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Present Condition of Indoor Thermal and Air Environment
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Abstract

The purpose of this study were to make clear the present condition of indoor thermal and air environment by cooling
in school classrooms and to analyze the relation of the living conditions with indoor environment. The measurements on
physical elements and observations on living conditions were carried out in 6 classrooms of 3 middle or high schools.
Measuring elements were indoor temperature, relative humidity, PM10 and CO, concentration. As results, the averages of
indoor temperature each classrooms were 24.9~26.6°C. Most of classrooms were lower than the Maintenance standard
(26~28°C) of School Health Law. The means of relative humidity were 51.3~72%, all classrooms were ranged within the
standard (30~80%). The means of PM10 concentration were 3.5~23.1 pg/m’, all classrooms were kept within the standard
(100 pg/m*). The means of CO, concentration were 1218.7~4705.4 ppm, all classrooms were exceed the standard (1,000
ppm). The results of analysis on relations of living conditions with the physical elements are as follow; the air condi-
tioner set of temperature, windows and doors opening elapsed time, the number of students in classrooms and activities
of students had certain effect on indoor environment.
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Jﬂgél (gf JtEotet ENELICRES)
T UAL AAYSo| neto] & YW EFrE Bo] BEL B9

T3 2. bweAle| A - Ty |94 FFAN

of AFo] MYHAS o FFE=rt A5
A HR] 247}, 020 pgm*FEF 84mgm’) 2 2
T 7124 ugolith. mAHA e HEEALE, THE
2ol B Az FAAT 52 =8 uE
Bow, e P uAHA Y] 27 o
Al wobxt.
CO, 5% =343}, 347~1,938 ppm(B < 1,218.7 ppm)

FHFANN =Y

oz 239 3/4 o] JIEANE 2HFHALU, He
1,218 ppmo 2 71EX]o) A 2T e, e/ 5L
A 2 7P3 %33 AHATh Co, 7R HEEHE, &
HAFA CO, FEE 347 ppmoE HAXZ eyt
2o HIAe 2% =A Jeided, A AT
g A7) e A o ¥ W HEE Fo
AAGE AN A A &H o2 st en 674
ZF 34 W3o] 7 Ax, IS FES o] BT 9
29 Aol CO, =7t ¥A A€ Yoz AZHEr
ANzl $23 e} 23 vivE Waet e A
=2 N7 A%HA oF 800 ppmol 7R, A
AlZbel AR F7F EOlER IAFC] JHE AHE
308 o4 A&HR ¢F 500 ppmo] TFAaFA. ol F F
JAIZH ATR7E A9 ANuEA @3 247 AEHA
CO, =7} 2F 1,000 ppm 3718t 1,938 ppme.2 HL
g 71EsA= oldrt 2F 24] 5080l

4) dozA

dwd AWes 2345 25.7-280°C(HT 26.6°0)2
)RR 27t 71 XFEHUAT AF2=9 Al
2E9] A -04~52°CHT 2.6°0)2 5 2Al4T 5°C
ooz WSIFTS U F e 2EANL, 2
e YEFZE 28 Axe oMt AUeE9
HEEA L, 9o RAEF IR dojid s
o] g Wy gIlen, o] WAL FAAITT HAA
ol FRFRY AgATre] Ho] AY2EEs & W5
o] dAsHA FA=HAUT

ANEE SAAF, 55-84%FHT 65%)F SHAIZ Al
749 9Al9F 9A] 10%0l 71EE Blojwkal, yeA] AhS
71&o EFHAT s HEEL JA, ¢ ud
E3 ulAriR &2 ojej7ie] 7HEAlZke] HoldE Addis
7} Yol z, AR FEe] MUEHAE | JdE=
7} st

o= FE 2347} 0~50 pg/m’(BF 3.5 pgm’)E
ZHAE 5 71EA] vkl vAwER] FEe] ¥HE
EAL, 9A] 108 A=Azl S A Yol F718t
o 50 ugm’e] FEF F43] Fopl olF, FAE] &
ool A9 glE UM E A Y] FE7t HA
oAt izt AAA 5 dEY FE #4449
of wl vAHR Y FE7t AeT sErE ¥HEsI o,
FAAZE FA4A o)F olFole vAMAY FE7F 0 g/
m’Z FAZRE W Bl fAIEHAT

