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Low — temperature plasma — activated persulfate inactivates 7. rubrum biofilm
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Abstract Objective To study the killing effect of low — temperature plasma — activated persulfate solution on Trichophy-
ton rubrum (T. rubrum) biofilm. Methods Low — temperature atmospheric pressure plasma jet ( APPJ) device was used to
treat the T. rubrum biofilm. Results  T. rubrum formed a complete biofilm after 96 h of culture. Low — temperature APP]
was used for 5 min,and 7. rubrum biofilm could be completely killed. Adding water to the biofilm was benefit for killing
effect, and the sodium persulfate solution could promote the effect of low — temperature APPJ to kill 7. rubrum biofilm. Con-

clusion Low — temperature APPJ can kill 7. rubrum biofilm,and the sodium persulfate solution can effectively improve the

efficiency of plasma inactivation of 7. rubrum biofilm.

Key words Low — temperature plasma ;persulfate ; Trichophyton rubrum ;biofilm ;killing effect

AT e O A AR 25 TR T T T A XA
IR AR BRIT e DU AR 48 BT T A 0 P A
PEBE R B BN o A PR W o 2 9 el A
WRE AL AL A ERG B, 22 i sl B i i A S JECER
S, £ M A 20 D B R R 4
B BTSN R A A R R R
(A A= WA B8 Bl A P v S S5 b K T O U RAT —
TEMIPTIE, PRI 2% AR W IR 200 33 A 9 AR A

(HEEUH)
(FEZ i)

% B KR 34 (11635013,11775272)

SRR (1994 - ), 2, BB 1, N 5581
KT TAE,

GERMEE ) #7 , Email: huangq@ ipp. ac. cn

HED AT PR S5 B A S BR T A MR K
IO NY o B A AGEI 3R A8 R A B Ik
SRR ARG 2E M BRI P A TR KRR,
DS A B AL 7 A NG M4 3 BB 2 25.5 um
JER AN o ASHIFE SR R MR 45 B Mk
Wi (APPY) | DAL 8 B o A= W) oM B R R AT 1 S
BRI, WEE T RAEFEFIREAR R T A
KA, [RIDULER 1 3t R A PR 55 2
PR K L1 B A A E PR R e VE A

1 #RFnTE

1.1 XIeAH
TR0 AR O 2168 B R bR AR, 1 B R 2



2.

Chinese Journal of Disinfection 2020;37(1)

Fhez e B AR FE T, 7388 A B ARAS

E R L5 A0 T SRR B K S
P s 8 AR B IR BRI IR ZE A1 RPMI 1640 35775k
8B E N TR

1 FHAAS A A4« d2 R \XDS - 3KY R #
A [ s LIVE/DEAD ™ BI5EOE 8 3 5
SR FEPE T 5 TR A I 45 8 1 MR S R B A A
ai, WP L TR o S5 B 1 MR R B O — IR 1S
em (AN AN B AR OB T 0 A R B B 5
220 V SR LIRS IE(E IR 9. 7 KV HLJ2. 8 mA
TR 9.6 kHz Fidy o BRI N Ao

[EERGER

SR

AL AR Y
HREEHK 5
A

Y

SRTIR

Albrum’«l— Pyl

y

1 KEEEBEFEHR(APPY) 412
T. rubrum =Y ER=E

1.2 R ik

12,1 ZL@EBEEAYBEENE ORI
He 218 T 98 B 1 BT D T 4B R B R
(SDA) , F 28CHEFE 7 d, RIREFF 415 0 1 1 460
Fo WRELS mL JCRE AR BER KB R B TR, AR 2R
R 2 B BT, L 40 T B %, i RPMI
1640 FrFRBC ] % B 42 1 x 10° cfu/mL R
@l I A 1000 L. 21 (BB 11277
BCE T 24 fLARAIFBL S 0 R, TiE 37 CE
IRIEIRAE P HIELI 7 6 h, 37K BT, O AR
HER KIS BEALAR 3 U, LLEBR AR BI85
A 1000 L. RPMI 1640 £ 73, F 37 CHE 3% 24|
48.72.96 h 73 il B e £ B R T LA [A] i
() B A= W A A AR B , DA R S0 1) 21 €65, 6 8 A
I

