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Abstract

Plasma-activated water (PAW), generated by treating water or aqueous solutions with atmospheric
cold plasma under ambient conditions, has emerged as a novel disinfection technology. PAW has
been demonstrated to be highly effective, environmentally friendly, and non-inductive of microbial
resistance against a broad spectrum of pathogens. This review systematically summarizes the
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antibacterial effects of PAW, including its microbicidal efficacy against diverse microorganisms
(bacteria, viruses, and fungi) and key influencing factors. Furthermore, the underlying bactericidal
mechanisms are elucidated, focusing on oxidative stress, acidification effects, and physical interac-
tions. Notably, PAW exhibits significant potential for medical applications such as hospital-acquired
infection control, wound management, and medical device sterilization, owing to its high efficiency,
absence of resistance development, and biosafety. Future research should prioritize clinical trans-
lation studies to advance its practical implementation in healthcare settings.
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1. 5|

HAE W99 5 (intensive care unit, 1CU) &2 (1) 41 1 /& % (bacterial infection, BI) A& % =ik 51%~54%,
HHRIETFIET] 25%~30%, 3 T ARG B (1] % IR G AL HE T 58 (JC L2 PR LA SR A il
RK) REEGANMAUERG[2]. Bl m G =W R 2 AT, BFFARAR AR K ik R
PEF S S DR T ARAS DL A BRI T e 4 AR B2 75 4445 [3]

FE G5 5 W 7 VEAE A KA J5 AR AE — € R BRI o Ban, i K 5 B8 AU S ik B %7 3% 1A 2
AIRERBUKEIEA - RIMERRH R TR IR N B RS BR B s e B E X, HRAE T NI N
YE[4]. ACZEIE TR (ARG « & SUHERA) B2 N, BHFR B EE VT Re fa 3 AR, K ] AE
PR 2B, [RINX RV B0 A B e, RTRE XS BT 28 b B 45 3% BROAS T 1 145455 [5] . A& SR R
JPEMELOH R R EI T B oK, PRt FFAREAL. %48, R HIMRIPIRE 7L TN 4552 2

PAW TER—FH M IPTHEAR, ImFRG1E 772 KE. PAW ST KA S5 5 114 (atmospheric
cold plasma, ACP) &b B /K Bl T A i), HEAT 2 Wbt siEth, BB LF[6]. 5551k —Fi
AR (W B BIKESETFHS 1. BHES) AN RS, BAERIARE. S5 1
AT 7K Hh 2 AL R M R P 4 (reactive oxygen species, ROS) A3 14 % (reactive nitrogen species,
RNS), i AE(H02) R (0s)s F3E H HIE(-OH). — S LA (-NO) R A A ER R (ONOO )%, X
LW R AE R I R R B T OCEAE 7]

SfEgi R WOTIEMEL, PAW B BZENH, SR BRI N m8oR W, FIR, PAW [T
WRCRFEA, BASTEAFR Y. & PAW BAE 20, (AAESERNH 5 iln —gkbk, w4t
FERCART R SR )R 1 DA R AN [RI GO ) 1) A B LR v AN 58 A BR8] . Rk, PRI FE PAW
IR L A A= T2 DL AR R AR F U S 77, X THES X — B R kR AR =
R BB ELRR PAW I3 BAE FH AMLEIBE Uk g, PRI HAE R AU M R AT 5, O PAW 7E55%
B 7 T )k — D B SR N R it 2%

2. PAW KRB
2.1. PAW B Et

WHFLRE, PAW BERS A RCKIEZ MICEY), BARME . HE. WS, I BRI .
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2.1.1. PAW WAENREHR

PAW o 5 2% [ BH 1 b FH o 22 DGR 1 B 28 B A 038 B R RBROR XTI 24 T AR SR A R A PRI R TR v
P 540, Droste 25 A (2024) (T FCUER PAW 7 A= FE 25 /KR [ 3K 7K F 4] i 5.3 4% K 4 B €61 %) BRI K
JEATTE, efih 30 49 5 1795 26 43 B FEAR 40 4.910g A1 5.910g [9]. IR, Balan % A (2018)F] PAW &b 22 i}
BRGEAE R WEHEE. 808 AZ)H G2 B SR 48 15 30 408, Firf 45 35 2 35 %
/1101, PAW 38 AT DAIEE i Al U 200 A B R 6 %) b 253 288 B = AR B 35 LB I [11] o BRRtbz b, PAW X}
MRSA [ K 2 1] 15>99.9% (/> 3log CFU/ML), f AL Geys 35 7I(nk SRR HY), PAW TEAH [F] i 1] Ay %t
MRSA [F K5 3R 5 = 2~3 £5[12]