CO, 3% =323}, 294~3,137 ppm(BF 1,993.2 ppm)
o7 2AHA R AzZhiel A7 RE 78] ol 5t
EEe] 237 71ES 233G, COo, TEY ¥F
EQe ZRANZANE 294 ppmo g2 HAXATE FUA
vl AR AL AEEA 3 X7 50 AEEHA
CO, =7} 2,000 ppm F7FIALL F=AI ] H7+57t
gzl 29 23 ASele & 9L F4 EIAo
12A15E AzHE ANkl AR 7 543 &

i o Hr o

Rl
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~dx BEE BE ALY ¥ IE ool 04 2E A E BT

T8 3. cmAle) Mg - B7 |24 FEE

olHI wAEH BrFo] 2012 B EEHY CO0l F
S7F oF 1,500 ppm BE RokA 7]$A] ©]dk)l 752 ppm
£ 7123} olF MFEIE AL NEEA e 2A7H
20% B9t ol AEHA oF 2,200 ppm F7l8l ¥
24 5089 3,137 ppmoE FHIAXE 7|EH.

5) ex4d

AN eE 2 AT, 24.6-27.7°C(B T 25.7°C)2 114]

AZbere] A2 V1S EREHT, 2 9 A
e 7N1ES Yot R2x9 AUz A= 2.9~
8C)E 124] o]Folle 5°C o]FoZ Yeht
YEELe 3 S e 2EARD Adx
il , £ 3 mRA R, dlojd AL
To] J3g o JRor HAAIZS AE N 4
AR TR e o8t M ASstdTih
7k A FA =AU

AEs 232, 45~63%(FB T 513%)= SHA 2
T 718 EFEAT. AHFES WESAS, o 24

o,
R
i
2
o >

~

=
=
jo!
o
=y
I

=2
fr
e
o

AR B2 A3}, 0~30 pg/m’ BT 8.4 pg/m)E
ZRAe BF 7IEA ko[t ARl FE HES
e, AEAIZ TS FHYC] Jed PARA] F
b AsEtien, AAEQ FE I vAwEA F
T7b oA welxlch. a2y 2 WEEe] Agton, 34
9 30l NG A7 ez QAR vAHA F
T 7} 10 pgm’E A FAE A

CO, 5% =343, 1,337-4,622 ppm(F o 3,044.1
ppm)C2 &R BF J|EAE 2H3AH. CO, FE
HEELL, YA 1,337 ppme 2 HAXH o, o]
v 71&E 233 duad. E94% & Co, =7t Al
& st AR EEA G2 ol 1M
308 X&EA <k 2,600 ppmo] S7HBIATE FEAlZtelEt
= MRt @3 3 239 Aee Co, $=o ¥F
< FA E3lthzt 104 30273 REe] 1F A= ME

H9E W CO, FE7F 600 ppm 7 FAEUTH T F,

MNFR7t AL A=A da Fhol AT 5 ALH
A} CO, F=7F 1,300 ppm F7Fste] 7 11A] 40l
4,622 ppm2 2 FHIAE 7= AAA T A
Ag7t EO1ET AFE o] 208 oY ALHWA CO,
F=7}F 1,700 ppm ZAsle] F 1,550 ppm7bA] Gl th
AANZE o)F FEIT AL MEEHA ¥ £l A
7+ 302 A&HA CO, T/t ¢F 2,200 ppm F7FFRTH

6) Al

AN ew 23247 23.6~28.1°C(HT 26.0°C)2 124
ojdel= HAZ 7|Eed] EFHASY 2Tl SHA 9

REo] 7|&L Hlojyn Fexe Aul2xe A=
3.2~7.9°CET 4.8°C)2 2 119 7.9°C, 2A¢l| 6.4°CE ¥
UESZS FEE £ e 227 S Audlexe]
HEEAL, dojzde 7Hs A|ZHA| 7l AA 2% 18°CE
A=t o 26°C7F HAb oA 7kl SAEHUTH
olF, AWeEst A5siAr Al oloj7le] e, A
2%t 26°C ©o|3tE "ojA#}t olojzd 7hgo] FAHNU
t} o] WAL Aulexst ¢F 26°CE FAHH olojA 7}
5L AL AUleEst BolAE foAg Artsske
Argo] Al W wHEE], 26°C FE7 SPES HE2:
9 Aoz Aztah

BUEE FHAH, 45~60%FEE 52%)= FFAE 2
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T 71&0 EFEAT. ST HEEEL, ¢ w4
% "RIVHAIAH.

