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Sediment of the East Coast of Saudi
Arabia
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Abdurahiman Kambrath Pulikkoden and Basheer Chanbasha

Abstract

Microplastic contamination in the sediment of the east coast of Saudi Arabia was not
addressed by any study. The objective of this study is to obtain the first measurement
of microplastic abundance at four different beaches on the east coast of Saudi Arabia
(Khafji, Jubial, Dammam, and Salwa). Sediment samples were collected from both high
tide and low tide zone. A total of 586 microplastic particles were collected from all the
sites with an average particle size of 1.55 + 0.94 mm. The majority of microplastic par-
ticles (77%) were less than 2 mm in size. Microplastic abundance ranged from 5.5 + 1.55
t021.2 + 0.68 particle/kg (51.1 + 14.71 to 152.8 + 21.32 particle/m?) in low tide region,
and from 6.3 + 4.05 to 16.5 + 4.98 particle/kg (50.6 + 31.21 to 204.5 + 64.15 particle/mz)
in high tide region. The most dominant colors were transparent (34%) and blue (30%),
while the fiber was the most common shape (96%). Polyethylene terephthalates were
the common polymer type of fibers, while polyethylene and high-density polyethylene

were common in fragments and filaments.

Keywords: microplastic, marine contamination, sediments, Arabian Gulf

1. Introduction

The plastic production rate is increasing exponentially since the 1950s reaching more
than 400 million tons per year in 2020 [1]. People favor plastic over other materials
mainly because of its properties, such as durability, lightweight, and flexibility. A study
done by Ritchie and Roser in 2018 estimated that the total plastic floating on the global
ocean surface is about 269,000 [2]. Plastic polymers are often combined with an additive,
which includes chemical compounds, metals, or persistent organic pollutants (POP)
[3-5]. Some of these additives are significantly toxic to humans if ingested, inhaled, or
even during dermal contact [6]. Plastic litter can degrade or break into smaller micro-size
plastic via various routes, such as mechanical forces, UV light from the sun, biological
degradation, oxidation, or hydrolysis [7-9].

Microplastics are defined as synthetic polymer particles, that is, less than 5 mm in
diameter. The first identification of microplastic was done in 1972 by carpenter et al. in
the Sargasso Sea in plankton net trawls [10]. Microplastic is introduced to the marine
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environment either as primary or secondary microplastic. Primary microplastics are
plastic particles that are manufactured to be less than 5 mm in size. Secondary micro-
plastics are created by the fragmentation of large plastic products into smaller particles
[11]. Microplastic is usually introduced to the marine environment through wastewater,
surface runoff, or fragmentation of plastic products in landfill and coastal areas [11].
Microplastic pollution is measured in water, sediments, and organisms. In marine
environments, beaches are considered to be the reservoir of macroplastic and micro-
plastic debris [12]. They receive plastic pollution from land and transport it to coastal
water, and then open ocean. However, the fate of microplastic spatial distribution is
uncertain and it depends on several factors: (1) chemical structure of microplastic, (2)
seawater density, (3) weather, (4) microplastic additives, (5) polymer type, (6) ecologi-
cal impact, and (7) fragmentation ability [13, 14]. Rivers are also considered a major
source of microplastic contamination in the marine environment, and this is because
they usually pass through several urban areas before discharging into the ocean [15].
Microplastics can interact with marine organisms mainly through ingestion due
to their small size similar to organisms’ natural food. Several studies were done to
measure microplastic contamination and risk in microorganisms [10, 16, 17], fish
and mammals [18-21], and birds [22]. It was found by scientists that biota exposed
to microplastic will have negative health effects, such as decreasing food consump-
tion [23], decrease in weight [24], growth rate [25], and fertility [26]. In the aquatic
environment, bivalves are the most commonly used organism in the labs for exposure
studies [27]. Also, because of their filter-feeding behavior, bivalves are used in several
studies as a bioindicator for microplastic contamination [28].

