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EXTENDED ABSTRACT

Introduction

Over the decades, humans have caused the
pollution of beaches and waters by disposing of
plastic litter in the sea and rivers. At present,
plastic pollution has been identified as an
emerging environmental problem that may affect
human health and biodiversity in the near to
medium term. Plastics enter aquatic systems from
several sources such as sanitary sewage
overflows, coastal tourism, inadequate waste
disposal and management, industrial activities,
construction, and illegal dumping, and cause
harmful ecological effects on living organisms at
all trophic levels. Plastics are classified according
to size into macroplastics (diameter larger than
2.50 cm), mesoplastics (diameter: 2.50-0.500
cm), and microplastics (diameter smaller than 5
mm). Widespread effects of beach litter have been
reported around the world. Wastes are considered
important as one of the damaging factors of
beaches with adverse impacts on the economy and
ecosystems. Therefore, indices have been
developed to measure marine debris pollution in
coastal environments, such as the Clean-Coast
Index. This index provides the possibility to grade
the pollution of the beaches. Since there is no
published study on plastic pollution in coastal
sediments of Iranian rivers, this study was
conducted to investigate the spatial distribution of
microplastics and mesoplastics, determine the
composition of plastic waste and evaluate the
cleanliness of the beaches in Zayandeh-Rud
River.

Material and Methods

From the upstream to the downstream of
Zayandeh-Rud River, 21 stations were sampled
during the summer season of 2020 based on land
use, the degree of industrialization and
urbanization around the river, distance and
proximity to various sources of pollutants, the
presence of the tourism industry, and ease of
access to the river. To investigate plastic litter at
each sampling station, a plot of 2 x 2 m? was
selected (the plot size was selected according to
field observations and regional conditions). All
visible plastic litter on the surface of each plot was
collected and photographed. Finally, to classify
the plastic into meso or macroplastic, the diameter
of each particle was measured. Then all these
particles were weighed and classified according
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to the type of plastic (line, film, hard, and foam).
In this study, the CCI index was used to show the
cleanliness of the studied beaches. CCI for
beaches was calculated according to Eq. 1. In this
index, the density of plastic litter is determined
based on the number per m* by applying a fixed
value (K=20). According to the CCI scale,
beaches are classified from "clean" to "very
dirty", 0-2 is very clean, 2-5 is clean, 5-10 is fairly
clean, 10-20 is dirty, and more than 20 is very
dirty.

Y. Plastic Litter

¢Cr= Length(m)xWidth(m)

(M

Results

The average abundance of plastic litter 2.8
macroplastics and 1.4 mesoplastics (item/m?)
collected from the beaches of Zayandeh-Rud is
more than the Caribbean beaches (0.910 + 0.500
items /m?), the beaches of Alicante, Spain (0.120
items /m?) and the Silveria coast. Brazil (2 items
/m?) was obtained. The results of the abundance
of plastic litter for all the studied stations are also
considerably higher than the global average (1
item /m2). Based on the comparison with the
studies, it can be concluded that the beaches of the
Zayandeh-Rud River are considerably polluted
with plastics. The evaluation of macro and
mesoplastics identified in this study showed that
land resources such as waste disposal and tourism
in the region are essential and the main factors of
plastic litter in the region. Based on the results of
the mean comparison test, the highest and lowest
number of macroplastics were identified in
stations 13 (22 particles) and stations 4 and 18 (4
particles), respectively. The low pollution of these
stations can be related to the low population
density and the presence of agriculture and
gardening around them. Considering that Station
13 (Bagh Bahadoran) has historical and
recreational attractions, the high amount of large
plastic litter in this area is not far from expected.
The highest number of mesoplastics in the
samples was observed at station 15 (26 particles).
Station 15 is close to the residential area, which is
therefore exposed to a lot of litter due to the
concentration of the population. On average, 11.1
+ 6.04 macroplastics and 5.54 & 7.30 mesoplastics
were identified with an average weight of 65.8
and 0.462 grams, respectively. The highest macro
and meso weight were related to station 6 (222 g)
and 20 (3.06 g), respectively, and the lowest
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macro (1.33 g) was related to station 21 (Shakh
Kenar). On the edge of Zayandeh-Rud dam Lake
(station 6), Chadegan tourist village is located,
which can be attributed to the high mass of
plastics in this area due to tourism activities, while
the low amount of plastic litter in Shakh Kenar
station can be attributed to factors such as long
distance from population centers and tourism
activities. The abundance of macro and
mesoplastics in the region was classified into
different types of film, line, hard, and foam in
terms of shape (Table 1). As shown in Table 1,
hard and film had higher repetition and foam had
the lowest repetition. Leaving litter such as drink
bottles, food packaging, bags, and disposable

containers by tourists into the water and the
shores of the Zaindeh-Rud River can be the origin
of the high presence of macro and mesoplastics,
hard and films. Among all registered polymers,
bags (polyethylene) were more than other
polymers. On the other hand, bottles (PET) were
the heaviest group of plastics (Table 1). Based on
the CCI scale, 52.4% were classified as clean,
28.6% as very clean, and 14.3% as fairly clean,
and only station 15 was placed in the dirty class.
Although the abundance of plastic litter on the
beaches of Zayandeh-Rud is considerably higher
than the world average based on the CCI, they are
not classified as dirty.

