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Aim The current study investigated the concentration of Cu, Pb, Zn, Cd, Ni, and Cr in shell and
soft tissue of Saccostrea cucullata, water, and sediments of seven stations in Qeshm Island of
Persian Gulf.

Materials & Methods The samples were digested by a combination of nitric acid and perchloric
acid and the concentration of elements was measured by atomic absorption spectroscopy.
Findings The results indicated that the concentrations of Cu and Zn in all samples, Ni in the
sediment and Cd in oyster were the highest bio-water accumulation factor were significantly
higher than those of bio-sediment accumulation factor. Also, these factors in the soft tissue
were higher than in the shell. Furthermore, the macro-concentrators of soft tissue were Cd, Cu,
and Zn, while the macro-concentrator of shell was Cd.

Conclusion The shell can be an appropriate monitoring tool for evaluating Cu and Zn in water
and Cu in sediments. Also, the soft tissue can be practical for monitoring Cuand Zn in sediments.
Keywords Bioaccumulation; Heavy Metals; Qeshm Island; Saccostrea cucullata; Sedi-

ment; Water
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Introduction

Nowadays, increasing presence of various
contaminations such as heavy metals in aquatic
ecosystems is very concerning [i. There are
about 300 chemical elements that play an
essential role in the biochemical and
physiological mechanisms of living organisms
and are recognized as essential elements of life.
Most metals and metalloids are very toxic to
living organisms, and even the essential
elements can be toxic if exceeding a certain limit
(21. Today, heavy metals are the most important
life-threatening pollutants in the aquatic
environment 3. Heavy metals with high stability
and non-degradability have great potential for
entering the food chains and threatening the
living organisms [4l. Sediments can act as a sink
and source of pollutants in aquatic ecosystems.
Consequently, the concentration of these
elements is far higher compared to the water
column [51. Since oysters are in close contact with
sediments and also feed through water filtration,
the concentration of heavy metals in their bodies
is really high. Sediments and oysters are often
used to monitor the contamination of metal
elements in water [6. Bivalves, especially
mussels and oysters, have been identified as
reliable bioindicators for the bioavailability of
heavy metals and used in many studies as
biomonitors [7l. Bivalvia mollusca, in addition to
feeding, due to their immovable nature, ability to
tolerate environmental changes and pollution,
and easy sampling and identification, are known
as excellent bioindicators [8l. Bivalvia mollusca
have a high potential for bioaccumulation of
heavy metals from their habitat.

Measuring the concentration of heavy metals in
water and sediments is widely used to evaluate
environmental pollutants. Furthermore, the
monitoring of contamination using aquatic
organisms can provide valuable information
regarding the spatial and temporal changes in
the bioavailability of existing pollutants and
contaminants in the environment. Persian Gulf
characteristics such as high evaporation rate
and dispersion constraint, and the reduction of
pollutant concentrations on the one hand, and
environmental accidents, industrial
development and population growth on the
other hand, have led to more severe
consequences with exertion of marine stresses
in this ecosystem compared with open sea
systems 9. In the present study, the
contamination status of ecosystems of Qeshm

Island in the Persian Gulf was studied by
expressing the relationship between the
concentration of elements (Cu, Zn, Cd, Ni, and Cr)
in the soft tissue and shell of Saccostrea cucullata
and the concentrations in environmental
elements as an approach to assessing the
effectiveness of an organism as a biomonitor, as
well as evaluating metal concentrations in
water, sediments, and Saccostrea cucullata as a
chemical and biomonitoring approach.
Furthermore, the concentration of elements in
water was compared against the CMC (Criteria
Maximum Concentration), CCC (Criteria
Continuous Concentration), EQS
(Environmental Quality Standards), and USEPA
(United States Environmental Protection
Agency) standards, while in sediments it was
compared against USEPA, NOAA (National

Oceanic and Atmospheric Administration)
standards, and Canadian sediment quality
guidelines.

Materials and Methods

Introducing the study area

Qeshm Island is the largest island in the region
with an area of 1491km? located in the Strait of
Hormuz [10. The length of this island is about
130km and the average depth is 11-35km [11l.
Water, sediment, and oyster samples were taken
in April 2017 at 7 stations from the northern
part of Qeshm Island with an emphasis on the
presence of oysters and probably contaminating
sources. Figure 1 demonstrates the location of
seven sampling stations in Qeshm Island.

