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Abstract [ Objective] With accelerated advancement in wastewater resource recovery, the utilization rate of reclaimed water has
gradually increased nationwide, leading to a corresponding rise in its application for ecological water replenishment. In this context,
sanitary safety and ecological safety are simultaneously essential in the wastewater disinfection process. [ Methods ]  This study
systematically reviewes the application status of mainstream disinfection processes in wastewater treatment. Detailed comparative
analysis of key disinfection parameters, disinfection efficacy, and limitations of common processes (e. g., sodium hypochlorite
disinfection, ultraviolet disinfection) are conducted. Focusing on the most widely used sodium hypochlorite disinfection, the research
specifically analyzes the formation mechanisms of disinfection by-products ( DBPs) and the patterns of residual chlorine. Based on this
analysis, the potential ecological risks are assessed. From a risk mitigation perspective, optimization strategies for sodium hypochlorite
disinfection are explored. [ Results] A comprehensive comparison and evaluation of various disinfection processes is conducted,
proposing that for sodium hypochlorite disinfection the relationship between chlorine dosage and influencing factors must be understood
to enable timely dosage adjustments, while for ultraviolet disinfection, a filtration process is required prior to disinfection and sufficient
ultraviolet dose must be ensured. Addressing DBPs formation and residual chlorine risks during ecological replenishment using sodium

hypochlorite requires precise chlorine dosage control as the core solution. The study further indicates that the traditional reliance on
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residual chlorine as the control parameter for chlorine dosing is inadequate and suggests exploring oxidation-reduction potential ( ORP)
monitoring as a superior alternative control method. [ Conclusion] Under the framework of Three Waters Coordination ( integrated
management of 'water resources, water environment, and water ecology’) , the utilization of wastewater treatment plant effluent for
ecological replenishment holds significant importance. This paper aims to provide a scientific basis and technical guidance for the

selection and optimization of wastewater disinfection processes in ecological replenishment scenarios, thereby advancing the goals of

synergistic governance of the Three Waters.

Keywords disinfection process residual chlorine

precise control of chlorine dosage
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Tab. 1 Parameters and Effect of Sodium Hypochlorite Disinfection to Meet First Grade A Standard
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Fig. 1 Specific Inactivation Coeffient of

Chlorine Disinfectants and Standard ORP

FEFI5 KR BN KRR [T <
2.2 MPN/ (100 mL) , 5&H 75 1 8 2R G0 4 A5 il
Bk ORP #54i ,ORP B E{E K 520 mV , L& H &
WA T 47% 3 S —E k)RR HAR R K 3E K
BHE <200 CFU/(100 mL) , 3% il ORP il & 74 7%
Z5)5 ,E ORP #5E(H 530 mV #1550 mV T, 34
FEAR 58 FH i 62% 1 47% , ORP % 7€ 45 7] 7 500 ~
530 mV'® ERAFIE R, V5K AR BT Al AR 4 B
PR K B RN 75 H bR & B2 ORP H AR, 58
PR A st & EVCIREMNZEG KNS
AR AR A 7T R, AT — % A HEbR o
A75 K AL R4 B 5 Hi 7K ORP>600 mV i, HiZk 3%
KIAHHERE<1 000 4~/L,
3.3 HftfhiLigiE

TR 5 /K A $H T YR SRR B 22 BN A B A 73
i SV R R KA 2GR A R R,



RETT, TR, U, 55

A AR KR 15 7K A B 7 IR 5 AL 2L

Vol. 44, No. 8,2025

T FRWY S IRAA A T T EE AR i ST
G M) PR 5 S PR SR AN T AR 28 e S 1 i R AR 1Y
e A T, DT S5 B0 e A B A o FToR A 3
AL A SR DL L 4530 5 4 H G
YRSV K e 5 05 B AT
BB AN AR A FEIX S
BE, AT TR 5 K 1A 8 b vt 8], m] 7 3 75
MW BCE RS TR DA BEE BRSPS A BeE
S SR T R A 1]

