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Abstract
Article history Heavy metals are among the pollutants that cause many problems for aquatic organisms and,
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Accepted: 10 September 2024 Ultimately, for humans in aquatic ecosystems. Sediments serve as a reservoir for metal pollutants

Keywords: from both natural and anthropogenic sources. Therefore, the purpose of this study is to investigate
Qﬂﬁ}ﬂfn?!,“éiztjgnsﬂaCe the concentrations of both resistant and non-resistant forms of the metals Cu, Cd, Pb, and Hg in
extraction technique, Caspian ~ Surface sediments at depths of 10 and 30 meters along eight transects in the southern Caspian Sea
Sea, Iran. from the fall and winter of 2018 to the spring and summer of 2019. The results showed that the

mean concentration (xSE) of Cu, Pb, Cd (mg/kg dw), and Hg (pg/kg dw) in the resistant fraction
were (17.08 + 1.37), (867.80 + 8.96), (4.82 = 0.64), and (5.42 + 0.05), while in the non-resistant
fractions they were (3.09 £ 0.66), (22.80 £+ 1.23), (9.70 + 0.16), and (8.13 £ 0.05), respectively.
When comparing the concentrations of non-resistant forms accessible to living organisms with
international standards, it was found that the concentrations of Cu and Hg were lower than the
standards, while the concentrations of Pb and Cd slightly exceeded the international standards,
suggesting a man-made origin for Pb and Cd. The results of measuring heavy metals in sediments
indicated that the contribution of anthropogenic sources to the origin of these metals is greater than
that of natural and geochemical sources.

Introduction pollutants in the sediments of an aquatic system
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In recent years, many environmental problems have
been reported due to the entry of various pollutants
caused by human activities into the marine ecosystem.
Consequently, numerous research studies have been
conducted on the issues caused by various pollutants in
the marine environment (Gao et al., 2010; Hashemi et
al., 2015; Vodopivez et al., 2015). Among the most
significant pollutants of the sea, heavy metals have
always garnered interest. Due to their indestructibility,
they exhibit high resistance within the marine
ecosystem (Huang et al., 2013). Sediments act as
carriers and storage sources for pollution. Metal

originate from two sources: natural and anthropogenic
(Duyusen and Gorkem, 2008). One of the most
important anthropogenic sources is urban, industrial,
and agricultural activities (Singh et al., 2005). Unlike
organic compounds, heavy metals are resistant
pollutants and are not biodegraded in nature. One of the
significant consequences of the stability of heavy metals
is their accumulation in the food chain. As a result, their
concentration in the food chain can exceed several times
higher than their amount in water or sediment
(Khodabandeh, 2000). Since measuring the total
concentration of elements in sediments cannot provide a
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true representation of pollution in an aguatic
environments, chemical separation studies are necessary
to determine the origin and type of these compounds
(Bagheri et al., 2011). The non-resistant components
(exchanges, iron and manganese oxides, and organic
materials) result from the entry of metals due to human
activities, while the resistant components part are
derived from their natural presence in the earth's crust

(Soares et al., 1999; Zakir and Shikazono, 2008).

Materials and Methods

Sampling of the surface sediments of the southern
Caspian Sea during autumn and winter (2018) and
spring and summer (2019) was conducted from eight
transects: Astara, Anzali, Sefid Roud, Tonekabon,
Nowshahr, Babolsar, Amirabad, and Torkaman, at
depths of 10 and 30 meters. This sampling aimed to
measure the heavy metals Cu, Cd, Pb, and Hg. In
autumn 2018, sampling was not conducted at the depth
of 30 meters. Surface sediment samples were collected
using a grab sampler. For preparation, sediment samples
were first dried using a freeze dryer. The measurement
of Cu, Cd, Pb, and Hg was performed using the
sequential extraction method (Tessier, 1979).