1.2.2 Gl EyE OBRESS TR
PFBOE TR E Y | L/min, {8 8T A
MDA RFEE 2 min, DIHEBRE A2 o K2R P REARAL

HEETHY G LEER D S mm 78, @7
KA AR D 5 A, BB ) B4 5 7 2R
W R R B 300 L, AN 22 5 i - A b B AR
WA il AR 2 55 B A B 5 AR S L 300 L
TCTR K 2855 8 1 M4k L5 A= ) 58 b o 1R A 300
wL IFPRAF 3 ~5 min 2558 TR, @& Tk
Ab RT3k  HE I o PR A A ) A i ) Ak B
A PRFFAE 3 ~5 ming PEATSF B TR AL AL 2R O
SIRTRLSS B F RS AL 5 min, 588 L b
HUE W A 2o B B R TG BRI, BT AT R i
PGB AR BER KT 3 K, 73 BEAT R PR o
1.2.3 KGR Ik OFREESRE S8 T
R AR B2 )5, B B SR 1410 7E SDA -
B bF 28 CHFR S d, ARG H IR H 2 B v 2
A A6 1 A 21 0, 6 08 1 A IR A R KR
QPO B A5 FIR T 3 UL W IR
A 200 wL SYTO 9/P1 Bkl LI &g (45 G b ic 15 4
J, AL ETOUARICAL AL . 72 2 H e (4 30 min
Jei AT 1 mL JIG e A B R R PR UE T A A A
af 3 1K, SR JA O i B A

2 HR

2.1 e BmEEDREEREI

L WSS, B SR 24 h B BRAL (B
BRI, B S SR I R SE K 2 96 h, 2140 6 Jf pRi 1
PRIT U KA TE IR AN N O 4 I 22 T2 I R 2R
8, T WL 22 2 R 25, d T BORS 5 19 4R R0
(B2) o SRR, 2160 Bl R 1 AR ) IR A T A

B2 FEEFHELEEREEDREERRLR
(FERfEH x250)

2.2 SRBANIKEFEFRICELBRA LAY
R R EZR G

2.2.1 SDA PARKEFRIERMER  Z5REW, 5



o+

bz

WA A& 2020 56 37 B L

. 3.

AL PR A PR A Bt R 55 S 5 A A
AL BR8] BRI, B T ) 5 A S R R N T
TERS, B 7R 080 B, o 25 R, i BRI B % 25
BT PRI 216 B i A A e A (B 3) 6
SR TR 3 min IO RCR 1 A BT, A5 B AR
JACHL 5 min, FLREAE B 8] A0 BHLLL e i i A R 4 Ak
H 3 4R SDA P AR EXIRA RE T 4R R
SRR S min R S8 4% K 2140 B e 1R AR

1]

P X X X
\ ) e ﬁ& ;,;3&
@\‘%’ . \\\Q‘v« /%:f\' \?X%

-3 min
-4min
|:]5 min

PR 7% /N (nm)
~

O
W

B3 XSEREESFHENSALBEBRALEVERHRX

ERR

2.2.2 POLWMBERISE R 206 B A4 ) R
2 SYTO 9/P1 Jeft 5, 7E9OE 5 Tl WS35
PSR (T ) MZLE (SR , TR 4. 20t
AT IR e T, 45 AR ] 2% K40 40 B i T
R s i B AR T b ) TR AR il A5 8 A AL
AKEL A B AR I, ELIGE A SRR BE A3, %
KECR B — L3, F 45 2R 5 SDA VM 85 97 1%

SR T MO RS TR AR, T 2 IR AL
G ISR AR TR R RS
ARG AUARSE . FE RS A b S
TR RSN T B AT R K B
EMILL BRI TS A A AL T A
PRSI, 55 B A 2 R A S TR 2
LT 5 HAR AR Y B4l A A, 45 B TR
VAR 55 B AR o R S AR U AR
Fe (H2) Z64F MR, B — A 2R AL BB AL
PR PREERE (30 ~ 60 °C) R A R AL TE PR
JE, USRS TE RS o 1 2P A R AR IR

