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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
Mo/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 Kuhn 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
stations in the Caspian Sea

Station

Name Latitude(North) Longitude(East)
Kiashahr 1127'37° 14 57 49°

Anzali 1127 37° "16'52 49°

Astara 2111 38° '57 53 48°
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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 2: Percentage of microplastic color abundance
found in sediments
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Figure 3: Percentage of the size of microplastics extracted from sediments
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Figure 4: Samples of microplastics found in the sediments

SRR ) B

¥y ¥ 8 T 3 3 B B &
T
¥ ¥ &8 & 8 ¥ 3 8 §

3
3

N~

(<A

A f \Wu‘ r\t{m’\\f

suuassaaat'c

x» . o o

(<)
il oy 1(0) torli b Q) 35 sl ys gy aiges i ol ] (s Seiudly g ,Sn I FTIR-ATR oriuw ciuds 10 JSCi
olon b (&)

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 -0498 0.984 -0462 0.369 0.358 -0.488 0.420 -0.889 0.442 0.368 -0.841
Astara 0495 0996 -0459 -0.342 -0.368 0.482 0.449 -0.618 -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

. Microplastic Dominant Abundance range of
. Sampling . . . ;
Study region size form of microplastics in sediments Reference
area - - ;
(pm) microplastic Caspian Sea
Southwe_st Coast of Sediment  <500->5000 Fiber 496 pieces in 900 g of dry Present
the Caspian Sea, Iran sediments study

. . Claessens
Belgian coast Sediment 3-1000 Fiber 390 pieces n 1 Kg of dry etal.
sediments
(2011)
. . . . 234.6 pieces in 1 Kg of dry Soetal.
Lake Taihu, China Sediment 5-5000 Fiber sediments (2018)
. . . 0-27 pieces in 1 Kg of dry Graca et
Southern Baltic Sea Sediment 100-4000 Fiber sediments al., (2017)
. . Vianello
Venice Wetland, Italy ~ Sediment 30-2500 Fragment 672-2175 PIECES In 1 Kgof dry etal.
sediments
(2013)
Bizerte Wetland, . i . 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 etal.
Australia sediments
(2019)
Persian Gulf, Iran Sediment 1-4700 Fiber 0-125 PIECEs In 1 Kgofdry Naji et al.
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§t Coast of Sediment 100-3500 Fiber 25-330 pieces in 1 Kgof dry etal.
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
(92 N~ < ()] A, C[L) Lo ™ e}
Southwest palk e Eg NG g e :l; "‘Hj P ; N 2 Persent
Gmmss 9 2 € B F B 8 3 3 3 B g ow
° < 5 g 8 5 - § 5 B 3

. Saeedi et

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

Nasrabadi

Caspian Sea  Hg/g _ _ _ 28.05 321 17300 _ 435 26.35 etal.

(2010)

Anzali 9 623 9 ) Ghazban

Hg/g _ _ _ 8.4 34 _ _ _ 75. 4.4 and Zarei,

Wetland (2011)

Mohammad

Caspian Sea  ug/g _ _ _ 27.20 1451 16301 _ 21.72 8.32 _ ietal.

(2017)

Copimeea WO 411 _ _ e s 1742 13 28 SRR
Coastal

East China /g _ 0.30 _ 84.2 33.1 _ _ _ 36.1 28.0 1024 Yu (2013)
Sea, China
Daya Bay,

Southern MY 013  _ 7955 2735  _ L 4195 1165 Wangetal

' g (2021)
China

South mg/ Zhu et al.

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

Beibu Bay, mg/ Dou et al

South kg 9.53 0.16 _ 53.65 58.26 _ 0.06 _ _ 2799 67.28 (2013)'
China Sea

Bagher_i and

Gorganrud Mg/g  13.27 1533 57.83 1947 3.17 _ _ 35.90 1943 75.80 BDgsr;gﬁ?i

(2022)

Bagher_i and

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

(2022)

Bagheri

and

Tajan ug/g  3.80 _ 23.63 7640 33.70 3.33 _ _ 48.67 28.67  79.00 Darvish

Bostami,

(2022)

Bagheri

and

Babolrud gl 2.23 _ 1220 3440 26.27 2.67 _ _ 21.73 2840 61.73 Darvish

Bostami,

(2022)

Bagheri

and

Sardabrud Mgl  2.43 _ 11.70 3167 1487 233 _ _ 26.77 27.13 5133 Darvish

Bostami,

(2022)

