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Abstract
The purpose of this study is to investigate Microplastic pollution (MPs) in important ports of the northern coast of the Persian Gulf. MPs were identi�ed
on the northern shores of the Persian Gulf in three compartments: sediment, seawater, and four species of �sh. In December 2019, sampling was
conducted in 7 sampling areas. In this study, 357 MPs were identi�ed in all samples. The predominant polymer in MPs was polypropylene (PP) and later
polyethylene (PE). The most polluted areas in terms of MPs in sediments, seawater, and �sh were Bushehr, Bandar Abbas, and Qeshm. The �ber was the
predominant form of MPs in all sampling stations and those samples taken from the surface seawater, sediments, and �sh. The presence of �shing ports
with �shing tools, commercial ports, the tourist attractions, and the tourist industry in these areas was an important factor controlling the distribution of
MPs in these areas.

1. Introduction
Microplastic contamination exists in all oceans of the world. It is considered as a permanent phenomenon, as it blatantly endangers different marine
animal species at different nutritional levels—(Christaki et al., 1998) zooplankton (Cole et al., 2011), birds (Van Franeker et al., 2011), sea turtles (Tourinho
et al., 2010) and marine mammals—are affected by and exposed to Microplastic pollution (MPs) contamination.

MPs can enter the environment directly or following the decomposition of larger plastics. MPs are di�cult to remove if present in the environment,
especially in marine environments. It is currently impossible to remove MPs from the sea. Signi�cant amounts of these MPs are present in coastal
sediments, water columns and even seawater. MPs can be transferred through the food chain as a process, through which marine prey items ingested
MPs are consumed. MPs' introduction to �sh diet occurs across taxa (Gouin, 2020; Roch et al., 2020) particularly predatory �sh (S. forsteri, O. ruber, and C.
arel in the present study). Peda et al. (2016) studied the physiological effects of MPs contaminant and indicated that �sh exposure to MPs makes some
changes in their routine functions. Other researchers examined these impacts and demonstrated that MPs contamination results in changed swimming
function, abnormal swimming behavior, and lethargy in these �sh. These factors suggest the critical priority of the present work for assessing MPs
contamination and MPs in �sh.

MPs particles have also been reported in the gastrointestinal tract of many species of marine �sh (Ferreira et al., 2016., Rochman et al., 2015; Neves et al.
2015), which are among the largest and most diverse groups of animals of high biological and economic importance. The risks associated with plastic
particles include physical effects of materials (von Moos et al., 2012; Rochman et al., 2013), chemical compounds of plastics and chemicals adsorbed
from the environment (Hirai et al., 2011), (e.g., stable bioaccumulation and toxic substances PBTs) (Holmes et al., 2012) and metals (Salvati et al., 2011).

Regarding the contamination of MPs in aquatic environments, when the particles are consumed by various organisms, they can penetrate the food web
and may result in bioaccumulation (Kashiwada, 2006; Akdogan and Guven, 2019; Bibak et al., 2020). Studies on the effects of bioaccumulation indicate
that the uptake of polystyrene (PS) particles by human lung cancer cells is essentially irreversible. Also, the concentration of intracellular particles shows
a linear increase by time (Wright et al., 2013). In addition, small latex particles (< 50 nm) can accumulate in testicular tissue, liver, blood, and brain of �sh
(Lönnstedt and Eklöv, 2016). This means that MPs particles are able to cross the blood-brain barrier. The wall plays a critical role in protecting the brain
against toxins and is also essential for maintaining homeostasis and neural function in the brain. The physical effects of MPs on marine creatures are
intestinal obstruction, inhibition of gastric secretion, reduction of nutritional stimuli, reduction of steroid hormone levels, delayed ovulation, and lack of
successful reproduction (Auta et al., 2017; Hermabessiere et al., 2017). MPs particles chemically and physically impair the function and development of
�sh larvae. Polystyrene particles prevent hatching as their consumption reduces the growth rate and changes the food preference and instinctive
behaviors of �sh larvae. Besides, when �sh larvae are exposed to these particles, they cease to respond to olfactory alarm signals, causing the mortality
rate as a result of predator stimulation to increase signi�cantly (Zhu et al., 2019; Arias et al., 2019). Moreover, consumption of polystyrene also changes
the behavior of �sh and disrupts the fat metabolism of freshwater �sh (Pedà et al., 2016). MPs enter aquatic environments through various routes such
as human wastewater, e�uents discharged by factories and industries, shipping, and oil activities.

