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A B S T R A C T   

This literature review was conducted to collect present data on microplastics pollution in Iran’s ecosystems. Most 
of the studies performed in aquatic environment were conducted in Persian Gulf & Oman Sea (70%). The Persian 
Gulf, along with the beaches of Bushehr and Hormozgan Provinces, are the most studied areas. Moreover, most of 
the studies were conducted in aquatic environments and only four studies were conducted in terrestrial envi-
ronment (4/42). One study has assessed microplastics in commercial salt and another study has reported the 
microplastics presence in Iranian bottled mineral water brands. The investigation of microplastics associated 
with biota was highlighted, customarily for fish species. Microplastics were also present in urban wastewater 
samples in Sari and Bandar Abbas cities. Three studies were performed in freshwater ecosystems until now 
(Haraz River, Anzali wetland, and Taleqan dam). The need for further studies in this field still exists, especially in 
terrestrial and freshwater compartments.   

1. Introduction 

A variety of anthropogenic activities enter large amount of pollutants 
including emerging pollutants (Jafari Ozumchelouei et al., 2020) like 
microplastics into the aquatic environments, which affect them both 
directly (Hamidian et al., 2019; Mirzajani et al., 2016) and indirectly 
(Rezaei Kalvani et al., 2019; Mirzajani et al., 2015; Padash Barmchi 
et al., 2015). In addition, there are several characteristics that make 
plastic a remarkable multipurpose material in different sciences. In this 
regard, persistency, flexibility, lightweight, low cost, and waterproof 
property allow its usage for different applications (Pellini et al., 2018). 
However, resistance to degradation by microorganisms makes plastics 
persist for centuries in the environment, which threatens the ecological 
security (Thompson et al., 2004; Yoshida, 2016). Regarding the plastic 
pollution importance, The United Nations Environment Program 
(UNEP) defined the name of World Environment Day in 2018 as “Beat 
Plastic Pollution”. During the last 70 years, the annual plastic produc-
tion has increased from 1.5 million tons in the 1950s (PlasticsEurope, 
2015) to an estimated 335 million tons in 2016 (PlasticsEurope, 2018). 

Although there are hundreds of commercially available plastic 

materials, there are only a few polymers, which make up >80% of the 
total market demand. Polypropylene (PP) and low and high-density 
polyethylene (LDPE-HDPE) are the three most commonly used plastic 
polymers, mostly in packaging. Polyvinyl chloride (PVC), polyurethanes 
(PUR), polyethylene terephthalate (PET), and polystyrene (PS) are also 
used widely due to their various applications (PlasticsEurope, 2018). 

It is estimated that 4.8 to 12.7 million tons of plastic wastes annually 
end up in oceans via river inputs, so a constant increase is expected in 
the future (Jambeck et al., 2015). While the annual plastic release of 
land is estimated to be 4 to 23 times more than that is released to oceans 
(Horton et al., 2017). 

Since the 1970s, when the first reports of micro-sized particles have 
been published, marine plastic pollution has been of concern (Carpenter 
et al., 1972; Carpenter and Smith, 1972; Colton et al., 1974). However, 
“microplastics” were firstly described by Thompson et al. in 2004 who 
reported the occurrence and the presence of microplastics on shorelines 
around Plymouth, UK (Thompson et al., 2004). 

Microplastics are defined as a broad range of polymers, particle sizes, 
and densities which are possible threats to aquatic ecosystems and have 
potential adverse impacts on human health (Van Cauwenberghe and 
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Table 1 
Reviewed studies on microplastics pollution in Iran salt and freshwater systems (Water and Sediment).  

Sampling location Sample Sampling tool Preparation and 
identification method 

Microplastics 
concentration 

Dominant 
microplastics 
characteristics 
(shape, polymer, 
color, size) 

Remarks Reference 

Farahabad, 
Caspian Sea 

Surface 
water 

Neuston net 
50 μm mesh 
size 

Extraction with NaCl, 
Digestion with H2O2 + Fe 
(ІІ), Optical analysis by 
microscope (×40) 

– – Microplastics and Ash 
particle dispersion were 
remarkable on the 
beaches in Farahabad 
Sari area. 

Mataji and 
Shokrollah 
Zadeh Taleshi, 
2016 

Kheyrud, 
Nowshahr, 
Caspian Sea 

Littoral 
sediment 

– Extraction with NaCl, 
Digestion with H2O2 + Fe 
(ІІ), Optical analysis by 
microscope (×40) 

21 pieces Foam, PS, White Foam and fragment 
plastic particles 
comprised 35 and 31% 
of the total 
microplastics, 
respectively. 

Mataji and 
Shokrollah 
Zadeh Taleshi, 
2017 

Noor Shores, 
Caspian Sea 

Shore 
sediment 

– NOAA protocol: visual 
selection in 1 × 1 m2 

quadrates 

4263 particle/m2 

resin pellets and 3468 
fragments 

Resin pellet, 
White 

The amount of collected 
plastic increased after 
storm and rainfall and 
most of microplastics 
were of primary type. 

Masoudnik 
et al., 2017 

Khor-e-Azini, 
Khor-e- 
Yekshabeh, 
Gorsozan, Suru, 
Bostanu, Persian 
Gulf 

Littoral 
sediment 

A stainless 
steel spoon 

1 m2 wooden frame, 
Extraction with two-step 
air-induced overflow 
(AIO), NaCl and NaI, 
Optical analysis by FT-IR 

Bostanu (1258 ± 291 
particles/kg dry 
sediment), Gorsozan 
(122 ± 23), Khor-e- 
Yekshabeh (26 ± 6), 
Suru (14 ± 4), Khor-e- 
Azini (2 ± 1) 

Fibers, PET Prevalence of 
microplastics pollution 
was generally reflective 
of the level and 
proximity to industrial 
and urban area 

Naji et al., 
2017a 

Khor-e-Azini, 
Khor-e- 
Yekshabeh, 
Gorsozan, Suru, 
Bostanu, Persian 
Gulf 

Littoral 
sediment 

A stainless 
steel spoon 

1 m2 wooden frame, 
Extraction with two-step 
air-induced overflow 
(AIO), NaCl and NaI, 
Optical analysis by FT-IR 

Khor-e-Yekshabeh 
(125 ± 25 particles/ 
kg dry sediment), 
Gorsozan (103 ±
12.6), Khor-e-Azini 
(42.7 ± 5.5), Bostanu 
(36.0 ± 7.2), Suru (n. 
d) 

Fiber, PET, 56% 
of MPs were in 
the size category 
of 1–4 mm 

The range of abundances 
and maximum 
microplastics value were 
lower in low tide than 
those at high tide except 
for mangrove sampling 
stations because of its 
role in trapping 
microplastics particles 

Naji et al., 
2017b 

Khark Island, 
Persian Gulf 

Coastal 
sediments 

A stainless 
steel spade 

Extraction with two step 
with NaCl and NaI, 
Optical analysis by 
microscope (×200) and 
SEM/EXD 

A total of 1650 items, 
highest concentration 
of the MPs: 217 ± 20 
items/200 g dry 
sediment, lowest 
concentration with 59 
± 20 items/200 g dry 
sediment 

Fragment, Black, 
MPs <100 μm 

A significant linear 
relationship was 
observed between the 
amount of microplastics 
and potential toxic 
elements such as Cu, Cd, 
Ni, Mo, Pb As, Zn, Hg 
and PAHs 

Akhbarizadeh 
et al., 2017 

Lashtegan and 
Gelkan, Persian 
Gulf 

Coastal 
sediments 

A stainless 
steel spoon 

Extraction with two-step 
air-induced overflow 
(AIO), NaCl and NaI, 
Optical analysis by FT-IR 
and SEM/EXD 

Lashtaghan (26.5 ±
6.36), Gelkan (19.5 ±
6.36) microplastic/kg 
sediment 

Fiber Lashtegan station sample 
had more microplastics 
within it, which was 
attributed to more 
anthropogenic activities 
in this area. Most of the 
microplastics were 
separated in the first step 
separation by NaCl 

Nuri and Naji, 
2017 

Khor-e-Azini, 
Khor-e- 
Yekshabeh, 
Gorsozan, Suru, 
Bostanu, Persian 
Gulf 

Coastal 
sediments 

A stainless 
steel spoon 

Extraction with two step 
with NaCl and NaI, 
Optical analysis by FT-IR 

A total of 1422 
microplastic/kg 
sediment at high tide 
stations and 306 in 
low tide stations. 

Fiber, PE It was concluded that the 
accumulation of 
microplastics near the 
upper tidal line is higher 
than the low tide- No 
relation was found 
between microplastics 
concentration in the 
sediment and sediment 
pH. 

Esmaili and 
Naji, 2018 

TV park, Jofreh, 
Shoghab, 
Rishshr, Lian 
park, 
Bandargah, 
Negin island, 
Abasak island, 
Shif island, 
Bushehr, Persian 
Gulf 

Coastal 
sediment 

– Extraction by NaCl, 
Identification by Nile Red 
(NR) staining, Optical 
analysis by 
epifluorescence 
microscope 

82,612 plastic 
particle/m2 

White, 2–5 mm The average metal 
concentration in the 
sediment was higher 
than that of the 
microplastic, due to the 
higher specific surface 
area of the sediments. 

Dobaradaran 
et al., 2018 

– 

(continued on next page) 
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Table 1 (continued ) 

Sampling location Sample Sampling tool Preparation and 
identification method 

Microplastics 
concentration 

Dominant 
microplastics 
characteristics 
(shape, polymer, 
color, size) 

Remarks Reference 

Bandar Abbas city, 
Persian Gulf 

Coastal 
sediment 

Extraction with NaCl, 
Digestion with H2O2 + Fe 
(ІІ), Optical analysis by 
FT-IR 

The total number of 
microplastics was 
195,104 with average 
amount of 3252 
particle/m2 

Foams, EPS, LMPs 
accounted for 
67% of the total 
microplastics 

A significant difference 
between the urban and 
nonuse beaches in case 
of microplastics 
contamination levels 
were observed. 

