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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

from both natural and anthropogenic sources. Therefore, the purpose of this study is to investigate
the concentrations of both resistant and non-resistant forms of the metals Cu, Cd, Pb, and Hg in
surface sediments at depths of 10 and 30 meters along eight transects in the southern Caspian Sea
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 (ng/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.
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Introduction

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

pollutants in the sediments of an aquatic system
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 agquatic
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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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
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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 0.43 741 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

Sshed Lylos o (de Mora et al., 2004) vas il58l 1) lacdale
L o lasbinl slozal, couiS 5 518 ogez B olie lagie
ool) piize Cwwl 03 VWAV Jls o (ISQG, 1995)
5l eolaiwl L oo,S 5,155 (Mohtshamzadeh et al., 2014)
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3w ol Lae AT Lo o 435 sl o 0j9 (b
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) podls 38 Lice ool addlae a3 wojls cuillas S o
L e yol> s @l b a5 o5 uw cole gl
05 Sl alie 505 Sl uodlS 5 ool 5 b
wsdS glale (b5 by )0 ead g pSeslal S il
5 ¥ sz jo pols addllas b )55 sbjo (5590551 oaSiimgly 5o
27 by Slsw, bl g lwl slagise chilé anlis
el 00 03,91 F Jga 0 1,508 Slidiss b yol> g
Slgey 5o e Olils clale oy F Joumr lol
s ol oLz (Laloui et al., 1999) . Ken 3 ooV lawg
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Cdlage Glojles o lailel 5l YL (69,50 50 4y chliZe slagle;
32 i Ly (oS I3l L sy 8 S el Sle
yolie cdale a5 ols Lzs (Najafpour et al., 2008) .l SKen 4
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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 1SQG 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

9 oS 5 9 obl,l o 9o o (Mohtshamzadeh et al., 2014)
Jrony )l.n“lg:ls P )l.\ﬁl{. sl iy gleadale s ,al.?al oy 38 gl
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clio (Shpmas Lod ) bl slacudls 4 olgos 1, bl
Cols Ldpe j35 by j0 o 5 g sl JsLle

.(driss and Ahmad, 2013)

Sligesy bl 5l slagisy clle alie ¥ s o

AT Edm )0 .l 0l 60,5l calise slaJle jo 55 by
Nasrollahzadeh ) ) SKea 5 ool dlpai lawg 35 b0
Wb plml oS5 g bl el jan 9o o (Saravi et al., 2017
2 el 03y ol Badod ) eS Il 5 lak sla i clale
SSer 5 ool RPN

oS Sligdos L MY/KG.AW) jol> i 50 555 sl ys Sliges, bl 5 sl slagion bl aglis -F Jgur
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 S5l sl |y Jsad SUs (5051 5 (P<0.05)
09,5 4w 0 0odlS g S I8 6lp g Jgad plo g Ll 0g)S

Uy )3 bl i 5o 53l palie ples oaSiloe i3S
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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 1SOG 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)
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