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ABSTRACT

The pen shell (Atrina maura) is a filter-feeder bivalve that may accumulate metals in its
body. The objective of this study was to determine seasonal concentrations of copper
(Cu), chromium (Cr), cadmium (Cd), nickel (Ni), lead (Pb), arsenic (As), zinc (Zn),
and mercury (Hg) in soft tissue and muscle of A. maura cultivated in a farm located in
the southeastern coast of the Gulf of California from summer 2011 to summer 2012.
Except for Cu, the higher metal concentrations were found during the dry season (winter
2011-spring 2012). The mean values in soft tissue fluctuated from 0.064 + 0.01 pg/g
(dry weight [dw]) for Hg to 485.66 + 71.12 ug/g (dw) for Zn, while for muscle they
varied from 0.058 + 0.03 pg/g (dw) for Hg to 64.83 £4.90 pg/g (dw) for Zn. Concentra-
tions of cadmium (18.15 pg/g in soft tissue and 1.82 pg/g in muscle, wet weight [ww])
and lead (2.31 pg/g in soft tissue, ww) exceeded the permissible limits (36.3, 3.64, and
2.31 times, respectively) recommended by the sanitary regulations of the official mexi-
can standards. The results suggest that variation of metal levels in cultivated pen shell
could be influenced by seasonality and anthropogenic activities such as agriculture
and aquaculture developed around the culture zone. Continual monitoring of metals
in farmed pen shell is recommended.
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RESUMEN

El callo de hacha (Atrina maura) es un bivalvo filtrador que puede acumular metales en
su cuerpo. El objetivo de este trabajo fue determinar las concentraciones estacionales
de cobre (Cu), cromo (Cr), cadmio (Cd), niquel (Ni), plomo (Pb), arsénico (As), zinc
(Zn) y mercurio (Hg) en tejido suave y musculo de A. maura proveniente de una granja
del sureste del Golfo de California, del verano de 2011 al verano de 2012. Las concen-
traciones mas altas de todos los metales, con excepcion del Cu, se encontraron en la
estacion de secas (invierno 201 1-primavera 2012). Los valores promedio (peso seco) en
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el tejido suave fluctuaron de 0.064 + 0.01 ng/g para Hg a 485.66 £ 71.12 pg/g para Zn,
mientras que en musculo variarion de 0.058 + 0.03 pg/g para Hg a 64.83 = 4.90 pg/g
para Zn. Las concentraciones promedio en peso himedo para cadmio (18.15 pg/g en
tejido suave y 1.82 pg/g en musculo) y plomo (2.31 pug/g en tejido suave) excedieron
los limites permitidos (36.3, 3.64 y 2.31 veces, respectivamente) por la regulacion
sanitaria de las Normas Oficiales Mexicanas. Los resultados sugieren que la variacion
de metales encontrada en el callo de hacha pudo estar influida por la estacionalidad y
las actividades antropogénicas desarrolladas en los alrededores de la zona de cultivo,
como agricultura y acuacultura. Se recomiendan monitoreos continuos de metales en

callo de hacha cultivado.

INTRODUCTION

All soils and marine sediments contain trace met-
als as natural constituents that are leached into water
at low concentrations (Abdel Ghani 2015). Trace
metals are taken up by small organisms, entering food
chains and bioaccumulating in upper trophic levels
(Ruelas-Inzunza and Paez-Osuna 2008, Jara-Marini
et al. 2009). Since bivalve mollusks are sedentary
and benthic filter feeders (Maanan 2008), they have
been used to determine the levels of contamination
by metals in coastal ecosystems (Lim et al. 1995,
Einollahi-Peer et al. 2010, Chaharlang et al. 2012).
There are reports on the use of oysters (Le et al.
2015), mussels (Licata et al. 2004) and clams (Fang
et al. 2003) as biomonitors of heavy metals in dif-
ferent countries. Specifically in Mexico, the oysters
Crassostrea iridescens, C. corteziensis, and C. pal-
mula, which are associated to rocky substrate and
subtidal areas in coastal lagoons (Jara-Marini et al.
2009, Osuna-Martinez et al. 2011), have been used
as bioindicators along the Pacific coast of Mexico
(Paez-Osuna et al. 2002). It is recognized that most
of the estuaries in the Gulf of California are natural
areas with high productivity (Gaxiola-Castro et al.
1995, Cervantes-Duarte et al. 2005, Brusca et al.
2017), which ensures bivalve development.