2. Study area

Arabian Gulf is an important sea to the surrounding countries due to the existence
of huge oil and gas reservoirs, supplying the countries with domestic water through
desalination plants, and because of its richness in a variety of biological resources that
supply the countries. Saudi Arabia has a coastline of around 800 km long on the Arabian
Gulf starting from Khafji and ending in Salwa Bay [29]. The kingdoms territorial water
covers an area of 27,050 km?, which is more than 10% of the total Arabian Gulf area
(240,000 km?) [30]. Arabian Gulf is considered one of the most stressful environments
for marine organisms due to its high salinity caused by the high temperate and low pre-
cipitation rate [29]. The gulf is a semi-enclosed sea surrounded by arid lands in the west
and the Zagros mountains in the east and connected to the Indian Ocean through the
Straits of Hormuz. The average depth of the gulf is 35 m and reaches a maximum depth
of 100 m near the Straits of Hormuz [29]. The circulation in the Arabian Gulf is coun-
terclockwise mainly driven by wind, and thermohaline [29]. A model of the gulf was
created by Yousef Alosairi et al. [31] using a three-dimensional numerical model estuary,
lake and coastal ocean model (ELCOM) which shows that the flushing time along the
Arabian coast is more than 3 years, a slow process compared to other seas. The Arabian
Gulf is surrounded by eight developing countries, including Saudi Arabia, Bahrain,
Qatar, United Arab Emirates, Oman, Kuwait, Iraq, and Iran. Each of these countries has
several cities and projects along the Arabian Gulf coastline, such as desalination plants,
treated sewage disposal, nuclear plants, and many oil and gas production industries.

Only 17 published studies related to microplastic were done in the Arabian Gulf
in which most of which are on Iranian coasts and the Strait of Hormuz. Therefore,
the objective of this study is to characterize and compare microplastic contamination
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Figure 1.
Location of the four different beaches on Saudi Avabia’s east coast.

in the sediment at Saudi Arabia’s east coast at four different beaches (Khafji, Jubail,
Dammam, and Salwa Bay) (Figure 1). By measuring the following parameters:

« The microplastic abundance will be reported as particle/kg of sand, and particle/m”.

* The microplastic size will include sizes from 5 mm down to 1 mm.

* The microplastic shape which usually classifies as fragment, foam, fiber, or pellet.

* Microplastic polymer types will be identified using ATR-FTIR.

3. Methodology
3.1 Sampling

To have a representative sample, samples were collected from beaches that were
not developed and prepared for recreational purposes. The sand of recreational
beaches usually is replaced or cleaned on regular basis. Therefore, it is recommended
to sample from the original uncleaned sand. Moreover, low tide (LTZ) and high
tide (HTZ) zones must exist and be identifiable in the sampling site to achieve our
sampling objective. Northing and easting coordinates were recorded for each sample
using global positioning system (GPS). Six samples were collected from each beach
of which three samples were from the high tide zone (HTZ), and three from the low
tide zone (LTZ). A wooden quadrat with 50x 50 cm was used for sampling with a
small metal shovel. After removing the debris and other liters, the top 5 cm sediment
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within the quadrat was collected in a metal bucket, weighted, and covered with foil
aluminum. Then, 2 kg of each sample was filtered through 5, and 0.5 mm mesh-size
stainless steel sieves. The remaining sand in between the sieves was collected in
labeled glass bottles and sent to the lab for the next steps.

3.2 Sample preparation

The density separation method was used to separate microplastic from the sand.
Sodium Chloride salt (NaCl) was added gradually to a beaker filled with distilled
water. The beaker was placed under a magnetic stirrer for continuous stirring. NaCl
was added to the distilled water up to saturation point when the salt is not dissolving
in the water anymore. To confirm the density of the brine, the weight of 1L of brine
was measured which was around 1.18 g/cm’. Sand samples were extracted from the
glass bottles into a stainless-steel container using a stainless-steel spoon and distilled
water to make sure all the samples is collected. Brine was filtered through 100 pm mesh
and then added to the containers using a volume equal to two to three times the sand
volume to submerge the sample. Sand then was stirred for 5 minutes to allow light
components like microplastics to float. The container then was covered with aluminum
foil and kept for 24 hours to settle. After 24 hours, the brine in the samples along
with the supernatant material was filtered through 100 pm stainless-steel mesh. The
materials caught in the mesh were then washed using distilled water into a glass beaker.
Then, the collected materials in the beaker were filtered using a 47 mm Whatman glass
microfiber filter, ceramic funnel, and electric vacuum pump. Glass microfiber filter
was then kept in a glass petri dish to dry and covered with aluminum foil.