Results and Discussion

The results of the resistance and non-resistance parts
of heavy metals in sediments at a depth of 10 meters in
different seasons are as follows: In the autumn of 2018
and spring of 2019, the mean amount of metals
processed in the resistance part (natural resources) was
greater than the non-resistance part (human resources).
In the winter of 2018, the mean levels of Cd and Pb in
the resistance part (natural resources) were significantly
lower than the non-resistance part (human resources),
while the mean levels of Cu and Hg in the resistance
part (natural resources) were higher than the non-
resistance part (human resources). In the summer of
2019, only the mean level of Hg in the resistance part
(natural resources) was lower than the non-resistance
part (human resources).
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Conclusions

Comparison of the non-resistance part with
international standards showed that the concentrations
of Cu and Hg were lower than the standards, while the
concentrations of Pb and Cd were higher than the
international standards, indicating a man-made origin
for Pb and Cd. The results demonstrated that the
determination of the total concentration of heavy metals
cannot provide an accurate assessment of heavy metal
pollution in the water ecosystem. Therefore, to evaluate
pollution and the bioavailability of metals for living
organisms, it is insufficient to rely solely on the total
concentration of heavy metals.
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Tablel.The mean concentration of heavy metals in the studied marine sediments at a depth of 10 m (Hg in pg/kg.dw and other

elements in mg/kg.dw) in 2018-20109.
Exchangeable Bound of Fe-Mn Bound of organic Resistance Total
Season Metals fraction fraction matter fraction .
- part concentration
(Non-Resistance part)
Cu 0.47 0.13 0.62 16.88 18.24
Cd 46.91 0.69 ND 35.12 85.17
Aggulrg” Pb 7497 ND 0.52 6836.30 6988.0
Hg ND ND 0.85 7.61 8.91
Cu 0.24 0.24 0.99 17.52 18.78
Winter Cd 7.82 14.77 0.0001 0.0006 22.98
2018 Pb 33.38 0.11 40.25 0.01 74.12
Hg 3.77 ND ND 4.18 8.33
Cu 0.74 0.07 1.75 15.02 17.07
Spring Cd 0.07 ND ND 0.69 0.96
2019 Pb 0.77 0.18 1.30 9.75 13.22
Hg 1.35 ND 1.21 4.59 7.66
Cu 0.51 ND 4.01 22.40 26.51
Summer Cd ND 0.25 1.02 0.82 2.16
2019 Pb ND 3.40 8.44 38.24 51.74
Hg 3.21 ND 8.22 2.81 14.48
ND=Not Detected
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Table 2.The mean concentration of heavy metals in Caspian Sea sediments at a depth of 30 m (Hg in pg/kg.dw and other elements
in mg/kg.dw) in 2018-2019.

Exchangeable Bound of Fe-Mn Bound of organic .
fraction fraction matter fraction Resistance Total
Season Metals part concentration
(Non-Resistance part)
Cu ND ND ND ND ND
Autumn Cd ND ND ND ND ND
2018 Pb ND ND ND ND ND
Hg ND ND ND ND ND
Cu 0.31 0.22 3.10 19.43 23.18
Winter Cd ND 0.10 0.11 0.51 0.71
2018 Pb 0.17 0.08 0.82 8.72 10.17
Hg 10.68 ND 3.06 11.91 25.59
Spring Cu 0.33 0.16 2.63 23.02 27.21
Yvy
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2019 Cd 0.05 ND ND 0.60 1.47
Pb 0.67 0.26 0.47 11.16 13.22

Hg 1.84 0.43 7.41 9.46 19.66

Cu 0.51 ND 4.01 22.40 26.51

Summer Cd ND 0.25 1.02 0.82 2.67
2019 Pb ND 3.40 8.44 38.24 54.74
Hg 3.21 ND 8.22 2.81 14.45

ND=Not Detected
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Table 3. Comparison of total concentration of heavy metals (mg/kg.dw) in the sediments of the Caspian Sea at present study (2018-
2019) with those from the literature.

Year Present study America Canada Australia
(etal 1999 2008 2009 | 2012 | 2014 (2018-2019) ERM ERL PEL ISQG Ia_QG- ISQG-
igh Low
Cu 18 32 ND 29.50 25 22.50 270 34 108 18.70 270 65
Pb 19 13 14 9.80 14 900.65 218 46.7 112 30.2 220 50
Cd 5.0 ND 2.80 - 0.16 16.58 9.60 1.20 4.20 0.70 10 1.50
Hg 0.0 0.15 0.14 0.18 | 0.02 0.01 0.71 0.15 0.70 0.13 1 0.15

Effects Range Low (ERL); Effects Range Medium (ERM); Interim Sediment Quality Guidelines (ISQG); Permissible Exposure Limit (PEL).

