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Pilot-scale Study on Gravity-driven Bio-ecological Coupling Process for Village
Wastewater Treatment
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Abstract: In response to issues such as overly complex technology, high operational costs, and
inadequate maintenance and management in domestic wastewater treatment in mountain villages of
China, a pilot-scale system integrating a gravity-driven rotating biological contactor with a multi-stage
horizontal subsurface flow constructed wetland was designed and stably operated, leveraging the local
geographical characteristic of significant elevation differences. This combined process effectively removed
pollutants from the actual wastewater, achieving average removal rates of 73.3%, 66.4%, 67.8%, and
81.7% for COD, NH,'=N, TN, and TP, respectively. The effluent quality met local discharge standards.
Comparative analysis of pollutant removal performance revealed that the bio-rope fillers, enriched with
algae, enhanced the system’ s pollutant removal capacity and resilience to shock loads. Furthermore,
biomass and activity of bacterial and algal were better. The system with the fillers showed a higher
abundance of bacteria such as Flavobacterium, Rhodobacter, and Rhodobacteraceae, which possessed

denitrification and phosphorus removal capabilities. Additionally, as the system operated solely by
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gravitational potential energy without any feed pumps or other external power inputs, its energy demand

was drastically reduced, making the process economically attractive.
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Fig.1 Flow chart of treatment process
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Fig.2 Schematic diagram of GRBC device
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i e [ SARRE
Jiot (JT/m?)
V- 5.000 0.34
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7K e 1.2t | 0.096
DR AR fits t 17t 0.440 0.07
RN 03t | 0.120
HoAth 0.300
TREE+ 3m* | 0.150
; fitg e 36t | 0.450
Fniit 7K e 251 | 0.192 0.07
HoAth 0.300
IR | 156 m® | 3.300
fit: He 230t | 3.000
EZ v/ S i K e 85t | 0.670 0.68
ATIRHRSE | B 1.320 ’
TBHHEY) | 3 600 Fk | 1.050
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CRBC GRBC 24 7.200 0.50
TR 0.5m* | 0.170
(=L 110m | 1.040
B RGE e 0.470 0.12
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RS AEAE A DG A dLFE S REVE i A8 fb it — 25
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4.5%.4.9% .2.0%. Flavobacterium AL J&— Fi [
TS AL TR , 30 X5 52 25 A WL Y K A AR B AR T
Rhodobacter , Thiocapsa Y g TO6E 4%, H Rhodo-
bacter 5 AL &, & XA LY K NH,-N 45
FRA B B BEARVE R o Acinetobacter 5 S HALA 5%,
AEZBR TN, [a] iy i BAT B i BRI RE ). DL B3R
WIREvR S5 A 1Y 22 S B Ak ik — 25 R W] A L GRBC-1,
GRBC-2 HAT B4 AT L) A G 2B e
3 &
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