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Executive Summary

Global concern over microplastic (MPs)—plastic particles smaller than 5 mm—and
nanoplastic (NPs)—particles smaller than 100 nm—has intensified in recent years due to their
widespread presence in aquatic and terrestrial environments. The world produces
approximately 300 million tons of plastic annually, and cumulative plastic production reached
about 6.3 billion tons by 2015, of which only 21% was recycled or incinerated. Estimates
indicate that soils receive 4 to 23 times more MPs than oceans, and roughly 85% of marine
environments are contaminated with plastics, about 90% of which are micro-sized. Without
decisive measures, accumulated plastic waste in natural waters is projected to exceed 12
billion tons by 2050.

These particles originate from primary sources (e.g., microbeads and pellets
manufactured at micro-scale for cosmetics and other uses) and secondary sources via the
degradation of larger plastic items under environmental stressors such as ultraviolet radiation
and mechanical weathering. Because plastics are highly resistant to degradation, their micro-
and nano-scale fragments persist in the environment for prolonged periods. MPs and NPs
pose significant risks due to their capacity to adsorb toxic chemicals including DDT, PCBs, and
heavy metals such as mercury, lead, and cadmium—and carry them on their surfaces. Once
ingested by organisms, these contaminated particles enable trophic transfer of pollutants
through the food web to humans. The health impacts include gastrointestinal disturbances,
endocrine disruption, and long-term bioaccumulation in tissues. These factors render micro-
and nanoplastic pollution a pressing global environmental and public health challenge that
demands urgent scientific and policy action.

The present report revealed that the data document notable contamination by MPs
across multiple environmental compartments in the Arab region. MPs are prevalent in
regional seas, including the Arabian Gulf and the Red Sea, driven by industrial discharges,
tourism-related pressures, and weak coastal waste management. Agricultural soils are also
affected, particularly where treated wastewater is reused for irrigation or organic fertilizers
contain plastic residues. Environmental surveys in several countries report elevated MP levels
in sediments and beaches.

The studies across Arab countries have identified MPs in the gastrointestinal tracts of
commercial fish and other marine organisms along Gulf and Mediterranean coasts. One
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estimate suggests that annual consumption of mussels could introduce approximately 4.2
microplastic particles per person per year via this dietary pathway. The studies in Saudi Arabia
and Kuwait have found MPs in the digestive systems of various fish species, substantiating
trophic transfer and the potential for human exposure via seafood. MPs have also been
detected in treated wastewater, raising concerns about their re-introduction into the
environment through agricultural reuse. Taken together, these indicators underscore that
microplastic pollution is a present and tangible reality across marine, terrestrial, and urban
systems in the Arab region.

The report highlighted a range of environmental and health impacts. Ecologically, MP
ingestion by plankton, fish, and seabirds causes gastrointestinal blockage, false satiation
leading to reduced feeding, and disrupted growth and reproduction. Experimental studies
have reported, for example, a 22% reduction in survival and a 2% growth slowdown in certain
benthic organisms (e.g., marine worms) exposed to microplastics, associated with oxidative
stress and altered neuronal signaling. MPs accumulate in marine sediments over time,
modifying sediment properties, threatening benthic communities, and concentrating
pollutants in low-circulation areas.

The report warns that MPs reach humans through multiple exposure pathways, most
notably dietary intake (contaminated fish and shellfish) and plastic-packaged food and water.
Recent evidence suggests that these particles, especially NPs, access multiple human tissues,
and even enter the bloodstream and the brain, owing to their minute size and ability to cross
cellular barriers. MPs are no longer merely an environmental contamination issue; they
constitute a public health concern. They erode biodiversity by undermining wildlife and
marine health while simultaneously infiltrating human food and water, posing latent,
cumulative, and long-term risks. The findings reinforce the urgent need for coordinated
scientific and practical interventions to mitigate MP/NP pollution in Arab environments.

The report provided a comprehensive assessment of Arab states’ capacities to
confront MPs/NPs pollution across research and technical infrastructure, institutional
frameworks, and policy instruments. The data reveal substantial heterogeneity in readiness
and prioritization.

