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Because of water shortage of last decades, the protection of drinking water resources, and the
development of efficient wastewater purification technologies has been come into the limelight.
The fluctuation in quantity (e.g., diurnal and spatial variations) and the diversity of components
present new technical, technological, and economic challenges for both research and develop-
ment (R&D) and operators, respectively. The continuously increasing expectations of society
and future tightening of environmental standards and legislation necessitate detailed investiga-
tions into the effects of contaminants of emerging concern (CECs), such as endocrine-disrupt-
ing substances (EDSs), pesticide and pharmaceutical residues, and microplastics, on human
health and the environment. Some of these pollutants cannot be removed with conventionally
used wastewater treatment technologies. Therefore, there is a need for the development of novel
and more efficient processes (such as membrane filtration, advanced oxidation processes, bio-
technological methods, and their combinations) that can be scaled-up and implemented into
municipal wastewater treatment plants (WWTPs) and industry-scale wastewater purification
technologies. It can be noticed that water suitable for drinking quality is one of the most com-
monly used raw materials and processing aids in the food industry (for dilution, heating, cool-
ing, disinfection, cleaning, etc.). Therefore, the increased efficiency of water and wastewater
treatment can help to achieve improved food safety, as well. The availability of fresh and safe
water, both in quantity and quality, is one of the key elements for maintaining economic devel-
opment. Regenerated (reutilized) wastewater can be an alternative water resource that ensures
water availability while reducing pressure on water bodies. These technological solutions help
to meet the principles of the circular economy (CE). Wastewater, including municipal and in-
dustrial wastewater, is rich in valuable organic and inorganic compounds for recovery. During
the mechanical treatment and separation stages of secondary and tertiary wastewater purifica-
tion processes, a significant amount of pollutants are concentrated into the sludge. Global
wastewater sludge production is estimated to be around 45 million dry matter tonnes annually.
In recent years, problems in the supply of materials and energy have led to a renewed emphasis
on the recovery of sludge components (e.g., nitrogen, phosphorus) or the use of the whole ma-
terial streams through biological processes (e.g., biogas production by anaerobic digestion or
composting). Several technologies are known to achieve better water recovery (e.g., closing the
water loop in industry-scale manufacturing processes) or to produce energy from wastewater
and sludge (e.qg., controlled anaerobic digestion). These efforts and technological developments
will also contribute to the achievement of the Sustainable Development Goals (SDGs) of the
United Nations. The effectiveness of technologies for wastewater and sludge treatment and uti-
lization can only be assessed on the basis of complex criteria, which may include technological
and economic indicators as well. Improving the efficiency of wastewater and sludge treatment
and utilization processes and developing monitoring methods to optimize these processes are
of great importance due to the high operational costs of wastewater treatment. There are specific
expectations for industry-scaled monitoring methods applied to wastewater and sludge treat-
ment, mainly regarding robustness, minimum chemical need, reduced measurement time per
sample, and, suitability for non-destructive, on-line, in-line, and real-time analysis in real
wastewater and sludge matrices. In addition to conventional non-destructive analytical methods
used in analytical practice (e.g., AFS, FTIR), novel monitoring methods based on electrical
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measurements, such as dielectric measurements, are highly relevant not only for science but
also for practical use. The research is financed by National Research, Development and Innovation
Office FK 146344 project and supported by the Bolyai Janos Research Scholarship of the Hungarian
Academy of Sciences (BO/00161/21/4).



