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Abstract

Indoor Air Quality (IAQ) has become one of the alarming threats that greatly concerns a society.
Temperature, relative humidity, and air velocity in classroom are important factors associated with the
increasing pollution which affects health. This was a descriptive cross-sectional study aimed to investigate
the relationship between improved IAQ and thermal discomfort among university students. The objective of
this study was to study the thermal discomfort in classroom at different times of the day in a university in
Bangkok. A total of 237 respondents were selected using a cluster random sampling technique. Using
structured questionnaires, data were collected from students who used classroom at three different sessions
(at 10.00 AM, 12.00 PM, and 02.00 PM) and multi-parameter ventilation meters were used to measure
air quality. Inferential statistics, which include Chi-square, one-way ANOVA, independent t-test, and
multiple linear regression, were used by entering method. The results revealed that temperature, relative
humidity, and air velocity obtained in the classroom from three different sessions were very similar. At 12.00
PM, the temperature in the classroom was 27.86 degree Celsius, which was the highest temperature
in classroom, and higher than the standard set by the Department of Health. For afternoon sessions, the highest
rates of relative humidity and air velocity were 60.04 and 0.19, respectively, which were within the standard
range. The students did not feel the room was hot, felt they were having dry skin, and felt uncomfortable
while studying in the classroom. There was only a quarter of students who felt comfortable while they were
attending class. All students from three different sessions felt the same level of the thermal discomfort. Based
on the results from this study with respect to the predictive factors, it was found that genders and underlying
health conditions may be used for predicting the frequency of the thermal discomfort. In conclusion, even
though the temperature in classroom was higher than the standard criteria set by the Department of Health,
the students did not feel the room was hot because of their being accustomed to the outdoor temperature. It
is recommended that classroom temperature should adjusted to suit the students feeling. In addition, ventilation
fans should be regularly cleaned and maintained to improve air circulation, which will make students with

underlying health conditions feel more comfortable.

292



Nsssmuaunlia Ui 46 alufi 3 n.a. - n.e. 2563

v M = > oo o
mmgﬂﬂluﬂmmmmwsaumnmﬂﬁwmLsﬂu

AdIAgY
Vg 1} a Ed ¥ =)
ANNFaN [NaEENA NI, VoG,

NI INEFE

Keywords

thermal discomfort, classrooms,

a university

unin

aqtiufiglddinagluanemsiuanniu
wasyaAaa UM dunFydunaReiiiagy
Tuanens® nilslutiufe nguiaFeu® #ldnm
Uszana 1 Tu 3 sasnanavuelunilsiuandeag
Tuwasdsuluaniudnm nilluiadeuiiungs
sasmaiouafisiiddgumedads neiaglura
nugladves wazmsszugainmea §miuiae
aUnsalluvosdeu wu Smeuiiias T 1 wos
s Wudu® vannniSunugldvasdeud
anuduRuSIBauiugaMg Tuasanazuduing
Tuasaeeiitedannesdd® TagmwzJugame
spsdlaiiimaEaumssauthiuiiiammmwarme
aaad® samdamssznemaneluvisadeu wu
WooNszINEAMALAzAIaN U IMA FuaaiFeu
o809 64.0 flssuusznsamadalidwe® aile
fidayanenun unEaululszmasdninnni
25 sueunsalszinasasaz 50 agludaadeu
Alasimssamsaumsszingeme™ il Dorizas,
etal® wuhmsszngmealuiesdunusivaumni
meluras deluiilagFeufududatadedes
TuasGautiud luszsasduuanasdusieanusan
2I1Maine 9 MAedufugumwled

AN3an lalauIaBenIusay (Thermal
discomfort) (flugmumainlaiusnieanluniu
liaweladaamuiiadan Mmngi3augnsuniu
nngamaiininmesmviaguiullasfonansznu
daanuidnideauuazuadugninmenisieule
arnlsionazuagfvinnugdiagluiasdeuds
wazamwaamgi e gomnil anadudining uay
ANNFNC? Fualiiieanugdnmagunn wiu
d0d0 hadsuz" szamnadasszuumadumela®?
wazfnilwds® Wudu Tesiimsd@nwanuidn

Tiswadenusauluvasdaululssinauniade
wuh gideuiianms 3 Suduusn ldun fouss thanlva
UAZAUWY 3088z 40.8 30.0 Uaz 29.5 MuaGU"
wannniiammwameilidluiasdeudidemada
UszansmuwrmetuaneassiSeuanainioeas 30
Lifiaans & weauda™® Snsiinadamsaiuuas
mamhenunlaluvaadeu®

