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Introduction

Microplastics (MPs) have garnered significant attention due to their widespread presence in the
environment and the potential threats they pose to aquatic organisms (Wang et al., 2021). These
particles, smaller than 5 millimeters, are classified into primary and secondary types. Primary
microplastics are manufactured in micrometer sizes for use in various industries, including aerospace,
medicine, and cosmetics (Alomar et al., 2016). In contrast, secondary microplastics are formed from
the breakdown of larger plastic debris into smaller particles (Duis and Coors, 2016). Microplastics
readily accumulate in aquatic environments and, due to their resistance to degradation, are dispersed
globally (Wang et al., 2021). These particles can adversely affect aquatic organisms due to their
physical and chemical properties, leading to disturbances in feeding, reproduction, and immune
functions (Oliviero et al., 2019). Additionally, microplastics can adsorb pollutants such as heavy
metals, exacerbating their harmful effects on aquatic ecosystems. This combination presents a
significant threat to marine life health (Prunier et al., 2019). Furthermore, microplastics provide a
substrate for microorganisms, facilitating the formation of biofilms. These biofilms can alter the
physical and chemical properties of microplastics, influencing their ability to adsorb contaminants (Tu
et al., 2020). The objective of this study is to examine the correlation between microplastic pollution
and potentially toxic elements in the sediments of the southwestern Caspian Sea coast and assess their
impacts on the region marine ecosystem.

Methodology

The Caspian Sea, the largest enclosed lake in the world ,is significantly impacted by human activities
such as oil and gas extraction ,agriculture ,and industrial development Rivers such as the Volga ,Kura,
and Ural transport pollutants ,including heavy metals ,to the sea ,posing a threat to the ecosystem ,
particularly along the southwestern coast (Efendieva, 1994; Simonett, 2006). Sediment sampling was
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conducted at three polluted stations in Kiashahr, Anzali, and Astara (Kostianoy et al., 2005). Sediment
sampling was performed in the spring of 2022 using Van Veen grabs (20x20 cm) with three replicates
at each statio (Claessens et al., 2011; Loder and Gerdts, 2015). After being transferred to glass bottles
and sent to the laboratory. Microplastic extraction from sediments involves two essential stages. In the
first stage, the organic materials in the sediments were digested using hydrogen peroxide (H202, 30%).
The digestion time varies between 1 and 10 days, depending on the type and amount of organic
material (Erkes-Medrano et al., 2015; Zhang et al., 2016). After digestion, the samples were dried at
60°C for 48 hours (Vianello et al., 2013). In the second stage, density separation was used to extract
the microplastics. In this step, 100 g of dried sediment was placed in a glass beaker, and 800 mL of
saturated NaCl solution (293 g/L) was added (Thompson et al., 2004). After shaking for five minutes,
the beaker was left to stand for 45 minutes to allow the high-density particles to settle. The resulting
supernatant, containing the floating particles, was filtered through a nitrocellulose filter (Hidalgo-Ruz
et al., 2012; Wagner et al., 2014; Duis and Coors, 2016). This process was repeated three times, and
the filters were dried at 60°C (Law et al., 2010). Finally, the microplastic particles were examined and
counted using a 40x magnification loop, and the number of microplastic particles per gram of dry
sediment was reported (Reddy et al., 2006; Morét-Ferguson et al., 2010). The polymer types of the
extracted microplastics were identified using FT-IR spectroscopy with ATR .analyzing spectra in the
400-4000 cm™ range and comparing characteristic peaks with standard polymer databases
(Veerasingam et al., 2021). Data analysis was performed using SPSS version 27. The Kolmogorov-
Smirnov test was used to check for normality ,and to compare pollution levels across stations ,
ANOVA and Kruskal-Wallis tests were applied .To examine the correlation between microplastic
pollution and potentially toxic elements ,Pearson and Spearman correlation coefficients were used All
analyses were conducted at a %95 confidence level .Graphs were plotted using Excel 2022.

