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This study reports the presence of Cd, Pb, Zn, Hg, Cu, and Cr in the cockles (Anadara granosa, Linnaeus, 1758) harvested along the
East Java Coast, Indonesia. The concentrations of metals were determined by atomic absorption spectrometer and expressed in
mgkg™" wet weight. The concentrations of metals ranged from 0.11 to 0.82 mgkg " for Cd, 0.10 to 0.54 mgkg™" for Pb, 10.22 to
19.04 mgkg ™" for Zn, 0.02 to 1.47mgkg™' for Hg, 1.79 to 4.76 mgkg " for Cu, and 1.64 to 3.79mgkg ' for Cr. The metal
concentrations in the whole tissues of cockles were in the order Zn>Cu>Cr>Hg>Cd>Pb. The Cd and Pb levels in cockles were
found to be higher than the permissible limit for human consumption according to EC and FAO; the levels of Hg exceeded the
EC, Hong Kong, Australia, and Indonesia standards; and the levels of Cr exceeded the Hong Kong standard. The estimated
weekly intake (EWT) of cockles indicates that the concentrations of Cd and Hg in the cockle tissues from Gresik were higher
than the provisional tolerable weekly intake (PTWI); meanwhile, the concentrations of Cr of cockles from all locations were
higher than and close to the PTWI. The THQ values for Cd at Gresik, for Hg at Gresik, Surabaya, and Pasuruan, and for Cr at
all locations were higher than one indicating that these metals pose potential noncarcinogenic effects to consumers. Reducing
the consumption of cockles should be done in order to minimize the adverse effects of metals especially Cd, Hg, and Cr to
human health.

1. Introduction

Recently, East Java Province of Indonesia has relatively fast
economic growth, especially in the industrial sector. As a
consequence of this rapid growth, significant impact of heavy
metals could occur since heavy metals represent the major
industrial contaminants of estuarine and coastal ecosystems.
Aquatic organisms, including cockle in this ecosystem, can
accumulate toxic metals which can pose a significant impact
on human health due to the consumption of contaminated
cockle. Heavy metals are nonbiodegradable toxic contami-

nants and may cause severe damage to the liver, kidney, cen-
tral nervous system, mucus tissues, intestinal tract, and
reproductive systems at high levels [1-3].

Cockle Anadara granosa (Linnaeus, 1758) is a typically
intertidal species which naturally lives in an area with soft
mud and fine sand. In some area, they can live in 20 m water
depth but commonly concentrate in the littoral area and
estuaries [4]. Cockles also live in estuaries and can tolerate
some changes in salinity [5]. Cockles are shallow burrowers,
filter feeders, and relatively sessile and feed on microscopic
phytoplankton that are floating in the water column, as well
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as microphytobenthos in the sediment. However, both adults
and juveniles are able to move to more favorable habitats
when required [4]. A. granosa can be found in East Africa,
Indo-West Pacific, Polynesia, Japan, and south to northern
and eastern Australia [6].

Bivalve molluscs including cockles are relatively cheap
sources of animal protein for people living in the coastal
region of East Java. Gathering cockles from coastal beds is
an important activity in the local fishing communities in East
Java. Harvesting begins when the cockles have attained a
marketable size of 25-30 mm. Thus, the contents of heavy
metal in cockles collected along the East Java Coast are essen-
tial to be investigated, and potential health risk of heavy
metal for coastal people trough seafood consumption should
be evaluated.

Besides having an important economic value, bivalves
have been well established as biomonitoring organisms to
assess metal pollution due to their capability to accumulate
metals within their tissues [7]. The use of bivalves as bioindi-
cators for monitoring the concentration of heavy metals has
been conducted in many areas in the world [8-16]. Due to
their widespread distribution, cockles therefore can be used
as biomonitoring organism for comparative study. The
objectives of the present study were to measure the level of
Cd, Pb, Zn, Hg, Cu, and Cr in the whole tissues of A. granosa
collected from the coastal regions of East Java and to evaluate
the potential health risk for human consumption by compar-
ing with provisional tolerable weekly intake (PTWTI) and tar-
get hazard quotient (THQ) guidelines.

2. Material and Methods

2.1. Sample Collection and Preparation. Cockles with edible
size (3.5 £ 0.6 cm) were collected from eight selected sites of
the East Java Coast, namely, Lamongan (LA), Gresik (GR),
Bangkalan (BA), Surabaya (SU), Sidoarjo (SI), Pasuruan
(PA), Muncar (MU), and Prigi (PR), during June to August
2018 and February to April 2019 (Figure 1). Those selected
sampling sites were considered important cockle fishing
areas in the East Java region.

After collection, cockles were rinsed with seawater at the
time of sampling. The samples were then directly packed in a
plastic bag, placed in a cool box, and brought to the labora-
tory on the same day. During transportation, the temperature
of the ice box maintained near 4°C. In the laboratory, samples
were stored in a freezer at -20°C for further analysis.