YA



Study region

As Cd Co Cr Cu

Fe

Hg Mn Ni Pb Zn Reference

Cheshmeh

Kileh 3rrt

Molg  20.30 10.27 16.20

Ramsar Mglg  2.53 2550 9093 36.87

Sefidrud polg  2.20 2043 66.17 44.30

Han uglg 19.2 29.7

Sova ualg 15.7 42.8

ERLa ug/g 8.2 81 34

ERMb Hg/g 70 370 270

TELc uglg 7.24 52.3 18.7

PELd pglg 416 160 108

2.13

4.27

3.60

3.26

3.13

Bagheri
and
Darvish
Bostami
(2022)

26.20 2543 5340

Bagheri
and
Darvish
Bostami
(2022)

Bagheri
and
Darvish
Bostami
(2022)

5040 36.73 8533

4493 1950 70.83

Kimetal.

25.3 (2011)

35.1 126
Franciskovi
c-Bilinski
(2008)

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

49.38 55.3 303

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)

slganain 5 g,k gilule, (5, Kole Sl
JESl e G (OLREeS Kk
L yolie chale wijls ob,o Lase 4 bSoidl 5 Ko
2l Sl e 8 P el e Caen il
sVl mlie § o slocld 4 a5 oy ol
Ol (Knwor Jlod @l 098 o0 by pe J3l SVB
9 LSS Gologime bLS )|z a5 ols
Lo 4 Ylazml a8 5,05 52y Caras il b jolis
ot 9 Sopd G S 5 63959 @l o gl
oot Jonily by yolie cale aglin .coslmoass¥T oyl
5o polie Sogl a8 ol glas Slax sles,laibewl b
g ool Ll ls 15 el v jo 555 sl s Slgw,

el (5,550 b Fogll Shals (gl it o poe

Y4

Trae hile (Sogll gl o 5 5 UK slozaly 5o
c90) PEL 0> g (4wl 0>) TEL & g0 4 45 0
O5Sde 3lse a4 dzgi b ogdice ple sl S
ashie Slguw, ;0 polie ol Gl a5 00,5 o canlice

Lol pae g SUlaz o 5l S
o desy 5 GRagh eyl pleie 4 adlle ()l
boyolis 5 Smudls oo (S0l (Sheron
Sy @ err Sl Slgw) 50 Cuen Jouily
oS ams e s addlhae ol s ol sud alosl 35
2 Satdlys Koo (Fosll iy s I3l elSi
9k & b Sidls S ul a5 el 55 (b yd Sl
el o Ll Ll S5 g oo e, g5 5l elS
SlaSradly g Sae 5l Ysons sl slacKidlyg Sos
Sy S5 Slabd 4l a5 ais 4l



e S5 Sae (Sosll o (Sinan

Crad oslal 5 dlae ol BT als

characterization of microplastic particles
and textile microfibers in Adriatic food
webs: General insights for biomonitoring
strategies. Environmental Pollution,
258:113766.
DOI:10.1016/j.envpol.2019.113766
Bagheri, H. and Darvish Bastami. K., 2022,
Investigation of Heavy Metal
Concentrations in Estuarine Sediments of
Important Rivers in The Southern Part of
the Caspian Sea. Environment and Water
Engineering, 8(1):31-46.
DOI:10.22034/JEWE.2021.286828.1569
Barnes, D.K., Galgani, F., Thompson, R.C.
and Barlaz, M., 2009. Accumulation and
fragmentation of plastic debris in global
environments. Philosophical Transactions,
364(1526):1985-1998.
DOI:10.1098/rstb.2008.0205
Bastami, K., Bagheri, H., Haghparast, S.,
Soltani, F. and Hamzehpoor, A., 2014.
Distribution and ecological risk assessment
of heavy metals in surface sediments along
southeast coast of the Caspian Sea. Marine
Pollution Bulletin, 81:262-267.
DOI:10.1016/j.marpolbul.2014.01.029
Benson, N.U. and Fred-Ahmadu, O.H.,
2020. Occurrence and distribution of
microplastics-sorbed phthalic acid esters
(PAEs) in coastal psammitic sediments of
tropical Atlantic Ocean. Gulf of Guinea.
Science of The Total Environment,
730:139013.
DOI:10.1016/j.scitotenv.2020.139013
Boucher, J. and Friot, D., 2017. Primary
microplastics in the oceans: a global
evaluation of sources. Gland, Switzerland:

P

Abidli, S., Toumi, H., Lahbib, Y. and EIl
Menif, N.T., 2017. The first evaluation of
microplastics in sediments from the
complex  lagoon-channel of  Bizerte
(Northern Tunisia). Water, Air, and Soil
Pollution, 228(7):262.
DOI:10.1007/s11270-017-3439-9

