Emerging Pollutants Network

Executive Regional Brief
Microplastics and Nanoplastics in the Arab Region

od Ml (sausiill yarloll

aago «duy=ll ddhioll ;6 cliwll gilillg clibwligSuoll Siglill
Jpall glid g Wlohioll

Report No. 2

alblill ayipll ciligloll s uaill aypell a8l ge Lo

Laglgisillg pglell duell duuwgoll Alsun ani
Emerging Pollutant Network (EPN-ASTF)

62aiall aupell cljlodl .adg)Ladl
Sharjah, United Arab Emirates




Arab Network for Addressing Emerging Environmental Pollutants
Technical Report Series, Issue No. 2 - January 2026
© Copyright EPN-ASTF, 2026

This publication is protected under Federal Decree-Law No. (38) of 2021 on
Copyrights and Related Rights. No part of this report may be reproduced,
stored, or transmitted in any form or by any means, whether electronic or
otherwise, without prior explicit written permission from the copyright
holder. All rights reserved. Any unauthorized use constitutes a violation of
applicable law and is subject to legal accountability.

ISBN (E-Book): 9789948642848
Digital Object Identifier (DOI): 10.5281/zenodo.18252974

External Review

This report was prepared by the team of the Arab Network for Addressing
Emerging Environmental Pollutants (EPN) and was subject to review and
contribution by independent experts from several Arab universities
specializing in environmental pollution and biological sciences, to ensure
scientific accuracy and credibility (hereinafter referred to as “reviewers”).

Review Documentation
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September 2025. All recommendations and corrections provided by the
experts were incorporated into the final version to ensure the highest level
of scientific accuracy and credibility. The final revised version of the report,
including its introduction, was completed on 10 December 2025.
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This report reflects the current outcomes of monitoring and analysis and
has been supported by independent expert review. It represents the current
phase of work, and future studies may be conducted to expand the scope
of analysis or update findings in accordance with newly available data.
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Disclaimer

This report has been prepared for the purpose of disseminating information
related to microplastics pollution in the Arab environment. The Arab
Network for Addressing Emerging Environmental Pollutants and the Arab
Science and Technology Foundation assume no responsibility for any loss
and/or damage, including financial losses, arising from reliance on any
information, advice, or recommendations contained in this publication. The
content of this report does not necessarily reflect the views of participating
organizations.

Notice

All contents of this report, including numerical data, are derived from peer-
reviewed scientific research published in reputable scientific journals. Each
piece of information has been properly cited within the report, with a full list
of scientific references provided at the end.

Artificial intelligence tools were used for specific analytical and statistical
purposes, including translation into Arabic, with thorough human review of all
outputs. This report is entirely original and has not been previously published
in any journal or publishing house. It is intended for a broad readership, with
the aim of raising public awareness regarding the risks and monitoring of
microplastics pollution.

It should be noted that this report does not undergo formal academic peer
review as practiced in scholarly journal publishing.
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Strategic Summary

The report confirms that pollution by microplastics and nanoplastics
represents an escalating environmental and public health challenge, with
documented presence across marine and terrestrial environments as well as
living organisms in the Arab region. The primary sources of this pollution are
closely linked to human activities and inadequate waste management
practices, posing cumulative risks to ecosystem integrity and human health.
The report further demonstrates that the core challenge does not lie in a lack of
scientific knowledge, but rather in the absence of an institutional framework
capable of effectively mobilizing this knowledge and translating it into
coherent, sustainable policies and responses. In this context, the Arab Network
for Emerging Pollutants advances a practical and forward-looking vision based
on the Hexuple Helix Model of Innovation and Sustainability, which integrates
scientific research with decision-making processes and strengthens
collaboration among academia, governments, the private sector, civil society,
and regional and international organizations



Scope of the Report and the Regional
Microplastics Database in the Arab Region

The Technical Report No. (2) issued by the Arab Network for Emerging Pollutants
is based on a systematic compilation and analysis of available scientific
evidence related to microplastics (MPs) pollution in the Arab region. The report
was developed with the aim of characterizing the current state of scientific
knowledge, defining the geographical and environmental scope of existing
studies, and identifying research gaps that currently limit the ability to conduct
comprehensive environmental and health assessments at the regional level.
1.1 Geographical Coverage of Included Studies
The report covers published data from twelve Arab countries across North Africa,
the Arab Levant, and the Gulf Cooperation Council (GCC) states. This
geographical scope reflects a wide diversity of environmental and climatic
conditions, ranging from semi-enclosed marine systems to arid and semi-arid
environments, and encompassing densely populated urban areas as well as
coastal zones with intensive industrial and tourism activities.

It is important to note that the inclusion of a country within the scope of the
report does not necessarily indicate the existence of an organized or long-term
national monitoring program for microplastics. Rather, in most cases, it reflects
the availability of at least one study, or a limited number of studies, addressing
the presence of microplastics in a specific environmental compartment within
that country. Accordingly, the database underpinning the report exhibits
substantial variability in data density, spatial coverage, and analytical depth.
This variability reflects not only differences in national research priorities, but also
disparities in institutional and technical capacities to address emerging
pollutants, including the availability of specialized laboratories, analytical
instrumentation, and trained personnel.
1.2 Environmental Compartments Covered by Monitoring Activities

A review of the studies included in the report indicates that research efforts in the
Arab region have focused primarily on a limited number of environmental
compartments. The majority of studies have addressed marine and coastal
environments, including surface waters in nearshore areas and locations
characterized by high population density. Several studies have also examined
coastal sediments and beaches, recognizing their role as accumulation zones for
microplastic particles.

In addition, the report documents a smaller number of studies investigating
agricultural soils, particularly in contexts associated with the use of treated
wastewater for irrigation or the application of organic fertilizers. The database
also includes a limited number of studies that have reported the presence of
microplastics in living organisms, notably marine fish and invertebrates.

By contrast, the report highlights a near-complete absence of systematic data
for several environmentally and public-health—relevant compartments,
including:

e Ambient air in urban areas,

¢ Drinking water and distribution networks,

e Agricultural crops and plant-based products,

¢ Processed food products.
This lack of data represents a critical limitation in understanding the full
pathways of environmental and human exposure to microplastics in the Arab
region.

1.3 Nature of Studies and Monitoring Methodologies
With respect to study design, the report indicates that the vast majority of Arab
research on microplastics falls within the category of occurrence or monitoring
studies. These studies have primarily focused on documenting the presence of
microplastic particles and characterizing their basic properties, such as size,
shape, and polymer type.

In contrast, the report identifies a clear scarcity of studies that have progressed
toward more advanced analytical stages, including:

¢ Quantitative assessment of human exposure,

e Temporal modeling of concentration trends,

e Estimation of long-term environmental and health risks.
This pattern of evidence suggests that microplastics research in the Arab region
remains largely at the stage of baseline knowledge development, with efforts
concentrated on answering questions of presence rather than impact or risk.
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Scope of the Report and the Regional
Microplastics Database in the Arab Region

1.4 Temporal Distribution of Available Data

From a temporal perspective, the report indicates that Arab studies
related to microplastics have begun to appear more consistently over
the past decade, with a gradual increase in the number of publications
in recent years. Nevertheless, these studies remain temporally
fragmented and do not constitute continuous datasets that would
allow for the analysis of long-term trends or seasonal and annual
variations.