2.2. Measurement of Metals. Measurement of Cu, Zn, Cd, Pb,
Cr, and Hg followed Candra et al. [17]. Whole tissues from
approximately 30 cockles per sampling location were
extracted from the cockle shells and then pooled to form a
single sample. Six replications were applied for each location;
therefore, each location required 180 cockle samples. The
whole tissue was selected because it is consumed by local
people.

Prior to metal analysis, external water from cockle tissue
samples was absorbed using tissue papers; then, sufficient
demineralized water was added to the pooled cockle tissues
and put in a blender jar and homogenized at high speed for
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approximately three minutes. A subsample of homogenized
cockle tissue from each location was dried at 60°C for 48 h
until a constant weight was achieved. Approximately 2 g of
dried tissue samples was thoroughly homogenized and
digested using 5 mL concentrated HNO, at 100°C for 3h in
microwave digester (Mars 6, CEM Corporation, North Caro-
lina, USA). After cooling, samples were diluted to 50 mL with
deionized water. An aliquot was taken for Cu, Zn, Cd, Cr,
and Pb detection using flame atomic absorption spectropho-
tometer (ZEEnit 700, Analytik Jena AG, Jena, Germany). For
measurement of total mercury (Hg), approximately 2g of
homogenized tissue sample from each sampling site was
digested in acid solutions 2 mL of HNO,-HCIO, (1:1) and
5mL H,SO, at 80°C for 3h in Mars 6 microwave digester.
After cooling, 0.1 mL of KMnO, and 0.5mL of SnCl, solu-
tions were added until the purple color of the solutions
stabilized. Sufficient hydroxylamine hydrochloride solution
was added to neutralize the excess potassium permanganate
as a preservative. The solution was adjusted to 50 mL with
deionized water. An aliquot was taken for mercury determi-
nation using flameless atomic absorption spectrophotometer
(Mercury-Hydride System Analytik Jena, HS 60). All metal
concentrations of samples were expressed as mgkg' wet
weight (ww). The metal concentration first determined as
dry weight was transformed to the wet weight by dividing
by a factor 4.856 (1 gdry weight =~ 4.856 gwet weight). The
detection limits of metals were as follows: Cu 0.04, Zn 0.07,
Cd 0.01, Cr 0.01, Pb 0.01, and Hg 0.003 mgkg ™" ww.

Analytical blanks were run in the same way as the sam-
ples, and the concentrations were determined using standard
solutions prepared in the same acid matrix. The accuracy and
precision of the analytical performance were validated by
measuring the dogfish muscle reference material (DORM-
4) provided by the National Research Council of Canada.
The recoveries for Cu, Zn, Cd, Cr, Pb, and Hg in the tissue
standard reference material DORM-4 were 109, 94, 107, 93,
91, and 106%, respectively. All reagents used for this analysis
were of analytical grade.

2.3. Estimation of Dietary Exposure to Heavy Metals. Esti-
mated daily intakes (EDIs) of heavy metals for coastal people
through seafood consumption were calculated using the
following formula and is expressed as pug per kg of body
weight per day (ugkg' BW day™) [2, 18]:

EDIs = (EF x ED x IR x C)/(BW x AT) (1)

where EF is the exposure frequency (365 daysyear'); ED
is the exposure duration (70 years, equivalent to the aver-
age lifespan); IR is the ingestion rate of cockle (140 gper-
son'lday'l, as used in previous studies [16, 19]); C is the
heavy metal concentration in cockle (ugg’' ww); BW is
the body weight (60kg for adults); and AT is the average
time (it is equal to 365 daysyear' multiplied by the num-
ber of exposure years (70 years as assumed in this study)).

The estimation of weekly intake (EWI) of heavy metal
equals to daily intake (EDI) multiply by seven days. The risks
of dietary intakes of heavy metals were evaluated by compar-
ing the weekly intake value with the provisional tolerable
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F1GURE 1: Sampling locations of cockle Anadara granosa at East Java Coast.

weekly intake (PTWI) according to the EC [20] for Cd and
Pb, WHO [21] for Zn and Cu, WHO [22] for Hg, and
USEPA [23] for Cr.

Target hazard quotient (THQ) was used to assess the
noncarcinogenic health hazard for humans from each metal
as a result of seafood consumption [24]. THQ was calculated
using the following equation:

THQ = EDI/R{D )

where RfD (oral reference dose) values were obtained from
the Integrated Risk Information System [24]. The RfD values
for Cd, Cr, Cu, Zn, and Hg were 1, 3, 40, 300, and 0.3 (ug kg’1
BW day ™), respectively [24]. The RfD value for Pb is actually
under discussion [2, 3], so for its risk calculation, we used the
value from Hang et al. [25], i.e., 3.5 ugkg' BW day™.

