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ABSTRACT Concentrations of lead (Pb) were found in the shells of the oyster Saccostrea cucullata
and sediments in May 2010. Samples were obtained at four sites on Qeshm Island, at three sites on
Hormoz Island, and at three sites in Lengeh Port along the intertidal coast of the Persian Gulf of Iran.
The levels of Pb in sediments and shells were analyzed by graphite furnace atomic absorption
spectrophotometer. Mean Pb concentrations in the different sampling stations varied between 613.94
and 0.06 pg g in the shells of S. cucullata and 180.78 and 0.86ug g™ in sediments. Biological effects
criteria suggest that Pb concentrations in sediments in three sites from Lengeh Port were higher than
ERL (effects range low), but at the all sites were lower than ERM (effects range medium). The present
results support the significant differences in shell and sediments’ accumulated concentrations of Pb
among sites attributed to input sources of human activities including urban, domestic, industrial,
agricultural, shipping and transport, mining activities, and ports and harbors.
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1 INTRODUCTION

Contamination of marine ecosystems by poten-
tially toxic metals is a growing concern in to-
day’s society and monitoring of metal concen-
tration in marine biota is indicative of recent
pollution status (Fang et al., 2008; Protasowicki
et al., 2008). In aquatic environments, heavy
metals are derived from a variety of natural and
anthropogenic sources. Urban and industrial
developments along the coastal areas, rivers and
estuaries contribute to the major part of the
anthropogenic metal load of the sea and those

may be rapidly removed from the water column
and transported to bottom sediment and aquatic
sediments (Fung and Lo, 1997; Chong and
Wang, 2000; Cobelo-Garcia et al., 2004;
Protasowicki et al., 2008). Many mussels, espe-
cially S. cucullata, accumulate metals in their
tissues in proportion to the degree of environ-
mental contamination and can be used as
indicators of marine metallic pollution (Mackay
et al., 1975; Abdullah et al., 2007). S. cucullata
has the ability to accumulate trace metals with-
out lethal effects; they are sedentary in nature,
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easy to sample, and provide sufficient tissue for
contaminant analysis (Rainbow, 2002; Spooner
et al., 2003; Fung et al., 2004; Maanan, 2008).
Previous studies showed that S. cucullata can be
used as an ideal biomonitor (Rainbow, 2002;
Frias-Espericueta et al., 2005; Maanan, 2008;
Peer et al., 2010). Also, human activities have
led to the accumulation of toxins in aquatic sed-
iments (Karbassi, 1998; Karbassi and Bayati,
2005). Sediments of most aquatic systems are
known to act as a reservoir or sink for toxic met-
als that enter the estuary. Sediment also plays a
very important role in the physicochemical and
ecological dynamics of trace metals in aquatic
ecosystems (Jain, 2004; Singh et al., 2005).

The Persian Gulf is a semi-enclosed marginal
sea surrounded by land masses and is located in
the subtropical northwest of the Indian Ocean.
The Gulf is a very shallow sea with an average
depth of about 35 meters, high evaporation rates,
an actual flushing time of 3-5.5 years, with salini-
ty ranging from 38 to 70 g I (parts per thousand).
This naturally reflects the Persian Gulf’s highly
stressful environment (Sheppard, 1993; Akhter
and Al-Jowder, 1997; Agah et al., 2009). The
Gulf is also affected by human activities including
industrial, urban and domestic, economic, mining
and agricultural activities (de Mora et al., 2004;
Karbassi and Bayati, 2005; Tolosa et al., 2005).

This study was aimed to investigate the spa-
tial distribution of Pb concentrations in the shells
of S. cucullata and sediments on the coastal
region of the Persian Gulf and to compare this
region based on contaminant source input.