According to the report, no Arab country currently operates a regular,
systematic microplastics monitoring program that enables tracking
changes in pollution levels over time. This absence significantly limits
the usefulness of existing data for supporting evidence-based
decision-making or for assessing the effectiveness of potential
environmental interventions.

1.5 Size of the Database Relative to the Scale of the Problem

Although the report compiles data from a considerable number of
countries, the effective size of the available database remains limited
when compared to the widespread and multidimensional nature of
microplastics pollution. Within individual countries, the number of
monitoring sites is often restricted, and geographical coverage rarely
encompasses all relevant environmental zones.

Consequently, while the existing data are sufficient to confirm the
presence of microplastics pollution in the Arab region, they remain
inadequate for conducting comprehensive quantitative assessments
at either the national or regional level.

1.6 Nanoplastics as a Knowledge Gap within the Database

The report documents a near-complete absence of data related to
nanoplastics in the Arab region. To date, no published field studies
have directly measured or characterized nanoplastic particles. This
gap is primarily attributed to technical constraints associated with the
extremely small size of these particles, the high cost of analysis, and
the limited availability of advanced analytical instrumentation capable
of detecting them.

This lack of data represents a critical knowledge gap, particularly given
the growing scientific concern regarding the potential biological and
health impacts of nanoplastics.

1.7 Institutional Significance of the Report’s Scope

From an institutional perspective, this section demonstrates that the
report does not seek to provide a complete or exhaustive picture, but
rather to present the most scientifically realistic characterization of the
current situation in the Arab region. The database compiled in the
report—together with its documented strengths and gaps—constitutes
a clear scientific justification for the development of regional
monitoring programs, the strengthening of analytical capacities, and
the establishment of coordination and integration mechanisms
among countries and research institutions.
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Microplastics Pollution in Arab Marine Environments

Marine and coastal environments represent the most prominent component of
the database underpinning Technical Report No. (2), both in terms of the
number of available studies and the diversity of monitored sites. This emphasis
reflects the environmental, economic, and social importance of Arab seas, as
well as their role as final sinks for large quantities of plastic waste generated by
coastal and terrestrial human activities.

2.1 Geographical Scope of Marine Monitoring

The report documents the presence of microplastics pollution in several Arab
marine systems, most notably:

e The Arabian Gulf,

e The Red Seq,

As well as parts of the Mediterranean Sea in Arab countries bordering it.

The reviewed studies indicate that marine monitoring activities have primarily
focused on:

Marine Biota
(Mollusks/Shellfish)

dyp=ll dyadl Slpdl o Elhiiwlligbuaoslly Giglill

Ay Gl Sl 6acls 6 ljgran HSUI jgaoll daludlg dyadl ligdl Jisd
28lgoll ggii o dalioll Wlwlhall 32c Cua o elgw ((2) @by idll pyail lgd)
Jlaul) dpcloiaVlg dyalnisllg dxisdl dronll jSyill 1am Gussig amyll Lglosd Sl
il ds i Ml Shlaill (o SpS o) ilgi Aadio LgigS )] ol cduyel
celguw an Gle dipllg ddabudl dpiull dagidll ge

Sl anpl) Golpeall @laill 2.1

99 cdupll Al @aill o pac o wliimlbguoll Gigli sgag pysill Gigy

ol adall @
ol jayll @

-aule dlinoll dyp=ll Jgall o lhuwgioll Sl adl go eljal Cila ol
o0 WL 855 syl all o N dgosiioll Sbuwlyall g

Wastewater

Coastal Sand

Near-complete

. Moderate sample sample . Full sample
Partial representation representation representation Complete
e .
Seabirds Marine Biota Seawater Marine
Limited sample (Fish) Full sample Sediments

availability

¢ Coastal areas in close proximity to urban settlements,
¢ Surroundings of commercial and industrial ports,

e Tourist coastal zones characterized by high human density.

It is further observed that most marine measurements were conducted in
surface waters or near-surface layers, while data from deeper water layers
remain extremely limited. This constraint restricts a comprehensive
understanding of the vertical distribution of microplastic particles within the
water column.

2.2 Presence of Microplastics in Seawater: General Patterns

The results of the marine studies reviewed in the report demonstrate that the
presence of microplastics in Arab seawater is well documented and recurrent,
rather than isolated or sporadic. Microplastic particles have been detected
across the majority of monitored sites, although their concentrations and
composition vary spatially.

With respect to particle size, the available data indicate that:

The majority of detected particles have diameters smaller than 1 millimeter.

This size range is of particular significance, as it enhances the ability of particles
to:

Remain suspended in the water column for extended periods,

Increase the likelihood of ingestion by marine organisms across different size
classes.

2.3 Physical Forms of Marine Microplastic Particles

Analyses presented in the report indicate that the dominant physical forms of
microplastics in Arab marine waters are:

e Plastic fibers,

¢ Fragments.

This finding is methodologically significant, as it suggests that the primary
sources of marine microplastics are not industrially manufactured primary
pellets, but rather originate predominantly from:

Degradation of consumer plastic waste,

Synthetic textiles and laundering effluents,

Fragmentation of plastic packaging materials and bags.
2.4 Polymer Types in the Marine Environment

In terms of chemical composition, the studies reviewed in the report show that
the most commonly identified polymers in marine samples include:
 Polyethylene (PE),

« Polypropylene (PP),

o Polystyrene (PS),

 Polyethylene terephthalate (PET).
These polymers are among the most widely used plastics in everyday
consumer products, reinforcing the assumption that marine microplastics
pollution is largely driven by coastal and land-based human activities, rather
than by specialized industrial sources alone
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Microplastics Pollution in Arab Marine Environments
2.5 Marine Sediments as a Complementary Indicator

The report indicates that a number of marine studies also analyzed coastal

sediments in parallel with surface waters. These studies show that sediments

often contain higher concentrations of microplastics than overlying waters, due

to the deposition of heavier particles or particles associated with organic matter.

The report highlights that the accumulation of microplastics in sediments:

¢ Represents along-term reservoir of pollution,

¢ May act as a secondary source for the re-release of particles into the water
column through wave action or coastal human activities.

2.6 Sources of Marine Pollution: An Analytical Perspective

The report links the presence of microplastics in Arab marine environments to
several major sources, most notably:

¢ Poor solid waste management in coastal areas,

¢ Untreated or partially treated wastewater discharges,

e Coastal tourism activities,

¢ Maritime traffic and port operations,

¢ Industrial activities located near the coastline.

While the report does not provide a quantitative ranking of the relative
contribution of each source—due to the absence of source apportionment
studies—the recurrence of these factors across multiple sites indicates a broadly
consistent regional pattern of marine microplastics pollution.