3.3 Sample analysis

Glass filters are then analyzed under the stereo microscope “Olympus” with 450 x
magnification for any suspected microplastics. Suspected particles are collected using
metal forceps and placed in a glass slide to be analyzed using Leica CME 1000x compound
microscope. Particles are then identified as microplastic based on the following criteria
[32-33]: 1. the absence of organic and cellular structures, 2. the color is homogenous, and
3. not segmented and evenly thick. After that, the color and shape of microplastics were
recorded and a picture was taken of each sample with the scaled optical glass inserted in
the microscope lens. Later with the help of a calibration slide, the length of each particle
was measured using IC Measure software. Part of the identified microplastics was isolated
in a small glass bottle and was analyzed for polymer types using Bruker ATR-FTIR. To
cover all possible polymer types, samples with different characteristics (shape and color)
were used. The resulting spectrums were matched with referenced polymer spectra using
the library in OPUS-spectroscopy software. Statistical analysis was performed on the data
using Microsoft excel. First, using the Kolmogorov—Smirnov test for normal distribution.
Then, one-way analysis of variance (ANOVA) was applied for microplastic abundance,
size, and color considering p < 0.05 as statistically significant.

4, Results

Microplastics were found in all 24 samples taken from the four different beaches
Dammam, Jubail, Khafji, and Salwa (Table 1). A total of 586 particles were extracted
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Area Sample Abundance Size Shape Color
DMMM Total MP Particle/kg Particle/m’ Ave Size Fiber Fragment Filament Transparent Blue Black Red Green
DMMM-1LT 42 221 141 1.7 39 2 1 18 9 2 12 1
DMMM-2 LT 43 20.5 134 147 37 5 1 15 14 9 4 1
DMMM-3 LT 44 21.0 183 1.62 44 0 0 24 12 3 4 1
DMMM-1HT 17 8.5 62 1.75 11 6 0 5 7 3 2 0
DMMM-2 HT 35 16.7 124 1.51 34 0 1 11 11 7 6 0
DMMM-3 HT 24 12.0 87 13 24 0 0 6 6 8 3 1
JUBL JUBL-1LT 14 7.0 66 1.36 14 0 0 7 4 1 2 0
JUBL-2LT 7 33 31 1.21 7 0 0 0 2 3 2 0
JUBL-3LT 14 6.1 57 1.63 14 0 0 3 7 3 0 1
JUBL-1HT 3 15 13 2.55 2 1 0 2 0 0 0 1
JUBL-2 HT 24 114 90 1.68 24 0 0 8 6 4 4 2
JUBL-3HT 12 6.0 49 1.62 10 2 0 4 3 1 2 2
KHEFJ KHFJ-1LT 39 177 194 1.52 38 1 0 14 8 7 7 3
KHFJ-2LT 20 91 96 1.16 20 0 0 6 8 6 0 0
KHFJ-3LT 28 12.2 139 1.52 28 0 0 4 9 6 6 3
KHFJ-1HT 15 71 77 132 15 0 0 3 7 2 1 2
KHFJ-2 HT 20 91 76 1.27 20 0 0 4 2 3 9 2
KHFJ-3 HT 21 10.0 84 113 21 0 0 7 6 5 2 1
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Area Sample Abundance Size Shape Color

SALW SALW-1LT 21 10.5 123 17 18 2 1 8 8 2 2 1
SALW-2 LT 12 55 66 1.8 11 1 0 6 1 1 4 0
SALW-3LT 21 91 120 1.64 21 0 0 8 7 5 1 0
SALW-1HT 48 209 265 1.85 48 0 0 21 14 6 7 0
SALW-2 HT 42 191 232 153 42 0 0 8 20 7 7 0
SALW-3 HT 20 9.5 116 144 19 1 0 7 7 3 3 0

Table 1.