Figure 1) Location of the stations studied in Qeshm Island
of Persian Gulf; 1) Kandalou; 2) Shib deraz; 3) Ramcha; 4)
Hamoon pond; 5) Zakeri Pier; 6) Naz islands; 7) Laft Pier

Sampling of water, sediment, and oyster
Water samples in each station were collected
from a water column and were acidified with



concentrated nitric acid (HNO3) at pH less than
2 1121, About 2kg of sediment samples were
collected with three replications from the
surface layer (0-10cm) by a plastic shovel, and
oysters were separated from the rocks using a
stainless hammer and nail. Oyster samples were
collected at the time of low tide. The collected
oysters had a length range of 1-9cm. The
collected oysters were transferred on ice to the
laboratory. In the laboratory, after cleaning the
oysters, they were washed by double distilled
water and then stored at -20°C until further
considerations [13l. Sediment and shell samples
were placed in the vicinity of dry air, while the
samples of oyster's soft tissue were exposed to
the temperature of 60°C until reaching a
constant weight [14l. The dried soft and hard
tissue samples were powdered separately using
glass mortar and were stored in polyethylene
pill boxes until chemical digestion [15.
Determining the concentration of elements
In the first step to the quality assurance (QA) of
the results, all the dishes used are acid washed
(4% nitric acid) and dried in the oven. In the
following, 100ml of acidified water sample was
combined with 5ml of HCI (hydrochloric acid),
with the samples heated on a heater to reach a
volume of 15-20ml. Once cooled, the samples
were filtered off with acid-washed filter paper.
Finally, the samples were brought to a final
volume of 100ml [16l. In order to digest the
sediment samples, 0.5g of each sample was
digested with a mixture of nitric acid (HNO3) and
super-pure ratio of 4 to 1 perchloric acid (HCIO4)
[17]. Also, for digestion of the oyster’s soft tissue,
1g of the powdered texture was combined with
10ml of concentrated pure acid nitric (HNO3) [131.
Furthermore, to 1g of each digested shell
sample, acid nitric (HNO3) and super-pure
hydrogen peroxide (H.0:) were added with a
ratio of 2 to 1 [18l. Next, the samples were first
placed in a digester at low temperature (40°C)
for 1h and then were digested completely at
140°C for 3h. After cooling, the samples were
passed through a 42-p filter paper and brought
to a final volume of 24ml. Eventually, it was read
by the contrAA 700 Analytic Jena Atomic
absorption spectroscopy. In this method, the
limit of detection (LOD) for copper, lead, zinc,
nickel, chromium, and iron is 0.211, 1.385,
0.2095, 0.2927, 0.7694, and 7550mg/L,
respectively. The limit of quantification (LOQ)
for them is 0.8462, 4.7288, 0.7388, 0.9208,
1.094, and 2.730mg/L, respectively, and for

cadmium, LOD and LOQ are 1.172 and 3.988,
respectively. In quality control (QC)
measurement, recovery of these elements by
Spike method was calculated from 87 to 105%
and their relative error rate (RSD) from 3.65 to
77.8%.

Analytical methods

Statistical analyses were performed using SPSS
21 and Excel 2010. Bioaccumulation factor (BF)
is calculated for evaluating the levels of
accumulation of elements in the tissues of
organisms in accordance with equations 1 and 2.

(1)
BWAF = Coyster
Water
(2)
BSAF — Coyster
Sediment

In these relations, BWAF is a bio-water
accumulation factor; BSAF represents bio-
sediment accumulation factor; Cy, sterr Shows the
concentration of element in the shell or oyster's
soft tissue (mg/kg dry weight); Cyy4terr denotes
the element in water (mg/1); and Csedimen: is the
concentration of element in sediment (mg/kg
dry weight) 9. If BSAF>2, the result will be
macro concentrator. If 1<BSAF<2, the result will
be micro concentrator, and if BSAF<1, the result
will be deconcentrator [20l. The degree of
changes in the elemental levels of oyster's
tissues can be determined by the coefficient of
variation according to Equation 3 [15].

