, the PTWI value is 4.0 µg 
 kg−1 body weight per week (equal to 0.57 µg kg  bw−1  day−1) 
(JECFA 2010). For pregnant or lactating women, this value 
is restricted to 2.45 µg−1  kg−1 body weight per week. For 
adult men, women and children, the average body weights of 
70, 60 and 16 kg, respectively, were considered in this analy-
sis. Hg concentrations are expressed as average ± standard 
deviation in µg  g−1 units based on wet weight (ww).

Results and Discussion

Eighty-nine squalid callista M. squalida samples were 
obtained in La Paz Bay, Baja California Sur, Mexico. Three 
tissue samples were obtained from each clam: muscle 
(n = 87), visceral mass (n = 84), and mantle (n = 82). Sam-
ples were 7.7 ± 0.5 cm long and 6.4 ± 0.8 cm high on aver-
age, with a total weight fluctuating between 73 and 169 g, 
with an average of 113.9 ± 22.9 g. The average weight with-
out the shell was 29.4 ± 9.6 (range 15–54 g). According to 
morphometric results the individuals were adults.

The squalid callista had an average whole body Hg con-
centration of 0.07 ± 0.04 µg  g−1 ww (0.09 ± 0.04 µg  g−1 dw). 
Compared with other studies from the eastern coast of the 
Gulf of California (e.g. 0.063 µg  g−1 dw in Chione subru-
gosa and 0.230 µg  g−1 dw Crassostrea gigas (Green-Ruiz 
et al. 2005) the Hg values are similarly to C. subrugosa; 
but in comparison with other studies for the western coast 
of the Gulf the values are low (e.g. 0.24 ± 0.27 µg  g−1 ww; 
0.32 ± 0.36 µg  g−1 dw in Squatina californica, Escobar-
Sánchez et al. 2016). Studies on heavy metals in the squalid 
callista in northwestern Mexico have focused on other 
metals such as Cd, Pb, Zn, Cu, Mn, and Fe. These studies 
reported that heavy metal concentrations, although low, var-
ied depending on the sampled location (Méndez et al. 2006). 
Because mollusks feed by filtering, if the water contains 
certain metals, they can pass into the bivalves. In Sinaloa 
coast (NW Mexico), Frías-Espericueta et al. (2008) reported 
significant values of Cd and Pb (2.59–4.13 and 6.59–8.43 µg 

 g−1, respectively) in soft tissue of M. squalida. These authors 
pointed out that these relative higher values were by agricul-
tural runoff and resuspension of Pb rich sediments.

Low Hg concentrations have been reported for other 
bivalve mollusks in the Gulf of California: Crassostrea 
corteziensis (0.02 ± 0.003 µg  g−1, García-Rico et al. 2010) 
and C. gigas (0.16 ± 0.06 µg  g−1, Osuna-Martínez et al. 
2010). However, for the eastern coast of the Gulf of Cali-
fornia (Guaymas, Sonora), the vent clam Vesicomya gigas 
had higher Hg values compared with those reported in other 
studies in Mexico and worldwide (Ruelas-Inzunza et al. 
2013). Those clams were collected in the Guaymas Basin, 
where there are hydrothermal vents that could release certain 
metals such as Hg. There is no information on the presence 
of hydrothermal vents in La Paz Bay. Recently, Delgado-
Alvarez et al. (2015) reported an Hg interval of 0.012–0.092 
µg  g−1 (ww) in oysters of the genus Crassostrea from the 
NW coast of Mexico, and estimated a low HQ values.

There were no significant differences (p > 0.05) in Hg con-
centration between tissues (visceral mass = 0.09 ± 0.08 µg 
 g−1; mantle = 0.06 ± 0.07 µg  g−1; muscle = 0.06 ± 0.04 µg 
 g−1) (Fig. 2). Monthly variations of Hg levels showed that 
in September and October the average concentrations were 
higher, however not significant differences were observed 
(ANOVA p > 0.05) (Table 1). Not effect of  TW,  SW,  SL and 
 SH on Hg levels was observed (p > 0.05).

There was similar Hg accumulation in the different tis-
sues of M. squalida. Bebianno and Serafim (2003) reported 
that metal concentration in tissues of the clam Ruditapes 
decussatus depends on the type of metal that is bioaccumu-
lating. They found higher Cu, but not of Cd or Zn, accumula-
tion in the digestive gland. Escobedo-Fregoso et al. (2010) 
reported that tissue from the digestive gland of M. squalida 
showed higher Cu accumulation. In this study, higher Hg 
concentration was observed in the digestive gland; however, 
were not significant difference.

Clams are consumed by humans, creating a direct line of 
exposure to Hg (Rainbow and Phillips 1993; Ruelas-Inzunza 

Fig. 2  Total mercury (THg) in general and by tissue in the squalid 
callista M. squalida in La Paz Bay, Baja California Sur, Mexico. 
Scale bar represents one standard deviation
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et al. 2014). In this sense, the maximum possible quantity 
(MPCC) of squalid callista that could be consumed per 
week was 4000 g for an adult man (~ 70 kg), 2100 g for 
an adult woman (~ 60 kg), and 560 g for a child (~ 16 kg). 
Considering the average squalid callista weight without shell 
(29.4 ± 9.6 g), an adult could consume approximately 136 
clams per week (~ 19 clams per day) without risk, whereas 
children and women could consume 1971 clams per week 
(~ 281 clams per day), similarly. The highest allowed level of 
MeHg in mollusks is 0.5 µg  g−1, based on wet weight (New-
man and Unger 2002; NOM-242-SSA1-2009); therefore, 
given the low Hg values found in M. squalida, its consump-
tion could not represent a risk to human health. Although, 
Hg concentrations have been recognized as a good estima-
tor of methylmercury (MeHg), the most hazardous form of 
Hg to human. Here, we considered the current estimates 
of this representation that vary from 82% to 86% (Polak-
Juszczak 2015). The MeHg estimation was applied using 
86% (0.5 ± 0.3 µg  g−1 ww MeHg), and HQ was recalculated 
to > 1. Moreover, the MPCC recalculated limit the consump-
tion of M. squalida to 560 g (~ 19 clams per week) for an 
adult man, 294 (~ 10 clams per week) for adult woman and 
74 (~ 3 clams per week) for a child. These results suggest 
that MeHg is found at significant levels in M. squalida and 
human may therefore at risk through food habits based on 
this clam.
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