The estuary of La Pitahaya is part of the San Ig-
nacio-Navachiste-Macapule (SINM) lagoon system,
and is located at the southeastern coast of the Gulf
of California (Sinaloa, Mexico). It is well character-
ized by two-well defined periods of rainfall (dry and
rainy seasons), average air temperature of 24.6 °C
(mean minimum and maximum of 16 and 32 °C,
respectively), and pluvial precipitation ranging from
125 to 400 mm (Ruiz et al. 2005). The SINM lagoon
is influenced by several anthropogenic activities such
as intensive agriculture (105 000 h), broiler chickens
(77785 chickens/year), shrimp aquaculture (6621 h)
(Paez-Osuna and Osuna-Martinez 2015), and urban
areas (city of Guasave, Sinaloa). Also, the estuary

supports very important fisheries and tradition-
ally represents a rich bivalve area, where different
species are often produced (Villanueva-Fonseca
2009, Alvarez—Dagnino 2013). Thus, this area is
under permanent pressure of anthropogenic pollut-
ants originated from various sources located adjacent
to the culturing areas (Osuna-Martinez et al. 2011,
Paez-Osuna and Osuna-Martinez 2015).

Although some studies on metals in wild bivalve
species living along the coast of Sinaloa have been
reported (Paez-Osuna et al. 1991, 1993, Ayala 2004,
Cadena-Cérdenas et al. 2009), the real pollution sta-
tus of cultivated mollusks at the southeastern coast
of the Gulf of California is not well documented.
Osuna-Martinez et al. (2010, 2011) performed metal
analysis by sampling cultured oysters seasonally from
four coastal lagoons in this region (El Colorado, Santa
Maria La Reforma, Altata and Ceuta), and Bergés-
Tiznado et al. (2013a, b) reported the levels of arsenic
and arsenic species in cultured oyster (C. gigas and C.
corteziensis) from coastal lagoons in the same area,
but only one work by Paez-Osuna and Osuna-Martinez
(2015), who collected wild C. corteziensis and C. pal-
mula specimens, has studied the SINM lagoon system.
Among the most important bivalve species cultivated
in the north coast of Sinaloa are the oysters C. gigas
(Rodriguez-Quiroz et al. 2016) and C. corteziensis
(Leal-Sepulveda 2011), the clam Megapitaria squalida
(Alvarez-Dagnino 2013), and the pen shell Atrina
maura (Gongora-Gomez et al. 2011, 2016).

A. maura is an endemic bivalve of the Pacific
coast of the American continent. It is naturally dis-
tributed from Baja California to Peru (Keen 1971).
The adductor muscle of this mollusk is considered a
seafood delicacy in many countries, which increases
its market demand (Gongora-Gémez et al. 2012).
Since these bivalves are commonly cultivated in the
intertidal zone (Gongora-Gomez et al. 2012) where
rivers and industrial drainages merge (Paez-Osuna
and Osuna-Martinez 2015), they may accumulate
heavy metals in their tissues proportionally to the
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degree of environmental contamination of the water
(Tchounwou et al. 2012). So far, there are no previous
studies on trace metal for cultivated pen shell species
(Atrina and Pinna spp.) in Sinaloa.

Because of their high degree of toxicity and its
significance to public health (WHO 1996), copper,
chromium, cadmium, nickel, lead, arsenic, zinc and
mercury constitute a high-priority metal group. On
the other hand, the economic importance of A. maura
is centered in the production of scallop but commonly
local fishery communities also consume its soft tis-
sue. Within this context, the present work was carried
out in order to determine the seasonal concentrations
of metals (copper [Cu], chromium [Cr], cadmium
[Cd], nickel [Ni], lead [Pb], arsenic [As], zinc [Zn],
and mercury [Hg]) in soft tissue and muscle of the
pen shell 4. maura cultivated in the estuary of La
Pitahaya (Sinaloa, Mexico), from summer 2011 to
summer 2012, and to compare them with the permis-
sible levels from national and international sanitary
regulations for human consumption.

