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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 m2, 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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131: Center for Disease Control and Prevention Guidelines (CDC 2005)
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HEPA (High Efficiency Particulate Air Filter) ¥3azii/sz@ninmlumsnsosoyninuuin 0.3

YR
luasenlane 99.97%

S da} % . . -2 1 dﬂj % tﬂ‘ 1 dﬂj 1

2222 M5AAD T (Viral Infection) A29819v09%0 125 aNuns or 11010 #

laun Varicella (8gn® 1d/9e3n), Rubella (A1005371), Rubeola (11A) HANFIUNNTZVIAING
Y I 1 Li’ v A 1 1 (= 3 o . = 12an
paasldmuinge iahunsimeimadiulvglvunaanuinluszay Submicron 3411175
Tanmsa lhsaluoma’la 100% m3ldumnenseseniarila HEPA (High Efficiency Particulate
. . A . . . I ax A a a ~
Air Filter) 4a2/¥159 ULPA (Ultra Low Penetration Air Filter) Lﬂuaﬁmwnﬂizﬁmquq%qﬂ
dy g‘/ dy v Y 3 A = A v [l a Y
Tuvagil mavgaduie lhfaduaiganirhledaniensnaasniid liaunsoiignila
1 a a o [l o I a o 1) a ¥
Nilszantraiioane 3989 luuueih 19wt asvdnlumsileadumsaaie (Primary
. @ 3’; ax o Aq Y o 1 &I A
Infection Control Measure) A41433Msvannldlumsiesdumsunsiyelulsanernia fe
[ v 7 1
mimuqmmmauwuﬁizmwﬁ’aﬂﬁlmmzﬁu (Appropriate Pressure Relationship)
b Y
2.2.2.3 13931 (Molds) HHANFIULAAIIUFOTIU T AU Aspergillis ¥ aIna 10

o Y 3 . 9 () Yo '
‘]JN“]J’JEJ?JZL?QL?J@L%?J@ﬂJW’Jigﬂg‘guuiﬂ (Advanced Leukemla), @ﬂ’)ﬂﬁhlﬂﬁﬂﬂﬁﬂgﬂﬂﬁlhhj

Y ~ a9 dy 1 o a a
132N (Bone Marrow Transplant) tag#1)28N9UA I UM UIFD 15A¥09319018 d1Aallna
(Immunocompromised) ’S‘Ll@]

2224 MIAVLINAINNWUDN (Outdoor Air Ventilation)n1ngaiii o1 sndnn

Id ~ A (= dy A A [
ninmeuenilugauzay oimeainmeueninoeusz ilienuaiGeuay Ihimasily
dal I=9= v ] ] =\ 1 ﬁy ] %
voudonuaniEeuaz higaiulvgrzliunasveuseognisluaioins Tsane1uia 010N
A A ) ] A 49; == [ 9 Yo

AMEUDNNANTINIZHIoIIYTuaFsouuanGernay 1hia d1szvuszneemalasunms

a g’/ = Y (% 1 1 dy d' 1 9 ] o w dy
PNV, AAAT HAZNMIHT NANVAUUANANIZHINNUNOINYNADY Iz IeMIAsD T3A T
o1meeen l1a1nTsanernald

9
2.2.2.5 Qmwgmzazmm%u (Temperature and Humidity)@n11sgaviguiay
dy ~ ' ' A A o H a Aa dy - A
anurululsanernassidiusrslumsdudiunieduginisnigau Invourouuanise
[ A A a 1 . . 1 Y= %’
waz' TS e uaRFeu19%1A1Y Legionella Pneumophila 9343 nsza18 1aa luazenaii ag
AAAa ] dy
ANslFIneg e ludn1zeImaAdu
9 v

2.2.2.6 UWINTDIDINIA (Air Filter)52 UV UDINANITAAAUKNINTDIDINIAN Y
Uszansnw lidininfimualum15199198991n ASHRAE Standard 52.1 ¥inluansieszy1d
~ y ¥ 4 X Y D) 7o < d A '
UUHINTDIDINATDITY FUNHLIAITBIMUNDUANITINDETY ANUEY LAz FUNTINITOY
9 @ =\ S A dy Y [ g Y =1
AuaueonINaaN MInluszuniigUnsaliwunuiu dessz v luldunnsesomailon

A0y Yo d a
mﬂaxamumwmm"lﬂcluﬂﬁwﬁmmﬁ ﬁ1ﬂ1u@]131\15$uiﬁullﬂﬂﬂﬁﬂﬂ@WﬂWﬁ“ﬁutﬂﬂ’) LI



17

] J 4 a a ! a
ﬂimmmﬁmwg&uﬂauam%}maﬂa Useaninnvosuninsesona Tuais1eainz.2 f?ll"lﬂf’N

91N ASHRAE Standard 52.1

M519N 2.2 M5 TEaNIMNVeaNInIeIoIMAd U uulSuomalulsaneruia

Minimum Filter Efficiency %
Number of Area Designation
No.1" No.2" No.3"
Filter Beds
Orthopedic operating room. 25% 90% 99.97%
3 Bone marrow transplant operating room,

Organ transplant operating room

General procedure operating rooms 25%, 90%,
Delivery rooms
Nurseries

2 Intensive care units
Patient care rooms
Treatment rooms

Diagnostic and related areas

Laboratories 80%

Sterile storage

Food preparation areas 25%
Laundries
1 Administrative areas

Bulk storage

Soiled holding areas

Source: 1999 ASHRAE Handbook — Application
Note :
a : Based on ASHRAE Standard 52.1

b : Based on DOP test

¢ : HEPA Filters at air outlets
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Item Count per Cubic Meter
Inside Patient Room Hallway Near Patient Room

Background 1200 1060

During bedmaking 4940 2260

10 min after 2120 1470

30 min after 1270 950

Background 560

Normal bedmaking 3520

Vigorous bedmaking 6070

Source : Greene et al. (1960)
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ﬂ]i]\‘lﬁ 2.4 A5 NUTAIANUTUN LTINS uanddsueimiataznallunsnida

azamﬁ;ﬂ
Air Changes per Minutes required for a removal efficiency of :
Hour 90% 99% 99.90%

1 138 276 414
2 69 138 207
3 46 92 198
4 35 69 104
5 28 55 83
6 23 46 69
7 20 39 59
8 17 35 52
9 15 31 46
10 14 28 41
11 13 25 38
12 12 23 35
13 11 21 32
14 10 20 30
15 9 18 28
20 7 14 21
25 6 11 17
30 5 9 14
40 3 7 10
50 3 6 8

WHEIHA. 31NN1500NUDUR0AIAR Tag qUT 19¥EE1U283NE. 2551, NTUNNG FUIAY

enssulSuoimeaurialszme’lne

! . . . . . . )
2.3.1. A1 Minutes required for removal efficiencies of 99.9% of airborne contaminants ¥i3®



21

Tagaziia15a191NNaN15ATI9IAoAT I IHyueueImaneluiowiida ud?

° ' 9 a o Y} Vo A 9

MruagaIms ldau asdlaszuvlSunazszusormeanisludosida nousuns 1%
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nunsesudiesieas 11 e lddudeoulueimaninneludesszuisesngniousnla

pg1lilszAnTnngege 1aed199990ya21nA151972.5 Air Change Per Hour And Time in

Minutes required for removal efficiencies of 90,99.9% of airborne contaminants CDC Al
2 —t1= —l (CZ) 1)1 x 60, with t1 = 0
—tl= —[In|=)/(=)] x60,wi =
Cc1 vV

A v ' =
L'Ja’lﬁllﬁusluvfugﬂu’]%

t1 =
2 ! =
2 = L'Ja']auq@]GlUWH'Jﬂu']ﬂ
Yy 9 A g f
Cl = ﬂﬂmﬂmmuﬁuﬁuﬂlm’cﬁi‘]Jmﬂﬁ)u
Fa
v 9 )
cC2 = ﬂ'ﬂmellllmuq@ﬂ?ﬂﬂ]@qa'ﬁﬂulﬂ@u

C2/Cl1 = 1 - (removal efficiency / 100)
Q = 8n31m3 navesemanieTugnunanya/d Tus

<
Vinasreuilugnuisdya

<
Il

Q/V= ACH
d‘ 9 [ A
131941 2.5 "ll@L’ﬁu@LLH3El,'L!ﬂ'liLﬂ1i$3ﬂllﬁ$ﬂ'ﬂﬂﬂﬂﬂ'ﬂhlﬁﬂ\?

Tagnian Air Change Per Hour And Time in Minutes required for removal efficiencies
of 90,99.9% of airborne contaminants CDC[This table is prepared according to the formula * t1=
(in (C2/C1)/ (Q/V) x 60, which is an adaptation of the formula for the rate of purging airborne

contaminants with t1 = O, and C2/C1 = 1 — (removal efficiency/100).]

Minutes required for
Air Changes removal efficiency of
per Hour 90% 99% 99.9%
1 138 276 414
2 69 138 207
3 46 92 138
4 35 69 104
5 28 55 83
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Minutes required for Minutes required for
Air Changes removal efficiency of Air Changes removal efficiency of
per Hour 90% | 99% | 99.9% per Hour 0% | 99% | 99.9%
6 23 46 69 15 9 18 28
7 20 39 59 16 9 17 26
8 17 35 52 17 8 16 24
9 15 31 46 18 8 15 23
10 14 28 41 19 7 15 22
11 13 25 38 20 7 14 21
12 12 23 35 25 6 11 17
14 10 20 30 30 5 9 14
35 4 8 12
40 3 7 10
45 3 6 9
50 3 6 8

fi.1: Centers for Disease Control and Prevention, Federal Register 58 9195, 52809, 1993

2.4 Atz temruanaMNeIMaMaluTiowda
2.4.1 NMasIuMsliveimeas iyuieu luan U1 LIavoIdNIALIAINTTUILU U
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masgiumsdsuoimatasnyuieuluaniune1u1aved ASHRAE Standard 170-
2017 Ventilation of health care facilities llﬁjﬂa'1’JlﬁEJTJﬁ"]Jﬂﬁ‘Li”I’E)ﬁWﬁﬂ”IEJiJE’JﬂﬂJﬂ% N133VY

o1 wazgdoivualasdiuluaeg ¥ luszuulSueimasisdsluaisen 2.6
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All Room
Air Air
Pressure
Minimum Exhausted | Recirculated Design Design
Relationship Minimum
Function of Space Outdoor Directly by-Mean of Relative Temperature
to Adjacent Total ach
ach to Room Humidity(k),% (1),°F/ °C
Area (n)
Outdoor Unit(a)
()

Surgery and Critical Care
Critical and intensive care NR 2 6 NR No 30-60 70-75/21-24
Delivery room

Positive 4 20 NR No 20-60 68-75/20-24
(Caesarean)(m),(0)
Emergency department

Negative 2 12 Yes No NR NR
decontamination
Emergency department

NR 2 6 NR NR Max 60 70-75/21-24

exam/treatment room (p)
Emergency department public

Negative 2 12 Yes(q) NR Max 65 70-75/21-24
waiting area
Intermediate care (s) NR 2 6 NR No Max 60 70-75/21/24
Laser eye room Positive 3 15 NR No 20-60 70-75/21/24
Medical/anesthesia gas storage

Negative NR 8 Yes NR NR NR
(1)
Newborn intensive care Positive 2 6 NR No 30-60 72-78/22-26
Operating room (m),(0) Positive 4 20 NR No 20-60 68-75/20-24
Operating/Surgical cystoscopic

Positive 4 20 NR No 20-60 68-75/20-24
room (m),(0)
Procedure room (0),(d) Positive 3 15 NR No 20-60 70-75/21-24
Radiology waiting rooms Negative 2 12 Yes(q),(w) NR Max60 70-75/21-24
Recovery room NR 2 6 NR No 20-60 70-75/21-24
Sub sterile service area NR 2 6 NR No NR NR
Trauma room (crisis or shock)(c

Positive 3 15 NR No 20-60 70-75/21-24
)
Treatment room (p) NR 2 6 NR NR 20-60 70-75/21-24
Triage Negative 2 12 Yes(q) NR Max60 70-75/21-24
Wound intensive care (burn

NR 2 6 NR No 40-60 70-75/21-24

unit)

31: American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE 170-
2017)
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2.4.2 nastoHuANEINUANUTZ IR BINIAN
J o { v 1w a T @
nasiTe MM UANINUANNTZD1ARBIHIAR FHAVDI Cleanroom HINAWANHYE
3 . . . Y d9 9o a
1151491111 Biological Cleanroom 11 udeaazo1an 14 ugad1MnIsun1sHaAY
9y a wAa Y a A Y LY zﬂl = Li’ a A (%
#oulfiamsnediudiine vewrhda ivearuguilimanieuuniite anuaueimely
v ) ' v Yy 9 A v agq Y2 Y 9y A D)
#oerzdesganinnuauemaiestiufes etfeenuilidsanilsnaniestiafios lnar
9
gWosazen muNIATEIY ISO 14644-1 rupnuz 1dvoridn ogluszauduvesiosdzein
[=N = o =Y (Y] A [l [
T3i1fu 180 Class-7 Fadmualdioyninvmamidunioluanii o.s lulaswasuas s
1 a 1 J a
luTaswas wvavasslueimald lumu 352,000 1az 2,930 synAABgNUIRNINAT IAES19D

=
ATTNN 2.7

Y J o 12 Y 1w Y Y 1w 1
ﬂ1‘§1\‘iﬁ 2.7 INUNTINTUHDINIAANINTITU ISO 14644-1 Lﬁuauuﬂwwmmsém agslu

Y
izﬂuwmmﬁ’mﬁzmﬂ"lumu ISO Class-7

Selected airborne particulate cleanliness classes for cleanrooms and clean zones (ISO 14644-

1:2015)
Maximum concentration limits (particles/m3 of air) for particles equal to
150 and larger than the sizes shown below
classification
0.1 pm 0.2 pm 0.3 pm 0.5 pm 1 pum 5 pm

ISO Class 1 10 2
ISO Class 2 100 24 10 4
ISO Class 3 1,000 237 102 35 8
ISO Class 4 10,000 2,370 1,020 352 83
ISO Class 5 100,000 23,700 10,200 3,520 832 29
ISO Class 6 1,000,000 | 237,000 102,000 35,200 8,320 293
ISO Class 7 352,000 83,200 2,930
ISO Class 8 3,520,000 832,000 29,300
ISO Class 9 35,200,000 | 8,320,000 293,000

an: UINT31U ISO 14644-1:2015
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9ANTTEHINY TN 78N1TUINIII1U (The International Organization for Standardization;
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1SO), ISO 14644-1 Tag¥in13A5193AMNEA1INT 19911 Occupancy State 1A891ANTANY
v 9 1w Yo 9 @
ﬂ15ﬁ53ﬂ3ﬂﬂ1ﬂmﬂ17‘lﬂ1ﬂ’lﬁ mﬂuwmmm OR3 hl@ﬂ1ﬁuﬂ11’iﬁﬂ’lﬁ@i'ﬁ]i]ﬂuﬂll At —rest
o a9 (awa A g Jd Y 1w Y Y
m’mmiﬂﬂuluu@ﬂg‘ummmﬂuuammmumwﬂagmﬂuwmwmﬂ UDNHOININA VUL Off
)
Air Handling Unit 146 RUN Air Handling Unit N194LUY Positive Pressure 4l01s Negative Pressure

Tagiiinsasavialuiui 11 Tuaw 2565 uag s ww1BU 2565 NHOAAROINUNOBHHANNS
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aruaumsaate lulsaneiuia TaslimsSunuairanisasiaiannududuresoynini

uyIuaeslue 1M A3ITAULY At — rest HOIHIAA OR3 LU Off Air Handling Unit nousa
Y v
LU (P+) Positive Pressure 108%11113A5797A9A02 2 AT MudpiiMuaNeInuITnadoy

AIMNIATYIU ISO 14644-1 aaiuaaalumsned 4.1 Daa1s1en 4.4
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M13197 4.1 Naﬂﬁﬂﬁ’]%ﬁjﬂﬂ’ﬂuL"’IS]JJJGISIIHGUE’J\‘]@Hﬂ"lﬂ‘ﬁll,‘ll"]ua@ﬂaluﬂ"lﬂ'lﬁ A39IAUUY At — rest

Wor1AA OR3 LU Off Air Handling Unit neWIALLY (P+) Positive Pressure

mamduduveseymaii wvavaseluenieiifald (Particlesim’) (Off
Air Handling Unit) AOUIALLL (P+) Positive Pressure
igﬂ@li’m"i'ﬂ Particle Size Particle Particle Size Particle Result
5 Um Cleanliness 0.5 lm Cleanliness
. . Class Limit .. .. Class Limit
asant | asen2 <530 adanl asan2 < i
Pos 1 13,851 8,833 2,930 1,893,533 1,937,173 352,000 Fail
Pos 2 7,561 6,254 2,930 1,711,554 1,654,346 352,000 Fail
Pos 3 6,890 5,795 2,930 1,601,731 1,586,784 352,000 Fail
Pos 4 9,893 7,455 2,930 2,006,007 2,005,088 352,000 Fail
Pos 5 11,095 8,869 2,930 2,163,922 2,109,788 352,000 Fail
Pos 6 6,678 7,667 2,930 1,840,812 1,873,250 352,000 Fail
Pos 7 10,000 9,787 2,930 1,862,155 1,818,798 352,000 Fail
Pos 8 7,279 6,855 2,930 1,941,872 1,883,250 352,000 Fail
Corridor External ( 34,346 19,328 - 3,219,328 3,209,399 - -
Pos 9)
Corridor External ( 57,102 | 55,901 - 4,419,964 4,479,046 - -
Pos 10)