If the THQ value of heavy metal was less than one, it was
assumed to not pose risk of noncarcinogenic effects (e.g.,
reproductive toxicity, teratogenicity, or liver toxicity) for
humans over lifetime exposure. The estimates involved in
these calculations present uncertainties; therefore, THQ
values between one and ten may indicate a chance of non-
carcinogenic effects, with an increasing probability for the
occurrence of these effects as the value of THQ increases
[2, 3, 25].

2.4. Statistical Analysis. All data were tested for fitness to a
normal distribution by the Kolmogorov-Smirnov test.
Because the data were normally distributed, differences in
metal levels in cockles between sampling locations were

examined using a one-way analysis of variance using SPSS
Version 15.0. When significant differences were detected
(p <0.05), the Tukey post hoc test was used to determine
which cockles were significantly different from different sam-
pling locations.

3. Results

The concentrations of metals (Cd, Pb, Zn, Hg, Cu, and Cr) in
the whole tissues of cockles collected from the East Java Coast
are presented in Table 1. The levels of Cd in tissues of cockle
varied from 0.11 to 0.82 mgkg ™", the highest Cd concentra-
tion was recorded in cockles from GR (p < 0.05), and the low-
est was noted in cockles from PR. The Pb concentrations in
cockles ranged from 0.10 to 0.54mgkg ". The highest Pb
concentration was found in cockles from SU, and the lowest
one was reported in cockles from MU (p < 0.05). The con-
centrations of Zn in cockles ranged from 10.22 to
19.04 mgkg . The highest Zn concentration was found in
cockles from GR, and the lowest was reported in cockles from
MU (p <0.05). The concentrations of Hg in cockles ranged
from 0.02 to 1.47 mgkg ™", with the highest Hg concentration
found in cockles from GR (p < 0.05). The Cu concentrations
varied from 1.79 to 4.76 mgkg ', with the highest Cu level
found in cockles from PA and the lowest Cu level noted in
cockles from PR. The Cr concentrations ranged between
1.64 and 3.79 mgkg™', with the highest level found in cockles
from PA and the lowest level recorded in cockles from PR.
The estimated weekly intake (EWI) of metals by people
from the Java Sea Coast ranged from 1.85 to 13.29 ugkg ™'
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TaBLE 1: Concentrations of metals in cockles from East Java Coast.

Location N cd ob - Metal (mgkg™) Hg c or
Lamongan 6 0.37 £ 0.09* 0.44 + 0.09° 16.64 +1.02° 0.13 +0.01° 2.62+0.32% 1.93+0.31%°
Gresik 6 0.82 +0.12¢ 0.37 £0.13" 19.04 + 1.00° 1.47 +0.30° 4.11 +0.35¢ 3.06 £ 0.37
Bangkalan 6 0.34 +0.05> 0.43+0.11% 10.69 + 1.82° 0.02+0.01° 2.07 +0.15% 1.69 +0.37°
Surabaya 6 0.32+0.08™ 0.54+0.11° 12.88 +1.71* 0.15 +0.04° 4.01+0.45% 2.50 +0.76">
Sidoarjo 6 0.39 +0.06> 0.44 +0.05> 12.19 + 2.48° 0.12+0.02° 2.99 +0.57% 2.47 +0.83%
Pasuruan 6 0.42+0.07° 0.51 +£0.29° 11.60 +2.87° 0.15+0.01% 4.76+1.17¢ 3.79 +£1.62°
Muncar 6 0.27 +0.04° 0.10 +£0.08% 10.22 +1.80° 0.12+0.01% 2.57 £0.41% 2.08 +0.26%°
Prigi 6 0.11 £0.05% 0.25 + 0.06*° 10.38 £ 0.77° 0.02+0.01% 1.79 £ 0.37% 1.64 +0.45%
Note: lowercase letters indicate significant differences (p < 0.05, a <b < ¢ <d), N = number of replication.

TaBLE 2: The estimated weekly intake (EWI) of metals by consuming cockles.
Estimated weekly intake (EWI) of Metal
metal (ugkg' BW) by location Cd Pb Zn Hg Cu Cr
Lamongan 6.06 7.23 271.87 2.18 42.90 31.63
Gresik 13.29 6.06 311.06 24.06 67.13 49.97
Bangkalan 5.55 7.07 174.63 0.34 33.81 27.59
Surabaya 5.21 8.74 210.46 2.52 65.45 40.72
Sidoarjo 6.40 7.07 199.02 2.02 48.79 40.38
Pasuruan 6.90 8.42 189.60 2.52 77.72 61.91
Muncar 4.54 1.68 167.06 2.02 42.05 33.98
Prigi 1.85 4.20 169.92 0.34 29.27 26.75
The PTWI standard of metal (ugkg' BW) 7 25 7000 5.6 3500 15
References EC [20] EC [20] WHO [21] WHO [22] WHO [21] USEPA [23]

BW for Cd, from 1.68 to 8.74 ugkg ™' BW for Pb, from 167.06
to 311.06 ugkg ' BW for Zn, from 0.34 to 24.06 ugkg ™' BW
for Hg, from 29.27 to 77.72 ugkg™' BW for Cu, and from
26.75 to 61.91 ugkg ' BW for Cr. (Table 2).