ND=Not Detected
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Table 4 Comparison of the concentration of the resistant and non-resistant parts of the Caspian Sea sediments at present study

mg/kg.dw) with other researches.

Present study
Metals 2014 2017 (2018-2019)
Non-resistant Resistant Non-resistant Resistant Non-resistant Resistant
Cu ND ND 2.41 9.57 3.09 17.08
Pb 5.8 13.28 5.57 10.33 22.80 867.80
Cd ND ND 0.46 0.32 9.70 4.82
Hg ND ND ND ND 0.008 0.005

55 4 o3z 5 e D3l sl |y Jsad SO (5051 5 (P<0.05)
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Table 5. Standard threshold of heavy metals (mg/kg.dw) in marine sediments in different countries of the world and the average
(total concentration, non-resistant and resistant part) at present study.

America Canada Australia Netherlands Non- .

Total . Resistance

Metals 1ISOG 1ISOG concentration resistance part

ERL | ERM | ISQG PEL QG- QG- NEC MPC part
Low High

Cu 34.0 270 18.70 108 65 270 36 73 22.50 3.09 17.08
Pb 46.7 218 30.20 112 50 220 85 530 900.65 22.80 867.80

Cd 1.20 | 9.60 0.70 4.2 15 10 0.8 12 16.58 9.70 4.82
Hg 0.15 | 0.71 0.13 0.7 0.15 1 0.3 10 0.01 0.008 0.005

Effects Range Low (ERL); EffectsRange Medium (ERM); Interim Sediment Quality Guidelines (ISQG); Permissible Exposure Limit (PEL);
Netherland Enironmental Concentration (NEC) ; Permissiable Concentration (MPC)

JSocdale sl ams jo all Pashe el se S dzl
Gl a4 dihie Sogdl 5l ads ol Wlg ged K o3l
05 9 oo J3ad (B p y0 GBS (nl )0 e plas ) S
S iy polie (pldiog s Jols 518 jo 1) cdale oy iy
(o yitS b 5 Sl glacudles b bl o 5 axsls oY
ol gladl Lide b oojp 5 i glacudls (ol glio

=

oy Sll b5l lp cdel Slhga, jo 518 S cdale oy
Sl o 3 ass syl et B w3 slooun VT e
8, it @l el Sen Dligwy 5o Faxe g JI alise

39 ) SN (S pdS 2 e Jeld a5l



http://dx.doi.org/10.22034/KJES.2024.10.1.107261
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.11.3
https://gnf.khu.ac.ir/article-1-2906-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-12 ]

[ DOR: 20.1001.1.2538449.1403.10.1.11.3 ]

[ DOI: 10.22034/K JES.2024.10.1.107261 ]

s weoolS e S LU 5 gl sla sy il asllas

ohSes 5 olo,

oaSlimghy )0 $5deS| i e 5l a5 aulo e p3Y 055
Sl aiges 3IUT 5 ()00 paiges slp 135 Sbys ©38lsS]

‘ol

References

APHA, 2017.Standard Methods for Examination of Water
.20th edition,Method ,Washington D.C. 1113 p.

Bagheri, H., Charmed, T., Khairabadi, V., Darvish Bastami,
K., Bagheri Z., 2011. Measurement and evaluation of
heavy metal pollution in the sediments of Gorganrood
River. Oceanography 2( 5), 35-39. (In Persian)

Calmano, W., Forstner, U. 1983. Chemical extraction of
heavy metals in polluted river sediments in central
Europe. Science of the total Environment 28(1-3), 77-88.

CCME. 1999. Canadian sediment quality guidelines for the
protection of aquatic life: Summary tables. In Canadian
environmental quality guidelines ,Canadian Council of
Ministers for the Environment, Winnipeg. Clark, R.B.
Marine Pollution, 3rd edition; pp. 25- 45.