MnwanIsasIvianNududuvesoynainIuaselue I AT TANUD At -
rest M8 lupaMIAR OR3 ULV OfF Air Handling Unit ROUIALLY (P+) Positive Pressure WU
' Y 9 A Ao yyd 4 . .
aanududuvosoyman nvruasylueinianda la iy Nuua Particle Size 5 m uaz

g’/ 1A 14 { T W 1
Particle Size 0.5 Pm HuTAUAUINUANIATFIV ISO 14644-1 Mauouuz 1idorian oglu
v & 1 a ] Y 4 @ [ PR

FZAUFUVOINOIAZ01A 111AU ISO Class-7 19 2 ATINATIVIA uag TUHINUHING 8 0

@ < 1 @ §
@32939 uaziMsnuA1 LYY Run Air Handling Unit (P+) Positive Pressure A90115197 4.2
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A151ah 4.2 WaﬂTi@]3’3%'Slﬂﬂ’J']3JlflslliJGﬁjusll@Q@Eﬂ1ﬂ“ﬁ!ﬂl’3ua681u®1ﬂ1ﬁ A30IAUVY At — rest

HoIr1da OR3 11U Run Air Handling Unit (P+) Positive Pressure

manudutuveseymai uvavaselueinieiifald (Particles/m’) (Run
Air Handling Unit) (P+) Positive Pressure
igﬂ@li’m"i'ﬂ Particle Size Particle Particle Size Particle Result
5 Um Cleanliness 0.5 lm Cleanliness
. . Class Limit .. .. Class Limit
asant | asen2 <530 adanl asan2 < i
Pos 1 2,261 1,095 2,930 9,045 4,346 352,000 Pass
Pos 2 1,625 812 2,930 16,643 9,081 352,000 Pass
Pos 3 1,024 600 2,930 12,968 10,247 352,000 Pass
Pos 4 989 318 2,930 5,830 2,932 352,000 Pass
Pos 5 0 106 2,930 5,088 18,445 352,000 Pass
Pos 6 2,049 671 2,930 10,141 4,558 352,000 Pass
Pos 7 883 388 2,930 3,886 2,579 352,000 Pass
Pos 8 636 141 2,930 3,180 1,484 352,000 Pass
Corridor External (| 34,346 | 19,328 - 3,219,328 3,209,399 - -
Pos 9)
Corridor External ( 57,102 | 55,901 - 4,419,964 4,479,046 - -
Pos 10)

MnHanIsasIvIaANUITuTUYeeyMaiuIuanelueINIA ATIVTALLY At -
rest mﬂ“luﬁ’m W1AA OR3 11UV Run Air Handling Unit (P+) Positive Pressure SRR R REY
Y 9 A Ao yuyd A . . . .
Wuduvesoymai uyrnasslueimena laiu fuuia Particle Size 5 Jm 118 Particle Size
g’/ v ] 14 { LY 1 [ g’/
0.5 Um wudieglunaainiasgiu 1S0 14644-1 Moz Iidosida ogluszanauves
1 a ) Yy 4 @ ' ¥ [ =} 1
#09az019 l4tA Y ISO Class-7 119 2 ATINATIVIA HIUNT 8 9AATIVTA LaziMIINVA WD Off

Air Handling Unit noUIALLL (P-) Negative Pressure AINTNN 4.3
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M13197 4.3 Naﬂﬁﬂﬁ’]%ﬁjﬂﬂ’ﬂuL"’IS]JJJGISIIHGUE’J\‘]@Hﬂ"lﬂ‘ﬁll,‘ll"]ua@ﬂaluﬂ"lﬂ'lﬁ A39IAUUY At — rest

oA OR3 1111 OfF Air Handling Unit AOUIALUL (P-) Negative Pressure

Fhﬂmmi’fiﬂ’fmjmmgmﬂﬁ uvvaeelueImMaiiiald (Particles/m’) Off
Air Handling Unit nNOUIALLI (P-) Negative Pressure
ﬁ!ﬂ@li?ﬁ]’?ﬂ Particle Size Particle Particle Size Particle Result
5 Um Cleanliness 0.5 Um Cleanliness
. . Class Limit ) . Class Limit
AgaN1 ATan2 <560 adanl adan2 < 2
Pos 1 7,915 7,455 2,930 1,931,660 1,944,876 352,000 Fail
Pos 2 6,431 6,925 2,930 1,708,445 1,700,318 352,000 Fail
Pos 3 5,689 4,805 2,930 1,611,554 1,700,636 352,000 Fail
Pos 4 8,056 7,349 2,930 2,032,120 2,021,696 352,000 Fail
Pos 5 9,399 8,127 2,930 2,113,781 2,112,120 352,000 Fail
Pos 6 6,254 7,950 2,930 1,981,378 2,013,321 352,000 Fail
Pos 7 8,692 7,385 2,930 1,869,222 1,836,360 352,000 Fail
Pos 8 6,501 5,901 2,930 1,771,978 1,820,353 352,000 Fail
Corridor External (| 18374 | 16,607 - 3,134275 | 3,086,678 - -
Pos 9)
Corridor External ( 100,600 41,024 - 5,047,314 3,724,841 - -
Pos 10)

MInWan1IAsIvIanNudutuvesoynIaiuYIuasylue 1IN ATIITANDY At -
rest 181U 09r1AA OR3 1LY Off Air Handling Unit AU IALUY (P-) Negative Pressure WU
' Y 9 A Ao ywd A . .
Annuduiuyesoymai uviuasslueinianialatu Nvuia Particle Size 5 Um 1ag

2 1A 14 { 1w '
Particle Size 0.5 Pm HulAuAUNUHNIATYIV ISO 14644-1 Miausuuz Iidoriian oglu
o g’/ 1 a 2‘, g‘/ 4 o T J g’/

FEAUTUV0IRBITz 010 1AL 1SO Class-7 119 2 A59NATI979 waz Tudumuaing s 9a

o { ] J @ {
A352930 1AgNUNMSINUAUY Run Air Handling Unit (P-) Negative Pressure 9011519 4.4
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M13197 4.4 Wﬁfﬂﬁ@]3’Jﬂ’Slﬂﬂ’?ﬂm‘lgl}llSIQJ}L!‘Uﬂﬁﬂlgﬂ?ﬂﬁl!ﬂl’ll!ﬁﬂﬂiﬂ@?ﬂWﬁ ATIVIALUVY At — rest

Hoarda ORS3 11UV Run Air Handling Unit (P-) Negative Pressure

ﬁ1ﬂ31n1ﬂ7uﬂ7mlmmgmﬂﬁ uvuaeelue i ia 14 (Particles/m’) Run
Air Handling Unit (P-) Negative Pressure
ﬂﬂ@li?ﬁﬁﬂ Particle Size Particle Particle Size Particle Result
5 Um Cleanliness 0.5 Um Cleanliness
. . Class Limit ) . Class Limit
AgaN1 ATan2 <560 adanl adan2 < 2
Pos 1 2,045 565 2,930 119,752 85,229 352,000 Pass
Pos 2 706 141 2,930 88,197 37,349 352,000 Pass
Pos 3 600 424 2,930 135,123 79,681 352,000 Pass
Pos 4 212 282 2,930 99,010 91,024 352,000 Pass
Pos 5 706 70 2,930 167,632 34,098 352,000 Pass
Pos 6 812 989 2,930 145,265 190,141 352,000 Pass
Pos 7 742 1342 2,930 111,837 240,636 352,000 Pass
Pos 8 2,473 918 2,930 226,678 156,325 352,000 Pass
Corridor External ( 18,374 16,607 - 3,134,275 3,086,678 - -
Pos 9)
Corridor External ( 100,600 41,024 - 5,047,314 3,724,841 - -
Pos 10)

NIHANITATIVIAANNANTUVeseYNIANLYIUas Tue NI ATV TALLIY At —
rest 118 1UK09/1AA OR3 LUV Run Air Handling Unit (P-) Negative Pressure WL31A1A21%
Y 9 A Ao yyd A . . . .
utduveseynai uyvvasslueimanialauu Avuia Particle Size 5 m 118 Particle Size

g}/ 1 ] o § 1T W 1 @ g}/
0.5 Um wudiseglunasiniasgiu 180 14644-1 ez Iidedida ogluszanauves

9 9 H 9

Wodze1a [ I1SO Class-7 119 2 ATINATIVTA AT 8 9AATIV TR LANUIIIETIAIAN
Yy 9 A Ao Y g . . 2 1
g uresoyman wuuasslueimanialdiu Taemwizvuia Particle Size 5 [m HUIZA
mmz%’mﬁ'uqm’jw 01U 1LUYU Run Air Handling Unit (P+) Positive Pressure GEE I REI GG
o =} ' Yy 9 A 491 A o [
mMsasvdanfTeumey manuauduyeeyMantYINasy U INIA T1ENUNATIVIA A
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Corridor 4,419.964

\

1,601,731 1,711,554 1,893,533
2,006,007
,006, 2,163,922 1,840,812

i

1,862,155 1,941,872

L 1S

=

Corridor 3.219.328

Y H
“rsi}EN WIAA OR3 (Off Air Handling Unit)ﬂi\ﬂ?l 1

Corridor 4.479.046
CoRGES 1,654,346 1937173
2
AR 2,109,788 LD
1,818,798 1,883,250
i

|

Corridor 3.209.399

9 v
W OIHIAA OR3 (Off Air Handling UniA5 a2

Corridor 4.419.964

y

12,968

16,643

\

9,045

5,830

5,088

[

10,141

3,886

N

3,180

=

Corridor 3,219,328

1

Corridor 4,479,046

10,247

9,081

\

4,346

2,932

18,445

4,558

2,579

A

1,484

A

/

L/

Corridor 3,209.399

56

Y v
1(3?}6\1 W1$19 OR3 (Run Air Handling Unit) (P+)ﬂ§\1°ﬁ 1

Y v
WOIHIAA OR3 (Run Air Handling Unit) (PH)A5 4912
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0.5 Um 3014 (Particles/m3) A5991 Az a3eN2 meluneuon Ao da OR3 11U (Off/Run

Air Handling Unit (P+)Positive Pressure
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MnranIasIvianfiouiien manududuveseymaiuuiuasslueinis vua
H v H kS H
0.5 Um 70’14 (Particles/m’) A39N1 1oz AT9N2 nelunieuon #osr1da OR3 U (OffRun

Air Handling Unit (P+)Positive Pressure WU W Auaassauduiuvesoynn luudazya
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1,611,554 1,708,445 1,931,660 135,123 88,197 119,752

(]

99,010 145,265

2,032,120 2,113,781 1,981,378 167,632

111,837 226,678

Corridor 3.134,275 Corridor 3,134,275

v H Y 1
ﬁ)ﬂﬂ W99 OR3 (Off Air Handling Unit) (P-)ﬂﬁﬂﬁ 1 1(9?}6\1 W1$19 OR3 (Run Air Handling Unit) (P-)ﬂiﬂ‘ﬁ 1

Corridor 3,724.841 Corridor 3,724,841
1,700,636 1,700,318 1,944,876 79,681 37,349 85,229
N .IE
91,024 190,141
2,021,696 4 \
2,112,120 2L 34,098
1,836,360 1,820,353 240,636 156,325
. 1]
11 H

= LA

Corridor 3,086,678 Corridor 3,086,678

Y H Y v
WOIHIAA OR3 (Off Air Handling Unit) (P)ASIN2  1OIWIAA OR3 (Run Air Handling Unif) (P-)A5 9912
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ﬂ]Wﬁ 4.2 ﬂ'lWWﬁﬂ'lﬁﬂﬁ'Jﬂ'sjﬂllﬁﬂﬂlﬁﬂU ?hﬂ'J']iJLGlgljiJelallusll@\iﬂuﬂ']ﬂﬁLLﬂl'Juﬁ@ﬂslu?nﬂ'lﬁ VYUIA
A R . y 4 y 4 ) o
7N 0.5 |.lm 'Jﬂblﬂ (Particles/m3) ATIN1 LA ATIN2 ﬂ'lflcluﬂ'lﬂu@ﬂ UOINIANA OR3 LU

(Off/Run Air Handling Unit ) (P-)Negative Pressure

MnranIasIvianfiouiien manududuveseymaiuuiuasslueinis vua
H 9 4 9 H
0.5 m 3014 (Particles/m3) A5991 taz a3eN2 neluneuen Hodrda OR3 1Y (OffRun
Air Handling Unit (P-)Negative Pressure WU wludassnnuinduvesoynn Tuudazya
Y H v
nulianuinnuuanaiuuazgaAnusIIumMANUITUT LY YNIA gaganu T
Y Y Vo R 9 T W v = ~ dy Yy

Uszgu100NVU0IH0INIAATINIT AT BIMIAALIIAUa LN Ton a e 1NN1eUDNILIF 1IN
v o gy A ' Y v = =
moludesrdald Tashil namuaas manududuveseymaiuvivasslueime vinai

5 Um 1014 (Particles/m3) nelunieuoniosrida aaniwi 4.3

wan¥eal < Turea(nanariod) ) 1 won
B Particle Count Size 5 um (niii1) B Particle Count Size 5 um (pfsii2) F=
<&
=
ol
(o]
<
o
2
oM
0
o~
o i 0
[e)] o
i Q I Q S~
O — o o 0 o3 ~ S o
‘I S8 3% g8 2% gd8 88 g% RE
I N o © 5 ~ o™~ ~ o
EETEETEE R IBETRN I BET
N N Vv ” ™ % © A % N
D) O S S 5 5 5 5 S N
Qo") QO QO QO Q0 QO QO QO QO O‘j
o N
\QO OQ*
Q
< N
OQ~ Qg\
(@) (JO

Mnd 43 nsluaas AT uveseynainvIvaselueinia yuiah 5 tm a’la

(Particles/m3) n1eluniguen HOINAA OR3 Off Air Handling Unit (P+)Positive Pressure

A ' Yy 9 ~ A o
%'lﬂﬂiﬁ/\l‘l/lllﬂﬂ\? ‘?nﬂ')']1]!,"llllellu"llf]QﬂuﬂTﬂﬂ!l‘lﬂuﬁﬂﬂiuﬂWﬂ’]ﬁ VYUIAN 5 lJ.m 9
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k4
4.1.2 HaNIIIAYUNHY mm%u
Tae81399998MHUA American Society of Heating, Refrigerating and Air Conditioning
Engineers (ASHRAE 170-2017) 198117150339 5a010@0192n13 14913 Occupancy State 1ag
= Y] 9 Y Y o YA [
INNITANHINITATIVIAAIAUNINDINA ﬂWfJGlu‘ﬁ@QWW]ﬂ OR3 Ulﬂﬂ?ﬁuﬂﬂlﬁuﬂﬁ@ﬁ’lﬂﬂﬂlmﬂ
[ a9 (aova A S Y] [ Y (Y
At —rest @Ii’)%’)ﬂiﬂﬂllilll@‘IJ{]‘UGNTL!“VIL'IJL!‘]JQﬂa']ﬂTVINLLWﬂﬂ@gﬂ?ﬂﬁluﬁ@\iw}ﬂﬂ HONUDINIAA
v
Ve Off Air Handling Unit {11 RUN Air Handling Unit 19111 Positive Pressure 18& Negative
Pressure 1081113052930 TUIUN 11 TUIAN 2565 1AL 5 1WHIBU 2565 TAINANITATIVIAAY

A = A
ATTNN 4.5 DI AT NN 4.8

v k4
o a @ Y 1w
ﬂ"l‘é]x‘i‘ﬁ 4.5 WAaN1IAIIVIAYUNHY ﬂ')'liJ"]ﬂf‘L! M3IIALLDY At —rest Meluneuen Heraa

OR3 11U Off Air Handling Unit (P+) Positive Pressure

Specification Result
Temperature Humidity Temperature Humidity
9AN3779A () (%RH) () (%RH) Result
Min | Max Min | Max aseit | afaiz | afain | e

Pos 1 20 24 40 60 234 | 234 | 572 | 57.0 Pass

Pos 2 20 24 40 60 23.6 | 23.6 | 569 | 57.1 Pass

Pos 3 20 24 40 60 237 | 23.7 | 572 | 57.0 Pass

Pos 4 20 24 40 60 238 | 23.7 | 576 | 575 Pass

Pos 5 20 24 40 60 238 | 238 57.8 | 58.4 Pass

Pos 6 20 24 40 60 238 | 238 574 | 573 Pass

Pos 7 20 24 40 60 239 | 238 587 | 58.4 Pass

Pos 8 20 24 40 60 239 | 239 | 58.1 57.5 Pass
Corridor External ( Pos 9) - - - - 242 24.4 69.8 70.1 -
Corridor External ( Pos 10) - , . - 254 | 256 | 714 | 730 -

F
VINWANITATIVNIAYUNHY mm%u ATIVIALLDL At —rest ﬂ'lEJGI,HﬂWEJLlf]ﬂ ‘1(9?}’8')\1
9 k4 1
W191A OR3 (LU Off Air Handling Unit (P+) Positive Pressure WUNVIAYUN DY ANUFU N
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v ;4
15199 4.6 WaNI13ATIVINYUNHY ﬂ’JHJEIﬂﬂ! #1339ALUD At —rest maium&umﬁ’mmm

OR3 Run Air Handling Unit (P+)Positive Pressure

Specification Result
Temperature Humidity Temperature Humidity
19a3797R ©) (%RH) : ©) ) Result
Min | Max Min | Max adait | afeiz | afeii | e