A=A B 2343, 10~60 pg/m* 3T 23.1 pg/m’)
2 2R 2% 71EA vzt vlAHA] x| W
FEAL, FHEY 28] B H=AZ] wAHA]
9 =7t B4 sz, 9T oA HAEA Y
FE7F WolE AgE By, Wl FHEEIH. o
B SAANZIIY 1Z3AL o] F, 58 FHolojA dwt
Hol A gl ALTEH HYAHoE APEHI
7] qEol FEAIZE IS F Do) BobMed A
o2 Azt

CO, % 373}, 2,783~5,500 ppm(Z 4,705 ppm)
o8 23X BE7L 7)1EAE AL o) 2H T H
o] /M B Co, BE9 MEEARL, SHAFA
2,783 ppmoE 3T T HAAIYLY o|w] A -# 7]
& FA 233 AR FHAIZ ATFFEIE A
MeER] k51 2417 208 B9t AEHA CO, e %
2,800 ppm Z7}3ked 5,500 over ppmoE HIAE 71 &
sded, oluirt £ 114 208t €O, =7t
AR F7Fhe Bl ATl /o] AUAT
zojgog Fu g Co, v=° J&FE FA Eadoh
HIAE 712F Folx NFEIE A LA &R
CO, 5& 3z AHZ 117 o] A&HAUT A
N7Zve) AR F7F E2EL, FEIE AF L
23|HA CO, =7F % 1,500 ppm A3 F 4,000
ppm 2F Yrolxth HAAZE o|F FYAZ AR}
Aol MBEA G 147 30% o) ALHA CO, F
71 Assle oA HaAE 78S, SHLEEAN
A Hzx)7b A AEHHUY.

2 EHQAY ZEHEM

) Ade=

o e ANeE EHAHY, HHE 24.7-266°CE =
A2 o] thiEo) §4 - #E 715 (26~28°C)ell £3HEA
Be Aoz Yt

Yt =rh #elzle] o] FEERHol HA Y ¢, d
T A, E 222 259 297 wEt o
o} AYEE Yske i wA Ae BF AR
7t fA - B N1FERYG WA JEist SRE 228
oo M-S 2AYerz EHE drrt S
Azeraty B 5 o &, "Surdy A3, 9
FA - #Y 71FL oA Hopo} YHEFEE o
3te St A7rE Ed uhEA S E o, dHEY
AR Azexshe Aol7) Aok B & ok WA o)
Yz "oy} A7}e mH3te SR AYY 7ES &
ABFANE AZALEE ¥E F e W] a7EH

67 ZAHY AUer HEEL 1.94.9°CE JEiaH,
67 A BT dojAd AALxe mel AULET} s
ALY &7k, dojAY 7ol FAHUE wivt i

FIFAGS TR

FE7 AREAS d AdeErt ta A5 &,
AL FFL vXE FH AZAJgL oo 43
exoly, dojA9 7HEFA} AT = AL
=9 izt Aed FFaoldt.

2) AHE=

6 2 AuigxE 2FEH, Hd 51.3~12%E 671
oA BE #A - B 71E2(30~80%) EFEHAUT HE
Zo 15-37%2 UG, o/ 2 BF dojAe sHE
A)7bo] AAAFE AiE=rt 3P, JdloZ 7HE
< ZFAAY AFRE NS | 2719 Fel 9
3l Adigsr AsSach &, Ao Ag7lsd 9
& Aoz Az, 34 U JuFEd ¥ vA=
FH AR o7 sHeoRe AT, AT

Mede & & AN
3) wAHA =
7l wA uAHA w= 343, B 3.5~23.1 pg/
m’E A - #F) 71E(100 pg/m® ©)3}H) vREeZA], of -

2 et Y GEUllgo] e Aol vl
$e FrE dojAL uAH] eI % Ao
2 Azhgr) o3 AFe stuwde AUgEs =3
3 AP = ehdut . Heg e A(2003)
o)A BIHEAl(121.4 pg/m®) BTt WA (98.4 pg/m®) B4
w9 FE7F WA YR, HAS 52006y ATl
A BaE HEEA e 717k AEAW 9F S A
59 AUF/NAL A A3 nEA] FRvt B
70 pgm*e 2 e o, JA] Wrbr)Zke] obd 2004
108 o] Auigr1de 23 A& F, 2006)
ol dutmAolre] FE7F HF 9583 pgm’S.E e
U i 7HEA] A B A7l HiE "R & 43
£ el

