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Original article

The relationship between indoor air quality and ventilation
rate, the prevalence of sick building syndrome, and
occupants’ satisfaction in new buildings

Jantima Sakhamula', Vorakamol Boonyayothin', Natnaree Aimyong’, Saisattha Noomnual' and

Wantanee Phanprasit’
'Department of Occupational Health and Safety; “Department of Epidemiology, Faculty of Public Health, Mahidol University

Abstract:

Background: The problem of air quality in new buildings is very important. People spend most of
their time inside a building. Air pollution exposure through skin or breathing may occur within these
structures. air quality exposure due to inadequate airflow may have an impact on sick building syndrome
(SBS) incidences. Objectives: This cross-sectional study aimed to explore the relationship among IAQ,
ventilation rate, the prevalence of sick building syndrome (SBS), and occupants’ satisfaction in two new
buildings: an office building and outpatient building. IAQ parameters, i.e., temperature, humidity, velocity,
light, Carbon dioxide (CO 2) formaldehyde, Total volatile organic compounds (TVOCs), and respirable
dust concentrations, were measured. The demographic data, work experience, job information, SBS
symptoms, and occupants’ satisfaction in IAQ were collected using a questionnaire. Chi-Square Test
and Fisher’s exact Test were used to test the relationship between the parameters mentioned above.
Results The highest prevalence rate was 47.3% for tiredness. Most of these occupants work in an area
where the ventilation rates were lower than the recommended standard of ASHRAE 62.1-2019, Ventilation
for Acceptable Indoor Air Quality, standard of the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers. Furthermore, it was found that non-complied IAQ parameters were significantly
associated with symptoms (p < 0.05), e.g., temperature and CO,were correlated with headaches, while
sickness was correlated with satisfaction of inappropriate temperature (p < 0.05). Conclusion IAQ
indicators, namely, temperature, CO2, and ventilation rate were associated with occupations’ symptoms
and their IAQ satisfaction levels.

Keywords: @ Sick building syndrome ® Indoor air quality ® Occupants’ satisfaction
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AUGATINAVN N 2127 66.12 0.23 708 0.08 039 16.97
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A15199 3 NANITASIVINDRTINITILUIINIATUUNAUNUTYB981ATT A

WU WA Estimated ASHRAE wWasuLiau
%’u ﬁuﬁm’mi’ﬂ ;:ﬂ%' 109 Ventilation rate recommendation value ASHRAE
21015 (M) (Vs) (Vs) recommendation value

2 UgINS 7 109.9 34.69 28.90 AR
nudeansnndnvel 8 64 49.20 a1 WU
Aen1sAag 212 16 102 66.56 68.40 Taiu
H18n13mas 213 18 1216 83.10 84.80 Talnu
Audneasne 7 3135 2201 26.9 Tk
Hhewan 1 7 62.4 11.13 36.22 Tadeinu
dhean 2 6 62.4 7.77 33.72 Tadeinu
deizn 3 5 60.8 16.73 30.74 Tadeinu
fhean 4 3 20.9 7.70 13.77 laieiny
Ne3FINTsu 8 101.6 30.59 50.48 Taiu
UUITNTENU a 13.75 9.87 14.12 Taieiu

3 dednig 1 7 30.4 18.05 26.62 Taiu
Ne3ynIg 2 13 60.8 119.71 50.74 N
fheninensyana 3¢ 190 138.66 142 Tadeinu
denisdne 1 13 816 26.09 56.98 Talnu
WansAn 2 20 2632 115.01 138.96 Taieinu

Y186 Ventilation rate /s calculation from equation Vbz = (Rp * Pz) + (Ra*Az)
ﬂ'ﬁ’Nﬁ q Naﬂ’]i@i’)ﬁ]}fﬂé}@i"lﬂ’]’ﬁSUﬂEJ’P]’]ﬂWﬂ’ii’]LLUﬂG]’]iJﬁUﬁSUENa’Iﬂ’ﬁ B
WU WU Estimated ASHRAE Wisuwisu
%u ﬁuﬁm’m’ﬁ’ﬂ E:ﬂ?’f 199 Ventilation rate recommendation value ASHRAE
2115 (M?) (Vs) (Vs) recommendation value