2 MATERIALS AND METHODS

Concentrations of Pb were measured in the
shells of S. cucullata and sediments collected in
May 2010 from ten sites in Lengeh Port, Qeshm
Island, and Hormoz Island in the Persian Gulf
of Iran (Table 1 and Figure 1). Sites were se-

192

lected in each region based on contaminant
source input. At each sampling site S. cucullata
samples of similar sizes and sediments were
collected from the intertidal coastal region. The
samples were transported to the laboratory by
ice box, and then all samples were stored at -
20°C until further analysis. In the laboratory,
cleaning shells with a jet of tap water, they were
washed with deionized distilled water (DDW)
and 0.5% of concentrated HNOj3, and then the
shells were dried in an oven at 105 °C for 72 h
and sediments at 105°C for 24 h (Akhter and
Al-Jowder, 1997; Yap et al., 2006). After dry-
ing, samples were pulverized to a uniform par-
ticle size for chemical analysis.

For the analyses of total Pb concentrations in
the sediment and shells of S. cucullata, about 1
g of dried shell samples was digested in 10 ml
concentrated HNO; and about 1 g of sediment
samples was digested in 10 ml mixture of con-
centrated HNO; and HCIQ, in the ratio of 4:1
(v:v). Trace metal analyses of the sediments
were performed on the <63um fraction which
was separated by sieving. The shells and sedi-
ment samples were put in a hot-block digester
at temperature (40°C) for 1 h and then fully di-
gested at 140°C for at least 3h (Yap et al,
2003). After digestion and filtration, samples
were diluted with deionized water to 25 ml for
further analysis. The samples were analyzed for
Pb using a graphite furnace atomic absorption
spectrophotometer Model 670G.

All statistical analyses were performed using
SPSS 17.0 and Excel 2007. Variation in Pb
concentrations in shells of S. cucullata collected
from different sites was tested by analysis of
variance (ANOVA). Pb concentrations in sedi-
ments for determination from different sites
were tested by nonparametric comparisons
(Kruskal-Wallis test). The level of significance
was set at p<0.05.
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Table 1 Location of sampling sites for sediments samples and Distribution Type Region Development.

station Location Site description
1 26°37'33"N, 54°59'48"E Urban Area, Industrial, Harbors, and Shipbuilding Plants
2 26°38'21"N, 55°01'37"E Urban Area, Industrial, Harbors, and Desalination Facilities
3 26°30'17"N, 54°39'42"E Urban Area, Industrial, Shipping and Transport, Harbors, and Agriculture
4 27°04'23"N, 56°43'36"E Pristine Area
5 27°10'25"N, 56°45'30"E Mining Activity
6 27°04'23"N, 56°49'20"E Urban Area with Less Development
7 26°55'28"N, 56°16'04"E Urban Area with Less Development
8 26°53'27"N, 56°09'37"E Recreational Area
9 26°48'49"N, 56°06'56"E Pristine Area
10 26°41'16"N, 55°55'45"E Pristine Area

Sampling Station " IRAN %71\7 ¢ 1«:”
1. Kong Qua; N :‘g' ;-..r‘\!
2 Kookin - 'i°".“°,'".‘“-"'1","
3. Bostaneh Quay P r_ 3 mz' A1
4. Markaz Tahghighat
5. Khak Sorkh oty port
6. Hormoz city ' %

) .
7. Park Zeytoon , 1 Persian Gulf .
8. Ramcha Quay’ }
9. Naz Islang* - g

10. Shibderaz

Figure 1 Location of all sampling sites for S. cucullata and sediments on the intertidal Coast of Persian Gulf of ran.

193



A. Kazemi et al.

ECOPERSIA (2013) Vol. 1(2)

3 RESULTS
The mean concentration and range of individual
concentrations of Pb in the shells of S. cucullata
and sediments collected from ten sites on the
intertidal coast of the Persian Gulf of Iran are
presented in Table 2. All rock oysters have
nearly the same shell length (Table 1). In oys-
ters, concentrations of Pb showed significant
variation among different sites (see Table 2).
The results in Table 2 showed that concentra-
tions of Pb in the shells of S. cucullata in dif-
ferent sites are of high values to low values
5>6>4>3>1>2>9>8>7>10 respectively.
Concentrations of Pb in the sediment sam-
ples collected from different sites were com-
pared. The results showed that Pb concentra-
tions ranged from 180.78 to 0.86pg g* and
tended to order 3>2>1>5>6>4>7>8>10>9 in
the stations. That result revealed that the higher
Pb concentrations were found at sites 3, 2, and
1 of Lengeh Port, than at sites 5, 6, and 4 of
Hormoz Island, and the lowest Pb concentra-