Nabizadeh 
et al., 2019 

Bandar Lengeh, 
Lashtaghan, 
Mardoo, Bandar 
Gelkan, Bandar 
Angur, Persian 
Gulf 

Surface 
sediments 

Stainless steel 
shovel 

Extraction with two-step 
air-induced overflow 
(AIO), NaCl and NaI, 
Optical analysis by FT-IR 
and FE/SEM 

The mean number of 
S-MPPs at the five 
sampling sites in 
Bandar Gelkan (19.5 
particles/kg dry 
sediment) and Bandar 
Lengeh (35.4 
particles/kg dry 
sediment) 

Fiber, 10–300 μm 
size class were 
dominant, Black 

Abundance of S-MPPs 
increased with the 
decreasing in their size 

Naji et al., 2019 

Chabahar Bay, 
Makran Coasts, 
Gulf of Oman 

Surface 
water 

Neuston net 
333 μm mesh 
size 

Extraction with NaCl, 
Digestion with H2O2 + Fe 
(ІІ), Optical analysis by 
FT-IR 

Density of 
microplastics varied 
from 0.07 ± 0.03 to 
1.14 ± 0.27 with an 
average density of 
0.49 ± 0.43 particle/ 
m3 

Fiber, PE, White, 
100–500 μm  

Aliabad et al., 
2019 

Bushehr, Persian 
Gulf 

Coastal 
sediment 

A stainless 
steel grab 
sampler 

Extraction with NaI, 
Digestion with H2O2, 
Optical analysis by 
Fluorescence and 
polarized light 
microscopies (×100) 

A total of 577 pieces of 
microplastics were 
observed (mean of 
47.25 ± 43.7 mg/kg) 

Fiber, White, 
500–1000 μm 

A positive and strong 
correlation was observed 
between microplastics 
and toxic elements 
probably due to common 
source. However, no 
relationship was found 
between PAHs and 
microplastics in the this 
study 

Abbasi et al., 
2019a 

Coastal areas of 
Bandar Abbas, 
Persian Gulf, 
Hormozgan 
Province 

Surface 
sediments 

Core samples 
(10 cm) 

Extraction with ZnCl2, 
Digestion with H2O2, 
Optical analysis by 
stereomicroscope (×40) 
and FT-IR 

Total number of MPs 
ranged from 3542 to 
33,561 items/m2 in 
different stations 

Filaments, White 
(Khor-e- 
Yekshabeh and 
Suru) and Blue 
fragments 
(Gorsozan) 

Composition and 
abundance of 
microplastics in surface 
sediments and their 
interaction with 
sedimentary heavy 
metals, PAHs and TPH 
(total petroleum 
hydrocarbons) were 
assessed 

Foshtomi et al., 
2019 

Haraz River 
estuary, 
Mazandaran 
Province 

Water and 
sediment 

A planktonic 
trawl 300 μm 
mesh size 
(water 
samples), a 
Van Veen grab 
(sediment 
samples) 

Extraction with NaCl, 
Digestion with H2O2 + Fe 
(ІІ), Optical analysis by 
stereomicroscope SEM/ 
EDX and DSC 

A total of 299 
microplastic particles 
in 203.52 m3 water 
samples and 8 
microplastics particles 
from 8 kg sediment 
samples were 
obtained 

White, EVA and 
LDPE 

EDX analysis showed 
elements forming the 
microplastics structures 
including, carbon, 
chlorine, iron, sodium, 
aluminum, potassium, 
calcium, silica, and 
oxygen 

Naeeji et al., 
2020 

Taleqan dam, 
Alborz province 

Sediment Van Veen grab 
sampler and 
hand spade 

Extraction with NaI, 
Digestion with H2O2, 
Optical analysis by 
stereomicroscope and 
SEM/EDX 

Maximum of the 
counted microplastics 
particles were 
observed in Taleqan 
City area with 2050 
particles/300 g and 
minimum number was 
observed in the dam 
reservoir with 478 
particles/300 g of 
sediment 

Polyhedral, PP, 
Transparent, 
100–250 μm 

The concentration of 
microplastics in the 
stations near the urban 
and rural areas were 
higher due to the entry of 
sewage and the release 
of municipal solid wastes 

Yeganeh Far 
et al., 2020 

Anzali Wetland, 
Guilan Province 

Surface 
waters and 
sediments 

Plankton net 
350 μm mesh 
size (water 
samples), A 
Van Veen grab 
sampler 
(sediment 
samples) 

Extraction with NaCl, 
Optical analysis by 
Stereomicroscope ×40, 
SEM/EDS and FT-IR 

The abundances of 
MPs in sediment 
samples were 
140–2820 and 
113–3690 items/kg 
dry weight while in 
surface waters were 
0.40–4.41 and 
0.19–2.85 items/m3 

in June and January, 
respectively 

Fiber, PP, Red, 
1000–2000 μm 

MPs concentrations were 
highest in the vicinity of 
urban area (Shanbe 
bazar) 

Rasta et al., 
2020 

(continued on next page) 
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Janssen, 2014). The presence of microplastics has been reported in 
various types of environments, from seawater (Avio et al., 2017) to 
freshwater (Horton et al., 2017), from remote areas (Free et al., 2014) to 
urban populated places (Dris et al., 2015a), from beach (Lots et al., 
2017) of deep-sea sediment (Van Cauwenberghe et al., 2013), and from 
terrestrial environments (Horton et al., 2017) to the atmosphere and 
breathing air worldwide (Gasperi et al., 2015; Dris et al., 2016). There 
still is no general agreement on microplastics size, especially on a lower 
size limit, but there is no doubt that they have a relatively large area to 
volume ratio because of their small size (Setälä et al., 2014; Frias and 
Nash, 2019). However, the most extended term in the papers is any 
polymer with the largest dimension smaller than 5 mm or within the size 
smaller than 5 mm (Arthur et al., 2009; Hidalgo-Ruz et al., 2012; Eerkes- 
Medrano et al., 2015). Several authors have reported either large 
microplastics (L-MPP, range 1–5 mm) or small microplastics particles (S- 
MPP, <1 mm) (Imhof et al., 2012; Vianello et al., 2013). 

Microplastics fall within two categories as follows: primary and 
secondary. Primary microplastics are industrially manufactured as 
microbeads with different sizes and are used in personal care products, 
sandblasting media and or as the larger virgin plastics pellets (resin 
pellets or nurdles) intended as raw materials for the fabrication of other 
products. Secondary microplastics are typically driven from the frag-
mentation of larger plastic debris items due to several degradation 

mechanisms occurring together, including solar radiation, physical, 
chemical or biological processes on their litter (Cole et al., 2011; 
Andrady, 2017). Fragmentation process can increase the number of 
particles per unit of mass and surface area (Horton et al., 2017). Notably, 
the degradation process of plastics happens very slowly during a long- 
term period (Yu et al., 2018). 

In aquatic systems, microplastics can be mistaken for food, which are 
inadvertently or deliberately ingested by a wide range of organisms, 
resulting in physical damage such as internal abrasions and blockages 
(Wright et al., 2013; Browne et al., 2015). More than 250 marine species 
are believed to be affected by plastic ingestion (Laist, 1997). The trophic 
transfer of microplastics in the aquatic food web has been demonstrated 
by some researchers (Farrell and Nelson, 2013; Setälä et al., 2014). It 
was suggested that trophic transfer may represent an indirect, but the 
major pathway of microplastics ingestion (Nelms et al., 2018). Micro-
plastics can also act as vectors for the transportation of hazardous hy-
drophobic organic chemicals (HOC), POPs, additives, plasticizers 
(Koelmans et al., 2016; Hartmann et al., 2017), and heavy metals 
(Brennecke et al., 2016; Wang et al., 2017; Abbasi et al., 2020). It has 
been evaluated that additives may constitute approximately 15% of the 
weight of plastics; approximately 2% of which are annually omitted 
(Naji et al., 2018). 

Besides the potential physical impacts of the ingested microplastics, 

Table 1 (continued ) 

Sampling location Sample Sampling tool Preparation and 
identification method 

Microplastics 
concentration 

Dominant 
microplastics 
characteristics 
(shape, polymer, 
color, size) 

Remarks Reference 

Mazandaran, 
Southern coasts 
of the Caspian 
Sea 

Coastal 
sediment 

A Van Veen 
sediment grab 

Extraction with NaI, 
Digestion with H2O2, 
Optical analysis by 
Stereomicroscope ×200, 
SEM/EDS analysis, 
polarized light microscopy 
and Raman micro- 
spectroscopy 

The abundance and of 
microplastics in the 
sediment samples 
ranged between 25 
and 330 items/kg 

Fiber, PS, PE, 
Black-gray 
250–500 μm 

The abundances of 
microplastics in this 
study showed spatial 
variation implying the 
relative level of 
industrialization and 
urbanization 

Mehdinia et al., 
2020 

Persian Gulf Surface 
water 

Neuston net 
300 μm mesh 
size 

Extraction with ZnCl2, 
Digestion with H2O2 + Fe 
(ІІ), Optical analysis by 
light stereomicroscopes, 
FT-IR 

Microplastics were 
found in all sampling 
stations with the 
density varied from 
1.5 × 103 to 4.6 × 104 

particle⋅km− 2 and a 
mean density of 1.8 ×
104 particle/km 

Fiber, PE, White, 
1000–3000 μm 

Microplastics particles 
were more abundant in 
inshore stations than 
that offshore station. 
West part stations mean 
microplastics value was 
higher than East part and 
toward Gulf of Oman 

Kor and 
Mehdinia, 2020 

Northern part of 
the Oman Sea 

Littoral 
sediment 

Stainless-steel 
shovel 

Extraction with two-step 
density separation, NaCl 
and ZnCl2, Digestion with 
H2O2, Optical analysis by 
light stereomicroscopes, 
FT-IR 

Microplastics 
abundance ranged 
from 138.3 ± 4.5 to 
930.3 ± 49.1 
particles/kg 

Fiber, PE, White, 
100–500 & 
500–1000 μm  

Kor et al., 2020 

Chabahar Bay, 
Gulf of Oman 

Water and 
littoral 
sediment 

A 12-V dc 
pump, at the 
depth of ≈20 
cm (water 
samples) 

Extraction with two-step 
air-induced overflow 
(AIO), NaCl and NaI, 
Digestion with H2O2, 

Optical analysis by μ-FT- 
IR 

Density in water 
samples was between 
86 and 362 particles/L 
(average density 218 
± 17 particles/L). In 
the sediment, 
microplastics density 
was between 112 and 
468 particles/L 
(average density of 
262 ± 17 particles/ 
kg) 

Fiber and 
fragment, PE, 
Black, <1000 μm 

Highest microplastics 
concentrations were in 
stations near to urban, 
commercial, 
recreational, and fishing 
sites 

Hosseini et al., 
2020 

Mangrove Forests, 
Counties of the 
Nayband Gulf 
(Nayband 
National Marine 
Park), Nakhilo 
Island, and 
Bardestan, 
Persian Gulf 

Littoral 
sediment 

A stainless 
steel spoons 

Extraction with NaCl, 
Digestion with H2O2, 

Optical analysis by FT-IR 
and Raman 

The highest average 
number of particles 
separated per unit 
area (m2) was 416 in 
Bidkhoun (urban 
area) station 

Fiber, PS, White 
(sediment 
samples), 
250–500 μm 

The larger the texture, 
the more plastic particles 
are placed in it. High tide 
area showed higher 
microplastics density 

Maghsodian 
et al., 2020  
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toxicity could also happen by leaching from some constituent contam-
inants in plastic particles, which consequently causes carcinogenic and 
endocrine disruptions (Wright et al., 2013). Regarding the impacts of 
microplastics on aquatic organisms, this fact could harm the biota and 
human being health statuses. 

