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ab s t r ac t
Urine contains large amounts of nutrients and can be used as fertilizer. However, these nutrients 
are difficult to eliminate when they infiltrate sewage, and thus become pollutants. A new toilet sys-
tem using forward osmosis (FO) as the key element was designed to recover resources from human 
excreta. In this system, FO was used to harvest the nutrients in urine and also could be regarded as 
a pretreatment for reverse osmosis. In this study, the influence of membrane material, draw solution 
concentration, flow rate, etc. was investigated for application of FO in urine enrichment. The differ-
ences between synthetic urine and natural urine before and after enrichment were compared and ana-
lyzed. With pH adjustment, the rejection of N, P, K, and other nutrients in urine was >80%. The results 
of the pilot-scale toilet system showed high potential for the adoption of FO to recover the nutrients in 
urine. By integrating this system with other treatment techniques, toilet wastewater will no longer be 
a burden but rather a resource. 
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