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In healthcare facilities, research facilities, and biology laboratories that handle
biological agents, different types of disinfectants are used for sterilization and
disinfection. In order to use disinfectants to prevent biological contamination
and achieve the effective level of disinfection, accurate approaches should be
considered such as selecting appropriate disinfectants and setting up effective
disinfection conditions. This study performed an experiment by setting up a
biologically contaminated surface in the facility such as the walls in order to
examine the disinfection effects followed by the disinfectant and disinfection
conditions. Geobacillus stearothermophilus, biological indicators, were used as
a test organism of this study to verify the disinfection effects. Amongst what
is used in many biological containment facilities, common disinfectants like
DOCTOR SOLUTION, BruClean TBC™, TexQ™, ethanol, and sterile water
were used. In addition, various practiced cleaning methods like spraying and
wiping were applied by combining the condition of treating with the dis-
infectant for each condition and the disinfection level was verified synthetically.
As a result of confirming the disinfection effects by combining different
combinations of disinfectants and the disinfection sessions (1~5 times), the
findings suggest that disinfection was effective from the 1% disinfection
wiping with 70% ethanol. For the disinfection method, the condition of more
than 1 time of wiping for disinfection was effective for the inactivation of
infectivity for G. stearothermophilus by displaying disinfection effects. However,
it was identified that only spraying DOCTOR SOLUTION is not effective for
disinfection. We also carried out an additional experiment by investigating
the impact of disinfectants (hydrogen peroxide, DOCTOR SOLUTION, BruClean
TBC™ TexQ™, ethanol, and peracetic acid) on various surface materials
(epoxy, stainless steel, urethane, and lab benches) in the facility. As a result
of identifying the changes in the surface material followed by the dis-
infectants, the experiment verified that it is safe in general concentration.
Therefore, the findings of this study will provide much-needed information
for the selection of appropriate disinfectants and disinfection methods when
decontaminating bio-containment facilities in each institution.
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ingredient) 2= 1}t 25 (@mmonium persulfate), 80% gat-n-LZIC K0St D& - HASH2IHIZIC| 0| &
of B2+ =552 (benzalkonium chloride), Y3HIH| E & =2 % (benzethonium chloride concentrate), 7+ Ak(citric acid), C|G|
Al e YD 5SS (didecyldimethylammonium  chloride; DDAC) 50% O|EiY3 S, O|ALRLIUTZ) A|ESALSIE
(sodium citrate hydrate) S0| SQIZ|QCt ARCHA 2= M|ZO|A HIO|2ADFA| CHESH EFZL(Kill claim list)S CHAIS 2 St Q)
Y2 47A 7|8 4= HMS0| FE 0|1 UAALH & 500{F2| & 7HA|L HTAQ TSt HEF2=2 ?
CDCO| &b 3240 9|5t e (resistance) BIE 6 (bacterial spores &) 1t CHE O M= (Bacillus subtilis S
2=H|9| CHE X ZH(trade name), 724 =
Q

Hofel= M& (active ingredient), |4 S Z(dilution concentration) 52| W22 LHs 4
AUACH, ekl O|MF Hehgof 2 AE AS B 2 EUE 4 UACE (6, 30) (Table 1).

MATERIALS AND METHODS

NERE U 23 o
2 A0 AESH AEFFE E7E HS2 2ol 0|=24 (United States Pharmacopoeia; UPS) 2870 Tt 2L KST+A(KS P
ISO 14161)0|M A/ A=l Geobacillus stearothermophilus (ATCC 7953), Sterikon® plus Bioindicator (5 x 10° - 1 x 107 spores/2
me, Merk, Darmstadt, Germany) 2 050} ALESIRUCE. G. stearothermophiluss Sdg 215101 YHHZ|(Difco™ nutrient
broth, BD) AFR5H0] 55T BIYZ AHO| B0l A RIEF BIFSIUCH HAllFs =7t 4.34 x 107 (CFU/M)Q! G. stearothermophilus Bl
QFOHS O}IL BHHS 20 (30T, 20, 2EI7IY) 510 OFZLI} 0.17% S9.E S AI235tCt

ool

www.ksmkorea.org / www.ksov.org 11



Journal of
Bacteriology and Virology

B

VOL 51. NO 1. March 2021

Table1. Effectiveness and microbial resistance of representative disinfectants marketed in Korea (as of March, 2020)