Table 2 Characteristics of found plastics on the coast of Zayandeh-Rud river based on type, number, weight and

polymer

Plastic Debris Type Number of Items Weight (g) Polymer

Bags Film 109 181 PE

Packing Film 76 235 PP, PS

Hard Food Container Hard 70 258 PS, PET

Foam Food Containers Foam 7 12.5 EPS

Drink Bottles Hard 15 419 PET

Fish Lines Line 10 17.4 Nylon

Others Others 18 266 PVC, SAN

Total 305 1389 8
Conclusions activities are necessary to prevent or reduce

Collected plastics were determined as 58.25%
macroplastics and 18% as mesoplastics. The
presence of plastic items, such as food packaging,
bottles, and bags, indicates the predominance of
household waste over industrial waste. According
to the CCl index, all the beaches except station 15
were classified in the clean range. Despite the
cleanness of the beaches, improving solid waste
management, supporting public awareness
programs, and carrying out beach cleaning
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plastic litter pollution.

Data Availability
The data used in this research are presented in
the paper.
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Table 1 Abundance of macro and mesoplastic in sediments

Macroplastics Mesoplastics
Stations Number  Size range (cm) weight (g) Number  Size range (cm) weight (g)

1 5 53-6.30 71.5 - - -

2 6 48-3.10 15.2 - - -
3 9 38.5-4.50 48.8 1 2 0.010

4 4 32-14.4 12.9 - - -

5 15 59.5-3.30 129 - - -

6 13 32.7-3 222 - - -
7 21 106-3 94.4 1 0.500 2.04

8 20 44-5 112 - - -
9 8 98-3 383 1 1.80 0.001

10 11 43-3 69.14 - - -
11 7 11-8 24.62 12 1.50-0.500 0.012
12 10 150-3 44.77 1 0.600 0.001
13 22 41-3 184 3 2.50-2 2.51
14 19 52-3 4 2.50-0.500 0.029
15 18 35-3 25.5 26 2.50-0.500 0.091
16 13 44-3 40.9 2 2.50-0.800 0.013
17 12 150-3 66.1 6 2.50-0.800 0.038

18 4 20-3.50 9.47 - - -
19 7 31-8 54.6 12 1.90-0.500 0.042
20 5 26.5-4.50 13.2 2 2.50-2 3.06
21 11-6.50 1.33 1 2.50 1.85
Sum 233 - 1380 72 - 9.70
Min 4 - 1.33 1 - 0.001
Max 22 - 222 26 - 3.06
Mean 11.1 - 65.8 5.54 - 0.462
Std.Deviation 6.04 - 58.2 7.30 - 0.969
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Table 3 Test of homogeneity of variances

Levene P-
Statistic dfl df2 value
Size 3.003 20 284 .000
weight 3.111 20 284 .000
Welch
Statistic dfl df2 Sig.
Size 5.215 20 60.959 .000
Weight 2.573 20 62.892 .002
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Table 2 Shapiro-Wilk test for normality

Stations  P-value based on P-value based on
size weight
1 0.263 0.049
2 0.355 0.240
3 0.003 0.000
4 0.525 0.134
5 0.045 0.002
6 0.038 0.010
7 0.000 0.000
8 0.000 0.000
9 0.004 0.000
10 0.329 0.001
11 0.000 0.000
12 0.000 0.000
13 0.000 0.000
14 0.099 0.000
15 0.000 0.000
16 0.000 0.000
17 0.000 0.000
18 0.473 0.992
19 0.000 0.000
20 0.356 0.753
21 0.833 0.043
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Table 4 Characteristics of plastics on the coast of Zayandeh-Rud river based on type, number, weight and

polymer
Plastic debris Type Number of items Weight (g) Polymer
Bags Film 109 181 PE
packing Film 76 235 PP, PS
Hard food container Hard 70 258 PS, PET
Foam food containers Foam 7 12.5 EPS
Drink bottles Hard 15 419 PET
Fish lines Line 10 17.4 Nylon
Others Others 18 266 PVC, SAN
Total 305 1389 8
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Fig. 2 Abundance of macro and mesoplastic in the sediment samples of the study area based on color
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Table 5 Clean-coast index for each station

Stations CCI Classification
1 1.25 cv
2 1.50 cv
3 2.50 C
4 cv
5 3.75 C
6 3.25 C
7 5.50 MC
8 C
9 2.25 C
10 2.75 C
11 4.75 C
12 2.75 C
13 6.25 MC
14 5.75 MC
15 11 D
16 3.75 C
17 4.50 C
18 [0\
19 4.75 C
20 1.75 CVv
21 1.25 (A

very clean (VC), clean (C), moderately clean (MC), dirty (D), extremely dirty (ED)
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Table 6 Comparison of the Clean-Coast Index in the beaches of other parts of the world

Area — beach name Country CCI CCI description Reference
San Manuel Philippines 16.7 D
San Miguel Philippines 45.8 ED .
Bacungan Philippines 5 C Sajorne et al. (2021)
Inagawan Philippines 111 ED
El Salvador City Philippines 2.27 C Kalnasa et al. (2019)
Bulua Philippines 333 ED .
Macabalan Philippines 933 ED Esquinas et al. (2020)
Talsari India 14.8 D Mugilarasan et al
New Digha India 32.1 ED P 051) :
Sankarpur India 7.70 MC
Paralimni Cyprus 0.900-2.60 C Loizia et al. (2021)
Centro Brazil 12.6 D
Meia Praia Brazil 34.8 ED
Silveria Brazil 1 VC Marin et al. (2019)
Taquarinhas Brazil 4 C
Vermelha Brazil 71.8 ED
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