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Abstract

The aim of this study was to evaluate the health risk of Cd, Cu, Pb, As, and Hg exposure through consumption of cultured
oyster Crassostrea gigas from Sonoran coast. Metals were analyzed by atomic absorption spectrometry, and the risk assess-
ment was estimated according to the hazard quotient (HQ), carcinogenic risk (CR), and hazard index (HI). The mean levels
of Cd, Cu, Pb, As, and Hg in oysters were 1.35, 7.69, 0.29, 0.07, and 0.04 mg/kg wet weight, respectively. Results indicate
that except for Cd, all mean levels were below than those recommended by the Mexican government, FAO, and European
Union. The metal levels were similar to those reported on the Pacific Northwest Coasts. For risk assessment, the HQ, CR, and
HI values did not exceed safety levels. Therefore, the oysters cultivated in the studied areas are safe for human consumption.
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Introduction

Contaminants, such as metals and metalloids, can accumu-
late in the food chain. These contaminants are characterized
by their toxicity, persistence, and bioaccumulation (Abdallah
2013; Maanan 2008; Burioli et al. 2017). Food and water
are considered the main sources of metals and metalloids
for humans (Mok et al. 2015). Due to their physical and
chemical characteristics, some metals may accumulate to
high levels through the consumption of certain foods, such
as oysters. These mollusks are consumed by humans because
of their high nutritional value and low cost of production.
These organisms are filter feeders; thus, their production is
considered to have a low impact on the environment. How-
ever, because they filter large amounts of water though their
gills and mouth (Cheng and Gobas 2007; Shenai-Tirodkar
et al. 2016), oysters may contain higher concentrations of
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contaminants than those found in the water, independent of
environmental pollution (Maanan 2008; Ochoa et al. 2013;
Burioli et al. 2017).

A number of regulatory efforts and monitoring programs
regarding metals and metalloids have been implemented to
allow the commercialization of cultivated oysters (Bendell
and Feng 2009; Cheng and Gobas 2007). The majority of
producing countries have their own regulations, and other
countries have regulations based on international commit-
tees, such as the European Union Legislation, Codex Ali-
mentarius Commission, and Joint Expert Committee on
Food Additives. In Mexico, the action and guidance levels
for Cd, Pb, and Hg in fish and fisheries products were set in
1993 (NOM-127-SSA1-1993) and modified in 2009 (NOM-
242-SSA1-2009), in this new guidance was included total As
and methyl mercury. However, despite all of these regula-
tions and monitoring programs, the commercialization prob-
lems associated with the metal contents in cultivated oysters
worldwide have not been solved (Bendell and Feng 20009;
Cheng and Gobas 2007; Mok et al. 2015). For this reason, it
is important to evaluate the human health risk via ingestion
of oysters, a tool that may influence food safety policy.

According to the United States Environmental Protec-
tion Agency (USEPA), a human health risk assessment is
the process used to estimate the nature and probability of
adverse health effects in humans who may be exposed to
chemicals in contaminated environmental media now or in
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the future (USEPA 2009). Risk analysis is a process con-
sisting of three steps: risk assessment, risk management,
and risk communication, with the goal of protecting public
health. Risk assessment is a key element that ensures the use
of scientific knowledge to establish standards, guidelines,
and other recommendations related to food safety to provide
better protection of the population and facilitate interna-
tional trade (USEPA 2009). Some countries have established
a specific limit of oyster consumption. For example, Canada
recommends a maximum intake of three oysters per week
(Widmeyer and Bendell-Young 2008). In Mexico, there is
no official recommendation for oyster consumption, thus
the average consumption reported by Secretaria de Agri-
cultura, Ganaderia, Desarrollo Rural, Pesca y Alimentaién
(SAGARPA) is used.

Mexico is the sixth largest producer of oysters after the
USA, Japan, Korea, France, and China (FAO 2015-2017).
The oyster Crassostrea gigas was cultivated for the first
time in Mexico in the 1970s, and it has been marketed since
1980 (SAGARPA 2008). This species has been favored for
its excellent adaptation to the conditions of northern Mexico,
mainly in the states of Sonora, Baja California, and Baja
California Sur. In Sonora, oyster cultivation is one of the
alternatives with the greatest potential in aquaculture, pre-
senting with growth of over 50% since 2006, with produc-
tion of approximately 117 tons in 2012 (SAGARPA 2013).
The high demand and market prices make this product an
area of opportunity for Sonora producers, as demonstrated
by the significant number (32) of farms (SAGARPA 2013).
These oysters reach commercial sizes (from 8 to 14 cm) at
12 months, which is faster than oysters cultivated elsewhere
(Bendell and Feng 2009; SAGARPA 2008). Because of the
global interest in human health and increase of the com-
mercialization of seafood such as cultivate oyster, this study
is intended to provide information concerning the presence
of metals and metalloids in cultivated oysters and the health
effects related to their consumption. The aim of this study
was to investigate the human health risk associated with cad-
mium, copper, lead, arsenic, and mercury intake due to the
consumption of oysters from three different locations along
the Sonora coast.