Resistance® Microoraanism® Examples® Trade name Active ingredient Disinfectant
9 P (Manufacturer) (Dilution concentration, v/v) Category©
Bacil biils. B Rely+On™ Virkon® Persulfate compound Peroxygen
iC/ usg/u z‘;/g’lf m (Pharmcle) (1%) compound
1 Bacterial spores cereus, clostrialu ZAFS Disinfectant Monosulfate compound -
sporogenes, C. . . Peroxygen
perfr/'genls Powder Malic acid compound
(Pharmcle) (1%) P
. (We'zen HealthCare) (0%) QAC
yeoba . Melacid Citric acid .
tuberculosis var. bovis, (Huen) (19%) Acid
2 Mycobacteria M. terrae, . . ° .
Nontuberculous Didecyldimethylammonium
mycobacteria SUBEA'SAFE chloride (DDAC) 5‘0% -
(CL Haiiin) Polyhexamethylene biguanide QAC
) hydrochloride (PHMB) 20%
(0%)
80% n-Alkyldimethyl ethyl benzyl
D-125 ammonium chloride - Alkyldimethyl QAC
Nonlipid Poliovirus, (Sam Hyun Chemical) benzyl ammonium chloride (1:1)
3 (noneveloped) Papillomaviruses, (1.54%)
viruses, Small Coxsackievirus, 80% n-Alkyldimethyl ethyl benzyl
viruses Rhinovirus DOCTaEBSOOZHUﬂON ammonium chloride - Alkyldimethyl QAC
(Hansung Bio-Chem) benzyl ammonium chloride (1:1)
(1.54%)
Chlorhexidine Gluconate -
. Polyhexamethylene biguanide
A Funci gmfopcgycg’;sspp” ANIOSURF Premium  hydrochloride (PHMB) 20% - QAC
9 ygano’/b’as PP, (CL Haijin) didecyldimethylammonium
pp- chloride (DDAC) 50%
(0.25%)
NOBAC Citric Citric Acid Hydrate Acid
(Heat Runner) (0%)
BIOCLEAN Citric Acid Hydrate .
P;iigo/(:;/;as (Jayeon Nature Science) 1%) Acid
Vegetative g ’ 20% Polyhexamethylene
5 b . Staphylococcus aureus, . ) X
acteria Salmonella choleraesuis, ‘ b|gu§n|de hydrochlorlde (PHI\/IB) .
Enterococci Distel d|decy|q|methylammoon|um QAC
(HP&Q) chloride (DDAC) 50% -
Benzalkonium chloride 50%
(0.5%)
i ) DA CLEAN Ethyl alcohol Alcohol
. Herpes Slmp|EX.VII’US, (Deborah) (0%) cono
( L'T'd d) RCthmtegalowrui_, | ED Wipes Benzalkonium chloride 50% QAC
envelope nespiratory syncyua (Wooil C&Tech) (0%)
6 viruses, virus, Hepatitis B virus, Viraclean® B koni hlorid
Medium-size  Hepatitis C virus, Human (PIC |£ac ea?(. ) enza O(%'E,‘/”; chlonde QAC
viruses immunodeficiency virus, onsg Ing °. )
Hantavirus, Ebola virus PeraCide Peroxyacetic Acid Acid
(Rotor) (1%)

@Resistance is the microbial susceptibility to chemical disinfectants and is classified as 1 (most resistant) to 6 (most susceptible).
®Microorganism and examples are partially modified by The United States Department of Health and Human Services, Center for
Disease Control and Prevention (CDC), National Institutes of Health. Biosafety in Microbiological and Biomedical Laboratories (BMBL)
5% ed. Washington D.C.: CDC/NIH, 2009. “Disinfectant category is classified according to chemical properties. QAC; Quaternary
ammonium compound.
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Table 2. Disinfectant solution condition used in this study
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Disinfectant treatment (test matrix)

Test No. e nd 310 4 ot Fumigation Remark
1 - - - - - - Control 1
2 - - - - - 30% HP Control 2
3 SW - - - - - Control 3
4 SW - - - - 30% HP Control 4
5 DD - - - - - -

