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Abstract: Daycare centers are an important indoor environment for pre-school children and exposure area with
potential harmful health effects for infants and children who spend most of their daily life. Sampling was
undertaken at 29 daycare centers located Seoul in Korea from January, 2006 to December 2006. The target
compounds were 7 individual volatile organic compounds (benzene, toluene, ethylbenzene, m,p-xylene, styrene,
o-xylene, TVOC). The mean concentrations of TVOC, toluene, m ,p-xylene, ethylbenzene, benzene and styrene
in daycare centers were 318.7 ug/m’, 51.6 ug/m®, 11.7 pg/m>, 6.5 pug/m>, 4.2 pg/m?, 3.6 pg/m’, respectively. Toluene
occupied 17.6 % of the concentration of individual VOCs. The ratio of indoor and outdoor (I/0O) of TVOC
and toluene were 2.0 and 1.6, respectively. The results of characteristics according to a season of a year, the
concentration of TVOC were measured 433.9 ng/m>, and these concentrations during third quarter of the year
in summer were higher than the other season. In the other four seasons, TVOC were measured 280.5 in winter,
298.3 in spring and 264.6 pg/m’ in fall, respectively.
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Fig. 1. Sampling site in this study.
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Table 1. Analytical condition of Thermal desorptor (STD 1000, DANI, Italy) and GC/MS (GC-2010, Shimadzu, Japan)

Parameter

Analysis Condition

STD 1000, DANI, Italy

Purge temperature and time
Desorption temperature
Desorption time and flow
Cold trap low temperature
2nd desorption temperature
Cold trap holding time
Cold trap packing

In Split

Valve temperature

Thermal Desorptor

Transfer line temperature

40°C, 0.5 min
300°C

15 min, 50 mL/min
-10°C

300°C

15 min

Tenax-TA

No

200°C

200°C

GC-2010, Shimadzu, Japan

GC column
Initial temperature
Oven ramp rate 1
Oven ramp rate 2
GC/MS Final temperature
Column flow
MS source temperature
Detector type
Mass Range
Electron energy

VB-1ms (60 mx0.32 mmx0.25 pm)
40°C (10 min)

4°C/min (40~180°C)

20°C/min (180~250°C)

250°C (10 min)

1.5 mL/min

200°C

EI (Quadropole)

35~350 amu

70 eV

2] ¢1 Tube conditioner (ATC 1200, ACEN)Z o] &
3 1EE AAVMA B 100 mLE 52 27
slell A 320°Cell A 1AI1ZF A2l ste] ALE-3F3ATt. g
A ANEE AFH F 157 ool A=A, AH
H AEs U8 JEHE 24 A7 4 °oce] ¥R
o] BT

23. Al2EY

VOCe 5% A =S 9I¢ 7 % (calibration curve)
e RBFMNE FH AAE ol &t A xE=HE
(Japanese indoor air standards mix, Supelco, USA)<
F2e] 3ol WHE ST FE4E(20 ng, S0 ng,
100 ng, 200 ng, 500 ng) EFA S ES B4 5l =4
ek TVOCE HdREEE S o&
o2 74 AFA st =
2 9] /i voce # i H e xFEEdl HE 2
SAIFE o83l TEE ARSI ol AT
9 Aol AMEE 2 A FolaRnt
EI9E o] &3t

FEAE 2 A s i€ voC e
EAole e24X(STD 1000, DANL, Italy)7F 7+~

AR nLE 28 Z(GC)ZH (VB-1 ms, 60 mX0.32 mmX
025 um) 2.2 A3 AAE rtaazuhE e /A gk
417)(Shimadzu, GC-2010, Japan)*]| 28] A28k th.
E&H AFHE B VOCE dAE o2 300
°CollAl 50 mL/min®] F#Fo =2 1587 SEAE TR
k712 He), 828 A|§E tHA] -10°Ce] A 2S=E
oA FFHE T 300°CHA oAk dgztE o] GCe
EAZH o7 FAEA Hrh VOCAIFE B0 ARE-
B g o GOMSS] S Z2A-E Table 190 L}
ERf AT

et e EAxANA BAE EFAE digh

o

GC/MS®| AZwtE1HY
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Fig. 2. Chromatogram of VOCs standard solution.