Materials and Methods
Study Area

Three important oyster production areas were studied
(Morua 31°17'09”"N, 113°26'19"W; S. Cruz 28°49'30"N,
115°55'30"W; and S. Barbara 26°69'52"N, 109°65'05"W)
along the Sonora Coast, Mexico (Fig. 1). The production of
oysters in these areas was for Morua 80.4 Tons, for S. Cruz
647.6 Tons, and for S. Barbara 15.5 Tons, approximately.
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Fig. 1 Location of the areas

These areas are recognized by the oyster and shrimp aqua-
culture, touristic, and shipyard activities. The climate is dry
most of the year and the region is characterized by arid to
semiarid conditions with rainy summers (< 100 mm). The
weather conditions are typical of desert environment, with
temperature ranging from 35 to 49 °C during summer and 5
to 8 °C during winter.

Sampling

Oysters (Crassostrea gigas) were sampled at each farm for
1 year during January to December 2010. Since the sampling
was done 8 years ago, this study is valuable as it provides a
reference for comparative studies and future risk assessment
studies. Each month, 10 oysters with similar shell lengths
(between 7 and 10 cm) were sampled and packed in polyeth-
ylene plastic bags, and transported on ice to the laboratory
within 12 h of collection.

The oysters were cleaned with distilled water but were
not depurated; thus, the soft tissue included the digestive
gland. The oysters were shucked with a knife, and the entire
organism was removed from its shell, homogenized in a food
processor, and stored frozen until further analysis.
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Metal Analysis

Metal concentrations were determined by atomic absorp-
tion spectrometry after wet digestion. Briefly, 3.0 g of oyster
homogenate was weighed in a microwave digestion vessel
and combined with 5 mL of HNO; (50% v/v) (Garcia-Rico
et al. 2001). The samples were digested in a microwave
system (MARSX, CEM Corp., Matthews, NC, USA) for
30 min at 200 °C. After microwave digestion, the samples
were cooled and diluted with deionized water.

For the Cd, Cu, and Pb quantification, the digested sam-
ples were diluted to a final volume of 50 mL. Cu was deter-
mined by atomic absorption spectrometry (Varian model
SpectrAA-20, Victoria, Australia), whereas Cd and Pb were
determined using a graphite furnace (GTA-96, Varian, Vic-
toria, Australia). For the As quantification, 2.0 mL of KI
(20% w/v) and 4.0 mL of HCI (50% v/v) were added to
the digested samples and diluted with deionized water to a
final volume of 50 mL. The As was quantified via a hydride
generation technique (VGA-76, Varian, Victoria, Australia)
using the following conditions: 0.35% w/v reducing agent
NaBH, in 10% w/v NaOH and 50% v/v HCI solution. For
Hg quantification, 0.5 mL of K,Cr,0, (1% w/v) was added
to the digested samples, after which they were diluted with
deionized water to a final volume of 50 mL. Hg was deter-
mined via a cold vapor technique after reduction with SnCl,
(20% w/v) in HC1 (20% v/v). The wavelength and slit were,
respectively, set to the following values (nm): Cd (228.8,
0.5), Cu (324.8, 0.5), Pb (283, 0.5), As (197.2, 1.0), and Hg
(253.7,0.5).

Human Health Risk Assessment

A health risk assessment model from the USEPA (Integrated
Risk Information System, IRIS) was applied to calculate the
metal intake attributed to oysters to estimate the non-cancer
risk and carcinogenic exposure for adults (USEPA 2013)
as follows:

CDI = [C x I X ED X EF]/[BW x AT], (1)

U’IgSSthH
where CDI is the chronic daily intake (mg of metal/kg/
day); C is the average metal concentration (mg/kg) in oyster
samples on a fresh weight basis; I is the daily average con-
sumption of oysters (0.39 kg/year=1.07 g/day) (SAGARPA
2013); ED is the exposure duration (70 years); EF is the
exposure frequency (365 days/year); BW is body weight
(70 kg); and AT is the exposure duration (in years) multi-
plied by the average time (in days) (USEPA 2013).