The physical and chemical hazards posed by the contamination of MPs consumed by aquatic organisms at various food levels, as the evidence of the
uptake and transmission of chemical contaminants from plastics by and to aquatic creatures demonstrated the necessity of conducting this research
(Arthur et al., 2009; Bakir et al., 2014). The scarce information (Kor and Mhedinia, 2020) about the presence and distribution of the MPs particles in the
Persian Gulf makes this study necessary and relevant. The most relevant aspect of the present work is the assessment of MPs contamination in different
areas of the northern coast of the Persian Gulf (coast of Iran) and the study of these MPs in different compartments (sediment, seawater and �sh). This
can allow improve our knowledge about the MPs travelling, sources, types and presence of this contamination in commercial �sh in this region. However,
other studies have been conducted in southern Iran, such as Hosseini et al., 2020; Kor, K., Mehdinia, A., 2020; Aliabad et al., 2019, But this study
investigated microplastic contamination in water, sediment and �sh as well as their relationship with each other in sampling areas for the �rst time.

2. Materials And Methods

2.1. Sampling region
The northern shores of the Persian Gulf were divided into seven sampling stations in December 2019. The stations are located in three provinces of
Khuzestan, Bushehr, and Hormozgan (Fig. 1). In Khuzestan province, was selected the sampling station of Hendijan in areas with �shing ports and
residential houses. In Bushehr province, we selected Emam Hassan, Genaveh, and Bushehr stations. These three sampling regions are signi�cant
commercial, and �shing �elds near the residential buildings, and the Bushehr sampling region is considered one of the critical tourist areas. In
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Hormozgan province, we chose Bandar Lengeh, Bandar Abbas, and Qeshm for sampling. Lengeh port is one of the important �shing and commercial
areas in this province. Bandar Abbas and Qeshm are not only considered as important �shing and commercial ports, but also essential tourist areas in
the southern region of Iran.

2.2. Sample collection
Triplicate surface waters samples were collected from each site (A to G) by a neuston net with an opening diameter of 50 cm, a length of 180 cm, and a
mesh size of 50 µm (Thompson et al., 2004). The net was towed for 10 min at a speed of 3 knots on the water surface (depth of ≈ 30 cm) and in the
direction of the wind (Free et al. 2014). The collected samples were washed in glass containers at the end of the net, which has a tiny container. Next, they
were stabilized with 70% isopropyl alcohol to prevent water from putrefaction (Martins and Sobral, 2011; Toumi et al., 2019) and transferred to the
laboratory a 4 ° C.

The samples were initially �ltered through a metal sieve with a mesh size of 5 mm so they can separate large plastic pieces. Afterward, the water sample
was oxidized by wet peroxide and digested in the presence of divalent iron as a catalyst for unstable organic matter. Hydrogen peroxide was added until
no other organic matter could be seen. In the next step, the MPs were separated from other particles using NaCl 1.2 g cm-3 (Graca et al., 2017) solution.
Finally, the supernatant was �ltered through a 5 µm mesh sieve to preserve MPs. Then, they were washed with ionized water for removing the salt and
then were dried at 60 ºC.