MATERIALS AND METHODS

Study area

The pen shell farm is located in the estuary of
La Pitahaya, in the southeastern coast of the Gulf of
California (25° 21’ N, 108° 38’ W), Sinaloa, Mexico
(Fig. 1). This estuary is located in the southernmost
part of the SINM lagoon system, in the municipal-
ity of Guasave, which has a permanent connection

with the Gulf of California through two mouths
that create a marine environment most of the year.
La Pitahaya is surrounded by mangrove communi-
ties. The climate of the study area is categorized as
temperate-subhumid with summer rains (Hernandez-
Cornejo et al. 2005). Its main activity is intensive
agriculture characterized by the use of irrigation and
high levels of fertilizers and pesticides, whose aim is
to greatly increase yield and productivity. Artisanal
fishing is another important activity, and a well-
developed industrial shrimp fishery is also relevant.
Shrimp aquaculture has been strongly developed
around the estuary, becoming so important over
the last three decades that it is now in conflict with
other activities (Ruiz-Luna and de la Lanza-Espino
1999) such as fisheries, since drainage from shrimp
farms includes organic nutrients—especially during
harvest—that flow into the lagoon system.

Experimental animals

Small pen shells (n = 3000; 62.60 = 7.78 mm of
shell height [SH] and 4.98 &+ 2.05 g of body weight
[BW]) were obtained from the Centro de Repro-
duccion de Especies Marinas del Estado de Sonora
(Center for Reproduction of Marine Species of the
State of Sonora, CREMES) located in Bahia Kino,
Sonora, Mexico, and cultured according to Miranda-
Baeza (1994) and Almaraz-Salas (2008). The culture
started in summer 2010, but pen shells were sampled
for determining heavy metal levels once they reached
the commercial size (SH 190-200 mm, Gongora-
Gomez et al. 2012) in summer 2011.
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Fig. 1. Location of the pen shell culture site (*) at the estuary of La Pitahaya, Sinaloa, Mexico
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Analytical procedure

Parameters of water quality, biometrics (shell
lengths and weight of bivalves), and heavy metals
analysis (Cu, Cr, Cd, Ni, Pb, As, Zn and Hg) of pen
shells were performed at the beginning of each season
from summer 2011 to summer 2012, and during the
rainy season of 2011. Water temperature and dis-
solved oxygen were determined with an oxymeter
(YSI 55/12FT, Ohio, USA), salinity was measured
with a refractometer (ATAGO, S/Mill), pH by using
a pHmeter (HANNA, HI 8314, USA) and transpar-
ency with a Secchi disk. Seasonally, SH, shell length
and weight (SL and SW, respectively), and BW of 20
bivalves were measured in situ with a caliper (0.2 mm)
and a portable balance (0.00 g), respectively. Then,
collected pen shells were thoroughly rinsed with sea-
water to remove adhering algae and sediment, stored
on ice in polyethylene plastic bags and transported to
the laboratory (SSA 1994) for cleaning and obtaining
tissue samples. All used materials were cleaned first
with HNO3 (10 %) for 24 h and rinsed with bidistilled
water. Then, tissue samples (soft tissue and muscle)
were subsequently dried by liophilization, pulver-
ized using a mortar and pestle, and homogenized by
quartering. The wet (ww) and dry (dw) weights of
the samples were recorded using a digital analytical
balance (AE Adam, 0.001 g). To avoid metal residues,
all the reagents used in this study were of high quality
(GR grade, Merck Company). The samples (1.45 +
0.28 g dw) were then digested in lined digestion ves-
sels equipped with safety relief valves, with a mixture
on HNO3 and H202 using a microwave digestor (Paar
Physica Multiwave Six Place). After digestion, extracts
were allowed to cool at room temperature for 25
min, and then diluted to 10 ml with deionized water.
Digests were stored in labeled polyethylene vials at
0-5 °C until metal analysis.