(3)

Standard Deviation

CV (%) = Y- X 100

Partitioning factor (P.F) was calculated
according to equation (4) in each location [21].

(4)

C .
PF.— Soft Tissue

CShell

In this equation, Csoft Tissue iS the concentration of
element in the soft tissue (mg/kg dry weight)
and Cspen represents the element concentration
in the oyster shell (mg/kg dry weight).

Findings

Table 1 depicts the average concentration of
elements in the water and sediment samples of
different stations as well as the average total



concentration of elements in the study area.
According to the results, most concentrations
are related to copper and zinc elements and in
the sediment samples zinc showed the highest
concentration while cadmium presented the
lowest concentration.

The concentrations of the elements in the shell
and soft tissue of oyster Saccostrea cucullata are
reported in Tables 2 and 3, respectively.
According to the results, the highest
concentration is related to zinc. Further, the
concentration of the studied elements except
lead in the soft tissue is more than in the shell.
Table 4 provides the results of computations of
bioaccumulation factors and the coefficient of

variation of the studied elements in the soft
tissue and shell of oyster Saccostrea cucullata. In
general, BWAF values are larger than BSAF
values, and among the studied elements, the
variation coefficients of Cu, Pb, and Cd in the soft
tissue are higher than those of the shell.

The results of calculating the partitioning factor
are presented in Table 5. According to the
results, the highest partitioning factor obtained
at various stations belonged to Cu, Zn, and Cd.
According to Table 6, the results indicate the
presence or absence of a relationship between
environmental elements (water and sediments)
and oyster tissues (soft tissue and shell), with
the highest correlation obtained with Zn.

Table 1) Concentrations of heavy metals in water (ug/1) and sediment (mg/kg dry weight)

Samples Cu Pb Zn Cd Ni Cr
Water
1 84.26+1.98 N.D. 39.43+1.16 N.D. 6.50+0.30 0.35+0.04
2 51.03+£2.00 N.D. 20.30£2.30 N.D. 6.52+0.30 0.31+0.03
3 54.83+3.74 N.D. 35.92+3.57 N.D. 5.91+0.30 1.74+0.35
4 8.94+0.15 N.D. 36.11+2.01 N.D. 4.59+0.36 0.66+0.02
5 10.97+0.15 N.D. 23.18+2.02 N.D. 3.70+0.20 4.12+0.20
6 7.03+0.30 N.D. 15.82+0.30 N.D. 5.54+0.35 0.68+0.03
7 19.31+£2.07 N.D. 25.03+£2.00 N.D. N.D.£0.00 0.62+0.02
Average 33.77 N.D. 27.97 N.D. 4.68 1.21
Sediment
1 33.32+2.45 26.85+0.67 67.50+£1.68 0.16+0.002 30.10+£0.43 15.37+0.15
2 31.58+0.42 26.89+0.46 76.95+8.35 0.14+0.001 48.85+4.83 16.81+0.17
3 110.05+1.6 28.80+£0.35 104.64+0.41 0.16+0.002 61.61+£0.40 17.51+0.12
4 115.40+0.61 31.69+0.28 131.87+1.56 0.11+0.001 109.46+0.15 20.45+0.15
5 127.86+1.31 31.98+0.12 159.22+1.78 0.15+0.004 85.38+1.13 20.56+0.28
6 23.75+£0.07 33.48+1.74 61.80+£0.56 0.13+0.002 27.35£0.22 14.82+0.23
7 31.75+0.24 27.01+£0.08 72.70£0.62 0.11+0.000 51.59+0.30 18.10+0.04
Average 67.67 29.53 96.39 0.14 59.19 17.66

ND: Non-Detect

Table 2) Heavy metals concentrations in shell of oyster (mg/kg dry weight)

Stations Cu Pb Zn Ccd Ni Cr
1 17.00+0.54 21.29+0.12 20.09+2.48 10.03+0.02 12.22+0.01 10.79+0.24
2 15.61+0.01 23.18+0.22 17.53+0.32 10.29+0.12 12.19+0.09 10.89+0.01
3 17.13+£0.10 21.34+0.12 31.35+1.12 10.22+0.02 12.61+0.06 11.09+0.08
4 14.92+0.15 21.05+0.15 26.28+1.48 10.30+0.01 12.50+0.09 10.85+0.04
5 15.07+0.30 21.00+0.01 25.63%+1.30 10.53+0.04 12.31+0.13 9.35+0.15
6 14.34+0.32 20.85+0.26 16.96+0.19 10.60+0.10 12.23+0.02 8.85+0.06
7 15.41+1.96 21.75+0.13 23.69+0.07 11.11+0.24 12.98+0.70 9.05+0.13
Ave. 15.64 21.50 23.08 10.44 12.43 10.13

