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Abstract 

Doxorubicin is a potent anti-cancer drug, and its presence in wastewater may pose 

harmful effects l effects on the environment and public health. Even at very low doses, this 
drug is toxic and can disrupt the natural functioning of aquatic ecosystems, negatively 
impacting the growth, reproduction, and survival of various aquatic organisms. Therefore, 
this study was conducted to investigate the effectiveness of removing doxorubicin from 
aquatic environments using a covalent organic triazine polymer-based photocatalyst under 
visible light. In this research, a photocatalyst based on a covalent organic triazine polymer 
was first synthesized via a reflux method, and its efficiency in removing doxorubicin was 
examined. To characterize the synthesized photocatalyst, analyses including transmission 
electron microscopy, scanning electron microscopy, x-ray diffraction, energy dispersive x-
ray mapping, fourier transform infrared spectroscopy and diffuse reflectance spectroscopy 
were performed. Additionally, the effects of variables such as pH (3-9), photocatalyst 
concentration (10-40 mg), and contact time (30-120 minutes) on the removal efficiency of 
doxorubicin were evaluated. The findings showed that the removal efficiency of 
doxorubicin was 98% at contact time of 30 min, with photocatalyst concentration of 40 

mg, and pH = 7. The scavenger study revealed that oxidants such as   
  , e and    

played a significant role in the degradation process of doxorubicin in aqueous solution by 
COTP. The results demonstrated that the covalent organic triazine polymer can serve as an 
effective photocatalyst for removing doxorubicin from pharmaceutical wastewater under 
visible light.
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1. Introduction 
Rising industrial activity has led to water 

pollution by synthetic chemicals, harming aquatic 

life and humans (Zandipak et al., 2020). 

Micropollutants like metabolites, radionuclides, 

and endocrine disruptors from hospital and 

pharmaceutical wastewaters contaminate rivers, 

lakes, sediments, and groundwater 

(Sobhanardakani et al., 2022). Doxorubicin
1
, a 

common chemotherapy drug for cancers such as 

leukemia and breast cancer, is poorly soluble in 

neutral water but dissolves in acidic or basic 

conditions. Its toxicity, genotoxicity, and 

mutagenicity make it potentially dangerous to 

living organisms. Pharmaceuticals are very 

resistant to hydrolysis and biological degradation 

(Ghafoori et al., 2022). 
Covalent organic polymers featuring a triazine 

framework are emerging as promising non-

metallic photocatalysts. These materials, 

characterized by their crystalline, porous structure 

and polymeric nature, exhibit notable features 

such as large surface area, extensive porosity, and 

a narrow band gap, which enhance their 

photocatalytic capabilities (Bashar et al., 2025). 

In this research, a triazine-based covalent organic 

polymer was synthesized, and its effectiveness in 

degrading DOX residues in water through 

photocatalysis was evaluated.

2. Materials and methods 
2.1. Synthesis of covalent organic triazine 

polymer
2
 

The synthesis involved two main steps: first, 

preparing TAT by reacting cyanuric chloride with 

p-nitrophenol under reflux, followed by 

purification. Second, TAT was reacted with iron 

powder, creating a precipitate after pH 

adjustment. In the final stage, TAT was combined 

with PTCDA, zinc acetate, and imidazole, heated 

at 200 °C for 12 hours, then cooled and filtered. 

The product was washed, treated with acid, 

filtered again, and dried to obtain the final 

material (Zandipak et al., 2025). 

 

2.2. Photocatalytic tests 
To assess the photocatalytic ability of the 

prepared COTP, its capacity to break down DOX 

in water was tested using a 50 W LED-COB light. 

A mixture of 100 mL of DOX solution (10 mg/L) 

and 40 mg of COTP was placed in a Pyrex 

container. The mixture was stirred in darkness for 

30 minutes to reach adsorption equilibrium. 

                                                 
1
 Doxorubicin  (DOX) 

2
 Covalent Organic Triazine Polymer  (COTP) 

Subsequently, it was exposed to air to purge the 

suspension, which maintained the reaction 

temperature at 25 ℃ with flowing cooling water. 

The light was then turned on, and samples of 3.5 

mL were collected at intervals up to 120 min, 

filtered through 0.22 μm cellulose filters, and 

analyzed via UV-Vis spectrophotometry 

(Zandipak et al., 2024a). 
 

3. Results 
3.1. Characterization of COTP 
To examine the morphology of COTP in detail, 

TEM and FESEM images were used at various 

magnifications (Fig. 1). The TEM images reveal 

that COTP exhibits a nanosheet arrangement. The 

TEM image of COTP shows a stacked, layered 

structure resulting from the overlapping of two-

dimensional sheets. As shown in Fig. 1d, e and f, 

the FESEM images confirm a nanosheet-like 

structure. The FESEM-EDX elemental mapping 

analysis of COTP demonstrated the high purity of 

the synthesized material and the presence of the 

expected elements (C, O and N) (Fig. 1). 