Analytical capacity for MP detection also varies sharply. Some Gulf states—the UAE,
Saudi Arabia, and Qatar—operate laboratories equipped with relatively advanced
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instrumentation. Elsewhere, many countries lack such capabilities; the report notes limited
availability of high-end analytical tools and scarcity of specialized expertise in countries such
as Sudan, Yemen, Libya, and Syria, complicating detection of very small MPs and NPs. Many
environmental labs still rely on basic optical microscopy, which cannot reliably detect
nanoscale particles. This infrastructure gap diminishes monitoring accuracy and hampers
spatial mapping of contamination. Bridging it will require targeted investments in laboratory
equipment and capacity building through international partnerships.

On the regulatory front, awareness of plastic-related risks is growing, but policy
measures remain nascent. A limited number of countries have enacted controls on single-use
plastics (e.g., restrictions on bags and disposable utensils) as part of broader efforts to curb
plastic waste. However, MP-specific legislation remains largely absent across the region.
Economic dependencies on plastic manufacturing can make stringent restrictions politically
and economically sensitive. Enforcement of existing environmental laws is also hindered by
resource constraints and implementation challenges. While national waste strategies exist in
several states, their on-the-ground enforcement is often insufficient, and local markets are
frequently flooded with non-compliant plastic products due to weak oversight. Updating the
legislative framework to include microplastic standards and controls, alongside stronger
compliance and monitoring mechanisms, is therefore imperative.

The capacity analysis suggests that Arab countries possess foundational assets trained
young scientists, select central laboratories, and isolated success stories but require stronger
regional integration and knowledge exchange to close gaps. Advancing research and technical
capabilities, bolstering regulatory readiness, and scaling public awareness will be critical to a
more effective, region-wide response to microplastic pollution in the coming years.

The report identified five principal challenges impeding monitoring and mitigation in the Arab
world:
1. Data scarcity: Many countries lack routine, comprehensive monitoring, creating

knowledge gaps in local MP prevalence and distributions. For several states (e.g.,

Bahrain, Syria, Yemen, Libya), data are insufficient to construct a reliable regional

baseline, undermining evidence-based policymaking.
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Infrastructure and resource limitations: A shortage of advanced analytical
equipment, trained personnel, and sustainable funding constrains environmental
monitoring and waste-management upgrades, allowing plastic leakage to persist.
Regulatory and enforcement shortfalls: Few countries have MP-specific rules;
enforcement of existing environmental regulations is inconsistent. Mechanisms like
“polluter pays” and extended producer responsibility (EPR) are rarely implemented,
while economic dependence on plastics complicates the adoption of strict controls.
Weak solid waste management: Significant volumes of waste—including plastics—
still end up in open dumps or natural environments. Wastewater treatment plants are
generally not optimized to capture micro-sized particles, enabling their recirculation
into ecosystems. Low sorting/recycling rates and uneven collection coverage,
especially beyond major cities, further exacerbate leakage.

Low public awareness: Many consumers do not connect everyday behaviors (e.g.,
single-use plastics) with environmental and health risks. Public participation in source
reduction, household sorting, and clean-up campaigns remains limited, necessitating

sustained education and outreach.

To address these constraints, the report proposes the following strategic recommendations

for policymakers and research institutions:

Strengthen research and regional coordination: Expand applied monitoring studies
across Arab ecosystems and foster Arab—international collaborations. Establish a
shared regional database and harmonized methodologies to enable comparable
datasets; promote expert networks, workshops, and advanced training.

Upgrade technical and laboratory capacity: Invest in modern analytical platforms
(e.g., high-resolution spectroscopy and imaging) and staff development; adopt
standardized sampling and analysis protocols to ensure data quality; and close
detection gaps for NPs.

Reform waste and wastewater systems: Prioritize infrastructure investments for solid
waste and wastewater management, expanding sorting, recycling, and reliable
collection services; ensure effective wastewater treatment to prevent microplastic re-

emission; and embed circular economy principles to reduce plastic throughput.
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¢ Adopt robust regulation and green incentives: Enact or update laws to phase down
single-use plastics and control known MP sources; activate EPR schemes and “polluter
pays” mechanisms; and deploy incentives for biodegradable alternatives and cleaner
production.

e Scale public awareness and education: Launch comprehensive national awareness
campaigns, integrate plastic pollution topics into school curricula, leverage media and
social platforms, and support civil society initiatives (e.g., shoreline clean-ups).

o Deepen regional and international cooperation: Create an Arab coordination
platform on emerging pollutants to share data, design joint research (e.g., Red Sea and
Mediterranean transport studies), and align diplomatic positions in international
environmental fora; leverage UN agencies and global NGOs for technical and financial
support.