2.7 Limitations of Available Marine Data

Despite the relatively higher number of marine studies compared to other
environmental compartments, the report identifies several important
methodological limitations, including:

¢ Variability in sampling approaches among studies,

« Differences in the mesh sizes of filters used,

¢ Inconsistencies in particle separation and identification methods,

¢ Limited standardization in data reporting formats.

These inconsistencies hinder robust quantitative comparisons between countries
and even between sites within the same country.

2.8 Significance of Marine Findings in the Regional Context

Overall, the marine findings presented in the report indicate that Arab marine

environments are subject to sustained pressure from microplastics pollution,

which is:

e Widespread,

e Multi-sourced,

e Chronic in nature.

The report emphasizes that existing data remain insufficient to address several

critical questions, including:

e Temporal trends in marine microplastics contamination,

¢ The relationship between marine pollution and long-term ecosystem health,

* The effectiveness of current interventions in reducing plastic inputs to the
marine environment.

Accordingly, while the marine findings are of high significance, they represent an

initial step within a longer trajectory that requires enhanced systematic

monitoring, methodological harmonization, and stronger integration of

environmental data with biological and health assessments.
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Sediments and Beaches as Long-Term Reservoirs of
Microplastics in the Arab Region

Coastal sediments and beaches constitute a central component in

understanding the environmental behavior of microplastics within marine

systems, given their role as final sinks for the accumulation of microplastic

particles and as long-term reservoirs of pollution. Technical Report No. (2)

demonstrates that studies addressing sediments and beaches in the Arab region

—although fewer in number than water-based studies—provide critically

important insights into accumulation dynamics, the persistence of

contamination, and the potential for particle re-release into the marine

environment.

3.1Importance of Sediments and Beaches in Pollution Assessment

The report indicates that focusing solely on surface waters is insufficient for

characterizing microplastics pollution, as a substantial proportion of microplastic

particles—particularly those with higher density or those associated with organic

matter—tend to settle and accumulate within coastal sediments. Consequently,

sediment analysis offers an integrated, cumulative record that reflects pollution

history more effectively than instantaneous water measurements.

Beaches acquire additional importance as dynamic interfaces between marine

and terrestrial systems, where microplastic particles accumulate under the

combined influence of wave action, currents, and coastal human activities.

3.2 Scope of Studies Addressing Sediments and Beaches

The report shows that a number of Arab studies have examined the presence of

microplastics in coastal sediments and beaches, particularly in countries

bordering:

¢ The Mediterranean Seq,

e The Red Seq,

e The Arabian Gulf.

These studies indicate that monitoring efforts have primarily focused on:

¢ Beaches adjacent to major urban centers,

e Tourist-intensive coastal areas,

* Sites located near ports and industrial activities.

Remote or less human-impacted sites have received limited attention, which

constrains the ability to conduct comparative assessments between areas

experiencing high versus low anthropogenic pressure.

3.3 Pollution Density in Sediments Compared to Water

Findings reviewed in the report indicate that coastal sediments generally contain

higher microplastics densities than surface waters at the same locations. This

pattern is attributed to several factors, including:

¢ Physical settling of larger or denser particles,

¢ Association of microplastics with fine organic matter,

* Reduced resuspension rates in relatively calm coastal environments.

The report notes that this pattern has been observed across multiple studies,

reinforcing the interpretation that sediments function as primary reservoirs of

chronic microplastics pollution.

3.4 Physical Characteristics of Microplastic Particles in Sediments and Beaches

In terms of physical characteristics, the studies included in the report indicate

that microplastic particles in sediments and beaches are characterized by:

¢ A predominance of fragments over fibers in many locations,

¢ A broad size distribution, with a tendency toward relatively larger particles
compared to those found in surface waters.

The report interprets this pattern as reflecting differential settling behavior,

whereby larger and heavier particles deposit more rapidly, while finer fibers and

lighter particles remain suspended in the water column for extended periods.
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3.5 Polymer Types in Coastal Sediments 80%

Polymer analyses reviewed in the report indicate that the dominant plastic types detected in Arab coastal

sediments and beaches largely mirror those identified in seawater samples. These primarily include:

® Polyethylene (PE), 60%

® Polypropylene (PP),

® Polystyrene (PS). L a0 @

The prevalence of these polymers is attributed to their widespread use in everyday consumer products, as well .

as their relative resistance to environmental degradation, which facilitates their long-term accumulation in

coastal environments. " a0

3.6 Spatial Variability of Microplastics Pollution Ps 59‘5'?5

The report highlights pronounced spatial variability in microplastics densities within coastal sediments and 41%

beaches. Sites located in close proximity to: 0% PVC

® Urban settlements, 21%.

® Tourist activities,

® Port facilities, 200 Mylon /

generally exhibit higher levels of contamination compared to areas subject to lower degrees of human ey
activity. i

However, the report also notes that this spatial variability cannot currently be quantified with high precision, P —— )
due to inconsistencies among studies in sampling methodologies, sample sizes, and data reporting L g Disposantae LI & Textiles ! (SBR/BR) Other

approaches

sl Gglill (59ili janoS Cuwlgyll 3.7

dgy6all dSyiiw Ml Silopall GMbo] 8olel (5gili janos WAl Jo=i 26 Jy «sglil linduw [E5giuo bnds Jioi V dabudl \__LuJ.|.9)J| ol wyaill lju Gl dogoll blaill o

dagii el Gany ol glosg ool I

wlylillg algoll dyn @

cddabull avlgzll @

oIl el Jlocl of wopall Jio dipil dninilll ©

L6315 Cuwlgyll b aShioll Ggjioll s lollb «damuldl Go 8aaall M0 (AlaANl Jla b Gin jobu 26 dyaul Al 6 liiwligSaoll Ciglill i el Lisig

£ blguilly Cuwlgyl Cilwlya 6 dragioll aguill 3.8

:Lgin o ((blguidly Cuwlgyll dalzioll Slwlall Al pusi Go anT Gl 3g.all Go 23 | yaill i
auwlgll Clige 331 6a3go W)gSgign Lile

cdalleoll Gbog ilizell Glocl LoMial  ©

(oaall Glaill of (sl wilopuall 3ac) ailill ge pusill Slang gl ®

Jolsio 08 old] audi el of Joall s ailiill dijléo dig=o ] 2948l 028 (538

S wlgl 2l drswgollg dufadl dIVAJI 3.9

b o Jghio o lol .duyell ddbnioll 6 eliwligSaoll Ciglill dolaiul b Ll ljnic Jio blguilly Cuwlgll o jgnoll lam ailii jghaf (i jekaio go

Gl daladl jui Ailill oA

cdihisinoll Gl aml qoly Gosd Cuwlgyl Jlos| @
«Julaillg 2l diwlis BiNlgSgign pghi ©

Lduall GliilsJlg ool bl wwlgdl bl kayyg @

3.7 Sediments as a Secondary Source of Marine Pollution
One of the key points highlighted in the report is that coastal sediments do not function solely as passive reservoirs of pollution, but may also act as
secondary sources for the re-release of microplastic particles into the water column. Such re-mobilization can occur as a result of:

®  Wave action and currents,
® Coastal storms,

® Human activities such as dredging or coastal construction works.
This implies that microplastics pollution in marine environments may persist even in scenarios where new land-based inputs are reduced, as long as the

accumulated sedimentary stock remains in place.