B3  maUNInY 113 244.25 279.83 529.1 Talnu
NUFUANYLTY 10 423 26.88 37.69 Tadeinu
fowmnansAansATeUAsY 56 134.25 57.05 299.43 laiu
USSR 3 5.85 7.85 9.26 Taiu

Bl heviunnssy 160 36533 429.15 765.67 Tainu

G iy
A9 3 6 44.96 9.3 WU
Hendy 20 363 1226.58 376.7 N

2 Hewswedulwiile 3 12 2.51 18.6 Taidu
AUGATINFVN N 80 215 1673.78 439.81 WU
HOIINUNUATOUAT 56  134.25 2.35 23.55 Talfu
MosdansIeIl 8 54 64.56 62.8 WU
NOINTIIUTNY 78 26325 345.85 454.35 Al

4 VoINS 165  509.75 1153.56 929.3 WU
NOINTIVABYNIT 117 42525 685.06 679.75 N

B4R Ventilation rate /s calculation from equation Vbz = (Rp * Pz) +(Ra*Az)
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o U 1

dmsuanuynvesngueINstievne Ay 31ndeyae1n1s SBS Tuwuuasunudui 4 dinasid v

Tfitadungueinisthemnenans fell' o>

q

dmSunguidmtin fie deonsiaunfiegaties 1 91115 81N15HMEN

v v '
@ o

i Aedunely 1 Weufikiuan  ernsmaduiSnunsivdhdmiustumahou Wy ensumngiuamns
vhandlueians awtuiionsnueneinns uievgany, liflsavian1agdug wu gfud Aufmdsdnay lunsu
msfndeilinsdleda lsaveufianaeiiasss uazdmiuyananisuen fennsegnatiosnilienmslusswinetu
Adhunlennns dud Tormawanisdisannugneins A wui ngudmiififieinstiemgenns S1uau 70
918 900 148 518 ANUYNVsoIMthemneImsAndusesas 47.30 enmsiinudnlng fe wlosdn e
WesTy ($oway 39.19) 599AuNAD MUK LAUAN WazTzAelfow (Fosar 25.68) 9115 B wuin naudmihi
flonmsthemgeasn 52 519 910 142 318 Avwynaesenmsthemgemsaniduiesas 36.62 enmsiiny
dnilvgjfio szaneifieen (Sauar19.01) eeadunAe seAeLAasayn lo 1 (Foeaz14.08) WasRuia seAneLfas
(Fovaz 14.08) vauzfinguyananEuenieINstIBwneIANs 58 518 910 285 118 ANUYNVBINGLEINTTIE
maesanidudesas 2035 ensitnude idlesdn disusu Weady (Gevay 9.47) sosawnfe Anayn (Fevas
6.67) harHILa sEA1BLARe (Souay 4.91)

Tudiuvesanuiisnelavesgldanasdenmuninainianielueims gldeasaulvgiisnelagumal
ATty Audaau ndu Yiinau anudimesuasaing uasdes lneiiuin “winzan” ogdlsfinny wina
Tue1As B Vssanuesmisdantgamaidiuly dafu lemudmihifdhaiuiaosermsianufioels
sonunmaNManglueiasiuszduUunas duyananeueniaiuiianelaunn

Jadeifanuduiusseninaunmenmafiungueinistiemneias dmuenns Aldud en1suan
Aswrvominauiaudniudiugumgiuazsedu miveulasenlus (o = 0.034), (o = 0.028) vaurflonsiviles
& auey Woady danuduiusiuduaunndn (o = 0.033) (ansinmdedefifleudiiusseinsauninenne
fungueInstheivneIATUeseIas A TaziBuadmisil 5) luvaeilonas B enmsUinAsuzvoudimiig
faruduitustunesiailes (p =0.022) Tnsfinnuynvesenistindsssiunuganuindu 6 Twu 2 U3
mananfvinnunuduvesiesiailadszning 0.10-0.12 ppm ganiiAussguiisnindes uazlinuay
Atussevinnanmenmatuanmsthemmoimslunguyanansuen (Hansanuiadefifinnuduiudseming
AMNWEIMATUNGNBINTUIEIMNBIANTVBI81ANT B FasgaziBuadansnsii 6)