Detailed results of all of the samples analyzed for the microplastic study.
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with an average size of 1.55 + 0.94 SD mm and an overall average abundance of

11.5 + 5.02 SD particle/kg (109.4 + 50.26 SD particle/m?). The highest abundance among
the low tide is found in the Dammam sample with an average of 21.2 + 0.68 SD particle/
kg (152.8 + 21.3 SD particle/m”), while the lowest is in the Jubail sample with an average
of 5.5 + 1.56 SD particle/kg (51.1 + 14.71 SD particle/m?). On the other hand, Salwa has
the highest abundance among the high tide with 16.5 + 4.98 SD particle/kg (204.5 + 64.15
SD particle/m?) and Jubil is the least with 6.3 + 4.06 SD particle/kg (50.6 + 31.21 SD par-
ticle/m?) (Figures 2 and 3). No significant differences were reported between the overall
low tide average abundance (12 + 5.94 particle/kg, 112.5 + 40.08 SD particle/m”) and
overall high tide average abundance (11 + 3.85 particle/kg, 106.3 + 58.54 SD particle/m?).
However, when low tide and high tide average microplastic abundance were compared
for each site separately, discrepancies were observed in all of the beaches except the
Jubail sample. The low tide abundance average was higher than the high tide in Dammam
and Khafji, but the opposite was reported in Salwa.

Average particle size was showing no significant variation between both low tide
(1.53 mm) and high tide (1.58 mm). Microplastics with a size range from 1 to 2 mm
were the most common size with 44%, followed by particles that were less than 1 mm
in size (33%), then the range from 2 to 3 mm (14%). Therefore, only 9% of the col-
lected particles were bigger than 3 mm (Figure 4).
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Figure 2.

Average microplastic abundance (particle/kg).
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Figure 3.
Average microplastic abundance (particle/m?).
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Figure 4.
Microplastic size distribution.

Regarding microplastic types, 96% of the collected particles were fibers leaving
only 4% as fragments and filaments. Fragments and filaments were found in both
low-tide and high-tide samples.

Different colors of microplastic particles were observed in all the samples. The
majority is for transparent (34%) followed by blue (30%), black (17%), red (15%),
and green (4%).

Using ATR-FTIR analysis, four different polymers as polyethylene terephthalate
(PET), polyethene (PE), high-density polyethylene (HDPE), and polypropylene (PP)
were identified. Fibers with different colors (transparent, blue, and red) were found
to be PET. PE and HDPE were found in fragments and filaments with blue, green, and
transparent colors while only one white fragment was found in PP (Figure 5).

Statistical analysis using the Kolmogorov—Smirnov test shows that microplastic
abundance and size are normally distributed. One-way analysis of variance (ANOVA)
shows no significant differences between microplastic abundance, size, and color
considering p < 0.05 as statistically significant.

5. Discussion

Numerous studies were conducted around the world to characterize microplastic
abundance in water, sediment, and biota. However, still the methodology and report-
ing unit is not yet standardized. Different sampling procedures for sediment can be
found in the articles. For example, sample quadrat varies in the studies from 1 x 1m
to 0.3 x 0.3 m [34, 35], and the most common quadrat is 0.5 x 0.5 m. This is the case
with sampling thickness in which some studies collect the sample from 5 cm [36]
while others take only the top 1 cm [33, 36, 37]. Also, density separation fluid density
varies from 1.2 g/ml for NaCl to 1.8 g/ml for Nal. In this study, NaCl was used since
it is the most popular choice, easy to use, and low cost. Moreover, reporting units in
the published papers are different such as particle/kg, particle/m?, mg/g sediment,
mg/m?, and particle/0.0125m’. Weight in some studies is presented as dry sediment
weight, while in others is a wet sediment weight. Therefore, comparison between the
results is not a straightforward process. Multiple published articles and review papers
summarized the methodologies and results of many microplastic studies done around
the world [38-40].