Table 3) Heavy metals concentrations in soft tissue of oyster (mg/kg dry weight)

Stations Cu Pb Zn Ccd Ni Cr
1 114.27+0.62 22.43+1.55 296.72+1.66 60.80+£0.99 12.85+0.23 10.94+0.02
2 161.67+3.29 21.06+0.01 290.63+2.11 90.97+1.15 12.83+0.03 11.13+0.00
3 232.34+5.53 20.59+0.01 352.74+6.26 56.44+2.22 13.00+0.04 11.53+0.01
4 178.19+0.87 20.52+0.00 333.35+0.13 33.98+0.18 13.03+0.03 11.09+0.02
5 340.89+12.44 20.85+0.05 391.88+2.30 29.23+0.21 13.04+0.23 11.09+0.03
6 124.95+1.32 20.41+0.01 188.62+1.64 53.51+0.40 13.11+0.04 10.78+0.05
7 289.88+7.73 20.54+0.02 375.12+1.85 32.71+0.69 12.70+£0.38 11.78+0.02
Ave. 206.03 20.91 318.44 51.09 12.94 11.19




185 Nourozifard P. et al.
Table 4) Biowater accumulation factor (BWAF), biosediment accumulation factor (BSAF), Coefficient of variation (CV%)
values of shell and S.T. (soft tissue) of oyster in the whole area of investigated

Metals BWAF BSAF

CV (%)

Pb

Shell = 0.73 3.59

S.T. = 377.05 40.35
Shell = 77.04 3.31

S.T. 9249.75 0.63 2.95
Shell 8367.77 0.57 9.31

Table 5) Partitioning factors of the oysters from the study sites
Stations Cu Pb Zn Ccd Ni Cr

2 10.36 0.91 16.58 8.84 1.05 1.02

4 11.95 0.97 12.69 3.30 1.04 1.02

6 8.71 0.98 11.12 5.05 1.07 1.22

Table 6) Relations between the heavy metals concentrations in water, sediment and those in the soft tissue and shell of
oyster

Elements Water Sediment Soft tissue Shell

Pb
Water 1
Sediment - 1
Soft tissue - -0.401 1
Shell - -0.638* 0.073 1

Ccd
Water 1
Sediment - 1
Soft tissue - 0.433 1
Shell - -0.646* -0.478* 1

Cr
Water 1
Sediment 0.582* 1
Soft tissue 0.034 0.308 1
Shell -0.255 0.043 0.003 1

*1 p<0.05; **: p<0.01

ECOPERSIA Summer 2020, Volume 8, Issue 3



Discussion

Concentration of heavy metals in water and
sediments

The mean concentration of the elements in
water samples was obtained in
Cd>Cu>Zn>Ni>Cr>Pb. This order varies among
stations 4, 5, 6, and 7 for Cu and Zn elements.
Ranjbar Jafarabadi et al. [22] obtained the highest
concentration of Ni and V and the lowest
concentration for Cd and Hg in the Persian Gulf.
On the other hand, Samara et al. (23] in Khalid,
Sharjah Bay of United Arab Emirates (UAE),
Persian Gulf, obtained the highest concentration
for Ni, Fe, and Pb. The mean concentration of
elements in the sediments was
Zn>Cu>Ni>Pb>Cr>Cd, which corresponds to the
studies of Ghasemi et al. [24] in Azini sediments in
Persian Gulf and Mohammadizadeh et al. 125] at
the stations 1 and 2 of northern part of Qeshm
Island in relation to the arrangement of Cu, Pb,
Zn, and Cd. Furthermore, the results of Ranjbar
Jafarabadi et al. 1221 with regards to the lower
concentration of Pb and Cd metals have been
consistent with the present study. Stations 2, 3,
and 6 indicate that the concentrations of Zn, Cu,
Ni, and Pb, respectively, are different to the
elemental concentrations in the obtained mean
values. Studies of Mohammadizadeh et al. [25] in
the northern part of Qeshm Island at station 3
showed that the Cu concentration is higher than
Zn level, which is in accordance with the
mentioned exceptions of this study. The mean
concentration of elements is significantly in
sediments higher than in water, suggesting the
tendency of studied elements to accumulate in
sediments as well as the role of sediments as a
receptor of heavy metals. This is consistent with
the studies of Samara et al. (23] in Khalid, Sharjah
Bay of United Arab Emirates, Persian Gulf. The
elements in water are were affected by the rapid
changes in the surrounding environment, while
sediments recorded a history of environmental
changes [6l. Based on the results, the high
concentration of Cu, Zn, and Ni in both
sediments and water can be due to the impact of
a common resource (natural or anthropogenic)
in the study area.

