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A STUDY OF INDOOR AIR QUALITY IN THE OPERATING ROOMS

OF THE HOSPITAL
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ABSTRACT

The purpose of this study was to study the air quality in the operating room. Of Nakornthon
Hospital It is a case study building with an operating room area of 45.54 m’, which is part of the service.
From the study of air quality, both positive-pressure and negative-pressure models were measured according
to operating conditions, occupancy state, at-rest measurements, using air quality measurement methods.
Based on ISO 14644-1 and airborne microbial samples were collected. Based on NIOSH Method 0800,
compared to air quality values referred to ASHRAE 170-2017 Singapore Standard SS 554: 2009 Microbial
Contamination Limits in Operating Room and Sanitary Disposal Study. Airborne Contaminant Removal
The min value required for the removal efficiency of the air filter 99. 9% of airborne contaminants which
from the results of air quality measurement found to be within the standard and took time to remove air
contaminants was 17 minutes, with an average air change rate of 26 ACH from the study of air quality in
the operating room only in the study room. By the use of medical personnel in the operating room Opening
the adjustment and ventilation system in the operating room before starting use or receiving the next patient
at least for the specified time. To allow airborne contaminants from inside the room to be vented to the

outside in the most efficient and safe way for users.

Keywords: Positive Pressure Operating Room, Negative Pressure Operating Room, Operating Room Air

Quality
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2.5 11399UDATIIAQAINN ANVFU Melurewnda TFdmiuasiengungil ANury
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WA

2 X dqu a @ ) P a ¢ .
2.6 911 15asuroN 1% U512 Iae1F Blood Agar 141umsIAT1Z1M Bacteria tag
Y, a 4 dy
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3. 25MINUA2081
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3.1 11AAnT9ANT099ADINMANAAAY Air Sampling MAS 100 N01M151089150153 708
S o [ a I o f
moelu 1miniinsgadiesasgae1nIe 100 aas/u1i aaemadunal 10 wiinazihnumziye
AN Y a < v o = A A A & a2
nlaldouguungil 35-37 °C w1 24-48 32 Tua S laTatlveouvouuaiiseuaziyosnyuuy
dy 49’ o A A = [ as . . . . o
2111151800¥0 TagunenlaladNviounua1uITY09 American Society for Microbiology f1143%U
N 3
wazs1e9unaili CFU/m
3.2 miasivdagunmeinmanieludesdida
3.2.1 asvdannududuveseymafiuviuasslueimanieluiesrida audeiivua
Y94 1SO 14644-1: 1999(E) Tagaza319303 11U UM AVIAMIAUHIa 1131 0.5 lm 1Az 5 m
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3.2.2 asvinguugiivseanuieuluoime ldines Tulimesuuy Resistance temperature
2 1% Aq ¥ 14 a 4 aa A .
Detectors; RTD) ¥t urianmsnlglumoes Iulmesuuuatnoa n1oluin5os Thermo-hygyo-air

quality meter 1911130357970 Taggan13ns1aiavzaniiunmsalugnumsasaiasiuiueyninly
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323 asiannusuduimimeludowinga 19iduaedianuaunus dad
(Resistive Humidity Sensor) 018711309 7181117309 Thermo-hygyo-air quality meter 1911n15057930
TaggAn13n3993A9ZAUTUNTAIVYIUMIATINIATIUIUYNA QUKH anFumeTuoshea

3.2.4 A3293A9A31M3 IMauee01019 (Air Flow) n1eluiesring ﬁ’aa?’%i’ﬂmmmﬁﬁ’ﬂﬁ
Wtwan SannfFinaauiiennntininnszeean Januudeiiieanneie (Real Time) Tnoldaiea
ATINTOUILVUILVI1801NA (Modular Air Balancing Tool) WmsasnalSmaauiienr s
9931M3HYUIIUDINIA (Air Change Rate) Tﬂﬂﬁﬂﬂ’%mmﬂ1smuﬁﬂummﬁiuﬁuﬁdm‘}"ﬂmq A1
fUN1IYAD18AN Membrane Diffuser 1-10 WU 10 19