Alimba, C.G. and Faggio, C., 2019.
Microplastics in the marine environment:
Current trends in environmental pollution
and mechanisms of toxicological profile.
Environmental Toxicology and
Pharmacology, 68:61-74.
DOI:10.1016/j.etap.2019.03.001

Alomar, C., Estarellas, F., Deudero, S.,
2016. Microplastics in the Mediterranean
Sea: Deposition in coastal shallow
sediments, spatial variation and preferential
grain  size.  Marine  Environmental
Research, 115:1-10.
DOI:10.1016/j.marenvres.2016.01.005

Andrady, A.L., 2011. Microplastics in the
marine environment. Marine Pollution
Bulletin, 62(8): 1596-1605.
DOI:10.1016/j.marpolbul.2011.05.030

Arthur, C., Baker, J. and Bamford, H.,
2008. Proceedings of the International
Research Workshop on the Occurrence,
Effects and Fate of Microplastic Marine
Debris. NOAA Technical Memorandum.
National Oceanic and  Atmospheric
Administration, 30:2008.
DOI:10.1016/j.enviope.2008.136598

Avio, C.G., Pittura, L., d'Errico, G., Abel,
S., Amorello, S., Marino, G., Gorbi, S.
and Regoli, F., 2020. Distribution and

f.


https://doi.org/10.1007/s11270-017-3439-9

IUCN.
43P.DOI:10.2305/IUCN.CH.2017.01.en

Browne, M.A., Galloway, T.S. and Thompson,
R.C., 2010. Spatial patterns of plastic debris
along estuarine shorelines. Environmental
Science and Technology. 44(9):3404-3409.
DOI:10.1021/es903784e

Castro, R.O,, Silva, M.L. and da Aradjo, F.V.,
2018. Review on microplastic stud-ies in
Brazilian aquatic ecosystems. Ocean and
Coastal Management, 165:385-400.
DOI:10.1016/j.ocecoaman.2018.09.013

CCME, 1999. Canadian Council of Ministers of
the Environment. 1999. Canadian
Environmental quality guidelines, 1999.
Canadian Council of Ministers of the
Environment. Winnipeg, Canada.

Cesa, F.S., Turra, A. and Baruque-Ramos, J.,
2017. Synthetic fibers as microplastics in the
marine environment: a review from textile
perspective with a focus on domestic
washings. Science of The Total Environment
598:1116-1129.
DOI:10.1016/j.scitotenv.2017.04.172

Claessens, M., De Meester, S., Van Landuyt,
L., De Clerck K. and Janssen, C.R., 2011.
Occurrence and distribution of microplastics
in marine sediments along the Belgian coast.
Marine Pollution Bulletin, 62(10):2199-2204.
DOI:10.1016/j.marpolbul.2011.06.030.

Dou, Y., Li, J., Zhao, J., Hu, B. and Yang, S.,
2013. Distribution, Enrichment and Source of
Heavy Metals in Surface Sediments of the
Eastern Beibu Bay, South China Sea. Marine
Pollution  Bulletin, 67  (1-2):137-145.
DOI:10.1016/j.marpolbul.2012.11.022

Al

Duis, K. and Coors, A., 2016. Microplastics in
the aquatic and terrestrial environment:
sources (with a specific focus on personal

care products), fate and
effects. Environmental Sciences
Europe, 28(1):2. DOI:10.1186/s12302-015-
0069-y

Efendieva, 1.M., 1994. Ecological problems of
oil exploitation in the Caspian Sea area.
Journal of Petroleum  Science and
Engineering, 28(4):227-231.
DOI:10.1016/S0920-4105(00)00081-4

Eriksen, M., Mason, S., Wilson, S., Box, C.,
Zellers, A., Edwards, W., Farley, H. and
Amato, S., 2013b. Microplastic pollution in
the surface waters of the Laurentian Great
Lakes. Marine Pollution Bulletin, 77(1-
2):177-182.
DOI:10.1016/j.marpolbul.2013.10.007

Erkes-Medrano, D., Thompson, R.C. and
Aldridge, D.C., 2015. Microplastics in
freshwater systems: a review of the emerging
threads, identification of knowledge gaps and
prioritization of research needs. Water
Research, 75:63-82.
DOI:10.1016/j.watres.2015.02.012

FAO, 2020. The state of world fisheries and
aquaculture. 2020. Sustainability in action.
Rome. 224 P. DOI:10.4060/ca9229en.