In the sediment sample, the sediment surface was sampled (from a depth of 5 cm) at the same time as water sampling. This sampling was performed
using a stainless-steel core (Claessens et al., 2011; Löder and Gerdts, 2015). Approximately 1 kg sediment of each site was collected and placed in glass
containers and packaged with aluminum foil to avoid air contamination. Following the transfer of sediments to the lab, the sediment was kept at 80 ° C to
dry completely (Corcoran, 2015). The temperature is less than the melting point and deformation of polymers, so it is not expected that the shape of the
polymers will change. One hundred grams dry weight of sediments was used for lab analysis. All sampling vessels were washed three times with ionized
water before sampling. The sediment was thoroughly mixed with sodium hexametaphosphate 0.5 M and transferred to a 5-liter container: low-density
materials such as MPs remain on the surface of the water due to buoyancy. Next, the �oating materials were completely passed through a 5 µm
Whatman cellulose nitrate �lter. This action was repeated three times, and 500 g of the sieved sediment sample became a 100-g residue at last.
Afterward, a zinc chloride solution (ZnCl2) was added to it for 48 h to separate MPs. Then the �oating materials were �ltered using a 5 µm �lter paper. The
ionized water was poured onto the �lter so that ZnCl2 was rinsed. In the end, the �lter was kept at 60 ° C to dry completely.

A total of 280 �sh specimens were bought from local �shermen in the Persian Gulf from 4 commercial species (Otolithes ruber, Liza abu, Sphyraena
forsteri and Cynoglossus arel) (40 �sh per region). The �shes were transferred to the laboratory via a cool box (Su et al., 2019) in which each individual
was performed, and its total length-TL (cm), weight-TW (g) were measured. The weight of gastrointestinal tract (W of GIT) was also measured (Table 1).

Table 1
The biometric of all of the species �sh (mean ± SD), TL (Total

length), TW (Total weight) and W of GIT (The weight of
gastrointestinal tract)

Biometrics

Species

TL (cm)

mean ± SD

TW (g)

mean ± SD

W of GIT(g)

mean ± SD

O. ruber 29.50 ± 1.31 255.88 ± 24.50 24.7 ± 0.7

L. abu 21.62 ± 1.30 123.62 ± 19.54 14.5 ± 4.17

S. forsteri 52.86 ± 5.84 589.57 ± 151.71 38.71 ± 13.95

C. arel 29.44 ± 2.82 139.25 ± 64.54 3.28 ± 2

The GI tract of each individual was transferred to a 250 mL container and loaded with KOH 10 % (potassium hydroxide solution). Recent studies have
recognized KOH 10 % as the most suitable solution for the digestion of intestinal contents of �sh. The added solution was at least three times the volume
of biological material. And the samples were incubated within �ve days to ensure the entire digestion via the digestive tract at 60 ° C (Savoca et al., 2019).
Afterward, the residual substance was �ltered through 5 µm Whatman paper. The �lters were dried in a Petri dish at 60 ° C.

At the end, the MPs were removed from other components and then detected by using a microscope ZTX-E with 40X magni�cation. The chemical
composition and morphological properties of each MPs were identi�ed by scanning electron microscope (SEM; Hitachi SU 3500) and an energy-
dispersive X-ray microanalyzer (EDS; Amptek, USA). Besides, microplastics were analyzed using ATR-FTIR by a Nicolette Nexus 470 (Thermo Nicolet, USA)
connected to OMNIC Software. The spectral range of each spectrum was in 650–4000 cm− 1 region and 4 cm− 1 resolution. Before each test, a
background air spectrum was recorded (Qiu et al., 2016).

2.3. Quality control and quality assurance
To prevent air-borne contamination, nitrile gloves and cotton lab coats were worn in the whole steps of experiments. All apparatuses and work surfaces
were rinsed with alcohol 70% before and after using. All solutions were �ltered before using to decrease the possibility of contamination. Aluminum foils
were used to cover samples during the experiments. Three control blanks containing pure water were run during analyze. Final data were corrected
through subtracting the blank contamination from particles counted in samples.
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The Kolmogorov-Smirnov test examined the normality of the data. ANOVA test was used to compare samples (the signi�cance level was 0.05). Excel
2019 and MiniTab 17 were used to draw graphs, and SPSS 22 was used for the statistical analysis of the data.

