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Abstract [ Objective ] This paper summarizes recent advances in pathogen inactivation by persulfate to provide a reference for
theoretical research and engineering applications. [ Methods |  First, the sulfate radicals (SO, ) -mediated multi-target synergistic
inactivation mechanism is elucidated. Then, four mainstream activation systems—photoactivation, transition metal catalysis, carbon
material catalysis, and alkaline activation—are systematically compared regarding their mechanisms, efficacy, and process features.

Furthermore, the impacts of microbial traits, pH, temperature, and water matrices on sulfate radical-based advanced oxidation
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processes (SR-AOPs) disinfection efficacy are analyzed. [ Results ]

Specific oxidative damage mechanisms are exhibited by SO, ,

and significant advantages in removing antibiotic resistance genes are demonstrated. Various activation technologies demonstrate high

disinfection effectiveness, yet they face limitations such as restricted light transmittance, metal leaching, and increased process

complexity. In addition, microbial physiological traits, operating conditions, and complex water matrices constrain the efficacy of SR-

AOPs to varying degrees. [ Conclusion ]

SR-AOPs offer broad-spectrum efficacy, strong anti-interference, and low byproduct

formation, making them a promising solution to emerging biological threats such as antibiotic resistance. Future work should overcome

inherent limitations of current activation systems, elucidate micro-reaction kinetics and non-radical mechanisms, and verify multi-

species efficacy and byproduct ecological safety in real water matrices to facilitate engineering application.

Keywords advanced oxidation processes ( AOPs) ; persulfate activation; sulfate radical ( SO; ); inactivation mechanism; water

disinfection
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Fig. 1 Illustration of the Destruction of Cell Envelope,
Enzyme Protein and DNA by Various ROS'™
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Tab.1 Photo-Activated Persulfate Disinfection

SR-AOPs 2571 EENGERT] A LRV S Wk
AW/ PDS  E. coli Cpps =2 mmol/L, P K (A) =420 nm, B JE K 220  6log (40 min) [27]
mW/em?,Cp,. = 1x107 CFU/mL; 3% 30 °C, pH ffi=  7log (120 min)
6.0
UVC/PMS BHMEFR HLS-6  Cpyo=1 mg/L, A =254 nm, 5M63R K 100 mW/em?, 4. log (10 min, UVC) [35]
Cpop = 1x10® CFU/mL;pH fi=7. 0 5.3log + 0. llog ( 10 min,
UVC/PMS)
£51/PDS E. coli WA Cops=0.3 mmol/L, A =254 nm, J& Tl K 2.2x107  4log (E.coli, 8.8 mJ/cm®) [36]
MS2 ZFAEHT Einstein/(L+s) , Cp,.; =4x10° CFU/mL, Cp yun =4x10° (B subtilis, 30 m}/em®)
( Bacillus subtilis) 24 253
CFU/mL, Cye =3x10° PFU/mL; pH fli=7.0 #9% 1.5log (MS2, 293
12 mJ/cm?)
UVC/PMS E. coli Cpys=0.5 mmol/L, A =254 nm, ¥4MFEK 2.1 kJ/L, 8log [37]
E. faecalis Cpp = 1% 10° CFU/mL, Cpaeruginosa = 1% 10° CFU/mL, (E.coli, 60 min)
P. inos e E. faecalis, 60 mi
aerugInosG Con =1x10° CFU/mL; JHEH (28, 421.3) C, pH fii= b faccalis, 60 min)
o (P. aeruginosa,, 90 min)
8.17+0. 04
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Tab.2 Transition Metal-Activated Persulfate Disinfection

SR-AOPs 257 EY NG Gt SR A& A LRV 7% ik
BRI/ UVA/ MS2 MBI 4 AALF BRSO 10 mg/L, SRAMY T ERE N 6log (PMS, #EZKT . 60 min, 7REk [1]

PMS 1§ PDS

1 mg/L, A 365 nm, AN (9.55£0.5)
W/m?, Cys, =1x10° PFU/mL; pH fH=8.0

#: 30 min) (PDS, B{EH": 90 min,
TREEAT; 60 min)