Franciskovic-Bilinski, S., 2008. Detection of
geochemical anomalies in stream sediments
of the upper Sava River drainage basin
(Slovenia, Croatia). Fresenius Environmental
Bulletin, 17(2):188-196.
DOI:10.1016/publication/259194804.


https://doi.org/10.1016/j.marpolbul.2011.06.030

e S5 Sae (Sosll o (Sinan

Crad oslal 5 dlae ol BT als

Galindo Montero, A.A., Costa-Redondo, L.C.,
Vasco-Echeverri, O. and Arana, V.A.,
2023. Microplastic pollution in coastal areas
of Colombia: review. Marine Environmental
Research, 190:106027.
DOI:10.1016/j.marenvres.2023.106027

Ghazban, F. and Zarei, M., 2011. Investigation
of the Source of Heavy Metal Pollution in the
Sediments of Anzali Lagoon (Northern Iran).
Environmental Journal, 37(57): 45-65.
DOI:20.1001.1.10258620.1390.37.57.6.4 (In
Persian)

Graca, B., Szewc, K., Zakrzewska, D., Dolega,
A. and Szczerbowska-Boruchowska, M.,
2017. Sources and fate of microplastics in
marine and beach sediments of the Southern
Baltic Sea a  preliminary  study.
Environmental  Science and  Pollution
Research, 24(8):7650-7661.
DOI:10.1007/s11356-017-8419-5

Haji Aghaei Ghazi Mahalleh, F. and
Imanpour Namin, J., 2025. Microplastic
contamination in the whitefish (Rutilus frisii)
from the southwestern coasts of the Caspian
Sea (Guilan Province). Iranian Scientific
Fisheries Journal, 33(5):55-68.
DOI:10.22092/1SFJ).2025.132776

He, Z.L., Yang, X.E. and Stoffella, P.J., 2005.
Trace elements in agroecosystems and
impacts on the environment. Journal of Trace
Elements in Medicine and Biology, 19(2-
3):125-140. DOI:10.1016/j.
jtemb.2005.02.010

Hidalgo-Ruz, V., Gutow, L., Thompson, R.C.
and Thiel, M., 2012. Microplastics in the
marine environment: a review of the methods

used for identification and quantification.
Environmental Science and Technology,
46(6):3060-3075. DOI:10.1021/es2031505

Huang, C., Ge, Y., Yue, S., Zhao, L. and Qiao,
Y., 2021. Microplastics aggravate the joint
toxicity to earthworm Eisenia fetida with
cadmium by altering its availability. Science
of The Total Environment, 753:142042.
DOI:10.1016/j.scitotenv.2020.142042

IARC, 2019. Agents classified by the IARC
monographs.  International Agency for
Research on  Cancer, 112(1):30-37.
DOI:10.1093/jnci/djz169

Jang, Y.C., Lee, J., Hong, S., Lee, J.S., Shim,
W.J. and Song, Y.K., 2014. Sources of
plastic marine debris on beaches of Korea:
more from the ocean than the land. Ocean
Science Journal, 49:151-162.
DOI:10.1007/s12601-014-0015-8

Jiang, C,, Yin, L., Wen, X,, Du, C., Wu, L.,
Long, Y., Liu, Y., Ma, Y., Yin, Q., Zhou, Z.
and Pan, H., 2018. Microplastics in sediment
and surface water of west dongting lake and
south dongting lake: abundance, source and
composition.  International  Journal  of
Environmental Research and Public Health,
15(10):2164. DOI:10.3390/ijerph15102164

Kazour, M., Jemaa, S., Issa, C., Khalaf, G.
and Amara, R., 2019. Microplastics
pollution along the Lebanese coast (Eastern
Mediterranean Basin): Occurrence in surface
water, sediments and biota samples. Science
of The Total Environment, 696:133933.
DOI:10.1016/j.scitotenv.2019.133933

Kim, K.T., Ra, K., Kim, E.S., Yim, U.H. and
Kim, J.K., 2011. Distribution of heavy

Y


https://doi.org/10.1016/j.marenvres.2023.106027
https://doi.org/10.1016/j.%20jtemb.2005.02.010
https://doi.org/10.1016/j.%20jtemb.2005.02.010
https://doi.org/10.1021/es2031505
https://doi.org/10.3390/ijerph15102164

metals in the surface sediments of the Han
River and its estuary, Korea. Journal of
Coastal Research, 64:903-907.
DOI:10.1016/jstore/stable/26482304