Samples of Cu, Cr, Cd, Ni, Pb and Zn were
analyzed by atomic absorption spectrophotometry
(AAS) with flame (Perkin-Elmer, A Analyst100); As
by AAS with hydride generation, and Hg by AAS
with cold vapor. Standard reference material (1566b
for oysters, available at the National Bureau of Stan-
dards, NBS), as well as reagent blank and duplicates
were analyzed with each digestion series for quality
control purposes. Experimental values for all metals
(mean recovery) were in good agreement with the
NBS certified values. Mean recovery percentages
for Cu, Cr, Cd, Ni, Pb, As, Zn and Hg were 96.68,
91.19,95.60, 97.30, 93.80, 90.00, 95.75 and 93.60 %,
respectively. Heavy metal concentrations were cal-
culated based on dw (ug/g). The detection limits of
Cu, Cr, Cd, Ni, Pb, As, Zn and Hg were 0.032, 0.032,

0.008, 0.46, 0.10, 0.002, 0.039 and 0.0003 ng/g, re-
spectively. The levels of metals were also expressed
in ww to compare them with the permissible limits
from national and international regulations for human
consumption, and they were calculated according
to Sobrino-Figueroa et al. (2007): concentration of
metal in dw/dw of sample.

Data analyses

All data were tested for normal distribution. One-
way analysis of variance (ANOVA) and Tukey’s test
were used as a posteriori test in biometric indexes
data and among metal concentrations in soft tissues
and muscle (Bhujel 2008). Concentrations of heavy
metals in soft tissue were compared to concentrations
collected for muscle using the t-test on each seasonal
sampling. All samples were tested for p <0.05. Cor-
relation analysis was performed between the level of
each heavy metal in soft tissue and muscle, compared
to the SH and BW of 4. maura. Statistical analyses
were performed using the STATISTICA software
package (StatSoft Inc., Tulsa, OK).

RESULTS

Seasonal water parameters fluctuated as follows:
temperature, 18-31°C; salinity, 26-31 PSU; dissolved
oxygen, 3.9-4.1 mg/L; and pH, 7.5-7.8. The mean
depth and transparency were 1.15 + 0.50 and 0.95
+(0.25 m, respectively. Water parameters and means
of SL, SH, SW, and BW of 4. maura from summer
2011 to summer 2012 are shown in table I. There
were no significant differences (p > 0.05) among
biometrics seasonally.

Metal concentrations in soft tissues and muscle of
pen shell (ng/g, dw and ww) are given in tables 11
and III. For soft tissue, the higher Ni, Pb, As, Zn and
Hg levels were found in winter 2011-2012. Maximum
concentrations of Cr (2 pg/g, dw) and Cd (33 pg/g,
dw) were obtained in spring 2012. Mean Cd
(18.15 pg/g, ww) and Pb (2.31 pg/g, ww) measured in
soft tissue were above permissible limits (0.5 and
1.0 ng/g, ww, respectively) established by the official
mexican standards (SSA 1993) for Cd and Pb con-
centrations in fresh, refrigerated and frozen bivalve
mollusks for human consumption. For muscle, the
higher level for all metals was found in winter with
the exception of Hg (0.073 pg/g, dw). Only the mean
concentration of Cd surpassed the permissible level
(1.82 pg/g, ww, SSA 1993).

Mean metal values for both dw and ww for soft
tissue and muscle, decreased in the following order
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TABLE I. WATER PARAMETERS AND SEASONAL MEAN LENGTH, HEIGHT AND WIDTH (mm) OF THE SHELL, AND
TOTAL WEIGHT (g) OF Atrina maura CULTURED IN THE ESTUARY OF LA PITAHAYA, SINALOA, MEXICO
(MEAN = STANDARD DEVIATION)

Shell length Shell height Shell width Total weight T°C Sal. DO pH Depth Trans.
Summer 2011 9747 + 741 191.80 +12.72 2948 +2.89  163.44+27.70 29 31 408 7.7 15 08
Rainy season 2011  99.33 + 8.98 195.89 £12.54 32.00+2.62 190.92+29.88 31 28 4 77 1.2 09
Autumn 2011 98.63 +12.76  199.90 +£11.06 32.03+2.72 147.68+3326 25 28 39 75 1 0.7
Winter 2011-12 100.92 £ 10.16 207.60 +15.85 29.21+3.30 202.78+49.01 18 26 4 76 07 05
Spring 2012 101.36 £ 13.21 198.51 £12.24 31.61+447 190.74+4429 32 31 409 78 1.8 1
Summer 2012 105.47 £14.77 193.40 + 7.64 29.73+ 272 17430+34.73 20 27 407 7.6 09 0.6