These problems have caused a rapid and exponential increase in the 
number of scientific publications that studies microplastics in different 
compartments worldwide (Cole et al., 2011; Horton et al., 2017; Zhang 
et al., 2018). Iran is the 18th largest and the most populated countries in 
the world (Khayamabshi, 2016). About half a million tons of plastic are 
annually consumed in Iran and this country ranks as fifth globally in this 
regard (“High plastic consumption”, 2018). About 5000 tons of plastic 
are dumped in landfills every day (Khayamabshi, 2016) and packaging 
industry is the greatest consumer of plastic polymers in Iran (Dehghani 
et al., 2017). The amount of plastic waste entering the ocean from land 
for Iran in 2010 was estimated between 0.01 and 0.25 million MT 
(Jambeck et al., 2015). Regarding the reason that Iran should be a water- 
scarce country and its location in the belt of arid and semiarid regions 
(UNESCO, 1977), the quality of its aquatic resources is even at a greater 
risk with a supposed increasing background of microplastics; empha-
sizing the need for further research. Hence, the present review aimed to 
gather and analyze the scientific articles that investigated microplastics 
in Iran’s ecosystems, to obtain an overview of the state of the art of the 
studies conducted on microplastics in Iran and to identify possible gaps 
in this knowledge. 

2. Methodology 

The review was conducted through bibliographical research in 
several national/international databases regarding their data quality 
both in English and in Persian in November 2020. These databases 
include the most important and frequently used scientific databases in 
Iran, namely scientific information database (SID), Magiran, and Civi-
lica. Google Scholar and ISI Web of Science were also used for English 
papers. Some keywords such as “microplastic”, “pellet”, “fragment”, 
“Iran”, “biota”, and “wastewater” were used to retrieve valid data re-
cords in the databases. All papers (n = 42) dealing with microplastics in 
the environments and those that had been performed as field studies, 
were included in this study. We mentioned those journal and congress 
field studies focusing on microplastics in the ecosystem of Iran. Congress 
papers were also included in the present review as data because these 
studies are considered as important as well. Besides sea surface water 
and littoral sediment, microplastics in other compartments such as 
biota, air, and dust and bottled water were also reviewed in this search 
in the second part. Microsoft Office Excel was used to compare the ob-
tained data. We answered the following questions: (I) How has the sci-
entific research on microplastics evolved in Iran in recent years?; (II) 
which compartments were studied in the case of microplastics?; (III) 
How many parts of the country were studies by researchers in this area?; 
And (IV) What are the main scientific knowledge gaps to inform and 
guide future work? 

3. Results and discussion 

3.1. Microplastics in freshwater environments 

Three papers have been recently published on microplastics in inland 
waters of Iran. Microplastics contamination was reported in water and 
sediments along with the Haraz River estuary, in the Mazandaran 
Province in northern Iran. Micro particles’ morphology and elemental 
compounds were also analyzed using SEM/EDX. Moreover, differential 
scanning calorimetry (DSC) was used for the polymers’ identification. A 
total of 299 microplastics particles in 203.52 m3 water and 8 micro-
plastics particles in 8 kg sediments were obtained. As it was found, Poly 
(ethylene-co-vinyl acetate) (EVA) and low density polyethylene (LDPE) 
polymers were more abundant than the other polymers. EDX analysis 

showed the elements forming the microstructures including, carbon, 
chlorine, iron, sodium, aluminum, potassium, calcium, silica, and oxy-
gen (Naeeji et al., 2020). Table 1 illustrates the revised studies on 
microplastics pollution in Iran’s fresh and salt water aquatic systems 
including water, sediment or both of them. 

Yeganeh Far et al. in 2020 assessed the potential of Taleqan dam as 
reservoir for microplastics accumulation. Sampling was performed at 15 
stations in the upstream of the river and the dam reservoir foe sediment. 
The maximum microplastics particles (2050 particles/300 g) were 
observed in Taleqan City area and the minimum number was observed 
in the dam reservoir (478 particles/300 g). It was suggested that the 
concentration of microplastics in the stations near the urban, rural, and 
dock areas of the dam areas were higher due to the release of municipal 
solid wastes (Yeganeh Far et al., 2020). 

The distribution of microplastics in the sediments and surface waters 
of Anzali Wetland in the Southwest Caspian Sea, Northern Iran, was also 
assessed. MPs abundances in sediment samples were 140–2820 and 
113–3690 items/kg dry weight, while in surface waters, they were 
0.40–4.41 and 0.19–2.85 items/m in June and January, respectively. 
MPs concentrations were the highest in the vicinity of urban area 
(Shanbe bazar). Fiber was the most common shape and red, black, and 
blue colors were the most frequent microplastics colors. Particles with 
the size ranged from 1 to 2 mm were the particles with the dominant 
size. Polypropylene, polyethylene, and polyester were the most 
frequently found polymers in this study (Rasta et al., 2020). 

3.2. Microplastics in saltwater environments 

Iran has an extensive coastal area with approximately 1770 km along 
with the Persian Gulf and the Gulf of Oman in the South and 650 km 
along with the Caspian Sea in the North of the country (Alamdari et al., 
2012). 

3.2.1. Microplastics in the Caspian Sea (North of Iran) 
The Caspian Sea is the world’s largest inland body of water, which is 

bordered by following five countries: Azerbaijan, Iran, Kazakhstan, 
Russia, and Turkmenistan. It has huge oil and natural gas reserves, 
which have attracted the attention of the international oil and gas in-
dustries. The Caspian Sea is an enclosed sea with the limited water ex-
change and high industrial and agricultural industries (Tolosa et al., 
2004), so there is an urgent need to address the contamination of this 
water body by different types of pollutants like microplastics. Based on 
our information, the first study performed on microplastics in Iran was 
reported in Persian by Mataji and Shokrollah Zadeh Taleshi (2016) who 
dealt with the presence of microplastics in surface waters of the Caspian 
Sea in Farahabad, Sari, in Mazandaran Province. Although the presence 
of microplastics and ash particles are high in surface waters of the 
southern Caspian Sea, as Farahabad, microplastics concentration was 
not exactly reported in this paper (Mataji and Shokrollah Zadeh Taleshi, 
2016). Microplastics studies conducted on Iran’s aquatic ecosystems 
(water and sediment) are summarized in Table 1. The source of ash 
particles was also attributed to Neka combined power plant, which uses 
coal as well. Moreover, in another study by the same search team, 
microplastics in littoral sediments of Kheyrud, Nowshahr, were inves-
tigated in three size groups (0.333–1, 1–4.75, and <4 mm). Foam, fiber, 
fragment, and film micro-sized plastic items were observed under the 
microscope. Finally, the results showed that white-colored foam shapes 
comprised the most abundant microplastics (Mataji and Shokrollah 
Zadeh Taleshi, 2017). 

In the same year, Masoudnik et al. evaluated the frequency and 
distribution of resin pellets and plastic figments in Noor shores, Caspian 
Sea. National Oceanic and Atmospheric Administration (NOAA) in-
struction for marine debris monitoring and assessment was used in this 
study (Lippiatt et al., 2013). In addition, selective sampling was done in 
the field, which consists of direct extraction from the environment of the 
items that are recognizable via the unequipped eye, usually on the 
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surface of sediments (Hidalgo-Ruz et al., 2012). As a result, Micro-
plastics were more frequent than meso and macroplastics. Resin pellets, 
which are primary microplastics with a total of 4263 item⋅m− 2, also 
were the most dominated microplastics type, which most of them are 
white-colored. The total plastic waste percentage based on weather 
conditions showed that the amount of the collected plastic increases 
after storm and rainfall. By investigating the origin of microplastics, it 
was concluded that resin pellet is probably originated from a specific 
source like Chamestan industrial zone due to numerous plastics in-
dustries (Masoudnik et al., 2017). 

In a comprehensive research, MPs were identified in the sediments of 
southern coasts of the Caspian Sea. This study is the first report con-
ducted on the microplastics in the sediments of the southern Caspian 
coastal zones, written in English. The abundance of microplastics in this 
study varied from 25 to 330 items/kg and a total of 1830 microplastics 
particles were found. The distribution of microplastics in the most 
popular and high visited beaches in Iran were heterologous and higher 
microplastics concentrations were observed near the mouth of perma-
nent rivers and in the regions with higher levels of the fishing and 
tourism activities. In this study, the microplastics concentration was 
higher than that of the coastal sediments of the Singapore and Bering 
Sea/China (22.8 and 37 items/kg, respectively) (Nor and Obbard, 2014; 
Mu et al., 2019). Carbon and oxygen were found as the major constit-
uents of polymer materials with minor values of hydrogen, sulfur, sili-
con, chlorine, Na, Si, Al, Cl, Mg, Al, S, Ti, Ba, and Fe. Urban and tourism 
wastes, shipping and fishing activities, oil and gas exploitation, and 
input from rivers were recognized as the main sources of microplastics in 
the region (Mehdinia et al., 2020). 

3.2.2. Microplastics in the Persian Gulf and Oman Sea (South of Iran) 
Sediment sampling is predominantly used by researchers to investi-

gate the occurrence of microplastics in South of Iran. The Persian Gulf is 
one of the largest gulf areas in the world with a total area of approxi-
mately 240,000 km2. It is semi-enclosed body of water, which is highly 
affected anthropogenically, especially in the oil industry, fishery, and 
shipping (Nadim et al., 2008). This region is bounded by several coun-
tries, including Iran, Iraq, Kuwait, Saudi Arabia, Qatar, Bahrain, United 
Arab Emirates, and Oman. 

In a Persian written paper, Sarafraz et al. (2016) assessed and pre-
sented the abundance and composition of marine beach debris in the 
northern Persian Gulf city of Bandar Abbas, by focusing on the roles of 
tourism and recreational activities. Their results showed that plastic- 
polystyrene (81%) is the largest proportion of marine litter found in 
coastlines (Sarafraz et al., 2016). 