J350 AT TR AT KA B T 2 101847, R m
XA LYY R TENAIE B 2 bR ekt
T U TR I R A
HL 2 R AR A3, -t el 25 ™ 0 i AR 0 1
ok, AT/ T R 4 A
4 BR5EE

VORI A AP B A
HPE LA B R 15K A ) e AT #E 12
Wt BT 5 AT I, DT SRR A PRI T 7
M e 52 TE, WR U R B B2 I 10 3¢
DS i e, 7 AR I S SR OG IR B SE &R, K
WHREI S 3 51, SR K OO & s
RCE S AR 2 THH R ORI LA . R SAM
THBET  IHRERT R AT I8 T2, SANGR i e ik
IV 25 JEFER I A AR A, PRAETH TR FT AL, AN
TG LA RE IR AR 2R N B AR A T F:
#hE,

“EOKGET R ST R K AT A3
oK BLAT H R S AR R A 25 KU A B
TE— ARG, X T he R ORI B T 35, 2R 25
FKT AR TR R Sk B % 5T
ACRERR B T X 3T A% I e
IS BA R BR-E, AT R T ORP A #2212
e, 46 AR 1 SRSB4 TG ORP 1 (8,
SR — UK R B2 5 T A TR e T A 22 4 A
AT ATy AT E (E ey P-4 5% A1 8 25 AR
T2 70 5 AR 22 e 2 B, A TR, 5
G, B2 A A I R R W Z A — S
A

S 3k

[ 1] R NRICRE G S B, PEW S BRI
2022[ M]. dbat. SPEg AR, 2022

[5]

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Urban and rural construction
statistics yearbook 2022 [ M ].
2022.

etk S5 )R, 2022 JEEHIAK S5 ST 4R RZOL]. (2023~
08-30) [ 2024-07-22]. https://nj. tjj. beijing. gov. cn/nj/
main/2022~tjnj/zk/ e/ zk/indexce. him.

Beijing: China Statistics Press,

Beijing Water Authority. Beljing water statistics yearbook 2022
[R/0L]. (2023-08-30) [2024-07-22]. https://nj. tjj.
beijing. gov. cn/nj/main/2022—tjnj/zk/e/ 7k /indexce. htm.
TR LK HE K B 45, 2022 AR IK 55 SR 1T 4R 4 (HEK)
[M]. dbxt: s EES TR R R, 2022.

China Urban Water Association. Urban water statistics yearbook
2022 ( wastewater ) [ M ].
Building Press, 2022.
P, M, RRLLAA, SF WRBLG KAL) N R RIS AT
WES ARG T]. A EZKHEK, 2020, 36(8) :7-19.

LI J, WANG Y, XIONG H S, et al

Beijing: China Architecture and

Investigation and
optimization strategies on the operation of disinfection facilities in
municipal WWTPs[ J]. China Water & Wastewater, 2020, 36
(8):7-19.

e, 5K AL B A ORI RS [ D ].
MY IREE TR, 2006.

QUAN W. Experimental research for disinfected methods in the

W AR

course of wastewater reuse [ D ]. Harbin; Harbin Institute of
Technology, 2006.

T, WRIRYE, 258, S5 SREUE KA TR SR BT Rk
BN EIET]. PESKHEK, 2021, 37(1): 22-
27.

WANG M, TAN Z J, LI J, et al. Influence factors of sodium
hypochlorite disinfection performance in municipal wastewater
treatment plant [ J]. China Water & Wastewater, 2021, 37(1) .
22-27.

PR, WA B IH R ORI WEFE (D] )M )
MK, 2012.

PU C X. Study on application of disinfection in urban sewage
treatment plants [ D ]. Guangzhou: Guangzhou University,
2012.

2. UV-NaClO B3I 3E 0 157K T Sl A 9 K3 B ARG
EERBCRUIFELD]. T8 T HHET R, 2021.

LI T. The inactivation effect of UV-NaClO combined disinfection
on pathogenic microorganisms and ARGs removal in sewage
[D]. Qingdao: Qingdao Technological University, 2021.