 

3.2. Photoactivity of COTP for DOX 

degradation 
To evaluate the capacity of COTP to break down 

pollutants, DOX was selected as the model 

contaminant. Before light exposure, a 30 min 

dark phase was performed to reach adsorption-

desorption equilibrium. The photocatalyst's 

affinity for DOX was limited, with approximately 

30% adsorption observed. As shown in Fig. 2, 

under illumination, COTP achieved 

approximately 98% degradation of DOX within 

30 min. The degradation kinetic was analyzed 

using a pseudo-first-order model, revealing a rate 

constant (k) of 0.0741 min⁻¹. 
 

4. Conclusion 
This research involved the synthesis of a covalent 

organic polymer, which was subsequently 

employed to facilitate the removal of DOX. 

Characterization techniques-including SEM, 

TEM, EDX, EDX mapping, XRD, FTIR, UV-

Vis, and DRS verified the formation of the 

polymer and revealed its structure as thin, planar, 

two-dimensional nanosheets. The optimal 

removal of DOX was achieved at neutral pH=7, 

with a contact duration of 30 min and a 

photocatalyst loading of 40 mg. Reusability tests 

indicated that the photocatalytic efficiency 

experienced a slight decline after five cycles, 

although the reaction rate constant remained 

largely unchanged. Overall, the results 

demonstrate that this covalent organic polymer 
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Fig. 1. TEM images of COTP (a, b and c), FESEM images of COTP (d, e and f) and elemental  

mapping of COTP (g, h and i)

 

 

 

Fig. 2. Time-curve survey of the normalized concentration degradation of DOX with COTP (a) and 
pseudo-first order rate constants (b) 

 
exhibits high removal capability for DOX under 

visible light irradiation, suggesting its potential 

application in wastewater treatment processes 

involving pharmaceutical contaminants. 
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Fig. 1. TEM images of COTP (a, b and c), FESEM images of COTP (d, e and f)
and elemental mapping of COTP (g, h and i) 

-TEMCOTP(a, b and c)FESEMCOTP(d, e and f) (g, h and i) COTP 
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Fig. 2. a  EDX spectrums of COTP, b  XRD patterns of the COTP and c  FTIR spectra of the COTP 

aEDXCOTPbXRDCOTPcFTIRCOTP

 

 
Fig. 3. UV–Visible diffuse reflectance spectroscopy (UV-Vis DRS) absorption spectra of COTP (a)

and the determined bandgap energy (b) 

UV-VisCOTP(a)b 
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Fig. 4. Time-curve survey of the normalized concentration degradation of DOX with COTP (a) 

and pseudo-first order rate constants (b) 
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Fig. 5. pH impact on the temporal normalized concentration of DOX with COTP (a), 

and pseudo-first order rate constants (b)

pH   COTP ab

 

pH>

 OH

OH

pH3)Hazmi et al., 202-Al( 

COTP 

COTPg/L

b

Kobs

min
-1

g/L

Mo2C-ZnFe2O4@PPNB

Althobaiti et al., 2025

COTP

COTP



               dx.doi.org/10.22093/wwj.2025.521130.3490 

 

                                   Water and Wastewater 

                                      Vol. 36, No. 1, 2025 

Fig. 6. Photocatalyst dose impact on the temporal normalized concentration of DOX with COTP (a) 
and pseudo-first order rate constants (b)

  COTPa b

Fig. 7. Scavenger impact on the temporal normalized concentration of DOX with COTP (a) 
and pseudo-first order rate constants (b)

   COTPab

COTP

  
  

Kobsh
-1



               dx.doi.org/10.22093/wwj.2025.521130.3490 
 

         
                                   Water and Wastewater 

                                      Vol. 36, No. 1, 2025 

 

Table 1. Comparison of the various photocatalysts systems for DOX degradation 

Photocatalyst Light source 
Removal efficiency 

(%) 
Reaction 

conditions 
Ref. 

D/3D Nb2O5 QDs/C-

doped g-C3N4 
500 W Metal halide 98.2% 

(C0 = 10 mg/L, CCAT = 

0.02 g/L, pH = 8.0) 
Zhao et al., 2023 

BiFe (C2O4)3 3H2O UV light 79% 
(C0 = 2 mg/L, CCAT = 

0.04 g/L, pH = 8.0) 
Dumitru et al., 2019 

Fe-Ni NP’s UV light 83% 
(C0 = 100 mg/L, CCAT 

= 0.5 g/L, pH = 7.0) 
Kadu et al., 2017 

GO/CeO2 Visible light 99% 
(C0 = 0.5 mM, CCAT = 

0.01 g/L, pH = 7.0) 
Abbasi et al., 2022 

C3N4/SnO2/CoFe2O4 Hg lamp 84% 
(C0 = 20 µM, CCAT = 

0.25 g/L, pH = 7.0) 
Garg et al., 2023 

GO@Fe3O4@CeO2 300 W Xe lamp 98% 
(C0 = 50 mg/L, CCAT = 

0.04 g/L, pH = 7.0) 
Rashtchi et al., 2023 

COTP 30 W Visible lamp 98% 
(C0 = 10 mg/L, CCAT = 

0.04 g/L, pH = 7.0) 
This study 

COTP

  
  e

-  

COTP

COTP

Fig. 8. Influence of recyclability on recovery (%) of 
COTP for DOX
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