Development, implementation and analysis of the functioning of a hybrid constructed wetland wastewater treatment plant with a closed water circuit in the Polesie National Park

The aim of the study was to develop, implement and analyse the functioning of a hybrid constructed wetland wastewater treatment plant with a closed water circuit, located in the forester’s lodge of the Polesie National Park in Kulczyn.
As part of the implementation, during 2021-2022, a concept and construction design were developed, and a hybrid constructed wetland wastewater treatment plant with a closed water circuit was built. The plant consists of a two-chamber primary settling tank, a pumping station for raw sewage, a system of two soil-plant beds of the VF-HF type, and a system for recirculating and treating the purified wastewater for reuse in the household. In the first research period (2022), changes in water consumption in the forester’s lodge were determined.
Throughout the year, seasonal, weekly, and daily changes in water consumption and the amount of water used for toilet flushing were determined. In the second part of the study, the effectiveness of pollutant removal from wastewater in the implemented treatment plant was examined, and the amount of wastewater inflow and outflow from the treatment plant was determined. The third and final part of the study allowed for evaluating the effectiveness of the innovative treated wastewater purification system. The effectiveness of the treatment plant and the purified wastewater treatment system was assessed during the first 15 months of operation (October 2022 – December 2023). During the study period, 14 series of analyses were conducted, and 84 wastewater samples were collected, in which selected physical, chemical, and microbiological indicators (dissolved oxygen, total suspended solids, BOD5, COD, total nitrogen, total phosphorus, Escherichia coli (E. coli) bacteria, and fecal enterococci) were analyzed.
The study resolved the research problem and concluded that effective domestic wastewater treatment, with the proper selection of post-treatment devices, allows for the reuse of the treated wastewater for toilet flushing and crop irrigation, aligning with circular economy practices. It was demonstrated that the implemented wastewater treatment plant with a closed water circuit provides high efficiency in pollutant removal (over 90% for most of the parameters analyzed) and allows for the reuse of treated wastewater for selected domestic purposes (on average 20% of the total water consumption).
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