3.2.5 137978 Room Pressure (Positive-Negative Pressure) (L1 Differential Pressure 1a# 14
w3030 1uN15A3795A Digital Manometer 33 1uM13ATI95AA NN LA Tun1sATI9TAANLR AT

1 9 9 o 1 1 a A 9 Y . Y A
FTHINNOY 32ABININITATIVAaUNOUNYT NI INIANI B gD (Air Supply) NABDIAIUN
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ponuuy’d uazasndeunilizguesiosrndaiudesllaain Tagezinumaudaniuz My ldauios
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W10 NOWIlATLUVUTUBIAA FN1ITHOIIAALIIAULIN FNISHOINIAALIIAUAL BEIIAL 2
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3.2.6 93793AANUVNTHVBIDYMANLYINARY U IMATURBIHIAR MUTDAIMUA VYB3
1SO 14644-1: 1999(E) Tue11un15037930 11U 1909 Recovery Test 1AgA31IATIUIUDYNIAVUIA
T @ A [ 1 3’, LR 1 a A [ Y [ Y] 3’, 1 A
MNUKI0 11N 0.5 m aauaranainsnewilansealsueinmanisluriosiida aaauni o
= 3 1 4 ~ 1 ) A ]
tazlimanuaeyMIANNg 2-5 itiogmsnlasunlaiaivesiuIueunIAdUIRg 20 MUAINT
[ = 1T W I~ 1 é’, T W 1Y
PONUULTATINTHYUIOUDINIAVDINOINIAA 1AsTiNITINUAING HOINIAALITIAUUIN LAZ WO
1 v P
idausaauay Iagia lnFeumewmienimmaaasluiloulueimameluiosiiang
a g Y awv 1 Y aa a .. .. a <Y
4. MINATIERIRYA UIVOT 1FADAFING U (Descriptive Statistics) ANIITHUVDYA HAAINA
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I 1 o A a = X a A A 1
numnmsasinia LW@@ﬁUWﬂﬂSNTmﬂJ@QL%@ﬂﬁuﬂﬁEJ‘VI‘W‘UGLU’E)TﬂTﬁLLﬁgﬂ']ﬂﬂlﬂ']WﬂWﬂWﬁﬂWﬂ{lu

Y ' [} v 9

o A o = @ g 1w Aa sA E
NOINIAA LW@‘V]'lﬂ']ﬁ!ll%ﬂllLV]ﬂUﬂULﬂmmuT@]ﬁi?uﬁTﬁiﬂﬁf’)\‘]WW\ﬂL!ﬁg'Jlﬂﬁ'lgﬁﬁﬁﬂulﬂ@uﬂlu@']ﬂ']ﬁ

Tl Tsunsuneuiaumesdidegiindmseideya

NaMIANE
Y
ﬁ]"lﬂﬂ”liﬁﬂ‘]&l”lW‘]J?"lWﬁﬂ"lﬁ@]ﬁ?ﬁ]?ﬂf’;lﬂ!ﬂ"lW@"lﬂ]ﬂﬁ}ﬂﬂW1@]ﬂ OR3 V]Qiuﬂﬁﬂ! Off AHU 118 Run

AHU #09r1A9 1159AUDINAILUY Positive Pressure (P+) WU e lumsasiganimeinmanieluieq

9 9

LI -2 [ 1 4 kS 1 4 g o § {
HIAANN 2 A3 WUIUNUNAUNIWDINAUUFRIUNUNNINTIIUNN 2 ﬂi\‘iIﬂﬂﬁﬂ']ﬂ')'lul"ﬁjueﬁjulﬂaﬂsllﬂﬂ

]
=1

H 9 H 9 H [
pyM1AN 0.5 m AFIN 111azATIN2 0N 8,348 particles/m’ 1Az 6,709 particles/m” AANWTUTUINAY
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| Y
v A v A