Naji et al. (2017a) presented the presence of microplastics in littoral 
sediments along with the beaches of Strait of Hormuz by sampling five 
sites (Khor-e-Azini, Khor-e-Yekshabeh, Gorsozan, Suru, and Bostanu) 
during high tide. Sampling was conducted as completely randomized 
within some transects of 1 m2. In this study, the microplastics separation 
method was carried out by two-stage floatation, and due to the low 
organic matter load in the samples, the organic decomposition stage was 
not performed with hydrogen peroxide. Fourier transform infrared 
spectroscopy (FTIR) was used to analyze the chemical composition of 
samples. The maximum number of microplastics was observed at the 
Bostano station (which is an industrial area with industrial wastewater 
output) with a concentration of 1258 ± 291 microplastic/kg dry sedi-
ment and the minimum number belonged to the Khor-e-Azini station (a 
protected area) with a concentration of 2 ± 1 microplastic/kg sediment. 
The dominant types of polymers were PE, nylon, and PET, and the dis-
tributions’ order of microplastics regarding their physical shapes was as 
follows: fragments > film > fiber (Naji et al., 2017a). 

During low tide, microplastics were different in the same stations, 
and statistical analysis of the microplastics between the stations showed 
a significant difference between high and low tide values. In this study, 
the microplastics separation method was carried out by two-stage floa-
tation, noting that on average, 26% of the retrieved microplastics were 

extracted during the fluidization of sediment in a saturated NaCl and the 
remaining 74% were obtained in the next step by NaI. The highest and 
lowest microplastics were recorded at the Khor-e-Yekshabeh station 
(mean 125 ± 25microplast/kg dry sediment) and Suru station (not 
observed), respectively. The highest microplastics concentration was 
observed in two stations with extensive recreational and fishing activ-
ities, urban wastewater output, and construction. Regarding the roles of 
root and soil trapping of mangrove trees at the Khor-e-Yekshabeh sta-
tion, a higher microplastics concentration was observed. More than half 
of the microplastics isolated in this study had a size ranged from 1 to 4.7 
mm and 44% of them were 10 μm to <1 mm in size (Naji et al., 2017b). 
By comparing the results of the two above-mentioned investigations at 5 
identical stations, in two high and low tides, it was found that the range 
of abundances and maximum microplastics value were lower in low tide 
except for mangrove sampling stations because of their roles in trapping 
microplastics particles. The need of systematically examining where 
microplastics tend to accumulate across the beach zone was highly 
recommended by this search group. 

In the same year, Akhbarizadeh et al. assessed microplastics and 
potentially toxic elements in offshore sediments of Iran’s main oil ter-
minal in Khark Island, Persian Gulf. In this study, the main forms of 
microplastics were fragment and fiber, ranging from 59 to 217 micro-
plastic/200 g dry sediment at different sampling stations. Moreover, 
black microplastics were the most abundant type among various plas-
tic’s colors. Notably, MPs <100 μm had the highest frequency. A sig-
nificant linear relationship was also observed between the number of 
microplastics and potentially toxic elements such as Cu, Cd, Ni, Mo, Pb 
As, Zn, Hg, and PAHs as well as population density and industrial ac-
tivity in this region. Microplastics were recognized as a potential vector 
for carrying other pollutants. Both ocean-based sources (e.g., fishing 
nets) and land-based sources (such as industrial and domestic waste-
water outputs) were identified for microplastics in regional sediments. A 
significant positive correlation was also observed between the human 
population density and industrial activity with the abundance of 
microplastics (Akhbarizadeh et al., 2017). 

Nuri and Naji in their study determined the frequency, distribution, 
and shapes of microplastics in coastal sediments of Gelkan and Lashta-
ghan Ports in Hormozgan. The amount of microplastics was measured at 
the Gelkan and Lashtaghan stations as 19.5 ± 6.36 and 26.5 ± 6.36 
microplastic/kg sediment, respectively. It was noted that microplastics 
in the port of Gelkan could be due to mangrove vegetation at this station, 
in which soil and roots act as barriers and trap the microplastics parti-
cles. This fact was also mentioned in the study performed by Naji et al. 
(2017b) at Khor-e-Yekshabeh Station (Naji et al., 2017b). The Lashta-
ghan station was more affected by human activities and untreated 
wastewater compared to the Gelkan station (Nuri and Naji, 2017). 
Wastewaters usually undergo three treatment stages as follows: primary, 
secondary, and tertiary or advanced treatment (Mojoudi et al., 2018, 
2019). Primary treatment is performed based on physical removal of 
pollutants, whereas the secondary treatment stage removes contami-
nants using biological methods (Alavian Petroody et al., 2017; Mirzajani 
et al., 2017; Hamidian et al., 2016; Mansouri et al., 2013). Most of these 
microplastics were separated in the first step of separation by NaCl. 
However, this was in contrast with the result observed by Naji et al. 
(2017b). 

Microplastics in upper and lower tidal sediments were investigated 
by sampling the five same stations assessed by Naji et al. (2017a,b). 
Optical analysis of the filters was performed using a stereomicroscope. 
The total potential microplastics concentration in the high tidal stations 
was 1422 particles. At low tidal stations, 62 potential plastic particles 
were retrieved. Of total microplastics found in these stations, about 83% 
were found in the upper tidal zone and 17% of them were in the lower 
tidal zone, so it can be concluded that the accumulation of microplastics 
is higher near the upper tidal line. Therefore, the upper tidal area is a 
more suitable location for sampling. Notably, the relationship between 
microplastics distribution in sediment and pH at each station was not 
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Table 2 
Reviewed studies on microplastics pollution in Iran aquatic systems (Biota).  

Location Organism Accumulation 
organ 

Preparation and 
identification method 

Microplastics 
concentration 

Dominant 
microplastics 
characteristics 
(shape, 
polymer, color, 
size) 

Remarks Reference 

North of the 
Persian Gulf 

Fish species: Shrimp 
scad (Alepes 
djedaba), Orange- 
spotted grouper 
(Epinephelus 
coioides), Pickhandle 
barracuda 
(Sphyraena jello), 
Bartail flathead 
(Platycephalus 
indicus) 

Muscle Digestion by KOH, 
H2SO4, HNO3, H2O2 

and microwave, 
Optical identification 
by binocular 
microscope (×200) 
and SEM 

The mean MPs 
(item/10 g fish 
muscle) in P. indicus, 
E. coioides, 
A. djedaba, and 
S. jello was 18.50 ±
4.55, 7.75 ± 2.16, 
8.00 ± 1.22, 5.66 ±
1.69, respectively. 

Fiber, Black The relationship 
between metals 
(except Hg) and fish 
size was not clear 
and consistent. 

Akhbarizadeh 
et al., 2018 

Musa Estuary, 
Persian 
Gulf 

Fish species: Bartail 
flathead 
(Platycephalus 
indicus), Greater 
lizardfish (Saurida 
tumbil), Northern 
whiting (Sillago 
sihama), Tongue sole 
(Cynoglossus 
abbreviatus) and tiger 
prawn (Penaeus 
semisulcatus) 

Guts 
(gastrointestinal 
tracts), skin, 
muscle, gills and 
liver of fish and 
exoskeleton and 
muscle of the tiger 
prawn 

Digestion by KOH, 
H2SO4, HNO3, H2O2, 

Extraction with NaCl, 
Optical identification 
by polarized light, 
fluorescence, SEM/ 
EDS 

The mean abundance 
in individual tiger 
prawn 7.8 (1.51 
mean/g), P. indicus 
21.8 (0.59 mean/g), 
S. sihama 14.1 (0.25 
mean/g), 
C. abbreviates 12 
(0.16 mean/g) and 
S. tumbil 13.5 (0.37 
mean/g) 

Fiber, Black, 
<100 to >1000 
μm 

MPs were generally 
larger in the gills and 
gastrointestinal tract 
than in other organs. 

Abbasi et al., 
2018 

Bandar-Lengeh, 
Persian Gulf 

Molluscs: deposit/ 
suspension feeding 
clams Amiantis 
umbonella and 
Amiantis purpuratus 
(Bivalvia: 
Veneridae), the 
suspension feeding 
pearl oyster Pinctada 
radiata (Bivalvia: 
Pterioida), the 
deposit feeding mud 
snail Cerithidea 
cingulata 
(Gastropoda: 
Potamididae) and 
the carnivorous snail 
Thais mutabilis 
(Gastropoda: 
Muricidae). 

Whole body Digestion by H2O2, 

Extraction with NaCl, 
Optical identification 
by FT-IR, SEM 

The mean number of 
total encountered 
MPs in all species 
ranged from 0.2 to 
21.0 particles per g 
of soft tissue (ww) 
and from 3.7 to 17.7 
particles per 
individual. 

Fiber, 10–25 μm Results indicated 
higher microplastics 
in predatory species 
were higher, 
suggesting trophic 
transfer of MPs in the 
food web. 

Naji et al., 
2018 

Bushehr, 
Persian Gulf 

Tiger prawn (Penaeus 
semisulcatus), flower 
crab (Portunus 
armatus), and fish 
species (Epinephelus 
coioides, 
Platycephalus indicus, 
and Liza klunzingeri) 

Muscles and gills Digestion by KOH, 

Optical identification 
by microscope (×80), 
SEM/EDX 

The mean abundance 
(item/g ww muscle) 
in muscle of tiger 
prawn (Penaeus 
semisulcatus) 0.36, 
flower crab (Portunus 
armatus) 0.256, and 
fish species 
(Epinephelus coioides 
0.158, Platycephalus 
indicus 0.179, and 
Liza klunzingeri 
0.275) 

Fiber, Black MPs extracted from 
the gills were higher 
than the muscle of 
the analyzed specie- 
TMF and BMF 
calculation indicated 
that microplastics 
were not 
biomagnified in 
edible parts of the 
marine food web of 
the Persian Gulf 

Akhbarizadeh 
et al., 2019 

Oman Sea Fish species: 
Rastrelliger 
kanagurta, 
Nemipterus japonicas, 
Greater lizardfish 
Saurida tumbil, 
Trichiurus lepturus, 
Paragaleus randalli 

Gastrointestinal 
tract 

Digestion by KOH, 

Extraction with NaI, 
Optical identification 
by microscope 

The mean abundance 
in Rastrelliger 
kanagurta 1.6, 
Nemipterus japonicas 
1.25, Greater 
lizardfish Saurida 
tumbil 1, Trichiurus 
lepturus 2, Paragaleus 
randalli 2 

Fiber, Blue The highest numbers 
of MPs were found in 
Rastrelliger kanagurta 
and Nemipterus 
japonicus 

Ghattavi et al., 
2019 

Fish meal from 
the Persian 
Gulf and the 
Caspian Sea- 

Commercial fish 
meal and cultured 
common carp 
(Cyprinus carpio) 

Gastrointestinal 
tract and gills 

Digestion by KOH, 

Extraction with NaI, 
Optical identification 
by FT-IR 

A total of 57 MPs 
were extracted from 
gastrointestinal 
tracts and gills of 

Fragment, PP Microplastics were 
present in different 
fish meals- Positive 
relationships existed 

Hanachi et al., 
2019 

(continued on next page) 
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significant (p < 0.05) (Esmaili and Naji, 2018). 
Plastic number, size, color distribution, and metal contents of 

microplastics were reported along with the sediments of Persian Gulf. A 
total of 82,612 plastic materials⋅m− 2 including microplastics were 
identified from nine sampling stations at high tide. White-colored plastic 
particles with 2–5 mm size had the highest abundance considering the 
number per m2 and 79% of the collected particles were <5 mm. The high 
abundance of plastic debris at the Jofre station was thought to be due to 
fishing activities. The average metal concentration in the sediment was 
always higher than that of the microplastic, which could be due to the 
higher specific surface area of the sediments (Dobaradaran et al., 2018). 