Kostianoy Andrey, G., Aleksey, N. and

Kosarev. A., 2005. The handbook of
environmental chemistry. Water Pollution,
205:37. DOI:10.1016/02/3141YL-543210

Kowalski, N., Reichardt, A.M. and Waniek,

J.J., 2016. Sinking rates of microplastics and
potential implications of their alteration by
physical, biological, and chemical factors.

subtropical  gyre. Science, 329(5996):1185-
1188. DOI:10.1126/science.1192321

Liu, S., shi, J., Wang, J., Dai, Y., Li, H., Li, J.,

Liu, X,, Chen, X., Wang, Z. and Zhang, P.,
2021a. Interactions between microplastics
and heavy metals in aquatic environments: a
review. Frontiers  in Microbiology,
12:652520. DOI:10.3389/fmicb.2021.652520

Loder, M.G. and Gerdts, G., 2015.

Methodology used for the detection and
identification of microplastics a critical
appraisal. Marine Anthropogenic Litter, 201-

Marine Pollution Bulletin, 109:310-319.

DOI:10.1016/j.marpolbul.2016.05.064
Kihn, S., Van Oyen, A. Booth, AM,

Meijboom, A. and Van Franeker, J.A.,

227. DOI:10.1007/978-3-319-16510-3_8
Long, E.R., MacDonald, D.D., Smith, S.L. and
Calder, F.D., 1995. Incidence of adverse
biological effects within ranges of chemical
2018. Marine microplastic: Preparation of concentrations in marine and estuarine
relevant test materials for laboratory sediments.  Journal of Environmental
assessment of ecosystem impacts. 19(1):81-97.
Chemosphere, 213:103-113.
DOI:10.1016/j.chemosphere.2018.09.032
Kumar, V., Parihar, R.D., Sharma, A,

Bakshi, P., Singh Sidhu, G.P., Bali, A.S.,

Management,
DOI:10.1007/BF02472006
Mataji, A., Taleshi, M.S. and Balimoghaddas,
E., 2020. Distribution and Characterization of
Microplastics in Surface Waters and the

Karaouzas, 1., Bhardwaj, R., Thukral, Southern Caspian Sea Coasts Sediments.
A K. Gyasi-Agyei, Y. and Rodrigo- Archives of Environmental Contamination
Comino, J., 2019. Global evaluation of heavy and Toxicology, 78(1):86-93.

DOI:10.1007/s00244-019-00700-2

Mehdinia, A., Dehbandi, R., Hamzehpour, A.
and Rahnama, R., 2020. Identification of
microplastics in the sediments of southern

metal content in surface water bodies: a meta-
analysis using heavy metal pollution indices
and  multivariate  statistical  analyses.
Chemosphere.
DOI:10.1016/j.chemosphere.2019.124364
Law, K.L., Morét-Ferguson, S., Maximenko,
N.A., Proskurowski, G., Peacock, E.E.,
Hafner, J. and Reddy, C.M., 2010. Plastic
accumulation in  the North  Atlantic

coasts of the Caspian Sea, north of Iran.
Environmental Pollution, 258:113738.
DOI:10.1016/j.envpol.2019.113738

Mishra, S., Rath, C.C. and Das, A.P., 2019.
Marine microfiber pollution: a review on
present status and future challenges. Marine

fY


https://doi.org/10.1016/j.chemosphere.2018.09.032
https://doi.org/10.1016/j.chemosphere.2019.124364
https://doi.org/10.1007/s00244-019-00700-2
https://doi.org/10.1016/j.envpol.2019.113738

e S5 Sae (Sosll o (Sinan

Crad oslal 5 dlae ol BT als

Pollution Bulletin, 140:188-197.
DOI:10.1016/j.marpolbul.2019.01.039

Mohammadi Galangash, M., Solgi, E. and

Bozorgpanah, Z., 2017. An assessment of
heavy metals in coastal sediments of the
Caspian Sea, Guilan Province. Journal of
Oceanography, 8(31):27-34.
DOI:10.29252/joc.8.31.27 (In Persian)

Mohsen, M., Wang, Q., Zhang, L., Sun, L.,

Lin, C. and Yang, H., 2019. Microplastic
ingestion by the farmed sea cucumber
Aposticopus japonicus in China.
Environmental Pollution, 245:1071-1078.

efficiency of sediment metal pollution indices
in interpreting the pollution of Haraz River
sediments, southern Caspian Sea basin.
Environmental Monitoring and Assessment,
171(1-4):395-410. DOI:10.1007/s10661-009-
1286-x