The potential non-carcinogenic (hazard quotient, HQ) and
carcinogenic risk (CR) was calculated using the following
Egs. 2 and 3, respectively:

HQingestion = EDIingestion/ RfD s (2)

Carcinogenic risk = EDI X SF,,. 3)

HQ is an estimation of the daily exposure of the human
population that is likely to be without an appreciable risk
of deleterious effects during a lifetime. An HQ <1 suggests
that adverse health effects are unlikely. In this study, the oral
reference dose (RfD) values were as follows (ug/kg day): Cd
(1), Cu (40), Pb (3.5), As (0.3), and Hg (0.5) (USEPA 2013).
Because of the lack of information for total As, the RfD data
of inorganic As were used. CR was estimated only for As.
CR is the probability of an individual developing any type
of cancer from lifetime exposure to carcinogenic hazards.
The slope factor (SF,) was 1.5 mg/kg day. The acceptable
or tolerable risk for regulatory purposes is over the range of
1E—06 to 1IE—04 (USEPA 2013). The hazard index (HI) was
used to assess the overall potential non-carcinogenic health
risk posed by more than one metal. For this study, the HI
was calculated as the sum of the HQ for each studied metal.

Quality Control

All glassware were treated with a 20% (v/v) Pierce solution
(Pierce, IL, USA), rinsed with cold tap water, treated with
HNO; (20% v/v), and finally rinsed with double-distilled
water. For quality control purposes, duplicate reagent blanks
and samples were analyzed during the procedure. All chemi-
cals were trace metal grade. The standard reference materials
SBR-1566b, Oyster Tissue, and DORM-2 from the National
Institute of Standards and Technology (NIST, Gaithersburg,
MD, USA) were analyzed for quality assurance. Percent
recovery means were as follows (%): Cd (96), Cu (100), Pb
(99), As (100), and Hg (103). The variation coefficient was
below 7%. The detection limits (ug/kg) determined by the
blanks method were as follows: Cd (6), Cu (20), Pb (3), As
(6), and Hg (2).

Statistical Analysis

Descriptive statistics (mean, standard deviation, and range)
were calculated for all the studied elements. Statistical anal-
ysis were conducted with NCSS version 6.0 Software (2007,
UT, USA) using one-way ANOVA comparisons in oyster
metal content among spatial distribution with a significance
level of p <0.05.

Results and Discussion
Metal Concentrations in Oysters
The greatest variations in the metal concentrations were

found to be 2.41-20.18 mg/kg wt for Cu, 0.2-4.01 mg/kg
wt for Cd, and 0.08-0.68 mg/kg wt for Pb (Table 1). Arsenic
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Table 1 Mean, minimum, and maximum metal concentrations (mg/
kg, wet weight) in oysters (Crassostrea gigas)

Cd Cu Pb As Hg

Mean 1.35 7.69 0.29 0.07 0.04

Min 0.2 2.41 0.08 0.01 0.01

Max 4.01 20.18 0.68 0.15 0.13

SD, n=360 0.81 3.95 0.14 0.03 0.03
Production areas

Morua (n=120) 1.52*  6.29% 0.31* 0.08* 0.03*

S. Cruz (n=120) 0.89° 6.2° 0.28*  0.07*  0.02%

S.Barbara (n=120)  1.44* 1034> 025* 0.1* 0.09°
Permissible limits

FAO 1.0 20 3.0 4.0 0.5

EU 1.0 - 15 - 0.5

México 2.0 - 1.0 - 0.5

n number of samples

Production area values with different letter by column are signifi-
cantly different at p <0.05

FAO Guidelines (1989), EU Regulations (2006, 2014, 2015), México
Regulation (NOM-242-SSA1-2009)

and Hg exhibited similar variations (0.01-0.15 mg/kg wt)
(Table 1). The Cu levels were higher than those previously
reported by Garcia-Rico et al. (2001) in cultivated oysters
(Crassostrea gigas) from the Sonora Coast (1.40-7.87 mg/
kg wt for Cu; and 0.40-1.43 mg/kg wt for Cd) (Table 1).
The Cu enrichment may be explained by the presence of sig-
nificant natural deposits and their increased extraction over
the last decade throughout the state of Sonora. Therefore,
the input of contaminated water along the coast of the Gulf
of California has increased. Another important contribution
that may enhance the Cu concentration in coastal water is its
use as an additive in shrimp cultivation. Similar behavior has
been observed by Frias-Espericueta et al. (2015) along the
Sonora and Sinaloa coasts. These authors have related Cu
enrichment to the shrimp diet, which contains 8-12 mg/kg
of Cu and discharges 2.6-3 kg Cu/year into lagoons. Other
important sources of Cu are agriculture and urban effluents
along the coast (Frias-Espericueta et al. 2015; Garcia-Rico
et al. 2011). From a toxicological perspective, Cu is an
essential enzyme cofactor, but high Cu levels may be related
to liver damage in humans (Ochoa et al. 2013).