De Mora, S., Villeneuve, J.P., Sheikholeslami, M.R., Cattini,
C., Tolosa, |. 2004. Organochlorinated compounds in
Caspian Sea sediments. Marine Pollution Bulletin 48, 30—
43,

De Mora, S., M.R. Sheikholeslami. 2002. Final report
interpretation of Caspian Sea sediment data. Contaminant
Screening  Programme of  Caspian  Environment
Programme, UNCED, Baku, Azebijan.

Duyusen, G., Gorkem, A., 2008. Heavy metals partitioning in
the sediments of Izmir Inner Bay. Journal of environmtal
Sciences 35(4), 413-418.

Gao, X.L., Chen, C.A, Wang, G. Xue, Q.Z., 2010.
Environmental status of Daya bay surface sediments
inferred from a sequential extraction technique. Estuarine,
Coastal and Shelf Science 86, 369-378.

Hashemi, E., Safahieh, A., Salari Ali Abadi, M.A., Ghanemi,
K., 2015. Accumulation of mercury (Larus cachinnans) in
Bandar Mahshar and Shadegan. Journal of Environmental
Studies 41(1), 11-13.

Hashemi, S.J., Riahi Bakhtiari, A.R., Lak, R., 2012. Origin
and distribution of lead, copper, zinc, nickel, chromium
and nickel metals in the surface sediments of the Caspian

Yv#

Sogll jo 1) 180 iy a5 Wed oo (6 S At (Sid5as,50)
ailaols ji b o gz adhio o Jaswe Cons)
‘53‘&)45

IS et pole Sl dmge Jlo il s 5o

2035 121 () (65,0LeS s i 5 Sigel ¢ Dlindiod lajle
Sea coast. Journal of Mazandaran University of Medical
Sciences 22(1), 36-50.

Huang, L.L., Pu, X.M., Pan, J.F., Wang, B., 2013. Heavy
metal pollution status in surface sediments of swan lake
lagoon and Rongcheng bay in the northern yellow sea.
Chemosphere 93, 1957-1964.

Idriss, A. A., Ahmad, A. K., 2013. Heavy Metals Nickel and
Chromiumin Sediments in the Juru River, Penang,
Malaysia. Journal of Environmental Protection 4, 1245-
1250.

ISQG. 1995. Interim sediment quality guidelines. Enviroment
Canada, Ottawa, 9pp.

Khodabandeh, p., 2000. Accumulation of heavy metals in
sediments and aquatic organisms of the Caspian Sea.
Water and Wastewater 29, 19-42. (In Persian)

Laloui, F., Vardi, I., Nasralzadeh, H., Najafpur, Sh.,
Gholamipour, S., Rostamian, M., Rouhi, A., 1999.
Hydrology and hydrobiology and environmental pollution
of depths less than 10 meters in the southern basin of the
Caspian Sea, Iran Fisheries Research Institute. (In
Persian)

Mohtshamzadeh, M., 2014. Studying and investigating the
concentration of heavy metals zinc, copper, lead and
cadmium in the surface sediments of the southern shores
of the Caspian Sea (Mazandaran province) using the

sequential extraction method. Master's thesis, Sari
University of Agricultural Sciences 67 p. (In Persian)
Najafpour, S., NasrollahZadeh Saravi, H., Vardi, A.,

Younispour, H., Vahedi, F., Gholamipour, S., Rezaei, M.,
Olomi, Y., Tasraleh Tabar, A., Ahmadnejad, A., 2008.
project review. Environmental pollutants (organochlorine
toxins, heavy metals, petroleum hydrocarbons and
surfactants) on the coasts of the southern region of the
Caspian Sea. Caspian Sea Ecology Research Institute. (In
Persian)

Nasiri, R., 2009. SPSS17 step by step tutorial. Tehran: Nashr
Gostar Cultural Center. 344 p. (In Persian)


http://dx.doi.org/10.22034/KJES.2024.10.1.107261
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.11.3
https://gnf.khu.ac.ir/article-1-2906-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-12 ]