It can be concluded that micro- and nanoplastic pollution is an escalating environmental and
public health threat in the Arab region, yet it is actionable through a multi-pronged approach.
Implementing the recommendations above will curb microplastic inflows, protect coastal and
terrestrial ecosystems, and safeguard human health for current and future generations.
Achieving a cleaner, more sustainable Arab environment depends on decisive, science-

informed policies and cross-sectoral collaboration undertaken now.
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Biodegradable and
produced by
microorganisms, ideal for
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Polybutylene
Succinate (PBS)
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Jelll Slisg <(Emotional difficulties) duibll Glsmall Jadd (JUbYl Ga Ll LSyl
JUlg ((Peer relationship challenges) 0h3Y! ao Bl Gbusig cbladll bydg ((Conduct problems)
82(Overall behavioural dysfunction) plal (Sslu!

Jslaell (2321l Jadyl W89 Auuanll dueldl Bl dpdos (§ el 193 0)),STy (232l Bube anl Lot
Ly gSgeall La5log (3 M9 «(Neuronal apoptosis) gened! dauaall LSl cge g hiwdby Suall
dan)! Gl O8I Calissy (Myelin degradation) ¢ebell 598435 «(Mitochondrial dysfunction)
cpnlin Jodl Jio iodldl £939 QoS! LS9 cumhall lgrioming (Lgliling colozadl ex> (e 1Blaxel
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e daliseo 5l Lk g9 S 5ead o ((PVC) oS Juivd J 9l «(PP) cnbws e Jodls ¢(PE) cnbel Jsalls
65634550594 El.oJJ\ Ao

NPs9 MPsU (o2 Cuud U guoedl diod S Al duowdl yghali 3.6

dl o529 cdalisie 46l g z3led § quand) Sleadl § Whao 535 NPs Il ol posanl! OF &y bl cygle]
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330 o 3 MPs U (2323l Loyl S ((Dopamine) ¢ebsly «(Oxytocin) o gawS9Yl «(Serotonin)
B0 MPs 1O 09 . dolgdYl Oldaall Jaridy c0 gl Ml JMislg «sduSTl slg=Yl 8L3s (Zebrafish)
3 Glodl—slaadl Hgmxa Jansg (Eubiosis) ) (581 0ilgs de W 35 Lo 99 cSoaall poang,Suadl 0)lg5 000
«Bacteroidetes Jio da3b LauSH Slad 3 olpsd Ol o Jedog .33 Sowly olad o S
@3y «Sorall bl Zl] § oYMt ] a5 W cActinobacterias <Firmicutess «Proteobacteria s
low oo cdrandals Slhlue Sda JUT1 ods cdad)l 4y (Senall 32l Cans e dslll &uadl wlilasyl
el Gsleall Sl ((Immune  System)  (sledl jlg=dl ((Vagus Nerve) Sl cuasl

580 g,Shall oo Al duas)l LS )l ] 43Lo) ((Neuroendocrine System)