H H H Y H
YBI0UNIAN 5 m ATIN11azATIN2 BYN 1,183 particles/m’ Hag 516 particles/m’ AQAUNNNINTHATIN

g’/ A 1A L&l o o A ?.’, ~ 2’, A 1A
1HAEATIN2 BYN 21.6°C UAL 21.2°C ANUFUTUNNDIRAYATINIUASATINZ DYN 59.9%Rh LD

u u

=

Y H 9 H
60.1%Rh ﬂ1®ﬂ51ﬂ151’i33|uﬁﬂu@'lﬂ1ﬁ ATIN1LAZATIN ﬂgﬁ 26.2 ACH llag 26.4 ACH f1UINaU

Y A Y 2 1A : ¢

91017 ASIN1UAZATIN2 BYN 10.8 Pauaz 11 Pa 8y luNUINIATFIU ASHRAE 170-2017 49030l

Y T W d‘ I3 [ J = 1 . [ 3’1 d'

NOININA uazmmiﬁaumEmﬂum@a%wumua@ﬂ“lummﬁm Total Bacteria count 1533IAATIN1LAY
1A 3 . v ¥ A ' A 3R J

29yn 0 CFU/m" ttag Total Fungi count A5393AATINIUAL2 YN 0 CFU/m” FINTUINUNNIANTI U

Environmental Controls in Operating Theatres Guidelines for the Assessment of Bioaerosols in the Indoor

. < @ A
Environment 1) UA391519901

Ms19h 1 agiwansnsIvianmnImeINAReIWIAf OR 3 1LY Positive Pressure (P+)

Operation Room OR3 Standard
Hepa Filter 10
7 7
Alr pressure status Off AHU Asai Off AHU AsIn2
Air Change Rate (ACH) - 26.2 - 26.4 >20 ACH (ASHRAE 170-2017)
Total Supply Air (CFM) - 2,039 - 2,056
Differential Pressure (Pa) - 10.8 - 11.0 >2.5Pa (ASHRAE 170-2017)
(*) <500 CFU/m’ Singapore Standard SS 554 :
. 2009
Total Bacteria count 228%* 0 224* 0 S
<35 CFU/m" Environmental controls in
operating theatres: J Hosp Infect. 2002
(*) <500 CFU/m’ Singapore Standard SS 554 :
. 2009
Total Fungi count 30%* 0 30%* 0 N )
<15 CFU/m" Environmental controls in
operating theatres: J Hosp Infect. 2002
Avg. Room Temperature (°C) 23.7 21.6 23.7 21.2 20 —24 (°C) (ASHRAE 170-2017)
Avg. Relative Humidity (%RH) 57.6 59.9 57.5 60.1 40-60 %RH (ASHRAE 170-2017)
Avg. Particle (0.5 \lm) Internal 352,000 particles/m’ (ISO 14644-
1,877,698 8,348 1,858,560 6,709
1:2015)
Avg. Particle (5 lm) Internal 2,930 particles/m3 (ISO 14644-
9,156 1,183 19,328 516
1:2015)
Avg. Particle (0.5 \lm) Corridor 3,819,646 3,844,223 particles/m]
Avg. Particle (5 Um) Corridor 45,724 37,615 particles/m’

9
%1ﬂﬂ1if’d’fﬂ‘]ﬂ1WU’J1Naﬂ15@]i’3%’3@ﬂﬂ!ﬂ11ﬂl@1ﬂ1ﬁﬁ}®\1NWI@ OR3 19lunsal Off AHU uag

Run AHU #04/1A9 1153AU01N ALY Negative Pressure (P-) WU walunisasinunimeineanislu
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Y Y 1 4 g 1 4 kS ? {1 {
ﬁ}ﬂﬂw1ﬁﬂ‘ﬂ\1 2 AT NUIUNUNAUNIWOINMAUUFRIUNUNNIATIIUNG 2 ﬂﬁﬂﬂﬂﬁmmmﬁfu%’umﬁﬂ

YOIDUNIAN 0.5 m ATIN1UAZATIN2 DYN 136,687 particles/m’ 1A% 114,310 particles/m’ A1AI1Y

u

H H v H ) H 1
[Wudundevesoyn1an 5 kmasaNinazasan2 og 1,037 particles/m’ 11ag 591 particles/m’ A1