Pos 1 20 24 40 60 21.8 | 219 | 58.0 | 57.8 Pass

Pos 2 20 24 40 60 21.8 | 21.7 | 58.1 57.8 Pass

Pos 3 20 24 40 60 21.7 | 21.7 | 583 58.4 Pass

Pos 4 20 24 40 60 21.6 | 214 | 58.1 58.3 Pass

Pos 5 20 24 40 60 204 | 20.1 62.1 | 63.1 Fail

Pos 6 20 24 40 60 20.6 | 20.7 | 604 | 61.6 Fail

Pos 7 20 24 40 60 20.8 | 20.8 62.3 | 62.2 Fail

Pos 8 20 24 40 60 239 | 21.0 | 61.6 | 614 Fail
Corridor External ( Pos 9) - - - - 24.2 243 69.8 70.2 -
Corridor External ( Pos 10) - - - - 253 | 254 | 724 | 720 -

P4
ﬂWﬂWﬁﬂWi@i’J*ﬂ’TﬂqmﬂﬂuﬂJ mm%u ASIAUVY At —rest Meluniguen “rﬁi}EN
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v ;4
A1ah 4.7 WaN13AIIVNINYUHHU mm%u NTIVNIALUVY At —rest )ﬂ?ﬂﬁluﬂT&JufJﬂ ‘VgiIE]\‘lN"Iﬁﬂ

OR3 Off Air Handling Unit (P-)Negative Pressure

Specification Result
Temperature Humidity Temperature Humidity
9A73799A (©) (%RH) () (%RH) Result
Min | Max Min | Max adait | afeiz | afeii | e

Pos 1 20 24 40 60 239 | 239 | 572 | 575 Pass

Pos 2 20 24 40 60 238 | 23.8 | 574 | 575 Pass

Pos 3 20 24 40 60 238 | 239 | 569 | 57.0 Pass

Pos 4 20 24 40 60 240 | 24.1 57.1 57.4 Pass

Pos 5 20 24 40 60 239 | 239 | 573 | 573 Pass

Pos 6 20 24 40 60 239 | 239 | 572 | 569 Pass

Pos 7 20 24 40 60 24.1 240 | 572 | 595 Pass

Pos 8 20 24 40 60 239 | 240 | 59.6 | 59.1 Pass
Corridor External ( Pos 9) - - - - 24.4 24.6 69.8 71.1 -
Corridor External ( Pos 10) - - - - 252 | 251 | 714 | 73.1 -

P4
ﬂWﬂWﬁﬂWi@i’J*ﬂ’TﬂqmﬂﬂuﬂJ mm%u ASIAUVY At —rest Meluniguen “rﬁi}EN
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A15191 4.8 WaNI13ATIVINYUNHY ﬂ’JHJEIﬂﬂ! ATIVIAUVY At —rest n1glumeuon ﬁ’mmm

OR3 Run Air Handling Unit (P-)Negative Pressure

Specification Result
Temperature Humidity Temperature Humidity
19a3797R ©) (%RH) : ©) ) Result
Min | Max Min | Max adait | afeiz | afeii | e
Pos 1 20 24 40 60 24.4 24.1 52.8 52.7 Pass
Pos 2 20 24 40 60 238 | 239 | 53.5 | 54.0 Pass
Pos 3 20 24 40 60 23.6 | 234 | 543 | 547 Pass
Pos 4 20 24 40 60 23.1 232 | 55.7 | 55.8 Pass
Pos 5 20 24 40 60 23.1 228 | 564 | 56.1 Pass
Pos 6 20 24 40 60 21.6 | 21.7 | 61.8 | 61.1 Fail
Pos 7 20 24 40 60 214 | 214 | 59.0 | 59.8 Pass
Pos 8 20 24 40 60 217 | 217 | 619 | 622 Fail
Corridor External ( Pos 9) - - - - 232 | 236 | 683 | 69.1
Corridor External ( Pos 10) - . . . 250 | 251 | 710 | 7209

P4
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A15197 4.9 HANTATIVIABATING LI (Air Flow) 5@51ﬂ1‘§ﬁ3§uﬁﬂu®]ﬂ'}ﬁ (Air

Change Rate) 91529 IAUDY At — rest HOIH1A A OR3 Run Air Handling Unit (P+) Positive

Pressure
Specification Result
Room Air SAG and HEPA Supply Air Flow Air
ﬂﬂﬁﬂﬁﬁ’ﬂ Volume Change CFM ﬂ%@‘ﬁl CFM ﬂ%ﬂ‘ﬁz Change
m) | ©yeleh | tem Size | SAG/ | Total | SAG/ | Total (Cycle/hr) Conclssion
1) HEPA HEPA aden | asedt
1 2
OR3 131.67 >20 Member 2'x 3 164 2,039 192 2,056 26.2 26.4 Pass

Diffuserl

Member 2'x 3 246 244

Diffuser2

Member 2x3 | 243 245

Diffuser3

Member 2'x 3 186 172

Diftuser4

Member 2'x 3' 182 182

Diftuser5

Member 2x3 | 175 188

Diffuser6

Member 2'x 3 255 247

Diftuser7

Member 2x3 | 238 253

Diffuser8

Member 2x3 | 170 163

Diffuser9

Member 2x3 | 180 170

Diftuser10

NANANTATIVIABATING IHavesema (Air Flow) 5&]51ﬂ131’iﬂ:‘luﬁlﬂuﬂiﬂ1ﬂ (Air

Change Rate) 915 9IALUL At — rest melurosrda OR3 Run Air Handling Unit (P+) Positive

v v 4 o { o [ ) [
Pressure WU31Naﬂg1uLﬂm°ﬂ‘ﬂj@ﬂiﬁuﬂLfd]EJ’Jﬂ‘]J'igiJTJ‘]Ji‘]_lf’]1ﬂ1ﬁllﬁ$1’il4UFJEJ‘L!’E)WﬂTﬂﬁﬁ/iTU

Y Y 1
#oIH19A (ASHRAE 170-2017) Taslia 111 20 ACH N4 2 ASIniinsaineia
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M15199 4.10 WAN1IATIVIABATING HaVeIDINIA (Air Flow) ’Eﬁjﬂﬁ"lﬂ'lﬁﬁiguﬁﬂU’f)"lﬂWﬂ (Air

Change Rate) #1329 IALVY At — rest HOIH1A A OR3 Run Air Handling Unit (P-)Negative

Pressure
Specification Result
Room Air SAG and HEPA Supply Air Flow Air
99AT9990 | Volume | Change CFM ndafi1 CFM ndai2 Change
m) | ©yeleh | tem Size SAG/ | Total | SAG/ | Total (Cycle/hr) .
1) HEPA HEPA aden | asedt
1 2
OR3 131.67 >20 Member 2'x 3 203 2,023 180 2,073 26.0 26.6 Pass

Diffuserl

Member 2'x 3" | 258 226

Diffuser2

Member 2'x 3 226 246

Diffuser3

Member 2'x 3' 164 176

Diftuser4

Member 2'x 3 177 190

Diftuser5

Member 2'x 3 158 178

Diffuser6

Member 2'x 3 265 256

Diftuser7

Member 2'x 3' 225 242

Diffuser8

Member 2'x 3 154 185

Diffuser9

Member 2'x 3 193 194

Diftuser10

MINHANITATIVIABATING 1MaUD901NE (Air Flow) DAFINTHYUAEUDINS (Air
Change Rate) 71329301111 At —rest Mo luro9rIdA OR3 Run Air Handling Unit (P-)Negative
Pressure wuimaagﬂummwﬁ'@ﬁmumﬁ'fnfﬁ"“usz‘uuﬂ%”ummmmzmguﬁﬂummﬂﬁm%u
Yoar1AA (ASHRAE 170-2017) Taefifufiundt 20 ACH 114 2 aaRitin1sa3195a uazsiing

v K

TUNNENI1NT TavoI0mMarI U9 1ean aanuaaalunIng 4.12 1ag AWN 4.13
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164 CFM 264 CFM r 192 CFM 244 CFM
243 CFM 186 CFM r 245 CFM 172 CFM
182 CEM 175 CEM r 182 CFM 188 CEM
255 CFM 238 CEM r 247 CFM 253 CFM
170 CFM 180 CFM 7—/ 163 CFM 170 CFM

9 H v H
Nﬁﬂ'liGli’ﬁ]@@li1ﬂ'liulﬂﬁell®ﬁ®1ﬂ'lﬁ ﬂi\i“ﬁl. N'ﬁﬂ15@5’)%’0@51ﬂ1511’iaﬂ1’0\1’01ﬂ1ﬁ ﬂi\?ﬁl

NN 412 MINHANITATINOATING 1MAaY090101# (Supply Air Flow) H1UgA 180

Membrane Diffuser 1-10 ﬁ)ﬂﬁmﬁﬂ OR3 Run Air Handling Unit (P+)Positive Pressure

MINWANTATIVOATING 1Mav0I0INIA (Supply Air Flow) H1UgAD18aN Membrane

Diffuser 1-10 ﬁ!’t’)\‘lwl”lﬁlﬂ OR3 Run Air Handling Unit (P+)Positive Pressure wunlunsaiaanann

Y Y
(% %

] Y Y v Y ]
NIMIATIIANT 10 W suannesnudeINsulaNuaiuaye IndiRgny 19 2 a3

d’d U
NUNITATIVIA
/1 /1

203 CFM 258 CFM r 180 CFM 226 CFM

226 CFM 164 CFM r 246 CFM 176 CFM

177 CFM 158 CFM r 190 CFM 178 CFM

265 CFM 225 CFM r 256 CFM 242 CFM

154 CFM 193 CFM " 185 CFM 194 CFM

o y A o ¥ A

Naﬂ”li@]i?ﬁ]ﬂ@]i”lﬂ"lillﬁaﬁllﬂﬁﬂ”lﬂ"lﬁ AIINI. Namsm:ﬁ]am1ms"l1»ia6ummmﬁ AIIN2.

NN 4.13 NMINHANITATINOATING 1MAaY090101# (Supply Air Flow) H1UgAT 180

Membrane Diffuser 1-10 194/ OR3 Run Air Handling Unit (P-)Negative Pressure
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INHANIATINOATING IMaV901N19 (Supply Air Flow) H1U3AT1081 Membrane
Diffuser 1-10 #09#1#A OR3 Run Air Handling Unit (P-)Negative Pressure wunlunsalaanan
v Y Y H Y v Y Y

NMIA51939M9 10 WeiuaviesnueInetuianuauane lndfeaiy 111 2 A
Ao v oA ' 9 4 2 [J . A Y 2

NUMITATI9I Uanuuanaadealo)Souneuny (P+)Positive Pressure 1aalin1n lnaines

nu Taglunsns197ans190A51M3 1nave99101# (Supply Air Flow) 1zdelianudidnae

Q d'

m3iaTaeld Hood Tun1sastaiarzdoesziinizian135 Inauos01maAvazas193a aai

uanalunni 4.1.4

/N 4.14 715A339TABATING LHAVDIDINA (Air Flow) el ﬁ}’f)\ﬂ?hﬁ’ﬂ OR3 lag 1304

MTIVADVISVUISVIDINIA (Modular Air Balancing Tool)

1ANMNATIVTAATINT IMaveI01n19 (Air Flow) melu ¥iear1da OR3 Tag
) v
lﬂ%‘ﬂﬂ@]i’mﬁﬂﬂ581|1J5$'1J18@"Iﬂ1ﬁ (Modular Air Balancing Tool) WUITLHINNITATIIUYU
Y v [ v
ﬂgﬁ}ﬂﬁﬁTﬂTi@ﬂﬁﬁﬁﬁﬂiﬂﬂ Hood uuiﬁﬁuwmm:mwammi:uuﬂiummmﬁamiaﬂwaﬁ
4 d‘ [ @
ﬁilll“3ﬂ!L‘Wﬂ‘ﬂﬂQﬂ‘Llﬂ"Iii'J%’TﬁﬂlﬂQﬂTﬂ"lﬁ
414 Wan13M53979 Room Pressure (Positive-Negative Pressure) i8¢ Differential
Pressure
Tagd198990fMMUA American Society of Heating, Refrigerating and Air Conditioning

Engineers (ASHRAE 170-2017) Ta#411132539300 10 @n19¢n13 14911 Occupancy State 1a@

19 J Y o YA o
mﬂmsﬁﬂmmmsamﬂmﬂmmwmmﬁ melurfearnda or3 Iémnua 1N sasnia
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[ a9 (aova A d d 1 Y 1w Y
HUY At - rest 952930 Tag liTdUR TRl nsmanwndegnieluiesiida uonioq
Y
W1aA Ye Off Air Handling Unit 48¢ RUN Air Handling Unit M1344U U Positive Pressure L4018
Negative Pressure 1A8¥11115052930 1 IUN 11 UUIAN 2565 1AL 5 IWHIOU 2565 TaslHan1s

A3293AA9 N UM 199 4.11

15199 4.11 WAN15A5397A Room Pressure (Positive-Negative Pressure) (8¢ Differential

@ Y Y]
Pressure $133373ALUY At — rest HOIWNINA OR3

Specification Result
Room Pressure Room Digital Manometer
difference Manometer Reading
0N39999 Reading
Test Result
Pa adafiiea) | aSafaea) | adeiiea | afaitaeea)

OR 3 (Door 1) (P+) >2.5 106 | 11.7 | 108 11.0 Pass
OR3 (Door2)(P+) | >25 14 | 104 | 111 10.9 Pass
OR3 (Door D) | > (-2.5) -432 | -415 | 2.6 | -25 Pass
OR3 (DoorD) () | > (-2.5) -431 | -418 | 25 | -25 Pass

INHANITATIVIA Room Pressure (Positive-Negative Pressure) ti@1g Differential
[ " W 1 1 4 o { o
Pressure A3293AUUD At —rest n1elunpIr1dn OR3 wuIwasglunusidoimuamnedny
9 v 1
szuvilSueimeazryuouoimead1iuioiidn (ASHRAE 170-2017) 919 2 ASINTINS
o v 9 o v a a Y LY A = 1 J U
as7930 Taglumsnidniadessziinsz lamsianlalszgiearda 1ieannlinansn1se1ua
Y v
anuauoImangluiosiida aunguindnmsniuaunsaayelulsineiuia Asiaag

Tun N 4.15
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MNA 4.15 MIATIVAOUTLVY Positive-Negative Pressure UDIHBIHIAA OR3 ATIAOUAA
114115 1112v03901017 (Directional airflow) Tae141AT04 Air Velocity & Indoor Air Quality

(IAQ) Meters NONATBUITZUL Positive-Negative Pressure 4181¢ Differential Pressure

INNINATIVIA Room Pressure (Positive-Negative Pressure) ba1¢ Differential
d‘ a a dl ] a é o a U dl 4‘
Pressure W‘]Jﬂiyﬁ%i@ﬂﬂTiﬂﬂ L‘]Jﬂﬂigﬁ]ﬂlluﬁu‘ﬂ“ﬁ\‘l’1]3?(11]15‘&ﬂ"ILHUﬂ"Iiﬁﬁ’Ji)ﬂTVIﬂ']ﬂlﬂaﬂu
Llag’fn"l]nlijuﬁﬂﬂwﬁﬂﬁ@]i’)ﬁ]’?ﬂ
I 1Y 1
4.1.5 Naﬂﬁlﬂ‘lﬁl’mfﬂx‘l"Qﬁ%WLL"\J’JHﬁBUiHBTﬂTﬂ
éﬁ\iaﬂﬂﬁlﬂfﬂi NIOSH Method 0800 Iﬂﬂﬁ?fﬂi@]iﬁli]’slﬂ@’l"liJfTﬂYJzﬂTislG]gf}\ﬂu
Occupancy State 1A8910N15ANEINITATIVIAAINUATNOINIA meluiosrinda OrR3 14

Smualiinizaseianun At rest asrnialas liidUfiaaudiduyaainsmamndeg
melurioarinda uenfieerdn vale Off Air Handling Unit 18 RUN Air Handling Unit Taoih
M3aT203a uSUA 5 mEou 2565 TABAT195A Total Bacteria Counts ,Total Fungi Counts 198
WmInT195a51191 3 A%e Aaaz 2 Faed1 &l aali1 asratanewdaszuy aded 2
As1IAraUTATZUVUTIAUDIN (P+H)Positive Pressure 20 W11 a%ail 3 asrnfanduilaszi
1159AUAY (P-)Negative Pressure 15 U1 Lﬁ'aﬁmamimaﬁmﬁﬂuﬁngﬂm«ﬁmmgmﬁﬁﬁw
$1%M1TAIMUA WU JA19g1uinaain1AT§1U Singapore Standard SS 554 : 2009 [Code of
Practice for Indoor Air Quality for Air Conditioned buildings] ta g Ltn M WUINT 914 Microbial

contamination limits in operating room : Dharan S, Pittet D. Environmental controls in operating

theatres: J Hosp Infect. 2002 Jun; 51(2):79-84. Burge HA, Feely JC et al. Guidelines for The
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Assessment of Bioaerosols in the Indoor Environment.Cincinnati, OH: American Conference of

Government Industrial Hygienists, 1989

Y <} o ] a o
ﬂ1’i1~'iﬁ 4.12 Nﬁ‘Mﬂﬂ"liLﬂ‘U@]'JfJfJ'Nﬂqﬁ%WLLGU’Juﬁ@ﬂﬂlufﬂfﬂﬁ f%INfNﬂaﬂﬂ']ﬁ NIOSH Method
o = a A X 3w ] =
0800 Llﬁﬂ\ﬁﬂu?uiﬂia‘LHJ@QLHJWV]L?EJLL@%L"]f’i]iﬁﬂﬂﬂﬁlﬂﬂ@]’mEJN@Q%WLL"’IJ’JHQ’E]EJiH’E]"Iﬂ1ﬁ

meluiearida OR3

Wan13 Wan13
a L4 a L4 a
. . el o IR | AR , wamanfSeuion
A1NUNITINTIVIN FUNATIVIA . , . L4 ATNINITFIU .
AU U AU U INUNVINTIIU
il 2
Total Bacteria count 228 224 500 CFU/m’* Pass
nowila AHU
Total Fungi count 30 30 500 CFU/m’* Pass
o A o 1 sk
WS lassUUUS IR Total Bacteria count 0 0 35CFU/m Pass
a
UINE) 193120 U Total Fungi count 0 0 15 CFU/m** Pass
o = o Total Bacteri FU/m’** P
naulase i Iy otal Bacteria count 0 2 35CFU/m ass
= N
au(-) 1381 15 UM Total Fungi count 2 1 15 CFU/m ** Pass

* Singapore Standard SS 554 : 2009 [Code of Practice for Indoor Air Quality for Air Conditioned
buildings]

**Dharan S, Pittet D. Environmental controls in operating theatres: J Hosp Infect. 2002 Jun;
51(2):79-84. Burge HA, Feely JC et al. Guidelines for The Assessment of Bioaerosols in the Indoor

Environment.Cincinnati, OH: American Conference of Government Industrial Hygienists, 1989

1< o 1 a o
MNRAMSINUAI98199aTNIIUae U INIA 819D9IHANN1T NIOSH Method 0800
o =~ == 3 <3 Y] [l =
waaId1uIu 1A TatvoauaNFonazires 191NN UAIDINYaFNIVIUADE I IMAN 18T
9y [ 1 1 a = o dy A A dy L% 1
NoIWIAA OR3 WUNOUAlA AHU UN1SHUT UMD U0IuUANToLaz %031 uadiag
4 . . . .
INUNUINTTIU Singapore Standard SS 554 : 2009 [Code of Practice for Indoor Air Quality for
Air Conditioned buildings] 1taz#aulaszUVUTIAUVING) 1781 20 UIN LazHaLYATEULY

[ U [ ] 4
UsAUavY(-) 1Ia1 1s U W']_ITJ”IﬂWEN’E)QGLuLﬂmCV]NW@iﬁiuMicrobial contamination limits in
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operating room : Dharan S, Pittet D. Environmental controls in operating theatres: J Hosp Infect.