JABk, 27k, 2, % UV-NaClo JBUF i EE - T5 K ok
JABERE I IGE O [J]. PR TR 4, 2022, 16 (10) :
3213-3220.

ZHOU L, LI Z H, LI P Z, et al. Inactivation of coliforms in
wastewater by UV-NaClO disinfection [ J]. Chinese Journal of
Environmental Engineering, 2022, 16(10) : 3213-3220.



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 8,2025
August 25th, 2025

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ETe. WS KA A B BRI TR (D] b
LA TR, 2014

WANG J L. Research on disinfection technology in municipal
wastewater reusing treatment process [ D ]. Beijing: Beijing
University of Technology,2014.

W, R, RGN, A5 TS KA IR AT A e
HERRMABIFELI]. PEZGAKHK, 2022, 38(9) : 76-81.
YANG M, SHANG W, LI P F, et al. Influencing factors of
sodium hypochlorite disinfection and its optimization in municipal
wastewater treatment plants [ J ]. China Water & Wastewater,
2022, 38(9) . 76-81.

SRS, HHOWE, SRERIM, 4. SN TR AME T BT TS
FKALBRT Z 0 K AR TR 2 P SR [ )], BREE
BIEBIIT, 2014, 27(4) ; 422-426.

ZHANG C M, MIAO Y H, ZHANG Q P, et al. Effects of
chlorination and ultraviolet disinfection on antibiotic resistance of
Fecal coliforms in secondary settling tank effluent of municipal
waslewater treatment plant [ J ]. Research of Environmental
Sciences, 2014, 27(4) . 422-426.

ZEgEEh, ZI0mE, FBIRIE, 4E. MBR HKG E4M AL
544 MR[)]. W TR, 2014, 8(11) ; 4681-4686.
LIX W, LI K X, ZHENG X Y, et al. Disinfection of MBR
effluents by chlorination, ultraviolet irradiation, ozonation and
combination technologies[ J]. Chinese Journal of Environmental
Engineering, 2014, 8(11) . 4681-4686.

XISCH. AN TR Bt ], P EERER,
2009(4) . 18-18.

LIU W J. Principle, design and application of ultraviolet
disinfection [ J].
18-18.

LU H, WANG X Y, LI X Q, et al. Study on the disinfection

China Construction Information, 2009 (4 ) .

efficiency of the combined process of ultraviolet and sodium
hypochlorite on the secondary effluent of the sewage treatment
plant[ J]. Processes, 2022, 10(8): 1622.

XUEH, EWE, BRI, . fHEREIME " E ARG
BRI )]. PR LR, 2017, 35(5) : 40-43.

LIU X K, WANG X,CHEN H J, et al. Study of the combined
infection effect of ultraviolet and chlorine dioxide on recycled
water [ J]. Environmental Engineering, 2017, 35(5) ; 40-43.

sy, REDY, TEEL, . KSR A AL
FRORAFSE[T]. EZ KK, 2020, 36(1) : 52-57, 62.

SHIL M, WU H F, WANG Y M, et al. Decay pattern and
model of residual chlorine in water supply network [ J]. China
Water & Wastewater, 2020, 36(1): 52-57, 62.

ZHAO Y Y, YANG Y J, SHAO Y, et al. The dependence of
chlorine decay and DBP formation kinetics on pipe flow properties
in drinking water distribution [ J]. Water Research, 2018, 141
32-45. DOI: 10. 1016/j. watres. 2018. 04. 048.
LI Z G, LIU X Y, HUANG Z J, et al

Occurrence and

[21]

[22]

[24]

[25]

[26]

[27]

ecological risk assessment of disinfection byproducts from
chlorination of wastewater effluents in East China [ J]. Water
Research, 2019, 157. 247 - 257. DOI. 10.1016/j. watres.
2019. 03. 072.

XURRE. 157K A 0 1 I 7= 4 T A A e T AR e 1 20 BT
[D]. W% PHL@FRHRY:,2017.