The Cd levels (0.2—4.01 mg/kg wt) (Table 1) detected in
this study were also higher than those previously reported
by Garcia-Rico et al. (2001) within the same oyster species
(0.40-1.43 mg/kg wt). Significant Cd levels in the surface
water column of the Gulf of California have been reported
(Garcia-Rico et al. 2011; Osuna-Martinez et al. 2011). Pre-
vious studies reported important concentrations of Cd, Cu,
and Pb in oxide fraction of the sediments at the Gulf of
California coasts (Garcia-Rico et al. 2005; Ochoa-Valen-
zuela et al. 2009). It is well documented that metals bound
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to this fraction form stable complexes but may accumulate
in estuarine sediments. Therefore, in reducing conditions,
metals may be mobilized and taken up by oysters. Also, it
is important to note that in the Gulf of California, high Cd
concentrations in phytoplankton and sediment due natural
phenomenons as the hydrothermal systems are reported
(Garcia-Rico et al. 2003).

Mineralization and recycling of Cd in the upper water
column and sediment has been related to the enrichment of
Cd in oysters (Osuna-Martinez et al. 2011). Cd is a toxic
metal with multiple effects on aquatic organisms, including
effects on the respiration and osmoregulation mechanisms
(Hajeb et al. 2014). In aquatic foods, such as oysters, Cd,
at high concentrations, may be bound to metallothioneins
through cysteine residues; however, the Cd-metallothio-
nein complex has been reported to be unstable and read-
ily degrades to inorganic Cd (Hajeb et al. 2014). Moreover,
according to Francesconi (2007), when Cd-metallothionein
is ingested through oyster consumption, the acidic condi-
tions of the human stomach allow for the release of inorganic
Cd. Therefore, because Cd may induce severe dysfunction
in humans, such as kidney dysfunction, osteomalacia, and
reproductive deficiencies (Francesconi 2007), it is important
to perform studies of Cd bioavailability in cultivated oysters
to elucidate how it is metabolized. The concentrations of
the remaining metals studied (As, Pb, and Hg) were similar
to those previously reported (Garcia-Rico et al. 2001) in
Sonoran cultivated oysters (Crassostrea gigas) (0.05 mg/kg
wt for As and 0.03 mg/kg wt for Hg), and they exhibited low
levels of enrichment.

The spatial distribution of metals may reflect anthropo-
genic impact by the industrial activities developed near the
study areas, as well as natural flows. In previous works have
been found important levels of Cd, Cu, and Pb in sediments
and water from Sonora coastal (Garcia-Rico et al. 2003;
Ochoa-Valenzuela et al. 2009), in which the tourist resorts,
agricultural, and mining activities were reported as the main
sources of metals. The spatial distributions of the studied
metals are shown in Table 1. Cd presented with the highest
mean concentration (1.51 mg/kg wt) in oysters purchased in
Morua, an area with important tourist resorts, whereas Cu
(10.34 mg/kg wt) and Hg (0.09 mg/kg wt) presented with
the highest mean levels in oysters from S. Barbara, which is
located close to an important modern agricultural zone in
which large amounts of agrochemicals, such as lead arsenate
and cupric oxide, are used. Significant variations (p < 0.05)
were detected for Cd between Morua and S. Cruz and for Cu
and Hg between Morua and S. Barbara.