tions were detected at sites 7, 8, 10, and 9 of
Qeshm Island. Sediment Quality Guidelines
(SQGs) can be used to assess the potential haz-
ard to biota. Effects range low (ERL) and ef-
fects range median (ERM) guidelines for Pb
concentrations in sediments are 46.7 and 218
(ug g dry weight) respectively (Long et al.,
1995). ERL represents concentrations below
which adverse effects are expected to occur on-
ly rarely. Concentrations equal to or above the
ERL, but below the ERM, represent a probabil-
ity range within which effects would occasion-
ally occur. The concentrations equal to or high-
er than the ERM value represent a probability
range within which effects would frequently
occur (Long et al., 1995). The measured con-
centrations of Pb were compared with ERL and
ERM (Table 2). The results indicated that at
sites 1, 2, and 3 Pb values exceed the ERL
guidelines, and the sediments samples collected
did not exceed the ERM guidelines.

Table 2 Means+SE concentration (g gdry weight) of Pb in shells of S.cucullata and sediments and
comparison with sediment quality guidelines.

Station Pb (shell) Pb (sediment)
1 122.97*+2.78 180.78 + 4.06
2 117.14*+ 2.04 153.07 + 5.53
3 130.61* £ 2.79 142.72 +11.71
4 175.62 + 3.13 1.87 £ 0.07
5 613.94 + 6.98 2493 +0.29
6 359.25 +8.79 5.03+0.09
7 0.17 £0.02 1.47 +0.06
8 0.21+0.01 0.95+0.09
9 0.37+£0.04 0.86£0.11
10 0.06 + 0.01 0.91 + 0.06

SE: Standard Error * Exceeds ERL
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4 DISCUSSION
Human activities (urban and industrial) in
coastal areas input significant amounts of heavy
metals into the marine environment, and cause
permanent disturbances in marine ecosystems
(Price, 1993; Maanan, 2008). In order to
biomonitor Pb concentrations on the intertidal
coastal zones of Persian Gulf, the results of Pb
analysis in the shells of S. cucullata were used.
The results indicated a significant difference in
the accumulated Pb concentrations in each of
the ten sites. Results also showed that the con-
tamination levels of Pb in S. cucullata were
mainly related to local and regional sources.
The level of Pb in the shell of S. cucullata was
significantly higher at sites 5, 6, and 4 of Hor-
moz Island compared to those from stations 3,
1, and 2 of Lengeh Port. This may be due to the
fact that Hormoz Island is located near the
Straits of Hormoz, and its offshore area east of
the Persian Gulf is now one of the world’s most
important  shipping lanes  (Price, 1993;
Elhakeem et al., 2007). On the other hand, the
results obtained from the Pb concentrations in
the shells of S. cucullata revealed higher Pb
from stations 3, 1, and 2 of Lengeh Port than
those of sites 9, 8, 7, and 10 of Qeshm Island.
This can be attributed to the fact that high popu-
lation density is found in Lengeh Port, and also
most industrial areas are concentrated here as
compared to the stations at Qeshm Island. The
results of the present study agree with the re-
sults obtained from previous studies in which
higher heavy metals concentrations were related
to human activities such as manufacturing in-
dustries, urbanization activities, sewage dispos-
al, solid waste disposal, shipping, and mining
activities (de Mora et al.,, 2004; Rojas de
Astudillo et al., 2005; Yap et al., 2006;
Maanan, 2008; Maria-Cervantes et al., 2009;
Peer et al., 2010).

The results of this study indicated that the dif-
ferences of concentrations of Pb in sediments col-
lected from ten sites could be attributed to varia-
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tions of contaminant sources input. The highest
concentration of Pb was found in sediments from
Kong Quay, the Kohin area, and Bostaneh Quay
in Lengeh Port, and the lowest at Shib Deraz, the
Naz Islands, and Ramchah Quay on Qeshm Is-
land. These results suggest that these areas with
high concentrations of Pb could be affected by
human activities including urban, domestic, and
industrial wastewater, agriculture, shipping and
transport, coastal activities (i.e., marinas, jetties,
ports and harbors), and mining activities. These
results agree with the results of previous studies
(Price, 1993; Ahmed et al., 1998; de Mora et al.,
2004; Pak and Farajzadeh, 2007).