Results

The average concentration of elements at the three stations revealed that the highest and lowest
average concentrations of elements in the sediment were for manganese (Mn) with 760661.80+£53.41
ug/kg dry weight at the Anzali station and cadmium (Cd) with 41.44+1.93 pg/kg dry weight at the
Astara station .The results of the Kolmogorov-Smirnov test for the distribution of potentially toxic
elements in the sediment samples from the stations indicated that some elements did not follow a
normal distribution (p<0.05). To compare the average concentrations of elements across the stations
and examine the correlation between elements ,parametric tests (one-way analysis of variance and
Pearson correlation coefficient) were used for normally distributed data ,while non-parametric tests
(Kruskal-Wallis and Spearman correlation coefficient) were employed for non-normally distributed
data. One-way analysis of variance (ANOVA) results for comparing the average concentration of
elements across the stations showed that manganese and zinc had significant differences at all stations
(p<0.05). The cadmium element showed no significant difference between the Kiashahr and Astara
stations ,but significant differences were observed between Kiashahr and Anzali, as well as Anzali and
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Astara stations (p<0.05). The Kruskal-Wallis test results also indicated significant differences for

arsenic ,cobalt ,chromium ,copper ,iron ,mercury ,nickel ,and lead among the stations (p<0.05). The

Anzali station ,with 67+4 pieces per 300 grams of dry sediment ,exhibited the highest contamination ,
while the Kiashahr station ,with 45.33+£2.30 pieces per 300 grams of dry sediment ,showed the lowest
contamination .One-way analysis of variance (ANOVA) revealed that the Anzali station had a

significant difference when compared to both Kiashahr and Astara stations (p<0.05). However ,no

significant difference was observed between the Kiashahr and Astara stations. The microplastics
extracted from the sediment samples were categorized into two color groups: blue and red. At the
Kiashahr station, red microplastics accounted for 53%, representing the highest abundance, while blue
microplastics constituted 47%, representing the lowest abundance. At the Anzali station, blue
microplastics were the most abundant, comprising 75%, while red microplastics represented the lowest
abundance, constituting 25%. At the Astara station, red microplastics accounted for 53%, representing
the highest abundance, while blue microplastics constituted 47%, representing the lowest abundance.
A total of 496 microplastic pieces were extracted from the sediment samples at the three stations All

the extracted microplastics were fiber type .The microplastics found in the sediment samples were

classified into seven categories :less than 0.5 mm, 0.5-1 mm, 1-2 mm, 2-3 mm, 3-4 mm, 4-5 mm and
greater than 5 mm. At the Kiashahr station ,the highest abundance of microplastics was found in the
4-5 mm range ,followed by the 3-4 mm range. The lowest abundance was observed in the 1-2 mm
particles. At the Anzali station, the highest abundance was found in particles larger than 5 mm,
followed by the 4-5 mm range, while the lowest abundance was observed in particles smaller than 0.5
mm. At the Astara station, the highest abundance was found in particles larger than 5 mm, followed by
the 4-5 mm range, while the lowest abundance was observed in the 1-2 mm particles. The extracted

microplastics from the sediments of the southwestern Caspian Sea coast were identified using FTIR-
ATR spectroscopy [Five different polymers were identified .including polyethylen (PE) ,
polypropylene (PP), polyester ,jpolystyrene (PS) and nylon .Overall Jpolyethylene was the dominant
polymer in the extracted microplastics from the sediments.

The correlation analysis results between the abundance of microplastics and the concentration of

potentially toxic elements in the sediments from the Kiashahr ,Anzali ,and Astara stations indicated no
significant correlation between these two variables at the stations under study .Manganese ,zinc ,and

cadmium had a normal distribution in all stations ,thus Pearson's correlation coefficient was used to

assess the correlation between microplastic pollution and potentially toxic elements .For other

elements ,whose data did not follow a normal distribution and successful normalization techniques

were not applied ,the Spearman correlation coefficient was employed.