2002 Jun; 51(2):79-8 SANNWA 4.16 D9 NN 4.18

OR3

Bacteria

neuila AHU

Nol.

d' =\ A dy A A a dy 49' <3 @ []
MNN 4.16 Tfﬂaummamﬂmiﬂazweimmstymﬂmuumummmﬂqwemﬂmimumamq

217 NoWA Air Handling Unit

° ~ A A X A a a 2 X
%’]ﬂwafl]'luquTﬂTaugll@\i!lllﬂ‘ﬂliﬁlaZL"]f@iTVlLfl]5f,LJWIUiﬁﬂufl]']u@']ﬁ’lilaﬂ\u(’]f@ﬂ']ﬂ

< @ ] ' a o i a { 1 1 a
M3INUA208199101A nowila Air Handling Unit wadaiinsnure lulSunanigeua luiny

500 CFU/m3 mmcﬁmmﬁm Singapore Standard SS 554 : 2009 Taglinaail A1 Total Bacteria

Y H 1 9 v v
count 93793AATIN1 BYN 228 CFU/M3 110 A399IAATIN2 0N 224 CFU/m3 1ag Total Fungi

o Y 4 VA o ¥ 4 1A <
count 95993AATIN1 8¢ 30 CFU/m3 tiag #5993AATIN2 8N 30 CFU/m3 Iaglin13iny

o T a < v A @ @
@]'Ji’]fﬂﬂiﬂf]fﬂilﬂﬂ Air Handling Unit LlaglﬂﬂNaﬁaﬂlﬂﬂﬁgﬂﬂlﬁﬂﬂuﬂﬂlﬂ(*-) 1301 20 mﬁ 12N

A
NINN 4.17
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OR3 Bacteria Fungi

Nol.

HautlaszuunsIau

1IN 1381 20 WA

No2.

~ = A A A a a 2 A 2 o '
MNN 4.17 Talatlvoauanioaz¥osnusgay InuuUeIMISReusIINMIINUAIDE1

21M# 1A Air Handling Unit #a91asguuusaauuiInG) 13a120 i

%'Iﬂwﬁﬂ'liT‘ﬂTﬁu"llEN!,l,llﬂ‘ﬂLiﬂﬁ$LG])'E]TW]H]EQJ,W]UIGIUH%'IH’EHW1§L€1ENL"BE]%'Iﬂﬂ'Ii
3 @ ] a v a o o
INUA2081991M17 1A Air Handling Unit 1agnaalassuuusauuIn(t) 13a1 20 U1 Hagadl
g = { 1 1 a 4
miwuL%aﬂluﬂimmﬁqum"lumu INUNNINTIIU Environmental controls in operating theatres
Guidelines for The Assessment of Bioaerosols in the Indoor Environment ttagwud1u2ula lail
A A X A g ~ o A . o ¥4 1A
VDU UANLTIASIYD T TNUBYUIN IﬂﬂiJNﬁ 3IU A1 Total Bacteria count 13399AAIINLLAL2 ogN
9 H [
0 CFU/m3 ag Total Fungi count 1599303397 1uaz2 8gh 0 CFU/m3 laswalnlallvea
a A ,3 A a a dy g 3 o [l ' a
LL‘Uﬂ“VILiElﬁgﬁL‘]f’é)ﬁTVI!fﬂﬁﬂluWI‘UIWU’L!%TL!’EJTPH?LEIENLGH@ﬂ1ﬂﬂ1§&ﬂﬂ§l’3@81\‘l’tﬂﬂ1ﬁ neua AHU

U A Ql 1 d' % dy
naulaszuuuIauaL ) uﬁmaqiumwm 4.18 AU
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OR3 Bacteria Fungi

Nol.

HauaszuuusIAu

AU(-) a1 15 UIN

No2.

d' = a A dy A a a dy dy <] @ v
NINN 4.18 TﬂTaummtmﬂmiﬂazweimmsmumﬂ@mumummmmwamﬂmim‘um@mq

2177 Rewla AHU vaatlaszuuuseauan(-) al 15 Wi

%'IﬂWﬁﬂ'liTﬂTﬁu"uENLLII‘?W]LiElﬁ$lﬂ)’ﬁ]i'l‘ﬂLi]iﬂlum‘i_liﬁlllu%'lu’éﬂﬁ1ilﬁENL"BE]%'Iﬂﬂ'Ii
3 o [l ) v o @
INUAI981991M A (1A Air Handling Unit laenautlassuuusaauuin(-) a1 15 uii wadall
¥ a2 { 1 1 a J J
miwm%ﬂluﬂimmﬁqum"lumummmmmgmmmmmmgm Environmental controls in
operating theatres Guidelines for The Assessment of Bioaerosols in the Indoor Environment 181 &
o a A A & A v a o A . o
WU%1H’JuIﬂIﬁu"IJENLL‘]JﬂVILiEJﬁ$L°])’E]51‘1/]HE]EJlI1ﬂ Tﬂsmwamu 1 Total Bacteria count 753976
9 H v 9 H v
AN 1az2 9gN 0 CFU/m3 uag 2 CFU/m3 1ag Total Fungi count 03793AA3IN 11a22 g 2
o = A A tg ~ 1A v
CFU/m3 11ag 1 CFU/m3 IﬂEJW']Jiﬂuﬁ]uiﬂiﬁuﬂ]i’)\‘lllﬂﬂﬂliﬂagﬁfﬂﬁ‘ﬂNWﬂﬂTl Waszuunsiau
=1 o A < o 1 ~ Y " v Y as
UIN(+H) 138120 UIN Iﬂﬂﬂ]tuuﬂWilﬂU@]’J@ﬂN"Qﬁ"]f‘WLLGIJ’Juﬁi’)EJGlHi’]"Iﬂ"IﬁGLHVT’OQN”Iﬁﬂﬂ'JfJ’JTJ

Volumetric Air Sampling AININN 4.19
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Y o A <3 Y ] [ Y A .
Mud 4.19 M3duiiumanualedegadnuiuaseluemaluiesdad1e9s Volumetric
. . Yo dy A a dy dy A )
Air Sampling 1%3a15uau¥0lue1naANannNIENUVUHIV090IMITRUFOINDATIVIATIUIU
2 Y v
oL UANITNIHUA (Total bacteria count) HALIININUA (Total fungi count) Tuerma Tagld

Lﬂ%@ﬂlﬁﬂﬁlﬂéN@TﬂWﬂ MAS-100 NT®

o A 1< o [ Y] A
MMIMIAniuNsIUAIeggatnuvIuaselusimaludosriidndlols

. . . Yo 1A & A a 2 A 4
Volumetric Air Sampling 153005 u1au%0 1uo1mMANANNTENULUHIVDIDINITIAUTOIND

9 9 v

A529323 U FOUANITONI1NA (Total bacteria count) 1AL I1NINUA (Total fungi count) 11

Y A <] @ l 1 1 I v & RPN
21M# 1aglHATeunUA198199171AH MAS-100 NT® Wy luszriamsinumdulunsaiila
FTUVLTIAULING) UATTTUVUTIAUAD(-) dzdpeaniiums lnsaduld PPE aaeaszeziial

MIAUUUNT

4.2 wamsanymsmInaeuilenlueina Airborne Contaminant Removal
1 1 o d o U a a o % % QI
AN Ndud S udseansnwmsfI9aUe9AINToIR NI 99.9% UDIT
Y
Judlouluorme (Minutes required for removal efficiencies of 99.9% of airborne contaminants)
$1999V01aUOLUZIN Centers for Disease Control and Prevention
MIHANITATIVIABATINITHYUAGUDINIA (Air Change Rate) Wudotauouy lu
@ A a @ Y Y] 1 A Y
msdhseeanudess lumsilaszuudsutazszuieemanisluriesiida neuisumsly
[ [ i1 ' 9
nunsesuhiheieae llediadosaunaiidivua (dea1519d 4.17) e ldasuileuly
Y 1 Y = a A 9 A
pmannneluiesszingeengneuen lasdlilsz@ninmgaga Taglauaasauaisian

4.13 1AZMTNN 4.15
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H ] {o o ) o Aa A o w o A
ﬂ'lﬁ'lﬁﬁ 4.13 ﬂ'llﬂﬁﬁEﬂ'llﬂuﬁ"lﬂﬁ‘ﬂ‘llﬁ%ﬁ“l/l‘ﬁﬂ'leﬂﬁﬂW%ﬂﬂlﬂQﬂﬁﬂﬁﬂ\ifﬂﬂWﬁ 99.9% VDI
9
Yuidoulue1n1d Run Air Handling Unit (P+) (Minutes required for removal efficiencies of

99.9% of airborne contaminants) 5 1994 6IQJ}@ LA UBLLUEI1N Centers for Disease Control and

Prevention
Minutes required for removal
Room Air Change per Hour efficiencies of 99.9% of airborne
contaminate
OR 3 (P+) 26 17

= 1 Ad o d& o [ a A o w o
namMsfeumeuaseaninsuludmsvlseansnunisminvesninseg
1 4
91017 99.9% voadsUuitoulue1n e Run Air Handling Unit (P+) (Minutes required for
removal efficiencies of 99.9% of airborne contaminants)W1U1191NOAT Air Change per Hour U894
9 o 3 1A o Y = [ o 1 9
Nowrdaty agi 26 ACH i lvaunsanfSsumeunuasanasgiuaingd lasleszezna
o w a "o & !

Tumsiivavans ldnmelunal 17 ni desdaninnuazeranionld Tasgannini 4.20

nanaaslSuaeymalueimsvesiosriida OR3

600000
511,484

500000 465355

. 400000
£
S~
3
S 300000 171,095
e
o Particle Count Size 5 pm
a 132,862
200000
Particle Count Size 0.5 um
40,070
100000 ey
14,169
5,088
2650 ]
0 3003 1095 706 176 35 06 —~ -
10:40  10:41  10:45 10:46  10:50  10:5110:55 10:5711:00

Time

d' =3 Y [ Y] = [ d'
MNN 4.20 ﬂiW\hLﬁ@\iﬂﬁJ1m€]1§ﬂ1ﬂﬁlu®1ﬂ1ﬁﬂlﬂﬂﬂﬂﬂw1ﬂ@ OR3 !lﬁﬂﬂlﬂ&lﬂﬂﬂi%&lgl’mﬁﬂ

5YUVITNMI9U Run Air Handling Unit (P+)Positive Pressure 91AU1AN 0 D4U1H7 20
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d' =3 Y LY
vnnsnaaslsuaeynialueiniAveIionIda OR3 1uga (Pos 5) Tay
WFeuNeuAUNAINTZ VLS UMY Run Air Handling Unit (P+)Positive Pressure 910U171% 0
= A 1 9 =1 ad Y o Y Aa oA U Yy Aa
29udif 20 wonlFszeznaniies s winansodhmsnaasazdfiaanuld Taedreda

NN 4.14

d' [ Y Y = [
1319 4.14 wammﬁa%mﬂ?mmwmﬂiummﬁmmwmmm OR3 (Pos 5) L‘LI%‘(’J’UW]?J‘Uﬂ‘U
NANTLUVIFTUINNY 10 Recovery mode U94N13 Run Air Handling Unit (P+)Positive Pressure

13U 11 VUIAY 2565 29987 10.40 — 11.00 U.

mmmtuduveseymail
LLT’Juaﬂﬂiummﬁﬁ Sa'le (Pos5) (Particles/mz) (Run Air Handling Unit)
E MR RN Particle Size Particle Particle Size Particle Result
5 Um Cleanliness 0.5 Um Cleanliness
Class Limit Class Limit
<2,930 < 352,000
10:40 2650 2,930 465,355 352,000 Fail
10:41 3003 2,930 511,484 352,000 Fail
10:45 1095 2,930 171,095 352,000 Pass
10:46 706 2,930 132,862 352,000 Pass
10:50 176 2,930 40,070 352,000 Pass
10:51 35 2,930 25,583 352,000 Pass
10:55 106 2,930 28,833 352,000 Pass
10:57 106 2,930 14,169 352,000 Pass
11:00 0 2,930 5,088 352,000 Pass

nananasialsuiaeynalueiniavesiesriida OR3 Tuga (Pos 5) Tag
1WSeufeun a1 NI LUV NRI9IU 150 Recovery mode UB4N15 Run Air Handling Unit
.. 1 dd’ = dd’ 1 9 9 d‘

(P+)Positive Pressure WU IUUINN 0 D3 W09 5 AnnmdnduvetaynIanuyIvaosy
91019 YUIA Particle Size 5 [m 11ag Particle Size 0.5 [m 325z uAMdNIUUDI0YNIALN
1 14 1 1T W [l o g’/ 1 Aa
FINUANUIATFIU ISO 14644-1 Mauouuz 1iderdn ogluszauduvesiosazern limu

& = (% a dy 1 % = v A

ISO Class-7 #99zinulasansuazaiuisoan len1adlun15Aa¥091nN1SHIAA FIG93
o v Jo 1 lo & o @ a a o w o A

ANNFNNUTOU MUANI T UE M UU5eFNTAIMNITAIIAVBIAINTBIDINIA 99.9% VDI

¥

Yuideulue1n1e Run Air Handling Unit (P+) (Minutes required for removal efficiencies of
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99.9% of airborne contaminants) ’5} 14949 5191) DIAUDLUULINN Centers for Disease Control and

. A o Y= v = o o A &
Prevention T]ﬂ']ﬁuﬂubﬂ 26 ACH GI:GIfL'Ja'I 17 um“lum’5mﬁmmﬂmﬂauclummﬁ

H ] {o o o o A A o w o A
ﬂ'lﬁ'lﬁﬁ 4.15 ﬂ'llﬂﬁﬁEﬂ'llﬂuﬁ"lﬁﬁ‘ﬂ‘llﬁ%ﬁ“l/l‘ﬁﬂ'lWﬂWﬁﬂW%ﬂéllﬂﬂﬂ?ﬂﬁ@\iﬂ'lfﬂﬁ 99.9% VDI
F
Yuitloulue1n1e Run Air Handling Unit (P-) Negative Pressure (Minutes required for removal
efficiencies 0f 99.9% of airborne contaminants) 69])1 3904 5{]’@ IFUBLLULITIN Centers for Disease

Control and Prevention

Minutes required for removal
Room Air Change per Hour efficiencies of 99.9% of airborne
contaminate
OR 3 (P-) 26 17

'
AaA o

namafSeumeumseanninsududmsulszaniammstdavesdinses
91017 99.9% m@a?}aﬂmﬁ@uiummﬁ Run Air Handling Unit (P-) Negative Pressure (Minutes
required for removal efficiencies of 99.9% of airborne contaminants)W1U3191NOAT1 Air Change
per Hour VoA @gj‘ﬁ 26 ACH M I enusonfSoufounua1s1anasgIuaanai
Tagldszeznarlumsmsanans ldnelunar 17 1 Hewhdantanuazeranionld oy

2NN 4.21 p3luaasSnaeymn

450000 442,487
400000
350000
300000
250000 AR
200000
90,565 167,632 Particle Count Size 5 um

150000 99,257

o angpm  CAs Particle Count Size 0.5 um
100000 51,484 4,91 34,008

Particles/m3

50000

0 2791 777 318 530 282 706 318 176 706 70

16:54 156:56 15:57 16:00 16:03 16:05 16:07 16:0816:13 16:15

Time

d' = Y [ Y] = [ d‘
MNN 4.21 ﬂiW\ILLﬁ@Qﬂ'ill1m®1§ﬂ1ﬂﬁlu®1ﬂ1ﬁﬂlﬂﬂﬂﬂﬁw1ﬁﬂ OR3 L‘]E'EJTJm&I‘Uﬂ‘]Ji%EJ%L’JﬁWﬂ