@ wlian bady 33 Jewly (215801 § oppbioe Jodl lsad po3adl OF J) 63 oluhs oylad
glably &dd oS whlal @ ISl il Jf elailly 8,801 Caansg (3l cablonind (2lassily « =)l 2 gkl
BLasSil o3 BBa3Majg ) Wl duhys (39 .57 65(Hippocampus) 0sel (8 3 AduSWI Dgsmdl Ol 250)l @
duo) (3 Lo ¢(ASD) gl Cado Clilaply (PE) cnbas] J92 £95 (o ehiiadlg ySicald (5901 (252301 (0 48]
J bes cp ol dowudl J1s PE JI 00 (Fragments) 4ids blad ud Eloddly slasYl (§ PE ) Oolapur (S5
SR UM Lol PE W b yaall OLARN gl W89 duzr g gudl 52195l Houe e Oiliosaedl odd 8)ud e
BSIUN (olaseily ¢ loimdl Jeladl Caad ot gl dgands LSolus 8l Wy Log 83Y5U ALl
@i 3 e iy S amall P59, Suall (S5 PE L (o5aill S8 LS 45419 dnyl,Sil LS ghandl 8309 clalall
Loy cl 3l U8 sl (S am gl Alayall §19391 yams O drd . U1 Lee 35 (3 Bobis ¢S $1991 ans 8,39
Obllhsb dadye Olyx ge il 3 gl wef W3y .Lactobacillus reuteri Ji 8ugisll glgI) Cunasl
6-0nS9lB) 8oL Jiw ¢ quanll QLEIW Ol ége cla>gl «elld ] &8Us) ARC 9 EGR-1  \gio cdpme—diuds
(Gamma-Aminobutyric Acid, GABA) ¢l sugiusl bole yass> Sbgiune (olassl cile J) b 1-nSsll
il 3 Lblasil g3l posatll ol @ygbl LS .(N-Acetylaspartate - NAA) ehi bl Juiawd) a9
& 381958 Olow (29 ¢(Prefrontal Cortex) dwledl duguadl 84l 3 cobgdl J3B bladg jgSelld 31l
88> gl Y-
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due 4eles dilaio (p3 «(Substantia Nigra) shygud! 83lll (3 @S MPs JI of da>Y Gyl cudog
byl 3 Ghlaply paebgdl (plasil I (352 ke ((Dopaminergic neurons) dusebsll duasll LG
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e eS8 fleudl S il Ologuzr olane Ol (Spectroscopy) o)l Jul=lg (Electron Microscopy)
el des (200 nm) egils 200 e Bole gl Jas ((Nanoflakes) 4450 (358, 9 (Fragments) blaa JSa
51 Yyl 5t il 1 cpmall i Jalse o Blol § ol o (S1y5 e oLyl LoD o i3 5
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Sl 5 (o hddy 950 oaanzr Hlde 2,119 cchiiadbiyg Sun paanzr Ogale 4.22 J| dums bo 3l dSudl!
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00> gl o Olylasd b dlayy @39 ccslidndly g ySual gl S Toan ey ol Jsd J 94!

il Ayl byd sl 3 § Ly ¢ uantl gadll cibllas! GYuse (3 £5) J) dsbgl SULII pas
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Olhdll ¢y dodadl gl a8g Elenll y3kas (pe Aoyl Ol AR IS Lo gaasg cdindl Jolgadl go &y gl Jol gl
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Ll 3 MPs U (£919 SU1 oS 4.1

plascin] iy bos ol dadsaall 1S5 § &xd! @ MPs JI s (2SO Aladyell duayll bl Jiais
(Olazl 0 Mo e 85358 @by, Seall jans of 0 Tlgale 531 Gyt Olosa) dodiite Adulos olss
B S do) @3 A3y lgie AUl douall Hbolall (e Aol S5 Yy i 050 b WL Pl 1da ol Y]
pscid 73 T24ak5all 45l Oludl (3 UiSy « STPS (§ dg3tll dnlaall e A5l olall § MPs I (y0 CatsSI)
doygd (bgmn shasdl Cod dasdl &dlbasy «(Raman Spectroscopy) Olely &dllae Jie deddie gl
ol @3}5-‘}" se=ally ¢(Fourier  Transform Infrared  Spectroscopy, FTIR)
GlasSI CuSA Cus (o uadbg Sl doga wpuxiy Jul>3 (3 (Scanning Electron Microscopy, SEM)
Jsls «(Nylon) 0gbll dadlasdl ol (3 daaiSll ilapunl) Egui 19391 AST o (03 TArdad) &l
Ayl 509,519 (29,42L) H9b «(Polyethylene Terephthalate, PET) cudbian s cpkdol Jgalg «(PE) clabal
Jglora plusuinl eraglly ezl clods cdadlaedl Wllase o A28l ol (o Sloruwandl 0dd (oMsviwy
L) o 03 ¢%99.99 i duay (Nal) padgaall 35y Jslomas JUSII Junill (%30) cnzrasteg)! deasST 358
W3S15 cglyig ¢« FTIR pldsuiusl cilopunll 45LasSIl Lggll douss @3 U39 . (Rose Bengal) Jbiw j9) Jokea
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Washed

Particles
30% H,0, 10 mL of 99.99% Nal
4 ! (Density:1.49 g/mL)
/

Dried ||
Particles 1!}#

100 mL H,0,
(30%)

a,
l

Drying 100 mL of < Stirring f i
the Sample STl e (60°C, Until Full Nal Addition M"‘(‘;‘;‘:nsi::)"“g
90°C) gesting Stag Evaporated Point)
Dye Wash using Plastics Natural and Non Buoyant
Ultrapure Water Particles Plastics Particles Particles

