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Analysis of Airborne Bacteria Control Efficacy of UR-UVGI Systems in
General Hospital Wards Mock-up
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Abstract

Purpose: This study aimed to experimentally analyze the effectiveness of an Upper-Room Ultraviolet Germicidal
Irradiation (UR-UVGI) system in reducing airborne bacteria in a mock-up of a multi-bed general ward.
Multi-bed hospital wards pose a high risk of cross-infection via airborne pathogens. Since existing ventilation
systems alone have limitations in infection control, evaluating the applicability of UR-UVGI systems is essential.
Methods: The experiment was conducted by varying ventilation rates and UR-UVGI operation conditions.
Bacillus subtilis (ATCC 6633) was aerosolized from one bed using a nebulizer, and airborne bacteria were
collected from the other beds and the HVAC terminal using an impact sampler. UV-C intensity was measured
to evaluate its spatial distribution across the room. The quantified bacterial concentrations were used to
calculate reduction rates and equivalent air change rates (eACR). Results: Operation of the UR-UVGI system
significantly reduced airborne bacterial concentrations under all conditions. A correlation between UV-C
intensity and bacterial reduction rates was observed. The equivalent air change rate (eACR) increased by up
to 2.97 ACH. Implications: This study experimentally demonstrated that UR-UVGI systems can effectively
complement existing ventilation systems as an infection control measure in multi-bed wards. These findings
provide scientific evidence supporting the implementation of UR-UVGI systems in hospital settings and are
expected to contribute to improved infection control and energy efficiency in healthcare facilities.
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HA ME Z7H0| HEFSHOZE UV-CE ZAISIEE MX[sto] &
Xte| g Yol Uv-C7t mEE|X| REF SIQICE B2
PL-L 36 WUV-C 3 12 W, 254 nm)E ArES}SICt

23 BrMd 28 2 s 58

23 M2 Bacillus subtilis 2X@3F 171 9 ml Saline
(0.85% NaCl) Eot U0 HEISI ALSIALCE 6-jet HIEE
O|XME 0|83t]] 12 I/min2| RO Z 2027t 3t HAOA] &t
MAIZAD, 2 MZe U FEF2 O0{2E Mg Al YXt 37|
22 9 FAIZE oPEMo| et AFE Hsto] MHSHRICE

(Ibrahim et al. 2025, 29.6: 1142-1148).
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YCE 05 m t4ex, Zo| WEe 2= UR-UVGI HA| fIX|
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[OE 4] 4014 ddrHM ZHLIE (Mock-up)

[E 1] Cased A =7

Case s\ UR-UVGI 75 =H
Case 1-0 UR-UVGI 0|75
Case 1-1 2 ACH UR-UVGI ATt 75
Case 1-2 UR-UVGI A B 7t&
Case 2-0 UR-UVGI 0|75
Case 2-1 6 ACH UR-UVGI ARt 7t5
Case 2-2 UR-UVGI A B 7t&

In(C,)—1n(C,)

n= —
t,—t,
n = 42272 (eACR)
C = B8MT £7| 5=(CFU/m)
G = xAlZt 2ol 2R3 M 7 &=(CFU/m)
t = AlZHh)

(4 1] SEE7|2(eACR) 4H8 4

3. ¢ 2t

31 #eMd 8= R &2

1:]
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A@ZHS, 10h 7ks, 20 7H8)0l 2 B W 2/AMld s
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Mo s27t X&Ho R UASHs AYS Hlsiien, 25
R 2 [ 2]0f MAISIRACE (& 22| 7

22t 02, 302, 60=0AM MEYZS T
tRIOICE F7 A 2_AM M2 (18 5]
Off MAISHRICE (23 512 deiZEs 2R/Md s=0 AHE
£ FI5t0] Alztof 2 HAE 200, 2f Jei=o| 7|27|=
AESI|SI=E LIEHACE
2 ACHO| =M x£7| 2RAM7 s== X0
2t XtolE ERACE Case 1-02| B2, SX7| YER2 597 CFU/m,
Bed1 1,489 CFU/m’, Bed2 1,075 CFU/m, Bed4 1,425 CFU/m'&
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y = esen
x 6 ACH-off x 6 ACH-UV1 x 6 ACH-UV2 R? = 0.8789
y = eTesx
02 ACH-off O 2 ACH-UV1 O 2 ACH-UV2 R? = 0.8361
00001
rul olC
<ERT| LChs
AlZth/60)
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B T
y = e372
R2 = 0.9777
T~
o}
g0
= = oesaox e, \\\O
5 oo yzetox T, X x e
e R? = 0.9079 i x e
"1, X
y = e94sx "u,,l X
R2 = 0.9702
x 6 ACH-Bed2-off x 6 ACH-Bed2-UV1  x 6 ACH-Bed2-UV2 -
y = e9548x
© 2 ACH-Bed2-off 0 2 ACH-Bed2-UV1 o 2 ACH-Bed2-UV2 R? = 0.974
0.0001
<Bed 2>
=1 AM=ZZ2| o B HO ZIANS
[:LEI 5] |:|Ec>I Tlxl _I_'I'I'k”ﬂ OoL-=