8



Microplastic Contaminants in the Sediment of the East Coast of Saudi Arabia
DOI: http://dx.doi.org/10.5772/intechopen.109019

g [ Camprr POLYETHTLENE FUREIWTWAATE |
Blue Fiber, PET s RS

Py e
Sarcn e AT8 e bmrce

| "Red Fiber, PET ‘1 f;‘ z \ 5

: Blue Fragment, PE '

Top oty oyern US|
Tt 1 T

-
BN 09 g O

Figure 5.
Spectrum for different shapes and colors of microplastic.

Microplastic abundance per area was estimated in this study since part of the stud-
ies done in the Arabian Gulf described microplastic abundance as particle/m2 [33, 41].
To calculate the abundance in particle/m’, equal vertical distribution along the 5 cm
depth must be assumed. Also, it is important to clarify that the reporting unit is a
particle of microplastic in an area of 1 m” and at 1 cm depth. The results showed an
average abundance of 112.5 particles/m” for the low tide zone and 106.3 particles/m?
for the high tide zone.

Comparing microplastic abundance on the east coast of Saudi Arabia against
worldwide countries shows that the Saudi east coast of the Arabian Gulf is among
the least polluted coasts (5.5 to 21.2 particles/kg, 50.6 to 204.5 particles/m?). Multiple
studies with similar microplastic extraction procedure done on the southwestern side
of the USA coast and at several European beaches [43, 44] shows a higher abundance
of microplastic [42-44]. Same with Asian countries where microplastic abundance
tends to be higher than our results [12, 45, 46]. Table 2 summarizes some results of
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various studies around the world taking into consideration similar methodologies and
reporting units. Higher abundance in smaller particle sizes is also observed in most of
the studies. Black and blue were the most common colors in these articles, and fiber is
the common shape.

With regards to the gulf countries, a review paper by Saif Uddin et al. [38]
summarizes all the studies carried out in the Arabian Gulf in terms of the type of
samples, sampling methodology, and results. From the Iranian coast to the Oman
sea through the Strait of Hormuz to Bander Abbas city beaches, studies show
greater microplastic abundance compared to the Saudi east coast [36, 41, 47, 48].
This might be due to the geology of the area and the counterclockwise movement
of the seawater [29]. In these studies, density separation was done using brine
density higher than NaCl which led to extracting more microplastic particles.

As stated by Naji et al. [49] in their study that around 74% of microplastic was
extracted using NaCl, while the remaining 26% was recovered by Nal. However,
the studies done in Qatar by Abayomi [50] and UAE by Aslam [33] used the KI
solution for density separation and it shows much lower microplastic abundance
than that of the Iranian coast. The results of both studies are comparable with this
study’s numbers and that gives more confidence in our methodology. This was
also supported by the similarity in having fiber, blue, and PE as the most common
properties of the collected microplastic.

Despite that the average of low tide and high tide abundance is very close to each
other; it may vary a lot when compared site by site. The difference is observed in
all the sites except Jubial which has the lowest abundance among all the sites. Low
tide shows higher abundance in Dammam and Khafji samples while it was less in
Salwa. Therefore, there is no trend between the high tide and low tide abundance
which was also observed [47]. It was expected to have higher microplastic abundance
in Dammam, Jubail, and Khafji since they are both crowded and industrial cities.
However, Jubail shows a very low number which was unexpected for the biggest
industrial city in the eastern region. Several reasons might cause these low numbers
which are as follow:

1. The geology and location of Jubail city where the counterclockwise current is
blocked by Abu Ali Island in the north.

2. The effective recycling of the wastewater, which is treated and reused for irriga-
tion instead of discharging it in the sea.

3.The frequent cleaning of the developed beach will reduce the amount of plastic
runoff to the seawater.

On the other hand, Salwa which is considered a rural city showed high microplas-
tic abundance and this also can be explained by the following reasons:

1. Although Salwa has a very low population, the sea there is surrounded by land
from three directions which makes it a trap for floating contamination.