6 BD - - - - - -
7 TD - - - - - -
8 70% EtOH - - - - - -
9 DD SW - - - - -
10 DD 70% EtOH - - - - -
11 DD 70% EtOH SW - - - -
12 BD SW - - - - -
13 D SW - - - - -
14 DD 70% EtOH - - - - -
15 BD 70% EtOH - - - - -
16 BD 70% EtOH SW - - - -
17 TD 70% EtOH - - - - -
18 D 70% EtOH SW - - - -
19 DD BD - - - - -
20 DD BD SW - - - -
21 DD BD 70% EtOH - - - -
22 DD BD 70% EtOH - - - -
23 BD D - - - - -
24 BD TD SW - - - -
25 BD D 70% EtOH - - - -
26 BD TD 70% EtOH SW - - -
27 DD BD TD - - - -
28 DD BD D SW - - -
29 DD BD TD 70% EtOH - - -
30 DD BD TD 70% EtOH SW - -

Abbreviations: BD= BruClean disinfectant (spray and wipes), DD= DOCTOR SOLUTION disinfectant (spray), EtOH= Ethyl
alcohol (spray and wipes), HP= Hydrogen peroxide (spray and wipes), SW= Sterile water (spray and wipes), TD= TexQ
disinfectant (spray and wipes).

Table 3. Typical surfaces to be decontaminated by disinfectants in a facility area

Material®

Applicationa

Stainless steel 304L and 316L grades

Fiberglass-reinforced plastic

Glass
Plastic, vinyl
Plastic, polycarbonate
Lexan® (plexiglass)
Epoxy-coated gypsum

Tyvek®
Terrazzo tiles

Phenolic laminate, Cerastone, Melamin

Uretane

Work surfaces, filling equipment and tanks
Windows and vessels
Curtains
Insulation coating
Shields
Walls and ceilings
Wall paneling
Equipment wraps
Floors
Laboratory table
Wall paneling

Material and application are cited or slightly modified in The United States Pharmacopeial (USP), General Information 1072,
Disinfectants and Antiseptics.
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Table 4. Disinfectant solutions used in this study

Test No. Disinfectant solutions

1 30% hydrogen peroxide
30% hydrogen peroxide (107 dilution)
BruClean disinfectant
TexQ disinfectant
DOCTOR SOLUTION disinfectant
Peracetic acid (1/300 dilution)

70% ethyl alcohol

30% hydrogen peroxide (fumigation 1 time)

O 00 N O Ul A W N

Sterile water

RESULTS

A=A Al =2t

ANERFE R0t AR A7 & Chdst 25A|9| 2A 2 3I+~E Z2|510] 255 ZUHE Table 501 LIEFWICEH A& 23] H=E5t0
HAISHRCE 12t A|E0IM AZSHO|F 225 HAE 55°C, 36AIZHBHQF 21t 1, 3, 5, 158 ZZA0A Phenol red Z|A|HE A7}t Y
QHOH MO| L2tMo 2 HS}5I0] 0| SAIES SQlstRCt & SA10| SQIE HYYWS nutrient agar plateO| A HIZSH A|EOIME 1,
3, 5SH0A SZ2L(colony)& &QIE 4= JUJACH 1H2 A=XQ S2| A HHE HHl6IA| 42 = 20|, 3HS SRFE AIE
5t0] GOt 't 22 AKX O|x2| ChR ZZO0|CE 22t A|F0|M e 38 2T H2|E Yot ony, HiQF 2k 1, 58 ZHO|AME
AHO| L2t o 2 HH510] Phenol red ¥ BF2-S E 210, nutrient agar plate HIY A|EHOIMZ OF2I7FR| 2 181} 5RO MTF kA Ete
O LIQICH 12} A0 1582 MU 2 148 2| TE{E2 4 AP ASH(DOCTOR SOLUTION disinfectant; DD) &% Al0f o
Ol 2o=2 EUEZ M LIEH & CEESEHARE, 22t AIE 2 25 SHOIIA FHEESO| LIEIGe B2 ‘T E2M

0x
rx
o
Hu

w4y
ox
rn

o
'

o
AR AZEW ZRSts AU 2= HAY dFE 25| 25512 Zot= A2 SIoUCt HEERH 7AW M| 20|}
AL HAIC 2 ARESh= AFH0|N, 22 29| 2R = &M st A=0| 0|R0{R|2| 44204, ‘BruClean £=4|(BruClean disinfectant;
BD), TexQ &=A|(TexQ disinfectant; TD), 70% 02 YIS 52 &&0| AM 33| &0t e U2 13| £8lict= A2 T HAICY
TTE A 2 A2 7tsEE =5t (Table 5).

