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Abstract—Biofouling is a significant impediment to
efficient membrane filtration in Palestine, notably in the
Gaza Strip, where nearly all groundwater is contaminated
and access to clean water is severely restricted. In my
review, | look at how dissolved organic carbon (DOC)
from local sources such olive oil wastewater, agricultural
runoff, and leaking septic systems promotes microbial
growth and extracellular polymeric substance (EPS)
formation, resulting in rapid membrane fouling. Using
recent studies and regional data, | investigate biofouling
mechanisms in Gaza's unique environmental and
infrastructure conditions. | assess mitigation techniques,
including low-cost biological pretreatment using olive
waste biochar, Os-PAC oxidation, and new approaches
such as quorum quenching and machine learning-based
monitoring. Policy initiatives, such as strengthening
sanitation infrastructure and promoting cross-border
collaboration with Jordan, are also addressed. While
modern technologies offer promise, their deployment in
Gaza is limited due to a lack of analytical tools, financing,
and technical capacity. This assessment emphasizes the
need for integrated, context-sensitive solutions that
combine local resource use, scalable technologies, and
institutional assistance to improve water security in
Palestine. This analysis synthesizes findings from peer-
reviewed research published from 2000 to 2024, obtained
from sources such as Scopus and Web of Science, with an
emphasis on biofouling mechanisms and mitigation
measures relevant to water-scarce and conflict-affected
locations like Palestine.

. INTRODUCTION

Gaza’s water scarcity (97% of groundwater contaminated) is
worsened by biofouling in membrane systems (Weinthal et
al., 2005). High Dissolved Organic Carbon (DOC) from olive
oil wastewater and septage infiltration fuels microbial growth
and EPS (extracellular polymeric substance) production,
reducing membrane efficiency. This review focuses on
Palestine’s unique challenges and proposes region-specific
solutions to enhance water access and infrastructure
resilience.

Il. MECHANISMS OF BIOFOULING IN GAZA

A. Microbial Colonization

e DOC Sources: Olive oil wastewater introduces labile
carbon,  promoting  heterotrophic  bacteria
(Pseudomonas) growth (Zhang et al., 2006).

e Septage Infiltration: Poorly maintained cesspits
introduce ammonia and assimilable organic carbon
(AOC), accelerating biofilm formation (Amous et
al., 2020).
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B. EPS Synthesis

EPS (polysaccharides, proteins) forms a protective matrix,
increasing hydraulic resistance. Gaza’s high DOC levels
boost EPS production, reducing permeate flux by 40% in
desalination plants (Abu Amr & Yassin, 2008).

C. Nutrient Dynamics

o Nitrogen: Agricultural runoff elevates ammonium
levels, favoring heterotrophic dominance (Reem et
al., 2018).

e Phosphorus Limitation: Reduces biofouling but
requires low AOC levels (Lv et al., 2024).

I1l. CASE STUDY: GAZA’S WASTEWATER
CHALLENGES

TABLE I. THE PSIR (PRESSURE-STATE-IMPACT-RESPONSE)
FRAMEWORK ILLUSTRATES THE INTERPLAY BETWEEN ENVIRONMENTAL
STRESSORS AND INSTITUTIONAL RESPONSES IN GAZA.

Pressure State Impact Response
Olive oil DOC: 20-30 Accelerated biofilm Biochar from
mg/L .
wastewater (Al Manama growth (Zhang et al., olive waste
etal., 2024). 2006). (J.Y. Jiang
&J.Y. Guo,
2023).
Septage Groundwater Frequent membrane Sanitation
infiltration contamination  cleaning (Abu Amr & infrastructure
(Amous etal.,  Yassin, 2008). upgrades
2020). (Al-Sa'Ed,
2005).
Agricultural  Nitrogen-rich  Heterotrophic Coagulation-
runoff water (Reem dominance in biofilms flocculation
etal., 2018). (Herzberg et al., 2009). (Z. Wang et
al., 2020).

A. Health and Economic Impacts

e Health Risks: Untreated wastewater causes 30% of
Gaza’s gastrointestinal diseases (Abu Amr &
Yassin, 2008).

e Costs: Biofouling increases operational costs by
40% (Yang et al., 2023).

IV. MITIGATION STRATEGIES

This section combines technological, biological, and policy
initiatives to combat biofouling on various scales.
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A. Biological Pretreatment

Biochar from Olive Mill Waste: A low-cost, locally
available adsorbent that eliminates DOC while
reducing microbial adherence. Studies suggest that
using a pretreatment filter can reduce fouling by up
to 50% (J. Jiang & J. Guo, 2023).