2. Multiple resorts in Qatar side in front of Salwa beach.

3. Salwa beach is considered a destination for tourism to practice fishing and camping.
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Since Salwa is located near the border of Qatar, it will be useful to compare its
results with Abayomi’s results [50]. Umm Bab sampling site is the closest one to Salwa
beach, and it shows a microplastic abundance of 8.3 particles/kg which is similar to
our results for Salwa average low tide (8.4 particles/kg) (Figure 4).

Microplastic with a size <2 mm was the most common size among the samples
(77%). It is expected to have even smaller (<0.5 mm) microplastics that already
passed the 0.5 mm stainless steel sieve. The smaller the microplastic particles are,
the more vulnerable they became to a smaller organism. Based on a study done by
Naji et al. [49], microplastics with sizes ranging from 0.02 to 1.68 mm were the most
common size found in cyclopoids, shrimps, and zoea. Having microplastic induced in
the organisms at the base of the food web could cause biomagnification in the bigger
organisms that feed on them.

As mentioned before, around 96% of the collected particles were fiber. This result
is similar to all the studies done in the Arabian Gulf and most worldwide stud-
ies (Tables 2 and 3). This could be due to disposing sewage rich in synthetic fiber
released from textiles, or clothes into the sea [6, 51]. Degraded fishing ropes and nets
are considered a source of microplastic fiber in seawater. Treatment of wastewater
before disposing to the sea may remove more than 80% of the microplastic [52].
Unfortunately, some countries dispose of the wastewater without primary treatment
[53] which may increase the microplastic fiber in the oceans. Microplastic fibers were
found to be one of the most shapes to be ingested by zooplankton [33, 54, 55]. More
studies also showed that microplastic fiber is the most ingested by turtles, fish larvae,
and Mesoplodon mirus [56-58].

Transparent and blue colors like most of the studies in the area were the most
common colors followed by black color (Figure 6). No significant change in color
distribution was found among the sampling sites. The importance of quantifying
microplastic color was described by Shaw et al. [59] research which shows that
colored microplastic is more likely to be ingested by organisms as prey, and the white,
transparent, blue, and black colors were the most commonly found [59]. During
microscope analysis, some particles were found with a partially faded color. This indi-
cates that some of the originally colored microplastic particles turned into colorless
particles and that could be because of the physical or chemical reactions between the
particles and the surroundings. The changing of color was also mentioned by Chen
et al. [60] and by Wibowo et al. [61] which show that time is playing a role in chang-
ing the microplastic color and size.

Attenuated total reflectance fourier transform infrared spectroscopy (ATR-FTIR)
analysis shows that different colors of microplastic fibers had similar polymer types
which are polyethylene terephthalate (PET). Since fiber was the most common shape
(96%), then this suggests that PET is the most common polymer type in the collected
samples. This result is consistent with the studies done in the Arabian Gulf, and most
of the studies around the world. PET is commonly used in making ropes and drinking
bottles which are heavily used in KSA specifically for water bottles. Fragments and
filaments particle were identified as polyethylene (PE) and high-density polyethylene
(HDPE). These polymer products are also commonly used in our daily life, such as
bags and shampoo bottles. Only one particle was identified as polypropylene (PP)
which was also reported in Qatar by Abayomi et al. [50]. This suggests that most of
the microplastic contamination in Saudi east beach is coming from the daily used
plastic product which reaches the sea through wastewater effluent, direct dumping of
plastic into the sea, or run-off.
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Country Location Abundance Average Particle Size Most Common Reference
Particle/kg Particle/m2 Shape Color Polymer
USA Southeastern Beach 43-306 (D.W.) — — Fiber — PET [42]
Mobile bay, Alabama 50.6 + 9.96 — 2.5 mm Fragment PE & PP [62]
Kamilo/Kahuku Beach, — 1143/1774 2-4 mm Fragment White PE [63]
Hawai’i
Italy Sicily 160 + 31 (D. W.) — 1.32 mm Fiber Blue/Black — [43]
Tyrrhenian Sea — 151-678.7 — Filament — — [64]
Spain Denia 156 +29 (D. W.) — 1.96 mm Fiber Blue/Black — [43]
Lambra/Famara/Las Caneras — 430.9-1656 — Fragment — — [65]
France Normandy 143+ 13 (D.W.) — 1.28 mm Fiber Blue/Black — [43]
UK Scapa Flow Orkney 730-2300 (D.W.) — — Fiber Blue PTFE [44]
Netherlands Rottumeroog 124 + 27 (D. W.) — 1.28 mm Fiber Blue/Black — [43]
Denmark Fyns Hoved 164 + 21 (D. W.) — 1.26 mm Fiber Blue/Black — [43]
Russian Baltic Coast 0.2-36.2 (D. W.) 5560 — Foam — — [66]
China Guangdong Province — 6675 0.315-1 mm Foam PS [12]
South Korea Nakdong River Estuary — 27,606 — Foam — — [45]
Maldives Coral Island N — 647 + 720 — Foam — PE [46]
South Africa Indian Ocean — 6889 + 3482 & Fiber Blue/Black PS [67]
3308 + 1449
Table 2.