Table 2. Repeatability of GC/MS analysis

Pollutant Response Factor ~ Retention Time
Benzene 4.7 0.04
Toluene 10.3 0.03
Ethylbenzene 3.8 0.02
m,p-Xylene 43 0.12
Styrene 4.6 0.02
o0-Xylene 3.0 0.02
Table 3. Estimation of method detection limits for VOCs by

GC/MS
MDL
Pollutant
ng pg/m’

Benzene 0.64 0.11

Toluene 1.72 0.29

Ethylbenzene 2.18 0.36

m,p-Xylene 3.21 0.54

Styrene 0.59 0.10

o-Xylene 3.39 0.56

311 BAM7|7|9] RSN ot
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oaoU:] ;Hz‘sﬂ/ﬂ HA—!@;}_J:_ 71-_Q_ ]_/":94 RSD7]' 20%
ol & vehton, AFAIZel g ZH&W & RSD
7} 0.1 % o]st= UEl} 4ds] Fagt 2o g vE

s,
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Table 4. Recovery test for the analysis of VOCs by thermal

desorption
Pollutant DI(ng) TD(ng) RE(%)*
Benzene 473.27 482.95 102.0
Toluene 650.28 611.11 94.0
Ethylbenzene 609.11 651.48 107.0
m,p-Xylene 428.20 368.76 86.4
Styrene 577.36 602.13 104.3
o0-Xylene 660.40 750.18 113.6

Note) *Recovery Efficiency (RE) = TD (Thermal Desorption)
/ DI(Direct Injection) x100