0

AEHZEAY, Y, 717 52| B0 0]x|= Y2 &Qlst Zut= Chgat 2T} 30% 2Htstea (107 5/41), BruClean, TexQ, HHE
SRU 4T A5 W2LH(1/300 514), 70% HELRE, IHeleA(ES 138]), B 59 2FA2t U2 223 7274 257 A
2|5t 1 SS QIS 21 Ol FA|, AE|Q2[A A, 22|B AL ST SO A0 Hatot A5 GIRACE SHA2H 30% 2Hitstapa
HHS 22 ZUCZ 25 its BH AU I F= A2 LELRICHFig. 1). OIFA| HAMM= 12] 2 § 4= 20| 262
MO AT} LIEHRD, 79|7HA] 27510 A2 & B2 MY 21 +37 H40| HEE 20| AT R EoME 43 27 =5
Bl BHO| HAZ|= 40| 2= RACH £5t A JHOM= 33 2F S2E st 255 7|27t S2t2E Q0| LR, 7
3 27 0= 2SS SO BEO| Lo &S 4= /UAUCH 30% 2Hfetet AFHE 2F FEIZ 22/5HUS < B A2
Fe2 01 = A= A2 gD, 13] S FR0l= HeIt gISS &AQUSIACL 2 AFME 2R, 85 S 2F it Y4
o F2f FA0f Tt B 2120 02| Je2 2t o Atk WS HRASHACH
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Table 5. Culture result after disinfectants treatment

VOL 51. NO 1. March 2021

Test Disinfectant treatment Fumigation Remark 15t Culture result 2" Culture result
No. 1% 2nd 31 40 5t ¢ (36 hour) (36 hour)
1 - - - - - - Control 1 BG BG
2 - - - - - 30% HP Contro1 2 - -
3 SW - - - - - Control 3 BG Do not conduct
4 SW - - - - 30% HP Control 4 - -
5 DD - - - - - - BG BG
6 BD - - - - - -
7 D - - - - - -
70%
8 EtOH
9 DD SW - - - - - - -
70%
10 DD EtOH
70%
11 DD EtOH SW
12 BD sw - - - - - - -
131D sw - - - - - - -
70%
14 DD EtOH
70%
15 BD EtOH BG
70%
16 BD EtOH SW
70%
17 TD EtOH
70%
18 D EtOH SW
19 DD BD - - - - - - -
20 DD BD SW - - - - - -
70%
21 DD BD EtOH
70%
22 DD BD EtOH
23 BD D - - - - - - -
24 BD D SW - - - - - -
70%
25 BD D EtOH
70%
26 BD TD EtOH SW
27 DD BD D - - - - - -
28 DD BD D SW - - - - -
70%
29 DD BD TD EtOH
70%
30 DD BD TD EtOH SW

Abbreviations: BD= BruClean disinfectant (spray and wipes), BG= Bacteria grew, DD= DOCTOR SOLUTION disinfectant (spray),
EtOH= Ethyl alcohol (spray and wipes), HP= Hydrogen peroxide (spray and wipes), SW= Sterile water (spray and wipes), TD= TexQ

disinfectant (spray and wipes).
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A. epoxy (normal) B. epoxy (deformation)

C. urethane (normal) D. urethane (deformation)

E. laboratory table (normal) F. laboratory table (deformation)

Fig. 1. Surface observation of material after 7 sprays of 30% hydrogen peroxide. (A) (C) (E) The condition before disinfectant
treatment is normal. (B) Epoxy surface showed color modulation from 1 time 30% hydrogen peroxide spray. (D) Urethane
surface peeling occurred from 4 times 30% hydrogen peroxide spray. (F) The surface of the laboratory table was observed to
be bumpy surface from 3 times 30% hydrogen peroxide spray.
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