The effect of different types of coastal land usage on the frequency 
and distribution of microplastics on the coastline of Bandar Abbas city 
was perused. Plastic particles extraction was performed in terms of the 
methodology provided by the NOAA (Masura et al., 2015) (Table 1). 
Microplastics were categorized to the two classes of large microplastics 
(LMPs) (1–5 mm) and small microplastics (SMPs) (0.3–1 mm). LMPs 
account for 67% of the microplastics. The average number of micro-
plastics was determined as 3252 ± 2766 microplastics⋅m− 2 and the 

highest and lowest mean values were found for urban and rural beaches, 
respectively. The Hot needle test was used to ensure that all the 
extracted particles are plastic. Statistical analysis showed a significant 
difference in microplastics contamination levels between the urban and 
non-used beaches (Nabizadeh et al., 2019). 

Small microplastics (<1 mm) in the sediments of mangrove 
ecosystem of Khor-e-Khoran were studied during low tide. The S-MPPs 
were classified into two size groups (as 10–300 μm and 300–1000 μm). 
The majority of SMPPs fell into the smallest size group, which accounted 
for 70–97% of the total S-MPPs. Across all sites, the majority of S-MPPs 
(73.38%) were extracted following the first step of floatation with NaCl 
solution, and the remained ones were extracted in the second step using 
NaI. Fibers and fragments were dominant; therefore, it seemed that S- 
MPPs extracted in this study were the most secondary type with the 
main source of sewage discharge (Naji et al., 2019). 

In the study, which was conducted in Oman Sea, Aliabad and her 
search team evaluated the microplastics abundance in the surface waters 
of Chabahar bay at seven sampling stations for the first time. NOAA 
method with some modifications was used in the laboratory. The density 

Table 2 (continued ) 

Location Organism Accumulation 
organ 

Preparation and 
identification method 

Microplastics 
concentration 

Dominant 
microplastics 
characteristics 
(shape, 
polymer, color, 
size) 

Remarks Reference 

common cap 
from 
agricultural 
market in 
Karaj 

C. carpio fed by all 
fish meal types 

between 
microplastics 
concentration in fish 
meal and C. carpio 

Prevailing 
Fishes, 
Chabahar 
Bay, Oman 
Sea 

Common regional; 
fish species: 
Epinephelus coioides, 
Rastrelliger 
kanagurta, Saurida 
tumbil, Nemipterus 
peronei, Lutjanus 
johnii 

Gastrointestinal 
tract 

Digestion by KOH, 

Extraction with NaI, 
Optical identification 
by FT-IR 

MPs concentration 
varied between 2.7 
and 6.47 particles 
per g and 3.1–4.14 
particles per 
individual 

Fiber, PE, Blue The highest numbers 
of MPs were found in 
E. coioides. 

Kord and Naji, 
2019 

Mangrove 
Forests, 
Counties of 
the Nayband 
Gulf 
(Nayband 
National 
Marine Park), 
Nakhilo 
Island, and 
Bardestan, 
Persian Gulf 

Mudskipper 
(Periophthalmus 
waltoni) 

Gastrointestinal 
tract (abdominal 
cavity) and the 
tissues 

Digestion by KOH, 
Optical identification 
by FT-IR and Raman 

Eight out of the 13 
mudskippers in the 
mangrove forests of 
the studied counties 
contained 
microplastics 
(Average 
microplastics 
number and average 
number per kg of 
sediment in 
Bidkhoun (urban 
area) was 3 ± 0.57 
and 322.1 ± 52, 
respectively) 

Fiber, PS, Black 
(fish samples) 

The number of 
microplastics in 
mudskipper in 
Bidkhoun (urban and 
industrial areas) and 
Hale-Basatin was 
most different from 
that of Bardestan and 
Bordekhon 

Maghsodian 
et al., 2020 

Bandar-e 
Torkaman, 
Southern 
Caspian Sea 

Kutum fish (Rutilus 
frisii kutum) 

Digestive tract Digestion by KOH, 
Optical identification 
by stereomicroscope, 
Nile red staining and 
fluorescent 
microscopy, SEM/ 
EDX 

On average, 11.4 MP 
items per fish (0.015 
items per 1 g fish wet 
weight) were found 
in Kutum’s stomach 

Fiber, Light 
colors, 1–1000 
μm 

No significant 
positive correlation 
was observed 
between fish weight 
or length and MPs 
abundance per 
individual fish- 
There were no 
significant 
differences among 
MPs numbers in the 
digestive tracts of 
both genders 

Taghizadeh 
Rahmat Abadi 
et al., 2020 

Southern 
Caspian Sea 

Important 
commercial fish 
species (Chelon 
aurata and Rutilus 
kutum) 

Digestive tract Digestion by KOH, 
Extraction with NaI, 
Optical identification 
by stereomicroscope 
and μ-FT-IR 

A total of 174 MPs 
were extracted from 
C. aurata, and 81 
were taken out from 
R. kutum. 

Fibers, Black, 
1000–2000 μm 

Average 
microplastics 
concentration was 
higher in C. aurata 

Zakeri et al., 
2020  
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of microplastics in this area varied from 0.07 ± 0.03 to 1.14 ± 0.27 with 
an average density of 0.49 ± 0.43 particle⋅m− 3. The largest number of 
microplastics was found at the Beheshti station that is close to a popu-
lated area. Most microplastics were found in the shape of fibers, which 
were mainly PE and PP. Paint flakes originated from boat color and 
vessels cleaning were also found (Aliabad et al., 2019). This observation 
was in accordance to paint particles in street, clouds of dust of coastal 
regions of Iran (Abbasi et al., 2017, 2019b). Microplastics in this region 
were less than the reported microplastics amount for Haraz River (299 
particles in 203.52 m3) (Naeeji et al., 2020), indicating the importance 
of microplastics both in freshwater and oceanic bodies (Dris et al., 
2015b). 

Potentially toxic elements (PTE), polycyclic aromatic hydrocarbons 
(PAH), and microplastics were evaluated in coastal sediments of the 
Persian Gulf. These elements were mostly enriched at those stations 
close to urban areas. A positive and strong correlation was observed 
between microplastics and toxic elements, which can probably be due to 
their common sources. However, no relationship was found between 
PAHs and microplastics in this study (Abbasi et al., 2019a). 

Composition and abundance of microplastics in surface sediments as 
well as their interaction with sedimentary heavy metals, PAHs, and TPH 
(total petroleum hydrocarbons) were investigated. Three urban inter-
tidal regions with different amounts of microplastics were chosen to 
assess the microplastics relationship with other pollutants. Total MPs 
ranged from 3542 to 33,561 items per m2 at different stations (in Gor-
sozan and Suru, respectively). White-colored filaments were the most 
dominant microplastics item at the Khor-e-Yekshabeh and Suru stations. 
However, in the Gorsozan, blue fragments were dominant items. In this 
study, there were some significant correlations among the total number 
of MPs, sediment grain size, and ten measured heavy metals (P < 0.05). 
Accordingly, no significant correlations were detected with TPH and 
PAHs (except for Benzo (a) ant) (P > 0.05) (Foshtomi et al., 2019). 

One year later, Kor et al. assessed microplastics pollution in the 
littoral sediments of the northern part of the Oman Sea. In this study, 
sediment samples were collected from eight sampling stations and MPs 
abundance was measured ranging from 138.3 ± 4.5 to 930.3 ± 49.1 
particles/kg. Correspondingly, the Beheshti station, located in the high 
population area of Chabahar city, had the highest microplastics con-
centration in which macro-sized plastic debris was largely present 
beyond the waterline. Cargo ships, and big and small fishing vessels and 
boats were also stationed in this location (Kor et al., 2020). Interestingly, 
a high level of microplastics pollution was reported by Aliabad et al. 
(2019) in the surface waters of this station, as well. 

Hosseini et al. in 2020 investigated the accumulation and distribu-
tion of microplastics in the sediment and coastal water samples of 
Chabahar bay. The samples were collected from 10 sampling stations. 
Microplastics density in water samples was between 86 and 362 parti-
cles/L (average density 218 ± 17 particles/L). In the sediment, micro-
plastics’ density was between 112 and 468 particles/L (average density 
of 262 ± 17 particles/kg). The highest microplastics concentrations 
were at those stations near to urban, commercial, recreational, and 
fishing sites. The most abundant forms in surface water and sediment 
were fibers and fragments, respectively. The most frequent observed 
color was black and polyethylene, polyethylene terephthalate, and 
nylon polymers were detected in these samples (Hosseini et al., 2020). 

Neustonic microplastics samples were collected in 2018 from 15 
stations along with the surface waters of the Persian Gulf. Microplastics 
were found in all sampling stations with the density varied from 1.5 ×
103 to 4.6 × 104 particles/km− 2 with a mean density of 1.8 × 104 par-
ticle⋅km− 2. Fiber, polyethylene, and white- and blue-colored micro-
plastics were the most abundant particles, when shape, polymer, and 
color of microplastics were taken into account. Microplastics concen-
trations were found as decreasing at stations toward the Gulf of Oman 
(Kor and Mehdinia, 2020). 

Among 30 papers on microplastics in waters, sediment, and biota 
(Tables 1 and 2), 10% of them were conducted in fresh inland water (n 

= 3), 20% were conducted in the Caspian Sea (n = 6) north of Iran, 53% 
in the Persian Gulf (n = 16), and 17% in the Oman Sea (n = 5), located in 
south of the country. Among different compartments, sediments were 
significantly investigated (Table 1). This event is probably due to an 
easier collection method for microplastics collection from coastline 
sediments, rather than the seawater body, which can be easily done by a 
stainless spoon or spade. The freshwater sampling in Haraz River con-
sisted of both water and sediment samples. Most of the search groups 
used two-step separation methods for separating microplastics from 
sampling matrix, which seems to be reasonable, because it allows the 
separation of particles with different densities. NaCl solution can float 
up to the materials with a density < 1.2 g/cm3, but it fails to float up 
some plastic types like PVC (density 1.14–1.56 g/cm3) (Wang et al., 
2017). Notably, Transform Infrared Spectrometry (FT-IR) was the most 
prevalent analyzing technique, used in the reviewed papers. Identifying 
microplastics are typically done using FT-IR, Raman spectroscopy, and 
Pyrolysis gas chromatography–mass spectrometry (pyro-GC/MS) 
(Zhang et al., 2018). Each one of these methods has some advantages 
and limitations. FT-IR is the most commonly used method due to several 
reasons, including the efficiency of cost, reliability, non-destructivity, 
and simplicity to use. Direct identification of plastic polymers is 
possible by comparing the resulting spectra with the reference polymers 
spectra in the library of FT-IR device (Aliabad et al., 2019). However, it 
has a limitation in detecting additives, because it is unable to detect 
small samples. μ-FT-IR and μ-Raman techniques both are able to detect 
small samples with good detection levels (Shim et al., 2017; Braun et al., 
2018). 