The concentration of heavy metals in the
Saccostrea Cucullata

The concentrations of elements in the soft tissue
were obtained as Zn>Cu>Cd>Pb>Ni>Cr and in
the shell as Zn>Pb>Cu>Ni>Cd>Cr, with the
results obtained in the oyster's soft tissue being
consistent with the Shirneshan and Riyahi

Bakhtiari 201 studies in the northern part of
Qeshem Island, though they obtained the order
of elemental concentrations in the shell as
Pb>Zn>Cu>Cd. The accumulation of the studied
elements except for the Pb in the soft tissue was
far higher than that in the shell, where this
accumulation was obtained with a significant
difference for Cu, Zn, and Cd when compared to
the shell. Different elements have various roles
and functions, which lead to differences in the
accumulation of elements in different tissues.
The higher values of Cu and Zn in soft tissues can
be due to the tendency of oysters to accumulate
these essential elements for cell growth and
metabolism. In mollusca, Zn is used in the
structure of many enzymes, and Cu is used for
the synthesis of hematocyanin [26l. Furthermore,
Cd binds to low-molecular-weight proteins
called metallothionein, which reduce its toxicity
(271, So, by applying the mechanism of
detoxification, the soft tissue of oyster can
accumulate more contents of this element. Cravo
et al 211 suggested that mollusca may
accumulate a portion of absorbed heavy metals
in their shell. This issue can be a part of
detoxification process of over-absorbed
essential elements and unnecessary elements in
mollusca. Based on the results, the
concentration of Pb in the shell showed high
values. Note that Pb does not have any known
function in the body of invertebrates. Due to Pb
ion tendency to accumulate in calcareous tissue,
the oyster shell has a high potential for Pb
accumulation than its soft tissue [20l, The main
reasons of high Pb concentrations in the oyster
shell in comparison with the soft tissue are
presented in this study.

Bioaccumulation coefficients

The accumulation of elements in oyster tissues
through sediment and water was obtained by
BSAF and BWAF, respectively. In these factors,
values above 1 signify a higher concentration in
the oyster shell than in the target environment.
Monitor species or indicators accumulate
pollutants in their tissues far larger than in the
surrounding area. This causes the accumulation
factor values to be greater than one. In this
study, a large value of BWAF was obtained.
Mollusca absorb a large number of pollutants
from the environment and accumulate them in
their body. For this reason, the studies of
mollusca have been widely wused in
biomonitoring programs of water [28l. The
bivalves’ tissue has several methods for