Okogbue, C.O., Oyesanya, O.U., Anyiam,

O.A. and Omonona, V.0, 2017.
Assessment of pollution from produced water
discharges in seawater and sediments in
offshore, Niger Delta. Environmental Earth
Sciences, 76. DOI:10.1007/s12665-017-6682-
X

DOI:10.1016/j.envpol.2018.11.083
Morét-Ferguson, S., Law, K.L., Proskurowski,

G., Murphy, E.K., Peacock, E.E. and

Reddy, C.M., 2010. The size, mass and

Oliviero, M., Tato, T., Schiavo, S., Fernandez,
V., Manzo, S. and Beiras, R., 2019.
Leachates of micronized plastic toys provoke
embryotoxic  effects upon sea urchin

composition of plastic debris in the western Paracentrotus lividus. Environmental
North Atlantic Ocean. Marine Pollution Pollution,  247:706-715. DOI:10.1016/j.
Bulletin, 60(10):1873-1878. envpol.2019.01.098

DOI:10.1016/j.marpolbul.2010.07.020 Pittura, L., Avio, C.G., Giuliani, M.E,

Naji, A., Esmaili, Z., Mason, S.A. and
Vethaak, A.D., 2017. The occurrence of
microplastic ~ contamination in littoral

d’Erricol, G., Keiter, S.H., Cormier, B.,
Gorbi, S. and Regoli, F., 2018. Microplastics
as vehicles of environmental PAHs to marine
sediments of the Persian Gulf, Iran. organisms: combined chemical and physical
Environmental  Science and  Pollution
Research, 24(25):20459-20468. galloprovincialis.  Frontiers in  Marine
DOI:10.1007/s11356-017-9587-z Science, 5:103-132.
Napper, I.E. and Thompson, R.C., 2016. DOI:10.3389/fmars.2018.00103

Release of synthetic microplastic plastic Prunier, J., Maurice, L., Perez, E., Gigault, J.,

hazards to the mediterranean mussels, Mytilus

fibers from domestic washing machines:
Effects of fabric type and washing conditions.
Marine Pollution Bulletin, 112(1-2):39-45.
DOI:10.1016/j.marpolbul.2016.09.025

Nasrabadi, T., Nabi, R., Karbassi, A.R. and

Mehrdadi, N., 2010. Evaluating the

Pierson-Wickmann, A. and Davranche, M.,
2019. Trace metals in polyethylene debris
from the North Atlantic subtropical gyre.
Environmental  Pollution,  245:371-379.
DOI:10.1016/j.envpol.2018. 10.043

¥f


https://doi.org/10.1007/s11356-017-9587-z
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.1007/s12665-017-6682-x
https://doi.org/10.1007/s12665-017-6682-x

Radkhah, A.R., 2019. Prevalence of parasitic

diseases as a serious threat to the ornamental
fish industry: A study on the prevalence of
Argulus parasites in ornamental fishes of
Iran. Journal of Ornamental Aquatics,
6(3):13-22.
DOI:20.1001.1.24234575.1398.6.3.3.7
Radkhah, A.R., Eagderi, S. and Sadeghinejad
Masouleh, E., 2020. Investigation of
antimicrobial properties of silver
nanoparticles (AgNPs) to control diseases and
health management in aquaculture systems.
Journal of Ornamental Aquatics, 7(1):7-15.
DOI:20.1001.1.24234575.1399.7.1.4.1

Ramazanova, E., Bahetnur, Y., Yessenbayeva,

K., Lee, SH. and Lee, W. 2022
Spatiotemporal evaluation of water quality
and risk assessment of heavy metals in the
northern  Caspian Sea bounded by
Kazakhstan. Marine Pollution Bulletin,
181:113879.
DOI:10.1016/j.marpolbul.2022.113879

Rasta, M., Sattari, M., Taleshi, M.S. and

Imanpour Namin, J., 2020. Identification
and distribution of microplastics in the
sediments and surface waters of Anzali
Wetland in the Southwest Caspian Sea,
Northern Iran. Marine Pollution Bulletin,
160:111541.
DOI:10.1016/j.marpolbul.2020.111541

Reddy, M.S., Basha, S., Adimurthy, S. and

Ramachandraiah, G., 2006. Description of
the small plastics fragments in marine
sediments along the Alang-Sosiya ship-
breaking yard, India. Estuarine. Coastal and

Shelf Science, 68:656—660.