3.8 Methodological Limitations in Sediment and Beach Studies

The report identifies several methodological limitations that constrain the interpretation of findings related to sediments and beaches, including:

® The absence of standardized protocols for sediment sampling,

® Variability in sampling depths and sample processing techniques,

® Differences in reporting units (particle counts, mass-based metrics, or size classes).

These limitations hinder meaningful comparisons across countries and prevent the development of fully integrated quantitative regional assessments.
3.9 Environmental and Institutional Significance of Sediment Findings

From an environmental perspective, the findings of this section demonstrate that sediments and beaches play a critical role in sustaining microplastics
pollution in the Arab region. From an institutional perspective, these results underscore the need to:

® Integrate sediments into future environmental monitoring programs,

® Develop standardized monitoring and analytical protocols,

® Link sediment data with corresponding water and biota datasets
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Agricultural Soils and Microplastics Pathways in the Arab Region

Agricultural soils are among the most sensitive environmental compartments with respect to microplastics pollution,
given their direct linkage to food security, the health of agroecosystems, and indirect human exposure through the food
chain. Technical Report No. (2) demonstrates that, despite its strategic importance, this environmental compartment
remains one of the least studied in the Arab region, with available data being limited and fragmented.
4.1 Position of Agricultural Soils within the Regional Database
A review of the studies underpinning the report indicates that only a limited number of Arab research efforts have
addressed the presence of microplastics in agricultural soils when compared to marine studies. This imbalance reflects
uneven research prioritization, whereby scientific attention has historically focused on marine environments as final sinks
for plastic waste, while agricultural soils—despite their role as long-term accumulation media—have received
comparatively little attention.
The report further confirms that the inclusion of agricultural soils in the regional database is primarily based on isolated
studies conducted at a limited number of sites, often within the context of short-term academic research projects rather
than systematic national or regional monitoring programs.
4.2 pathways of Microplastics Entry into Agricultural Soils
The report identifies three main pathways through which microplastics are introduced into agricultural soils in the Arab
region, noting that these pathways often operate simultaneously, thereby increasing the complexity of the issue.
4.2.1Use of Treated Wastewater for Irrigation

The use of treated wastewater for agricultural irrigation is a common practice in many Arab countries, particularly in
regions facing severe water scarcity. The report indicates that, despite treatment, conventional wastewater treatment
plants are not capable of removing all microplastic particles.

As a result, the use of treated wastewater leads to the continuous introduction of microplastics into agricultural soils. The
report emphasizes that this pathway constitutes a chronic source of contamination, given the repetitive nature of
irrigation practices and the absence of effective natural mechanisms for the removal of microplastic particles once they
enter the soil matrix.

4.2.2 Application of Organic Fertilizers and Sewage Sludge

The report further indicates that the use of organic fertilizers, including sewage sludge generated by wastewater
treatment plants, represents an additional important pathway for the introduction of microplastics into agricultural soils.
These materials often contain fine plastic residues originating from household and industrial waste streams. e
The report highlights that this pathway is of particular concern because:

¢ Microplastic particles are directly incorporated into the soil structure,

¢ They become less susceptible to removal or transport out of the agricultural system,

¢ thereby increasing the likelihood of long-term accumulation within soils.
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Agricultural Soils and Pathways of Microplastics Transport in the Region

4.2.3 Degradation of Agricultural Plastic Mulches
Agricultural plastic mulches are widely used in several Arab countries to improve water-use efficiency, protect crops, and enhance agricultural productivity.
However, the report indicates that the physical and photodegradation of these plastic covers constitutes a direct source of microplastic particles within
agricultural soils.
The report further notes that this source is often localized and intensive, with elevated contamination levels observed in areas that heavily rely on plastic
mulching practices.
4.3 Characteristics of Microplastics in Agricultural Soils
Studies reviewed in the report indicate that microplastic particles in agricultural soils are characterized by:

¢ A wide range of particle sizes, with a notable proportion of small-sized particles,

* A predominance of fragments and plastic fibers,

e The presence of common polymers such as polyethylene (PE) and polypropylene (PP).
The report notes that these characteristics closely resemble those observed in marine environments, reflecting the shared origins of plastic pollution across
different environmental compartments.
4.4 Long-Term Accumulation and Particle Behavior in Soils

¢ One of the key points emphasized in the report is that agricultural soils exhibit a high capacity for retaining microplastics. Unlike aquatic environments, where

particles may be transported or deposited, microplastic particles in soils:

¢ May persist for years or even decades,

¢ Interact with mineral and organic soil components,

* May alter the physical and chemical properties of soils.
The report indicates that these interactions remain poorly understood in the Arab context, largely due to the absence of long-term studies.

4.5 Knowledge Gaps in Agricultural Soil Monitoring
The report explicitly states that:

¢ The number of regular microplastics monitoring programs in agricultural soils across Arab countries is zero,

¢ All available data are derived from isolated research studies with limited spatial and temporal coverage.

¢ This absence represents one of the most critical aspects of the issue, as agricultural soils constitute a direct interface between environmental contamination

and human health through food production systems.

4.6 Potential Impacts on Agricultural Systems

Despite the scarcity of experimental data from the Arab region, the report notes that available global evidence suggests that microplastics in soils may affect:
» Soil structure and water retention capacity,

* Soil microbial activity,

¢ Nutrient uptake by plants.

The report emphasizes that the absence of local data does not imply the absence of impacts, but rather reflects a research gap that requires urgent attention.
4.7 Institutional Significance of Agricultural Soil Findings

From an institutional perspective, this section highlights the urgent need to integrate agricultural soils into any regional framework for microplastics monitoring.
The report underscores that neglecting this environmental compartment leads to a substantial underestimation of the overall magnitude of the problem and
limits the ability to link environmental contamination with food security and public health concerns.

The report further emphasizes that the development of agricultural soil monitoring programs requires:

¢ Harmonization of soil sampling protocols,

¢ Strengthening of national analytical capacities,

* Integration of soil data with water and biota datasets within a comprehensive and coordinated framework.
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Microplastics in Biota and the Food Chain in the Arab Region