Stainless Steel
Mesh Screen
(25 mm)

Plastic and Non- tlasde and:Non-

Drying Oven Plastic Particles Plastic Particles Buoyant Particles Centrifuge Bottle
(90 °C, 15 mins) Washing Stage Separation Stage Filtration Samples
g0 (For 5 mins)

Irregular

Dried Mesh Pink Stained Microplastics Microplastics Classification
Screens Particles Removal Counting According to the Shape

509,59 EIYELY 4yl FEP Suall Bpall ol Wlue (o MPs zlysuiwl Wlglas- 14,1 S

Gpo sl dnllas Aae 17 (o e 90 § Olowunnll 3529 809,319 Ogule pamd 5,31 dulys @3
FTIR Judos @3 ¢ QU dudondl 3509 %30 &y Ha02 gloees JLarS ot plasialy cdusidl Y3l (3
)lal WS cdadlaall oleadl (yo U S aaur 0.074 4] 0.026 o 913 5815 o bl cass a8y .SEM 9
709,519 J 55T LS G g2 (383 Swusdly o cpidle 4 (30 58T s dnlaall illazmo (30 %23.52 Jlg= 0f ]
Pl (dime dablie 11 3 Gue Bao oo dnllas dams 28 (e AWl Blasll 1o die 79 e dualyo
56400 U] 1600 ¢ b gl lagunll 5815 e golill casS 4.2 JSadl § Dyl podsewsdl da,b
oesr 15.6 X 108 Jls> Gy cpall g cduhlll eolppaadd Bagy a8l slasdl (yo plyrshS SN o
g Blasdl o 385 (Seudls
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NaCl 20 g of

(1.2 g.mL") Sludge
Supernatant

Particles 50 mL of Distilled

Supernatant

Particles Water Per each
Wash
37 pm
Membrane Filter =
Supernatant 3

]
g
K -
3
3 & 3 Particles
; , = ,
] ‘ \ —_
ST\ N
. o 7 5 Salt Residues Removal
M"‘(‘lu :e “::sr)rmg Se":;“f:; age Supl::::‘t;:: :::gl;cles (Using approx. 600 mL Washed Particles
e A L of Distilled Water)
Supernatant
50 mL of Distilled Particles Pour into 200 ml of Distilled
Water Per each Water
Wash Glass Fiber
m Filters
I—»’—qi P
=~
— f \ — 5% — %
_— /5N 3z EZ
. | / s \ é S
G sonic Hydrogen Peroxide
Particle Drying Earticle WﬁSh Particles Filtration Dilution Stage Treatment
(3 Days) (For Several Times)
(24 hrs)
Stemi 508 Stereomicroscope N .
with an Axiocam 506 Color Sphere Flake Film
Digital Camera
e o
Fibre

v
Il
|
&
@

Inspect and Count Microplastics Classification According to
the Particles the Shape

709,519 J Awhd § Gguo g0 90 WS 8lasddl lige (o MPs zlyseinl @ilghs 14.2 S

omall 520 3 Yy Aslapall Olaidl 3 MPs JI ajgiy pasbas Jg=> 809,319 divs dwbd 39

4.7 J10 om ol 1Sl gl Copelsl 4.4 4.3 dSadl § doud gall oMl By plusis] @ o3 g

&g S8 E53l 92 PET 089 cdilmyall Claiidl o plhe JSU o 1.3 41 0.02 9 clowsdl (50 plye JSU oan
TBaSlryall Olasdl § plo 5 ¢y 5STs clowdll (§ flog;Sin 3309 20 o LA HUadl
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Samples

Particles
l Whatman GF/F
membranes
—_ = \ s —_
2 /8 ]
& LN
g L W=P
a High-Power Digital
G(}lil:hs::;:ﬂ;s NaCl Treatment Particles Recovery Stage Ultrasonic Instrument
(200W, 30 mins)
Samples
Particles
0.7 pm Pore Size, 47 ‘
mm Diameter Glass ‘
Fiber Membrane
“—
Petri Dishes
Storage the Fiber " " .
Membrane for Further Dried Glass Fiber Particles Filtration Settling Stage
Membrane (24 hrs)
Analysis
(90 RPM for 24
to 48 h at 60 °C)
— |
g
=2
=
= — J—
=
=
Fish High-Power Digital L
Gastrointestinal KOH Treatment Ultrasonic Instrument Osc'rl(l:_'g:‘ ::::i:l::::::s':r ker
Tract (200W, 5 mins) &
Samples
Particles
0.7 pm Pore Size, 47

mm Diameter Glass
Fiber Membrane

I_’,—'
— T

/6

Particles Filtration

Petri Dishes

Storage the Fiber
Membrane for

Dried Glass Fiber
Further Analysis Membrane

7809,3 T iz dulys 3 )9 S duuagll ©lixall (B) clowdl dmudl (A) oo MPs JI zlysoil eilghs 14,3 JS&
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Alumnium Alumnium
Foil Cover Foil Cover