EYE|UCM, Bedl, Bed42| X[ 7MY &2 5= LIE
WICE Case 1-1 A Case 1-20f| A= Bed11} Bed40lA 71 &2
SEIF BHEEACE 20|12 6 ACH ZHO|M = Case 2-09| =
7lsE7t BE X|0|A TNTC(Too Numerous To Count)Z L}
EfLf, 2 ACH Z=Z0f H|sl =RACE TNTCE HiX|Of| ZEH0| L2
Ol A2t HENMoz FHS| A = Qe HEE LoIH,
O8E QU7 01 =3 2l0[3iCh UR-UVGIE 7ttt
Case 2-1, Case 2-20| M= 2 ACH Z=0|| H|g| 7|57t 2L
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Z|CHX|QI 2,477 CFU/m'E SHAFSHO] X &3HRICE UR-UVGIQ| 7+
S0 2 23N = da 2t ZE A3 ZA0M 53
SHA| BFEE|RACE 2 ACHR| =AM UR-UVGI O|7+& Al(Case
1-0) 2T s &=7| LCHO|A 11 CFU/m, Bed1 69 CFU/
m’, Bed2 40CFU/m, Bed4 57 CFU/mE ZHE|IASLE, 2C4 7+
& A(Case 1-2)0ll= S=7| TEHO|A 1 CFU/m’, Bed1 10 CFU/
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ACH ZH0|M= UR-UVGI 7t 2117t O SLHE AR &
OIZ|QICE 1CH 7H5 Al(Case 2-1)2F 2CH 7tS A|(Case 2-2) 25
AE = A™HOM 0~1 CFU/me| D1 H2 5T E LIEMHCE

10 UR-UVGH Al&Be] etdd ¢ L 2RAHT Moz 24

A Z(hv60)
o 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1

Q y = e
R? = 0.9705

y = es676x

R? = 0.9244
y = eBsex

3 oot R? = 0.902 x
o

y = e%x ¥
R? = 0.9005
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AlZhh/60)
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y = et
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w .

R? = 0.9265
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Z} Case'd R 7MT HAg82 BMGIYCH, Z1
MIAISIALE [ 3]0(M2| ERAMd dA82 Hd TE 1
SE X7 822 302 22 sEE AT s &2 40
Z3SIQULL Ol Case 2-10|M X7| SE7FTNTCRZ| W20 H
Pt 873, CHEE9| CasedilA 602 & &=7+0 CFU/m
THE S ZA22| AF 7Hs40| U7| mfZolct

2 ACH ZH0|AM UR-UVGI O)7ts S&7| Lo ZAE2
84.4%, BA "Wat 59.7%= LIEFGCE UR-UVGI 1CH 7+ Al Zt
2} 79.1%, 76.0%2 UAE0| SIS, 20 7t& Al 22
73.5%, 84.6%= F7IEQl JfM SIHE EQISHRALY.

6 ACHO| 42, UR-UVGI 0|75 A| ZA82 37| LT
ME 965%, BHA Hi 724%2 ZHE|AOLE, UR-UVGI
7tE Al 95.0%, 95.9%= S4TH Z4Aag M-S EUCE SHX|Tt

20 7tE Alol= Cha Mag7t E20Es F0| 2= RAC

HEHHo 2 UR-UVGI A|A”0| R27AMT XMEo 2t Ys
BOFH, 2|2 S7HECE UR-UVGH 7+E0| M= at a0
H 2 7|0E ot A2 ZHE[UC. ol 2H DdES &
8ot 2e0)7] MZof AL EX5IH, Ed W ST 24
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[E 2] UV-C ZAF A|ZHO| [H2 ZZ7| LTH A 2| Bacillus subtillis &2 4=

Irradiation Time
Omin 30min 60min

Case

Case 1-0

CFU/m?’

Case 1-1

CFU/m’

Case 1-2

CFU/m’

Case 2-0
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Case 2-1

CFU/m’

Case 2-2

CFU/m 176
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2y 2ol AN H2=E FWRH| 2l SEEE -4
Hg AU, Ro|+F2 0052 HHSIRACL UR-UVGIE
ISR Ets et 7tss I 2= MEE XFAM SA
Ho 2 ROIg(p<0.05)2 2IUCt SHX|Z UR-UVGIE 10 7t
S Mok 2tf 7tsE e SAHLE RoloH| HE
(p>0.05)2 HQISIACE Ol= UR-UVGIQ| 7tE ZHOIM FRA|
o TERAK HFO UR-UVGIE 7t HEIZ RAIZIA7] I
=2 = THEHEICE M2t UR-UVGH 7tE fIX(of [HE ds BE
d& &st7| ff3 =7+ 4E0l 2asit.