3. Results

3.1. Number of MPs per sampling site and compartments
The total amount of collected MPs were 130, 133, and 94 in surface waters, sediments, and studied �sh species, respectively. After a comparison of the
number of MPs in samples taken from the different compartments, the highest numbers of MPs were collected in Bandar Abbas, Bushehr and Lengeh
regions were those of the surface seawater. Also, they were highest in Emam Hassan, Genaveh, and Qeshm regions in collected sediment samples; only in
the Hendijan region, they were highest in samples taken from L. abu species (Fig. 2).

The highest MPs contamination was determined in �sh samples taken from O. ruber species, and in the second rank, the highest levels of MPs were
collected in L. abu, C. arel, and S. forsteri, respectively.

Also, the contaminant of MPs was assessed for each �sh species in the sampling regions, and it was determined that the most contaminated regions
based on the existed MPs in O. ruber species were found to be Qeshm. Other regions showed the following pattern of MP contaminants in these �sh
species:

Qeshm > Bushehr > Lengeh > Bandar Abbas- Hendijan- Emam Hassan > Genaveh

The results suggested that the most MPs-contaminated region for L. abu �sh was the sampling region of Hendijan and Bushehr, Lengeh, Bandar Abbas,
Qeshm, and Emam Hassan regions were showed to be the most contaminant ones, respectively.

The Percentage of MPs in S. forsteri species showed that the most contaminated region for the number of MPs in this �sh species was Bushehr and
Hendijan regions; Lengeh, Qeshm, Emam Hassan, and Bandar Abbas regions had the highest contamination, respectively. The MPs identi�ed in C. arel
proved that the most contaminant regions based on the numbers of MPs in this species were Lengeh and Bandar Abbas regions, and in the next level of
contamination, there were Qeshm, Bushehr, Emam Hassan, Hendijan, and Genaveh regions, respectively (Fig. 2). After comparing the numbers of MPs in
all studied �sh species, it was determined that Bushehr was the most contaminant region based on the numbers of MPs in all studied species, followed
by Qeshm, Hendijan, Lengeh, Bandar Abbas, Emam Hassan, and Genaveh regions. The most contaminant region based on the numbers of MPs in all
regions was Qeshm and Bandar Abbas for sediment and seawater respectively (Fig. 2).

According to the collected MPs in all sampling (sea water, sediment and �sh) cases, Bushehr, Bandar Abbas and Qeshm were the most contaminated
areas in terms of number of MPs, respectively.

3.2. Average size of MPs
The largest average size of MPs in seawater was Genaveh region with 4.07 mm and the smallest average size in Bandar Abbas was 1.08 mm. The largest
size of MPs identi�ed in the seawater sample was identi�ed in Genaveh region with a size of 16 mm, characterized as mesoplastic. Also, in sediments,
the maximum average size of MPs was 2.36 mm in Genaveh region and the lowest was 0.7 in Bandar Abbas. The largest size of MPs in sediments was
also identi�ed in Genaveh region with a value of 5 mm, which is in the size limit for microplastics. In �shes, it was determined that the highest average
size of MPs among all studied species was related to seawater �sh with an average of 5.13 mm in Hendijan region. The largest size of MPs with a size of
8.2 mm related to the same �sh which was identi�ed in Hendijan region. Table 2 shows the average, minimum, and maximum size of MPs (Table 2).
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Table 2
Mean size of MPs (mean ± S.D), and range (mm) in the different species