mafnmishusnjsniulssdunanszny
sugumwluisaSeulunguiinSaulszandnm
warNsenAn ™ dmFustaugandnmiinsdnm
TuesU§ians?® ualussussanasindany
laaa® adgrelsianlulszinalnafinisdnu
aaiamiunadanlurisuieurasmineds
sauunu® fefanamsnmnlulszdumeguamn
uaz Sudprasert S. (2016)"® ladAnwanzaNy
laguadsanusauluvasFauldusuainie
adralshmaasiSaulunminenssdiuinnle ld
52UUUSUDINIALALUSUNGIUEIING BNY DY
Usznalnafigiamauuudauduiiuiaduida
ﬁﬁwﬁ'ﬂﬁLéﬂqdanwstﬁuﬂwsﬂuL‘i‘jauuaﬁwwmmﬂ
Tuaeldinnniraredsena lumsdnwadedl
Jvauladnmanuidnliavnadeenusauanms
TaviseGaulurinnadnnueasind@nmauwinenss
wiswils Tunsunwamues Wumsdnaiald
Faguauuzlumsusulansadassuussugame
meluvipadey suanhlugmssauansznuanuian
Fugammnuaziialszansmwmasudungideu
lawaly

[ a sy =
'Jﬂﬁ!l;l;ﬂ%'} oNIEN
sUwuumIdnm
mMsfnwasalldgUuuu@mssannuuy

MAAAUIN (Cross-sectional descriptive study)
293



Disease Control Journal Vol 46 No.3 Jul - Sep 2020

Thermal discomfort in classrooms

NaNGIBEN

NENAIBENAMININAIBFATNTUTENIUA
Faduuuunnulssnng edadiuldanms
NUMIUITIUNTINYDN Sudprasert S."® wutlndnm
Famzenulyaue Saear 81 (P=0.81) Mwua
stduAMNLEeNUTaEaY 95 (Z=1.96) UAZAN
ANNAAARDY (e=0.05) LﬁaLqudﬂuquL&T’;
lamnengusaealidaanii 234 au laglainue
tnarigaaiasisuiudaasausin dnsdeu
mssounaanneiulugie 08.00-16.00 . uaw
dreszaznaniildwasuandieiu wisaanidy
3 200 LewA & 10.00 U. , 12.00 U. Uaz 14.00 U.
nntuldmmue 38maduneauuy Simple random
sampling fjmmu%’uamnLawﬁﬁ'amazlﬁuifagaﬁu
tindnmilaiaslaluauasumuinnuiidnnald
wa3assialumsdnm

w3asiiaddeuteaanidly 2 Ussiam 1dud
1) waasiieanaiamsgaenansaamunsan Idieda
Multi-parameter ventilation meters KIUN3FDU Wigy
UsshUnnussngimihe uwasAaumshinesia
lagauiiisumesmnulesnasaulialnsalasiadu
(Sensor) agflundas aitiadaadiugus wzaunso
ldinuedeld ganviaduansduminenaasu
Aennssuemutaondt a1 ngamgl enadudiing
wazanNEIaN lasdingiveldinununumnniiess
Fanam ol y9RenaEIRasaAiimaSaumsdau
Undlufuans indasanansnanumaldlosnse vasmnnii
Pisetufinendild 2) wwugeumy w15 4o
wisasnily 2 dw laun Uadeanvazdruynna
wazenw3an lianedenudou Fulssgndinnnide
Saraiva, et al™® wazAuuztNYDIBEY NNty
i lunagauanuase (Validity) laaaniinnu
daaAapunnn 0.5 lunnda wazihlunasaue
AMNLTiEN (Reliability) lawhiu 0.781 msliazuuy
anusEnlianedeanudou Idud daamsiulid
1 azuuy lidiaanm el 0 Azuuy swSusazuu
294

msnlasmathomssesinfnsniliiasniame
sufuiinu 7 da asuuuiildilamaagsswing
0-7 AU MITIUTINTBYAIAETIUTINULULFBUIN
wdenndugailwamadeumsaouluiuany
d80AFINUNINTIVIONNFUANTATDATINNTIN
PUNNTaYE UG aUN Y W.A. 2562
Peasaivelusud

Tasam 3 la5UMssUTBINANENIINNS
FBesINmaIe lunyed ainnssnzAgihuau®a
sz wafl 028/62E24 LiaTuil 29 Fenan
W.A. 2562
adailglunsdnn

MIANINaaaUada 2 ngy laun 1)
adansInn Munaiinuuersasaz lududsiwe
Tsauszhn uazanuganldauna@eemnusau susu
msdinnarmwas dudsauuinesgu Tuduls
01y thvin dauge dadinname wazanwiues
anuianlianadienusaulagnumnaims uaz
2) addaynuldisuiisudayamly anuddn
lisnedeanasauiuinssasnmiiesiuldaan
Chi-square (8¢ One-way ANOVA Wisuaums
filsadszdridrnuanugdnliauiaieenusauy
Tog52u14aD6 Independent t-test waznadautade
NNEAIBFIH Multiple linear regression

HANISANY)

uansAnwiwdsesniy 5 du laun
KNI NTInAUMNIMATURIEEY LWisuiisy
dFayamluasindnnluhanmiiceiu nEsudiey
anugdnlianedeanudouludinaicedu
Wisuiisusevineazuuuanuizesnnugdn
Tigunadanusaunumsiilsadszan waztals
ymnsanudzesanuidnlisnedeanuiauned
windnwn dail