90l

Mnuan1snsatanuamoImanigluetaslviia 2 evens Sadueiansln fszuuuuermawuus
dldomsldanunsausugamaiiliies waznanisesiatalidulumunasiuninsgiu 3 wisfiwes liun gamal
Wosiiadiles uay CO, Femnmimefaiduiusiusnmnisssuisonianiglueasiae ndnie el Co,
uazwlesiariled gnuanudesvidoifinanunasmeluenns wu aumelasonvesdfildenas Jarlueias iy
wiesiwesliisn Iiuosuesn Amaglueians was mudwunasaia widhsnsszueeensniunas il
aswaiiazanluenaslds sndiuldt lufuiitdnsmmsssusoimadimniiAiausuuzaes ASHRAE 62.1-2019
tu avesmnrdwesinaiganinnusidimundudnlvgluiaoseins dadefinnudmiudseninnmuam
omefunduerntsthewneims Tiun gaumgifaruduiusosaiifvddyiuenisuinises ndnie Tuilui
fiflgamnisnTormstanfseranntu wazdtae SBS wuanntu sumgidutiafodumuauevesiiogniely
9115 Mngamgiiniglurmsiduiull awviliidudeavad ileannsaeniuieusenainsienie shlian
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M191990 5 ANudURUSTENINe IAQ fiu SBS lunguidmtiinienans A (p-value)

21M13U728 goungll ANy co2 Wosiiafilad  TVOCs  duvwiaidn e
TUIYDINA
R SEAneLfes 1 0.601 1 0.456 1 0.398 0.776
AURINTY 0.485 0.789 1 1 0.623 0.683 1
SeANELARInN 0.224 0.087 0.174 0.405 0.738 1 0.412
MUY Warumn 0.054 0.579 1 1 0.741 0.379 1
Yanlua 0.209 1 0.684 0.61 0.573 0.599 0.721
faayn 0.413 0.827 0.598 0.749 0.461 1 0.815
svaeifesaynle 0.321 0.554 1 0.392 1 0.535 1
JANEAD ABUI 0.768 0.357 1 1 0.692 0.72 0.805
wiunihen wmglaguin 1 0.2 0.459 1 1 0.605 0.725
Undsue 0.034 0.855 0.028 1 0.114 0.077 0.425
Jaleu 1 1 0.364 1 1 0.227 0.186
witordn dreueu Wesdy 0.131 0.239 0.312 0.807 0.767 0.033 0.586
Aauld 1 0.235 1 1 1 0.217 1
Yaauslunsiny 0.085 0.848 0.347 0.781 1 0.543 0.301
*The Fisher’s exact test is significant at the .05 level
5197l 6 AwdNTUSIEIINg 1AQ AU SBS Tunguidmihitenans B (p-value)
a1mste aounndl P co Wasdanlan TVOCs oAz
o 2 JTURINTA
Auis szAnefes 0.215 1 0.095 0.22 0.076 0.116
AuRImTs 1 1 0.087 0.619 0.075 0.165
SEABLADINT 0.462 1 0.574 0.617 0.766 1
AT LEURN 1 0.293 1 1 1 0.742
anlua 1 0.294 1 0.761 1 0.533
Anayn 0.373 0.149 0.422 0.307 0.72 1
symeifesayn 1o 9w 0.694 0.579 0.459 1 0.308 0.295
JANEAD ABUI 0.692 0.784 0.477 0.631 0.738 0.441
wlwnthen weladgiuin 1 1 1 0.567 1 0.29
Undsue 0.373 1 1 0.022 0.076 0.116
Jaeu 0.59 0.689 1 0.082 1 0.473
witeedn fieueu Weadu 0.642 0.543 0.383 0.28 0.47 0.553
aauld 1 0.434 1 0513 1 1
mauslunsvhay 0.603 0.73 0.3 0.229 0.217 1