Regions

  Hendijan Genaveh Emam Hassan Bushehr Bandar Abbas Lengeh Qeshm

Species Mean 
± SD

Range Mean 
± SD

Range Mean 
± SD

Range Mean 
± SD

Range Mean 
± SD

Range Mean 
± SD

Range Mean 
± SD

Range

O. ruber 5.13ab 
± 2.65

3.5–
8.2

1.85ab 
± 1.55

2.5–
4.7

1.43ab 
± 0.94

0.7–
2.5

2.86ab 
± 1.98

0.5-7 1.85ab 
± 1.07

0.3–
4.1

1.27ab 
± 0.82

0.3–
2.1

1.34ab 
± 0.69

0.6–
2.3

L. abu 3.24ab 
± 1.16

1.5–
4.6

- - 1.91ab 
± 1.25

1.02–
2.8

3.15ab 
± 1.28

1.5–
5.5

1.86ab 
± 1.38

0.7–
3.4

1.6ab 
± 1.48

0.6–
3.8

2.5ab 
± 0.95

1.5–
3.4

S.forsteri 2.77a 
± 2.11

1.1–
6.2

- - 1.16a 
± 0.19

1.02–
1.3

2.72a 
± 1.49

1–5 3.1a ± 
1.41

2.1–
4.1

2.36a 
± 1.67

0.6–
4.1

3.15a 
± 1.06

2.4–
3.9

C.arel 1.2a ± 
0.84

1.1–
1.3

2.3a ± 
1.41

1.3–
3.3

1.26a 
± 0.11

0.7–
1.7

1.26a 
± 0.75

0.7–
2.2

2.71a 
± 2.13

0.9–
5.8

1.88a 
± 1.35

0.3–
4.3

1.67a 
± 0.84

0.7–
2.6

Seawater 2.54a 
± 1.77

0.4-5 4.07a 
± 3.43

0.3–
16

1.61a 
± 1.02

0.3–
4.7

2.33a 
± 1.25

0.5-5 1.08a 
± 0.89

0.3–
4.7

1.33a 
± 1.25

0.3-5 1.56a 
± 1.50

0.3–
6.2

Sediment 2.36a 
± 1.41

0.7–
4.5

2.06a 
± 1.54

0.5-5 0.7a ± 
0.09

0.5–
1.2

1.39a 
± 0.61

0.5-3 1.62a 
± 1.16

0.3–
4.5

1.26a 
± 0.44

0.5–
2.5

1.04a 
± 0.62

0.3–
2.4

Identical letters indicate no signi�cant difference. (P > 0.05)

Non-identical letters indicate a signi�cant difference (P < 0.05)

3.3. Size classi�cation of MPs (mm)
The 357 collected MPs were categorized according to sizes using SPSS 22 in three kinds of samples taken from surface water, sediment, and �sh
species. Accordingly, the collected MPs in �sh are categorized into six groups based on their sizes. The dominant size (47%) percentage belongs to the
second size category (0.67–1.69 mm) in the collected MPs for all the studied �sh species and the least numbers of MPs were found in the �rst size
category of (≤ 0.66 mm).

Also, the size of MPs was categorized in samples taken from water and sediments. Accordingly, the collected MPs in surface waters were also
categorized into six groups. The dominant numbers of MPs were found in the second group (46%) (0.48–1.62 mm). The most frequently collected MPs in
the sediments were found in the second size category (40%), similar to �sh and sea water, (0.46–1.36 mm). The other categories and the frequencies of
MPs are reported, according to each size category in Fig. 3.

3.4. Morphology of MPs
Fibers, �lms, and fragments were identi�ed in the accumulated MPs. The �ber was the predominant form of MPs in all sampling stations and those
samples taken from the surface seawater, sediments, and �sh. Also, fragments MPs types were more common than �lm-shaped ones in all the stations.

In Bushehr Port station, �ber-shaped MPs constituted only 66.66% of the total MPs forms, which are lower than in the other stations, or it can be said that
the highest amount of �lm and fragment was also identi�ed in this station. All taken MPs were �ber shaped at Emam Hassan station. In this station,
there were no other forms of MPs in surface waters. Also, the shape proportion of MPs in other stations was reported according to the following pattern
(Fig. 4).