Examples of microplastic studies around the world.
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Country Location Abundance Density Separation Brine Most Common Reference
Particle/kg Particle/m’ Shape Color Polymer
Iran Strait of Hormuz 2 +1t01258 + 291 (D. W.) — NaCl Fiber PET & Nylon [36]
Oman Sea 138.3 + 4.5t0930.3 + 49 (D. W.) — NaCl & ZnCI2 Fiber & White PE [48]
Fragment
Bandar Abbas — 3252 + 2766 — Foam — PS & PET [41]
Bandar Abbas 36 + 72t0125 + 25 (D. W.) — NaCl & Nal Fiber S PE & PET [47]
Khor-e-Khoran Mangrove 19.5to 34.5 (D. W.) — NaCl & Nal Fiber Black 2 [49]
Qatar Qatar Coasts — 36 to0 228 KI Fiber Blue PE & PP [50]
UAE Dubai Coast 59.71 (D. W.) 165 KI Fiber Blue PE [33]
Kuwait Kuwait Coasts — — — Filament & Blue PP & PE [35]
Fragment
Table 3.

Microplastic studies in the Avabian Gulf (sediment).
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Figure 6.
Microplastic color fading and changing.

6. Conclusion and recommendation

This study is the first study to measure microplastic pollution in the sediment of

the eastern coast of the kingdom of Saudi Arabia. The common size of microplastic
particles measured (77%) was less than 2 mm in size. Microplastic abundance within
the study sites ranged from 5.5 to 21.2 particles/kg (51.1 to 152.8) in the low tide region,
and from 6.3 to 16.5 particles/kg (50.6 to 204.5 particles/m?) in the high tide region. The
main goal of this study is to provide a baseline and glimpse of the quantity and identity
of microplastic in our selected sites, however, those values consider to be a baseline for
a coast length of 800 km. The future researcher will have some expectations of micro-
plastic distribution along this coastline. Several recommendations can be suggested to
whom is interested in curry microplastic research on Saudi Arabia’s eastern coast:

14

* Identify the effect of sampling time in microplastic quantity by collecting the
sample from a single location at a different time interval.

* Measure microplastic contamination in both water and sediment in the same area
to find the relationship.

* Identify an organism to be used as a bioindicator in our area, such as Clam in
China [28].

* Use multiple brine solutions with different densities to find the difference
between the quantity and type of microplastic extracted from each one.

* Measure microplastic abundance in sediment with respect to depth
* Provide the results with a different unit to allow comparison with different studies.

* Measure microplastic in a protected area (mangroves and islands) which is
important to preserve the area and the organisms living there.

* Digestion of organic material by acids can make microplastic identification
easier, however, it can affect color and shape identification.

* Filtering the supernatant using a fine mesh size stainless steel (300 pm) can ease
the filtration of supernatant later in the glass filter paper.
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