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Abstract

Recently, SHS (Sick House Syndrome) has increasingly been used in Korea. Be the
growing times that kindergarten children are poor at the body, and resistance is weak,
and is flourishing too. Therefore, this study was conducted to evaluate and recognize
the distribution characteristics of indoor air pollutants such as the PMjy, carbon
dioxide(CO,), formaldehyde(HCHO), TBC(total bacteria count), carbon monoxide(CO),
nitrogen dioxide(NO;), radon, total volatile organic compound(TVOC) and ozone(O3) in
19 small kindergarten facilities located in Seoul. The results revealed that the average
concentrations were as follows: PM;y 72.7 ug/m3, CO, 1,126.1 ppm, CO 1.5 ppm, NO,
0.035 ppm, O3 0.007 ppm, Rn 0.8 pCi/L, TVOC 321.7 ;Lg/m3, HCHO 38.8 ug/m3, TBC
460.5 CFU/m®. The average concentration of CO, was 1,126.1 ppm, which exceeded the
Seoul City standard of 900 ppm. However, no other concentrations exceed any standards.
The standard excess rate was examined with CO, 52.6%, PM,0 26.3%, TBC 18.8%,
TVOC 10.5%, HCHO 6.7% and NO, 5.3% in small kindergarten facilities. These
findings indicate that special management regarding the excess items is necessary.
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dglon, TVOC % HCHOE H&4 23 i
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ZALE ZP7F FEEsinh. dEE AR
Ao A PMype 428357 E3% <! Minl volume
air sampler(PAS201, Airmetrics, USA)E 9]

g3to] AgeEE AEdon, FHEFAT(TBC)

o=

= FEYS o]43 Biocontaminate sampling
pump (MAQSII, USA) o TSA WA (tryptic soy

datgon WY F Jgs
718k th. Formalde-
hyde® 791871 EH ](SIBATA 100, Japan)

Aol 2 4-DNPH #=A38t
HPLC(Surveyor, Finnigan,
USA)E ol&3to] EAat10m, TVOCS ILAF

FEE o]&sto] AE71EH7]

agar) & A&t =

Table 1. Sampling methods and equipments

(SIBATA =30, Japan)E& A3l 2Hsdx
#24& ATD(DANI STD1000, Italy) de27]9}
GC/MS(GC-2010, MS-QP2010,  Shimadzu,
Japan)& °]&3te] AT AUEr] F¢
Z= 42 A% A(Scintillation cell)®42] 2
47](RAD-7, USA)& AH&stitt CO.¢| 7

H A 9] 4 A (ECOTECH,  EC9820,
Austria) S o]&3to] ZAE AHAJSTE CO¢
ZXJQ. H]l‘i—)\}-ﬂﬂ}ﬂlﬂ"o] xﬂlg} CO analyzer
(ECOTECH, EC9830, Austria)E o]-83}<]
dataiom, NOo| F4& bty s o] &3t
NOx analyzer(ECOTECH, EC9841, Austria)
£ ol&st] AT 0:¢] FA2 Ozone
analyzer (ECOTECH, EC9810, Austria)Z o]
gato] AAEGIT. B Aol AR EATHY

7 #4771 3 14l 8okste] YER It

|\

Y

Pollutants Method Sampling method Equipment
HCHO HPLC Sampling rate 1 L/min Sampling : MP->230H, Sibata, Japan
(2,4-DNPH-C1g Catridge) Sampling time 30 min, 2times Analysis : Surveyor, Finnigan, USA
PM Mini volume Air Sampling rate 5 L/min Sampling : Minivolume Air Sampler
10 Sampling Method Sampling time 8 hr Airmetrics, USA
CcO H o Sampling : EC9830, ECOTECH, Austria
CO, NDIR Sampling time 1 hr £C9820, ECOTECH, Austria
Chemical . . . .
NO2 . Sampling time 1 hr Sampling : EC9841, ECOTECH, Austria
Luminescence
O3 Ultraviolet Photometer Sampling time 1 hr Sampling : EC9810, ECOTECH, Austria
Sampling : SIBATA-MPX30, Japan
. . Tenax tube(Perkin Elmer)
Toe ;}l’?e/ll'\ﬁiﬂ desorption Szipﬁgg E?I;ee é%onrl?i/rglgmes Desorption : STD 1000(DANL, Italy)
P pine ' Analysis : GC-2010, Shimadzu, Japan
MS-QP2010, Shimadzu, Japan
Radon Continuous Radon Monitors Sampling time 8 hr Analysis : RAD-T(USA)
TBC?  Impaction Sampling rate 500 mL/min. L4 s o ler. MAQST, USA