Fibre Emam Hassan > Bandar Abbas > Lengeh > Qeshm > Genaveh-Hendijan > Bushehr

Fragment Genaveh > Bushehr > Hendijan > Qeshm > Lengeh > Bandar Abbas > Emam Hassan

Film Bushehr > Hendijan > Genaveh > Emam Hassan- Bandar Abbas > Lengeh > Qeshm

Also, MPs morphology was assessed in the sediments. Hence, the highest-�ber-shaped MPs were gathered at Emam Hassan and Lengeh stations (as
100%) and the lowest ones were at Hendijan station (60%). The maximum numbers of the fragment and �lm-shaped MPs were also identi�ed at Hendijan
station. The different shapes of MPs at different stations for sediment sampling were according to the following pattern (Fig. 4).

Fibre Emam Hassan- Lengeh > Bushehr- Bandar Abbas > Genaveh > Qeshm > Hendijan

Fragment Hendijan > Genaveh > Qeshm > Bushehr > Bandar Abbas > Emam Hassan- Lengeh

Film Hendijan > Qeshm > Genaveh > Bushehr- Bandar Abbas- Emam Hassan- Lengeh

Regarding the �shes, although the �ber-shaped MPs were predominantly identi�ed in �sh, some of them can be sampled in other sampling stations.
According to this study, the different shapes of MPs determined in Cynoglossus are in three regions of Hendijan, Genaveh and Emam Hassan were all
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�ber (100%) and in other regions conformed from the following pattern: Bushehr Port (�ber: 80%, fragment: 13%, �lm: 7%), Bandar Abbas Port (�ber: 60%,
fragment: 30%, �lm: 10%), Lengeh Port (�ber: 60%, fragment: 25%, �lm: 15%), Qeshm Port (�ber: 75%, fragment: 20%, �lm: 5%).

In S. forsteri, the collected MPs were all �ber-shaped (100%) in all regions except in Hendijan and Bushehr, where the shape composition was as (�ber:
85.5%, fragment: 11%, and �lm: 3.5%), and (�ber: 71%, fragment: 27%, and �ber: 2%), respectively. In other areas, the collected MPs were identi�ed as all
�ber-shaped (100%).

In L. abu �sh, the MPs were identi�ed with a shape composition of (�ber: 50%, fragment: 35%, and �lm: 15%) only in Lengeh region, and in other regions,
the collected MPs were all �ber-shaped.

In O. ruber �sh, the MPs were identi�ed with a shape composition of (�ber: 55%, fragment: 30%, and �lm: 15%), (�ber: 90%, fragment: 10%), (�ber: 66.6%,
fragment: 23.3%, and �lm: 10%), (�ber: 60%, fragment: 28%, and �lm: 12%) in Bushehr, Bandar Abbass, Lengeh and Qeshm regions, respectively, and in
other regions, MPs were all �ber-shaped (Fig. 4).

3.5. Color-based categories of MPs
Color identi�cation was performed by observation. The color-based categories of MPs indicated that among 130 collected MPs in samples taken from
surface waters, 36, 24, 11, and 59 ones were red, blue, white, and black, respectively. The black color was dominant in samples taken from surface waters.
The identi�ed MPs were in different colors, including red, blue, white, black, purple, yellow, and green collected from the sediments. Among 131 collected
MPs in samples taken from sediments, 42, 18, 3, 58, 7, 2, and 1 ones were red, blue, white, black, purple, yellow, and green, respectively. The black color
was dominant in samples taken from the sediments, too. The color-based categories of MPs were performed for �sh species, too. Accordingly, in L. abu,
7, 3, 4, and 16 MPs were black, white, red, and blue, respectively. The blue color was dominant in this �sh species. The color composition of the collected
MPs in S. forsteri was as follows: 4, 2, 10, and 8 MPs as black, white, red, and blue, respectively. The red color was dominant in samples taken from this
species (Fig. 5).