The THQs of selected metals were summarized in
Table 3. The THQs of metals ranged from 0.26 to 1.91 for
Cd, from 0.07 to 0.36 for Pb, from 0.08 to 0.15 for Zn, from
0.16 to 11.43 for Hg, from 0.10 to 0.26 for Cu, and from
1.28 to 2.78 for Cr. (Table 3).

4. Discussion

This study provided valuable information concerning the
levels of metals in the tissue of cockle collected from the
East Java Coast, in order to assess public health risks.
The present study revealed that cockle collected along East
Java Coast demonstrated a different level of metal concen-
trations in different sampling locations. Cockles from GR
contained the highest Cd, Zn, and Hg, cockles from SU
presented the highest Pb, and cockles from PA contained
the highest Cu and Cr. Cockles from MU contain the low-
est Pb and Zn; meanwhile, the lowest levels of Cd, Hg, Cu,
and Cr are found in cockles from PR. The different levels
of metals in cockles could be influenced by many factors
such as sources of heavy metals, distance from estuaries
(mouth of river), and oceanographic condition. Sampling

locations LA, GR, BA, SU, SI, and PA are close to or near
the estuaries of the rivers; therefore, cockles from these
sites contain metals relatively higher than cockles from
MU and PR which are far from the estuaries.

The metal concentration in the tissues of cockles was in
the order Zn > Cu > Cr > Hg > Cd > Pb. Zinc is an essential
micronutrient and is involved in a number of physiological
functions such as protein synthesis and energy metabolism
for both animals and humans. As an essential constituent
of many enzymes, therefore, a relatively high level of zinc is
maintained in the body of many organisms, including cockle
[26]. The level of zinc in cockles of the present study was
lower than the zinc level in cockles from Kuala Juru, Kuala
Karau, and Jeram, Malaysia [27]; Newcastle, NSW, Australia
[28]; and South Island of New Zealand [29]. However, our
results were higher than those in cockles from Penang,
Malaysia [30], and relatively comparable with cockles from
Seine Estuary, Europe [8]; Moroccan Atlantic lagoons [31];
and Ria de Aveiro, Portugal [32] (Table 4). None of the
cockles from the East Java Coast contain Zn that exceeds
the permissible limit for human consumption, according to
national and international standards (Table 5). Zinc is an
essential element in our diet, but an overdose of zinc may
lead to electrolyte imbalance, nausea, anemia, and lethargy
[33, 34]. Zinc is also used for the treatment of diabetes, Down
syndrome, Alzheimer’s disease, and peptic ulcers [35].
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TaBLE 3: Target hazard quotient (THQ) estimate for analyzed metals evaluated in cockles from East Java Coast.
Metal

THQ Cd Pb Zn Hg Cu Cr
Lamongan 0.86 0.27 0.09 0.86 0.16 1.81
Gresik 191 0.25 0.15 11.43 0.24 2.38
Bangkalan 0.79 0.29 0.08 0.16 0.12 1.31
Surabaya 0.75 0.36 0.10 1.17 0.23 1.94
Sidoarjo 0.91 0.29 0.09 0.93 0.17 1.92
Pasuruan 0.91 0.32 0.09 1.17 0.26 2.78
Muncar 0.63 0.07 0.08 0.93 0.15 1.62
Prigi 0.26 0.17 0.08 0.16 0.10 1.28
Oral reference dose (RfD, ugkg' BW day™) 1 3.5 300 0.3 40 3

Further, zinc deficiency resulting from poor diet, alcohol-
ism, and malabsorption causes dwarfism, hypogonadism,
and dermatitis [34].

A comparison with data in the literature showed that the
levels of Cd in tissues of cockles in this study were relatively
similar to those of cockles from other regions in the world
(Table 4). The level of Cd in cockles from all sites of the East
Java Coast exceeds the permissible limit for human con-
sumption, according to EC [20] (Table 5). Cd is a highly toxic
metal and can accumulate in the liver and kidney of mam-
mals through the food chain [36]. It also produces shock
and acute renal failure and affects the central nervous system
of children [37].

Compared with other findings, the Pb levels in tissues of
cockles of our study were lower than Pb levels in cockles from
Asajaya, Sarawak, Malaysia [38], and Moroccan Atlantic
lagoons [31], but their levels were relatively similar than
those from Seine Estuary, Europe [8]; Ria de Aveiro, Portugal
[32]; and Newcastle, NSW, Australia [28]. The levels of Pb of
the present study were higher than our previous findings
[13], especially in the sampling sites located in the northern
coast of East Java. This fact indicates that the water runoff
from upstream areas which contain Pb increases consider-
ably. Cockles from certain sites of the East Java Coast con-
tained Pb that exceeds the permissible limit for human
consumption of FAO [39] and EC [20] (Table 5). Over-
consumption of Pb can cause renal failure and liver dam-
age in humans [40], affect the immune system, and disturb
nervous system development in young children [41].
Moreover, lead is also accumulated in teeth, bone, lung,
spleen, and brain, and it goes through the blood-brain bar-
rier and the placenta [41].