*The Fisher’s exact test is significant at the .05 level

WU donndedfiurnanisAnwives D.D.Mitsikostas™ lavindnyiAugnvete1n1sUInAsees1eiu wudl 91015090
Aswrduitusiugamgliin CO_ fimnuduniusiueinisdanfisyy mududures CO_ gendndwnsgiu tinan
! = a0 s = ¢ = X vy Y a = | 3
nssvutgeINAlinedies asniiivuy wesuadles azanlununld Wuwmeliineinisuindsee egrlsiny
Tuvsunivesianlendanuduiusegsiitodfgyiueinisiindsye wianududuvesiosianleanuinug
WesgIutl enallewnandadesin wu meinuainaviediluinsinuininniunieraludadensedu
TiAnensUinfsey FeaennaseunisAne1ued Andreas Moses Appel® lavinsAinwanuduiusseninenis
MnuaaiveINsUnAsye wasnadiminnuivhauananianudsgsisainistinfsyeuazlunsy
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M990 7 Anuduiusseniiengueimsthewmseimstiuseauanuiianelavesldeinisil

nauanstewmneiais (Sawaz)

szauaNianalavasyliennisli 9115 A (Wwithil) 9115 B (Wwihi) YARANUBN
Uy laithe Uy laite Uy Liithe
auugll
ISP EAGH 72.86 74.36 44.23 47.78 27.59 59.91
lawiangau 27.14 25.64 55.77 52.22 72.41 40.09
p-value 0.836 0.683 <.001
Ay
IAUNNEEL 80.00 88.46 76.92 60.00 63.79 81.06
Taiwngau 20.00 11.54 23.08 40.00 36.21 18.94
p-value 0.156 0.040° 0.005"
nsiadeulvaveseIna
N GaEAEY 50.00 64.10 59.62 46.67 79.31 87.22
lawisngau 50.00 35.90 40.38 53.33 20.69 12.78
p-value 0.083 0.137 0.125
nAusUNIY
NGB 65.71 76.92 57.69 58.89 77.59 87.22
luwiangau 34.29 23.08 42.31 41.11 22.41 12.78
p-value 0.131 0.889 0.065
UTanaurly
LANNSHEL 41.43 46.15 44.23 42.22 74.14 82.38
luwingau 58.57 53.85 55.77 57.78 25.86 17.62
p-value 0.563 0.816 0.156
UTunauueeadng
VBTG 72.86 73.08 80.77 81.11 96.55 96.48
lawiangau 27.14 26.92 19.23 18.89 3.45 3.52
p-value 0.976 0.960 0.978
WdeesunIu
VBTG 48.57 60.26 63.46 56.67 70.69 70.04
Taiwngau 51.43 39.74 36.54 43.33 29.31 29.96
p-value 0.154 0.427 0.924

*The Chi-square statistic is significant at the .05 level
G

MnEamsAnATainu dhmsseuigemAdnIunasinass L Busuldansesu Co, Aiunsgu
My wazkan AU gamgil uay CO Tduiusedaillvdfgyiuoinsuinfses lnedadoannain
anmwndeunsinauiidndy enafiurefailesazaluiuiiilesnsinmsstuisormasvdedalusnsya
forunuiuly dnsvgampifmerailiisaedoamsane uazdwmaiaennsuindseeld dafu lunns
Fansdaymennineinianiegluenns ﬁ'm%’ummiﬁy’ﬂaaﬂﬁmﬁmmuqmmﬁ wargnIINsSEUIERINAliegly
sefufsnzan TasRonsumiaimsyssvdandanumugiudosuameasdliornsde

dadninvaensine
msdnwafslifunsineiluguuuuniadnung imadenifuiedidutisnarlanamiaitu e
UUMIANNENITUSIEINAUNININIALEEIAISAUERIINITTZUIEDINIA AIUYNTBINGNBINTUILLNDIANT
wagszauanuiisnalaludldanansivi nsfiusiegndanalinseunauluyndasggnianielu 1 Y
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