3] SAE Horek A9, §
W78k R 9] R/l Wl 0.64~3.36 nge] W4
2 Uelgton, o] g B

BAHFE 6 LE Yo &
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Table 5. Concentration of volatile organic compounds in daycare centers
Pollutant N Mean S.D Max Median Min 1/0
Benzene 183 42 3.4 13.1 3.6 N.D 2.2
Toluene 199 51.6 29.3 162.1 44.6 6.3 1.6
Ethylbenzene 200 6.5 4.6 24.6 53 N.D 1.6
m,p-Xylene 198 11.7 7.6 38.7 10.7 N.D 2.0
Styrene 195 3.6 53 31.6 1.8 N.D 1.9
o-Xylene 199 3.6 2.9 15.3 34 N.D 2.0
TVOC 201 318.7 168.5 891.5 2829 46.6 2.0
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Fig. 3. Box-Plot for concentration of VOCs measured indoor air.
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Fig. 4. Composition ratio of volatile organic compounds
(VOCs).
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Table 6. Comparison of VOCs concentration according to a season in indoor air (Unit : pg/m®)
Winter Spring Summer Fall
Site No. mp- mp- mp- mp-
TVOC Toluene TVOC Toluene TVOC Toluene TVOC Toluene
Xylene Xylene Xylene Xylene
1 226.1 441 82 158.6 322 0.0 307.2 382 10.2 3239 25.2 11.9
2 273.0  46.0 151 2725 67.0 12.6 414.5 63.1 17.5 229.4 239 7.5
3 187.7 39.3 10.1 1638 431 0.0 2448 26.5 5.7 2253 36.6 13.8
4 199.6 4438 83 3643 83.8 14.8 875.1 453 NA 351.7 63.3 29.1
5 175.4 36.6 11.5  208.1 40.5 6.9 409.0 36.3 10.5 75.6 213 3.9
6 6747 1219 152 2549 39.6 8.6 696.5 81.6 16.8 262.5 36.2 13.2
7 197.1 51.0 8.5 - - - 388.5 49.5 164 2195 30.6 8.4
8 302.5 63.0 11.5 - - - 403.4 48.8 14.9 313.1 51.7 11.5
9 1953 51.9 11.7 4304 40.3 0.0 393.3 259 8.1 375.0 38.8 11.2
10 310.7 69.2 8.1 - - - - - - - - -
11 277.6 50.5 8.2 - - - 356.9 52.7 114 2279 57.3 14.8
12 347.1 83.8 139 2505 45.5 6.8 702.7 64.8 204 226.6 51.6 7.0
13 350.0 413 146 450.7 77.7 15.2 - - - 190.1 14.9 8.2
14 4936 111.1 18.5 3749 93.4 72 628.3 63.7 27.6 57.3 10.1 23
15 388.6 73.3 57 1727 33.0 2.6 238.0 18.0 11.5 133.7 25.6 12.3
16 606.3 NA 6.4 4275 61.8 8.9 573.8 81.4 29.3 4140 1346 23.6
17 3159 57.5 15.6 - - - - - - - - -
18 203.8 26.3 105 190.6 28.9 4.7 7442 1193 36.3 252.6 272 72
19 121.0 237 3.0 3977 65.9 19.0 370.7 84.0 15.5 213.6 20.3 12.3
20 193.6  43.1 82 2492 42.0 0.0 - - - 162.9 21.6 72
21 343.7 552 155 1993 51.0 14.9 297.0 60.1 229  421.0 252 9.2
22 416.6 76.2 13.7 1522 36.5 1.5 523.1 79.1 14.7 294.7 22.1 5.7
23 2103 36.3 124 239.8 53.3 4.4 449.3 34.7 14.8 396.2 68.2 10.6
24 295.3 33.0 10.1  404.2 59.7 16.1 531.3 77.4 19.8 336.5 42.6 14.2
25 70.1 20.6 3.8  419.1 44.2 224 81.3 6.7 7.2 296.9 21.7 6.3
26 152.8 61.5 3.0 168.5 743 0.0 200.1 65.1 279 309.8 63.4 10.8
27 153.3 25.7 47 5153 66.9 21.7 202.6 253 21.5 2373 39.5 7.8
28 385.9 69.5 102 3259 70.6 0.0 451.6 1155 253 252.6 272 72
29 217.2 53.3 11.0 4664 64.1 294 363.8 1158 143 473.6 89.8 17.1
Average 280.5 53.3 10.1 2983 543 8.8 4339 59.2 17.3 264.6 40.0 10.8
Standard  400.0 - - 400.0 - - 400.0 - - 400.0 - -
ER(%) 13.7 - - 29.1 - - 56.0 - - 11.1 - -
Note) NA: Not Available
ER(%): Excessive rate
Atk AEE AN FEE vlus A3, 52 o] TVOC B%7} 5773 pg/m’e 2 7V =3, 73
TVOC, &5 2 mp-ALAe] Ho T2 7 o] 325.8 ug/m’, ALZd| 2192 pgm’e 2 BIFHJS
4339, 592 B 173 pgm’o 2 7% £ 09w B o ) b A7Ate] AeAse} viug Ay B
k. olelet olfrz AWARVISUEEC) L5t E  ATAIF v WA FEHArkTable 7). =
& ogdol O P2 WY Ao FH5  JIFH 1792 & Brown 5 AT TVOC

ATH AEHE AL FIEA /718 EE(TVOC)
LHEE AL 2805 pgmd, B 2983 pgm’, 7hS
264.6 pg/m’S 2 AH x}o)E Holx| it}

AR wg7| ol et & 5o ANz oJFF
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Table 7. Comparison of several survey results on indoor VOCs concentration