Sal.: salinity; DO: dissolved oxygen; trans.: transparency

TABLE I1. CONCENTRATION OF HEAVY METALS (ng/g DRY AND WET* WEIGHT) IN SOFT TISSUE OF CULTURED Atrina
maura. PERMISSIBLE LIMITS (ww): Cu = 32.5 pg/g (Nauen 1983); Cr = 13 pg/g (ISSC 2007); Cd = 0.5 ng/g (SSA
1993); Ni = 80 pg/g (ISSC 2007); Pb =1 pg/g (SSA 1993); As = 80 nug/g (SSA 1993); Zn = 718 pg/g (FDA 1993); AND
Hg=1 ng/g (SSA 1993)

Cu Cr Cd Ni Pb As Zn Hg

Summer 13+1.7 1+0 28+5 6.6+1.1 3+0.5 1.96+0.2 571+49.6 0.063+0.005
2011 8.96* 0.68* 19.31% 4.55% 2.06* 1.35% 393.79* 0.043*
Rainy 11.6£0.5 1+0 23+2.3 8+1 2.3+0.5 0.28+0.01 357441 0.056+0.005
season 2011 8.0% 0.68* 15.68%* 5.51%* 1.58%* 0.19* 246.20* 0.038*
Autumn 13£2 1+0 21+5.2 9.3+1.5 2.6+0.5 2.540.1 309+53 0.07+0
2011 8.96* 0.68* 14.48%* 6.41* 1.79* 1.72% 213.10% 0.048*
Winter 9.6+0.5 1.6+0.5 25423 15+1 4.6+0.5 4.6+0.5 598+121 0.076+0.005
2011-12 6.62* 1.10* 17.24%* 10.34* 3.17* 3.17* 412.41* 0.052*
Spring 11.6£1.1 240 33+4.6 13.3+1.1 4.6+0.5 4.5+0.5 508+£138 0.06+0
2012 8.0% 1.37* 22.75% 9.17* 3.17* 3.10% 350.34* 0.041%*
Summer 1342 140 28+6.5 7£1.15 3+0 1.9+0.37 571+22.8 0.06+0.005
2012 8.96* 0.68* 19.31%* 4.82% 2.06* 1.31% 393.79* 0.041*
Average 11.96 1.26 26.33 9.86 3.35 2.62 485.66 0.064

8.24* 0.86* 18.15% 6.8% 2.31%* 1.80%* 334.93* 0.044%*

Zn>Cd > Cu> Ni>Pb>As > Cr> Hg, and Zn >
Cd>Ni>Pb>Cu>Cr>As>Hg, respectively. The
ANOVA results for each tissue separately showed
differences (p <0.05) among all heavy metal concen-
trations (degree of freedom [df] =7, 40, F = 90.77,
p =0.0001 for soft tissue, and df =7, 40, F = 60.54,
p=0.0001 for muscle). Zn showed the highest mean
levels (485.66 and 64.83 pg/g, dw, in soft tissue and
muscle, respectively). Mean concentrations (dw)
in soft tissue (0.064 ng/g) and muscle (0.058 pug/g)
were only similar for Hg (df =5, t=0.93, p=0.37).

Correlation analyses between metal concentrations
and pen shell biometrics are depicted in table IV.
For soft tissue, there were significant correlations be-
tween SH and Hg concentration (r = 0.85, p = 0.03),

and between BW and Cu concentration (r = —0.85,
p =0.028). In the case of muscle, Cd, Ni and Cu con-
centrations showed significant correlations with SH
(r=0.85,p=0.03; r=0.94, p=0.005, and r = 0.87,
p = 0.02, respectively).

DISCUSSION

Since pen shell is a popular raw dietary item in
the Gulf of California, it is important to determine
the concentrations of heavy metals to assess whether
these levels may constitute a health hazard for con-
sumers. Although the economic importance of pen
shell culturing in La Pitahaya, Sinaloa is derived
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TABLE III. CONCENTRATION OF HEAVY METALS (ug/g DRY AND WET* WEIGHT) IN MUSCLE OF CULTURED
Atrina maura. PERMISSIBLE LIMITS (ww): Cu = 32.5 pg/g (Nauen 1983); Cr = 13 ug/g (ISSC 2007);
Cd = 0.5 pg/g (SSA 1993); Ni = 80 pg/g (ISSC 2007); Pb = 1 pg/g (SSA 1993); As = 80 pg/g (SSA 1993);
Zn =718 pg/g (FDA 1993); AND Hg = 1 pg/g (SSA 1993)