32UVENNNIU Run Air Handling Unit (P-) Negative Pressure NAUINAN 0 DIuIN 20
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d‘ a Y ] (%
vnnsnuaaslsuaeyninlueiniavodiodrida OR3 Tuga (Pos 5) Tag
1W5euNeUnUIAINTLUUITNYNIU Run Air Handling Unit (P-) Negative Pressure 910U1711 0
= Aa 1 9 = ag Y o T o A oA Y- Yy A
29udin 20 wonlFszeznaniies 2 nindunsaduimsidasazlinaula laes19da

NATN 4.16

d' [ Y [-Y = [
139N 4.16 wamwmmmﬁu1mmgmﬂ°lummﬁmmwmwmﬂ OR3 (Pos5) weuieuny

NAMTTVVIEURIY (Run Air Handling Unit) (P-) Tuduf 11 Tu1ay 2565 5290201 15:54 —

16:15 Y.
manuTutuvesoymai
LLT’Juaﬂﬂiummﬁﬁ’?ﬂvlﬁl (Pos5) (Particles/mz) (Run Air Handling Unit) (P-)

FNIZOIIAT Particle Size Particle Particle Size Particle Cleanliness Result

5 Um Cleanliness 0.5 Um Class Limit

Class Limit < 352,000

<2,930

15:54 2791 2,930 444,487 352,000 Fail
15:56 777 2,930 124,204 352,000 Pass
15:57 318 2,930 90,565 352,000 Pass
16:00 530 2,930 91,519 352,000 Pass
16:03 282 2,930 51,484 352,000 Pass
16:05 706 2,930 99,257 352,000 Pass
16:07 318 2,930 64,911 352,000 Pass
16:08 176 2,930 60,106 352,000 Pass
16:13 706 2,930 167,632 352,000 Pass
16:15 70 2,930 34,098 352,000 Pass

nananIasvialiuaeyninlueiniavesiosriida OR3 Tuga (Pos 5) Tag
SeuReunuNaINsLUVI3URI9IU 130 Recovery mode ¥89N15 Run Air Handling Unit (P-)
. ' AA = Aa ' Yy 9 =

Negative Pressure WU 1U1I0% 0 3 11919 2 manududuvesoyniaiuyIuaoslueinia
[ 1 I

YA Particle Size 5 [lm 1ag Particle Size 0.5 [m 9 H5zAUANMAINTUVDIO YNNG INUS

v Y
ATV ISO 14644-1 Maruenuz 1dorda agluszavasuvesiosazein linu 1SO Class-
& = [ a dy Y R v A [ @ d o
7 $aziinnuilaeansuazainisoan lomalunsaadeannsaan $9GINANNaTUNUTAY
1 Ado d ) o Aa a o w o A dy

AN UE S UYse@NTMNNITMIIAU0IAINTBI01NA 99.9% vosasudloulueina

Run Air Handling Unit (P-) (Minutes required for removal efficiencies of 99.9% of airborne
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contaminants) 5} 1994 5191) DIAUBUULDIN Centers for Disease Control and Prevention NH1H 1 ﬂul’i} 7

) ~ o o A4 & Ay a A
26 ACH 191721 17 uinlumsnwaasdudleulusimalasinorae9anisian 4.17

9197 4.17 mqsné’nﬁq%’@yjamﬂ #1319 Air Change Per Hour And Time in Minutes required

for removal efficiencies of 90,99.9% of airborne contaminants

CDC [This table is prepared according to the formula * t1= (In (C,/C,)/ (Q/V) x 60,
which is an adaptation of the formula for the rate of purging airborne contaminants with t, = O, and

C,/C,=1- (removal efficiency/100).]

Minutes required for removal Minutes required for removal
Air Changes efficiency of Air Changes efficiency of
per Hour 90% 99% 99.9% per Hour 90% 99% 99.9%
1 138 276 414 15 9 18 28
2 69 138 207 16 9 17 26
3 46 92 138 17 8 16 24
4 35 69 104 18 8 15 23
5 28 55 83 19 7 15 22
6 23 46 69 20 7 14 21
7 20 39 59 25 6 11 17
8 17 35 52 30 5 9 14
9 15 31 46 35 4 8 12
10 14 28 41 40 3 7 10
11 13 25 38 45 3 6 9
12 12 23 35 50 3 6 8
14 10 20 30

#31: Centers for Disease Control and Prevention, Federal Register 58 9195), 52809, October 12,

1993

4.3 agdwammsnsiaiagumneimameluviownda
9
HAN13ATIVIAAUNINOINIAR0IKHIAA OR3 N luN3al Off AHU 18 Run AHU

ﬁJfJ\WJ"]ﬁﬂ IIAUDINALLUY Positive Pressure (P+) uag lunsal Off AHU 1182 Run AHU ﬁ}’EN
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H1AA 1159AUBINALIUY Negative Pressure (P-) ﬁy’uwamﬁma%ﬁ”ﬂﬂmﬂwwawﬂwﬁagiugﬂmcﬁ
WINTTIY éqﬁaﬂﬂé’mmmqyﬁm%'ﬂmﬁmmumﬁaméaiuiﬂwfnma finaaaluais
agiwa 131497 4.18 a3Udran1InsI9IAAUAINDINIAROIHIAR OR 3 LY Positive Pressure
(P+) 1ag 13197 4.19 ajlnanan1snsnniaqunINeINIAR0IMIAR OR 3 1DU Negative

Pressure (P-)

M519h 4.18 a3UHaN3A5I9 TN INOINARBIHIAR OR 3 DY Positive Pressure (P+)

Operation Room OR3 Standard
Hepa Filter 10
Air pressure status Off AHU ﬂ%“’ Qﬁ 1 Off AHU ﬂ% 0‘17;2
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 <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 <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/m’ (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 [lm) Corridor 45,724 37,615 particles/m’

1NM15 19N 4.18 MIagUnansns19 AU INOINIARDIHIAR OR 3 LU Positive
Y Y v
Pressure (P+) W1 lunsasrvguaiwenianieluiesiiaans 2 a5 Feaudeiivus

v 9
LﬁEJ’Jﬂ']J’J%ﬂWTVIﬂﬁ@‘]JG]”IiJllW]iﬁTL! ISO 14644-1 wu'nmmcvfﬂmmwmmﬁuumummw‘f
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mmgmﬁzﬂ 2 ﬂ%y”ﬂ@ﬂﬁfhmmﬁ’fu%’ummmgmﬂ AU AN ADATINTHY U
91M1A ATIAUDINIA 0g lUNUANUIATFIU ASHRAE 170-2017 YDINTAIHOIHIAA waziile
Wieuifouiuagadnuuiuaselue1nAf Total Bacteria count A3 ANTaM 11az2 047 0
CFU/m3 ttag Total Fungi count ﬂi?ﬂﬁlﬂﬂéjiﬁ mag2 ’E)§J:ﬁ 0 CFU/m3 G'T}whummcﬁmmgm
Environmental controls in operating theatres Guidelines for The Assessment of Bio aerosols in the

P 9
Indoor Environment #3d0anaoin1anguiranmsniugumsamyelulsimeniia

M5190 4.19 a3Umanan13A5I9 TN INOINARBIHIAA OR 3 11 Negative Pressure (P-)

Operation Room OR3 Standard
Hepa Filter 10
Air pressure status Off AHU ﬂ%“’ Qﬁ 1 Off AHU ﬂé" 017;2
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 <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 <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 [lm) Internal 352,000 particles/m3 (ISO 14644-
1,877,517 136,687 1,893,710 114,310

1:2015)

Avg. Particle (5 \Um) Internal 2,930 particles/m’ (ISO 14644-
7,367 1,037 6,987 591

1:2015)
Avg. Particle (0.5 [km) Corridor 4,090,795 3,405,760 particles/m’
Avg. Particle (5 Um) Corridor 59,487 28,816 particles/m’

91NA15197 4.19 M3agUHanIsas19IanuN Mo INAREIAIAR OR 3 11U Negative

9 Y v
Pressure (P-) W1 lun1sasaagunIne1nanieluiosriianne 2 a5e Faaudotivua
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HeIFU3T MINATOUMUNIATTIU ISO 14644-1 wm'uﬂmcﬁﬂmmwmmﬁ&udmmmcﬁ
WIATFINING 2 ﬂg’qTﬂﬂﬁmmmﬁuﬁummaumﬂ AguUNYl A AONIINTHY UG
91017 ATIAUD1INA 0g lunaaiInTg1U ASHRAE 170-2017904n5 81 Hoei1da Lalin
uduveteynAganI1feeriIda OR 3 LU Positive Pressure (P+) taziiioFsuiiioutudm
Ya¥nuuIUae 1upINIART A1 Total Bacteria count as1vSansadi naz2 047 0 CFU/m3 was 2
CFU/m3 tta¢ Total Fungi count ﬁi?%iﬂﬂ%ﬂﬁl!&ﬂ%Z E]§J:17] 2 CFU/m3 ttag 1 CFU/m3 1agn
S lalafivesuuafiZvazidesininni AATTUVUTIFUVING) 181 20 WITTIHY
INURNINT 37U Environmental controls in operating theatres Guidelines for The Assessment of

Bio aerosols in the Indoor Environment !Lazlﬁﬂﬁﬂ1ilﬂ%ﬂﬂlﬁﬂﬂﬁﬂ Wa ﬂﬁﬁﬂ‘bﬂﬂﬁﬁﬁ’ﬂaﬂ

Fa v
ﬂm%uiummﬁ Airborne Contaminant Removal HAAINAAININN 4.22

0 minute, 444,487

600000 mwmﬁ
500000 m

400000 ¢

300000 ‘, 17 minute, 60,106

Particle/m?3

200000
17 minute, 14,169“

100000

0 Particle Size 0.5 um(P-)

Particle Size 0.5 P
3 minute = % ** a.r ic e» ize 0.5 um(P+)
6 minute i * i Particle Size 5 um(P-)
9 minute *

11 minute 13 minute _ Particle Size 5 pm(P+)
15 minute

0 minute

17 minute .
19 minute

0 minute 3 minute 6 minute 9 minute 11 minute 13 minute 15 minute 17 minute 19 minute

M Particle Size 5 Um(P+) 2650 3003 1095 706 176 35 106 106 0
Particle Size 5 m(P-) 2791 7 318 530 282 706 318 176 706
M Particle Size 0.5 Um(P+) =~ 465,355 511,484 171,095 132,862 40,070 25,583 28,833 14,169 5,088

M Particle Size 0.5 Um(P-) 444,487 124,204 90,565 91,519 51,484 99,257 64,911 60,106 167,632

] (2

d' a Y =) =1 [
7NN 4.22 mwnsuaasdSuiaeynialusiniAvedriodrida OR3 1f5aumsuny
v ] v ] k)
5202198152 VVSY Run Air Handling Unit 9101109 0 9911091 20 19 1Y Positive Pressure
(P+) 1lag Negative Pressure (P-)
o w A tg A 1 AAdo & ) @ A a o w
Tagmsmaaaatudleulueima vssmuinnautludmsulscansnimnisnon
' Y
VBIAINTOID1NA 99.9% Vesaswdlouluermea (Minutes required for removal efficiencies of

99.9% of airborne contaminants) 5/ 1994 Glgl) DIAUBUULINN Centers for Disease Control and
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. 2 ' a9 1w o .. 9 1 @
Prevention HUNWUITUNTAl ¥iDIW1AALTIAUDINIALUY Positive Pressure (P+) 18 MOINIAA
[} . g’/ 9 o w A g ld'
UIIAUDINALUY Negative Pressure (P-) uuclﬂﬁgﬂglﬂﬁﬂuﬂ"ﬁﬂmﬂﬁﬁ“]JHL‘]JEJHGI,M’EJ"IﬂTﬁE)QVI
= 1w = . a 1A A A
17 HIN Tﬂﬂﬂ"lf)@]iTﬂ"liﬁigul’Jﬂuﬂ'lﬂW’f (Air Change Rate) nayagN 26 ACH HagiuounIg

=1 [} 1 [} Y | -2 =S (% d'
L‘IﬁifJ‘]JL“I/IEJ‘Uﬂ‘]Jﬂ']fﬂﬁﬁi'Jﬁ]’Jﬂ@HﬂWﬂGlU’E)Wﬂ']ﬁ‘UfN‘H‘fNNWIﬂ OR3 WSeUMeUNUITLe1Ia1N

v
a o

. N v ..
SUVLITUNNIY (Run Air Handling Unit) M3 1L5IAUDINALLL Positive Pressure (P+) NAUIN

N

A = A A

= ' v = a g o v A A '
10 Daunf 20 wunlgszezaniies s win Aawsamdadaluileulueinmalueglu
Y ~ 9 LR [ . A A = A A
AT 1A 1Az NNiteIAIAALSIRUBINALID Negative Pressure (P-) 910117 0 Ban1iii 20
' < o v A & ] o 1
wunldszeznaniios 2 i nawnsamdaasdwileoulueimalilueglumnua’ld sz
9 v 1 v
AoYNIATULINIAYUIA Particle Size 0.5 lm AFIN 1 118 2 1AAYN 136,687 particles/m3 1Ay
114,310 particles/m3 AWA1AY H92gIN1 NIARDIHIAAUITIAUOINIAIUY Positive Pressure
H Y H v v
(P+) NNA10YNIATUINIAVUIA Particle Size 0.5 [lm AFIN 108 2 1INABN 8,348 particles/m3
1Az 6,709 particles/m3 AWAIND FI92TANUAZIANIT HOIWIAANTIAUDINFIUY Negative

& a o Y 9 ) R
Pressure (P-) lil’[’)lll%lelW]fJTJﬂUﬂ']ﬂ'J’]lllsUMﬂ]um@ﬁ@uﬂ’]ﬂiuﬂ’lﬂ’]ﬁﬂlﬂﬂﬁ@ﬁW’]ﬁﬂ N3 2 LUy

4.4 anilsewanazvednaluniIvw
= ¥y 2 a A Y Vo = 9
lumsAnEIATIHINAIANITNHOIFHIAA 3 VDI TTINEILIAUATFU 1T TFa1uIN

winnni 25 1 wag IdimsdSulzamediulassadie aussuunazauanidad aolu

Qe

(2

Y
woaraa Inunanue Taslimsaaasszuulsusinauazszuieeme neluionidaa lae

ee =

[ Y

o & Y o .. (Y [ .
i]@‘l/ﬂl,ﬂu!,!’]J’]J‘l/]\‘]W’E]\iNWI@LLE\?@‘L!’U’Jﬂ(-F) Positive pressure uazﬁmwmmﬁmuau ) Negative

1 o

9 ' v
9 2 @ A Y = a Y
pressure ﬂ1EJGl,‘L!‘HE]\°ILﬂEJ'Jﬂ‘Ll IﬂﬂﬂluWﬂﬁuﬂW@ﬁNWﬁﬂ@gﬂ 45.54 ATTNLUAT uazﬂimmwm

1w VA J A @ Aq ¥ Y 1w
HIAABDEN 131.67 Qﬂ‘lﬂﬁﬂlﬂ@]‘i I@]EJGU‘L!W]Lﬂi@ﬁﬂiﬂﬂ1ﬂ1ﬁﬂi%ﬂ1ﬂiuﬁﬁ)\iNW]WU‘L!W] 49,219

1 a a 9 < 1A v < 9y
Btu/h ﬂTﬂi$ﬁﬂ‘ﬁﬂ’lWﬂ1ﬁiﬂﬂ3’lNLﬂu (EER) BgN 10.66 Iﬂﬂﬂ’]iﬂﬂlﬂﬂ‘ﬂﬂi&l‘ﬁﬂmﬂ1W91ﬂ1ﬁ

Y 9
(3 v A o

[ v [ ]
mﬂuﬁmmm 3 ?Jfﬂii]ﬂlﬂ‘ﬂ"ﬁl’f]ial,ﬁﬂ']iﬁi')ﬂ')ﬂﬂﬂ!ﬂﬂ/‘l@']ﬂWﬁﬂWﬂiuﬁ!ﬂﬁW1ﬁﬂﬂﬁﬁuﬂ’]u3u 2
¥ & g 9 o a v adn &
3 %Qlﬂu"lﬂ@]”lum@ﬂ”lﬁuﬂlﬂﬂﬁﬂﬂ’J‘ﬁﬂ?iﬂﬂﬁ@ﬂ@ﬂﬂﬂ?ﬁij@"lu ISO 14644-1 %$391DWA
Y
ﬂ"liﬁﬂ‘]%l"lﬂ‘mﬂﬁ/\lﬂ”lﬂ"lﬂ ATOUNTA ANYUHY ﬂfl”liJG?ﬂ! ANVAUDINA é”m]mimguﬁﬂummﬂ
< o 1 "W R 4
Llﬁ$Wﬁﬂ']ﬁ!,ﬂ‘]_l@]fl@ﬂ?ﬁﬂﬁ%wuﬂni‘!ﬁﬂﬂiu?ﬂﬂ']ﬁ ﬂ']fﬂl!ﬁ@\iﬂ?@lﬂ 3WUANATUINUNUIATIIU

k4
dmSuiesridn nazaeandesnungurnanmsniugumsaaielulsanena
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TumsAnyses “msAnviquameimanislueinisvesiosiida lsane1uiaunssu”
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awnsoaginanmisdny laaail