Nsssmuaunlia Ui 46 alufi 3 n.a. - n.e. 2563

v M = > oo o
mmgﬂﬂluﬂmmmmwsaumnmﬂﬁwmLsﬂu

ammwaimanaluriaaGeu

gnwmlrasiasfivndnmldiousin
uiazviadizing 252 gnunadwues lussad-aan
3 90 WNENNTEANTIUIU 9 1Y w3nelSumme
21710 18,000 BTU $1171U 3 1AS89 RONSZLIEDIMEA
PUIY 3 0 waLABIANIINIY 4 BBAN NI
#3730 AUMWDINALUZNIZELIAIUANAINNY
drath e uazihe wuhiigamgiiohiu 26.04,
27.86 W8z 26.22 av@ILFALTHE AINBIAU
ANNIUENWNEWNAU 59.54 54.56 uaL 60.04 %RH
MUSIOU UALANNSIANWNNY 0.16, 0.13 was
0.19 WATAIUNN MNEINU

wWisudisudayailluanind@nunlugranai
Ganu

nnmsdstayamlinasindnminny
247 au wuh mslivsdeuuestindnwid e
waztneianndiulnatdesny nnsiansy
Wisuieuludayamly 1dun e avg i
dauge artinname waznsiilsauszardinuin
drnandeuns 3 24 tdnAnwiidayamlula
uaneeiu namde drusnniuwands argaglu
#1Uszanm 18-20 U suUswand wazindnmn
Uszanes 1 Tu 3 TWls=Sanillsadssidn (ensadi 1)

M5199 1 nﬁzml,ﬁﬂuﬁ'ﬂyﬂﬁ'ﬂﬂﬂmﬁ'ﬂﬁnm‘luﬁnnmﬁshaﬁ'u

ﬁ'mdaﬁ'ﬂﬂ @ (n=84) e (n=79) 18 (n=84) p-value

e’

- e 31 (32.0) 39 (40.2) 27 (217.8) 0.068

- %l 53 (35.3) 40 (26.7) 57 (38.0)
any’ 18.73 [0.79] 18.84 [1.28] 19.14 [1.16] 0.059
Wwin® 57.81 [11.41] 62.78 [19.16] 59.79 [15.41] 0.125
dauge2 163.52 [7.99] 166.20 [9.87] 164.46 [8.55] 0.130
paHaana? 21.54 [3.55] 22.51 [5.60] 21.97 [4.85] 0.424
Tsassiea’

- filsadszdnan 17 (31.5) 20 (37.0) 17 (31.5) 0.667

- laifilsauszdnan 67 (34.7) 59 (30.6) 67 (34.7)

'NAFDUMEERA Chi-square *d06 One-way ANOVA : 31U (Sa8az), anmde [d@rudeauuannsgiv]

Wisuiiisuanuidnlaauiadeanasansas
wndnwlugranafiareiy
INNISFBUINANINT A L dureda
ANUSBUTINIY 7 8ms wuh undnmaiulve
fiomsunnin 3 amssuly eghalsioun 3
dnszznanfioetuamuidnlagnuaindnm

Taiuaneranu Lﬁaf&mumﬂu’smmmfﬁnwuiw
ﬁ'ﬂﬁﬂmﬁmmé’?iﬂiwmsﬁqﬁﬁlummﬂiuﬁmL%Elu
lisau s9aan@a Janiuis uazdadn mudeu
%ﬁﬁmmﬁ'ﬁﬂlﬁamﬂL%Qﬂ'nmyauwmﬁ'nﬁﬂmﬁvh 3
A liuanareny (G’I’liN‘ﬁ' 2)

295



Disease Control Journal Vol 46 No.3 Jul - Sep 2020

Thermal discomfort in classrooms

M990 2 uﬁﬂ‘ul,ﬁmJmwé’ﬁnhiamfJL’?Nm"l:N%amlaaﬁnﬁnv1°lu°&aatna1ﬁei1aﬁ'u

Fnanianeny

anuianlisuna p-value
@annsau i e g
o Taitim o Taitim o Taitiin
NUUNMHANNIEN
Fanamalaisou 72 (85.7) 12 (14.3) 69 (87.3) 10 (12.7) 79 (94.0) 5 (6.0) 0.187
FanRInIu 59 (70.2) 25(29.8) 53 (67.1) 26(32.9) 69 (82.1) 15(17.9)  0.070
3dndndn 54 (64.3) 30 (35.7) 49 (62.0) 30(38.0) 49 (58.3) 35 (41.7) 0.726
sandseu 50 (59.5) 34 (40.5) 53 (67.1) 26(32.9) 51 (60.7) 33(39.3)  0.566
sanmealasiunn 42 (50.0) 42 (50.0) 38 (48.1) 41 (51.9) 38 (45.2) 46 (54.8)  0.824
JEnmuazuL 41 (48.8) 43 (51.2) 49 (62.0) 30(38.8) 46 (54.8) 38 (45.2)  0.237
Janawne 21 (25.0) 63 (75.0) 20 (25.3) 59 (74.7) 23(27.4) 61 (72.6)  0.930
mwiﬁn"lsiam'aL%amm%aﬂuﬁnnmﬁshaﬁ'u

mmﬁ'mmiﬁﬂfrﬂﬂim i (e g

- 1Ag <3 M3 24 (28.6) 20 (25.3) 19 (22.6) 0.675

- (fia >3 :xmsauly 60 (71.4) 59 (74.7) 65 (77.4)
anadanuianady 4.70 [1.85] 4.83[1.88] 4.90 [1.48]