The presence of microplastics in living organisms represents one of
the most sensitive dimensions of plastic pollution, given its direct
relevance to ecosystem functioning and indirect human exposure
through the food chain. Technical Report No. (2) demonstrates that,
despite its critical importance, this dimension remains
underrepresented in the Arab region, with available data largely
confined to preliminary occurrence studies rather than extended
functional or long-term health assessments.
5.1 Position of Biota within the Regional Database
A review of the studies included in the report indicates that Arab
research addressing microplastics in biota has focused almost
exclusively on marine organisms, particularly fish and benthic
invertebrates. This focus reflects the importance of marine
resources to food security in Arab countries, as well as the relative
ease of sampling marine organisms compared to terrestrial or
agricultural species.
e By contrast, the report notes a near-complete absence of
studies addressing:
¢ Microplastics in terrestrial organisms,
e Livestock and farm animals,
¢ Soil microorganisms in agricultural systems.
This gap represents a significant knowledge deficit, particularly
given the growing reliance on animal- and crop-based products
within regional diets.
5.2 Types of Organisms Studied and Scope of Coverage
The report shows that the majority of Arab studies have
concentrated on:
e Commercially important fish species commmonly consumed by
humans,
¢ Selected marine invertebrates such as mollusks and
crustaceans,
¢ Benthic organisms inhabiting areas close to coastal sediments.
These organisms were typically selected due to:
e Their economic and nutritional importance,
e Their availability within the studied coastal environments,
e Their capacity to reflect local contamination levels within their
habitats.
However, the report emphasizes that this limited taxonomic scope
does not allow for a comprehensive understanding of microplastics
transfer across complex marine food webs
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5.3 Occurrence Rates of Microplastics in Biological Samples

Studies reviewed in the report indicate that a substantial proportion of the analyzed
biological samples contained one or more microplastic particles. These particles were most
frequently detected in:

With respect to particle size, the results show that:

The report emphasizes that these findings are consistent with the global scientific literature
and indicate that microplastics have become a quasi-permanent component of some Arab
marine environments.

5.4 Physical Forms and Polymer Types in Biota

Physical and chemical analyses presented in the report indicate that the microplastic
particles detected in living organisms were predominantly:

In terms of polymer composition, the most frequently identified polymers include:

which are the same polymer types commonly reported in water and sediment samples. This
consistency indicates a strong linkage between environmental contamination and the
transfer of microplastics into biota.

5.5 Pathways of Exposure and Ingestion

The report analyzes potential exposure pathways for microplastics in marine organisms and
indicates that ingestion occurs primarily through:

The report highlights that this pattern of exposure makes it difficult for marine organisms to
avoid microplastics, particularly in environments characterized by chronic contamination.
5.6 Knowledge Gaps in Bioaccumulation and Trophic Transfer

Despite documented evidence of microplastics presence in biota, the report indicates that:

According to the report, no Arab studies have traced the movement of microplastic particles
from primary organisms to higher-level predators within the food chain

The gastrointestinal tracts of fish,
The external or surface tissues of certain invertebrates.

The majority of detected particles were smaller than 500 micrometers,
a size range that increases the likelihood of non-selective ingestion by living organisms.

Plastic fibers,
Small fragments.

Polyethylene (PE),
Polypropylene (PP),
Polystyrene (PS),

Non-selective feeding behavior,
Direct ingestion of suspended particles in the water column,
Consumption of smaller organisms that are already contaminated.

Most studies have remained at the level of occurrence and detection,
Systematic investigations of bioaccumulation have not been conducted,
The transfer of microplastics across different trophic levels has not been assessed.
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5.7 Potential Health Significance
The report indicates that the presence of microplastics in food organisms raises potential concerns regarding human exposure.
However, it simultaneously emphasizes that:

¢ Available data do not allow for the estimation of daily dietary intake among populations,

¢ No quantitative health risk assessments related to dietary exposure have been conducted in the Arab region.

e Accordingly, the linkage between the presence of microplastics in food and adverse human health effects remains largely

hypothetical and is based primarily on inferences drawn from the global scientific literature.

5.8 Methodological Limitations in Biota Studies
The report highlights several methodological limitations that constrain the interpretation of findings from biota-related studies,
including:

e Variability in sampling and sample preparation methods,

¢ Differences in procedures for removing external contamination from samples,

¢ Limited sample sizes in some studies,

The potential for secondary contamination during analytical procedures.

These limitations underscore the need for harmonized and standardized protocols when investigating microplastics in living
organisms.

5.9 Institutional Significance of Biota-Related Findings

From an institutional perspective, the findings of this section demonstrate that microplastics pollution is no longer confined to abiotic
environmental compartments, but has become embedded within food webs in some Arab marine systems. Nevertheless, the report
emphasizes that the absence of advanced studies on bioaccumulation and human exposure constitutes a major barrier to
translating these findings into evidence-based food safety or public health policies.

Accordingly, the report highlights the need to expand the scope of future research to include:

¢ A broader range of food-relevant species,

e Trophic transfer studies,

¢ Integrated quantitative health risk assessments.
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Polymer Types, Size Distribution, and Physical Forms of Microplastics in the Arab Region

The physical and chemical characterization of microplastic particles constitutes a fundamental component in understanding pollution sources, the
environmental behavior of microplastics, and their potential ecological and biological impacts. Technical Report No. (2) demonstrates that Arab studies
addressing this aspect have provided important preliminary information on dominant polymer types, particle sizes, and physical forms. However, these data
remain incomplete and heterogeneous in terms of methodological approaches and levels of detail.
6.1Importance of Compositional Characterization in Microplastics Assessment
The report emphasizes that merely confirming the presence of microplastics is insufficient for assessing their potential risks. Particle characteristics—such as
polymer type, size, and shape—play a decisive role in:
¢ The behavior of particles across different environmental compartments,
e Their capacity to adsorb and transport chemical contaminants,
e Their likelihood of ingestion or translocation into living tissues.
Accordingly, compositional characterization is considered a prerequisite for any scientifically meaningful assessment of microplastics pollution.
6.2 Polymer Types Identified in the Arab Environment
Polymer-specific analyses reviewed in the report indicate that the most commonly detected polymers in environmental samples from the Arab region include:
* Polyethylene (PE),
* Polypropylene (PP),
« Polystyrene (PS),
« Polyethylene terephthalate (PET).
These polymers are among the most widely used plastics globally, particularly in:
¢ Plastic packaging materials,
e Bags and wrapping films,
e Bottles and beverage containers,
e Everyday consumer products.
The report notes that the dominance of these polymers reflects the consumer-driven nature of plastic pollution in the Arab region and supports the
assumption that most detected microplastics originate from secondary degradation processes rather than from primary industrial sources.
6.3 Relative Distribution of Polymers across Environmental Compartments
The report indicates that the relative distribution of polymer types may vary across different environmental compartments:
¢ In marine waters, low-density polymers such as PE and PP tend to dominate due to their buoyancy or ability to remain suspended,
¢ In sediments and soils, higher-density polymers such as PS and PET are also frequently detected, reflecting their greater tendency to settle.
However, the report cautions that these observations are based on a limited number of studies and cannot be generalized at the regional level in the absence

of harmonized sampling and analytical protocols
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6.4 Dominant Size Ranges of Microplastic Particles