=g
5.1 ﬁ?ﬂwaﬂ'ﬁﬂﬂi&n
4 (Y] o a 4 a a

1uﬂ1iﬁﬂ'}:ﬂﬁ'®ﬂ ﬂmﬂ?Wﬂ1ﬂ’lﬁﬂ’lﬂ1uﬁ)®QW1ﬁﬂ !,l,'ﬁ31/]']ﬂ157]£ﬂ5']$ﬂﬂ5$ﬁ1/1ﬁﬂ1‘w
Y0952 0V1S Vo IMAaSZUDTZUIeRINe e ln lidinansznuaovrnuazfien 1y

Y " o o a dy I I [ Yy a J
\1']‘1451']81‘”14@\1[7\”@@ ‘ﬂ’ENﬂuﬂ'li@]ﬂL“H'E]L!,agL‘]Ju]l‘]J@nJLﬂm"Vlﬂﬂ@NiU DNDOINTATITUDIANTG
senlszmaidlen1suIag 31U (The International Organization for Standardization; ISO),
ISO 14644-1, American Society of Heating, Refrigerating and Air Conditioning Engineers
(ASHRAE 170-2017), Singapore Standard SS 554 : 2009 [Code of Practice for Indoor Air Quality
for Air Conditioned buildings], Microbial contamination limits in operating room : Dharan S, Pittet
D. Environmental controls in operating theatres: J Hosp Infect. 2002 Jun; 51(2):79-84. Burge HA,
Feely JC et al. Guidelines for The Assessment of Bioaerosols in the Indoor Environment. WU

Y
Wﬁﬂ”li@]i’l%’Jﬂﬂﬂ!ﬂ?W@TﬂTﬂﬁ!@QW”l@]ﬂ 3 ‘VNGl,uﬂifil Off AHU 118¢ Run AHU ﬁlf’NWTﬁﬂ UIIAU
91N1ALLUY Positive Pressure (P+) 1y lunsal Off AHU 1ag Run AHU ﬁ@ﬁﬁhﬁlﬂ USIAUD N
9
v [ 1 4
11U Negative Pressure (P-) uuNams@sammmmwmmﬁagiummcwmm;ﬂ;m
] Y
wazwamsany1nsivaasluileulueinia Airborne Contaminant Removalfin
Ao & o @ a a o v @ 2 dy
'LJ'WW]iﬂﬂJu’d’lW5‘1J1J5$ﬁ’f°l/l‘ﬁﬂ']Wﬂ']iﬂ'm@"U’f]\W]’Jﬂi’fN@Wﬂ']ﬁ 99.9% "ummﬂugﬂauiummﬁ
(Minutes required for removal efficiencies of 99.9% of airborne contaminants) 51@5@"176&@1 UDLUY
9
910 Centers for Disease Control and Prevention uuwuaﬂuﬂiiﬁ ﬁ’mwmmwmummmmu
9
Positive Pressure (P+) Lag NOIHIAALTIAUDIN AL Negative Pressure (P-) Huldszezna
o 0/ Q' dy |d' = 1 2 =) .

GlumimimmﬂuLﬂauﬁlummﬁagﬂ 17 U Iﬂﬂﬂ?@ﬁiWﬂTiWuul’)ﬂuﬂ1ﬂ’l‘ﬁ (Air Change
Rate) InA80gN 26 ACH naziilelinsufioufisuiuainisasininoyninlueinisveiiod

1w = @ A A o . . . A g o
N1eIR 3 Llr‘iEl“]JL‘V]EIUﬂ'Uigﬁlm'JaTVli%UULﬁﬂJ“VINWH (Run Air Handling Unit) MY uisaue A
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L. a A = ~Aa 1 9 =1 a g
11U Positive Pressure (P+) 31AUINN 0 DIUINN 20 wmﬂ%izﬂznmmm 5UIN DFEIUITD

v
v A 1w [

o Li’ T I ¥ 29 .
mﬂﬂm1Jmﬂauclummﬁﬁluegclummmllﬂ UHag NTUWDINIAALIIAUDINIALLUY Negative

< °

A A =< Aa ' 9 = ~ v A &
Pressure (P-) 310UINN 0 DIUINN 20 WU'NGLG]ﬁgﬂgl'JaHWfN 2 UM ﬂﬁ']ﬁJ']ﬁﬂﬂ”lﬁ]ﬂﬁQ‘]JULﬂﬂu

=

Tuermalilueglunaai s udeziisroyainlueinmavinag Particle Size 0.5 im Tunsadi 1
uay 2 Mmaoh 136,687 particles/m’ 1182 114,310 particles/m’ U@ 1A GT'szQNﬂdw ATAN 04
NIAALSIAUDINIALLLD Positive Pressure P+ ﬁﬁﬁmumﬂiummﬁwm Particle Size 0.5 [Am
afeii 1 1z 2 1ndo 8,348 particles/m’ 11a% 6,709 particles/m’ AUAINY Fe9zTA1NdL0IA
A1 HIMIARALTIRUDINALUY Negative Pressure (P-) Faianudiussusuulalaiives
LmﬂﬁﬁmuazL%’aﬂmﬂmiuﬁuéf’mﬂ'mga%wumuaaﬂslummﬁmﬂaluﬁ’mrhﬁﬂ 3 Tawii Doy
Run Air Handling Unit f1 Total Bacteria count ﬂ%ll\‘i‘ﬁ 1uay 2 fJ§J:°I7] 228 11ag 224 CFU/m’ AN Total
Fungi count ﬂ% Q“ﬁ 1uag 2 ﬂgﬁ 30 CFU/m’ 2)Run Air Handling Unit 41U Positive Pressure (P+)
“lumﬁﬁzo f1 Total Bacteria count ﬂ%ﬂ“ﬁl@ ﬂgﬁ 0 CFU/m’ 1 Total Fungi count ﬂ%ﬂ‘ﬁl uag 2
® g“ﬁ 0 CFU/m’ 3)Run Air Handling Unit 4411 Negative Pressure (P-) 1w ﬁﬁ 15 A1 Total
Bacteria count ﬂ%ﬁﬁl nag 2 ’e)gli‘ﬁ 018 2 CFU/m’ A1 Total Fungi count ﬂ%ﬂ‘ﬁl nag 2 ?J§J:°17I 2
waz 1 CFUM® dauaaaldimuii UM YNIATueINA fufinnuduiussusmou

=1 == dal = Y 1w
TnTatvewuaniFouaziyos yaanuyIvasslueimeanialuviownidn

5.2 YOIAUBNUZINHANISANH

521 MNHANSANEIANINEINAIRNZHoeHFA 3 veelsameiauassy fuiies
VWA 45.54 MINWAT TASATIMINYUSEueMARGsegdi 26 ACH Wuhszeznmlums
tamsenanteluiesriidal 1dm1unaaiu1As§1u U8 Centers for Disease Control and
Prevention W31 Positive Pressure (P+) 112Ul Negative Pressure (P-) 92 im35 195zezan
Uszanar 17 i TaslumslFnuvesyaansnamsunndnesluesrida matlaszuuliy
wazszeeinmameluiesrida deuisumslFaunsesudihesede ledratonimnmi
vua zﬁ'a"Lﬁ’?%qﬂuﬁj@uiummﬁﬁ]1ﬂmsfl,uﬁ’mszum@@ﬂémau@ﬂ"lsa’f@smﬁﬂizﬁ‘n%mw
gaga uazlumsidadisiadomaudumelefisuiudoa 9o sriidauny Negative
Pressure (P-) A133zaiass TuToemuila Tarlszgiosinda vaizshmsida Taslddeaiida
111 Negative Pressure (P-) 9zdif1oyninainaieuaniesamnsom I luiesiida laaaos
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HAN15ATIIAAIDYNIANBUDNHOINIAA 3 (ADTULLTIAUN DY Positive Pressure)

=h.

2
9 AN

o)
po}
=)

S/N:CZ2818024
2022-03

=)
\®)

3
9 A3

=D.

N 004
11
n
)]
Mt
MUl
q
. ATA
414

User:

Locat N_0Of

Start 11

Start 1 3

Flow Rate nr

Samp 1

Vo lume

Count M

Cycles: )1

SIZE(n CUMUI
0.5 193/68
1.0 ) 79789/
34 34275 68621
9.0 34346 34346

1 Y v

= v A

AN 10 A9dN 1
S/N:C2818024
2022-03-11 09:06:18

User:
Location:
Start Date:
Start Time:
Flow Rate:
SHWW]P [ime:

Count Mode:
Cycles:

3.0
5.0

Volume Sampled:

141
3.3L/min
01:00

8.3l
m3
01 OF 01

SIZE(um) DIFF. CUMUL .
Bi:5 362 4419964
1.0 455159 599151

86890 143992
57102 57102

S/N:(2818024

2022-03-11 09:06-18

User:
Localion:
f}IrHI Date:
:jfnll t Time:
[.’HN “\1:'
Sample T

Vo lume M|
Count Mode:
Cycles:
SIZE(um)

0.5
1.0
3.0

5.0

451661

j ‘50
nn
01 OF 01

CUMUL
04 4479046
596042
88480 144381
55901 55901
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HANIIATIVIANTBUNIANTIUDNTTDINIAA 3 (ﬁmumiwuﬁ’m Negative Pressure)

oD
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=h.

2
9 AN

=h.

o)
RO
=D

=)
\®)

3
9 A3

S/N:(C2818024
2022-03-11 09:
User:
Location:
Start Date:
Start Time:
Flow Rate:
Sample Tine:

Volume Samgled:

}’.c’il'(»
LOCATION_OCS
2022-03-11
09:10:35
28.3L/min
01:00
28.31

S/N:C26818024
2022-03-11 09:12:55
User:

Location:

Count Mode: m3 )

Cycles: 01 OF 01

SI7E(um) DIFF. CUMUL .
0sh 2908092 3134275
1.0 182968 226183
3.0 24841 43215
5.0 18374 18374

A g 4

ﬂqﬂ‘ﬂ 10 A9dN 1

S/N:LZ2818024

2022-03-11 09:1 0

User:

Location:

Start Date:

Start Time:

Flow Rate:

Sample Time:

Volume Sampled

Count Mode: :

Cycles: 01 OF 01

S1/7E(um) CUMUL
0.5 5047314
1.0 163604
3.0 207703
5.0 100600 100600

Start Date:

Start Time:

Flow Rate:

Sample Time:

".‘(‘1\1.“”1 qn’!qﬂr--f. ,m

Count Mode: m3

Cycles: 01

SIZE(um) DIFF.
0.5 3345400
1.0 2685371
3.0 49046
5.0 41024

Start Date: 2-03-
Start Time: 09:11:42
Flow Rate: 28.3L/min
Sample Time: 01:00
Volume Sampled: 28.3
Count Mode: n3
Cycles: 01 OF
SIZE(um) DIFF.
0.5 2817703
1.0 168092
3.0 242176
5.0 16607
4 2 4
AN 10 AN 2
/N:L2818024
2027-02-11 09;17: 3
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Hamsasviameymaneluiosrda 3 (OFF AHU @0 U5 IqUied Positive Pressure)

Y 4
AIIN1

3L
01:00

ow Rat
Sanple Time:

28.31
n3
Cycles: 01 OF 01
STZE(um) DIFF.
0.5 1775972
1.0 89662
3.0 14028 27879
5.0 13851 13851

0 01
26.3L/min
01:00
Volume Sampled: 28.3L
Count Mode: n3
Cycles: 01 OF 01
STZE(um) DIFF, CUMIIL .
0.5 1611307 1711554
1.0 81343 100247
3.0 11343 18904
5.0 1561 7h61

SIN:UZ618024
2022-03-11 |
User:

locat on:
Start Dale:
Start Tiwe:
Flow Rate:

DIFF.

0.5 1506396
1.( 16996
3.0 11443
5.0 6890 6890

oD
po}
=D.
W

oD

©
=D.
o

S/N:C2816U24
2072-03-11 09:47:49

User: User User:
Location: TON_033 Local o LNCATION (21
Start Date: ) 1 start Date:
Start Time: 10:08:13 i | 1 Start Tine:
Flow Rate: 78.3L/min A Flow Rate:
Sample 01:00 A 1 Samp]
Volune € 28.3L i I
Count Mode: n3 unt m3 m3
Cycles: 01 OF 01 ot 01 0F 0 0 ]
STZE(um) DIFF. CUMUL . 2 DIFF i l;lwm‘: MHJI i Ufl'”MHI
1070700 AN B0 cLuily 8 U .
1 W 2009046 2163927 0.5 | U6l 1840817
- 14912 g 101213 134876 1.0 88940 106925
o 9893 i 16502 21597 3.0 11307 17985
0 11095 11095 5.0 6678 6678
A
AN 8
S/N:C2616024
Z2027-03-11
User:
o Local ior i 5
Start Time: ] :’:": ’i"‘?' ; ehe
Flow Rate: 28.3L/ DRI & g : ;
Sample Time: 01:0 EM" Rate: 28 L/ MmN
Volume Sany 28.31 Sanple Time: — 01:00
Coot ki1 e o
Cycles: 01 OF 01 eI HKIG J
T OTFE. CUMUL. Cycles: 01 GF 01
i 1742050 1862155 ST1Z (um) DIFF, CUMUI
1‘” 95053 :|19r)75 0.5 1829152 1941872
5.0 14522 2452z oy R <10
: - 3.0 13357 20636
( 000 S é
5.0 10000 L 5.0 1279 1219
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Hamsasviameynanieluiosrda 3 (OFF AHU a0 ugisaquied Positive Pressure)

¥ 4
AIIN2
A A ~
AN 1 AN 2 AN 3
S/N:C2818024 S/N:U2818024 S/N: (2618024
2022-03-11 69:41:31 2022-03-11 09:34:29 2022-03-11 09:26:12
User: e User: ) User:
Location: tUN_! Location: LOC&TTON_014 Location: LOCATION_D10
Start Date: na-11 Start Date: 7022-03-11 Start Date: 2092-03-11
Start Time: 09:40:186 Start Time: 09:33: 11 Start Time: 09:24:48
Flow Rate: 28.3L/min Flow Rate: 28.3L/min Flow Rate: 28.3L/min
Sample Time: 01:00 Sanple Time: 01:00 Sanple Time: 01:00
Volume Sampled:  28.3L Volume Sampled:  28.3L Volume Sampled:  28.3L
Count Mode: n3 Count Mode: m3 Count Mode: 3
Cycles: 01 OF 01 Cycles: 01 OF 01 Cycles: 01 OF 01
STZE(um) DIFF. CUMUL . STZE(um) DIFF. CUMUL SIZE(um) IFF, CUMUL
0.5 1818940 1937173 0.5 1557951 1654346 0.5 1493322 1566784
1.0 95972 118233 1.0 19505 96395 1.0 15371 93462
3.0 13428 22261 3 .0 10636 16890 3.0 12296 18091
5.0 8833 8633 5.0 6254 6254 5.0 57195 5795
A A ~
ﬂqﬂ‘ﬂ 4 i]j’WI 5 ‘QYPWI 6
N:C2818024 5/N: 02818024
U22-u3-11 10:17:3 2022 i 4744
User: - User:
ocation: Lacat [ON_U5o Location: 22
Start Datle; Start Date:

Start Time: 09:46
HU\-A Rdt?,' 2 /
S : 01:00
led: Volume Sampled: 28.3L
Count Mode: n3
3 Cycles: 01 OF 01
CUMUL ST7E{um) DIFF, CUMUL SIZE(um) DIFF. CUMUL ,
0.5 188830 2005088 0.5 1981343 2109 0.5 1762402 1873250
1.0 96855 116784 1.0 104170 1.0 90495 110848
3.0 12474 19929 3.0 15406 3.0 12686 20353
5.0 7455 7455 5.0 8869 5.0 1667 7667
A A
%q@WI 7 i}ﬂ‘ﬂ 8
B §/N:C2618024
2022-03-11 10:03:16 2022-03-11 09:56-36
User: . User: -
Location: LOCATION_USU Location:
Start Date: 2022-03- Start Date:
Start Tine: 10:01:51 Start Time:
Flow Rate: 28.3L/min Flow Rate: ’
Sample Ti 01:00 Sample Time: 01:00
Volume 28.3 Volume Sampled:  28.31
Count Mode: m3 Count Mode: i3
Cycles: ~ 01 0F 01 Cycles: 01 0F 01
SIZE(um) DIFF. CUMUL . STZE(um) DIFF. CUMUL .
05 1700495 1818798 0.5 1772791 18832450
1.0 95124 118303 1.0 91060 110459
3.0 12192 22579 J.0 12544 19399
5.0 9787 9787 5.0 6855 6855




Hamsasviameynaneluiosrda 3 (OFF AHU @0 ugisaquied Negative Pressure)

2 4
GENITN

o
RO
=D.
)

S/N: RG24

2022-03-11 19:44:15 U FAL 09357 )04

ser: SRl User:

\Uie,(.f Local ion: LOCATION_O1t Local ton: LOCATTON_O11

Start [ate Start Date: 2092-03-11 Start Date , |

Start Tine: start Tine: 09:3h:37 Start Time: 09:26:06

Flok Rata: Flow Rate: 28.3L /min Flow Rate: 28.31/min

Ly Sample Time: 01:00 fo Sl B 0100

vl : Yolume San 28.3L Volne Sancled:  28.L

A K Count Mode: n3 JUIGE S SO e

Count Mode: Count Mude: 3

~les Cycles: 01 OF 01 B ,
(}yr‘,]i‘ '11FF01 0 Urlv , STZE (i) OIFF. CUMUL 1;5“,1“*" ’ LUI OF 01
) DIFF, SHMUL 05 1606396 1708445 SIZF(um) DIFF, CUMUL .
1823074 1931660 ]'(; W‘/Q}‘ “.],)[W; 0.5 1523993 1611554