Among the dominant microplastics type mentioned in the studies, 
fiber was the most viewed microplastics shapes in sea environment 
(72%). It was suggested that the fiber abundance in the marine envi-
ronments accounts for 90% of the estimated global MP concentrations 
(Woods et al., 2018). The shape of microplastics is considered as an 
important indicator to understand their origins. Pellets and beads are 
primary microplastics, which may be found in some cosmetics such as 
toothpaste and face scrubbers. Furthermore, fiber, fragment, and film 
produced by the degradation of plastic debris are recognized as the 
secondary microplastics (Anderson et al., 2017). In general, fibers may 
be originated from sewage as a result of laundering clothes. It has been 
reported that around 2000 fibers may be released following washing a 
single item of clothing. Besides fishing gear such as nets, ropes, and lines 
released in the environment during fishing activities, maybe another 
important source exists for fibrous pollution (Browne et al., 2011). It is 
noteworthy that PET, PE, and PS were the most prevalent microplastics 
chemical compositions in the analyzed polymers. PET is usually used in 
water, juices, and cleaner bottles. PS and EPS are used in eyeglasses 
frames, plastic cups, packaging, and insulation building. Moreover, PE is 
mainly used in reusable bags, trays, containers, agricultural film, food 
packaging, toys, and pipes (PlasticsEurope, 2018). Microplastics with 
different colors were present in sea environment, but the most dominant 
microplastics colors in the reviewed articles are white and black. The 
importance of the Microplastics’ color is due to its potential effect on 
exposure to organisms, which could easily be mistaken for food by 
marine organisms and seabirds (Thompson et al., 2004). 

3.3. Microplastics in biota 

Seafood consumption is highly recommended due to its benefits, but 
there is no doubt that the occurrence of microplastics in seafood for 
human consumption is a cause of concern. A human being may receive 
microplastics through ingestion of marine organisms themselves that 
may ingest microplastics directly or indirectly through the consumption 
of the contaminated pray (Jovanović, 2017). Microplastics can act as 
pathways of toxic chemicals in the environment as well, working their 
way up the food chain, which may lead to the concentration of toxins in 
humans (Abidli et al., 2017). Studies on microplastics in aquatic species 
have increased along with time (Rezania et al., 2018). Table 2 
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summarizes the species and methods used for the studies on micro-
plastics contamination in biota in Iran. 

Microplastics and metals were investigated in four popular com-
mercial fish species (Shrimp scad, Orange-spotted grouper, Pickhandle 
barracuda, and Bartail flathead) in the Persian Gulf. The results 
demonstrated that MPs and Hg exist in all samples. It was suggested that 
fish length is less affected by environmental fluctuations than weight, 
which also is a substitute for age. A significant positive correlation (p <
0.01) was observed between length and microplastics concentrations. 
However, the relationship between metals (except Hg) and fish size was 
not clear and consistent. Notably, Bartail flathead (Platycephalus indicus) 
had the highest microplastics concentration with a mean of 18.50 ± 4.55 
item/10 g of fish muscle. The results demonstrated that benthic fish had 
a higher MPs content in their muscles, confirming the hypothesis about 
the relationship between feeding behavior and habitat of organisms. The 
relationship between MPs and metals in fish muscles was positive for 
Shrimp scad and negative for Orange-spotted grouper. Besides the 
ecology of fish, the levels of contamination, local human activity, and 
the location were also thought to be important in MPs and accumulation 
of different types of metals in fish muscle (Akhbarizadeh et al., 2018). 

MPs were the most abundant type in P. indicus reported in the study 
performed by Abbasi et al. in Musa estuary. They perused microplastics 
in four kinds of fish as well as one prawn species (Table 2). Microplastics 
concentrations seemed to be higher in fish species, regarding the num-
ber per individual. However, when normalized on a mass basis (mean/ 
g), the results were different and microplastics were more abundant in 
prawn. It was noted that the means by which MPs enter non-digestive 
tissues is biota are unclear, but Karami et al. (2017b) suggested that 
direct pathways for microplastics to reach fish muscles are skin, gills, 
and gastrointestinal (Karami et al., 2017b). In this study, microplastics 
numbers were higher in skin, muscle, and gills than the gut and liver. 
MPs were generally larger in the gills and gastrointestinal tract 
compared to other organs. It was noted that the presence of micro-
plastics in non-digestive organs affords an exposure route to humans 
who consume contaminated seafood (Abbasi et al., 2018). 

Naji et al. conducted a whole-body analysis on microplastics abun-
dance in five species of molluscs from the Persian Gulf using different 
feeding strategies. Microplastics were detected in all five gastropod and 
bivalve species with the highest concentration in the mud snail (Cer-
ithidea cingulate) on a mass basis and the carnivorous snail (Thais 
mutabilis) on the individual basis. Microplastics were higher in a pred-
atory species, suggesting the trophic transfer of MPs in the food web 
(Naji et al., 2018). 

Bioaccumulation, biomagnification, and potential human intake of 
microplastics were investigated in muscles and gills of these five popular 
commercial species (3 fish, 1 crab, and 1 prawn) collected from the 
Persian Gulf. Among these studied species, Penaeus semisulcatus and 
Epinephelus coioides had the highest and lowest MPs level in their mus-
cles, respectively (Table 2). MPs extracted from the gills were 1.1–3.4 
times higher than the muscle of these analyzed species. The results of the 
trophic magnification factor (TMF) and biomagnification factor (BMF) 
calculations indicated that microplastics were not biomagnified in 
edible parts of the marine food web of the Persian Gulf. However, it was 
suggested that the routine use of high doses of the studied seafood 
should be controlled for the vulnerable groups. Furthermore, it was 
suggested that between benthic species, the inactive and less motile ones 
seem to be more vulnerable to contaminant accumulation; therefore, 
they are considered as better candidates for monitoring aquatic envi-
ronments (Akhbarizadeh et al., 2019). 

Ghattavi and her search team investigated the microplastics fre-
quency, distribution, and characteristics in the gastrointestinal tract of 
fish species in the Oman Sea. The highest numbers of MPs were found in 
Rastrelliger kanagurta and Nemipterus japonicas, each one accounted for 
29% of total microplastics (Ghattavi et al., 2019). 

Microplastics in four varieties of fish meal and the cultured common 
carp (Cyprinus carpio) fed by meals were conducted to determine 

relationships between MPs abundance and properties both found in 
those that were transferred to the cultured common carp and in the 
meal. A total of 226 MPs were isolated from four types of fish meal and 
Salmon/sardine (65% protein). Additionally, sardine (55% protein) fish 
meals significantly have more microplastics compared to Kilka fish 
meal. Several positive relationships have also existed between micro-
plastics concentration in fish meal and C. carpio. It was highlighted that 
farmed organisms could be exposed to high levels of microplastics, as 
well (Hanachi et al., 2019). 

Kord and Naji (2019) in their paper published in Persian, presented 
the results of investigating microplastics in the gastrointestinal tract of 
some fish species obtained from the coasts of the Chabahar bay. The five 
most prevalent fish species (n = 10) in the region were selected for this 
analysis, and microplastics were detected in all species. Microfibers 
were the most dominant microplastics type and polyethylene was the 
most common type of polymer. Epinephelus coioides had the highest 
number of microplastics compared to other species. It was suggested 
that Epinephelus coioides and Nemipterus peronei species are suitable in-
dicators of microplastics’ contamination in this region (Kord and Naji, 
2019). Moreover, some adverse effects of microplastics on organisms 
have been reported in their total energy, protein content, detoxification 
systems, and behavior (Alomar et al., 2017; Anbumani and Kakkar, 
2018; Bour et al., 2018). Only two papers evaluated microplastics 
toxicological effects, which were published by Iranian researchers in 
national institutes. The results of these investigations showed that 
exposure to Cd or microplastics alone was toxic to fish and altered the 
biochemical and immunological parameters. Besides, these alterations 
were even greater when Cd and the microplastics were combined, which 
suggests synergistic effects. In addition, doses of microplastics in water 
have significantly increased the toxic effects of paraquat in fish (Haghi 
and Banaee, 2017; Banaee et al., 2019). 

Microplastics’ accumulation was reported in sediments and Peri-
ophthalmus waltoni fish in mangrove forests in southern Iran. Sampling 
sites consisted of Hale-Basatin, Bidkhoun (urban area), Nayband Gulf 
(Nayband National Marine Park), Nakhilo Island, and Bardestan, and the 
samples were taken from three upper, middle, and lower tidal areas of 
these five stations. Prior to the optical analysis with Raman and infrared 
spectrometers, a hot needle technique was used to identify microplastics 
from the suspected particles in this study. The highest number of par-
ticles was found in sediments and fish samples obtained from the urban 
area of Bidkhoun and the lowest one was detected in Bordekhon. The 
frequency of fibers was higher in both sediment and fish samples than 
the other forms. White color was the most abundant color in sediment 
samples and white and black were in mudskippers. It was indicated that 
type of area and sediment texture separately affect the density of 
microplastics. The larger the texture, the more plastic particles can be 
placed in it. High tide area showed a higher microplastics density. Out of 
the 13 mudskippers in the mangrove forests of the studied counties, 8 of 
them contained microplastics (Maghsodian et al., 2020). 

Taghizadeh Rahmat Abadi et al. in 2020, investigated microplastics 
content of Kutum fish (Rutilus frisii kutum) in the Bandar-e Torkaman, 
southern Caspian Sea. Microplastics were ingested by 80% of the sam-
ples, which mainly were fibers. On average, 11.4 MP items per fish 
(0.015 items per 1 g fish wet weight) were found in Kutum’s stomach, 
most of which had light colors and were <500 μm in size. No significant 
positive correlation was observed between fish weight or length and 
MPs abundance per each individual fish sample. In addition, there were 
no significant differences among MPs numbers in the digestive tracts of 
both genders. MPs number among the fish caught in fall or winter 
showed no significant difference. It was found that the presence or 
absence of food items do not affect the detected MPs numbers (Taghi-
zadeh Rahmat Abadi et al., 2020). 