2.1.2. PAW ¥ BE IR EHUR

PAW X 2Lt JE B HH 3O B3RS J7 . B, PAW BENSIEIT B0 22 Fy 658 W AR 4 R 1 6
BRI K, I35 PRI A M B RE S R R R A BRS E[13] . Yao 25 A (2023) 115256 % B PAW
Be Al B i B8 R BL A G, 45 RIGFEHR T REM 120 ppm BB £ 14 ppm, F#iEik 88.3%
[14]. Lee %5 A (2021)33f — B 50 K U FAR A R 694 B5E 7T LA 3 PAW o (B K B BR 4 ) 970 B 28R [15] - F
FERY], PAW AT ROR KRR, oA SRR = S TH (0 B SR B 3 AR Bl R PAW R 3 41 1
S BR B A MR I BRI LS N T3R0E, TR B TEVR )T T 38 BB I YL J7 1] AR 9 16 S AN

2.1.3. PAW 3R EBHIREHIR

PAW X5 8 R B AR AR 2] T 29T . Guo %5 A (2021) kIl PAW RERE A XK SARS-CoV-2
1S H|E, WIHIN S B ARG G 8(RBD)RANHE 5 51 H A4 5 [16]. Kaushik %5 A (2023)
MIREFEIE I, & & SR A PAW AEAE A 203MH] HCoV-229E ke, I L TE E4Ui I Pum R
i, R T A E AR PO EERE J1[17].

2.2. PAW IS ¥R E M

2.2.1. MURFRRFFYE

PAW 1] 7 5 T A= W4 i 5 T T8 ™ A6 B35 R BRI AR, Bilan, 7E— Tt ou . 4 €7 4 3K b AN AR 2 A1
B4 PAW b3 150 #0525 50 3liA 90.00%F1 98.99% [18]; PAW X A % (human adenovirus,
hAV) 2 L H AT BRUIg i K 50R, PAW AEEJS ) hAV 7855 ] 3 (240 #0) B AT seBEE T 3log 9% 55 K
TR [19] 0 IR FhPRE A B IR T L7 A T T A 5 e I B R A P R G

2.22. RREFHE

Lee 25 A\ (2022)(1F 72, 5 {3 R FE 1) PAW Kb B SARS-CoV-2 % 7 10 434 Bl AT 5281 4.56l0g TCIDso/mL
T N RECKIER 99.99%), HIGAHMI R, MiFiRk R PAW XFVb TR E « DR 28 FRO A B R A A P B T
(KT R L 3log CFUMML. Wik J5 (1) PAW FEZEHF B PUAE VI T RIS, FEAR T A 5 4236
AR, % 3 5o IR AR B A Bt T T RS YT SR [20]

3. PAW REM R0 E =
3.1. PAW BYIB{L MR

PAW 3% 1t S B Y R (reactive oxygen and nitrogen species, RONS) /& 5% B FA% 0o il 73, Huk Al
FKELYERE R B, 508 1) PAW K& B Sk FE H.02 F1-0H, RESERBERT A
U [21] [22]
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PAW (PR TR H pH EZ VIA G WFFUR B, BRI 241 T 1) PAW JR TR AR 2 2 1 58 . Oehmigen
Z:(2010)WF S R B, PAW TERRTE S AF T (pH 1L 3)5F 4 38 €07 2 BR B 110 4% T RS0 B 5 195 [ 23] [AJRE,
Bai 47(2020)th 45, BEE PAW pH (RS, HARKERE ZFF A B 1 I ROR S i m[24] . i pH B
(1) PAW BT &8RN HES 1, REWS AR AN 4n B [ 45 M A1 ThiE, 1951 ROS F1 RNS B35,
AT 3 58 % B R [25] [26] -

3.2. FEEFIHLIESE

LT RACEESHON PAW IR R AR A T35 500, ACFRIT ] Thae A3 75 3R S e 55 55
T NRE RIS R K . Zhao 25 N (2020) A 3 ZE K A1 i 1) F1L8 22 B (7] 2542 155 PAW HIR BERCR; Pemen
B N(017)BH U KB, £ 90 W D= R AL FE 20 45 #h B 7% & A g i 0.8log CFU/mL, Tfii#E 120 W 1 150
W T R ALHE 10 430 GEILF) 2.8 % 4.0 logCFU/ML FIA B AR [27] .