The metal concentrations observed in this study were
compared to values obtained elsewhere (Table 2). Inves-
tigations regarding metals in oysters (Crassostrea gigas)
have focused on Cd because this element frequently exceeds
regulations, thereby making commercialization difficult.
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Table 2 Comparison of metal concentrations (mg/kg, wet weight) in oysters (Crassostrea gigas) in the present study with values obtained else-

where

Country Cd Cu Pb As Hg References

Sonora, Mexico 0.2-4.01 2.41-20.18 0.08-0.68 0.01-0.15 0.01-0.13 This study

Ttaly 0.07-1.1 4.4-1220 0.08-0.76 1.4-15.5 <0.01-0.34 Burioli et al. (2017)

Korea 0.27-0.93 17.23-55.68 0.06-0.31 1.6-4.8 0.005-0.02 Mok et al. (2015)

Ebro Delta, Spain® 0.1-1.26 7.8-19.7 0.05-0.16 0.0002-0.0004 0.02-0.05 Ochoa et al. (2013)

Sinaloa, Mexico® - - 1.1-1.9 - Bergés-Tiznado et al. (2013)
Sinaloa, Mexico® 0.98-2.78 1.82-11.6 0.1-0.42 - - Osuna-Martinez et al. (2011)
BC, Canada 1.5-3.56 - - - - Bendell (2009)

BC, Canada 2.38-3.02 36.3-66.1 0.61-1.12 - - Widmeyer and Bendell-Young (2008)
El Jadida, Morocco® 0.17-2.35 0.91-10.53 0.03-1.85 - 0.02-0.21 Maanan (2008)

Washington, USA 0.72-1.04 - - - - Rasmussen et al. (2007)

BC, Canada 1.84-3.34 - - - - Kruzynski (2004)

Sonora, Mexico 0.40-1.43 1.4-7.87 0.4-0.6 0.02-0.10 0.02-0.06 Garcia-Rico et al. (2001)

Reports in dry weight were transformed in wet weight using cited water content: *85%, °80%, “75%

The Cd levels measured in the present study were similar
to those reported on the Pacific Northwest Coast, which is
an important region for the production of Crassostrea gigas
oysters (Bendell 2009; Kruzynski 2004). With regard to
the remaining elements highlighted in this study, the Cu
levels were similar to those reported by Osuna-Martinez
et al. (2011) in the Gulf of California and by Ochoa et al.
(2013) in Spain. Also, the Pb levels were similar to those
reported in the Pacific Northwest (Widmeyer and Bendell-
Young, 2008), whereas the As and Hg levels were higher
than those reported in cultivated oysters from Spain (Ochoa
et al. 2013).

As a safeguard to human health, the maximum permis-
sible concentrations of metals and metalloids in oysters have
been set to limit the intake of these contaminants. When the
studied mean metal concentrations were compared to the
levels set by Mexican regulation (NOM-242-SSA1-2009),
all of the metal concentrations, except those of Cd, were

Table 3 Risk assessment for metals and metalloids by oyster consumption

found to be below the regulatory limit. Moreover, only 14%
of the analyzed samples exceeded the Cd limit allowed by
Mexican, Hong Kong, and Australian regulations (2 mg/kg
wt) and 33% of the analyzed samples exceeded EU regula-
tions (1 mg/kg wt). Therefore, to ensure that 100% of the
oyster production meets the Cd requirements, it is important
to continue and improve good manufacturing practices.

Risk Assessment
Chronic Daily Intake (CDI)

The CDI values for metals from cultivated oysters are
shown in Table 3. The daily intake (mg/kg day) ranged from
3.1E-06 to 6.1E—-05 for Cd, 3.7E-05 to 3.1E—04 for Cu,
1.2 E-06 to 1.0E-05 for Pb, 1.5E—07 to 2.3E—06 for As,
and 1.5E—-04 to 2.0E—06 for Hg. These daily intakes for
each studied metal were less than the RfD safe intake levels

Cd Cu Pb As Hg

CDI HQ CDI HQ CDI HQ CDI HQ CDI HQ HI
Mean 2.1E-05 2.1E-02 1.2E-04 29E-03 44E-06 1.3E-03 1.1E-06 3.6E-03 6.1E-07 1.2E-03 3.0E-02
Min 3.1E-06 3.1E-03 3.7E-05 9.2E-04 1.2E-06 3.5E-04 1.5E-07 5.1E-04 1.5E-07 3.1E-04 5.1E-03
Max 6.1E-05 6.1IE-02 3.1E-04 7.7E-03 1.0E-05 3.0E-03 2.3E-06 7.6E-03 2.0E-06 4.0E-03 8.3E-02
RfD 0.001 0.04 0.0035 0.0003 0.0005
Carcinogenic risk
Mean 1.1IE-06  1.6E-06
Min 1.5E-07  2.3E-07
Max 23E-06 3.4E-06
SF, 1.5

EDI estimated daily intake (mg/kg day), HQ hazard quotient, HI hazard index, RfD and SF,, (mg/kg day)
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(USEPA 2009), which implies that an intake of 0.39 kg/year
of oysters does not represent a health risk. However, Cd was
the only element with a CDI value that was more than 1%
(1.4-2.3%) of its PTWI (1 pg/kg day).