SRR AN LR R R A
SEHRAT BRI AR K BOR o I AR, ARl A5 B 1A
TR i ) B IR T 4 D T A Y E I PR
LA 32 R

T BRERER & —Fham E AL, BA 2,01V (R R
PR T 2 v 2 SR AL B AR gt AT LY e ) s
(R EAR S o S B R AT B 1k A A LA
FAAMCR R (E, =2.6 ~3.1V) (U8R RAR [ i3
(S0, - ) B AR A SR A ALY - OH %
IR (E, =2.8 V) A2 91 H., 80, - #9747
BB R TRIEAdZE( - OH) SO, - nl KB B
(PR RS IR SRR P oy T Al R, 5
B R I ) 465 185 -k 2 W R R e A LY ey
FiE ",

ARSI B R B ] et 25 S AR K
LB RPN AR DTN U0 B A K
AT T )2 ige. R 1A T — 2 At
L1 955 B TR K AE MR 45 SR LA B AR SO 3
MIBIARSE AR . AT, BTN 53068 B IR 57 A= ) Ji
TEIRA B AR KBTI o MR SR ST 140
OB R/ T A ) AR TR F) A4 e e T A
FLZ25 (TERB) 259 ) B0 E . W50 4 B, A0
LB R/ TR A XS TERB () U
1Ko X5 #1548 iR PB 4L
0B A AR IR ) A RV R R R RE P A
IR . WFFTEE SRR, S 4 S PB X4
Tt TR AR IR LA B i A T, AR RIL A T
Al S 21 ¢ B R A A S WA AR R O
VAL AT A2 ) 245 0 oA 40 ol 20 €0 6 i i A 0 M
XA T 288 R R SR IR 25 5 1 PR S R A7 Ak
B R 55 AL HE A P AT B R BT, 4
SRR L B 1 A WA B R IR .
RGBT T A TE I R S 5 TR
AK IR (8 — IO A 5 15 A S A0 R R AE Y
A Y U T B E Y RIS N R . A
WSS B A AR 2 B TR i &, AR K
AL 3 20 45 B 1 A AL IS PR R, A0 R
ROS, L e 85 88 5 0 2o B R 6™ A B 37 P o
SEABLIRAR A i 2 SO, -, Bfil 41 (8 T fif 1 A ) i
ML G o BEAh, FATTLE BT TE ik A B 1] $ 4k 2
( BIAESE B MRAk BRI A P I I T K sl B R 4 i
) KA A WIIR B RCR S, PR B AR B ORI
o) 8 BB R SE AR T A R SR DL R 2 U
A ) AR L, T ) 4 Ak 2 T 45 8 0 7 A 1149 BR
Pz I 55 i FUR AR W, AR KR o o



2020;37(1)

Chinese Journal of Disinfection

JITPSANTHCH,

200 pm 200 pm

& 4

F1 EETHERRBENEMRENER

y " N A PR E] .

WA A P AR (min) 27 30k
Porphyromonas gin- He/0, (1% ) 5 Xiong Z,et al.
givalis 2011
Enterococcus  faeca- 5 Pei X, et al.
lis Air 2012

. . Air 7 Maisch Ti
Candida albicans
et al.2012

Staphylococcus  au- Ar 3 Taghizadeh L,
reus et al.2014
Pseudomonas Ar 10 Mai-Prochnow
aeruginosa A, et al.2015
T. rubrum He (ANt R4 ) 5 ZS'S
T. rubrum He (hnid BRARHH) 4 AL

L5 BT T LN , 5 HoA 24 W4 il 41 5 6

PR AR W RG J7 15 AH LL , 55 2 AR Ak B X i | e
W AR AR A 55 8 1 A KT 208 B M i 22 )
A e A A B T A T G R e A T A 7
B, AR YL B 1255 g 1 M A BEAE Wy IR A P A
Al WFTE M, 1055 B 7 (R Ak B A v i A iR
ERURIRL, S5 B VR n] DL i B R R 7 A B 1
SRR BLRAR F 15 SO, - FEAF A AR K
EARGREY 3 LR X7/)

(1

(2)

(3

(4

(5]

(6]

2 % X o

William Costerton J, Lewandowski Z, Caldwell DE et al. Microbi-
al biofilms[ J]. Annu Rev Microbiol ,1995,49.711-745.