NAFDUMIETDE Chi-square : I (So8az), Amde [rudeunanasgiu]

Wisuiisuszninasuuuanadivag Aanuanla
gugBiannsaununsiilsalsedin
NnmMsSeuieusriemsilsadszdon
AuazuuuaNNIEn llauednnusaulagsin
HuunmugrnmFsuiiuandaiunuin i

Tsadszdraniinzuuuassmatiaanudnlaiaus
@annsawinnnhginlidlsaUszhiin Teswmwe
FRONNUBLUNENNUALUUUTANNUANGNNUBEN

o a

Flgd AN Nada (p<0.05) (MINN 3)

M5199 3 WisuiiaussnineAzuuumINdYaY ﬁ’;’miﬁﬂhjﬂu’]'ElL”?Nﬂ’J"IN%)E]uﬁ’Uﬂ']iﬁI‘Sﬂﬂizﬁ"lﬁel”J

aiaaiy swuuanudadinhisnadensiaulagny t p-value
ilsalszdan Lifilsauszdran

-h 5.41 [1.41] 4.52 [1.91] -2.138 0.040*

- il 5.45 [1.46] 4.62 [1.97) -1.974 0.050*

- e 5.11 [1.36] 4.85 [1.52] -0.704 0.488

NAFBUA TN Independent t-test : ALade [dudissunanasgiu] : * i

{lﬁﬂﬁmmmmﬁ‘ummwué’ﬁnlaiamﬂl,%a AN
Sauzaarn@An)
arnnsanerdaseiiuieai uneeg
anadanlimneideanasau swdududsdunavae
fidhdaums 5 dauds wuh dudsitaninse

296

N @ o

HHAYNNEDA p<0.05

‘v‘hmamwuﬁﬂmmmfj'ﬁﬂhiamm%qmm%'auﬁ
2 s leud wauazilsalsziea deananse
Mg siuwlseasmndsamulasasas 22.4
(mswﬁ 4)



Nsssmuaunlia Ui 46 alufi 3 n.a. - n.e. 2563

v M = > oo o
mmgﬂﬂluﬂmmmmwsaumnmﬂﬁwmLsﬂu

mand 4 Dadsinneanadvasanudnbisuadeanasay

Mauis B Std. Error Beta t p-value 95% CI

Constant 2.168 3.134 0.692 0.490 -4.007 04 8.343
el (VaN) 0.805 0.327 0.165 2.160 0.015* 0.160 @4 1.450
g 0.198 0.144 0.091 1.382 0.168 -0.084 ©40.481
orilanames -0.014 0.033 -0.028 -0.426 0.670 -0.078 ©490.050
Tsadszdnen (i) 0.833 0.365 0.144 2.280 0.024* 0.113 §91.552
ﬁam’muﬁuﬁaga (L*?im) 0.136 0.379 0.026 0.358 0.720 -0.610 94 0.881
ﬁamanﬁuﬁaga (he)  -0.090 0.371 -0.018 -0.242 0.809 -0.820 94 0.641

nadaumedia Multiple linear regression 75 Enter method, F-test = 2.107, R square = 0.224

a 4
AU

[l
aal

mﬂm’sﬁﬂmqmwguwmmi’mlﬁaéluﬁw
26.04-27.86 p9@ANLTALEd LNBLAENAUNSANEN
lunvminendeveuuiuigamni 26.4-31.7% Y
dannaanulssnanagluanind wu JYssina
aduuazawimuuamazgamaineluvaaiiu
25.297 yaz 23.2% avPnalded MNNIOU WaNNTaN
= P ad o v ¢ 1 v
Wisuiisugamginasaialanuinasien g wuh

a

unINesgIvLame 9 ibgnuilamvue

]
a o

VB Mlineenuaue iy nsuauNet®

13 ] v

MNUUADETTIN 20-26 DaFLTBLTeE WHUHEINY

U

S 2

Uszinaandn 1aawiieai American Society of
Heating Refrigeration and Air Conditioning Engineers
(ASHRAE 55)" lsimmungamgiiainszaehanssan
(Hadew) 139 20-26 asenwaded athalsiamu
1un15ﬁm’sm1élzqumw{]ﬁmwammmqﬂﬂa
Tulsemnaiu g 8193uRUANNABTUIDIAULAE
?1'0Ltama‘”anmmgﬁmam%wamm‘asﬂismﬂﬂ”m
1ag Dear and Brager® 81771 gaungiiaimd
MmeupniiaNNFNRusIFuduasenugama ety
ﬁ'mﬁv‘iﬂﬁl,ﬁﬂmmi'ﬁﬂamﬂ
enNBuFIinsiaataldne 3 wae den
BE5E1WIN 54.56-60.04 %RH FINaMIn5II0
aglunaeinasguueansuante”® uas ASHRAE!”
ﬁﬁmumli’agjsluﬁw 50-65 Way 30-60 %RH
oy lumsdnmesiwumenusuduing