Heavy metal concentrations such as Pb are
useful in evaluating the environmental criteria
of aquatic environments, but even more im-
portant is whether toxicants are available to bio-
ta and whether they are entering the food chain.
Since Iran has no established sediment quality
guidelines at this time, the US National Oceanic
and Atmospheric Administration (NOAA)
guidelines were used as interim measures to
assess whether the concentrations of heavy
metals in sediments could have adverse biolog-
ical impacts. The Pb concentrations obtained
from the sediment samples were compared with
the Sediment Quality Guideline. Results
showed that these concentrations exceed those
of the ERL levels in sites 3, 2, and 1 by approx-
imately 287%, 227%, and 205% respectively.
The results of present study are consistent with
those of other studies in the Persian Gulf
(Karbassi, 1998; Pourang et al., 2005).

5 CONCLUSIONS

This study underscores: that S. cucullata and
sediments are as reliable indicators of contami-
nants, for monitoring contaminants in the
coastal environment that attributed to input
sources of human activities including urban,
domestic, industrial, agricultural, shipping and
transport, mining activities, and ports and har-
bors.



A. Kazemi et al.

ECOPERSIA (2013) Vol. 1(2)

7 ACKNOWLEDGEMENT

This study was supported by the Ministry of
Science and Technology, Iran, which provided
partial funding for this project. We thank Mr.
Pishevari of the Faculty of Natural Resources
and Marine Sciences, Tarbiat Modares Univer-
sity, Tehran, Iran.

8 REFERENCES

Abdullah, M., Sidi, J. and Aris, A. Heavy met-
als (Cd, Cu, Cr, Pb and Zn) in Meretrix
meretrix roding, water and sediments
from estuaries in Sabah, North Borneo.
Int. J. Environ. Sci. Education., 2007; 2:
69-74.

Agah, H., Leermakers, M., Elskens, M., Fatemi,
S. and Baeyens, W. Accumulation of
trace metals in the muscle and liver tis-
sues of five fish species from the Persian
Gulf. Environ. Monit. Assess., 2009;
157: 499-514.

Ahmed, M., EI-Raey, M., Nasr, S. and Frihy, O.
Socioeconomic impact of pollution on
ecosystems of the Arabian Gulf. Environ.
Int., 1998; 4: 229-237.

Akhter, M.S. and Al-Jowder, O. Heavy metal
concentrations in sediments from the coast
of Bahrain. Int. J. Environ. Health Res.,
1997; 7: 85-93.

Chong, K. and Wang, W.-X. Bioavailability of
sediment-bound Cd, Cr and Zn to the
green mussel Perna viridis and the Ma-
nila clam Ruditapes philippinarum. J.
Experiment. Mar. Biol. Ecol., 2000; 255:
75-92.

Cobelo-Garcia, A., Prego, R. and Labandeira,
A. Land inputs of trace metals, major el-
ements, particulate organic carbon and
suspended solids to an industrial coastal
bay of the NE Atlantic. Water Res.,
2004; 38: 1753-1764.

196

De Mora, S., Fowler, SW., Wyse, E. and
Azemard, S. Distribution of heavy metals
in marine bivalves, fish and coastal sedi-
ments in the Gulf and Gulf of Oman.
Marine Pollut. Bull., 2004; 49: 410-424.

Elhakeem, A., Elshorbagy, W. and Chebbi, R.
Oil Spill Simulation and Validation in the
Arabian (Persian) Gulf with Special Ref-
erence to the UAE Coast. Water Air Soil
Poll., 2007; 184: 243-254.

Fang, J., Wu, R., Chan, A. and Shin, P. Metal
concentrations in green-lipped mussels
(Perna viridis) and rabbitfish (Siganus
oramin) from Victoria Harbour, Hong
Kong after pollution abatement. Mar.
Pollut. Bull., 2008; 56: 1486-1491.