A 4 24 g4 4 F VP B ¥4 ad
QUNYIINAATIN1UAZATIN2 BYTN 22.8°C Haz 22.8°C ANVFUTUHNTINABATIN1UATATIN2 DY
EY ! 9 v H
57.8%Rh Az 57.7%Rh A18ATINTHYUIIUDINA ATIN1LAZATIN2 BEN 26.0 ACH LAz 26.6 ACH
1 o 3/ { ?zl.z { 1A 1 4
AIIAUBINIA ATIN1UAZATIN2 BYN 2.6 Pa Ll -2.5 Pa 08 lUINMNNINTFIY ASHRAE 170-2017
= 9 1w A ~ o 1 = 1 . Y
YoINIANDUIAA tazilonfTeuMeunua1gadnuyIuaselue1nIAA1 Total Bacteria count 153330
9 ! ' S 4 4
AT 111822 g1 0 CFU/m’ 1ag 2 CFU/m’ Total Fungi count A3793AATIN 111a22 087 2 CFU/m’ uag 1
< ] 4
CFU/m’ 4N 1UINUNNIAT 31U Environmental Controls in Operating Theatres Guidelines for the

I o !
Assessment of Bio aerosols in the Indoor Environment Lﬂu]lﬂmmﬁnﬁ 2

{ o Y 1w .
m‘snﬁ 2 ﬁ;ﬂwawammmmmmmwmmﬁwmmm OR3 14U Negative Pressure(P-)

Operation Room OR3 Standard
Hepa Filter 10
FJ 0 FJ T
Air pressure status Off AHU | assfil | Off AHU | a3%i2
Air Change Rate (ACH) - 26.0 - 26.6 >20 ACH (ASHRAE 170-2017)
Total Supply Air (CFM) - 2,023 - 2,073
Differential Pressure (Pa) - -2.6 - -2.5 > -2.5Pa (ASHRAE 170-2017)
(*) <500 CFU/m’ Singapore Standard SS 554 :
2009

Total Bacteria count 228* 0 224* 2 S

<35 CFU/m" Environmental controls in

operating theatres: J Hosp Infect. 2002

(*) <500 CFU/m’ Singapore Standard SS 554 :
) 2009

Total Fungi count 30%* 2 30* 1 R

<15 CFU/m” Environmental controls in

operating theatres: J Hosp Infect. 2002
Avg. Room Temperature (°C) 23.9 22.8 23.9 22.8 20 — 24 (°C) (ASHRAE 170-2017)
Avg. Relative Humidity (%RH) 57.5 57.8 56.9 57.1 40-60 %RH (ASHRAE 170-2017)
Avg. Particle (0.5 [Am) Internal 352,000 particles/m3 (ISO 14644-

1,877,517 136,687 1,893,710 114,310
1:2015)
Avg. Particle (5 lm) Internal 2,930 particles/m3 (ISO 14644-
7,367 1,037 6,987 591
1:2015)

Avg. Particle (0.5 [km) Corridor 4,090,795 3,405,760 particles/m3
Avg,. Particle (5 [lm) Corridor 59,487 28,816 particles/m’
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=S (% = o w A tg . .
Wmmmitiﬁﬂumwﬂ‘uwamﬁﬁﬂ‘le_nmﬁmﬂﬂmﬂmﬂﬂuﬂlummﬁ Airborne Contaminant
A 1 Ado & o o a A o w o A tg
Removal W3f)ﬂ']u'WI‘VIED'IUJuﬁ']ﬁ33J1J5$ﬁﬂﬁﬂ']Wﬂ']ﬁﬂ']‘ﬂﬂﬂl@ﬂﬁ'Jﬂﬁ@\‘1@']ﬂ'lﬁ 99.9% ﬂl@ﬂﬁ\?ﬂulﬂ@uﬂlu
Y
9INF $1909TDIAUBLULIN Centers for Disease Control and Prevention W11 1unTal Wioar14a
Y
USIAUDINALLDY Positive Pressure (P+) LLag NOINIAALTIALBINALIIY Negative Pressure (P-) vl
o v A & 1A = T o = .
izEJznaﬂumim%ﬂmﬂmﬂ@u1ummﬂ’ag1’1 17 N Iﬂﬂﬂ'lﬂﬁﬁ'lﬂ'ﬁﬂialuwﬂuﬂ'lﬂ']ﬁ (Air Change
A 1A A a o 1 [ Y 1 o
Rate) Lﬂaﬂﬂg‘l’l 26 ACH Ll,azLaJ’e)aJmivLﬁfJ‘}JmEJ‘Umemim%m%umﬂummﬁmawmNW]@ OR3
=1 [ A 2 o . . . A g o ..
Lﬂ%ﬂ‘umﬂ‘Uﬂ‘Uizszanliz‘U‘UL'i:JﬂNm (Run Air Handhng Unit) Vllﬂullﬁ\iﬂu@'lﬂ']ﬁ!!.ﬂﬂ Positive
~ A = ~ ' ] A g o w A A
Pressure (P+) FINUINN 0 DIUINN 20 ‘wuaﬂﬂﬁzﬂznm 5UIMN ﬂﬁm15ﬂﬂ1ﬁ]ﬂmﬂu1ﬂ6u1u®1ﬂ1ﬁ1u