Cu Cr Cd Ni Pb As Zn Hg

Summer 1+0 0.4+0 2+1 1+0 0.66+0 0.51+0.03 53+7 0.05+0.003
2011 0.68* 0.27* 1.37% 0.68* 0.45* 0.35% 36.55% 0.03*
Rainy season 1+0 0.4+0 1+0 1+0 ND 0.20+0.08 43£1.5 0.06+0.005
2011 0.68* 0.27* 0.68* 0.68* 0.0.13* 29.65% 0.04*
Autumn 1+0 0.63+0.32 342 1.3+0.5 ND 0.51+0.17 57+6 0.08+0
2011 0.68* 0.43* 2.06* 0.89* 0.35% 39.31% 0.05*
Winter 1.66+0.5 1+0 5.6£3 2.3+1.5 2+0 0.57+0.13 105+6  0.073+0.005
2011-12 1.14%* 0.68* 3.86% 1.58* 1.37* 0.39* 72.41% 0.05*
Spring 1+0 1+0 3.3+£0.5 1.3+0.5 240 0.31+0.06 6642 0.05+0.003
2012 0.68* 0.68* 2.27* 0.89* 1.37* 0.21* 45.51%* 0.03*
Summer 1+0 0.5+0 1+0 0.33+0 1.3+0.5 0.2+0.01 6546 0.04+0.001
2012 0.68* 0.34* 0.68* 0.22% 0.89* 0.13* 44.82% 0.02*
Average 1.11 0.655 2.65 1.205 0.993 0.383 64.83 0.058

0.76* 0.45* 1.82% 0.83* 0.68* 0.26* 44.71%* 0.04*

ND: not detected

from the muscle production (known as “callo”), local
fishery communities consume the soft tissue of this
bivalve, therefore the knowledge of metal levels in
both soft tissue and muscle of cultured A. maura is
an important priority for this study. In comparison
with the permissible limits (given in ww) set for Cu
(32.5 pg/g, Nauen 1983), Cr (13 pg/g, ISSC 2007),
Ni (80 pg/g, ISSC 2007), As (80 pg/g, SSA 1993),
Zn (718 pg/g, FDA 1993) and Hg (1 pg/g, SSA
1993), all the mean values in soft tissue and muscle
of A. maura were lower than the limits established
by Mexican and international regulations, with the
exception of Cd (0.5 pg/g) and Pb (1 ug/g), which
were found to be higher than the permissible limits
for fresh mollusks (SSA 1993).

Due to the commercial importance of bivalves
in the region studied, surveys on trace metal lev-
els in different species have been carried out for
decades (Paez-Osuna et al. 1991). Cd mean values
obtained in soft tissue (28 pg/g, dw) and muscle
(2.65 pg/g, dw) of pen shell were higher than those
reported by Ayala (2004) for the oyster C. cor-
teziensis (0.16 pg/g, dw) and the mussel Mytella
strigata (0.30 pg/g, dw) sampled in La Pitahaya
in 2002. In another study conducted during 2011
in C. gigas cultured in the same estuary, the mean
value obtained by Castro-Sanchez (2013) was of
14.50 pg/g (dw) for Cd. In the same study, the

mean levels of Pb for soft tissue (3.0 pg/g, dw)
and muscle (0.99 pg/g, dw) of 4. maura were also
higher than those reported by Ayala (2004) for C.
corteziensis (0.28 pg/g, dw) and M. strigata (0.30
ug/g, dw), but comparablewith the levels registered
by Castro-Sanchez (2013) for C. gigas in the same
estuary (2.06 pg/g, dw). In this work most metals
were generally found in the soft tissue rather than in
muscle of 4. maura. Pb was not detected in muscle
during both the autumn and the rainy season of 2011,
probably due to metal dilution (Osuna-Martinez et
al. 2010). Since the mean ww levels of Cd in muscle
exceeded the permissible values it is assumed that
in both tissues this metal could represent a potential
risk if consumed. However, more studies are recom-
mended regarding the different chemical forms of the
metals that surpassed the permissible limits to better
understand their toxicity. Cobbett and Goldsbrough
(2002) stated that neutralization of some metals is
potentially achieved when they are associated to
proteins, and may be eliminated from an organism by
different metabolic routes (Sandrin and Maier 2002,
Flora et al. 2012).