Shen %5 A (2016)iE— LA 5T T PAW TEAS A& T g A7 R B AR e 1, 53R, 67 T-80°C )
PAW 7t 30 KX S. aureus M B RUCR B AL, AISCIR 3~4 NS AN B Jok /b, o I A7 DU 3 14 4 o R
RN, XK PAW TEARIR S MF T BEAS B b b Rk HE BT B & 1% (28] Ik 4F, Hadinoto £ A IE BH 25 AL MR
PAW AbF K g AT 3 AN 1] BB 8GR B3 TR AR B, 54 w6 38 ik 28 ek 20, KIE 2T+ PAW
HE P S AR AT AR, (TS R R BB RS i 40% DA b, AT IIE A A P A 5 453 [29]

3.3. WEDFY

AP 2 2 PAW FIR TR RBUR . — MO UL, 5522 P M 1 LU 2 22 TRRH P B P25 5 3 PAW
AKo AE Zhao 55 N (2020) IR T, U e 3 k22 IRBA PR B b 5 A0 B0 75 22 B 6 (AN T- 0.5 /)
B, AR AR T P (4 B 65 76 767 B A1) DU 5 SRR 6 /1N [30] o 33k b 2 7 YR T 2 =2 PR B A T 1) 400 il B 2 )
(20 % 80 nm), A 2% PG P 1 A 40 P BE R (10 & 15 nm), SEUG & A S PAW H1{#) ROS Al RNS
i, SEMAMBELEE N, SEARANEYME, RASFEHBIET.

WEEPIAI AR EEXT PAW IR Bt 35 50, WIARIK RS, PAW R KIS R BRIC
Kamgang-Youbi %5 A (2008) 1 725, LA Hafnia alvei S5 8L gk, & I 4580 A= VIR 46 5 M 2 x 10* CFU/mI
HahnE] 8 x 106 CFU/MI i, 5t KK IFE 2 M 0.89 min~! FEKF] 0.61 min! [31]. Zheng 2% A (2017) (I 55 1
R, WIRIREE A 108 CFU/MI & B B &R 1E, PAW AP D H(GAR] 90% K B i (AL =) N 182
JIL; TfAE 108 CFU/mI FIMILAMRE T, D EFFKZE 83 J/L [32]. X Al At i T 4 AE AR 8 o I W A ) 7 i I
AR TR IR AR, X MR R 7 BB R, /b TIEVEYI BT S R R ) B A, A,
WIEERRUEY) 2 WSCE 2RI, Jk D o ZeaE e 7y, AT FRAIG PAW [RZR TR RCR
3.4. KKHERWE

IKFE WD AALE 22 B3 PRACSE B T AR A B KR 2R, BN, Ryu SEANBFFURIL, K. Sh/KFImE
BESRIY)- 2 1 R4 267 0 (Y PD) PR B 0T HE FAGE B 1A IR % B RSURAFAE 38 22 57 o 7K v T B L 0355 12 52 3]
I E AR, AL SRR YPD H, 48 (1451 35 R 2 B4R [33] o JO ML R An A8 3 #h /K Ak R 6 22 b (PBS)
X PAW 2% B RO A AN B 5400 . Traylor 25 A\ (2011) % Eb 7 PAW FIIE5 B 74 1% AL i 88 £ 22 4 7 (PAPBS)
R, G5 REY], PAW BT B RO T H BRI A1 22 Bl ML R o I B RIVE A, 17 PAPBS H1 T4
P ) pH 1, BUEBCREEE[34] -

4. PAW BIRBENFIFAFR

PAW IR B ALEE — MR IRME R, Wk Mis e A e R 7 Z B EAE M . BT, i
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N PAW BRI FEZE S LU AT A %
4.1. Y N

G AR B R T A B R O A B P AR B, R RSN R(UV) RS T . T
AT LR R RO AR I R R SR 2R RE S A AH T ) DNA, SRR E RIMAAE . Flln, Lukes 8 A
WFICREA, ko FL e SR AE K P AR ) SR A 2R S (B 190~280 nm) % 41 14 1) K 36 DT RZ A 30% [35].
IEAh, ERAMRIE AT I G ARAE A B A IR AL R -OH, 3E— P M SRR TR AR [36] . [FIR, phi ke
ik 5 B T AARVE WK PR PEVI BT AE A, HoOp Al Os, IXUEW) BT R AT s ME, REfg I — DI iR A
BER[37].