Waaniinsanmlunminedezauun uiiny
anuduFuinSogsewIe 57.1-80.7 %RH®
wenMNiiiiduuzYes Yamtraipat, et al® 9
UBinmenaiuduinsluraslusznalneansat
52w 50-60%RH yNnAMNALFNNSFaNnnT
70 %RH azflenudunusnumsdulazasnaiy
AfEIeluwas usmniiaen 20 %RH azldamea
Souuazwiala® aflvnniwasanududuingi
msaglusmnaspumnsduiaisiindnunn los
fidemnglianudiui anududuinsuas
gamaifinademsiialsavsammsiuthealusnans
wnnfiga i liemsuesgihadessuumadumela
uwdas Belundrtuanaduduingddnamwinld
anugadumaailusmandsuwdasiions
MUFAS ez fumsiedindaranssnums
uula®

NNMIINVINANNTIANDGIZWIN 0.13-
0.19 AIABINT daneaanunasinINawNe"®
fifmuadagssvin 0.1-0.3 wasdaInd uaz
ASHRAE"™ T@manuh dwmsugiififanssaiadeu
(60 W/m®) a’mﬁldzgﬂ Lﬁaﬁl’lﬁﬁum (0.6 Clo) NN
amamaluiasasagiuszanm 0.1 wasaainid
uenNNiiimsdnmues Zaki, et al” ldas1ain
anuEenluiauSauras 2 wwinenaswu den
TnalAsenuagsz1in 0.13-0.28 (NATHIU
dWuladssuumainulagldiadesuiueina

297



Disease Control Journal Vol 46 No.3 Jul - Sep 2020

Thermal discomfort in classrooms

sfuiinaanszaamalunnias freauau
aumwaimaldaglunamiung Saudms 3 vas
ALEUNS ME LUSEEsNUANANNY 1aLtAIp9USU
2IMANEINITOMIUANYUNNT ANNTUFUNNS
< Yy d' Y [ v
wazanuPawliliaumwarmeanlnaidesiula
FONARDINUMIANTNYEN Katafygiotou and Serghides®”
vee o " o2 -
Tadnwlutszmalzlss wumwniwasne 3 zila
lwissGeuluudazgq liuaneaniu
NnMIspUMNInANHNNTayaNAN BeMe
Usznnseanany deanuianlianedeanuiauy
Tumsldvpasaudradn hee wazure wuld
slwaiduwemds argagludiaszanm 18-20 U
sUswandu waztind@nmnuszana 1 Tu 3 TUszia
1 o @ d' < v U = a ¥V
Nillsadsziien Tsafidumnn laun veuiia Hiiun
TasundnsinivnadInlddaninssiiavyag
NWINENFY AD WIEIILHBEIUNG wazunFAn
nnnNeeaz 70.0 Lidayaiiaanudzesnnu
fﬁﬂlﬁaUWﬂL%qmm%'aumnﬂiw 3 mmsaul Fawu
MNNNMIANHVBY Ali, et al® NAPBIAMUAIN
amaluvaadeuluanudnmnnnginmezeslssma
psuaunuaIMINiey wui Jeglurvaadeu
ﬁmmqﬂwmmﬂﬁilsjﬁqﬂszaqﬁﬁu1ﬂniw 3 9IS
LNEN5DET 24.0 BILANENNUATIUNIANIIDG 3 ¥
NI NNIAUSITNMTUAIMEME TUMSFENE
wuinAnsanldrihuuulnd wazannansagas 80
Yy 1 Y9 Y = < J
Tidayandanlisou Jeenadusnmahaameamely
PONFNHFHIME LN WAMSUENMEYBINNEEU
¢ A % o "
ludszinarnsuaunagluiasdSuamagunu
asanldiderninde Tugvdsithaandsyssinds
DINTN 3 A NTHLOIANUANGNNY AN UANAIN
Ve vV %
Janlagsinaaaiu
Lﬁaﬁinmmﬂuimmmﬁﬁﬂwuiw UNANEN
fianwnanheasiasauamalisou savasnia
FANFILAY wazBndn audIay HiNeedindnwm
Uszanae 1 Tu 4 nflanuganaunadlusasiade
niliinAnmnsenuisaEauiaanudan liuaneeiy
298