Me( Il ) (Fe/Co/ E. coli Cpys =1 mmol/L, Cy,yy= 100 pmol/L, Cgppiq = 7. 1og (Co), 5.2log ( Cu), 2.7log [10]
Cu)/PMS Bacillus subtilis (2~4) x107 CFU/mL; IR (20+1) C pH =7 (Fe) (E.coli, 10 min)
5.4log (Co), 5.0log ( Cu), 1.9log
(Fe) (B.subtilis, 10 min)
Fe?*/UVA/PDS  E. coli Cpps=0. 15 mmol/L, CF 5. =0.15 mmol/L, A & 365 6log (60 min) [28]
(PUFREIE) L seshangiz Iy 618 W/m?, €, = 1x10° CFU/mi.
ZV1I/PDS E. coli Cops=3.1 mmol/L, Cyy =0.6,0.2 ¢/L, Cp.i = 90% (E.coli, 80 min) [32]
E. faecalis 1.07%107 CFU/mL, Cp s = 1. 07%107 CFU/mlL; i 75% (Efaccalis, 12 min)
)20 °C, pH{E=5.5
#/PDS E. coli Cpps =40 mmol/L, CFE% =13.3 mmol/L, Cp,,,;=10%%  7.25log=0. 36log (L. monocytogenes) [38]
L. monocytogenes 7. 77log+0. 57log (E.coli) (120 s
TS CRUML, g = 107 CFU/mL 0 37l (Freold) (1207
B/ R/ E. coli K-12 Cpys = 1. 8%107° mol/L, Cpps=9%107 mol/L, € 5, =  6log [39]
PMS 5 PDS ‘ 30 min, PMS) (60 min, PDS
1.8x107° mol/L, MAEE K 900 W/m*, Cp,; = 1x10° ( ) )
CFU/mL; ¥R 40 °C, pH{E=6.0.
CuO/PDS E. coli Cpps = 1 mmol/L, Co =10 g/L, Cp.i = 4.6logx  >3log (E.coli, 15 min) [41]
[ IR 0. llog MPN/100 mL, Cp,prooeens = 3. 5£0. 2log MPN/ > 1. 7log ( Enterococcus, 30 min)
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Tab.3 Carbon-Activated and Alkali-Activated Persulfate Disinfection

SR-AOPs 2571 HArtEY SR A LRV S Wk
B8/ PDS E. coli 0157 .H7 Cpps =40 mmol/L, Cy,oy =10 mmol/L, C; ., =8.43log 4. 15log+0. 391og [38]
L. monocytogenes CFU/mL; Cpps = 0.5 mol/L, Cyoq = 0.2 mol/L, (E.coli)
C o monoeytogenes = 8- 64log CFU/mL 7. 44log0. 33log
( L.monocytogenes )
(120 )
KGR E coli WHREDUHE) Cpps = 6 mmol/L, Ceqy =1 g/L, Cpop = 1.0x 107 7. 4log (180 min) [46]
(SSB)/PDS CFU/mL; WRJEH 25 C
Fe; 0,4 LK E. coli Cps =2 mmol/L, Cyye =200 mg/L,A =420 nm, C, ;= 8log [47]
B (MHC) /T W/ P. aeruginosa 10X 10° CFU/mL, Cp e = 1. 0% 10° CFU/mL,  (E-coli, 40 min)
; s. s P. inosa, 60 mi
PS aureus Cor =1.0x10° CFU/mlLs JRIEH 25 C , pH fli=6.0 ([ -aeruginose, 60 min)
B (S.aureus, 120 min)
CoFe ;@ BPC/PMS  E. coli CC()F&-IOO@BPC =20 mg/L, Cpys =10 mg/L, Cp i = 1x10° 5.4log (15 min) [48]

CFU/mL; & M (25+1) °C, pH{E=5

3 dmBEELEHSHNERRERE
Fig. 3 Non-Radical Pathways in Disinfection by

Activated Persulfate
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Tab.4 Comparison of Different Persulfate Activation Methods for Disinfection

AT CT i PeH Jri R
Jeis e PMS: 15 mmol-min/L7Y7 &4 TeF AR, al RO BHOG, XF 327K Mz G2 2™ F, o T4 et B AR A 75 58
PDS: 80 mmol -min/L[?"] ARGs 2 BRECRECA = APNTAL B, S A% 5% B KB AT REFERL
Rl SR PMS: 5 mmol - min/L "] PR R BOR S AR AL AT R S pH TSRS  AF A B XU, 4R
PDS: 9 mmol - min/L % Teal GIVE [P, BRIEAEAL R AR AR AT 32 3% T R P R ) 3
WA ERG 1L PMS: 1 mmol - min/L™*’ PE RN, SRR I Iz RIETE eI A A il R A Rl IR T v 4 s Ak, E
PDS: 70 mmol - min/L ¥} RS ] E AR DAL AL PERE 1 FH R AR I R R
BT Ak — TEFAMMAEAL I FIRE RS A RAERIE, 7] T WIE pH, T 205 ZR PR I, Bl 693 Ak 7
I ZH ROS, LR ZHE FERCRAXT AR
T AL CT (HFRRWIIGEATIRE S E. coli KIGHEIKF 6log Jir e I [H] A A, “ —" AR BRIRARSCHIT FTHIE

3.1 REMEHTE

JRAE SR-AOPs X524 [C B/ BHE B 6 8 L B
il B SR A S 34 B S5 KA AR B A W 4
P A B 9% S S BCH G Pl 3 0 SR R TR
2% PG PH P A DAL K SR OME 2 B R 3 i S ot o

— 6 —

Si 4000 i 22 [T B PR T B 2 (Y A1 T RE AR A
HMRA R BT IR AE Y, AR T HA T
SRATHREDTIE ™ o 33— 07 T U5 PR L T 4
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