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Abstract   

Acetaminophen (APAP), a widely used pharmaceutical, is 

frequently detected in aquatic environments due to its 

persistence and limited removal by conventional 

wastewater treatment processes. In this study, a peracetic 

acid (PAA) based advanced oxidation system was 

developed using magnetically recoverable tungsten 

modified iron oxides (TI) as heterogeneous catalysts to 

degrade APAP without external energy. TI catalysts were 

synthesized via a combustion method in the presence of 

polyvinyl alcohol for providing their magnetic properties 

for easy recovery after their use. The catalytic performance 

of the TI/PAA system was evaluated under various 

conditions, showing efficient APAP degradation. Radical 

scavenging experiments revealed the generation of 

hydroxyl, acetyloxy, and acetylperoxyl radicals as 

dominant reactive species in the system. Degradation 

intermediates were identified to propose a possible APAP 

degradation pathway. The findings demonstrate the 

effectiveness of tungsten modification in enhancing the 

catalytic performance of iron oxides for PAA activation. 

This study highlights a green, energy-free, and reusable 

catalytic system with strong potential for the treatment of 

pharmaceutical micropollutants in water. 
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1. Introduction 

Pharmaceuticals and personal care products (PPCPs) are 

frequently identified in aquatic ecosystems due to their 

widespread use and persistence in the environment [1, 2]. 

Municipal, hospital, and industrial discharges serve as 

major entry routes into surface waters, where these 

bioactive substances accumulate and pose toxicological 

threats to organisms across trophic levels [2]. Among 

PPCPs, acetaminophen is widely consumed and 

commonly detected in surface waterbodies [3]. As reported 

in previous studies, APAP demonstrated hepatotoxicity 

and endocrine-disrupting effects for different species with 

concentrations of several hundred µg/L [4]. Its resistance 

to biodegradation and poor removal in conventional 

wastewater treatment systems highlights the urgent need 

for developing reliable technologies to remove APAP in 

water [5].  

Advanced oxidation processes (AOPs) are effective for 

removing different recalcitrant contaminants by generating 

reactive oxygen species (ROS) for readily mineralizing 

organic molecules [6]. Among various oxidants, peracetic 

acid (PAA) is emerging as a safer and sustainable 

alternative. PAA can be easily synthesized on-site, degrade 

into benign by-products, and has broad working pH ranges 

[7]. Its ability to generate ROS, including hydroxyl, 

acetyloxy, and peracetyl radicals, makes it attractive for 

water treatment, especially when activated by transition 

metal catalysts [8, 9].  

Heterogeneous metal oxides are widely applied in AOPs 

due to their stability, reusability, and broad working range 

of solution pH [10]. Magnetic iron oxides, such as 

magnetite and maghemite, enable easy recovery after their 

use [11]. While transition metals (e.g., Co, Cu, Mn) 

incorporation into magnetic iron oxides enhances catalytic 

activity, tungsten, a redox-active and structurally stable 

metal, has received limited attention. Tungsten oxides (e.g., 

WO₃) themselves exhibit excellent pollutant degradation 

performance owing to their favorable electronic properties 

[12]. 

In this study, tungsten modified iron oxides (TI) were 

synthesized with a combustion method and used as 

heterogeneous catalysts to activate PAA for APAP 

degradation. Catalytic performance of TI was assessed 

without external energy for PAA activation. Radical 

scavenging and intermediate analyses identified key ROS 

and proposed the APAP degradation pathway, respectively. 

This magnetically recoverable, energy-free treatment 

system may offer a sustainable and environmentally 

bening approach for effective treatment of pharamceutical 

polluted water. 



2. Results 

Fig. 1 (a) shows the adsorption behavior of the catalysts 

(i.e., TI 0, TI 1 and TI 2) in the absence of oxidants, aiming 

to assess their intrinsic affinity toward APAP. APAP 

adsorption by all samples could be negligible due to their 

minimal adsorption capacity. The result confirmed that 

APAP removal resulted from oxidation by radicals 

produced via a reaction with catalysts and PAA. 

Figs. 1 (b) and (c) demonstrated that APAP degradation 

was significantly improved with tungsten incorporation 

and the efficiency was proportional to catalyst loadings for 

the treatment. Notably, the complete removal of APAP 

was obtained with TI 2 of 2.0 g/L within 10 min of the 

treatment. In Fig. 1 (d), a higher APAP degradation was 

observed with high PAA dosages while the degradation 

was inversely proportional to initial APAP concentrations 

due to the limited availability of ROS.  

In summary, these results demonstrate that the TI/PAA 

system effectively degrades APAP with no external 

energy. This highlights the potential of tungsten modified 

iron oxides as sustainable and energy-efficient catalysts for 

water and wastewater treatment, especially for 

pharmaceutical removal. 
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Figure 1. APAP degradation by the TI/PAA system: (a) APAP adsorption by TIs, (b) effect of tungsten in TI, (c) effect of 

TI 2.0 loading, (d) effect of PAA concentration and (e) effect of initial APAP concentration. Experimental conditions 

(unless stated otherwise): 5 mg/L APAP, 2 g/L TI 2.0, 1 mM PAA, pH 4, and room temperature.
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