Ingestion of Cd is associated to human skeletal
damage and reproductive deficiencies, and foodstuffs
are the main sources of this metal (Kyprianou 2005).
Jovi¢ et al. (2011) mentioned that the presence of
high levels of Cd is often associated with human
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TABLE IV. CORRELATION VALUES BETWEEN METAL CONCENTRATIONS AND SHELL’'S HEIGHT AND TOTAL
WEIGHT, IN SOFT TISSUES AND MUSCLE OF CULTURED Atrina maura

SOFT TISSUE
Shell height Cu Cd Cr Pb As Zn Hg
A 236.23 214.56 192.75 185.44 189.4 192.64 197.07 154.22
b -3.27 —0.66 3.43 1.18 2.29 1.69 437 668.20
F 5.26 1.23 0.27 3.94 0.74 1.23 0.00 10.44
p 0.08 0.32 0.62 0.11 0.43 0.33 0.99 0.03*
Total weight
a 334.27 137.91 141.51 142.27 136.74 167.23 144.81 180.58
b —-13.03 1.53 29.04 3.65 12.40 4.22 0.06 —35.50
F 11.28 0.46 2.42 2.54 2.36 0.54 0.83 0.00
p 0.028* 0.53 0.19 0.18 0.19 0.50 0.41 0.98

MUSCLE

Shell height
a 173.99 187.12 189.30 181.45 196.30 187.97 183.87 180.86
b 21.00 3.54 10.32 11.44 0.71 24.88 0.19 283.96
F 13.71 10.44 1.27 30.44 0.05 2.44 3.80 8.13
p 0.02* 0.03* 0.32 0.005%* 0.83 0.19 0.12 0.04*
Total weight
a 124.47 154.99 134.85 142.60 165.25 185.77 148.20 179.96
b 48.94 8.27 57.55 26.12 11.81 -18.35 0.45 —-28.99
F 2.10 1.91 6.35 242 1.53 0.07 1.04 0.00
p 0.22 0.23 0.06 0.19 0.28 0.80 0.36 0.96

a: intercept; b: slope, F: Fisher’s value
* Significant correlation, p < 0.05

activity, being industrial fertilizers and sewage sludge
the main Cd inputs. The same conclusions were
given by Pérez et al. (2005), who reported high Cd
concentrations in the mussel M. edulis collected near
sites with industrial activity in Argentina. The higher
mean Cd concentrations found during the dry season
(winter-spring) could also be explained by the pres-
ence of upwelling during this season, since the Gulf
of California is characterized by upwelling events
along its eastern coast (Staines-Urias et al. 2009). A
similar increase of Cd levels during the dry season in
cultured oysters was observed by Osuna-Martinez et
al. (2011). Besides, the high Cd concentrations found
in the Gulf of California have been attributed to the
presence of natural phosphorite deposits (Méndez et
al. 2006). Pb is known as a metabolic poison that can
be in humans (Stankovic et al. 2012); its absorption
induces poor development in children, while adults
are affected by cardiovascular and pressure diseases
(Kyprianou 2005). Intense transportation and fishing
boat activities, as well as mining (Cadena-Céardenas

etal. 2009), aquaculture and agriculture (Paez-Osuna
et al. 2003) could be the most important Pb sources
in this region. Amiard et al. (1986) mention that low
Pb concentrations are often observed in shellfish due
to the low bioavailability to marine animals of both
dissolved and dietary lead, but it seems that there
is a high presence of toxic Pb from anthropogenic
sources in La Pitahaya’s environment, therefore its
availability to pen shell increases. Soto-Jiménez and
Flegal (2009) mention that the major transport routes
of Pb in the Gulf of California are the runoff from
urban settlements into nearby watersheds, where it is
transported by combined sewage systems, agriculture
effluents, rural runoff, and direct atmospheric deposi-
tion. The same conclusion was given by Paez-Osuna
and Osuna-Martinez (2015), who analyzed the Pb
concentration in two mangrove oyster species from
seven coastal lagoons in Sinaloa.