Also, in S. forsteri and C. arel, colors were identi�ed, and the color composition of MPs was in these two species as follows: S. forsteri: 9, 2, 3, and 3 MPs
as black, red, blue, and green, respectively. The black color was dominant in samples taken from this species; C. arel: 12, 4, 7 MPs as black, red, and blue,
respectively. The black color was dominant in samples taken from this specie, too.

3.6. Sur�cial textural characteristics and chemical composition of the MPs
Figure 6 shows the results obtained from the analysis of the SEM images. Generally, MPs materials appeared with different surfaces of non-smooth,
smooth, and edged shapes. The �bre MPs were observed as narrow and smooth shapes (Fig. 6B, H). Fragment MPs appeared with non-smooth structures
(Fig. 6A, C, D, and F) and irregularly edged shapes (Fig. 6G). Also, �lm MPs showed an irregularly edged shape with a soft texture (Fig. 6E).

The analysis results of X-ray diffraction (EDS) spectroscopy revealed some elements such as carbon (C), oxygen (O), iron (Fe), aluminum (Al), silicon (Si),
calcium (Ca), magnesium (Mg), and potassium (K) in the structures of MPs.

Carbon and oxygen are the main components of the structure of plastic material (do Sul and Costa, 2014), which constituted the most critical MPs
composition analyzed in the present work. Also, trace silicon is applied in polymeric materials (Mehdinia et al., 2020). Other elements such as iron,
aluminum, calcium, potassium, and magnesium can be absorbed by MPs from the surrounding area (Liu et al., 2019; Shruti et al., 2019), or they can be
used as chemical additives in the production process of plastic materials (do Sul and Costa, 2014).

The cracks and abrasions observed on the surface of MPs indicate the period of MPs exposure to the environment, weathering by physical or chemical
agents, or mechanical degradation occurred in larger pieces of plastics (Abbasi et al., 2017; Liu et al., 2019). These developed structures on the surfaces
of MPs have already intensi�ed their capacity to absorb various environmental pollutants, including heavy metals and organic pollutants (such as stable
organic pollutants and polycyclic aromatic hydrocarbons) (Wardrop et al., 2016; Wen et al., 2018). 

Reference hummel polymer sample library were used to identify MPs polymer in sample. Polymers that matched more than 70% with reference polymers
were approved.

Overall, after assessing 357 identi�ed MPs in the present study, we found that PE was the dominant polymer (43.15%) in the collected MPs. Other
identi�ed polymers included PP (25%), PS (18.75%), PVAC (6.25%), and PVPR (6.25%) in the identi�ed MPs (Fig. 7).

After assessing the identi�ed MPs in the studied samples in this work, the major polymers were PE, PP, and PS in all the studied sampling regions.

4. Discussion
Fish can intake MPs for several reasons. They can mistake plastics for bait or ingest them during �lter feeding (Sun et al., 2019). Also, Abbasi (2018)
indicated that MPs are unlikely to accumulate in the digestive tract and the gut retention time of MPs consumed was the same as the ingested food.

Regarding the size of the MPs the most predominant size in any of the compartments was around 0.7-1mm, which is within the usual range founded in
these environments.Only a few percentages is close to the range of mesoplastics (5 mm) according to the classi�cation of Gregory and Andrady (2003).
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We found that the most typical shape of the MPs is the �ber. This is consistent with several previous works (Martin et al., 2017; Willis et al. 2019; Aliabad
et al. 2019 and Kor and Mehdinia, 2020. Most of these works are also located in the south of Iran and they relate the presence and shape of MPs with the
existence of �shing and commercial ports and the tourist industry.

Regarding the color the most dominant was black in sediments and seawater, which can be explained by the photoxidation due to the light exposition. In
�sh species, excepting S. forsteri, blue color was the dominant one. The colors of MPs can be applied to initially assess the origins and types of chemical
compounds, and also the source of MPs. However, colors can change by weathering and the formation of bio�lms; therefore, this results in a nearly
controversial discussion about colors. The high frequency of colored �bers can be explained by the synthetic textiles such as clothing and carpets from
beach dwellers in these areas or the �shing industry (ropes and �shing equipment).