4.2. FEMERIF(RONS)IthEIFE ML

FETR IR S5 B AR MR (v YRR AR Re 7T, B AR S E M R AR, AR IRE TR ] S Ak
HRBEERMA R, SEIERESIEEAEYFI(RONS)H PAW. %4 (reactive oxygen species, ROS) 7= %
AT EALE(H0) I EE 5 B B FE(-OH) [ LR A 4(102), 17 1 % (reactive nitrogen species, RNS) I A
—H B (NO) TR £ (ONOO") . IEAHER £5( NO, ) AR £h( NO; )& AR . WEFTIER, RONS 7E
PAW RS F RIERERE/EMH, FEARELIHA T

4.2.1. YHRARRESHISTHRERVRIF

ROS ithid @12/ SRR, Blin-OH A1 10, Jlid 51 A& BRI AL SUBE, 5 UK 200t S 45 1) 5 4
P, HEf4E T RONS [0 fi Y 2B 0% [AI RONS A L@ id Bradi ik A i Stk . a5 o pe st ], BUR
R R AL 5 ThRERTE, PUaLAR A 2ERE[38].

4.2.2. DNA FiEEM R YIRS

ROS(4-OH) EL B ¥ DNA XUZJE, SEmig a2k 5] K idt E b 54505, FHS DNA &
E#:5 . RNS(8 ONOOY) A 55 DNA #EAZ ke L1k, HE— 5 IRy AR 28l T E R
f£3[39]

4.3. BMIREE RIS

SFRETREEERE, K ) pH E R K, TRRERVEIA S, XA RRIEM LA BT 5R PAW %
WRCR . WEFLRW], BRIEM L AT LLIE 3t RONS HYZE sANARE [40]. #1140, PAW H I AL E (H200)
THER 3 ( NOy ) RIE SRR £ ( NO, FERRVE S T AR, IF HEPUR R R [41]. BA, BRYEIRFIE T LA
BRI AR EE R e B, (675 RONS A i@ IR 1A W A 4 [42] . Hlk, RS RIEFA A
YA A% K AR A B, fRE A] DL 22 3 5 PAW H RONS [T R 5 P, MTTT B2 e B 4 1 % R 00R [43]

5. PAW EEZFHERNHGES RE

SR T E KR IR PRI BT S R, AEBRI7 o 18 U B 2 3 5 B . £ 005 AR B 5 T
PAW W] A R BRI 24 1 I D18 P47 1 A 441, B Bl R 5t Hh A AR 2 R IR 1 SE L 15 70 o
K (R I AR 0 T P4 T B R AORE SUBE[45] 0 AR RH, PAW AT AR SR BETH TR IRT
AT ZF AR SR RN, 058 28 S0 TR R B AT A [46] 0 BT XF BT 208K TR 75 K, SR P 45 S P AR Ak 1
PRIETCTR B R [47]. BEAh, PAW IERIAE NI RIBE B B850, 5 A 3R W R 4 o T ROR

R PAW BA SRR H . EREAMREEICS, HimtE sl M AR et S B IRIEBLN, Hiks Z5iE
J R S AR AL B RS o i ko ARORWIE T 5 AR B AL S I RIS, e AR A R F e R, SR
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B2 S B AN RS 36 0E PAW FE I R F v (0 22 S RN 24P [48] . AERLHIBIT ST 0, /53— 2D 1 ]
A7 5 K5 i RONS BB EIME ], JFilad s 20 S ACMAL 20, 1R B A B 0T PAW RS 850 17 368 B
Fols iR Heng . AR PAW SHUAER . BEAITE . GUKMRE S MBS EER, W=
M 245 TR i PR 2% FEES ARG T, AT OB T A 55 B AR D R AL PUE A4 R 5 N TR BE 2 417 TR
M2k, SCHURSHEIRT 5 R B%, IF R TT R PAW K RE 1k PPAG ORI IR RS2 22 4

6. &t

FETIEWKIE N R R EEOR, AL HIORMEACARIR S, ERITHE. B
TN ARG i B A U HAT TR BT AT 5. ASCERIR T PAW HR AR M A 3R, 3R e 1 LR
LA, BRI, BRI UL SR AR S« ph il BN . RIS, ASCEAN T PAW R 1H
FELR AU AP OV AE N S PR . ARORITTE O — D IRZILE AL, TRkl T2, JfEsh HAese
B L FH A R 32 3 B

SE
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