Sardi JDCO, Pitangui NDS, Rodriguez-Arellanes G, et al. High-
lights in pathogenic fungal biofilms [ J]. Rev Iberoam Micol,
2014,31(1) :22-29.

Xiong Z,Du T,Lu X, et al. How deep can plasma penetrate into a
biofilm? [J]. Applied Physics Letters,2011,98(22) ;221-503.
Maisch T,Shimizu T,Isbary G,et al. Contact-Free Inactivation of
Candida albicans Biofilms by Cold Atmospheric Air Plasmal[ J].
Appl Environ Microbiol ,2012,78(12) ;4242-4247.

Pei X,Lu X,Liu J,et al. Inactivation of a 25.5 pm Enterococcus
Jfaecalis biofilm by a room-temperature , battery-operated , handheld
air plasma jet[ J].J Phys D Appl Phys,2012,45.165205.
Costa-Orlandi CB,Sardi JCO,Santos CT,et al. In vitro character-

ization of Trichophyton rubrum and T. mentagrophytes biofilms

200 pm

(7

(8)

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

PLASMA(iT]42 b Fif) PLASMA+PS

200 pm

200 pm

RAEBRBENREE FERRLBREBERIIBR (BAEE x200)

[J]. Biofouling,2014,30(6) :719-727.
Julia Heinlin TMJL, Thomas Holzmann MSJH, Karrer GMS. Con-
tact-free inactivation of Trichophyton rubrum and Microsporum ca-
nis by cold atmospheric plasma treatment [ J]. Future Microbiol ,
2013,8(9) :1097-1106.
Mai-Prochnow A, Clauson M, Hong J, et al. Gram positive and
Gram negative bacteria differ in their sensitivity to cold plasma
[J].Sci Rep,2016,6(1) :38610.
Bai N,Sun P,Zhou H,et al. Inactivation of Staphylococcus aureus
in Water by a Cold,He/02 Atmospheric Pressure Plasma Microjet
[J]. Plasma Processes and Polymers,2011,8 ;424-431.
Daeschlein G,Scholz S, Woedtke T, et al. In vitro killing of clini-
cal fungal strains by low-temperature atmospheric-pressure plasma
jet[ J]. IEEE Transact Plasma Sci,2011,39(2) ;815-821.
Mai-Prochnow A, Bradbury M, Ostrikov K, et al. Pseudomonas
aeruginosa biofilm response and resistance to cold atmospheric
pressure plasma is linked to the redox-active molecule phenazine
[J].PLOS ONE,2015,10:e0130373.
Zimmermann JL, Dumler K, Shimizu T,et al. Effects of cold at-
mospheric plasmas on adenoviruses in solution[ J]. J Phys D Appl
Phys,2011,44(50) :505201.
Schlegel J, Koritzer J, Boxhammer V. Plasma in cancer treatment
[J]. Clin Plasma Med,2013,1(2) :2-7.
Xiong Z, Graves DB. A novel cupping-assisted plasma treatment
for skin disinfection[ J].J Phys D Appl Phys,2017,50:05LTO1.
Chen J,Feng J,Lu S,et al. Non-thermal plasma and Fe®* activa-
ted persulfate ignited degradation of aqueous crystal violet; Degra-
dation mechanism and artificial neural network modeling[ J]. Sep
Puri Technol ,2018,191.75-85.
Liang C,Guo Y. Mass transfer and chemical oxidation of naphtha-
lene particles with zerovalent iron activated persulfate[ J]. Envi-
ron Sci Technol ,2010,44(21) :8203-8208.
Liang C,Su H. Identification of sulfate and hydroxyl radicals in
thermally activated persulfate[ J]. Ind Eng Chem Res,2009,48
(11) :5558-5562.
Fang C, Huang Q. Dielectric barrier discharge plasma activates
persulfate to degrade norfloxacin: mechanism and
pathways[ J]. Plasma Med,2018,8(4) :321-333.
MIEBE, XL, RN , 55 206 BB K/ B A B
PR TR A T e AT P 2R 2R U PE L 4R [T ] LW AR B2 24,
2018,58(15) :25-28.
XUZHE, M3, TS, 45 PR SR PB X 2L (0 B i A
PR SR (1], (LR BE24,2018,58 (40) :32-37.
(Wi H 41:2019 -09 -24)

degradation