Sampling time 5 min, 2 times

Y NDIR(Non Dispersive Infrared method).
2 TB(C(Total Bacteria Colony).
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A 7.7 ug/m3°§ ZAbE Qo
o CO, 1,126.1ppm, CO 1.5ppm, NO2 0.035
ppm, O3 0.007 ppm, Rn 0.8 pCi/L, TVOC+ oL
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60.5 CFU/m?) > 841 (433.3 CFU/m?) > A5
(174.2 CFU/m®) > A2 (156.2 CFU/m?) ¢

orr o M o m Moz 2 ol v

A4 260.8 pg/m?, 5 321.7 pg/m?, A< o7 747y ZAMEAY. 5ol MM w2 F
124.8 pg/m’, HCHO: wAA 40.5 ng/m’, 3 5 Yehllon o= 2 Adshs dhalo]l 4
24 38.8 pg/m’, A9 7.0 pg/m’, FHFATLS Aol Hla) B AR} ool ER T
WA 156.2 CFU/m?, AF-A 174.2 CFU/m’, B, A7 2 wAelA ARk 74, 7hE,
8574 460.5 CFU/m?®, 334 433.3 CFU/m’2. B SoRNH B Joz AlgHh A
2 717t ZA 2R HSAAe) YE oI, 4% nlgEe] ANsta glor o
A7 FEEAANA CO0l AT, AEA T & =S 2 Bdite 2t o AF
Fo|BA T AU d B A A s o] okt ofdolof Al W JgS v A A Hrt
7152191 900 ppme ZIFsFALE. ol HEAA Z3 A H7) 312 (TVOC) 2 8H52(321.7 pg/
9] ojelojo|So] WAl AFF= Eok 58 o  m’)>uA(260.8 pg/m’) > 2 ](124.8 pg/m’) ]
3 C0Y ¥%7t 71 o2 BoEw =47] TOo® 747yttt A b wAlE
ko] 27 Lo|%7] wjie F3 sy = Qg of WEE 72, FEASAA, ddg 2 U S
g wal QS Ae® AEHT COE AYs o] Bol o] TVOCH B2 d&s & o= A}
e 0dEBEdEL AL E 7Fo7 fA71F 59t ES Fddsle]=(HCHO) = wA4
Table 2. Concentration of target compounds according to floor space
Under size Over size
Pollutant p-Value
N Mean S.D  Excess(%) N Mean S.D  Excess(%)
PMo(ug/m’) 19 72.7 59.0 26.3 94 60.6 28.3 10.6 >0.05
CO2(ppm) 19 1126.1 629.6 52.6 201 568.3 165.2 5.5 <0.05
CO(ppm) 19 1.5 1.5 - 201 0.7 0.7 - <0.05
NO,(ppm) 19 0.04 0.01 5.3 24 0.03 0.01 8.3 >0.05
O3(ppm) 19 0.007 0.003 - 24 0.006 0.005 - >0.05
Rn(pCi/L) 16 0.82 0.51 - 24 0.28 0.24 - <0.05
TVOC (pg/m’) 19 321.7 292.1 10.5 24 220.9 86.7 8.3 >0.05
HCHO(ug/m') 15 38.8 29.0 6.7 201 19.8 14.9 - <0.05
TBC(CFU/m’) 16 460.5 287.6 18.8 201 552.8 336.4 21.9 >0.05
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Fig. 1. Box plots containing maxima, minima, median of TBC,

sampling sites.
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BEAA] Ao we} FAA A E2HA
o7 FRat BA A3E F 3o YERATH
FAA SN PMy, Rn, TVOC, TBC % HCHO
o] ol =A Y TAHCE oA

it =2HA9E COy, CO, O, H& 2 A

W25=7F A HeRASIY o= E=mwA e ¢
A8t HEGA M= AE2) W& s oo n
e FES D WSS WaPsta glglon o

2 93le] 2 FE 2 COp T U 7t B2
o] r|RFHoR Qlate] 2 FE HE YER
AoR AlmHT
2 =

B A31E 25l A& ARE gokgind, A
A, BT Tl SAd T AuErd e
o] gAY A v A S .ﬁh‘% B5A]
A AdETl T CO9 ”?_1‘ %71 1,126.1
ppmo =2 AEAl 7]FE=A)] 900 ppme Z¥skal
ARt 1t E}% Fu JAEAE 2}
A il YA, SAYE F e 7E 20E

S &2 9 COy 52.64, PMiyy 26.3%, TBC
18.8%, TVOC 10.5%, HCHO 6.7%, NO,
5.3%9 Z¥}&S Hol 2= 3t W
HE7F Basit 24, vAE BSA| A WA
A By BaAdn o] istdAE Algg v
2 FEM ¢ B2 FL7t AEHAJL CO.,
CO, TVOC, HCHO+= BAAX SR 93 2ol=

Table 3. Concentration of target compounds according to location

Residential Area

Roadway Area

Pollutant p-Value
N Mean S.D N Mean S.D

PMio(ug/m’) 13 88.7 64.5 6 38.1 21.9 >0.05
CO2(ppm) 13 1,017.5 240.4 6 1,361.4 1091.3 >0.05
CO(ppm) 13 1.07 0.26 6 2.43 2.55 <0.05
NO2(ppm) 13 0.037 0.010 6 0.032 0.009 >0.05
Os3(ppm) 13 0.006 0.002 6 0.010 0.005 <0.05
Rn(pCi/L) 11 0.95 0.56 5 0.53 0.14 >0.05
TVOC (ug/m’) 13 358.9 340.9 6 241.3 130.0 >0.05
HCHO(zg/m’) 11 42.5 31.1 5 28.9 22.9 >0.05
TBC(CFU/m") 11 522.8 327.3 5 323.5 91.6 >0.05
Temp.(T) 13 18.1 1.8 6 19.4 3.4 >0.05
Hum. (%) 13 42.6 11.9 6 36.8 8.1 >0.05
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