Frias-Espericueta, M.G., Osuna-Lépez, J.I.,
Flores-Reyes, S., Lopez-Lépez, G. and
Izaguirre-Fierro, G. Heavy Metals in the
Oyster Crassostrea corteziensis from
Urias Lagoon, Mazatlan, Mexico, Asso-
ciated with Different Anthropogenic Dis-
charges. Bull. Environ. Contam. Toxi-
col., 2005; 74: 996-1002.

C.N., Lam, J.C. W., Zheng, G.J., Con-
nell, D.W., Monirith, 1., Tanabe, S.,
Richardson, B.J. and Lam, P.K.S. Mus-
sel-based monitoring of trace metal and
organic contaminants along the east coast
of China using Perna viridis and Mytilus
edulis. Environ. Pollut., 2004; 127: 203-
216.

Fung, Y.S. and Lo, C.K. Determination of
heavy metal profiles in dated sediment
cores from Sai Kung Bay, Hong Kong.
Environ. Int., 1997; 23: 317-335.

Fung,

Jain, C.K. Metal fractionation study on bed sed-
iments of River Yamuna, India. Water
Res., 2004; 38: 569-578.

Karbassi, A. Geochemistry of Ni, Zn, Cu, Pb,
Co, Cd, V, Mn, Fe, Al and Ca in sedi-



Distribution of Pb in sediment and shell of (Saccostrea cucullata)

ments of North Western part of the Per-
sian Gulf. Int. J. Environ. Stud., 1998;
54: 205-212.

Karbassi, A., Nabi-bidhendi, Gh.R. and Bayati,
I. Environmental geochemistry of heavy
metals in a sediment core off Bushehr,
Persian Gulf. Iranian J. Environ. Health
Sci. Engineer., 2005; 2 (4): 255-260.

Long, E., Macdonald, D., Smith, S. and Calder,
F. Incidence of adverse biological effects
within ranges of chemical concentrations
in marine and estuarine sediments.
Environ. Manage., 1995; 19: 81-97.

Maanan, M. Heavy metal concentrations in ma-
rine molluscs from the Moroccan coastal
region. Environ. Pollut., 2008; 153: 176-
183.

Mackay, N., Williams, R., Kacprzac, J., Kaza-
cos, M., Collins, A. and Auty, E. Heavy
metals in cultivated oysters (Crassostrea
commercialis and Saccostrea cucullata)
from estuaries of New South Wales. Mar-
in. Freshw. Res., 1975; 26: 31-46.

Maria-Cervantes, A., Jiménez-Carceles, F. and
Alvarez-Rogel, J. As, Cd, Cu, Mn, Pb,
and Zn Contents in Sediments and Mol-
lusks (Hexaplex trunculus and Tapes de-
cussatus) from Coastal Zones of a Medi-
terranean Lagoon (Mar Menor, SE Spain)
Affected by Mining Wastes. Water Air
Soil Poll., 2002; 200: 289-304.

Pak, A. and Farajzadeh, M. Iran's Integrated
Coastal Management plan: Persian Gulf,
Oman Sea, and southern Caspian Sea
coastlines. Ocean Coast. Manage., 2007;
50: 754-773.

Peer, F. E., Safahieh, A., Sohrab, A. D. and To-
chaii, S. P. Heavy metal concentrations in
rock oyster Saccostrea cucullata from
Iranian coasts of the Oman Sea. Trakia J.
Sci., 2010; 8: 79-86.

197

ECOPERSIA (2013) Vol. 1(2)

Pourang, N., Nikouyan, A. and Dennis, J. Trace
Element Concentrations in Fish, Surficial
Sediments and Water from Northern Part
of the Persian Gulf. Environ. Monit. As-
sess., 2005; 109: 293-316.

Price, A.R.G. The Gulf: Human impacts and
management initiatives. Mar. Pollut.
Bull., 1993; 27: 17-27.

Protasowicki, M., Dural, M. and Jaremek, J.
Trace metals in the shells of blue mussels
(Mytilus edulis) from the Poland coast of
Baltic Sea. Environ. Monit. Assess.,
2008; 141: 329-337.