A AR 8] MEZ L 20~60 pg/m’E YEFST tiFE
9] A HEeAZkt FAAZ] FAEY] FF Yo
Dolol we} AR FErt gk, THEY &
Hglo] o= FUANZH BAUA Y FE7t RopA =
B%e Bt e Age uAHAY Hiszs)
FE=7t o) 2 F 7P =24 JeRged, o] g+ g
RAEL EAo] AEAlZtg A7 B8 Y =
SAYo] B, 7R o] AL o]FARA] 3%
7] QEoZ AyztE olof HlE bwde] ASe FIA
TARA, Ao F& vl 7|2 AAe A 2
o gFA uAHA 27t F43] FsSHEAT B
FE7F U2 2 vsE Jeld 2 Al |
T Fe TR ALY e Bekr] fEeE Az
Aok, 23 cwA e vARA w59 HIA7} ) 2d
Z 78 @A Jeiked, ole ol 24 F 7P ®ol

)

2) AN} 272 AT(a, b)) Cal(e, fA)e] olojAe E=
zo} e Ao g F7)1A35 2 vNEAE ZYFE 71e0] AR
Ao 2= o] I
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o] H3 3 vE wi . — 1 = o pud FEFal HEE A
184 y= .l.l_éoﬂ H]gﬂ 7]—78' 217] tq]v‘i_(?l 7}-\]_0_ EXTINE HESA
2 AZtE. dude nAHR] BE % HECHE: 5 1,950 ppme2 HAA
A qil ) o] ¢l 2 = ZANE INZE50E F 5,500 over* oz Aux
7}'& 7:71] L]’E]’kl’—“:_‘—ﬂ] Z‘@/\]Z}'/\ ) o e NE > Ppﬂvl-—i 23]
eseT 3 » 5 J2E oojAL A 7H b 423 ppm.2 HA A
SRAL, A WA AeATE Agfstae adeln e MRESOE 7 4147 ppmO 2 B
AU s So] 2 $xoe] 9lgly] EoE A7t =4 |d ;@A}j _ 294 ppmS = AAH
"o &, vAEA & SO Ol T A - 3 A2 508 F 3137 ppmo2 #31X]
o 7 s 9%E mAle T AEed) o ERA 1,337 ppm0 2 HAX
~ o] T - = > R
;ij]fﬂ Ao P75 AAze] %5, M7 Aol 2N} N7 402 4622 ppmO.2 %yj]]
A o N =
2, ;L_é:ﬂ FE W WA AAHY FAUA B - 2783 ppm2 2 A
kA e mRje AoR AHT) 27 A7) 208 & 5,500 over* ppmoE 1
4 - 3 (AR A%
63C*Ori :5 T g | (AR A
§ 249 CO, FEE, BF 1,218.7-4,705.4 ppme 1} il ° 2500 pom E71
Eijlod, BE w9 H#e] CO, A - &g 7]—’#(120 e b ﬁfﬂ WA 2 02 ot 5 500 ppm &
S lee Aot ude A9 Y 2AE 7 N T 0w 37
o = & o} A A3 7 wAL 3 s | It B L 408 | 1,600 ppm 271311
~ Lo ok A = ? GE
x ,0-0(; 5,000 ppm, ol o]2H o2 uje Beksl A - :]1 R 4,147 ppmo.2 H1A]
) AL, anA D mAe) B olF e BLH g | 2}1‘1‘7}7]1%51%] U 408 oF 2,000 pom 27}
Fe s000ppme] WE AT ET st e T T S s
CO.9 HEZ S : a $512] 232 1)9F 1,300 ppm F7H51
_COsSl %2 159154 ppme 2 Hebie CO e 4622 ppmo2. 33
= WEEMo| 9AS 57 TAL s 2 ¢ PR AL AR R
L ] AR 57 A S SHejRE <E 5> A|7F o)A R4 5,500 over* ppm X
9} Zroh. 2 AEA] €O, FEE 423~2,783 ppmeE 3 7}15:;7}74; A 8 o’ -
) o] ojel ZAAAATE 4 - Be) 712 3 e e 2