DOI:10.1016/j.ecss.2006.03.018

Reisser, J.W., Slat, B., Noble, K., du Plessis,

K., Epp, M., Proietti, M.C., de Sonneville,
J.D., Becker, T. and Pattiaratchi, C., 2015.
The vertical distribution of buoyant plastics at
sea: An observational study in the North
Atlantic Gyre. Biogeosciences, 12(4):1249-
1256. DOI:10.5194/bg-12-1249-2015

Rocha-Santos, T.A.P., and Duarte, A.C.,

(Eds.). 2017. Characterization and Analysis
of  Microplastics. In:  Comprehensive
Analytical Chemistry, Vol. 75. Elsevier.

Rodriguez-Grim’on, R., Campos, N.H. and

Castro, 1.B., 2021. Effect of maritime traffic
on water quality parameters in Santa Marta,
Colombia. Journal of Marine Science and
Engineering, 9:474.
DOI:10.3390/jmse9050474

Saeedi, M., Abessi, O. and Jamshidi, A., 2009.

Assessment of heavy metal and oil pollution
in surface sediments of South Eastern
Caspian Sea using indices. Journal of
Environmental Studies, 36(53):21-38.
DOI:10.1016/publication/286381609 (In
Persian)

Shim, W.J., Hong, S.H. and Eo, S., 2018.

Marine microplastics: abundance,
distribution, and composition. Microplastic
Contamination in Aquatic Environments, 1-
26. DOI:10.1016/B978-0-12-813747-
5.00001-1

Simonett, O., 2006. Vital Caspian Graphics;

Challenges beyond caviar. Published by
UNEP/GRID-Arendal, UNEP and Caspian
Environment programme. pp. 1-72.



e S5 Sae (Sosll o (Sinan

Crad oslal 5 dlae ol BT als

So, WK, Chan, K. and Not, C., 2018.
Abundance of plastic microbeads in Hong
Kong coastal water. Marine Pollution
Bulletin, 133:500-505. DOI:10.1016/j.
marpolbul.2018.05.066

Stolte, A., Forster, S., Gerdts, G. and
Schubert, H., 2015. Microplastic
concentrations in beach sediments along the
German Baltic coast. Marine Pollution
Bulletin, 99(1-2):216-229.
DOI:10.1016/j.marpolbul.2015.07.022

Thompson, R.C., Olsen, Y., Mitchell, R.P.,
Davis, A., Rowland, S.J., John, AW.G.,
McGonigle, D. and Russell, A.E., 2004. Lost
at sea: where is all the plastic. Science, 304:
838. DOI:10.1126/science.1094559

Tibbetts, J., Krause, S., Lynch, I. and
Sambrook Smith, G.H., 2018. Abundance,
distribution, and drivers of microplastic
contamination in urban river environments.
Water, 10(11):1597.
DOI:10.3390/w10111597

Townsend, K.R., Lu, H.C., Sharley, D.J. and
Pettigrove, V., 2019. Associations between
microplastic pollution and land use in urban
wetland sediments. Environmental Science
and Pollution Research, 26(22):22551-22561.
DOI:10.1007/s11356-019-04885-w

Tsang, Y.Y., Mak, C.W., Liebich, C., Lam,
S.W., Sze, E.T. and Chan, K.M., 2017.
Microplastic pollution in the marine waters
and sediments of Hong Kong. Marine
Pollution Bulletin, 115(1-2):20-28.
DOI:10.1016/j.marpolbul.2016.11.003

Tu, C,, Chen, T., Zhou, Q., Liu, Y., Wei, J.
and Waniek, J., 2020. Biofilm formation and

its influences on the properties of
microplastics as affected by exposure time
and depth in the seawater. Science of The
Total Environment, 734:139237.
DOI:10.1016/j.scitotenv.2020.139237

Turner, A. and Holmes, L.A., 2015. Adsorption
of trace metals by microplastic pellets in fresh
water. Environmental Chemistry, 12(5):600-
610. DOI:10.1071/En14143

Vedolin, M.C., Teophilo, C.Y.S., Turra, A.
and Figueira, R.C.L., 2018. Spatial
variability in the concentrations of metals in
beached microplastics. Marine Pollution

Bulletin, 129:487-493.
DOI:10.1016/j.marpolbul.2017.10.019
Veerasingam, S, Ranjani, M.,

Venkatachalapathy, R., Bagaev, A.,
Mukhanov, V. and Litvinyuk, D., 2021.
Contributions of Fourier transform infrared
spectroscopy in  microplastic  pollution
research: A review. Critical Reviews in
Environmental Science and Technology,
51(1):1-63.
DOI:10.1080/10643389.2020.1807450