LIU C C. Disinfection by-products prediction model and its
precursor characteristic analysis in wastewater reclamation process
[D]. Xi'an: Xi'an University of Architecture and Technology,
2017.

SRR T57K) K GRS B R 7 W X0 A ) B S R A
[D]. Jo#: 1R R, 2022

ZHANG Y F. Effects of chlorine disinfection by-products in
sewage treatment plant effluent on the plankton [ D ]. Wuxi:
Jiangnan University, 2022.

BE2, XN, IhEAG, 4. FIEHLFRK b ILE DBPs (192 58 7K
ERARS R[], P EIFREER, 2021, 41(4): 1806~
1814.

LUO Y, LIU N, SUN S W, et al. The exposure level and
ecological risk of typical DBPs in surface water in China [ J].
Chinese Environmental Science, 2021, 41(4); 1806—-1814.
LARRY B B, MICHELLE L H, ALAN M V, et al. Impact of
wastewater infrastructure upgrades on the urban water cycle:
Reduction in halogenated reaction byproducts following conversion
from chlorine gas to ultraviolet light disinfection [ J]. Science of
the Total Environment, 2015, 529. 264-274. DOI; 10. 1016/].
scitotenv. 2015. 04. 112.

ROy, B, TE, S5 SR K AT 2 R ) b AR
HIsEmE [ 1], BRI 2021, 42(11) : 5059-5074.

CHU W H, XIAO R, DING S K, et al. Disinfection by-products
in drinking water and their control strategies; A review [J].
Environmental Science, 2021, 42(11) : 5059-5074.

ZHANG H, TANG W Z, CHEN Y S,
threatens aquatic cosystems[ J ]. Science, 2020, 368 ( 6487) .
146-147.

LI, W, BREY. IR A SV A A 2 AU B
BV T]. P EgKHEK, 2021, 37(14) ; 8-12.

MA Y, YANG C, CHEN L. Preliminary study on the potential

et al. Disinfection

ecological risk of residual chlorine in surface water and its
monitoring necessity[ J]. China Water & Wastewater, 2021, 37
(14). 8-12.

FESCHE, WA, ZREERR, S5 BTG K AL B8R AL
TH3E T A7 BRBE UCA: KUK SERERFFE [ T]. g 7K HlkoK, 2020,
46(6): 1-5.

CHU W H, SHEN J, LUAN X M, et al. Study on secondary risk
of water environment under enhanced disinfection of wastewater
treatment plant during epidemic prevention and control [ J].

Water & Wastewater Engineering, 2020, 46(6) : 1-5.
(T#% 68 1)



PR =

T oK 1K B R AE 9 ] FE PR 255 PRl AR

Vol. 44, No. 8,2025

1,1,1) KBRS (L,1,1,1,1,1,1,1) A5 AT
1R (0.00,0.02,1.00,0.04,0.98,0.04,0.99,
0.15) , /KA EEMER (1.00,0.98,0. 99, 1. 00,0. 98,
0.04,0.99,0. 15) , K R ny LG AT 5EE R 0. 38,
3 it

(1) HEAAE o ] S 0 255 25 119 50K 48 A
FUKBHE AR , AR AL 45 K 7 o] S8k, an oK % nl &
6V T Y VR ST E . T ] Y P
FEPE KIS T REMAE

(2) B XHHEACE 3T K K A E AR
TR ARSCHR BT ST MR I R G AT SR
A LA K A8 e Sh 82840 T B R Gl S

(3) 7K A8 I ] S By 2 R T A A KA I
(Y EE B T R S S K M A HH M
BXRAREY, SRR R 4561 S g i, any
P G E 03 G £ s RTINS o i 7 N 1 DO &
T AN SR A SRR A 77 A5 T 7K A

(4) EXF S AT, AR SUE IR T &
FERE P R B AR AR R 5 RS RE I R
B TR RN, SRR ES N 2
T AN R PR 22 48 S B0 AN T R K A D ]
PERYFZ I

S5 3k
[ U] 3C, T, BRAIE ARG BT ME ST Ak

(2]

[5]

RS T]. R REER(ARRIER), 2019, 47
(2):222-227.