Microplastics ingestion in the important commercial fish (Chelon 
aurata and Rutilus kutum) in the southern Caspian Sea was investigated 
at six stations. Microplastics were present in more than half of the 
samples (n = 111). Average concentration of 2.29 MPs/Fish was receded 
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and majority of the MPs were in the form of fibers. A total of 174 MPs 
were extracted from C. aurata, and 81 of them were taken from R. kutum. 
Individually extracted MPs were 2.95 ± 1.98, SD and 1.66 ± 1.23, SD for 
C. aurata, and R. kutum, respectively (Zakeri et al., 2020). 

It was suggested that ingestion rate of MPs by aquatic organisms 
depends on the microplastics physical properties such as size, color, 
density, and feeding behavior of the organisms (Auta et al., 2017; 
Jabeen et al., 2017). Different species may have their mechanisms to-
ward microplastics; therefore, the extent scientific investigations are 
needed for having accurate understanding in this regard. It is highly 
recommended to report microplastics in biota, both by microplastic/ 
individual and microplastics/g of tissue, because different results may 
occur. In Iran, most of the studies are conducted on fish species, which 
are mostly caught from the Persian Gulf. 

3.4. Microplastics in urban wastewaters 

Alavian Petroody & Hashemi in 2020, assessed the microplastics’ 
presence and characteristics in Sari wastewater treatment plant. The 
samples were obtained after the grit removal and in two seasons (winter 
and spring). The wastewater contained 5188.9 ± 560 and 12,666.7 ±
667.8 MPs/m3 in winter and spring, respectively. Polyester microfibers 
were the most frequent microplastics’ type in both seasons with the size 
<300 μm. Besides, Polyethylene was the dominant polymer type in 
microplastics particles. The dominant color of the fibers and particles 
was identified as black and blue, respectively (Alavian Petroody and 
Hashemi, 2020). 

In the same year, Alavian et al. reported the factors affecting 
microplastics retention and emission by a wastewater treatment plant in 
Sari. In this study, the samples were taken from grit chamber, primary 
settling tank, and clarifier of the WWTP of Sari. They contained 12,667 
± 668, 3514 ± 543, and 423 ± 44.9 MP/m3 microplastics, respectively. 
Sari wastewater treatment plant removed 96.7% of microplastics from 
wastewater. More than 70% of plastic fibers in all sizes were eliminated 
in primary settling tank. Thereafter, larger particles were removed by 
primary settling and Clarifier unit eliminated particles <500 mm. Fibers 
were the most prevalent microplastics shape (Alavian Petroody et al., 
2020). 

Microplastics’ existence in wastewater outlets of Bandar Abbas city 
was determined as a potential source of microplastics into the Persian 
Gulf. Two wastewater discharge stations were sampled in Gursuzan and 
Suru. The average microplastics’ concentration in wastewater and 

sludge were 70.66 (±14.12, SD) MP.35 L− 1 and 6070 (±807.25) MPs. 
kg− 1, respectively. The most frequent polymer was polyethylene. The 
results showed that the concentration of MPs in both wastewater and 
sludge of the Gursuzan station was higher than Suru. Microplastics were 
smaller in size in wastewater, compared to sludge (Naji et al., 2020) 
(Table 3). 

3.5. Microplastics in air, urban, street dust, and wind eroded sediments 

Besides aquatic ecosystems and affiliated organisms, microplastics 
can accumulate in the air, street dust, and soil, influencing various 
ecosystems. The first report on microplastics in atmospheric fallout was 
performed by Dris et al. in Paris, who highlighted the presence of 
microplastics in atmospheric fallout ranged from 29 to280 particles m− 2 

day− 1 (Dris et al., 2015a). 
Microplastics pollution in the deposited dust of Tehran, capital city 

of Iran, was investigated using 10 street dust samples. The frequency of 
microplastics ingestion per day/year by ingestion of street dust was then 
calculated. Organic material, digesting using H2O2 and density separa-
tion by ZnCl2 were performed before instrumental analysis by binocular 
microscope and fluorescence microscopy. The plastic load of 88 to 605 
microplastics items per 30 g dry dust with a dominance of black and 
yellow granule microplastics with sizes ranged from 250 to 500 μm was 
determined in this study. It was suggested that a mean of 3223 and 1063 
microplastics particles per year is ingested by children and adults in 
Tehran, respectively, which could be considered as a potential health 
risk (Dehghani et al., 2017). 

Micro rubber (MRs), microplastics (MPs), and heavy metals/metal-
loids (Al, As, Cd, Co, Cr, Cu, Fe, Hg, Ni, Mn, Pb, Sb, Ti, and Zn) were also 
identified in street dust in Bushehr city. Organic material digesting using 
H2O2, density separation by NaI, centrifuging, and filtering were the 
performed experimental procedures in this study to detect airborne MPs 
and MRs contamination in the laboratory. MPs and MRs, fibers (75.87%) 
and fragments (17.5%) mostly derived from the fragmentation of larger 
plastic debris, were detected in all ten samples with concentrations 
ranged from 210 to 1658 with 44 to 782 items/10 g dust, respectively. 
Regarding different land uses, customs site contained the highest con-
centration of the microplastics and micro rubber, and notably, resi-
dential sites exhibited the lowest concentration. A strong correlation 
was observed among the traffic load, industrial activity, population 
level, and the number of shops with the numbers of MPs and MRs in this 
study. Due to the affluence of fibers and the effect of fishing activities on 

Table 3 
Reviewed studies on microplastics pollution in Iran’s urban wastewater.  

Location Sample type Preparation and identification 
method 

Microplastics concentration Dominant 
microplastics 
characteristics 
(shape, polymer, 
color, size) 

Remarks Reference 

Sari wastewater 
treatment plant, 
Mazandaran 
Province 

Urban 
wastewater 

Digestion by H2O2, Extraction 
with NaI, Optical 
identification by microscope 
and μ-Raman 

Wastewater contained 
5188.9 ± 560 and 12,666.7 
± 667.8 MPs/m3 in winter 
and spring, respectively 

Fiber, PES, PP, 
Black, Blue, <300 
μm 

Climate change and also the 
activities of people in the two 
seasons were suggested as 
effective parameters on 
microplastics concentration 

Alavian 
Petroody 
and 
Hashemi, 
2020 

Sari wastewater 
treatment plant, 
Mazandaran 
Province 

Urban 
wastewater 

Digestion by H2O2, Extraction 
with NaI, Optical 
identification by 
stereomicroscope and 
μ-Raman 

Grit chamber, primary 
settling tank and clarifier of 
the WWTP of Sari contained 
12,667 ± 668, 3514 ± 543 
and 423 ± 44.9 MP/m3, 
respectively 

Fiber, PES, PP, 
Black, Blue, <300 
μm 

Shape, size and structure were 
the most important factors 
determining their removal in 
different steps of the wastewater 
treatment process 

Alavian 
Petroody 
et al., 2020 

Bandar Abbas 
wastewater 
treatment plant, 
Hormozgan 
Province 

Urban 
wastewater 
and slug 

Digestion by KOH, Extraction 
with ZnCl2, Optical 
identification by 
stereomicroscope, 
fluorescence microscopy, 
SEM/EDX and FT-IR 

The concentration of MPs in 
the wastewater was 74 
(±11.01, SD) and 67 
(±18.35, SD) MP. 35L− 1, for 
Gursuzan and Suru stations, 
respectively 

Fiber, PE, White, 
3–1000 μm 

The sludge sample contained 
microplastics concentration 
three times higher than effluents 
samples-MPs concentration in 
both wastewater and sludge of 
Gursuzan station were higher 
than Suru 

Naji et al., 
2020  
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Bushehr port, nets and ropes could be known as potential sources of 
microplastics in dust. In general, MPs and MRs were higher in the North 
part of the city, with high anthropogenic activities. In the hierarchical 
dendrogram, Cu, Sb, As, Zn, Mo, Pb, Hg, MPs, and MRs were in one 
group, showing anthropogenic derived sources for all of them (Abbasi 
et al., 2017). 

Abbasi and his search team determined microplastics and micro-
rubbers’ distributions and potential health impacts of microplastics on 
air and street clouds of dust from Asaluyeh County, which is the closest 
land point to the largest natural gas field in the world. Different 
microscopic techniques, including fluorescence, polarized light, and 
scanning electron microscope (SEM) were used to quantify and classify 
MPs and MRs in the urban and industrial environments potentially 
ingested or inhaled by humans. After the sample preparation by density 
separation and organic matter removal (by NaI and H2O2), centrifuging, 
and filtering, the particles were counted. Correspondingly, there was an 
average of 900 MPs and 250 MRs per 15 g in the street dust sample. 
Fibrous microplastics of sizes ranged from about 2 μm to 100 μm were 
ubiquitous in airborne dust (about 1 per m− 3), but most of the street dust 
samples were dominated by spherical and film-like particles. Street 
clouds of dust were also characterized by heterogeneous primary and 
secondary plastics with different sizes, while airborne clouds of dust 
were only limited to fine, fibrous plastics. Fibers in both street and 
suspended dusts were attributed to clothing and soft furnishings. It was 
estimated that acute exposure through ingestion are about 5 and 15MP 
d− 1 and 2 and 7 MR d− 1 for construction workers and young children, 
respectively (Abbasi et al., 2019b). In these two investigations, the paint 
particles in street and clouds of dust of coastal regions of Iran have been 
reported. 

Among the studies performed in urban dust, the amount of micro-
plastics was more abundant in Asaluyeh, Bandar Abbas stood in the 
second place, and Tehran had the least amount (Table 4). 

Rezaei et al., for the first time, investigated the presence of micro-
plastics in wind-eroded sediments from different land uses in the Fars 
province. In this regard, 11 test plots were selected based on the land 
usage and wind erosion risk for this study, simulating wind erosion using 
a portable wind tunnel (using a jet fan as a wind generator). Eroded 
sediment was collected for further analysis, with the aim of measuring 
light density microplastics (LDMP). LDMPs were mostly found in agri-
cultural lands. They were also detected in the soils and sediments of two 
natural areas. The total concentrations of plastic particles in the polluted 
areas were 6.91 and 20.27 mg/kg of microplastics in soil and wind- 
eroded sediments, respectively. The erosion rate of LDMP ranged from 
0.08 to 1.48 mg m− 2 min− 1 (Rezaei et al., 2019). 