Vianello, A., Boldrin, A., Guerriero, P.,
Moschino, V., Rella, R., Sturaro, A. and Da
Ros, L., 2013. Microplastic particles in
sediments of Lagoon of Venice, Italy: First
observations on occurrence, spatial patterns
and identification. Estuarine Coastal and
Shelf Science, 130:54-61.
DOI:10.1016/j.ecss.2013.03.022

Wagner, M., Scherer, C., Alvarez-Mu~noz, D.,
Brennholt, N., Bourrain, X., Buchinger, S.,
Fries, E., Grosbois, C., Klasmeier, J.,
Marti, T., Rodriguez-Mozaz, S., Urbatzka,

\f2


https://doi.org/10.3390/w10111597
https://doi.org/10.1007/s11356-019-04885-w
https://doi.org/10.1016/j.marpolbul.2016.11.003

R., Vethaak, A., Winther-Nielsen, M. and
Eifferscheid, G., 2014. Microplastics in
freshwater ecosystems: what we know and
what we need to know. Environmental
Sciences Europe, 26(1):1-9.
DOI:10.1186/s12302-014-0012-7

Wang, J., Li, J., Liu, S,, Li, H., Chen, X. and
Peng, C., 2021. Distinct microplastic
distributions in soils of different land-use
types: a case study of Chinese farmlands.
Environmental Pollution, 269:116199.
DOI:10.1016/j.envpol.2020.116199

Wen, B., Jin, S., Chen, Z., Gao, J., Liu, Y. and
Liu, J., 2018a. Single and combined effects
of microplastics and cadmium on the
cadmium accumulation, antioxidant defence
and innate immunity of the discus fish
(Symphysodon aequifasciatus).
Environmental ~ Pollution,  243:462-471.
DOI:10.1016/j.envpol.2018.09. 029

Yang, Y., Liu, W., Zhang, Z., Grossart, H. and
Gadd, G.M., 2020. Microplastics provide
new  microbial niches in  aquatic
environments. Journal of Microbiology and
Biotechnology, 104:6501-6511.
DOI:10.1007/s00253-020-10704-x

Yu, X, Yan, Y. and Wang, W.X., 2013. The
distribution and speciation of trace metals in
surface sediments from the Pearl River
Estuary and the Daya Bay, Southern China.
Marine Pollution Bulletin, 60(8):1364-1371.
DOI:10.1016/ j.marpolbul.2010.05.012

Yuan, W., Liu, X., Wang, W., Di, M. and
Wang, J., 2019. Microplastic abundance,
distribution and composition in water,
sediments, and wild fish from Poyang Lake,

v

China. Ecotoxicology and Environmental
Safety, 170:180-187.
DOI:10.1016/j.ecoenv.2018.11.126

Zeinolabedin, Y., Yahyapour, M.S. and

Shirzad, Z., 2009. Geopolitics and
Environmental Issues in the Caspian Sea,
Caspian Journal of Environmental Sciences,
7(2):113-121. DOI:10.1016.556508/en

Zhang, K., Su, J., Xiong, X., Wu, X., Wu, C.

and Liu, J., 2016. Microplastic pollution of
lakeshore sediments from remote lakes in
Tibet plateau, China.  Environmental
Pollution, 219:450-455.
DOI:10.1016/j.envpol.2016.05.048

Zhang, J., Zhou, F., Chen, C., Sun, X,, Shi, Y.,

Zhao, H. and Chen, F., 2018. Spatial
distribution and correlation characteristics of
heavy metals in the seawater, suspended
particulate matter and sediments in Zhanjiang
Bay, China. PLOS ONE, 13:0201414.
DOI:10.1371/journal.pone.0201414

Zhang, B., Chen, L., Chao, J., Yang, X. and

Wang, J., 2020. Research progress of
microplastics in freshwater sediments in
China. Environmental Science and Pollution
Research 27:31046-31060.
DOI:10.1007/s11356-020-09473-x

Zhao, S., Zhu, L. and Li, D., 2015. Microplastic

in three urban estuaries, China.
Environmental Pollution, 206:597-604.
DOI:10.1016/j.envpol.2015.08.027

Zhu, L., Xu, J., Wang, F. and Lee, B., 2011.

An assessment of selected heavy metal
contamination in the surface sediments from
the South China Sea before 1998. Journal of
Geochemical  Exploration,  108(1):1-14.
DOI:10.1016/j.gexpl0.2010.08.00


https://doi.org/10.1016/j.ecoenv.2018.11.126
https://doi.org/10.1371/journal.pone.0201414
https://doi.org/10.1016/j.envpol.2015.08.027