[E 3] Case® EqMT 228

ULE2(%) Case 1-0 Case 1-1 Case 1-2

SX7| EE 84.4 79.1 735

g EHa 59.7 76.0 846

UAE2(%) Case 2-0 Case 2-1 Case 2-2

SX7| et 9.5 95.0 88.6

g EHa 724 959 948
3.2 AeE|sls

EaMe s dEs 2 (=4 112 Soff EWA L &Y
sb7|5l+8 EESIYLE 37| U2 HE Y 42 18{g}
Of AAto| ZESER| UUCE M=V |2 XA ZAEHE &
off AESHH, X759t XF 50| 21 X0 7|EeZ B
C}. Case 2-02 =7| 29Md s=7F INTCE LtEHL 52
2217t 271s5H0] =410 CiR0| 27}+SSIRALE Case 2-1, 2-2
O| A2 40&0| X[t A|FEO| /M= 5270 CFU/mof| =&
SHX| 2t CHE Casel| 4% 00| =X YL} X[Z=E 00
TEBICL O|E =40 CHYY ZR YB3 Ao o=
7ts440| A7| WHZO[CE kA H L] S dar Al Zuto)
HeE ol B R 0| sEFE 4027HK| 352719 £
ST 58 280 AYE|BI+E SESIRICH, Aute

[E 2]0 M|A[StCE

2 ACH =0 M| 4Het7|3l4== Case 1-0(UR-UVGI O|7}
&), Case 1-1(UR-UVGI 1LH 7+&), Case 1-2(UR-UVGI 2LH 7t&)
oA H 2.87, 3.87, 441 ACHZ LIEFRICE Case 1-12 Case
1-0 CHH| A=E7|21=7F 1.00 ACH (35% 37} S7tste 2ot
£ ERACL Case 1-2= 1.54 ACH (53.6% 370 S7tst= At
£ Bt

6 ACH 20| M| AH$t7|3l4== Case 2-0(UR-UVGI O|7}
&), Case 2-1(UR-UVGI 1LH 7+&), Case 2-2(UR-UVGI 2LH 7t&)
Ol M Z+Zt 4.85, 7.27, 7.82 ACHZ LIEISICE Case 2-1= Case
2-0 CHH| AH%7|31=71 242 ACH (49.8% 370 S7tst= 4
S HPD, Case 2-2= 2.97 ACH (612% E7h Z7I5t= 4
HE HRACL

12 UR-UVGI Al&Be dtde ¢ L 2RAHT Moz 24

UR-UVGIA|ABIO| 7tE 0l M2t &2t [3=Tt 715t A
= SOIUCE o Ao 21Y|8l7F E245 UR-UVGIS B
In/ SN =R/ P =Ie]| |2t UR-UVGI 0|78 =A

F1Oh 7ts =4 7| &get|sls B7t80| 10 7t =¢
ot 20§ JtEs A 7ol B2 ECH O AA| LIERRCE of2fgt
A= UR-UVGIQ| HX| fIX[t EFAw Lo HIiE 2

X| BAO| 7|9t HoZ mEtEC

k=l

[0
tu

[H 4] Cased ACtzty|sls=

2 ACH Case 1-0 Case 1-1 Case 1-2
Bed 1 2.69 3.86 4.40
Bed 2 3.32 3.88 4.19
Bed 4 2.61 3.89 4.65
6 ACH Case 2-0 Case 2-1 Case 2-2
Bed 1 5.08 7.12 9.28
Bed 2 443 7.20 6.93
Bed 4 5.04 748 7.26

2 AF0M e EHHA L} UR-UVGI AIA”S| Jts0) ME
Uv-C 2= 225 JeIo}7| 28 58 TASHAULE. 2 K|
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2 BASIN, 245 m 09| 7|+ &
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olZ2 MRSt Bed32l &
O, Bed4 QI BTt WA M| ZHO|AE 0098 W/m'
O[st2 L7 543| dAaste 42 2Lt

[28 712 UR-UVGI 2CH 7HE Al EA L uv-C Z =7} Mgt
Moz ZttRon, WA MAo S 73t EZE HAMH
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o NURME HHHOE fHSIRACHE FOIA 2|97t ATt
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OId ERO| St 7|5 TNt MA 7+ M45EHE0| 2 H|of
of OXle S ABHoZ SMRACE A Z0E HER
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