accumulation and storage of elements including
binding of metals to low-molecular-weight
proteins such as metallothioneins and storing
them in lysosomes. Alternatively, metal-
containing granules for the maintenance of
homeostasis of essential elements and
detoxification of unnecessary elements are
other possible methods [8l. The higher values of
BWAF than BSAF in this study are in accordance
with the findings of Gawad [291. In this regard, the
soft tissue shows larger BSAF and BWAF values
than the shell, indicating the greater tendency of
elements to accumulate in the soft tissue than in
the shell. The Cu, Zn, and Cd concentrations in
the soft tissue of oyster are several times greater
than their concentration in the sediments. This
suggests the ability of the soft tissue to
accumulate metals several times as large as the
environment. In sediments, Cd exhibits a
significant difference in the BSAF factor
compared with other elements, indicating the
high ability of Cd accumulation from sediments,
especially in the soft tissue. Based on the
classification presented for the BSAF factor, the
soft tissue of the studied oyster acts as a macro-
concentrator for the elements of Cu, Zn, and Cd,
and its shell functions accordingly for Cd, which
is similar to the findings of Wang et al. [3%], and
Chan and Wang 131, which have presented oyster
as a macro-concentrator of metals. Cd function,
as amacro-concentrator in oyster tissues, can be
based on the fact that this element (unlike other
elements) does not diminish during the
reproductive period, and also due to its
similarity with other essential elements such as
Zn and Ca, is not excreted from the oyster body
1321, The lower values of BSAF factor for elements
such as Cr, Ni, and Pb in the soft tissue can be due
to the fact that they are not biologically needed,
which corresponds to the findings of De Mora et
al. 1331 about the Ni element in the oyster
Saccostrea cucullata. According to the results
presented in Table 4, the coefficient of variation
(CV%) of Cu, Pb, and Cd in the shell is lower than
that in the oyster’s soft tissue, which is
incongruent with the studies of Shirneshan and
Riyahi Bakhtiari [191 on Zn and Pb in the northern
part of Qeshm Island, and studies by Kazemi et
al. B4 in relation to the Pb and Cd elements in the
Lengeh Port, Qeshm The concentration of
elements in the oyster shell is less influenced by
the physiochemical conditions of the
environment. The lower values of coefficient

variation indicate greater accuracy in
determining the biomonitor organism for the
studied metals in the region [34l. In this study, the
coefficient of variation of elements including Pb,
Ni, and Cr has been less than that of other
elements. According to the studies Yap et al. [15],
the lower coefficient of wvariation for the
concentration of metals in a particular tissue
suggests the accuracy and validity of that tissue
to be used as a biomonitor of metals [351. Thus,
this factor can be effective in choosing a living
organism as a biomonitor.

Partitioning factors

The concentration ratio of the accumulated
elements in the soft tissue to the shell is
captured by the partitioning factor, representing
the tendency of each element to accumulate in
the intended organ. Accordingly, if the obtained
values are greater than one, the intended
element has a higher accumulation in the soft
tissue than in the shell. According to the results,
Cu, Zn, and Cd had the highest values of
partitioning factor (approximately 11.2-16.58
for Zn, 6.72-22.63 for Cu, and 2.78-8.84 for Cd).
The higher values of the partitioning factor of
these elements suggest the multiplicity of their
concentration in the soft tissue than in the shell,
which is in line with the results of Shirneshan
and Riyahi Bakhtiari [200 and Gawad [29],
regarding the elements of Cu and Zn. Based on
the oyster’s need to Cu and Zn for metabolism
and other vital activities and also the necessity
of these elements in the structure of matallo-
enzymes and metalloproteins such as
homocyanine and zinc fingers, the higher
concentration of these elements in the soft tissue
is probably related to their physiological needs,
metabolic activities, body structure, and type of
phytoplankton nutrition [36l. Qysters store Cd in
their soft tissue due to its similarity to essential
elements such as Zn, Ca, and Cu, which are
essential for biological processes such as
enzyme function, cellular homeostasis, and the
activity of ion pumps of the membrane 32l. The
lowest amount of this factor was found for Pb,
suggesting the tendency of Pb to bind in the
oyster shell than in its soft tissue. The tendency
of Pb ionic form to accumulate in calcareous
tissues and binding with organic matter as well
as direct contact of calcareous layer of the shell
(periostracum) with seawater, can be attributed
to the higher concentration of Pb in the shell
than in the soft tissue of oyster, thereby lowering



the partitioning factor values [15.20],
Relationship between the concentration of
elements in water, sediment, and oyster
tissues

In this study, there was a positive and significant
relationship between the concentration of Cu in
the shell and water, as well as between soft
tissue and sediment. For Zn, there is a
statistically significant relationship between
shell, water, and sediment, as well as soft tissue
and sediment. Since the bioaccumulation of toxic
metals in the body of biomonitors is
proportional to the degree of environmental
contamination, their accumulated
concentrations can reflect the direct
bioavailability of elements and may be an
indicator of the quality of the environment [28l.
The relationship and correlation between an
element in water or sediment and aquatic
animals can indicate the impact and reflection of
environmental changes in the living organisms,
which would present it as an appropriate
biological indicator. This corresponds to the
findings of Mohammad Karami et al. (8 in
relation to the Pinctada radiata as a biomonitor
in the Persian Gulf coastal regions. On the other
hand, the positive and significant relationship
between Cr in water and sediment suggests the
existence of a common source for this element in

the environment. The concentration of Zn also
showed a positive and significant relationship
between shell and soft tissue of the oyster,
representing the effect of the environment, in
accordance with the findings of Diaz Rizo 371 in
Crassostrea rhizophorae.