[~ EZR D=1 Vg U v = = Y
wiulaan dndnwgdniniesdausionmelaisau
udliigannaasiugungiinesnaiala Zeiaamvgi
FUAUNTIANINIINFUILEBIANINTBY NNiBIY
WavnanmsUsziiuldgauainannanugan
UATANNLALTU IVSUAU INEALAEBUNUBINASIU
Ada o ] = o v a
wnaglunniimsiedaunasaimeaihviiaanu
sanlisaule laglisidudadldarmaiigumgd
MNN 26 BAFAALFIFAINNIVUA “luudqmwgﬁ
faungaaselszne lag ASHRAE®? lamvua
a v vV 9/:}
gangfiaualuiaslugguuiiuasggsaulim
20-23.5 WAz 22.5-26.0 dNAHATEE MNEINU
%ﬁLﬂuqmwgﬁﬁLﬂﬂ%uwaqﬂszmmmu%un AU
Ve ld' 1 k4 lﬂgl 4
annsanauisrevsaulneiedlusasauduiu
USEMALANUNITINANNUANEINNY Taaulng
LPEBUAUAINT DY BUNYNTUIBTIAITZINTD
MgNU ASHRAE iviua®®
nsag ludsuinaantfediualacio
HANIENUANNF AN LN aUIEFIANNTBULANGS
nula@” lumsdnmessiiladnmluaniziieaaw
v = ld' Y o L il = 4 1
DIV DILSHUNTNALABNY WU HUAed U
YANBNSINITONIUIEANNDYDIANNITTNEUIE
a k4 YV A = 13 L a
@enusoule Ao twAwazmMsilsalszaner asSune
1o wwandeiianadanuidnlaunnniwane
wasnilsnUszhimlaammsindnmnlvls:ia
[~ a =] c} Vg
Wulsassuumadumelaianudassanuian
' A e o @ o o <
nAaunliilsalszdaar dusulsseune
§9AAaNNAY Rupp, et al®® BNUI NFNWANN
Fanuhinuamwwinsa i Ly tvuIzaNnInnId
LNAZIE DIALLNAINAITOHDUFUDNYBIANINYT
§399n81 Wy nszuIUMSIHINAIUNN B lYWLAa
v ' P
anNsaulusame Msdeunlaaraeaas Iuuwe
liaah wSaviaanldoavuadnyaea (Peripheral
vasoconstriction) WarANNWANAINYBINSFINLE
WEBEN5EWIN 2 (WA Aa UnAnIIENINaFIN L
naneznen) drutndnwvdsdiulvadrnld
=3 £ l ° WQ‘ d%’ d'w £ <
A5:1U59895E0 U LALNNNUN SN IR NN LE Y



Nsssmuaunlia Ui 46 alufi 3 n.a. - n.e. 2563

v M = > oo o
mmgﬂﬂluﬂmmmmwsaumnmﬂﬁwmLsﬂu

wazaNNSNNUTNMela®® adrelsAauiing
dnmlugvuvumsnumussunssnagiauiy
52uu®” Wyl UJadeenunwaniunsTua gl
fienuuanewssmAioudazatu dealdanse
agulauida TagUszanmaianilrnsnuise
FNUMUNUT WFANBULALNAVEWUANNLANG
fudniae an 1 T 5 atu wueNNLANANBE
fidaddymeadd wasddnunieiildwuana
WANAINNY
TumsAnwiwuenuduwusseniIelsae
Usshdfuanuganlisneidennusau lag
unAnwdiulvnaiulsansszuumadumala
#§0AAa89NU Osman, et al®” wun @'ﬁﬁmazﬂaﬂ
qmﬁgm"’;ﬂ%’q (wulm’”lu;j’ﬁﬂu‘[mwauﬁﬂ) e
qumwazudasmniuduiagungilureeiily
WANNZEN Waz McGeehin and Mirabelli®” naM
Bj’ﬁﬁiiﬂﬂsza‘hé’mymszuumqLﬁumﬂlmga%ﬁ
szfanuladannudauls Fanensaninaaslse
inluaananuaziiiatangnitarasruduil
msdanuzntiafluneasaaiiias mniidaseedy
udenssdu Wy gamgil enudy avdawaliiia
amsmneladnn dean wazligunea WJudut®
ﬁﬂLﬂuﬂﬁLﬂqlﬁﬁﬂﬁﬂﬁTﬁﬁIﬁﬂﬂi:ﬂﬁﬁgf’JLﬁﬂﬂ’ﬂ%\li]ﬁﬂ
lﬁamﬂL%qmm%'auvlﬁ'mnﬂﬁw@'ﬁlﬁﬁiiﬂﬂszﬁﬁﬁa
uaﬂmﬂﬁvl,ﬁmﬂ%ﬂuLﬁﬂmxuuummﬁﬁnlﬁamﬂ
Eaenudaussiaifiuar lifilsadszhdduun
MNTINTY DB wazUe WuITnEnwRS
TsaUszhdmiiazuuuanuidn ligunaidannusay
annninAnmitlalfilsadsshdeeiideddy
meadd Tasamzlugrnadhuasiies su5u
Franatnglinuenuuanadeny aduselein
drunihianuddnlisnadenudouiiamamnnn
tadasrulsalszirdunesussuumadumela
ﬁﬂfﬂﬁnwnﬂuag WaLdNEIUWINNAITAUITINAY
NM3091IAMMWDINMANYI Turieuiediad
enNBuFNINSua AN aNINAN AN EY ‘)

