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Abstract  

Polymer-based microplastic particles in freshwater systems represent a critical challenge for 

sustainable material management, particularly in tropical urban rivers characterised by 

complex hydrodynamics and diverse anthropogenic inputs. While existing studies 

predominantly focus on abundance and morphological classification, limited attention has been 

given to understanding how polymer properties govern spatial accumulation and how this 

knowledge can be translated into targeted intervention strategies. This study presents a data-

driven framework integrating spatial hotspot analysis and machine learning to identify polymer 

accumulation zones in Pinang River, Malaysia. Field-based characterisation revealed the 

dominance of fibrous and fragmented polymers, primarily polyethylene and polypropylene, 

with distinct hotspot formation associated with urban discharge points and hydrological 

variability. Spatial statistical analysis was applied to identify significant clustering patterns, 

representing key polymer leakage pathways within the river system. To enhance predictive 

capability, machine learning models were developed using physicochemical water quality 

parameters and spatial attributes to estimate microplastic distribution and hotspot probability. 

To further interpret these system-level observations, mechanistic and coagulation studies were 

conducted to evaluate particle behaviour and removal efficiency using polyaluminium chloride 

(PAC) and polydiallyldimethylammonium chloride (PolyDADMAC). The results indicate that 

polymer properties, including morphology and aggregation behaviour, play a critical role in 

governing both environmental distribution and treatment performance. The integration of 

hotspot identification, predictive modelling, and treatment evaluation provides a framework 

for targeted intervention, enabling more efficient resource utilisation and supporting circular 

wastewater management strategies. This framework contributes to ongoing international 

efforts in plastic resource circulation and sustainable water management under collaborative 

research initiatives. 
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Personal History: 

Dr. Mohd Saiful Samsudin is a Senior Lecturer at the School of Industrial Technology, 

Universiti Sains Malaysia (USM), specialising in environmental data analytics, microplastic 

pollution, and water system modelling. His research focuses on understanding the transport 

dynamics, spatial distribution, and environmental behaviour of polymer-based microplastics in 

tropical river systems, integrating machine learning, chemometric approaches and spatial 

analysis. He currently serves as Principal Investigator for multiple research grants, including 

the USM Short-Term Matching Research Grant 2025 in collaboration with The University of 

Osaka under the JSPS Core-to-Core program. His research emphasises the development of 

data-driven environmental intelligence frameworks and predictive decision-support systems to 

enhance water quality management and support circular resource strategies. Dr. Saiful has 

actively contributed to interdisciplinary research combining environmental analysis and 

modelling with applications in microplastic transport, wastewater treatment optimisation, and 

environmental monitoring systems. His work aims to bridge the gap between system-level 

environmental understanding and practical engineering solutions, particularly in addressing 

emerging pollutants in tropical environments. He has published in reputable international 

journals and continues to collaborate with international partners to advance sustainable water 

management and plastic resource circulation. His current research direction focuses on 

integrating machine learning and spatial analysis to identify critical intervention points in river 

systems, supporting efficient and targeted strategies for circular wastewater management. 
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