~ 9 '

1 N Y @ v . A =2 A A
’agqlummcn"lﬂ BAZ NIUNDINIAAUITIAUDINIALUY Negative Pressure (P-) 310UINN 0 DIUINN 20

v
o w A

" QY < & Y ' MY '
wunldszezina 2 i Aensomdaasludlouluomaldlueglunuai1d uavzlimeyninlu
Y H v [
91INIAYUIA Particle Size 0.5 [lm AFIN 1 1A% 2 1IDAYN 136,687 particles/m’ tiag 114,310 particles/m’
o w = 1 A 9 [ [ .. A
MUAIAY FI9LGINI NIUNBIHIAALITIAUDINIALUL Positive Pressure (P+) NUA19YN1ATUDINA
Y H H H v
YU1A Particle Size 0.5 [lm ASIN 11ag 2 1nAoT 8,348 particles/m’ 1Az 6,709 particles/m’ MUAIAY &9
=} " 9 ] % w . d‘ =) % U
2UANVALD1ANI HOIHIAALTIAUDINIALLUY Negative Pressure (P-) tiiotifFautiounuainaim

9 v
L“lgljileﬁlu‘ll@Qﬂigﬂ?ﬂcluﬂ”lﬂWﬁGUﬂﬁﬁ}@fiW'W]ﬂ N9 2 LUY AININA2.

AR

O minute, 444,487 I
//

\

\

2
i

8
g
5
W
A
“‘4
\-Q-\&‘ T

Particke/m?
g 8
£ g
0
&RN\\\\‘\\&‘ A
‘\K \gﬁ“\\i N N
SRR
P
N
o RN

R
N

17 min

TR N

= Particle Size 0.5 um(P-)
Particle Size 0.5 um(P+)
Particle Size 5 pm(P-)
Particle Size 5 pm(P+)

O minute 3 minute

6 minute - e -
2 minute .
11 mintte 43 minute

ISminute 35 minute

O minute 3 minute & minute S minute 11 minute 132 minute 15 minute 17 minute 1% minute

H Particle Sice 5 Umi{P+) 2650 3003 1085 706 176 35 106 106 o

M Particle Sice 5 pAmi(P-) 2791 TIT 318 530 282 T06 318 176 T06
I Particle Sice 0.5 UmiP+) 485,355 511,424 171,095 132,862 40,070 25,583 28,833 14,169 5,028
W Particle Sice 0.5 PAm{(P-) 443,487 124,204 $0,565 1,519 51,989 9,257 64,911 60,106 167,632

a Y} o ~ o ~ 2
HNN 2 ﬂTWﬂjTWLLﬁ@Qﬂ%N]ﬂJ@Hﬂ]ﬂiu@Tﬂ]ﬁmﬂQﬂﬂQWTﬁﬂ OR3 L‘]EEJ’UWIEJ’Uﬂ‘]J‘szle,’Janiz‘]J’lJLiu
v

Run Air Handling Unit 9104199 0 D9U197 20 N9 11UV Positive Pressure (P+) 118 Negative Pressure

(P-)
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