With respect to particle size, the data presented in the report indicate that the vast
majority of microplastic particles detected in the Arab region fall within the range

of:
e Less than 1 millimeter,
¢ with a pronounced concentration of particles smaller than 500 micrometers.
¢ This size range is of particular significance because it:
¢ Enhances the ability of particles to migrate between different environmental
compartments,
¢ Increases the likelihood of ingestion by organisms across a wide range of size
classes,
* Makes separation and removal more challenging in conventional treatment
systems.
The report further notes that studies employing filters with larger mesh sizes may
have underestimated the presence of smaller-sized particles.
6.5 Physical Forms of Microplastics
Studies included in the report indicate that the dominant physical forms of
microplastics in the Arab environment include:
e Fibers,
e Fragments,
¢ Thin films and pellets.
The predominance of fibers points to sources such as:
¢ Synthetic textiles,
« Wastewater effluents,
¢ Domestic laundry activities,
whereas fragments reflect the degradation of solid plastic materials used in
packaging and consumer products.
6.6 Relationship Between Physical Form and Environmental Behavior
The report analyzes the relationship between particle physical form and
environmental behavior, indicating that:
* Fibers tend to remain suspended in water for longer periods,
¢ Larger fragments are more likely to settle and accumulate in sediments,
* Thin films may exhibit variable behavior depending on environmental
conditions.
These characteristics directly influence the distribution of microplastics among
water, sediments, and soils.
6.7 Methodological Constraints in Compositional Characterization
The report highlights several constraints that limit the accuracy of compositional
characterization in Arab studies, including:
¢ Reliance on visual microscopy without spectroscopic confirmation in some
cases,
« Variability in spectroscopic techniques used (FTIR versus Raman),
« Differences in detection limits and analytical resolution among instruments
and laboratories.
Such variability results in inconsistent polymer identification, particularly for very
small particles.
6.8 Absence of Nanoplastics Characterization

The report indicates that compositional characterization of nanoplastics is almost
entirely absent in the Arab region due to technical and methodological limitations.

No published data are available that identify:
¢ Nanoplastic polymer types,

¢ Precise particle size distributions,

¢ Or surface properties.

This absence constitutes a critical knowledge gap, given the growing importance

of nanoplastics in environmental and health-related research.
6.9 Analytical and Institutional Significance

The findings of this section indicate that microplastics pollution in the Arab region
exhibits compositional characteristics broadly consistent with global patterns, yet

suffers from insufficiently detailed and harmonized characterization. These
findings underscore the need to:

¢ Harmonize protocols for physical and chemical characterization,

¢ Strengthen national and regional analytical capacities,

¢ Link compositional characterization with source attribution and environmental

and health risk assessments.
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Analytical Techniques and Measurement Limitations for Microplastics Monitoring in the
Arab Region

The analytical techniques used for the detection and characterization of microplastics represent one of the primary determinants of
data quality, accuracy, and comparability across studies and geographical regions. Technical Report No. (2) demonstrates that the
current Arab microplastics database is influenced not only by the number of studies conducted, but to a greater extent by the types of
analytical techniques employed and their inherent methodological limitations.

7.1Role of Analytical Techniques in Building the Evidence Base

The report indicates that the detection of microplastics requires an integrated sequence of analytical steps, beginning with sampling,
followed by separation and purification processes, and concluding with the physical and chemical characterization of particles. Each
stage of this workflow directly influences the final results, both in terms of the number of particles detected and their reported
characteristics.

The report emphasizes that variability in analytical techniques among Arab studies constitutes one of the main reasons for the difficulty
in conducting quantitative comparisons between results, even within the same country.

7.2 Most Commonly Used Techniques in Arab Studies

A review of the studies included in the report shows that analytical techniques applied in the Arab region are largely concentrated
within a limited methodological range, including the following:

7.2.1Visual Microscopic Examination

¢ Visual microscopy is widely used during the initial stages of analysis, with the objectives of:

¢ Sorting suspected particles,

¢ Determining approximate size and shape,

¢ Excluding non-plastic materials.

However, the report notes that reliance on visual examination alone, without spectroscopic confirmation, leads to:

Potential misclassification of plastic particles and natural materials,

Increased uncertainty in results,

Reduced data reliability when used for regional comparisons.
7.2.2 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR is among the most frequently used techniques in Arab studies for polymer identification. It is commonly applied for:

¢ Characterizing particles larger than approximately 20-50 micrometers,

¢ Confirming the plastic nature of particles identified through visual inspection.

¢ The report indicates that FTIR provides an acceptable level of accuracy for identifying common polymers, but suffers from:

¢ Limited sensitivity for very small particles,

¢ Difficulties in analyzing particles contaminated with organic matter.
7.2.3 Raman Spectroscopy

Raman spectroscopy has been applied in a smaller number of Arab studies but offers additional advantages, including:

* The ability to analyze smaller particles compared to FTIR,

¢ Reduced need for extensive removal of organic contaminants in some cases.

¢ Nevertheless, the report notes that the use of Raman spectroscopy remains limited due to:

¢ High instrument and operational costs,

¢ The requirement for advanced technical expertise,

¢ Susceptibility of measurements to fluorescence interference in certain samples
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7.3 Advanced Analytical Techniques and Limitations of Their Use in the Arab

Region

The report indicates that advanced analytical techniques—such as:

* Pyrolysis—-Gas Chromatography/Mass Spectrometry (Py-GC/MS),

¢ Non-target screening techniques,

¢ Nanoplastics characterization methods,

remain rarely applied in Arab studies. This limited use is attributed to:

¢ The restricted availability of such instrumentation in national laboratories,

¢ High operational and maintenance costs,

¢ The need for highly specialized technical expertise.

As a result, advanced chemical characterization of microplastic particles—

including the identification of polymer additives and adsorbed contaminants

—remains largely unavailable across the region.

7.4 Detection Limits and Methodological Bias

The report highlights that variability in detection limits across analytical

techniques introduces systematic bias into reported results. Studies that rely

on:

¢ Larger mesh-size filters,

¢ Or techniques with limited analytical sensitivity,

¢ tend to underestimate the presence of smaller-sized particles, which are
often of greatest relevance from a biological impact perspective.

The report notes that this bias complicates:

¢ Accurate estimation of the true magnitude of contamination,

e Comparability of results across studies employing different
methodologies.

7.5 Challenges Associated with Sampling and Sample Processing

Beyond analytical techniques themselves, the report identifies several

challenges associated with sampling and sample processing stages,

including:

¢ Variability in water and soil sample volumes,

¢ Differences in organic matter removal procedures,

¢ Risks of secondary contamination during laboratory analysis.

The report emphasizes that these challenges directly affect data quality and

that their mitigation requires the adoption of rigorous protocols and clearly

defined quality control measures.

7.6 Nanoplastics and Current Measurement Limitations

The report explicitly identifies nanoplastics as the largest analytical gap in the

Arab region. To date, no published field studies have employed techniques

capable of:

¢ Detecting plastic particles smaller than 1 micrometer,

¢ Characterizing their surface and chemical properties.

This absence is attributed to the limited availability of advanced techniques

such as:

e Nano-FTIR,

e AFM-IR,

¢ Or advanced separation technologies.

The report stresses that this analytical limitation results in the omission of a

potentially significant fraction of the environmental plastic burden, which may

have substantial environmental and health implications.

7.7 iImpact of Analytical Constraints on Result Interpretation

The report notes that analytical constraints affect not only measurement

accuracy, but also the interpretation of findings and the policies derived from

them. The lack of reliable data on smaller particle sizes and nanoplastics:

¢ Limits the capacity to conduct meaningful health risk assessments,

¢ Reduces the reliability of environmental modeling efforts,

¢ Influences the prioritization of intervention strategies.

