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Water-soluble polymers have a diverse range of applications from industrial raw materials to household product 
ingredients such as detergent capsules. However, the ubiquitous presence of these chemicals in both industrial and municipal 
wastewater streams is of concern. Although present in high and low concentrations in industrial and municipal wastewaters, 
respectively, these polymers are not easily biodegradable mainly due to their complex and lengthy structures. Moreover, 
their high solubility in water renders them invisible and often overlooked [1]. Consequently, their persistence and potential 
accumulation in the environment could lead to long-term environmental risks. Thus, a better understanding of the 
environmental fate of non-biodegradable water-soluble polymers is essential for the development of effective management 
strategies to minimize their impact on the environment.  

Polyvinyl alcohol (PVA) is a well-known member of the water-soluble polymer family, and its unique physicochemical 
characteristics have led to its widespread use in various industrial applications, especially in textiles [2]. As a representative 
of this group of chemicals, PVA has been selected for investigation in this study. Although PVA is generally considered 
non-toxic to humans and is even used in some medical packaging, it can pose significant risks to the environment, particularly 
in aquatic ecosystems [3]. Its high foaming ability can lead to oxygen depletion in open water resources while its capacity to 
transport chemicals, including heavy metals, from soil to underground water may cause the accumulation of harmful 
contaminants in underground water resources. Therefore, it is essential to remove PVA from wastewater streams before 
discharge to mitigate its environmental impact [4]. 

Advanced oxidation processes (AOPs) could effectively degrade a wide range of chemicals including those that are 
recalcitrant [5]. The UV/H2O2 process is a well-known AOP that has shown great promise for implementation in real 
wastewater treatment plants, primarily due to its simpler operation compared to other AOPs. The UV/H2O2 process employs 
UV radiation and hydrogen peroxide to produce extremely reactive hydroxyl radicals capable of decomposing organic 
compounds [6]. 

The primary objective of this investigation is to assess the effectiveness of a UV/H2O2 photoreactor at a laboratory scale 
in enhancing the biodegradability of wastewater containing PVA. The ratio of biochemical oxygen demand to chemical 
oxygen demand (BOD5/COD) is used as a measure of wastewater biodegradability, with the goal of increasing it from 0.1 to 
over 0.5, resulting in an easily biodegradable effluent [7], [8]. Additionally, the impact of key operational parameters, such 
as inlet PVA concentration, inlet H2O2 concentration, and hydraulic retention time on the BOD5/COD ratio, is investigated. 
A mathematical model is then developed based on the experimental data to predict and improve the biodegradability of the 
wastewater as a function of the operational variables. Response surface methodology (RSM) and Box-Behnken design (BBD) 
were employed to design experiments, develop a prediction model, and optimize process outcomes. The experimental results 
at the recommended optimal operating conditions validate the findings of the optimization study. Finally, the impact of 
partial treatment on reducing operating costs of AOP-based wastewater treatment was analyzed. 
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