»n w
Z 2
High-Power Digital .
Coral Skeleton NaCl Treatment Ultrasonic Instrument Set(t;l:ifst)age
(200W, 5 mins)
20 g of Coral Samples
Skeleton Particles
0.7 pm Pore Size, 47 ‘
mm Diameter Glass [
Fiber Membrane
o}
e
-
“ — /8N
- )
Collect
HCI Dilution with Microplastics from . . .
Milli-Q water the Coral Skeleton Particles Filtration
(30 mins)
Samples
Particles

0.7 pm Pore Size, 47
mm Diameter Glass

Fiber Membrane
5 /‘T«‘\ f— — @ Petri Dishes
L W=b

< y Storage the Fiber
Particles Filtration Dn;:[je(;l::;:;ber Membrane for
Further Analysis

Spectrum Range
4000 to 750 cm™

v

Spotlight 400 FT-IR
Imaging System (Selection
and Identification of MPs

L——————————————_—

Scanning Electron Microscope (SEM)
(Examine The Surface Structures of MPs)

789,51 fos duly S 230 92 WS Olanpedl Slue (oMPs zlysuisl Olghas :4.4 S
34




odd 3,3 @39 Busiedl Y9Il § alanll 0Ly Olazw o0 dixe 21 lgmazr 485 909,319 HuSo)) Lol

Blall ol Jdotll plasinl (Gpaiall LgaSy ddsiy SEM pliscinl elidss o el ows @ligall

dl 997 on el 8,89 (e @l cailSy (Energy Dispersive X-ray Spectroscopy, EDS) &itiw!

Szl 00 %20 96 oo 1 e layhd Ji &l Oloswaddl dde & o o AoghS K ouwr 44,435
Lo

N3y Blasl 9l oleadl po LguoMsnin] po 10udad AST &1 o MPs JI (oMl dad (§,3) &b (e
comall 3 a3l LA gl e Ay 800y9,5Ty fud Syl W85 . dadUl el Olians (S Ldlatll o
Byly> dayd dis Ha02 gkomay Dguanll 8olall quad @3 cdapiiallCaCly 9 NaCl Jolbxay GUSI) Juadll pliscl
Sadly CoSA dpass @39 .0 50 die Cadill @ (gadid §y9 plisciwl Al G ¢ dlel dld Bus) °p 65
e Ol gl iy 489 . FTIR pldseinl 48LesSIl 46! Jakoss (2 Loy ¢ SEM plusianly @ilagual] (sxlad|
ez 3410 ) 1430 om0 <9l 58L PP <PVC ¢HDPE «PS <PE PET I 5925 MPs e gi] ligall
B8l e plyzghS

s pasviad T plisinl L1 o Slarusd) (MY dlad dayb 8log,5ly J ysb sl
oMl ¢(Flotation) egadly «(Electrostatic Adsorption) éy’llugf@ﬁl oebaiadl Jio doddio
dxJlae (3 (Sulfuric Acid Carbonization) cibaSJl (s 4,819 «(Pressurized Extraction) daasall
el Olodl 39 Aplae IMS o (oDl B:laS 0ol o5 (4.5 JKadl k1) ddud! Oluall Judox
489 FTIR plasticl d8basS)l dudl Jaloig « SEM plistiwl (seawd! JSadl Cauogs 5y b cdualsciaally
oo 2.0 U] 0.9 o gl plrmlig (paST e 40.35 il 1Sh Olagucrl 3929 (5= dwhlll caaaS
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a7

‘Wet Soil Air Dryer

|
|
|
I Dry Soil Mixer
|
|
|

Samples Preparation
(Drying Soil, Removing stones, root
residue, and large pieces)

Soil Sampling by
Quartering

Soil Samples

Sieving Various Sizes

PE MPs
(0.9 g.em®)