The concentrations of Hg found in cockles of the East
Java Coast (0.04-0.06 ugkg ') were comparable with those
from Penang, Malaysia [30] (Table 4). Only cockle from Gre-
sik presented Hg levels higher than the maximum permissi-
ble levels of seafood set by national and international
standards (Table 5). Continuous exposure and consumption
of large quantities of this cockle can pose a potential health
hazard. Mercury can affect the central nervous system and
cause neurodegenerative diseases and renal and immunolog-
ical problems in humans [42, 43].

A comparison with data in the literature (Table 4)
showed that Cu levels in cockles in our study were lower than
the values found in cockles from South Island of New Zeal-
and [29]. The levels of Cu in cockles from East Java Coast
were below the toxic limit for human consumption according
to national and international standards (Table 5). Cu is
required for several enzymatic reactions and is necessary
for the synthesis of hemoglobin [44], but it causes adverse
health problems if the intake of Cu is high. Excess accumula-
tion of copper has been reported to cause liver diseases [45],
dermatitis, and neurological disorders [46]. Otherwise, cop-
per deficiency in humans can cause bone demineralization,
depressed growth, depigmentation, and gastrointestinal dis-
turbances [46]. Consuming this cockle in adequate amount,
therefore, can prevent Cu deficiency because they contain
relatively high levels of Cu.

The concentrations of Cr in cockles from the East Java
Coast were higher than those recorded in cockles from
Penang, Malaysia [30], and Ria de Aveiro, Portugal [32].
The levels of Cr in cockles from all location of East Java Coast
were higher than the Hong Kong standard (Table 5). Chro-
mium is an essential element for the insulin molecule to bring
glucose into the cells for glycolysis. However, long-term
exposure to chromium can cause damage to the nose, skin,
and lungs, stomach upsets and ulcers, convulsions, and even
death [47].

Cockles are an important source of cheap protein for
fishing communities in the East Java Coast. This fishing com-
munity is potentially exposed to high levels of metals, espe-
cially when they consume large amounts of cockles. To
evaluate whether metal levels found in cockles are safe for
consumers, the calculation of estimated weekly intake
(EWI) of metals should be conducted. Table 2 represents
the EWI of Cd, Pb, Zn, Hg, Cu, and Cr for humans (calcu-
lated based on adult people with 60kg body weight). The
EWTIs of Pb, Zn, and Cu of all locations were below the rec-
ommended values of PTWI (Table 2). The EWIs of Cr of
all locations were higher than the PTWI value; meanwhile,
only the EWIs of Cd and Hg of Gresik were higher than the
PTWI value (Table 2). Additionally, this study showed that
the THQ values for Cd at Gresik; THQs for Hg at Gresik,
Surabaya, and Pasuruan; and THQs for Cr at all locations
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TaBLE 5: Maximum permissible limits of trace metals in seafood
(mgkg ™' ww) according to national and international guidelines.

Standard Cd Pb Zn Hg Cu Cr
WHO [48] 1 2 100 — 30 50
FAO [39] 0.5 0.5 40 — 30 —
USEPA [49] 2 4 120 — 120 8
EC [20] 0.05 0.2 — 0.5 — —
Hong Kong [50, 51] 2 6 — 0.5 — 1
Australia [52] 2 2.5 — 0.5 — —
Indonesia [13] 1 2 100 1 20 —

exceeded one; therefore, these metals pose a potential health
risk for consumers especially their noncarcinogenic effects
(e.g., reproductive toxicity, teratogenicity, or liver toxicity)
over lifetime exposure [3]. It can be recommended that to
minimize the health risks due to the negative effect of Cd,
Hg, and Cr, it is necessary to reduce the consumption of
cockles.

5. Conclusions

This present study provides the valuable data for trace metals
in cockles living in the East Java Coast. The concentrations of
Cd, Pb, Hg, and Cr in cockles in certain location of East Java
Coast were found to be higher than the permissible limit for
human consumption, according to Indonesia and interna-
tional standards. The EWIs of Cd, Hg, and Cr for coastal peo-
ple in certain location of East Java Coast were higher than the
PTWL In addition, the THQs of Cd, Hg, and Cr were also
higher than one indicating these metals pose a potential
health risk for consumers. According to this study, it is rec-
ommended to reduce the consumption of these bivalves in
order to minimize the serious effects of metals to human
health. A monitoring program (such as measuring regularly
the levels of metals in seafood including cockles) should also
be conducted in order to anticipate the health risk.
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The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

This research was supported by Universitas Airlangga
through the research mandate program. We are grateful to
local fishermen for helping to collect the cockles.