Coagulation-Flocculation:  Effectively  removes
NOM and colloidal particles. Aluminum or iron-
based coagulants decrease AOC and delay biofilm
development (X. Y. Wang et al., 2020).

B. Advanced Oxidation

0s-PAC Combinations: Ozonation modifies the
structure of NOM, reducing its biodegradability,
whereas powdered activated carbon (PAC) adsorbs
leftover organics. This dual strategy dramatically
lowers biofouling in surface water treatment (Yang
et al., 2023).

C. Emerging Technologies

Machine Learning: Real-time monitoring systems
using machine learning (ML) algorithms analyze
Dissolved Organic Carbon (DOC), Assimilable
organic carbon (AOC), and microbial data to predict
biofouling risks. For instance, sensors detecting
early-stage EPS formation enable proactive
cleaning, reducing operational costs by 20-30%
(Pulido Beltran et al., 2024). While Gaza lacks
widespread ML infrastructure, partnerships with
Jordan or international aid could facilitate
implementation.

Quorum Quenching: Interrupts bacterial
communication (quorum sensing) by blocking
signaling molecules such as acyl-homoserine
lactones. This impedes coordinated EPS synthesis
and biofilm maturation. According to studies,
quorum quenching agents reduce biofilm biomass by
60%, making them a cost-effective alternative to
chemical treatments (Lv et al., 2024).

D. Policy and Infrastructure

Sanitation Infrastructure: Building septic networks
and improving wastewater collection systems
reduces septage infiltration into groundwater. Pilot
projects in Gaza (e.g., UNRWA initiatives) have
demonstrated that septic tanks cut DOC levels by
25% and reduce groundwater contamination (Al-
Sa'Ed, 2005). Scaling these efforts requires
international aid and local governance support.

Cross-Border Collaboration: Adopting Jordan’s
standardized pretreatment protocols (e.g., Os-PAC
dosing) could improve shared aquifer management.
Collaborative frameworks, like those proposed by
Weinthal et al. (2005), enhance technology transfer
and reduce costs through shared infrastructure
investments.
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E. Systemic Challenges

e (Gaza has limited analytical tools for real-time
biofouling monitoring (Dardas et al., 2023).

e Weak International Collaboration: Limited research
output in water science (Dardas et al., 2023).

Feasibility and Cost Comparison:

The strategies are summarized in Table 2, highlighting
their cost, feasibility, and advantages in Gaza’s context:

TABLE II. MITIGATION STRATEGY COMPARISON
Strategy Cost Feasibility Advantages
Biochar Low High (local Reduces
pretreatme waste) DOC, eco-
nt friendly
0s:-PAC Mode Requires Effective
rate training against labile
organic
matter
Machine High Needs Early fouling
learning internationa detection
| aid
Quorum Mode Requires Disrupts
quenching rate R&D microbial
partnership signaling

S

KEY CONSIDERATIONS

e Resource Constraints: Low-cost solutions like biochar
and quorum quenching are prioritized for Gaza’s
limited budgets.

e Policy Gaps: Sanitation infrastructure upgrades and
cross-border collaboration are critical to addressing
systemic challenges.

e Emerging Tech: Machine learning and quorum
guenching require capacity-building but offer long-
term benefits.

VI. CONCLUSION & CALL TO ACTION

Biofouling in Palestinian membrane systems is aggravated by
high DOC levels from olive oil effluent, agricultural runoff,
and septage infiltration. These carbon sources promote
microbial growth and EPS synthesis, which reduces
membrane efficiency and raises treatment costs. In Gaza,
where water scarcity is extreme, dealing with biofouling is not
only a technical challenge, but also a public health and equity
imperative.

Region-specific treatments, such as biochar from olive waste
and Os-PAC pretreatment, provide scalable strategies to
minimize fouling. Meanwhile, quorum quenching and
machine learning-based monitoring are  emerging



technologies that, with targeted investment and collaboration,
have the potential to change water treatment resilience.
However, long-term success necessitates systemic reforms
such as improving sanitation infrastructure, strengthening
cross-border cooperation, and increasing local research
ability. International cooperation is critical for scaling pilot
projects and overcoming financial and technological
constraints.

Without context-sensitive policies and ongoing investment,
biofouling will continue to hinder efforts to offer safe,
sustainable water access in Palestine. This review advocates
coordinated, interdisciplinary action—combining research,
policy, and community engagement—to secure water justice
in one of the worlds most wulnerable areas.
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