3.6. Microplastics in commercial salts and bottled mineral waters 

In studies with human ingestion of the microplastics theme, the focus 
is usually on dietary exposure, where microplastics may be found in 
various foodstuffs. Regarding this fact, microplastics were detected in 
commercial salts in different countries including Iran. MP-like particles’ 
size is larger than 149 μm from 17 salt brands originated from eight 
different countries. A total of 72 MP-like particles were isolated from all 
salt brands by NaI solution to separate microplastics and KOH to digest 
organic and inorganic materials. Except for two salt samples that were 
originated from the lakes (n Iran and Malaysia), other salts were 
collected from the sea. The major plastic polymers identified by 
μ-Raman spectroscopy were PP at 40.0% of the total plastic polymers 
followed by PE, which is consistent with some reports on their wide 
distributions in the marine environment. The microplastics predominant 
shape was fragment, followed by filaments. The abundance of micro-
plastics in the salt sample ranged from 0 per kg in the salt sample ob-
tained from France-F to 10 in the salt sample obtained from Portugal. 
Lake’s salt sample obtained from Iran had 1 particle per kg of salt, which 
was identified as Polyacrylonitrile (PAN). Due to a low concentration, 
negligible health risks were associated with the consumption of salts 
(Karami et al., 2017a). However, from this study, it could be concluded 
that NaCl used as a separator solution in most of the studies on micro-
plastics, might be a potential source of contamination and error in the 
final result. Microplastics concentration in urban dust showed the 
following order in the studied cities: Asaluyeh > Bushehr > Tehran 
(Table 4). Interaction of microplastics with the respiratory and gastro-
intestinal organs has the potential of being translocated to the circula-
tory system and other organs through diffusion or cellular penetration 
(Prata, 2018). 

Using a staining method and stereomicroscope analysis, the 
contamination by MPs was investigated in 11 samples of popular brands 
of bottled mineral water in Iran. Microplastics were also detected in 9 
out of the 11 sample brands. The most detected plastic particles had 
fragment shapes (93%), with an average concentration of approximately 
8.5 ± 10.2 particles/L. The most abundant polymers found in this 
investigation were PET, PS, and PP. Finally, four scenarios were inves-
tigated for daily and annual human exposures to microplastics. The 
study results indicated that the human daily and annual intakes were 
approximately 0.015 P/kg/bw/day and 5.35 P/kg/bw/year for adults, 
and approximately 0.065 P/kg/bw/day and 23.43 P/kg/bw/year for 
children, respectively. It was suggested that there is no significant 
exposure to microplastics by consuming the analyzed bottled mineral 
water brands in this study (Makhdoumi et al., 2020). 

The 42 papers analyzed in this review that were conducted on 

Table 4 
Reviewed studies on microplastics pollution in Iran’s terrestrial environment (Air, urban and street dust and wind eroded sediments).  

Location Sample 
type 

Preparation and 
identification method 

Microplastics concentration Dominant microplastics 
characteristics (shape, 
polymer, color, size) 

Remarks Reference 

Tehran Urban 
street 
dust 

Extraction with ZnCl2, 
Digestion with H2O2, Optical 
analysis by fluorescence 
microscope (×100) 

The total of 2649 
microplastics particles was 
detected in 10 street dust 
samples (88–605 item/30 g 
dust). 

Granule, Black-gray, 
250 < L < 500 

It was suggested that a mean of 3223 and 
1063 microplastics particles per year is 
ingested by children and adults, 
respectively. 

Dehghani 
et al., 2017 

Bushehr Urban 
street 
dust 

Extraction with NaI, 
Digestion with H2O2, Optical 
analysis by fluorescence 
microscope (×200), SEM/ 
EDS 

210 to 1658 item/10 g dust Fiber, Red-pink Microrubbers, microplastics and heavy 
metals were investigated in this study. A 
strong correlation was observed between 
the traffic load, industrial activity, 
population level, and the number of shops 
with the number of MPs and MRs in this 
study. 

Abbasi 
et al., 2017 

Asaluyeh Air and 
street 
dusts 

Extraction with NaI, 
Digestion with H2O2, Optical 
analysis by fluorescence 
microscope (×200), SEM/ 
EDS 

Average of 900 MPs per 15 g 
of sample (52–7748 item/15 
g dust)-1 per m− 3 in air 

Spherule (in dust), 
Fiber (in air), White- 
transparent, <100 μm 

Estimates of acute exposure through 
ingestion was estimated about 5 and 15 MP 
d− 1 for construction workers and young 
children, respectively. 

Abbasi 
et al., 
2019b  
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microplastics in Iran’s ecosystems have been published in the last four 
years (Fig. 1). Notably, most of the studies were conducted at the 
southern part of the country, especially in Persian Gulf (Fig. 2). 

Among 42 reviewed papers, 33 of them were written in English and 
all were published in international journals. Only 9 of them were pub-
lished in national journals (n = 6) or conferences (n = 3). The papers 
written in English have been published in several journals. The journals 

that stand out are the Marine Pollution Bulletin (n = 10), Chemosphere 
(n = 5), and Environmental Pollution (n = 5), each one of them pub-
lished 32% and 16% of the total papers (Fig. 3). 

Moreover, 72% of the papers were performed on microplastics in 
fresh or sea water and sediment or biota, and only 12% of the studies 
were conducted in terrestrial environments (Fig. 4). 

3.7. Gaps in knowledge and themes for future research 

Plastic wastes are recycled at a much lower ratio in less developed 
countries compared to the developed with a high percentage of plastic 
waste mismanagement (Wu et al., 2018). Relevant studies are scarce 
among the literature around Asia, regarding the reason that this conti-
nent is the largest global plastic producer with more than half of the 
plastic production (PlasticsEurope, 2018). However, good scientific at-
tempts are done in China (Zhang et al., 2018). 

The biggest issue about microplastics studies is not existing a stan-
dard procedure and standard method in sampling, sample preparation, 
and microplastics’ analysis protocols, which lead to various methods 
and tools. Besides, measuring unites are not similar in all of these 
studies. So, in this situation, the comparison of the results and findings is 
sometimes difficult or even impossible. Microplastics particles/kg of dry 
or wet weight of the sediment was the most prevalent unit in the 
reviewed papers. The unit of particle/m2, and particle/m3 or particle/ 
km were also utilized for water samples. Different parameters, especially 
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Fig. 2. Microplastics study distribution in Iran’s ecosystem (blue, red, green, pink and purple stars show studies in sea water and sediment, biota, terrestrial, 
freshwater environments and wastewater treatment plants, respectively. The red line stands for a study along the Caspian Sea) (modified from GinkgoMaps− project 
(2019); http://www.ginkgomaps.com). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

N. Razeghi et al.                                                                                                                                                                                                                                

http://www.ginkgomaps.com


Marine Pollution Bulletin 162 (2021) 111901

14

regarding sampling and experimental procedures, may result in false 
positive or negative results. For instance, the use of a trawl or nets with 
specific mesh-like 300–33 μ mesh size may lead to the loss of smaller 
microplastics. So, it is strongly recommended for future works to employ 
tandem sampling of nets with different mesh sizes to help better char-
acterizing smaller microplastics, to the extent possible, regarding the 
limitations of obtaining sufficient water volumes, while avoiding net 
clogging (Anderson et al., 2017). 

The selection of suitable salt with specific densities in microplastics 
separation step and regarding microplastics type and density, is another 
momentous issue. Interference factor removal like organic matter by 
digesting proses may also cause some changes in microplastics 
morphology and color (Nuelle et al., 2014). Accordingly, this fact might 
be taken into account. 

The majority of studies have focused on microplastics occurrence; 
abundances; and toxic effects on aquatic biota, sediment, and water 
samples, and in this regard, little attention has been paid to micro-
plastics in various compartments of the terrestrial ecosystems. However, 
the amount of plastic release to land is much higher than the ocean and 

most of the microplastics have land-based sources such as landfills, 
enhancing the chance of microplastics production by the decadence of 
coarse plastic fragments (Horton et al., 2017). Microplastics are light 
enough to be re-suspended from landfills, soil, and urban surfaces by 
wind, water currents, and traffic activities, which eventually contribute 
to atmospheric particulate load or end up into the aquatic water bodies 
(Ho et al., 2003). 

The concentration of microplastics in either of compartments can be 
very variable because of different factors affecting microplastics distri-
bution such as rain, wind, humidity, population, industrialization, and 
traffic load (Abbasi et al., 2017). Future works are warranted to char-
acterize the above-mentioned relationships. In other words, to under-
stand different issues about microplastics completely, multifaceted 
studies should be performed in this regard. It is highly recommended to 
study both biotic and abiotic environments in microplastics studies 
simultaneously to obtain a full picture of the situation. Selection of 
specific potential microplastics regarding size, shape or color by 
different species in the environment needs further studies (Dobaradaran 
et al., 2018). Microplastics toxicological studies, especially their 
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possible synergic effects by other contaminants and potential 
biochemical changes at the subcellular levels, as well as MPs trophic 
transfer and bioassemblage on the microplastics surface (biofoul), also 
need to be paid more attention. To date, there have been few studies 
performed on the negative health effects of microplastics constituents on 
the human body. Additional research is needed to identify microplastics 
exposure rates, adherence to skin, and toxicokinetic information on 
microplastics ingestion. The size selection of microplastics is an impor-
tant factor in environmental studies. For instance, microplastics with 
size below 50 μm are the most susceptible size fractions to be ingested or 
re-suspended to the atmospheric load; thereby being inhaled (Abbasi 
et al., 2017; Dehghani et al., 2017). It is very important to identify the 
sources of microplastics input to the environment, from both primary 
sources and secondary sources, to disassemble the strategies seeking to 
minimize the entry of plastic particles into the environment. 

4. Conclusions 

The present work shows the current situation of microplastics 
research in Iran, by identifying subjects that were not studied. Studies 
reporting the presences of plastics in Iran’s environment are very new, 
which mostly focus on microplastics in seashore sediments. Among the 
reviewed papers, the highest microplastics concentration was reported 
in sediments of Bushehr, Persian Gulf with the number of 82,612 plastic 
particle/m2. In order to find practical solutions to address the micro-
plastics issue in Iran, the situation and conditions must be fully under-
stood at first. Despite accomplishing the best attempts on microplastics 
presence in the environment, the need for further studies in the field still 
exists, especially in terrestrial and freshwater compartments. By having 
a poor understanding on the impacts of microplastics on human, further 
emphasize on this field is needed. Sustainable solid waste management, 
better water purification, and plastic recycling seem to be the key factors 
in resolving this problem. Plastics, especially in the packaging industry, 
must be replaced by cost-effective, environmental friendly materials. 
Overall, source controlling through performing reuse, refuse, reduce, 
recycle, and rethink actions besides monitoring programs can be very 
helpful to overcome these problems. Nevertheless, research capacity and 
funding must be strengthened to assess the issues and to keep abreast of 
international developments and knowledge. 
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