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PERSPECTIVES ON WASTEWATER TREATMENT FROM 
DICLOFENAC 

 
PhD Yvonne Gmach 
PhD Manuel Ibañez 

PhD, Associate Professor Viktoriia Shkola 
Technical University of Munich, Germany 

 
Diclofenac removal from sewage in the process of conventional wastewater 

treatment has recently become one of the most discussed issues in the design and 
operation of wastewater treatment plants (Sacco et al., 2024). Diclofenac toxicity in 
water has become a significant environmental and toxicological concern due to its 
potential adverse effects on the aquatic environment accumulating inside fish, plants, 
and animals (Ieamviteevanich et al., 2022). “Diclofenac was regularly detected 
amongst the 20 highest pharmaceutical concentrations in wastewater treatment 
plants waters and sludges, and conventional treatment methods generally showed no 
major removal of it during processing” (Unesco and HELCOM, 2017).  

The main reason for the diclofenac contamination of surface waters is the 
lack of effective biological treatment at city facilities that are not designed to remove 
micropollutants in wastewater. Diclofenac may be released partially or totally 
untreated from the primary anthropogenic point sources of pollution which are urban 
conventional wastewater treatment plants, presently not designed to remove 
micropollutants. Meanwhile, the most significant volume of polluted sewage is 
released with wastewater from hospitals and private houses (Ermakovych & 
Samoylenko, 2014). Another source of water pollution with diclofenac is the use of 
activated sludge from sewage treatment plants as fertilizer in agriculture, where it 
can seep through the soil to ground and groundwater, thus contaminating the latter 
(Xu et al., 2010). The pollution of groundwater - the primary source of public water 
consumption (about 55%), especially in summer - poses a direct risk to public health 
(Samoylenko & Ermakovych, 2015). Currently, “about 70 % of surface water and a 
significant proportion of groundwater reserves in Ukraine are no longer suitable as 
a source of drinking water” (Ministry of Economic Development and Trade of 
Ukraine, 2017). 

To comply with stricter quality standards for effluents, an additional post-
treatment step is necessary to the conventional processes (Sacco et al., 2024). Some 
suggested technologies are promising and on the stage of expertise (lab-scale 
investigations). 

1) Decentralized greywater treatment in sustainable buildings using vertical-
flow constructed wetlands represents an alternative for the removal of 
micropollutants (diclofenac and DEET) with an efficiency of more than 90% in both 
centralised and decentralized treatments at the source of pollution, such as personal 
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care products and some pharmaceuticals, which are mainly present in this 
wastewater fraction (the project is being investigated at University of Luxembourg) 
(fig. 1 and fig. 2) (Sacco et al., 2024). 

2) A biofilm reactor, housing a consortium of two microorganisms, has the 
potential to significantly reduce the amount of diclofenac present in synthetic 
wastewater to levels equal to or below 0.05 μg/L. This technology demonstrates 
promising results in the reduction of diclofenac levels (the project is being 
investigated at Technical University of Munich) (fig. 3). 
 

 
Figure 1. Grey-water on-side treatment for personal care products removal 

(Sacco et al., 2024) 
 

 

Figure 2. Schematic diagram of the laboratory scale of the ReCare project  
(Sacco et al., 2024) 
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Figure 3. Detoxifying diclofenac-contaminated water by symbiosing green 
microalgae and bacterial cellulose-producing microorganisms  

(developed by authors) 
 
Both projects allow municipalities to reduce diclofenac contamination, save 

drinking water due to the reuse of treated water, and protect aquatics and 
biodiversity. 

It should be noted, that investigations have already been demonstrated in 
laboratory and pilot scale studies but have not been implemented in Wastewater 
treatment plans. To increase the pollutant removal efficiency, experiments with the 
substitution of different materials, such as conventional gravel, sand, lava sand, 
zeolite and biochar, have been carried out recently (Brunhoferova et al., 2022; Du et 
al., 2020; El Barkaoui et al., 2023; Morandi et al., 2021; Sacco et al., 2024). 

Moreover, both projects need investment analysis, Environmental impact 
assessment, justification of the advantages of the expected scientific or scientific-
technical products in comparison with the existing analogues, and substantiation of 
the practical value of the planned project results for the economy and society (for 
projects involving applied research and scientific and technical developments). 

Furthermore, there are some barriers to project implementation in Ukraine, 
namely: 

1) Project implementation requires investments that are regarded as highly 
risky in conditions of ongoing war; 

2) Until now, diclofenac-contaminated waters in Ukraine have not been 
addressed in any regulatory documents, underscoring the urgent need for this project.  

3) There is a crucial necessity for adapting Ukraine’s Environmental 
Legislation to the Legislation of the European Union; 

4) There is no officially identified limit of diclofenac concentration. The 
regulation identifying the Diclofenac indicators, "Draft Environmental Quality 
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Standards for Priority Substances under the Water Framework Directive – 
Diclofenac”, has been discussed since 2022 and has not been implemented yet.  
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