e liemsedsuinasemeamaluraslaun
ﬁﬂﬁﬂﬁ’]ﬁﬁiiﬂﬂizﬁﬁﬁ’ﬁﬁLﬁﬂﬂ’ﬂuiﬁﬂﬁaﬁ‘lﬂﬁ
dainuainsAnw MmIdnaseild
mmi’mqmmwmmﬂﬁlﬂué’umuwmﬁ'm@sﬂu
%mwwlﬁmauﬂquﬁ'uamwmmLﬂua%qﬁqm
FoinAnwiiadeuludmunisaeiy mssudnds
ANMWEIMANBRTANNUANENY iU ANNTIAN
NaespslSummendudaimi dailumsdnmn
a%1601UMsAN NNV AMNE UMD
i3suasiananuiudannniieiedl sududad
I IANE Aa MafsandanieeFeulumsgy
HhiiasBunaiifidnuamemmwuazinnugizou
Alnddeeiu sfiaflumsmaasudsmuurasmiin
ﬁma%dmadaqmmwmmﬂlﬁ

Gl
NNMSANETWUANNTLLTANNEIaN
ieaglusnasgu wdgavgiaeluiaadeuidl
ANNTIAINATTIUYBINTNDNNELENYDE udiila
gaumndeanuganliaueidanusaunuin
un@nwaulnafandeaimelisau Foaiaan
anuasFuiuguvgiuuudoudu daiausuus
asufuiingunp il ivanzanduanugdn
2oy Lfviag wihsnuiitiedseasiansann e
fimmnzantuaulnglisanagasiummeaneauan
N uaﬂmﬂﬁmﬂﬁﬁﬂamzmﬂmmmﬂuqﬂﬂiiﬁ
fhsmuguanutuduinsuazanudonlurag
Taglunamiléa 3 dhanm amsssneaimais
danaldfinisieaaulnizesarimaniniein v
indnmiiilsalszihdanamsanuidnlaisuneg
@anusauld uasiuiingauguanesdeuiaisi
MIMNANNFEDINUILE RN TWAANTELIEDINA

Taninsavhanulddagiane

299



Disease Control Journal Vol 46 No.3 Jul - Sep 2020

Thermal discomfort in classrooms

@N&IID N
. World Health Organization (WHO). WHO
guidelines for indoor air quality: selected

pollutants [Internet]. [cited 2019 Apr 17]. Available
from: http://www.euro.who.int/pubrequest

. Shaughnessy UH, Shaughnessy RJ, Cole EC,
Toyinbo O, Moschandreas DJ. An assessment of
indoor environmental quality in schools and its
association with health and performance [Internet].
[cited 2019 May 5]. Available from: http://dx.
doi.org/10. 1016/j.buildenv. 2015. 03.006

. Narinya N, Kunmeuang K, Sakunkoo P. Evaluation
of fungal contaminations in the air inside
classrooms and laboratories at faculty of Public
health, Khon Kaen University. KKU Journal for
Public Health Research 2017;10:11-8. (in Thai)
Argunhan Z, Avci AS. Statistical evaluation of
indoor air quality parameters in classrooms of a
University. [Internet]. [cited 2019 May 3]. Available
from: https://doi.org/10.1155/2018/ 4391579
. Jafari MJ, Khajevandi AA, Najarkola SAM,
Yekaninejad MS, Pourhoseingholi MA, Omidi
L, et at. Association of sick building syndrome
with indoor air parameters. Tanaffos 2015;14:55-
62.

Lee MC, Mui KW, Wong LT, Chan WY, Lee
EWM, Cheung CT. Student learning performance
and indoor environmental quality (IEQ) in

air-conditioned

Building and Environment 2012;49:238-44.

university teaching rooms.
. World Green Building Council. Indoor air quality

in school. [Internet]. [cited 2019 May 6].
Available from: https://www.worldgbc.org/
sites/default/files/Better% 20Places% 20
for%e20People%20-%20Schools% 20Brief-

ing% 20Notes%20-IAQ.pdf

300

10

11.

12

13

14.

Dorizas PV, Assimakopoulos MN, Santamouris
M. A holistic approach for the assessment of the
indoor environmental quality student productivity
and energy consumption in primary school. Environ
Monit Assess 2015;187:1-18.

Environmental Protection Agency (EPA). Why
indoor air quality is important to school [Internet].
[Cited 2019 May 2]. Available from: https://
www.epa.gov/iaq-schools/why-in-

door-air-quality-important-schools

.Kamaruzzaman SN, Ashiqin N, Ahmad ZEM,

Riley M. Critical aspects of the inclusive
environmental for the well-being of building
occupant-A review [Internet]. [cited 2019 May
20]. Available from: https://doi: 10.1051/
matecconf/20166600114

Ferreira AMC, Cardoso M. Indoor air quality and
health in school. J Bras Pneumol 2014;40:259-

68.