The average daily intake values of Cd and Pb were lower
than those reported by Abdallah (2013) in mollusca spe-
cies consumed in Egypt (2E-05 to 1.1E—-03 mg/kg day
for Cd, 7.8E—04 to 4.2E—03 mg/kg day for Pb) as well as
by Widmeyer and Bendell-Young (2008) and Cheng and
Gobas (2007) in oysters (Crassostrea gigas) from Canada
(Cd values of 1E—03 to 1.05SE—03 mg/kg day and 8.4E—04
to 1.1E—03 mg/kg day, respectively).

Hazard Quotient (HQ)

A risk assessment was conducted based on ingested oysters.
The metal and metalloid HQs for non-carcinogenic effects
are shown in Table 3, and they exhibited the following order:
Cd> As>Cu>Hg~Pb. All HQ values did not exceed the
safe level of HQ =1, thus the intake of these metals via con-
sumption of oyster may not induce adverse health effects.
For risk assessment, the pattern of fish and fisheries prod-
ucts consumption is important. In Mexico, consumption of
fish and fisheries products is low, but its intake is higher
in coastal cities, even more in isolated coastal communi-
ties dedicated to the capture and cultivated sea products
(Delgado-Alvarez et al. 2015). The HI is a useful parameter
for estimating the risk of mixing metals present in food and
is obtained by adding the HQ values. In this study, the HI
values ranged from 5.1E—03 to 8.3E—02, corresponding
to 0.5-8.4% of the safe level of HI=1. Notably, Cd was
the contaminant that contributed most to the mean calcu-
lated value HI (70%), followed by As (12%), Cu (9.7%), Pb
(4.3%), and Hg (4%).

Cd is present in all foods and, as indicated above, has
been found in high levels in oysters reported elsewhere
(Bendell and Feng 2009; Cheng and Gobas 2007). Cd is
associated with early renal injury and mild tubular dysfunc-
tion, especially in populations exposed to chronic low doses
(Cheng and Gobas 2007). Therefore, it is important to com-
municate to vulnerable groups, such as smokers, women
with mineral deficiencies, people with kidney dysfunction,
and hypertensive patients, the need to limit their oyster con-
sumption. Therefore, it is necessary to consider the Cd bio-
availability in oysters and in the rest of the human diet to
integrate this value into a risk assessment. Additionally, Cd
accumulation in oysters has been identified in dissolved form
and/or as a suspended particulate matter in an undissolved
form (Garcia-Rico et al. 2011; Osuna-Martinez et al. 2011).
Therefore, water and sediments have been implicated in the
transport and accumulation of this metal in oysters (Osuna-
Martinez et al. 2011; Widmeyer and Bendell-Young 2008).
More studies regarding stable carbon and nitrogen isotopes
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are necessary to determine sources of Cd in cultivated oyster
(Serrano-Grijalva et al. 2011; Widmeyer and Bendell-Young
2008).

For the study metals, only inorganic As has been proved
as human carcinogen. In this study, the inorganic As CR
ranged from 2.3E—07 to 3.4E—06. The USEPA considers
that CR lower than E—06 is negligible, values between E—06
and E—04 are considered an acceptable range, whereas val-
ues above E—04 are sufficiently large such that remediation
is desirable. The CR values calculated in this study were
within the acceptable range of E—06 to E—04, suggesting
that intake of As detected in this study via consumption of
oyster may not induce carcinogenic effects. However, it is
important to consider that As CR may increase through con-
sumption of other fishery foods, rice, and red meat (Hajeb
et al. 2014; Gundert-Remy et al. 2015; Zhu et al. 2015).

Conclusions

The concentrations of the metals in the studied oysters,
except for those of Cu and Cd, were similar to those previ-
ously reported in the same studied areas, and they indicated
low levels of enrichment. Also, the metal levels were similar
to those reported on the Pacific Northwest Coasts. Results
indicate that except for Cd, all mean levels were below than
those recommended by the Mexican government, FAO, and
European Union. The estimated HQ, CR, and HI values for
the metals did not exceed the safe levels, suggesting that the
intake of metals associated with the consumption of 0.39 kg/
year of oysters is not hazardous to consumers. Also, it is
important to communicate the need to continue and improve
farming practices to oyster producers.
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