sl r B 7188 &3 Rkl 5,500 over* ppm o2 H ]
3, af ZAol ¥ 7HE F 1A 50E~2417F 40 ‘ iﬂﬁﬁ}m‘ RS2 or 500
2 gl = (14~ s w e AIZE 508 A& 000 ppm 27+
- = HA~124] Atole] oln] HzAE 71=ey  MEEA 4 A7t A8 AEA T [F 2200 ppm 2713
.3 F faAL 5,500 ppm o1l Hix| A av | a7 oor A% ,200 ppm 571343
7 ol X&EHA ol HX Aejzt 14 s o & 3317 ppmo2 H3A)
- = o}, 30_?_‘: e 1/‘]:’;_7_7]":,7{9]:“”0]“5]7‘] X o 22(‘) ~
lA BE 249 9% COo, Et FT T HE A7 7H¥L-'%’—37(:£74 ;—‘jiﬁﬂl-g]z] i 200 ppm F7}
- W pad o S (A
L{ 9% €O FE, AW CO FE A4 % bl & 494 O e C A sk
Ao} BAL €O, BEE J5U g ouY) o A i ;Eﬂ“;‘?-ﬂ:%&lzﬂugﬂx] 3 |F 2,800 ppm 271319)
o] ol @l Y Aoz B & 3 ” 17k 208 A% 5,500 over* ppmO.2. A%
o AERUL A Ao & F 3l CO, 5= - PR A A 2
. U= é‘-‘qiﬁ, 408 ~1A]7F EoF 7RI A 1A 7} 308 o)A X< oF 1,500 ppm 7t
AHA B2 e A& 2§ o, T 4 L e
1,300~2,500 ppme] 275K, 1217+ 308~2A17F 205 & o ;g}iﬂmu&% AFE)Z. 20|F 3,000 ppm 2
?_}_' A © L LA L1 E =
= ]: } ¢F 1,500~3,500 ppmo] Z7}FATE FAAI T b A 20T gsiEe] /)
. AAATE 2B NTHEE 20~308 B N A AAAz HJ? 2 s o A% |30 B
- v 7o 4y X ZalEe =
T 9‘}: 1,500’“3,000 ppmol 7&"/_{\_8}_931:}_ h_x?_/‘\—:}__o,] o N d ZH %Z‘]:—';EO'IE_T’_%E% ]-L]-
WA X 1 57HAl o} I ke Al 208 [eF 1,5 .
T AR 2919 B4l 1000 ppm ©l5= A o} A& = | °F 1,500 ppm
- T
Rk, AEA 108 ol FSE LR €0, FEt o [ ol 224 b,
 400-1.500 ppre] SHLO, AFHE L} {7 hed 42 208 % °F 1,700 ppm 722
= S TS A TS B0E
B 2o ALdE €O, Frol JTE FA EId oo ;EHEC’:: <F 1,500 ppm
2 9 €O, BE og= T AT ok She Ao A oF 1,000 ppm 42
02 0_1_7]‘ 7]-7g' Ocl:i—gl‘ )E}EH?_]_ C.J_l’_/é—% %_9/] CO, b [YHE Jo s oF 400 ppm LSO
e AR e ) L i ;
al 2 e
28 W] 3 2z wdel 18 B AAHd nE  EAE [0 S T o <
G0 yEagel B sl e mEan. s e
QLA A A O
A i i : B L 500 ppm 2
w2bd CO, FE L e FE AGaAL ) = Z 7\]—‘:;—;: 78k SF 600 ppm 22
3) &84 (1995). FA% %&»ﬂ Zﬂﬁil?g e
EF(1995). F7ARFA. F £ p. 182.CO, & o) | g | S AN IRE AL\
pome A5E o4t 3 e e e Jue | heens 2 9957 2
5] - _ > ~ T & e |24 e AL
Bepdelo) s@Ech ©3 1,000 ppm o] CO, FEE UA ean o OEE‘_;%T QYT 2
ATrE Fpee Ay 9954 29

8} 3F7), €8, d=7)5 9L & T Utk

*5,500 ppm °|4¢] FEE over® EAEW 5,500 ppmo B 7+
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