Rainbow, P.S. Trace metal concentrations in
aquatic invertebrates: why and so what?
Environment. Pollut., 2002; 120: 497-507.

Rojas de Astudillo, L., Chang Yen, I. and
Bekele, I. Heavy metals in sediments,
mussels and oysters from Trinidad and
Venezuela. Revista de biologia tropical.
2005; 53: 41-51.

Sheppard, C.R.C. Physical environment of the
Gulf relevant to marine pollution: an
overview. Mar. Pollut. Bull., 1993; 27:
3-8.

Singh, K.P., Mohan, D., Singh, V.K. and Malik,
A. Studies on distribution and fractiona-
tion of heavy metals in Gomti river sedi-
ments--a tributary of the Ganges, India. J.
Hydrol., 2005; 312: 14-27.

Spooner, D.R., Maher, W. and Otway, N. Trace
Metal Concentrations in Sediments and
Oysters of Botany Bay, NSW, Australia.
Arch. Environ. Contam. Toxicol., 2003;
45: 92-101.

Tolosa, I., de Mora, S.J., Fowler, S.W., Ville-
neuve, J.-P., Bartocci, J. and Cattini, C.
Aliphatic and aromatic hydrocarbons in
marine biota and coastal sediments from



A. Kazemi et al. ECOPERSIA (2013) Vol. 1(2)

the Gulf and the Gulf of Oman. Mar. Pol- Yap, C.K,, Ismail, A., Tan, S.G. and Abdul

lut. Bull., 2005; 50: 1619-1633. Rahim, I. Can the shell of the green-

Yap, C.K,, Ismail, A., Cheng, W.H. and Tan, “ppfd ml:SS? PPe_rnalerl\(jllsl fr(_)mbthe
S.G. Crystalline style and tissue redistri- West coast of Feninsular vialaysia be a
bution in Perna viridis as indicators of potential biomonitoring material for Cd,

7 .

Cu and Pb bioavailabilities and contami- z;).a6n2d326r;.OEstuar. Coast. Shelf S., 2003;

nation in coastal waters. Ecotoxicol.
Environ. Saf., 2006; 63; 413-423.

qed 13> (Saccostrea cucullata) gl yuo Bouo diwwgy g Slguy 30 O pw STy

Olnl i)l gls 50 & jua g 302
T oS wmme slonl 5 gol] s dll 5T gl o, Lopde ) okl e

Al 8 eyt St oK 1 sl qulie oSty ws ) it S s gl ils -
Al 8 eyt S olKEIS ( orb mulis saStils (lsbial Y

Ul)"‘ ‘)53 ‘u«J)M u:.:).: ali.';'.jlo ‘gs.’.lijd rasl.c IRL N ~L} 44.'::)‘ ‘S.ML.,.:)[S ulioyc"w‘d —Y‘

2 YA s ole ols,5 40 Saccostrea cucullata  slo y5eo oo diwg 5 Slguw, 10 oy 5l (5 polie cuuSs
zls oo Job j0 a0 jun )0 o] du g 50,2 052 )0 o] ds (03 052 5l oK) Jloz slodiges
3O SOy clale u,»ilLo.n JECR W )JL:." u;o.oﬁ‘)f 0)95 Ko Ls le:b...u}.v 9 ubs.w) 3O Sy )JOLOA W) g_,\ﬁl.i w)lﬁ
5 Saccostrea cucullata gle ;5eo Bow sbdaiwg ;0 8,5 10 0,595,500 +/+F 3 FIVAT o cilise laolKin!
ERM I 508 Sl 50 oy cdale oK) acn o Ll g ERL 51 5YL a0 51 ol a0 Slgas,y 5o
Job 50 Sligw, g aws ;0 oy odd 00ls mozd glacdale jo jloline OS] 5l Lol aslllas bl .l ooy
(S glacgdlad Jols Sl slacodled 5l 695,5 alin 4 Caais jloloe BT pl 5 S 0 Colom ol

el alSl 5 LaolS oty o gows slocudles (5 5 o sl 28 o(55,5LaS o cinio S

Sl Goceled (0,2 0 52 (@it 0 5 () Sl &S jos rguads Glols

198