No of Mean Concentrations, pg/m’
samples Benzene Toluene Ethy benzene Xylene Styrene TVOC
Pack 1 (1995 Summer - 0.7 2.6 1.7 10.0 4.3 -
ack et al. (1995)  \ipver - 17.8 77.1 8.1 33.0 3.9 -
Kim ef al. (2002)  Fall 2 9.2 24.75 1.95 5.6 1.85 -
Yoon et al. (2003) Summer 30 8.1 86.1 13.5 30.3 4.9 -
Summer 12 - - - - - 577.3
Son et al. (2005)  Fall 12 - - - - - 325.8
Winter 12 - - - - - 219.2
This study (2007 Summer 56 2.5 59.2 8.5 17.3 7.8 433.9
is study (2007) winer 54 33 533 5.9 10.1 0.6 280.5

Table 8. Concentration of volatile organic compounds to season in daycare centers

Summer Winter
Pollutant p-value
Mean S.D Max Median Min N Mean S.D Max Median Min
Benzene 50 2.5 22 111 23 N.D 54 33 39 116 N.D N.D >0.05
Toluene 50 59.2 333 1545 549 6.3 52 533 30.1 1623 438 18.9 >0.05
Ethylbenzene 49 8.5 5.8 222 6.1 23 54 5.9 3.8 246 5.5 N.D <0.05
m,p-Xylene 47 17.3 7.9 38.7 15.7 42 54 10.1 5.1 264 10.6 N.D <0.05
Styrene 48 7.8 6.1 243 6.3 N.D 54 0.6 1.6 7.8 N.D N.D <0.05
o-Xylene 48 5.6 35 153 4.5 0.8 54 2.7 1.9 6.3 2.9 N.D <0.05
TVOC 50 4339 211.7 891.5 391.6 60.3 54 280.5 151.0 674.7 2414 68.5 <0.05
400 800 A Emm Summer °
— mmm Winter °
"’E 300 600 -
g 60 z 5 )
o c
8 S 50
3 £ 40/
c
0 8 301 °
Spring i g 20 o
o o
10 o i i
R S o= 2 §
a0 O o O
T e R H

Fig. 5. Concentration of VOCs according to season.
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Table 9. Spearman's rank correlation coefficients of VOCs

2. L. A. Wallace, E. D. Pellizzari, T. D. Hartwell, V. Davis,

Temp. Hum. Benzene  Toluene E-B m,p-Xylene  Styrene o-Xylene TVOC

Temp. (°C%) 1.00
Hum.(%) 0.48** 1.00
Benzene -0.08 -0.13 1.00
Toluene 0.04 0.05 0.33%* 1.00
Ethyl-benzene  0.07 0.29%* 0.13 0.53%* 1.00
m,p-Xylene 0.10 0.31%* 0.01 0.41%* 0.86%* 1.00
Styrene 0.27%* 0.58**  -0.14 0.15* 0.45%* 0.41%* 1.00
o-Xylene 0.19* 0.37** 0.10 0.46** 0.82%* 0.84%* 0.50%** 1.00
TVOC 0.13 0.34%* 0.16* 0.68** 0.62%* 0.56%* 0.49%* 0.55%* 1.00
Note) **Correlation is significant at 0.01 level (2-tailed)

*Correlation is significant at 0.05 level (2-tailed)
k8] iAol =8 A o' YElsttH(Table 9). FAAALR A8t 5 w&FELS FAEel Bl

SAEH FHFS obF R A U5 AFH< =
4.3 = 4e slop & Ao ARd,
HEAA ] AU edEd 5 388 f71skst EOES

B9 ARY FENE Y 9719k BAYS 2A
o 24 FAAR7EEHE] BHEE FFAAE ot 1. C.E. Higgins, W. H. Greist and G. Olerich, J. Assoc. Off
3171 98] AR 297 HSA| A sl A e ZAf Anal. Chem., 66, 1074-1083 (1983).
£ AN G A3k, e 2e 2B EES

A, B ATl BEAL Yol s A
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