Accordingly, the report underscores that the quality of scientific evidence is

inseparable from the quality of the analytical techniques used to generate it.

7.8 Need for Standardization and Capacity Building

From an institutional perspective, the report emphasizes that the

development of a robust regional microplastics database requires:

¢ Harmonization of sampling and analytical protocols,

¢ Strengthening of technical capacities within national laboratories,

* Establishment of regional reference centers capable of providing
advanced analysis and training.

The report further notes that investment in analytical technologies is not

merely a technical consideration, but a fundamental prerequisite for

transitioning from descriptive monitoring to quantitative environmental and

health risk assessment.
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Nanoplastics — The Invisible Gap in Environmental and Health
Assessment in the Arab Region

Nanoplastics (NPs) represent one of the most complex and least documented dimensions of plastic pollution, both globally and
regionally. Technical Report No. (2) demonstrates that nanoplastics constitute a near-complete analytical and knowledge gap in the
Arab region, despite growing international evidence highlighting their environmental and health relevance compared to larger
microplastic particles.

8.1 Definition and Scientific Context of Nanoplastics

The report indicates that nanoplastics are commonly defined as plastic particles with diameters smaller than 1 micrometer, with some
definitions extending into the size range below 100 nanometers. Nanoplastics originate either from:

¢ The continued physical and chemical degradation of larger microplastic particles,

¢ Or as adirect result of certain industrial and technological processes.

¢ The report emphasizes that the extremely small size of nanoplastic particles confers physical and chemical properties that are

fundamentally distinct from those of larger microplastics, including:

¢ A high surface-area-to-volume ratio,

¢ Increased chemical reactivity,

e Enhanced potential for interaction with biological systems.

8.2 Position of Nanoplastics within the Arab Database

The report explicitly highlights that the current Arab database contains no published field studies that have directly detected or
measured nanoplastics in any environmental compartment. This absence encompasses:

¢ Marine and freshwater systems,

¢ Sediments,

¢ Agricultural soils,

e Ambient air,

¢ Living organisms.

This gap reflects the limited availability of advanced analytical capacities in the region rather than an absence of nanoplastics from
Arab environments.

8.3 Technical Constraints on Nanoplastics Detection
The report identifies several technical constraints that currently prevent the detection of nanoplastics in the Arab region, including:
The absence of specialized instrumentation such as Nano-FTIR and AFM-IR,

Limited access to advanced separation and fractionation techniques,

High analytical and operational costs,
The need for highly specialized technical expertise.
The report further notes that conventional techniques used for microplastics analysis, such as FTIR and Raman spectroscopy, are
insufficient for detecting nanoplastic particles, resulting in the exclusion of this fraction from current environmental plastic assessments
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8.5 Potential Biological and Health Significance
The report places particular emphasis on the fact that the extremely small size of nanoplastics may enable them to:

¢ Cross biological barriers,

¢ Interact directly with cells and tissues,

e Potentially translocate within living organisms in ways that are not possible for larger microplastic particles.

¢ The report notes that international evidence links nanoplastics to the potential to:

¢ Induce oxidative stress,

e Trigger inflammatory responses,

» Disrupt cellular functions.
However, the report also emphasizes that these conclusions are largely derived from laboratory-based studies or animal models, and that
sufficient human data are not yet available to accurately quantify health risks.

8.6 Health Data Gaps in the Arab Context
The report explains that the absence of nanoplastics data in the Arab region directly constrains health risk assessment efforts. Specifically,
there are no:

e Estimates of dietary or drinking-water intake,

¢ Population exposure models,

¢ Studies addressing chronic exposure or exposure during sensitive life stages such as pregnancy and childhood.

As a result, any current regional health assessment inherently excludes one of the potentially most hazardous components of plastic
pollution.

8.7 Relationship Between Nanoplastics and Microplastics

The report indicates that nanoplastics should not be considered an entirely independent category, but rather represent a natural extension of
the degradation continuum of larger microplastic particles. Consequently, the absence of nanoplastics monitoring implies that existing
microplastics data may:

¢ Underestimate the true magnitude of plastic pollution,

¢ Limit the ability to understand the complete pathway of plastic degradation in the environment.

8.8 Institutional and Strategic Implications of the Knowledge Gap

From an institutional perspective, the report highlights that neglecting nanoplastics within monitoring and assessment frameworks represents
a strategic risk, particularly in light of the growing global trend toward integrating this pollutant category into regulatory and research
agendas.

* The report underscores that addressing this gap will require:

¢ Long-term investments in advanced analytical infrastructure,

¢ Regional and international partnerships for knowledge and technology transfer,

¢ The development of specialized training programs.



Health Dimensions and Risk Assessment Gaps Associated
with Microplastics in the Arab Region

The health dimensions of microplastics pollution represent one of the most complex
and sensitive issues within the broader framework of emerging environmental
pollutants, due to their intersection with environmental exposure pathways, food
chains, and everyday human behaviors. Technical Report No. (2) demonstrates that
available knowledge in the Arab region regarding the health effects of microplastics
remains extremely limited, and that quantitative health risk assessment constitutes
the most significant knowledge gap compared to other environmental dimensions.
9.1Position of the Health Dimension within the Arab Database

The report clearly indicates that the majority of Arab studies addressing
microplastics have focused on environmental compartments (water, sediments,
soils, and biota), while research directly related to human health has not progressed
beyond indirect inference. No Arab epidemiological studies have been specifically
designed to assess the relationship between microplastics exposure and defined
health outcomes.

Accordingly, the health dimension in the Arab region is currently inferred from:

e The documented presence of microplastics in the environment and food,

¢ Logical assumptions regarding potential exposure pathways,

¢ Reliance on international scientific literature to estimate potential risks.

9.2 Potential Human Exposure Pathways

The report outlines human exposure pathways to microplastics as currently
understood within the scientific framework, indicating that these pathways primarily
include:

« Dietary intake (particularly fish and seafood),

* Drinking water,

» Ambient air (via inhalation of fine particles).

However, the report emphasizes that Arab-region data related to these pathways
remain incomplete. Specifically:

No systematic measurements of microplastics concentrations in drinking water are
available,

No quantitative studies have assessed inhalation exposure to microplastics in urban
environments,

Food-related data remain limited to the detection of particles in biota without
conversion into human exposure estimates.
9.3 Absence of Estimated Daily Intake (EDI) Assessments

¢ One of the central issues highlighted in the report is the absence of application of

the Estimated Daily Intake (EDI) concept in Arab studies. According to the report:
¢ No Arab study has calculated EDI values for microplastics via food or water
consumption,

¢ No population exposure models have been developed that account for different
age groups.
This absence results in a methodological inability to:

Compare exposure levels across countries or regions,

Identify population groups at higher risk,

Link environmental data to potential health outcomes.
9.4 Relationship between Microplastics and Associated Contaminants
The report notes that one of the more complex health-related aspects of
microplastics lies in their ability to act as vectors for chemical and biological
contaminants. Global literature has demonstrated that microplastic particles are
capable of:

¢ Adsorbing heavy metals,

e Transporting persistent organic pollutants,

¢ Interacting with microorganisms.