Supernatant
Layer —

(1.0 g.em™)

Distilled Water

Settling Stage

Remaining Soil Sieving

Sul:)::;:lteasm (shaken: 30 Secs, Separated MPs (Using Water to Separate
Settling 5 Mins) the Soil from MPs)
Supernatant
Particles
Quantitative
Filter Paper

Petri Dishes

= —

, %‘f .
=

Supernatant Particles
Recovery Stage
(Filtration)

Storage the Fiber
Membrane for
Continuing the Process

Drying the MPs Mixture
for Further Seperation
(60 °C)

Distilled Water

I

10 mL of 98%

Carbonize and Digest

E " Collection of the Small
Non-microplastic

High-Power Digital

Ice Bath Ultrasonic Instrument MPs Particles by
(20 mins) Substancesion (he RE Electrostatic Adsorl;tion
MPs Surfaces
Supernatant Supernatant
Particles Particles

Quantitative Quantitative
Filter Paper Room Filter Paper

b d Temp.

p- - SR
. W=p

13eM PILSIA

MPs Cleaning from

Separating the Soil Samples into

|

|

|

|
_:_é¥,) :4—

|

Soil Sieving
(Classify the MPs
by the Size)

Classified MPs

Remaining Soil

MPs and Remaing
Soil

Dried MPs Particles

Collection of the Large
MPs Particles by visual
selection

—

Treated MPs Particles
Recovery Stage
(Filtration)

Adhering Materials
using Distilled Water

Treated MPs Particles
Recovery Stage
(Filtration)

Dry the Clean PE MPs

(50-60 °C) Dry Clean PE MPs

809,519 J dwhd 3 99 WS LA Wlise (o MPs zhsuiul wlghas 14,5 Sl
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dyall Jol 3 MPs JU &l &6 4.2

dniog)l Aol Slubab g W) s MPs JI e dwoyadl dsll & oyl @) lublll s @3
& gliy dalaiell 8) gduiell dnaladl ol S gima Jalxig duoy J] Bugs (219 (Descriptive Analytical Studies)
Ol dgie Azl mee gL @ Wy Aoyl ol @ MPs Jb dy=dl ol
sailly il clod dabaie Wighas IS (e 4,81l e (3 (Systematic Literature Review, SLR)
3 Loy AeSomall dualall 3banll (e daaly A goome yo ULl pazr o3 bl plaell Jubnlly e oMiiudly
48LxYL «PubMed «Google Scholar <Web of Science «Scopus Jie duadla)l deessBYI bl aelgd <3
W ULl cdess LS &yl Jol (§ Al Sl 38109 cdamalandl cidlomall Jho doyeg deodld] yolae )
31 Gale Lgazlye Cunly dB3ge 0955 OF bt cdiaodl Joull 3 dngS> pb9 duogS> deitn Wlelaio (po 403

A3 Olapard e Sy (95 S Sadldl Sl e Lasd @35 0 Sl slasiasl Gilkes

Qhaad! @8 gall ez o) sl ol Al dienll £95 (ponais (0S5 g o @5 ¢l gall ooy zySxiuel Ay
45 o g ydall (2 B0 g95 Jho) Wyd 3 die due g of A3 Jmolily duinndl Agull cdiall o) (§yedl of
Ol #1631 £935 ¢ i) Blaidl Jgads oo Cum (30 J9l (r (i Judoxd sy 05 o5 - (Lodsinell Jdoeal]
Aadiiall 8342V 1395 Jio dushyl) Al Al eyl Lgikods 1 &l 19391 g yall

O I35 398 Bue L o VI cdlall @l Oluhll e (San s ST nasatd Jaduall dgd! @250bg
Ol (§ slgan coluwhall o dmgrall sulaodl glas cduyall Jgll pass § 8 giuiall luhill AB Caasallas)l
Copaidl 8ygadall pt dadll yyEdl pan J) Jpe gl Lgae ol dsate Gl b6 pus clivall 193l of kol
o o Loy Gle Bygiio ne of Adoes il by ilug 98 Lo cdpplansY Al dlindl GULAI e Ayl
WWedl (£ 931 Jedoetd) o glaa plusitsl o3 45T Y] duod JI UL il pike o Jolis (S Jlas] Sl 1)
© WS &dondl Oluyleold 8oyl Z3ladly ddoed! wlgxdll wousad (Qualitative Comparative Analysis)
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