Discussion and conclusion

In this study, the Anzali station exhibited the highest contamination, with an average of 67 + 4
microplastic pieces per 300 grams of dry sediment. This finding is consistent with the study by Rasta
et al. (2020) which reported a high concentration of microplastic contamination in the sediments of
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Anzali Wetland. All the microplastics extracted from the sediments in this research were of the fiber
type, with blue being the most dominant color, accounting for 58%. Similar results were found in the
study by Zhang et al., (2020) in the Shengsi region of China, where fiber-type microplastics were the
most abundant, with blue identified as the predominant color. Microplastics at the Kiashahr station
were most abundant in the 4-5 mm size range, while the Anzali and Astara stations exhibited the
highest abundance in microplastics larger than 5 mm. Similar findings were reported by Kihn et al.,
(2018) on the coasts of the Netherlands, where microplastics in the size range of 500-2000
micrometers were predominant. In this study, no significant correlation was observed between
microplastics and the concentration of elements in the sediments. This lack of correlation may be
attributed to differences in the sources of microplastics and elements, the physical and chemical
properties of these pollutants, and the varying environmental conditions (Napper and Thompson,
2016). Finally, it can be concluded that the Anzali station has the highest microplastic pollution,
primarily composed of fiber type and secondary microplastics, with blue being the predominant color.
Anthropogenic sources, such as laundry runoff, fishing gear, and the release of plastic packaging by
tourists, contribute to the spread of this pollution in the marine environment. Correlation analysis
revealed no significant relationship between microplastics and elements, likely due to differences in
sources and the physical and chemical characteristics of these pollutants. A comparison of element
concentrations with global standards indicates that the pollution levels are within safe limits; however,
continued monitoring and management are crucial to mitigate pollution levels.
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Table 1: Geographical coordinates of sampling
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Table 2: Mean and standard deviation of the concentration of potentially toxic elements (ug/kg dw) in sediment
samples from different stations

Kiashahr Anzali Astara
Potentially toxic elements (Meanz standard Meanz standard Meanz standard )
deviation) (deviation) (deviation

As 4105.49+48.96 7050.46+67.55 3092.06+29.59

Cd 55.33+13.91 132.91+4.43 41.44+1.93

Co 7490.61+48.96 15913.27£71.77 4759.14+29.59

Cr 9144.52+48.96 35129.28+175.56 5355.84+29.59

Cu 5202+48.96 16551.98+80.49 4295.30+29.59

Fe 14692.79+48.96 29949.47+168.17 9307.97£29.59

Hg 44.05+1.32 228.28+9.59 83.20+3.98

Mn 376420.70+48.96 760661.80+53.41 189492.70+29.59

Ni 8958.18+48.96 37636.56+413.13 5454.52+29.59

Pb 4001.37+48.96 8314.38+34.29 2856.54+29.59

Zn 9983.05+48.96 16657.67+56.50 6339.42+27.43
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Figure 1: Comparison of mean m icroplastic
abundance in sediments at the sampling stations
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Figure 2: Percentage of microplastic color abundance
found in sediments
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Figure 5: FTIR-ATR spectroscopy of microplastics extracted from sediment samples of the Caspian Sea (a)
Polyethylene, (b) Polyester, (c) Polypropylene
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Table 3: Correlation results between microplastic (MP) abundance and the concentration of potentially toxic elements
in sediments from different stations

Station  Pollutants  As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn

Kiashahr 0.110 0.687 0.108 0.121 0.103 0.145 0.162 -0504 0.113 0.129 -0.449
Anzali MP -0.498 0.984 -0462 0.369 0.358 -0483 0.420 -0.839 0.442 0.368 -0.841
Astara 0.495 0.996 -0459 -0.342 -0.368 0.482 0.449 -0618 -0428 -0.332 -0.656
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Table 4: Comparison of the Size, Dominant Shape, and Abundance of Microplastics Found in the Sediments of the

Caspian Sea with Other Global Studies

samplin Microplastic Dominant Abundance range of
Study region pling size form of microplastics in sediments Reference
area . . :
(um) microplastic Caspian Sea
Southwest Coast of . . 496 pieces in 900 g of dry Present
the Caspian Sea, Iran Sediment  <500->5000 Fiber sediments study
. . Claessens
Belgian coast Sediment 3-1000 Fiber 390 pieces n 1 Kgof dry et al.
sediments
(2011)
Lake Taihu, China Sediment 5-5000 Fiber 234.6 PI€Cces In 1 Kg of dry Soetal.
sediments (2018)
Southern Baltic Sea Sediment 100-4000 Fiber 0-27 PIEces In 1 Kgofdry Graca et
sediments al., (2017)
. . Vianello
Venice Wetland, Italy ~ Sediment 30-2500 Fragment 672-2175 pieces in 1 Kg of dry et al.
sediments
(2013)
Bizerte Wetland, . . 3000-18000 pieces in 1 Kg of Abidli et
Tunisia Sediment 300-5000 Fiber dry sediments al. (2017)
. . Townsend
Melbou.rne Wetland, Sediment <1000 Fragment 2-147 pieces in 1 Kg of dry et al.
Australia sediments
(2019)
Persian Gulf, Iran Sediment 1-4700 Fiber 0-125 pieces In 1 Kg of dry Naji etal.
sediments (2017)
Southwest Coast of . ) 210 pieces in 1 Kg of dry Mataji et
the Caspian Sea, Iran Sediment 300-5000 Fragment sediments al. (2020)
. . Mehdinia
Southwe_st Coast of Sediment 100-3500 Fiber 25-330 pieces in 1 Kg of dry et al.
the Caspian Sea, Iran sediments (2020)
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Table 5: Comparison of the concentration of potentially toxic elements in Caspian Sea sediments with sediment
quality standards and other studies