References

[1] M. Raknuzzaman, M. K. Ahmed, M. S. Islam et al.,, “Trace
metal contamination in commercial fish and crustaceans col-
lected from coastal area of Bangladesh and health risk assess-

(2]

(4]

(5]

(10]

(11]

(12]

(13]

(14]

(15]

ment,” Environmental Science and Pollution Research,
vol. 23, no. 17, pp. 17298-17310, 2016.

Q. Liu, Y. Liao, and L. Shou, “Concentration and potential
health risk of heavy metals in seafoods collected from Sanmen
Bay and its adjacent areas, China,” Marine Pollution Bulletin,
vol. 131, Part A, pp. 356-364, 2018.

C. Copat, A. Grasso, M. Fiore et al., “Trace elements in seafood
from the Mediterranean Sea: an exposure risk assessment,”
Food and Chemical Toxicology, vol. 115, pp. 13-19, 2018.

W.X. Liu, X. D. Li, Z. G. Shen, D. C. Wang, O. W. H. Waj, and
Y. S. Li, “Multivariate statistical study of heavy metal enrich-
ment in sediments of the Pearl River Estuary,” Environmental
Pollution, vol. 121, no. 3, pp. 377-388, 2003.

FAO, Species Fact Sheets, Anadara granosa (Linnaeus, 1758),
Food and Agriculture Organization of the United Nations,
Fisheries and Aquaculture Department, 2019.

J. M. Poutiers, “Bivalves (Acephala, Lamellibranchia: Pellecy-
poda),” in The Living Marine Resources of the Western Central
Pacific, K. E. Carpentier and V. H. Niem, Eds., vol. 1 of Sea-
weeds, Corals, Bivalves and Gastropods, FAO, Rome, Italy,
1998.

K. S. Sajwan, K. S. Kumar, S. Paramasivam, S. S. Compton, and
J. P. Richardson, “Elemental status in sediment and American
oyster collected from Savannah marsh/estuarine ecosystem a
preliminary assessment,” Archives of Environmental Contami-
nation and Toxicology, vol. 54, no. 2, pp. 245-258, 2008.

P. Miramand, T. Guyot, H. Rybarczyk et al., “Contamination
of the biological compartment in the Seine estuary by Cd,
Cu, Pb and Zn,” Estuaries, vol. 24, no. 6, pp. 1056-1065, 2001.

A. M. Yusof, N. F. Yanta, and A. K. H. Wood, “The use of
bivalves as bio-indicators in the assessment of marine pollu-
tion along a coastal area,” Journal of Radioanalytical and
Nuclear Chemistry, vol. 259, no. 1, pp. 119-127, 2004.

J. Usero, J. Morillo, and I. Gracia, “Heavy metal concentrations
in molluscs from the Atlantic coast of southern Spain,” Che-
mosphere, vol. 59, no. 8, pp. 1175-1181, 2005.

H. Beldi, F. Gimbert, S. Maas, R. Scheifler, and N. Soltani, “Sea-
sonal variations of Cd, Cu, Pb and Zn in the edible mollusc
Donax trunculus (Mollusca, Bivalvia) from the gulf of Annaba,
Algeria,” African Journal of Agricultural Research, vol. 1, no. 3,
pp. 86-90, 2006.

Z. Sidoumou, M. Gnassia-Barelli, Y. Siau, V. Morton, and
M. Romeo, “Heavy metal concentrations in molluscs from
the Senegal coast,” Environmental International, vol. 32,
no. 3, pp. 384-387, 2006.

A. Soegianto and A. Supriyanto, “Concentration of patho-
genic bacteria and trace metals in bivalve mollusk Anadara
granosa (Bivalvia: Arcidae) harvested from East Java Coast,
Indonesia,” Cahiers de Biologie Marine, vol. 49, no. 2,
pp. 201-207, 2008.

O. Rouane-Hacene, Z. Boutiba, B. Belhaouari, M. E. Guibbo-
lini-Sabatier, P. Francour, and C. Risso-de Faverney, “Seasonal
assessment of biological indices, bioaccumulation and bio-
availability of heavy metals in mussels Mytilus galloprovincialis
from Algerian west coast, applied to environmental monitor-
ing,” Oceanologia, vol. 57, no. 4, pp. 362-374, 2015.

E. Mahu, E. Nyarko, S. Hulme, and K. H. Coale, “Distribution
and enrichment of trace metals in marine sediments from the
Eastern Equatorial Atlantic, off the Coast of Ghana in the Gulf
of Guinea,” Marine Pollution Bulletin, vol. 98, no. 1-2, pp. 301-
307, 2015.