.Lu CY, Tsai MC, Muo CH, Kuo YH, Sung FC,

Wu CC. Personal, Psychosocial and environmental
factors related to sick building syndrome in
official employees of Taiwan. Int J Environ Res

Public Health 2018;15:1-19.

.Amin NDM, Akasah ZA, Razzaly W. Architectural

evaluation of thermal comfort: sick building
syndrome symptoms in engineering education
laboratories. Social and Behavior Sciences
2015;204:19-28.

Saraiva TS, Almeida M, Braganca L, Barbosa
MT. (2018). Environmental comfort indicators
for school buildings in sustainability assessment
tools [Internet]. [cited 2019 May 7]. Available

from: https://doi:10.3390/su1006 1849



Nsssmuaunlia Ui 46 alufi 3 n.a. - n.e. 2563

v M = > oo o
mmgﬂﬂluﬂmmmmwsaumnmﬂﬁwmLsﬂu

15.Takaoka M, Suzuki K, Norback D. Sick building
syndrome among junior high school students in
Japan in relation to the home and school
environment. Global Journal of Health Science
[Internet]. [cited 2019 Apr 18]. Available from:
https://doi:10.5539/gjhs.v8n2p165

16.Sudprasert S. Field study of thermal comfort of
University students in non-air conditioned room.
Academic Jourmal:
Khon Kaen University 2016;15:147-160. (in
Thai)

17.Zaki SA, Damiati SA, Rijal HB, Hagishima A,

Faculty of Architecture,

Razak AA. Adaptive themal comfort in University
classrooms in Malaysia and Japan [Internet].
[cited 2019 May 2]. Available from: https://
doi: 10.1016/j.buildenv.2017.06.016
18.Department of health. Manual for indoor air
quality assessment for staff. Nonthaburi:
Department of health; 2016. (in Thai)

19. American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. ASHRAE
Standard 55 - 1992: Thermal Environmental
Condition for Human Occupancy. Atlanta: 1992.

20.Dear RJ, Brager GS. Thermal comfort in
naturally ventilated buildings: revisions to
ASHRAE standard 55. Energy and Buildings
2002;34:549-61.

21.Yamtraipat N, Khedari J, Hirunlabh J, Thermal
Comfort Standards for Air Conditioned Buildings
in Hot and Humid Thailand Considering
Additional
Education Level. Solar Energy 2005;78:504-17.

Factors of Acclimatization and

22.Bureau of Occupational and Environment
Disease. Manual for indoor air quality measurement
for international channels. Nonthaburi: Bureau of
Occopatinal and Environment Disease; 2018.
(in thai)

23.Sookchaiya T, Monyakul V, Thepa S. Assessment
of the thermal environment effects on human
comfort and health for the development of novel
air conditioning system in tropical regions. Energy
and Buildings 2010;42:1692-702.

24.Katafygiotou MC, Serghides D. Thermal comfort
of a typical secondary school building in Cyprus.
Sustainable Cities and Society 2014;13:303-12.

25.Ali H, Almomani HM, Hindiyen MY. Evaluating
indoor environmental quality of public school
buildings in Jordan. Indoor Built Environ 2009,
18:66-76.

26.Atthajariyakul S. Thermal comfort for air-
conditioning in Thailand. KKU Engineering
Journal 2007;34:141-50. (in Thai)

27.Nakano J, Tanabe SI, Kimura KI. Differences in
perception of indoor environment between
Japanese and non-Japanese workers, Energy
Build 2002;34:615-21.

28.Rupp RF, Vilsquez NG, Lamberts R. A review
of human thermal comfort in the built environment.
Energy Build 2015;1056:178-205.

29.Djongyang N, Tchinda R, Njomo D. Thermal

Renewable and

comfort: A Review paper.

Sustainable Energy Reviews 2010;14:2626-40.

301



Disease Control Journal Vol 46 No.3 Jul - Sep 2020

Thermal discomfort in classrooms

30.

31.

302

Wang Z, Dear R, Luo M, Lin B, He Y, Ghahra-
mani A, et al. Individual difference in thermal
comfort: A literature review. Building and
Environment 2018;138:181-93.

Osman LM, Ayres JG, Garden C, Reglitz K,
Lyon J, Douglas JG. Home warmth and health
status of COPD patients. European Journal of
Public Health 2008;18:399-405.

32.McGeehin MA, Mirabelli M. The potential
impacts of climate variability and change on
temperature-related morbidity and mortality in
the United States. Environmental Health Perspectives
2001;109:185-9.

33.Boonpimon P, Duangpaeng S, Kunsongkeit W.
Predictors of acute exacerbation among chronic
obstructive pulmonary disease patients. The
Journal of Faculty of Nursing Burapha University

2015;23:26-39. (in Thai)