Comparing the concentration of the elements
in water, sediment, and soft tissue of the
oyster against the relevant guides

One of the water quality guidelines is the Criteria
Maximum Concentration (CMC). This criterion is
a benchmark of the highest concentration of a
pollutant in surface water so that aquatic
animals can live without any negative incidence
in the environment. Criteria Continuous
Concentration (CCC) is another estimate of the
highest concentration of a substance in surface
water to which aquatic life is exposed
indefinitely without creating an unacceptable
effect. In addition to these guides, other water
and sediment quality guides are provided in
Table 7. The comparison of the results of water
sample against the relevant guide suggests that,
except for Cu, the concentration of other
measurable elements was lower compared to
the presented guide. Also, in sediment sample,
Cu has been larger than ERL, TEL, and USEPA
standards. Similarly, Ni has exceeded all of the
standards.

Table 7) Guideline values for heavy metal in water (ug/l) and sediment (mg/kg dry weight)

Guideline Cu Pb Zn Cd Ni Cr
Water
EQS Water quality standards for the protection of saltwater life [38] 15 30 2.5 40 25 5

US EPA standards limits for saltwater [231
Water quality criteria (CMC) for saltwater [39]
Water quality criteria (CCC) for saltwater [39]
Mean concentration (in the current study)
Sediment

NOAA Guidelines [40]

ERL (Effects Range Low)

ERM (Effects Range Median)

Canadian Guideline [41]

TEL (Threshold Effect Level)

PEL (Probable Effect Level)

USEPA standards limits for harbor sediments [231]
Mean concentration (in the current study)

50-1100 8-70 9-40 80-90 8-200 3-5
- 74 42 90 210 438
- 8.2 9.3 81 8.1 31

1.21 468 N.D. 2797 N.D. 33.77
34 46.7 150 1.2 209 81
270 218 410 9.6 51.6 370

18.7 30.2 124 0.7 159 523
108 112 271 42 428 160
25-50 40-60 90-200 6  20-50 25-75
67.67 29.53 9639 0.14 59.19 17.66

Conclusion

Overall, it can be said that essential elements
such as Cu and Zn due to their biological role in
the soft tissue, and Pb due to its non-essential
nature and tendency to accumulate in
calcareous tissues and binding to organic
matter, accumulate in the shell. Furthermore,
the soft tissue indicated larger BSAF and BWAF
factors for the studied elements except for Pb,

than the S. cucullata shell, which was confirmed
by the results of the partitioning factor.
According to the BSAF factor, the soft tissue of
oyster is considered as a macro-concentrator of
Zn, Cu, and Cd, and its shell is a macro-
concentrator of Cd.

The reflection of environmental changes in the

tissues of living organisms can indicate the
competency of that tissue for being used as a



biomonitor of the relevant element in the
environment. Thus, S. cucullata shell can be used
as a suitable biomonitor for Cu and Zn in water,
Cu in sediments, and soft tissue for Cu and Zn in
sediments. It suggests that the lower coefficient
of variation of Cu in the shell can indicate the
accuracy and validity of this selection in
biomonitoring the relevant element.

On the other hand, Cu in water exceeded all the
relevant standards, and in sediments, it was
higher than ERL, TEL, and USEPA standards.
Similarly, Ni in sediments exceeded all the
presented standards. This issue can be a serious
warning for the living species of these
ecosystems including the oysters. The effects of
factors such as bioaccumulation and
biomagnification cause these elements to
transfer throughout the food chain with
concentrations far larger than those in the
environment. Since these oysters are especially
used by the indigenous people, the greater level
of these elements from the view of food security
can be a threatening factor for the health, and
hence it requires continuous monitoring.
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