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A B S T R A C T   

Pharmaceutical wastewater presents a concerning array of toxic chemicals, necessitating proper treatment and 
disposal to safeguard human health and the environment. These chemicals, including active pharmaceutical 
ingredients, antibiotics, solvents, and organic compounds, exhibit toxicity, flammability, and carcinogenicity, 
posing risks to living beings and ecosystems. Contaminants such as surfactants, emulsifiers, residual drugs, and 
metabolites further exacerbate the complexity of pharmaceutical wastewater. Conventional treatment technol
ogies, such as activated carbon adsorption, oxidation processes, membrane filtration, and biological treatment, 
suffer limitations in effectively removal or neutralizing hazardous substances for the safe disposal of pharma
ceutical wastewater if implemented individually. In particular, combining photocatalysis with membrane tech
nology demonstrates promising benefits, enhancing degradation efficiency and reducing membrane fouling. 
Membrane catalytic reactors (MCRs) integrated with advanced oxidation systems, viz. photocatalysis, Fenton- 
based processes, ozonation, persulphate generation, and the electrocatalytic process, can degrade pollutants 
and realize their physical separation. The present review manuscript comprehensively discusses detailed 
mechanisms, performance, influencing factors, and generation of catalytic radicals for removing organic pol
lutants in hybrid MCRs to improve water quality and safeguard ecosystems from wastewater.  
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