Study region As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn Reference
™ N~ N o g 2 L0 ™ 3
Southwest - ™ ©Q © g S :; a o ; < 2 Persent
S v % e B E B E 238 E g & W
P < & ¢ 8 5§ - § 5 8 g

. Saeedi et

Caspian Sea  ug/g _ _ _ _ 15-50 _ _ 35-67  22-25 al. (2009)

Nasrabadi

Caspian Sea  ug/g _ _ _ 28.05 321 17300 _ 43.5 26.35 etal.

(2010)

Anzali Ghazban

Mg/g _ _ _ 984 62.34 _ _ _ 75.9 24.4 and Zarei,

Wetland (2011)

Mohammad

Caspian Sea  Hg/g _ _ _ 27.20 1451 16301 _ 21.72 8.32 _ ietal

(2017)

Southeastern Bastami et

Caspian Sea polg 411 _ _ _ 9.09 5 _ _ 17.42 13 28 al. (2014)
Coastal

East China  ug/g _ 0.30 _ 84.2 331 _ _ _ 36.1 28.0 1024 Yu (2013)
Sea, China
Daya Bay,

southern Y 0.13 7955 27.35 4195 1625 \Wangetal

China o - - N - - (2021)

South mg/ Zhu et al.

China Sea kg 0.40 _ 105 38.1 _ _ _ _ 23.6 87.4 (2011)
Beibu Bay,

South MY 953 016 _ 5365 5826  _ 006 _ 2709 6728 Douetal

China Sea 9 (2013)

Bagher_i and

Gorganrud  pglg  13.27 1533 57.83 1947 317  _ _ 3590 1943 7580 ggg;;g

(2022)

Bagher_i and

Qarasu  wgfg 927  _ 2373 6000 3740 393 _  _ 5647 1613 8703  Davih

(2022)

Bagheri

and

Tajan ug/lg  3.80 _ 2363 7640 3370 3.33 _ _ 48.67 28.67  79.00 Darvish

Bostami,

(2022)

Bagheri

and

Babolrud Mglg  2.23 _ 12.20 3440 26.27 2.67 _ _ 21.73 2840 61.73 Darvish

Bostami,

(2022)

Bagheri

and

Sardabrud Mg/lg  2.43 _ 11.70 31.67 1487 2.33 _ _ 26.77 27.13 5133 Darvish

Bostami,

(2022)
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Study region As Cd Co Cr Cu

Fe

Reference

Hg Mn Ni Pb Zn

Cheshmeh

Ramsar pglg  2.53

Sefidrud pglg  2.20

Kileh welg 2030 _ 10.27 37.77 16.20

2550 90.93 36.87

2043 66.17 44.30

Han ug/g 19.2 29.7
Sova uglg 15.7 42.8

ERLa uglg 8.2 81 34

ERMb Mg/g 70 370 270

TELc Molg  7.24 52.3 18.7

PELd Molg  41.6 160 108

2.13 26.20

4.27 50.40

3.60 4493

3.26 253 35.1 126

3.13 49.38 55.3 303

Bagheri
and
Darvish
Bostami
(2022)

Bagheri
and
Darvish
Bostami
(2022)

2543  53.40

36.73  85.33

Bagheri
and
Darvish
Bostami
(2022)

Kim et al.
(2011)

19.50 70.83

Franciskovi
c-Bilinski
(2008)

Long et al.
0.15 _ 21 46.7 150 (1995)

Long et al.
0.71 _ 52 218 410 (1995)
ISQG
CCME
(1999)

ISQG
CCME
(1999)

0.13 30.2 124

0.70 112 271

a ERL=Effect range low (NOAA).? ERM=Effect range medium (NOAA).c TEL= threshold effect levels. ¢
PEL=Probable effects level (Environment Canada)
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