Sampling regions that mostly were �shing and commercial ports, such as Bushehr, Bandar Abbas and Qeshm have the predominant polymers PP and PE
in samples taken from surface water. As expected, PP and PE (with lower density) were the predominant polymers in surface water, contrary to the denser
ones dominant in the sediments, due to the presence of �shing equipment, ropes, and boats.

Statistical analysis (one way-Anova) showed that in O. ruber, there was no signi�cant relationship between the numbers of MPs in samples taken from
water and sediment (P > 0.05) Also, the numbers of MPs did not show any signi�cant relationship between the samples taken from water and sediment in
L. abu species.

Statistical analysis showed that there were no signi�cant relationships among the numbers of MPs, body length, body weight, and weight of the digestive
system in S. forsteri, L. abu and O. ruber. But in C. arel, there were signi�cant relationships among the numbers of MPs, body weight, body length, and
weight of the digestive system (P < 0.05).

In regions accommodated with the �shing industry, MPs can expand to include the usual wore and tore �shing nets and other marine equipment. Plastic
cages, �oating nets, and boats exposed to air and ultraviolet light can involve making plastic parts. The most well-known forms of MPs found as bulks in
sediments and water sampled from �shing ports are constituted from the remains of vessels, �shing nets, boat hulls, and fragmented ropes, which is
usually made of polyester and polyethylene (Thushari and Senevirathna 2020; Fu et al., 2020), this study showed that the dominate polymer in sampling
regions in Persian gulf was polyethylene. Several factors involved in increased MPs including, tourism activities, recreational and commercial boating,
and dwelling buildings by beaches (De Sales-Ribeiro et al., 2020; Rasta et al., 2020). Frey et al. (2014) suggested tourism and �shing industries as
essential factors to raise the levels of MPs. In this study Bushehr, Bandar Abbas and Qeshm, also had these factors and were introduced as one of the
most contaminated areas in this study.

5. Conclusion
In this study, MPs contamination levels were studied in samples taken from surface waters, sediments, and four studied �sh species in 7 sampling
stations located in the northern shores of the Persian Gulf. The stations were found to be different in terms of MPs contamination. Most of the MPs
identi�ed in all three sampling items were in the form of �bers. Some of the collected samples of MPs were from the remnants of �shing nets and ropes
and fragments of vessels attached to the same nets. Tourism industry in some areas such as Bushehr, Qeshm and Bandar Abbas may be the most
important cause for MPs pollution. In general, this study con�rmed the pollution throughout the sediments and surface waters of these areas. Apparently,
because of the danger posed by MPs waste to marine environments, there is a need for global decision-making by governments and environmental
organizations to reduce the use of plastics and prevent this waste from entering marine environments.It is also suggested that MPs contamination must
be investigated in the �sh food chain of these areas.
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Figure 1

sampling region: A (Hendijan), B (Emam Hassan), C (Genaveh), D (Bushehr), E (Lengeh), F (Qeshm), G (Bandar Abbas)

Figure 2

The number of MPs per sampling items in different regions
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Figure 3

Percentage of size classi�cation of MPs in �sh, sediment and seawater

Figure 4

Different shapes of MPs in seawater, sediment and �sh in the seven studied regions
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Figure 5

The color of MPs in sampling items

Figure 6

SEM / EDS analysis on sediment MPs (A: fragment, B: �ber), surface water (C and E: fragment, D: �lm) and �sh digestive tract (F and G: fragment and H:
�ber).
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Figure 7

Identi�ed polymers in sediment, surface water and gastrointestinal tract of �sh; ATR-FTIR of representative samples identi�ed in north of Persian Gulf
(black line is polymer reference, red line is sample polymer)


