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Abstract: In response to the seasonal fluctuations in the raw water quality of the Hanjiang River
and the demand for high-quality water supply, a pilot-scale dual-membrane short-process water treatment
system centered on “ceramic ultrafiltration + nanofiltration” was established. The study comparatively
analyzed the treatment efficiency, carbon emission intensity, and operational costs of different process
combinations incorporating pretreatment options such as pre-ozonation, pre-chlorination, and continuous

ozone oxidation. The results indicated that the process train of “pre-ozonation—coagulation—
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sedimentation—ceramic ultrafiltration—nanofiltration—disinfection” effectively addresses the seasonal
variability in Hanjiang River water quality. It achieved a permanganate index removal rate of 298%, near-
complete removal of POPs, a PPCPs removal rate exceeding 79%, and removal rates of over 50% for both
EDCs and PFCs. The removal of the typical odor compound 2—MIB relied primarily on the nanofiltration
unit, achieving a removal rate of approximately 50%. The effluent TDS was consistently maintained at
(130+4) mg/L, effectively ensuring both the taste and biological safety of the water supply. To promote
green, low-carbon, and efficient operation, a seasonal adjustment strategy could be implemented. During
winter and spring, when the raw water quality is stable, an ultra-short process of “ozonation—ceramic

ultrafiltration—nanofiltration—disinfection” can be adopted. Under this operating condition, a synergy

between economic and environmental benefits will be achieved.
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Fig.1 Process flow chart of pilot test
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Fig.2 Water quality of Hanjiang River in 2022 and 2023
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Fig.3 Treated water quality of processes 1 to 4
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5 /NGy T 1k P PPCPs 0 B8 SR AN 10% ~
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Fig.6 Removal rates of emerging contaminants
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Tab.2 Overall removal efficiency of emerging

contaminants by pretreatment and membrane

treatment units %

i PPCPs EDCs PFCs POPs
TALHE | 33.79+22.36 [41.68+19.04] <10 <20
TH1 | 64.73+30.22 |42.56+8.91 |61.14+18.70/81.31+6.96
THL2 | 79.29+23.23 |55.30+3.89 |52.63+18.06| 100+0.00

2.4 wWRHEMGREFIEITR Ao

& T LA 5 1, SC s iz 17 2 8o
TR 1~3 B PACHIN N 3. 5 me/L, 8 U8 Uk
JE AR 60 min; AR 4 0988 08 SV A A A 30 min; It
R 12 SR FH 1) B E0E TR, BOMEE 4 R 2. 62 me/L,
FENNEFRIA 1 b, 5 PEMR A 1R/ R 3 F 4 R
4 2 SR A A, B 430 o 1.2 1 2. 0 mg/Ls itk
Ab,FURR 1 BRI R 0. 8 me/L, R 2 IR AR
PHEINE R 0.5 mg/L. 45 T 2R ST
B 2k F BB R 2G4, LT B F 3 (R 2 e HE
B FE (DL CO, i) Mas AT 9, &5 3 L4 3.

#£3 FARIEZHREBHBAEREENISTEA

Tab.3 Carbon emission intensity and operating

costs of different processes

TiH AR | AR | A3 | A4

CES,/(kg/m®) 1.202 1{1.196 8|1.282 7|1.046 5

CES,/(kg/m’) 0.038 4/0.043 4/0.038 4/0.019 8

S TAIRE R HE R/ (ke/m®) | 1.240 5]1.240 2|1.321 1/1.066 3

HL3%/(Jt/m’) 0.960 4|0.956 1{1.025 0/0.836 1
2557 3%/ (50/m?) 0.458 3|0.480 8(0.458 3{0.426 1
BaEf TR/ (Oim?) 1.4187|1.43691.4833|1.2622
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