(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

R. N. Rahayu, B. Irawan, and A. Soegianto, “Concentration of
mercury in cockles (Anadara granosa and A. antiquata) har-
vested from estuaries of Western Lombok, Indonesia, and
potential risks to human health,” Bulletin of Environmental
Contamination and Toxicology, vol. 96, no. 1, pp. 20-24, 2016.

Y. A. Candra, M. Syaifullah, B. Irawan, T. W. C. Putranto,
D. Hidayati, and A. Soegianto, “Concentrations of metals in
mantis shrimp Harpiosquilla harpax (de Haan, 1844) collected
from the eastern region of Java Sea Indonesia, and potential
risks to human health,” Regional Studies in Marine Science,
vol. 26, article 100507, 2019.

H.-S. Lee, Y.-H. Cho, S.-O. Park et al., “Dietary exposure of the
Korean population to arsenic, cadmium, lead and mercury,”
Journal of Food Composition and Analysis, vol. 19, pp. S31-
S37, 2006.

T. A. Ruaeny, S. Hariyanto, and A. Soegianto, “Contamination
of copper, zinc, cadmium and lead in fish species captured
from Bali Strait, Indonesia, and potential risks to human
health,” Cahiers de Biologie Marine, vol. 56, no. 2, pp. 89-95,
2015.

EC, “Commission Regulation No. 466/2001 of 8 March 2001,”
Official Journal of European Communities, vol. 1, 2001.
WHO, Summary and Conclusions of the Sixty-First Meeting of
the Joint FAO/WHO Expert Committee on Food Additives
(JECFA), JECFA/61/SC, Rome, Italy, 2003.

WHO, Summary and Conclusions of the Seventy-Second Meet-
ing of the Joint FAO/WHO Expert Committee on Food Addi-
tives (JECFA), JECFA/72/SC, Rome, Italy, 2010.

USEPA, Risk-Based Concentration Table, USEPA, Washing-
ton, DC, USA, 2011.

USEPA, “Regional Screening Levels (RSLs) - Generic Tables,”
2019, https://www.epa.gov/risk/regional-screening-levels-rsls-
generic-tables.

X. Hang, H. Wang, J. Zhou, C. Ma, C. du, and X. Chen, “Risk
assessment of potentially toxic element pollution in soils and
rice (Oryza sativa) in a typical area of the Yangtze River Delta,”
Environmental Pollution, vol. 157, no. 8-9, pp. 2542-2549,
2009.

M. 1. Castro-Gonzédlez and M. Méndez-Armenta, “Heavy
metals: implications associated to fish consumption,” Environ-
mental Toxicology and Pharmacology, vol. 26, no. 3, pp. 263
271, 2008.

C.K. Yap, Y. Hatta, F. B. Edward, and S. G. Tan, “Comparison
of heavy metal concentrations (Cd, Cu, Fe, Ni and Zn) in the
shells and different soft tissues of Anadara granosa collected
from Jeram, Kuala Juru and Kuala Kurau, Peninsular Malay-
sia,” Pertanika Journal of Tropical Agricultural Science,
vol. 31, no. 2, pp- 205-215, 2008.

A. Taylor and W. Maher, “Developing a sentinel mollusc
species for toxicity assessment: metal exposure, dose and
response — laboratory v. field exposures and resident organ-
isms,” Environmental Chemistry, vol. 13, no. 3, pp. 434-446,
2015.

S. C. Adkins and I. D. Marsden, Effects of Trace Metals and
Nutrient Levels on Cockle Populations from the South Island
of New Zealand, ICMSS09, Nantes, France, 2009, June 2009,
http://www.symposcience.org.

F. M. A. Alkarkhi, N. Ismail, and A. MatEasa, “Assessment of
arsenic and heavy metal contents in cockles (Anadara gran-
osa) using multivariate statistical techniques,” Journal of Haz-
ardous Materials, vol. 150, no. 3, pp. 783-789, 2008.

(31]

(32]

(33]

(34]
(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

[44]

(45]

[46]

(47]

(48]

International Journal of Food Science

M. Cheggour, A. Chafik, W. J. Langston, G. R. Burt,
S. Benbrahim, and H. Texier, “Metals in sediments and the edi-
ble cockle Cerastoderma edule from two Moroccan Atlantic
lagoons: Moulay Bou Selham and Sidi Moussa,” Environmen-
tal Pollution, vol. 115, no. 2, pp. 149-160, 2001.

E. Figueira, A. Lima, D. Branco, V. Quintino, A. M. Rodrigues,
and R. Freitas, “Health concerns of consuming cockles (Ceras-
toderma edule L.) from a low contaminated coastal system,”
Environment International, vol. 37, no. 5, pp. 965-972, 2011.
K. M. Hambidge, C. E. Casey, and N. F. Krebs, “Zinc,” in Trace
Elements in Human and Animal Nutrition, W. Mertz, Ed.,
pp- 1-137, Elsevier, Orlando, Florida, 1986.