[ DOR: 20.1001.1.2538449.1403.10.1.11.3 ]

[ DOI: 10.22034/K JES.2024.10.1.107261 ]

s weoolS e S LU 5 gl sla sy il asllas

ohSes 5 olo,

Nasrollahzadeh Saravi, H., 2012. Hydrology, hydrobiology
and environmental pollutants in the southern region of the
Caspian Sea. Publications of the country's fisheries
science research institute 224 p. (In Persian)

Nasrollahzadeh Saravi, H., Afraei Bandpi, M.A., Farabi,
M.V., Gholamipour, S., Firouzkandian, S., Rezaei, M.,
Soleimaniroudi, A., Ahmadnejad, A ., Ebrahimzadeh, M.,
Arab Ahmadi, A.A., Tahmasabi, M., 2014. Determining
the amount of metal and oil pollutants in the area of
establishing fish breeding cages (before fishing) located in
the southern basin of the Caspian Sea. Publications of the
country's fisheries science research institute. (In Persian)

Nasrollahzadeh Saravi, H., Mohtshemzadeh, M. Khalsi, M.,
Niazi, I., 2017. Determining the share of natural source
and man-made metal elements of copper, zinc, lead and
cadmium in the surface sediments of the Caspian coast of
Iran using sequential extraction. Promotional Quarterly of
Water Resources Ecology 2 (1), 1-10. (In Persian)

Shirneshan, G., Riyahi Bakhtiari, A., Seyfabadi, S.J.,
Mortazavi, S., 2013. Environmental geochemistry of Cu,
Zn and Pb in sediment from Qeshm Island-Persian Gulf,
Iran: a comparison between the northern and southern
coast and ecological risk, Geochemistry International 51,
670-676.

Singh, K. P., Mohan, D., Singh, V.K., Malik, A., 2005.
Studies on distribution and fractionation of heavy metals
in Gomti river sediments a tributary of the Ganges, India.
Jornal of Hydrology 312 (1-4), 14-27.

Soares, H.M.V.M., Boaventura, R.A.R., Machado, A.A.S.C.,
Esteves dasilva, J.C.G., 1999. Sediments as monitors of

Yvyy

heavy metals contamination in the Ave river basin
(Portugal). Multivariate analysis of data.Environmental
Pollution 105(3), 311-323.

Tessier, A., Campbell, P.G.C., Bisson, M., 1979. Sequential
Extraction Procedure for the Speciation of Particulate
Trace Metals. Analytical Chemistry 51(7).

Varedi, A., Nasrollahzadeh Saravi, H., Najafpour, S., Vahedi,
F., Gholamipour, S., Younispour, H., Olomi, Y.,
Talishian, H., Ahmadnejad, A., 2009. Environmental
pollutant survey project (heavy metals, petroleum
hydrocarbons, surfactants and agricultural toxins) in the
southern shores of the Caspian Sea. Sari: Caspian Sea
Ecology Research Institute. (In Persian)

Vodopivez, C., Curtosi, A., Villaamil, E., Smichowski, P.,
Pelletier, E., Mac Cormack, W.P., 2015. Heavy metals in
sediments and soft tissues of the Antarctic clam Laternula
elliptica: More evidence as a possible biomonitor of
coastal marine pollution at high latitudes?. Science of the
Total Environment 502, 375-384.

Zakir, H.M., Shikazono, N., 2008. Metal fractionation in
sediment; a comparative assessment of four sequential
extraction schemes. Journal of environmental Science.

Zarshanas, R., Nasrollahzadeh Saravi, H., Farshchi, P.,
Najafpour, sh., 2016. Evaluation of Resistance and Non-
Resistance fractions of some heavy metals (Fe, Mn, Cr,
Ni) in the surface sediments of the southern basin of the
Caspian Sea (Tenkabon and Amirabad stations). Scientific
Journal of Iranian Fisheries 25 (1), 201-206. (In Persian)


http://dx.doi.org/10.22034/KJES.2024.10.1.107261
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.11.3
https://gnf.khu.ac.ir/article-1-2906-fa.html
http://www.tcpdf.org