88304 108586 30 196806 i;lVH : 1.0 12084 87561
12367 20282 5.0 6431 6431 3.0 9788 15477
1915 7915 J ; 50 5689 5689

A ~ ~

AN 4 AN 5 AN 6
SAN- (/818074
S/NL2T 8024 S/N:L26 18024 f’/;’ff',‘j"‘_“}”}“f'“:_Ll, 5
J022-03-11 102 1336 072-04-11 1020219 e ZESE L

User:

User:
Locati

i

L TLER s 2100 Start Date:
20072-03-11 ;,1 J!u.!, : (\‘I‘” et
10:11:10 Star e : oL, e
28.3L/min Flow Rate: E]”“Wr“" o 29, 3L/
01:00 Sample Time: Sanple 1..\:. ¥ n _1",[“1
'}‘}"}i Volume np 2 Voiume Sampled: 8.3l
m Count Mode: n3 Count Mode: W3
Cycles: 01 OF 01 Cycles: 01 OF 01 chlee; 01 OF 01
SIZE(um) DIFF. CUMUL S17E(um) DIFF, CLMUL SIZE uruu) CUMUI
)5 1912962 059190 0.5 15963905 7113781 0.5 1981378
10 G745 lisoe 1.0 101060 124876 1.0 160
3.0 14346 22402 3.0 14417 23816 3.0 19045
\l) .|] 8056 80'1{" 5.0 9399 9399 5.0 5244
< 4
N7 97 8
S/N:C2618024 20 pr——"
2022-03-11 10:06:56 T
User: ¥

Location:
Start Date:

LOCATTON_031
2022-03-T1

Start Time: 10:03:54

Flow Rate: 26.31./min

Sample Time: 01:00

Volume Sampled: 28.3L

Count Mode: 3

Cycles: 01 OF 01

SI7E(um) DIFF, CUMUL .
0.5 1753533 1869227
1.0 93711 115689
3.0 13286 21978
5.0 8692 8692

01 OF 01

DIFF CUMUL .
1664311 1711978
88516 107667
12650 19161
6501 6501




104

Hamsasviameynaneluiosrda 3 (OFF AHU @0 ugisaquied Negative Pressure)

Y 4
ATIN2

A
909 1

o
RO
=D.
)

o
po}
=)
w

102818024
13

0
User
Location:

Start Date:
Start Time:
Flow Rate:

11 09:44:15

28.3L/min

le Time: 01:00

Yolume Sampled: 28.3L

Count Mode: n3

Cycles: 01 OF 01

STZF(um} DIFF. CUMUL
0.5 1633710 1944876
1.0 91096 111166
3.0 12615 20070
5.0 7455 7455

S/N:L2818024
2022-0G5-11 09
User:
Location:
Start Dale:
Start Time:
Flow Rate:

37

LOCATLON_D16
20022031
)3:36:41
28 31/min

Sample Tine: 01:00

Volume Sampled:  28.3

Count Mode: n3

Cycles: 01 0F 01

SI12E(um) DIFF. CUMUL
0.5 1598128 1100318
1.0 83710 102190
3.0 11555 18480
5.0 6925 6925

S/N:L2818024
2022-03-11 09:30:45
User:

Location:

Start Date:
Start Time:
Flow Rate:
Sample Time:
Volume Sampled:
Count Mode:

Cycles:

STZE(um) DIFF. CUMUL
0.5 16024933 1700630
1.0 81060 97103
3.0 11838 16644
5.0 4805 4805

oD
po}
=)
W

S/N:C2818024

Location:

Start Date:

72-03-11 10:13:

16

LOCATION_036
2022-03-11

S/N: (2618024

User:
Locat 1on:

2022-03-11 10:20:19

1ON_040

3-11

3l Mi:
le:

01 OF 01

Cycles:
SIZE(um) DIFF. CUMLIL

0.5 1897350 2013321
1.0 94275 115971
3.0 13746 21696
5.0 1950 71950

Start Time: 10:12:19 }Hf ‘;"“—" :

Flow Rate: 28.3L/min otart 1ime: y

%@N(mw 01:00° Flow Rate: /B

Yolume Sampled:  28.3L Sample Time:

Count Mode: n3 gg&:?”nquz‘ >

ycles: 01 OF 01 . i (

facles DIFF, CIMUL E{‘f,]fl‘].f” m”(ll i U%ur-nu
0.5 ‘””.’*";:3 2021696 os 19880 2112120
1.0 ?gawz 1%(1, 3 1.0 101554 124840
3.0 53'7\12 . 1‘2‘l)1 3.0 15159 237286
5.0 1349 1349 5.0 8127 8127

A A

N 7 AN 8
SHshoRinn 16024
S/N:C2818024 11 09:59:15

03-11 10:08:56

T 10:05:07
W Rate: 28.3L/min
> Time 01:00
Volu anpled:  28.3L
Count Mode: n3
Cycles: 01 OF 01
SIZE(um) DIFF CUMUL .
0.5 1122792 1836360
1.0 92826 113568
3.0 13357 20742

5.0 7385 7385

Lacat ion:

Start Date:
Start Tine:
Flow Rate:
Sample Time:
Volume Sanpled:
Count Mode:
Cycles:

STZE(um) D

| NCATTON_0Z8
2072-03-11
09:57:56
28.3L/min
01:00
28.3L
m3
01 OF 01

IFF. CUMUL

0.5 1717244 1820353
1.0 85901 103109
3.0 11307 17208
5.0 5901 5901
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HansasviameynAneluiorda 3 (RUN AHU @01UgusIaUie Positive Pressure)

Y 4
AIIN1

oD
po}
=)
—_
o
RO
=D.
)
oD
po}
=D.
W

S/N:LZ818024
2022-03-11 11:21:027
User:
| cat
Start Date:
Start Time

Flow Rate:

S/NLZ818024

R 022-03-11 11:11:2¢

Start

Time: Flow Ral
ount Mode: Coont -
Cycles: 01 OF 01 SVotes 01 OF 01
SIZE(um) DIFF oMl ST7ECum) DIEF CuM
0.5 4311 9045 0.5 11343 16643
o § 28 4 18 | e
3.0 424 2685 5.0 1625 1625

5.0 2261 7261

< <
AN 4 AN 5

)
po}
=D
o)

Q
16024 S/N:C26180724

2022-03~11 11:34:43 44

User: Use

Locatiorn: Loca

Start Date: Start

Start Time: Start T

Flow Rate: Flow Rate: e

Sample Time: Sanp1

Volume Sanpled: Yo lume LK ! & ple

Count Mode: Count Mode: Count Mode W

Cycles: 01 OF 01 Cycles: ) ~les 010F 01

SIZE(um) DIFF, CUMUL, STZE(um) DIFF. UM OLFE CUME
0.5 3251 5830 0.5 4770 5048 0.5 5654 10141
1.0 1237 2579 1.0 283 318 : et nel
3.0 353 1342 3.0 35 35 g 049 <
5.0 989 989 5.0 0 0

I N Ze v

2077-03-1 LA &

User:

A N_059

tar -1

star A4t h:hi

Fl | 26 2L/ mn

S, 1 00 s 01:0

Count Mod m3 Count Mode: n3

Cyvcle 01 OF 01 Cvcles: 01 OF 01

1ZE (1 DIFE { :;'\j: ) DLFF CUMHI
0.5 1978 0.5 1508 3180
1.0 142 1.0 495 1212
3.0 4’9:5 3.0 141 1
5.0 883 50 636 636




HansasviameynAneluiorda 3 (RUN AHU @01UgusIaUie Positive Pressure)

Y 4
AIIN2

o
RO
=D.
)

106

S/N:C2618074 S/N: 28 TH
2027-03-11 11:17-11 2022-03-11 11:11:27
User: User
Tl A Local iun 4 Locaton
2097-03-11 Start Dale: Start Date: M22-03-11
11:19:40 Start Thae: Start Time: 11:09:459
28.3L/min Flow Rate: Flow Rate: 28,90 /min
le Time: 01:00 Sample Time: Samile Time: N1:00
Valume Sanp) 26.31 Yolume Sanpled: Vol Sampled: 28,4
Count Mode: "3 Count Mode: ) Count Mode: n3
Cy 01 OF 01 Cycles: 01 QF 01 Ebr\“” 1 01 OF 01
S] DIHF CHMEY STZE i I CUMUL o ‘{\ DIFH LML
2226 4346 0.5 59712 9081 : 0 R587 10247
884 2120 1.0 1673 3109 : 06 1660
141 1236 3.0 424 1236 354 954
1095 1094 5. 812 812 600 600
A = =
ﬂﬂﬂ4 ﬂﬂﬂS ﬂﬂﬂ6
S/N: 2818024
- s 022-03-11 11:24:42
=< User: User: ;
= start Date:
2lart_1me Start Time:
v ndat Flow Rale:
& o lume S
C t M nJy i aunt Mode: .
. 01 OF 01 ) 0l OF 01 F 01
DIFF CuM S176 (o) DIFF CUMUL Cutul
5 1696 2932 st 17103 18445 4548
742 1236 10 1024 1342 2296
176 494 3.0 212 318 883
318 318 5.0 106 106 671
= =
N 7 AN 8
<A EOR T S/NGCAS 18024
9/ N:CZ8 18024 U22-03-11 1143415
Q022031 1) 20/ User :
User: Location: [ OCATTON_080
&[”I’I[ ‘;”"! T Start Bale: 2027-03-11
Start Date: o A YRS
Start Trie: Starl Tme: 11:27:06

Flow Rate:
Sample Time:

9 1
01:00

Volume Sampled:  28.31
Count Mode: n3
Cycles: 01 OF 01
STZE(um) DIFF, 1

0.5
1.0
3.0

5.0

1413
636
142
388

Flow Rate:
Sample Time:

\ |

Count Mode:
Cycles:
SH/ECum)

0.5

1.0

3.0

5.0

' me Samnled s
-u!mm sl T

26.30 /mn

01:00

78.31

i3

01 OF 01

DIFF. CHMUL

848 1484
354 636
141 782
141 141




namsasviameynaneluiosrida 3 (RUN AHU @0 uzusIaUn 04 Negative Pressure)

2 4
GENITN

o
RO
=D.
)

oD
pO]
=h.
w

/M U28180/4
2077-03-11 18
User:

Locat i
Start Date:
Start Time:
Flow Rate:

SEZECum)
0.5
1.0
330
5.0

40139

DIFF. CuMut

108692 119752
7244 11060
1167 3816
2049 2049

0.5 82367
1.0 4452
3.0 672
5.0 706

ma

01 0F 01

S/N:C2818024
2UZZ2-03-11 165:44:1
User:

Start Bate:

!

Start Time:

Flow Rate: /

Sample Time: 01:00

Volume Sampled:  28.3l

Count Mode: m3

Cycles: 01 OF 01

STZE{(um) OTFF, CUMLL
0.5 126092 135123
1.0 5795 7031
3.0 636 1236
5.0 600 600

)
po}
=D
o)

N:U2818024 ' ‘ S/N:C
if 0511 1t H! U3 11 L‘ 16 G 03-11 16:40:55
Sl User: ser: et o
Locat 1on [ (I i Location: E[{,ﬂ;“r’{_’T]di
otart Date: -03-1 Start Date: : T Start Date: 4 i
Start Time: Start Time: Start Time: '1531-?8)4?1
Flow Rate: Flow Rate: Flow Rate: 28.3L/mi
Saiple Tim Sample Tim Sauple Tine: ! Q}ig?
Volume S e Vol 1 volume Sampled: 28.9L
Count Hode Count Mode: 3 Count Mode: n
Cycles: Cycles: 01 OF 01 Cycles: 01 0F 01
S17E (um) S17E(um) f CLMl ST7E(um) DIFF CUMUL .
1B (um) T7E(um) DIF CHMHLE STZF(um) IFF. Wik
0 -y 032 , 0.5 138446 145265
18 1 Pee o ' 5088 6619
1.0 1.0 8692 10600 1.0 2 1731
3.0 3.0 202 1908 3.0 919
5.0 50 106 106 5.0 812 812
& &
AN 7 AN 8
QN 981800 S/N:C2818024
%%lffvfgnwﬂxj/?l‘nm;f.u 022-03-11 16:40:56

User:
Location:
Start Date:
Start Time:
Flow Rate:

LOPAT LON_(49*
2072-053-11
16:531:74

28 3L/min

Sample Time: 01:00

Volume Sampled:  28.3

Count Hode: nd

Cycles: 01 0F 01

SIZF(um) DIFF, CUMUY
0.5 105689 111837
1.0 4700 6146
3.0 706 1448
5.0 742 742

User:
lLocat on:
Start Date:
Start Time:
Flow Rate:
Sample Time:

LOCATION_Na7
2022-03-11
16:34:07
28.3L/min
01:00

Volume Sampled: 28.3L

Count Mode: n3

Cycles: 01 OF 01

SIZE(um) DIFF, CuMu
0.5 212721 226678
1.0 9788 13957
3.0 1696 4169
5.0 2473 2473




namsasviameynaneluiosrida 3 (RUN AHU @0 uzusIaUn 04 Negative Pressure)

A
ATIN2
A A ~
909 1 09 2 909 3
S/N:C2815024 S/N:UA |
2022-03-11 164739 ( 111 gt 3h 1

User:
Location:
Start Date:
Start Time:
Flow Rate:

Sample Time:

Volume Sampled: 28,31

Count Mode: m3

Cycles: 01T 0F M

STZE(um) MI‘F CUMUL |
0.5 79611 85229
1.0 4205 5518
3.0 848 1413
5.0 565 565

1OCATI IN_068
)122-03-11

16:21:51
28.31/min
01:00
2831
n3
ycles: 01 OF 01
IZF{um) DIE, CUMUL
0.5 45901 37349
1.0 1130 1448
3.0 i 318
5.0 141 141

CUMUL .
19681
3674
848
424

oD
O]
=D.
N

oD
po}
=)
W

)
pO}
=D
o)

/NICZ2818074
03-11 16:40:55

LOCATTON

v

092
1

11

S/N:U2818024
U22-03-11 16816237

4
L1060

S/N:C2818024
2022-03-11 16:40:55
User:

Location:

Start Date:

16:27:08 [y Start Time:
28.3L/min alt Tines Flow Rate: 28.31/min
: 01:00 Chhdle: Sample Time: 01:00

Volume Sampied: 7?.& : ,I‘t”“ - Volume Sampled: 8.3l

Count Mode: m G our de:

Cycles: 01 OF 01 Mode i3 E;;‘f.ls“?“ 01 OF 01

5176 (um) DIFF, cuMuL . St 01 0F 01 ST7E(um) DIFF, CUMUL
0.5 86184 91024 F(um) DIEE, PUMUL Y 180884 190141
1.0 4134 4840 0.5 J2614 340098 1.0 7131 925/
3.0 424 706 1.0 137 1484 30 1131 2120
5.0 282 282 3.0 i 247 5.0 989 989

5.0 {0 70
A A
%q@WI 7 i]ﬂ‘ﬂ 8

\\ N:C2818024 3/N:C2618024

U‘« j“"‘ 11 16:40:55 2022-03-11 16:40:55

Locat ion: LOCATION_D96 }Jt‘f' - LOCATION_098

o 3 Cation LA _UoC

EloniRatas: : Start Time: 16:35:16

Sample Time: 01:00 Fim-.:Rdtz?: 28.3L/min

Volume Sampled:  28.3L Sd\"ullv IHI\&: 91:00

Count Mode: nd Volume ..;’:n,ﬂad- 28.31

Cycles: 0 Count Mode: n3

SIZE(um) DIFF. Cycles: 01 OF 01
0.5 226714 SIZF(um) DIFF CUMUL .
1.0 10884 0.5 148634 156325
3.0 1696 3038 1.0 5831 7491
5.0 1342 1342 3.0 142 1660

5.0 918 918
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Y
v K (4 1 A

namsasviameymaneluiosrida 3 9aMs 11 Recovery mode FutiuiinauauiGy
RUN AHU e01Ug1537 UKD Positive Pressure dua10yn1anieluiosriida 3 ihgmms

HIATITU

133 RUN AHU

SIN:C2618024
2022-05-11 10:49:13
User:
Locat it
Start |

Y ed: 28,

. 6Z;erwt Wode:  md
Cycles: 01 0F 01

| STZE(um) DIFF, CUMUI
- & 511484 0.5 160424 171095
: ol 1.0 8445 10671
J.u 1 ) 007 3.0 1131 2996
e 50 A R ju; 1095 %5
1‘ LG :‘-m : : a i S/N:C2816024
User S se . 11 10:49:18

“~l3 Count Hode: 3 m
o v,“:. MHUI oF Ull'Ht'HI ;x_';;‘ 01 OF 01 N 01 OF 01
0 7 2558 12 (um DIFF CUML STZF{um) DIFF. CUMLL
[1“6 “;781 ‘)'Lng.-j 0.5 37491 40070 05 176149 1398672
3.0 108 Liif 1.0 2043 2 1.0 533 6713
5.0 % 35 3.0 354 530 3.0 672 1378
" ' : 5.0 176 176 5.0 706 106

ApuNANIEluYBIHIsn 3

LELNEUNLINTEIY TUUNTN

Start Time:
Flow Rata:
& it ‘ S/N:C2618024
. Voltae: ol 1311 11+l b
l’four]\l Hode: '-"1 oF 01 Count Mode:
Cycles: 0 0 W
.‘;l}‘/! T:.b.m} OIFF. { o ‘(:,/l,,l] lf':,f.) - L
5 26961 I/ (um) HITE LML
[{.0 1620 0.5 13180 14169
3.0 1% 1.0 848 989
5.0 106 3.0 35 141
5.0 106 106 Vi bt A :
Count Mode: n3
Cycles: 01 OF 01
S17ECum) DIFF, CoM
0.5 4110 5088
1.0 283 318
3.0 35 35
5.0 0 0
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Y
v K (4 2

namsasviameymaneluiosrida 3 9aMs 11 Recovery mode FutiuiinauauiGy
o J "o 1 -4
RUN AHU @011211590 U 04 Negative Pressure dufteyninnieluiosiida 3 drginuai