S. J. Fairweather-Tait, “Zinc in human nutrition,” Nutrition
Research Reviews, vol. 1, no. 1, pp. 23-37, 1988.

M. Nelms and K. P. Sucher, Nutrition Therapy and Pathophys-
iology, Nelson Education, 2015.

D. Barber and M. S. Sharma, “Experimentally induced bioac-
cumulation and elimination of cadmium in fresh-water
fishes,” Pollution Research, vol. 17, no. 1, pp. 99-104, 1998.
R. W. Thatcher, M. 1. Lester, R. McAlester, and R. Horts,
“Effects of low levels of cadmium and lead on cognitive func-
tioning in children,” Archives of Environmental Health,
vol. 37, pp. 159-166, 1982.

M. F. Hossen, S. Hamdan, and M. R. Rahman, “Cadmium and
lead in blood cockle (Anadara granosa) from Asajaya, Sara-
wak, Malaysia,” The Scientific World Journal, vol. 2014, Article
1D 924360, 4 pages, 2014.

FAO, Compilation of Legal Limits for Hazardous Substance in
Fish and Fishery Products, Food and Agricultural Organiza-
tion, Fishery Circular, 1983.

T.D. Luckey and J. O. Venugopal, Metal Toxicity in Mammals,
Plenum Press, New York, NY, USA, 1977.

R. A. Goyer and W. T. Clarksom, “Toxic effects of metals,” in
Casarett and Doull’s Toxicology. The Basic Science of Poisons,
C. F. Klaassen, Ed., pp. 811-867, McGraw-Hill, New York,
NY, USA, 2001.

J. Mercola and D. Klinghardt, “Mercury toxicity and systemic
elimination agents,” Journal of Nutritional and Environmental
Medicine, vol. 11, no. 1, pp. 53-62, 2001.

M. M. Veiga, P. A. Maxson, and L. D. Hylander, “Origin and
consumption of mercury in small-scale gold mining,” Journal
of Cleaner Production, vol. 14, no. 3-4, pp. 436-447, 2006.

P. Sivaperumal, T. V. Sankar, and P. G. Viswanathan-Nair,
“Heavy metal concentrations in fish, shellfish and fish prod-
ucts from internal markets of India vis-a-vis international
standards,” Food Chemistry, vol. 102, no. 3, pp. 612-620, 2007.
A. Anandkumar, R. Nagarajan, K. Prabakaran, and
R. Rajaram, “Trace metal dynamics and risk assessment in
the commercially important marine shrimp species collected
from the Miri coast, Sarawak, East Malaysia,” Regional Studies
in Marine Science, vol. 16, pp. 79-88, 2017.

P. C. Onianwa, A. O. Adeyemo, O. E. Idowu, and E. E. Oga-
biela, “Copper and zinc contents of Nigerian foods and esti-
mates of the adult dietary intakes,” Food Chemistry, vol. 72,
no. 1, pp. 89-95, 2001.

S. Lingard and T. Norseth, Chromium. Hand Book on the Tox-
icology of Metals, Elsevier-North Holland, Biochemical Press,
Netherlands, 1979.

WHO, Heavy Metals Environmental Aspects, Environmental
Health Criteria, World Health Organization, Geneva, Switzer-
land, 1989.


https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://www.symposcience.org

International Journal of Food Science

(49]

(50]

(51]

(52]

USEPA, Guidance for Assessing Chemical Contaminant Data
for Use in Fish Advisories, Risk Assessment and Fish Consump-
tion Limit, Office of Science and Technology and Office of
Water, Washington, DC, USA, 2000.

E. C. M. Parsons, “Trace metal levels in decapod crustaceans
from North Lantau waters, Hong Kong,” in The Marine Biol-
ogy of the South China Sea, B. Morton, Ed., pp. 411-422, Pro-
ceedings of the Third International Conference on the Marine
Biology of the South China Sea, 1998.

E. C. M. Parsons, “Trace element concentrations in whole fish
from North Lantau waters, Hong Kong,” ICES Journal of
Marine Science, vol. 56, no. 5, pp. 791-794, 1999.

N. M. Otway, “Bioaccumulation studies on fish: choice of spe-
cies, sampling, designs, problems and implications for envi-
ronmental management,” in Assessment of the Distribution,
Impacts and Bioaccumulation of Contaminants in Aquatic
Environments, Proceedings of a Bioaccumulation Workshop.
Water Board and Australian Marine Sciences Association Inc,
pp. 103-113, Sydney, Australia, 1992.



	Concentrations of Metals in Tissues of Cockle Anadara granosa (Linnaeus, 1758) from East Java Coast, Indonesia, and Potential Risks to Human Health
	1. Introduction
	2. Material and Methods
	2.1. Sample Collection and Preparation
	2.2. Measurement of Metals
	2.3. Estimation of Dietary Exposure to Heavy Metals
	2.4. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