The varied metal levels in mollusks from the
abovementioned studies suggest that concentra-
tions may depend on human activities in the region
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(Jakimska et al. 2011), among other factors. Spe-
cifically, the main sources of contamination for
La Pitahaya are the municipal sewage of Guasave,
agricultural drainage that transports fertilizers and
biocides, and drainage from shrimp farms, which
includes organic nutrients, especially during the
harvest, that flow into this estuary (Ruiz-Luna and
de la Lanza-Espino 1999). The Guasave region is
considered as the “agricultural heart of Mexico”
for its large agricultural production of items such
as corn, bean and tomato, in more than 220 000 ha.
Consequently, fertilizers and fungicides containing
Cu, Cd, Ni and Zn are commonly applied in the
region (Paez-Osuna et al. 1993). Agrochemicals are
eventually leached from the soil and transported to
the coastal zones (P4ez-Osuna and Osuna-Martinez
2015), where the pen shell farm was located.
Environmental parameters such as seasonality
directly influence metal concentrations in animals.
Coinciding with the reports of Lim et al. (1995), Paez-
Osunaetal. (1995), Chen and Chen (2003) and Le et al.
(2015) for different mollusk species, the lower metal
levels in A. maura were found during and after the
rainy season. Concentrations tend to increase during
the dry season due to sedimentation of metals from the
water column to the bottom (Palomares-Garcia et al.
2009), where pen shells are greatly exposed to those
particles. A constant seasonal pattern is not observed in
Cu levels possibly due to the combined effect of varia-
tions in the rate of influx from agriculture practices in
the region and the Cu metabolism. Cu is an essential
metal in the production of haemocyanin, which serves
as respiratory pigment for bivalves (Morse et al. 1986,
Taylor and Anstiss 1999). Bjerregaard and Depledge
(1994) concluded that Cd uptake and bioaccumulation
in crustaceans and mollusks is higher at low salinities
during the rainy season. The levels of studied metals
showed intermittent values among samplings, which
suggests the depuration or removal of metals by dif-
ferent mechanisms: through the body surface or gills,
and excreting it into the gut or with urine (Bryan 1971).
Some metals are stored in shell surfaces since the
shell layer (periostracum) is in direct contact with the
environment (Yap et al. 2003). Shells sequestrate part
of the heavy metals uptake as a sort of detoxification
process of non-essential and excessive essential metals
that takes place in mollusks (Cravo et al. 2004). Also,
trace metals can be transferred from gonadal tissue to
the eggs during gametogenesis (Greig et al. 1975) and
be lost at spawning (Paez-Osuna et al. 1995). Accord-
ing to Gongora-Gomez et al. (2012), A. maura can
complete its reproductive cycle in 12-15 months, thus
heavy metals could be lost in the reproductive process.

Nevertheless, studies on the relationship between
the reproduction cycle and metal levels are needed
to better understand such detoxification process. On
other hand, it seems that La Pitahaya has an efficient
depuration system of metals due to its higher ex-
change rate with open-sea water (Hernandez-Cornejo
et al. 2005).

Despite the small range between maximum
and minimum values of shell height (15 mm), Hg
concentrations in soft tissue, and Cd, Ni and Cu
concentrations in muscle of 4. maura increased with
shell height, which suggests that these concentrations
could be proportional to the pen shell size. Bryan
(1971) and Yap et al. (2009) stated that age/size are
important factors in determining the concentration
of metals in organisms. However, it is highly recom-
mended to monitor metal levels in pen shell tissues
from the beginning of the culture period to better
understand the relationship between pen shell size
and metal levels.

CONCLUSIONS

The overall results obtained indicate a consider-
able availability of the studied metals for A. maura.
Different levels of these metals were found in soft
tissue and muscle, mainly according with seasonality
and anthropogenic activities in the region. Therefore,
regular monitoring is needed, especially in the case
of risky trace elements like Cd and Pb. It is also rec-
ommended to yearly monitor metal concentrations
in water, soil, and the shell and edible parts of the
species harvested or cultured in the region, as well
as carrying out more studies related to the different
chemical forms of those metals that surpassed the
permissible limits, to better understand their toxic-
ity. Our data could allow consumers to be informed
about possible risks of contamination.
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