HIATITU

133 RUN AHU

/N (124 2 (R
dl 700 1§ User
User: Local 1on ]
| | 1 id / 1
tat TRRRALT 15:57:55
" tart 1 Flow Rate 3i/min
Flow Ra " Saimp 1 11:00
M Samp ] Volume Sam f 3
e AL alume ] ] Count Mode n3

‘ ‘u‘ i Count Mudk %} Cyt }‘u.-m) m,,”] 0f mmH

: oy 01 0 SUZE(am 1 CHMU
( ¢ 14448 “,‘ ](‘"‘u: DIFF e H‘]‘.,“ 0 5 8914 Y0465

154 /Y8 I “ 117844 1’,‘1 . 1.0 3675 4770
: ' 5466 1.0 4629 6160 30 i 1095
9 2191 0 9h4 H’I? 5.0 318 318
3. 31
5.0 r 107
‘N | | | N:C2818024
U | IR YT 1] U311 16 !
o CATILN U1 User: R
wal on 72-03 11 R
1 Nate ; " |v““ xdl start Dale 2007-03-11
Lart 1o J Lt "»H‘l'"‘”' Start Time 16:00:03
Flow Rate m 1€ : i‘ "“;‘ 1o Rake 28 3L /min
wiple T i i et “ Jh Sample Time 01:00

V I8 R 3 4 " 01 OF 01 Yolum ,,(u;, ed 28 3

Count Mode: 3 OIFE CUMLIL Count Mode: my

Cycles '/.1 OF 01 18778 51484 Cycles: ‘ 01 OF (Il‘

WZF (um) DifE 5 2996 2156 ST1Z6(um) j‘,\!‘; (UM
0.5 121490 0 248 530) 0.5 86573 91519
1.0 5654 0 282 282 1.0 3816 44946
3.0 107 3.0 600 1130
5.0 106 5.0 530 530

5/ N 610024
022-03-11 16:10:13 S/N:LZ818024 ;
2022-03-11 16:10:13 11 16
n: LOCATTON_08 User: Us
t Date 2022-03-11 1l 4
Start Time: 1A:07:51 start Da (1727 ita
28.31./ start Tim 6:08 ola Time
Flow Rate ‘? nn _<; : :
amp 1 o 5
a by
: 10.1LHIC. o ‘ Count Mode
01 OF 01 Count Mode: m3 vele
DIFF CuMt Cycles: 01 OF 01 £( DIFF.
651060 654911 STZE(um) DLFT CUMLI ( 1 ‘H“‘\‘;/
2691 3851 0.5 56856 60106 28 1202
636 954 1.0 2650 37250 :-j: ?né
318 318 3.0 424 600 0
5.0 176 176
12818024
2007-03-11 16:16:
1 v 1 U
maumﬂmﬂwaammm 3
m3
I ¢ 1 aa 01 OF 01
LUNELAMNHINTZTIU LUUIN o Pl
- - 34098
Led( 1484
177 247
70 70
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Mahidol University bsisss00 bsi< 5 zom
National Laboratory qdc @ Hamagement @ Fesit sna Satery
Animal Center cErmirien P
Mahidol University bsi o500 bsi <5570
National Laboratory qdc @ Fanagement Hechn ond Sotety
Animal Center CERTIRED. CemmiD

NLAC-MU Project for Microbiological Laboratory Service Report

Recéi\)ing No 116/65 Report No. 120/65
Receiving date 5 April 2022

Company D CAREPLUS GROUP CO., LTD

Title Viable airborne particulates counted

Product information
Sample Microbiological culture media (Dichloran-Glycerol (DG18) Agar) were sampled air

using the Microbial Air Sampler (MAS-100 NT) to monitor indoor air quality both
before and after turning on the pressure system

Location OR 3, TsaneunauAssu
1 188 56 NUWNITIIN 2 WUIUANAT wmuw‘qutﬁuu NPANWHNUIUAT 10150

Result

Period of test 5 —7 April 2022

Methags Cultivation In-house SOP-AS.LAU-01.12

IRESUIL A Total Mold Count (CFU/m®)

Specification OR 3 OR 3
FUnUT 1 FAUnUIT 2

1. newdaszuy 30 30
2. \aszuuusaAuLan
(Positive pressure) 20 u 2 c
3. \WAsTULLSIAUAL
(Negative pressure) 15 w1 2 i

Reporting date 18 April 2022

Statement of Assurance: We assure for reliability of the result.

ey WeRUATY (R ey

Mintra Ploysrikeaw Aekkarin Klinkhamhom Surz;ohai Chantip, DVM.
Scientist Laboratory Analysis Supervisor Director
LA.06 22 o, 00,22 20105158,
Page 10of 1

The analytical results reported in this document are valid for the submitted sample only.
This document is prohibited for use in any type of advertising without written permission.

National Laboratory Animal Center, Mahido! University, Phuttamonthon 4 Rd. Phuttamonthon, Nakhon Pathom 73170 Thailand,
Tel.: 0-2441-9342 Fax: 0-2441-9341 www.nlac.mahidol.ac.th e-mail: directac@ mahidol.ac.th
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WNI( WK Electric Co.,Lid.

68/242 Moo 5, Sawaipracharaj Rd., Tumbol Ladsawai, Amphur Lamlukka, Pathumthani 12150 o AC-2487

Tel. +66 2993 4773, +66 2153 7132-3 Fax. +66 2994 5509 E-mail : wk.calibrations@gmail.com www.wk-etc.com

Certificate of Calibration

Certificate No.: WK2108-128-1

Customer : Airborn Engineering Co.,Ltd.
51/14 Soi Sirithaworn,Praramklao Rd.,
Suanluang ,Bangkok 10250

Instrument ¢ Airborne Particle Counter Ambient Temperature
Manufacturer : Honri Airclean Humidity

Model : CLJ-B330 Received Date

Serial No. : C2818024 Calibrated Date
Identity No. : N/A Issued Date

Range : 0.3 pm to 10 pm Calibrated Location
Resolution * 1 count

Calibration Method : ISO 21501-4 : 2007

Reference standard instruments :

Instrument Serial No. Certificate No. Due Date
Flow Meter 140215-134 AD2104-258-0001 29-Apr-23
Particle Counter 050504004 20200720-01 20-Jul-22
Monosized Polylﬂer WK-PR-145 PS3808H-0238 2-May-23
Microspheres

MIT : Miracle International Technology Co.,Ltd.

Lighthouse : Lighthouse Worldwide Solutions Ltd.

NIST : National Institute of Standards and Technology.

This result calibrate was found accurate as shown on date place of calibrate only
This certificate is traceability to the  International System of Unit (SI)

Page 1 of 2

1 (23.0+2) °C

: (50.0 +15) %RH
: 26-Aug-21

: 27-Aug-21

: 27-Aug-21

: In Lab

Traceability to

MIT
Lighthouse
NIST

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverange

factor k=2 , providing a level of confidence approximately 95%

Calibrated by : Mzr. Chaiyo Obchoei Approved by :

Ms. Budsagorn Patcha

Authorized Signatory

This certificate may not be reproduced except in full unless permission for the reproduction has been obtained in

F5100

writing from the laboratory.

REV.00 27 Oct 16

114
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\V&( WK Electric Co.Lid.

68/242 Moo 5, Sawaipracharaj Rd., Tumbol Ladsawai, Amphur Lamlukka, Pathumthani 12150
Tel. +66 2993 4773, +66 2153 7132-3 Fax. +66 2994 5509 E-mail : wk.calibrations@gmail.com www.wk-etc.com

Calibration Results

Certificate No. : WK2108-128-1 Page 2 of 2

Calibration Result of the Accuracy

Function : Flow Rate Measurement Range : 28.3 L/min
Unit : L/min
Fiitotios Nominal Sm BiioE Uncerta.inty
Value Reading (+ L/min)
Air Flow Rate 28.3 28.300 0.000 0.0045
Function : Count Particle Measurement 1 count
Test Particle Size [Nominal Value| UUC Reading | Error Value
(Count ) (pm) (Count ) (Count ) (Count)
Zero Count 0.3 0 0 0

0.5 0 0 0

0.7 0 0 0

1.0 0 0 0

2.0 0 0 0

3.0 0 0 0

5.0 0 0 0

10.0 0 0 0
Function : Counting Efficiency 1 count

Particle Size Error Uncertainty
(pm) (%) (£%)

0.3 ‘1.9 2.9

0.5 6.0 2.9

1.0 =17 2.9

3.0 8.4 2.9

5.0 8.6 3.4

10.0 -1.8 4.1

(X) Without Adjustment ( ) After Adjustment

This certificate may not be reproduced except in full unless permission for the reproduction has been obtained
in writing from the laboratory.
*#%* Fnd of Certificate****

REV.00 27 Oct 16
F5100
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THAI HEART CALIBRATION CO., LTD.

112/1 Moo 5, Phraek Sa, Muang, Samut Prakan 10280

Tel. 0-2394-2162, 0-2757-8435; 0-2757-8496-Fax::.0-2757-8507

CERTIFICATE OF CALIBRATION

Certificate No.: P0-2508001/21 Page 1| oftotal 2 pages

Customer AIRBORN ENGINEERING CO., LTD.
51/14 Soi Sirithaworn, Praramklao Rd.,
Suanluang, Suanluang, Bangkok 10250

Equipment Digital Manometer

Manufacturer Dwyer Model 477AV
Serial No. 005V30 1D No. -
Description Range:  1in. W.C. Resolution:  0.001 in. W.C.

Environmental Conditions ~ Ambient Temperature: (23 +3)°C

Relative Humidity: 50+ 15)%
' Atmospheric Pressure: (1 010 £ 10) mbar
Calibration Location Hawkeyes Laboratory (PL)
Received Date 25 August 2021
Calibration Date 26 August 2021
Date of Issue 26 August 2021
A =
Checked by / \// Approved by _Z
Act as Technical Manager Representative of Managing Director
( Krisyosl K. ) () (SakdaY.) ( Dr. Ekachai Puttitwong )
( Patiphan K. ) () (OnnapaP.)
( Pongsak H. ) () (Nitiphong K. )

(Kanung C.) (/)  (Nonthachai K. )
( Pramong P.) ( ) (Noppol P.)

—_~ A~~~ o~
~ N N N N
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THAI HEART CALIBRATION CO., LTD.

112/1 Moo 5, Phraek Sa, Muang, Samut Prakan 10280
Tel. 0-2394-2162, 0-2757-8435, 0-2757-8496 Fax...0-2757-8507

Certificate No.: ~ P0-2508001/21 3 Page 2 oftotal 2 pages

Reference Method:

- The calibration method used was CP-039 based on DKD-R 6-1:03/2014.

- This certificate can be traceable to the national standards, which is realized the shown measurement units according
to the International System of Units (SI Units).

Reference Standard Instruments:

Type Model Serial No. Cert. No. Due Date Traceability
Pressure Module 700P01 90400108
= e 19P4778 Nov. 18, 2022 TPA
Process Calibrator 743B 6835610

Remark: This certificate is traceable to the International System of Unit (SI Unit) through:
- TPA, Technology Promotion Association (Thailand-Japan).

Measurement Results:  (x) Without Adjustment

UUC Setting Measured Value (in. W.C.) Mf-,an JELE Mear! Hysteresisin. Uncertainty
(in. W.C) | Correction W.C) s
(in. W.C.) MI(up) | M2(down) | (M1+M2)2 | (n-W.C) | m2-mi|
0.000 0.000 0.000 0.000 0 0.000 0 0.000 £0.022
0200 | 0199 0199 | 01990 | -0.0010 |  0.000 £0.022
0400 | 0399 | 039 10.3990 200010 | 0.000 +0.022
0600 | 0600 |  0.600 06000 | 0.0000 0.000 £0.022
0800 | 0799 | 0799 | 07990 | -0.0010 0000 | 0022
1,000 0999 0999 | 09990 | -00010 | 0000 | +0022

UUC : Unit Under Calibration.
Note : Conversion factor : 1 in. W.C. =249.089 Pa

The above reported uncertainty of measurement is the expanded uncertainty obtained by multiplying the standard
uncertainty with the coverage factor k = 2.00, providing a level of confidence approximately 95%.

- End of Certificate -



E_°_.I\"IIT- MIT+MIT+MIT>MIT+MIT+MIT+MIT+ MIT+ MIT s MIT+ MIT » MIT s MIT» MIT+MIT+ MIT + MIT+ MIT - MI'

MIRACLE INTERNATIONAL TECHNOLOGY CO.,LTD

214 Bangwack Rd. Bangpai Bangkac Bangkok 10160
Tel.: 0-2865-4647-8 Fax: 0-2865-4649 http://www.mit.in.th

e @ o
CALIBRATION CERTIFICATE

Certificate No. : AD2103-163-0001
Date Issued : 15-Mar-21

Customer : Airborn Engineering Co.,Ltd.
51/14 Soi Sirithaworn, Praramklao Rd.,Suanluang, Bangkok 10250

Equipment : Air Flow Hood
Converter Detector
Manufacturer : Testo Testo

Model : 420 420
Serial No. : 50607551 #
ID No./Tag No. H .
Date Received : 12-Mar-21

Date Calibrated : 13-Mar-21

Calibrated by : Mr. Kittipob Rungruangsan

Calibration Method or Calibration Procedure Used
In-house method : CP-98 based on IEC-61400-12-1: by direct comparing against Standard
Anemometer in Wind Tunnel.

This certificate is traceable to national standards, which realize the units of measurement according
to the International System of Units (SI).

Result of Calibration
The reported uncertainty of measurement was based on standard uncertainty multiplied by a

coverage factor k =2, providing a level confidence approximately 95 percent.

This certificate may not be reproduced other than in full except with the prior written approval of

the Technical Manager, Miracle International Technology Company Limited.

CERTIFIED
Approved by : ‘g'i“ﬁ’a. " -

( Mr. Tassanai Suksukon ) Page 1 of 2
Technical Manager
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I

Certificate No.:  AD2103-163-0001

Environment : Ambient Temperature : (25 £2)°C
Relative Humidity : (50 + 15)%RH

UUC Reading STD Reading UUC Error Mecasurement
m?/h m*h m*h Uncertianty (+ m*/h)

0 0.00 16
504.43 18
1031.26 25
1536.15 21
2045.18 47

STD = Standard

UUC = Unit Under Calibration

Description of UUC : Type AirFlow Hood
Range 40-4000 m*/h

Measurement Standards Used & Traceability :
The International System of Units (SI) through

Young Calibration Certificate No. C90514, C90495 for Standard Anemometer Serial No. HQS-19902 & HQS-19903,
Due 15-May-21

End of Certificate
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Vel | Technology instruments Co,, Ltd. lac-uA
< 549/9 Onnul Read., Pravet, Bangkok 10250 Thailand. f(:\‘
i Tel : 027438888 Fax : 0-2743.8880 b m

Calibration Laboratory
Calibration Report

Cert No. : H-2201019

Page 10of 2
Equipment ; Temperalure & Humidity Meter with Probe
Model : TH222 with Probe
Serial No : 151105848
ID No, :
Manufacturer : Dalichi
Customer ; Nakornthon Hospital Company Limited
Address 1 801 Rama Il Sol 56, Samaedum, Bangkhunthian,
Bangkok 10150

Location of Calibration : TiC
Ambient Temperature : 23°C+3°C
Relative Humidity : 55 %RH £ 15 %RH

Calibrated By : Phoowadol Auttarachon

Approved By : O‘Z’j ]

( Khanyarat Jantakhao )
Approved Signatory

Received Date : 20-Jan-22
Calibration Date : 20-Jan-22

Date of Issue :  21-Jan-22

The Certificate may not be reproduced other than in full, without written approval of the director
of Technology Instruments Co.,Ltd. Calibration Laboratory.
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Calibration Laboratory

Continuation of Calibration Report
Cert, No.: H-2201019

Page 2 of 2
Job No.: 0169-220458
Calibration Procedure: WI-HTC
Calibration Method:

This instrument was calibrated by companson with standard humidity probe for humidity measurement function and
companson with standard temperature probe lor temperature measurement function Into humidity/lemperature chamber.
Condition of this result of calibration:
1. Reference Standard Instruments Used:
Instrument Model  SerialNo. Cal ReporiNo, Duedale Ref STO Lsb Iracesbilty
Hygro Log HL-NT3-DP 60947089 21H1282 T-Jun-22 TPA NIMT
2. This result of calibration was found accurate as shown on date and place of calibration only
3. This result of calibration was found accurate for this equipment only
4 This calibration report documents the traceability to national standards, with realize the units of measurément
according to the International System of Units (SI)
Resuit of Calibration: without adjustment

Temperature @ 50 %RH
T
STD Value UUC Reading Error Uncertainty(s)
(C) (*C) (C) (*C)
# 4.00 45 050 0.85
# 8.00 85 0.50 085
2500 252 020 085
Humidity @ 25 «C
STD Value UUC Reading Error Uncertainty(:)
(%RH) (%RH) (%RH) (%RH)
40.00 412 120 20
60.00 596 -0.40 20
80.00 794 -0 60 20

Note : # = Not TISI Accredited
UUC = Unit Under Calibration
The reported expanded uncertainty Is based on a standard uncertainty multiplied by a coverage
factor k = 2, providing a level of confidence of approximately 95%
End of Calibration Report
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