ZENG W, WANG D X, CHEN J Y. Reliability evaluation of
water distribution networks using a valve topology model [ ] ].
Journal of Tongji University ( Natural Science), 2019, 47(2):
222-227.

TODINI E. Looped water distribution networks design using a
resilience index based heuristic approach [ J]. Urban Water,
2000, 2(2) . 115-122.

PRASAD T D, HONG S H, PARK N. Reliability based design
of water distribution networks using multi-objective genetic
algorithms [ J]. Journal of Civil Engineering, 2003, 7(3):
351-361.

WAL, XIEK, R Guercio. MTE/KSELR G MBI 1Y
BEFT [J]. RBFREEEAR, 1997, 25(1) : 71-76.

XU Z X, LIU S Q, GUERCIO R. Application of entropy in the
optimal design of water distribution system [ J]. Journal of Tongji
University, 1997, 25(1); 71-76.

CIMORELLI L, MORLANDO F, COZZOLINO L, et al
Comparison among resilience and entropy index in the optimal
rehabilitation of water distribution networks under limited-budgets
[J]. Water Resources Management, 2018(32) : 3997-4011.
WAGNER J M, SHAMIR U, MARKS D H. Water distribution
reliability; Simulation methods [ J]. Journal of Water Resources
Planning and Management, 1988, 114(3) . 276-294.

GUPTAL R, BHAVEZ P R. Comparison of methods for predicting

deficient-network performance [ J]. Journal of Water Resources

Planning and Management, 1996, 122(3) . 214-217.

(L#E# 37T W)

[28] Rueds, Wi, #R95, . VEVLIEAKA HLY Ao AT K LT
TR AR, P EZKHK, 2019, 35(21) : 32-
38.
SONG L Z, SHIZ, XU Y, et al. Analysis of organic compounds
in Xijiang raw water and characteristics of disinfection by-
products formation [ J]. China Water & Wastewater, 2019, 35
(21): 32-38.

[29] KIM Y H, HENSLEY R. Effective control of chlorination and
dechlorination at wastewater treatment plants using redox potential
[J]. Water Environment Research, 1997, 69(5) : 1008-1014.

[30] REYNAERT E, NAGAPPA D, SIGRIST J A, et al. Ensuring
microbial water quality for on-site water reuse: Importance of
online sensors for reliable operation [ J]. Water Research X,
2024, 22. 100215. DOI: 10. 1016/j. wroa. 2024. 100215.

[31] REYNAERT E, STEINER P, YU Q X, et al. Predicting

microbial water quality in on-site water reuse systems with online

sensors | J |. Water Research, 2023, 240. 120075. DOI:

10. 1016/j. watres. 2023. 120075.

[32]

[34]

[35]

REYNAERT E, GRETENER F, JULIAN T R, et al. Sensor
setpoints that ensure compliance with microbial water quality
targets for membrane bioreactor and chlorination treatment in on-
site water reuse systems [ J]. Water Research X, 2023, 18.
100164. DOI: 10. 1016/j. wroa. 2022. 100164.

RICHARD D, ZIMMERMAN R A, PADMANABHAN G.
Evaluation of ORP-based chlorination for wastewaler treatment
plant effluent disinfection[ C]. RiO; 20th Congresso Brasil De
Engenharia Sanitaria e Ambiental, 2015.

REN X L, WANG F, ZHANG Y ], et al. Characterization and
disinfection by product formation of dissolved organic matter in
anaerobic-anoxic-oxic membrane bioreactor (AAO-MBR) process
[J]. Water, 2023, 15(6) : 1076.

SONG Q Y, GRAHAM N, TANG Y N, et al. The role of
medium molecular weight organics on reducing disinfection by-
products and fouling prevention in nanofiltration [ J]. Water
Research, 2022, 215. 118263. DOI. 10.1016/j. watres.
2022. 118263.