However, the report clarifies that this dimension has not been systematically
investigated in the Arab context, and no local data are available linking
microplastics presence to concentrations of associated contaminants within the
human body
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9.5 Gaps in Clinical and Epidemiological Studies
The report confirms that the Arab region lacks:
e Long-term epidemiological studies linking chronic microplastics
exposure to specific health outcomes,
¢ Clinical studies assessing physiological or biochemical effects of
exposure,
e Research focused on vulnerable population groups such as
children and pregnant women.
This absence represents one of the most significant barriers to
incorporating microplastics into public health regulatory frameworks,
as evidence-based health policies cannot be formulated without
direct human data.
9.6 Reliance on Global Literature and Its Limitations
In the absence of local data, the report indicates that health risk
assessments related to microplastics in the Arab region currently rely
on international literature. However, the report cautions against:
e Generalizing findings derived from studies conducted in different
environmental and dietary contexts,
¢ Overlooking regional specificities related to dietary habits, climate
conditions, and exposure levels.
Consequently, exclusive reliance on global data may result in
inaccurate risk estimates within the Arab context.
9.7 Methodological Challenges in Health Risk Assessment
The report highlights several methodological challenges that hinder
health risk assessment related to microplastics, including:
¢ Difficulties in standardizing measurement units (porticle counts
versus mass-based metrics),
« High variability in particle characteristics (size, shape, polymer
type),
* The absence of health-based reference values or accepted safety
thresholds.
The report emphasizes that while these challenges persist at the
global level, they are exacerbated in the Arab region due to limited
baseline data.
9.8 Implications for Health and Food Policies
From a policy perspective, the report indicates that health data gaps
lead to:
¢ Difficulty in incorporating microplastics into food safety risk
assessments,
¢ The absence of clear regulatory exposure standards,
¢ Delays in integrating this pollutant category into public health
strategies.
The report warns that the continuation of this situation may result in a
widening gap between global scientific knowledge and regional
regulatory implementation
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Regional Implications and the Network’s Vision for
Solutions through the Hexuple Helix Model of
Innovation and Sustainability

Technical Report reveals a clear disparity among Arab countries in terms of
data availability, analytical capacities, and the scope of studies addressing
microplastics and nanoplastics. This This disparity is not merely a transient
research-related phenomenon, but rather a direct reflection of deeper
structural imbalances within scientific research systems, environmental
governance frameworks, and policy integration at the regional level.
10.1iImbalance among Arab Countries: A Data-Driven Analytical
Perspective

The report demonstrates that the Arab countries included do not fall within a
single tier with respect to:

e The number of studies conducted,

¢ The diversity of environmental compartments investigated,

¢ The availability of analytical technologies,

¢ The capacity to progress from descriptive monitoring to risk assessment.
While some countries possess multiple datasets covering water, sediments,
and biota, others are represented by a single study or a single environmental
compartment. This disparity reflects:

¢ Differences in national research priorities,

¢ Variations in environmental science funding,

¢ Unequal access to advanced analytical infrastructure.

The report emphasizes that such imbalances undermine regional data
integration and limit the feasibility of comparative assessments or the
development of unified Arab policies.
10.2 Regional Implications of the Lack of Integration
The report notes that microplastics and nanoplastics are inherently
transboundary pollutants that cannot be effectively addressed within narrow
national frameworks. Consequently, disparities among countries result in:

¢ Spatial gaps in monitoring coverage,

 Limited capacity to trace pollution sources at the regional scale,

¢ The absence of coordinated early-warning and intervention

mechanisms.

The report further highlights that the lack of systematic national monitoring
programs across all Arab countries forces reliance on fragmented research
datasets, which are insufficient for developing long-term strategies or
evaluating policy effectiveness.
10.3 Limitations of Conventional Approaches to Addressing the Issue
The report’s overarching analysis indicates that addressing microplastics
pollution in the Arab region cannot succeed through:

* Isolated sector-specific interventions,

¢ Short-term research projects,

¢ Direct transfer of models developed in different international contexts.
The complex nature of plastic pollution—and its intersection with
consumption patterns, production systems, governance structures, and
public health—requires a systems-based approach that transcends
individual sectors and institutions.
10.4 The Arab Network’s Vision: From Monitoring to Scientific Governance
Building on the gaps identified in the report, the Arab Network for Emerging
Environmental Pollutants proposes a vision centered on transitioning from:
* Fragmented knowledge,

* To evidence-based regional scientific governance.

This vision does not seek to replace national roles, but rather to:

e Support them,

¢ Integrate them,

¢ Connect them within a flexible and scalable regional framework.

At its core, this vision recognizes that the primary challenge is not merely the
lack of studies, but the absence of an institutional architecture capable of
linking knowledge generation with decision-making and implementation.
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10.5 The Hexuple Helix Model of Innovation and Sustainability as a Solution
Framework

The Network proposes the adoption of the Hexuple Helix Model of Innovation and
Sustainability as a strategic framework for addressing microplastics pollution in
the Arab region. This model represents an advanced evolution of multi-helix
frameworks (Triple and Quadruple Helix) and reflects the complexity of
contemporary environmental challenges.

The six components of the model in the Arab context include:

¢ Universities and research institutions

Responsible for knowledge generation, methodological development, and
scientific capacity building.

¢ Government authorities and policymakers

Tasked with translating scientific evidence into actionable policies, regulations,
and enforcement mechanisms.

¢ Industry and the private sector

As both a potential source of pollution and a key partner in solutions through
innovation, cleaner production, and impact reduction.

 Civil society and non-governmental organizations

Supporting transparency, public awareness, and the linkage between science
and society.

¢ The environment and natural systems

Not merely as objects of study, but as active components that must be
integrated into sustainability and ecological resilience assessments.

* Regional and international organizations and funding mechanisms
Providing technical support, facilitating knowledge transfer, and ensuring the
institutional sustainability of initiatives.
10.6 Center of Excellence as the Scientific Arm of the Network
Within this framework, the Network proposes the establishment of a Regional
Center of Excellence for Emerging Plastic Pollutants, serving as a scientific and
technical arm supporting the Network’s objectives. The Center would be
responsible for:

e Coordinating regional monitoring programes,

¢ Developing standardized protocols,

e Providing advanced analytical services to countries with limited capacities,
¢ Building and maintaining a unified Arab microplastics database.

The Center is not envisioned as a centralized replacement for national institutions,
but rather as an integrative platform that connects and strengthens existing
capacities.
10.7 Regional Added Value of the Proposed Model

The report demonstrates that adopting the Hexuple Helix Model would:

e Reduce disparities among countries,

¢ Enhance knowledge and technology transfer,

¢ Link scientific research with the practical needs of decision-makers,

¢ Transform environmental data into effective governance and sustainability

tools.

Moreover, this model enables a transition from diagnostic assessment toward
systematic, evidence-based intervention.
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