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The Assessment of Volatile Organic Compounds at Schools
in the Ulsan Metropolitan Area

Jong-Hyeon Jung - Sa-Woo Lee - Young Gyu Phee

'Faculty of Health Science, College of Health & Therapy, Daegu Haany University

ABSTRACT

Purpose: The purpose of this study was to investigate the concentrations of volatile organic compounds at
elementary, middle, and high schools in Ulsan and its surroundings.

Methods: To assess the hazardous chemicals of the 66 classrooms in the 22 schools, the 6 volatile organic
compounds such as TVOCs (Total Volatile Organic Compounds), benzene, toluene, xylene, ethyl benzene and
stylene were measured and analyzed from the beginning of May to the end of December, 2009.

Results: The mean concentrations of TVOCs in the elementary schools were higher than those of middle and high
schools, and multi-purpose classrooms was higher than that in general ones. The benzene and toluene level in
schools in Dong-Gu in the vicinity of assorted industrial complexes was higher than that of schools located in other

districts around the Ulsan Metropolitan Area.

Conclusion: In case of schools in Ulsan Metropolitan Area, elementary school, schools in Dong-Gu, and multi-
purpose classrooms over general classrooms should be given a high priority for the management of volatile

organic compounds.
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AlarE #s) 2 HuAZ(M o lhave et al,, 1985, Mendell &
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3. FILE7IEEES SEu e FiEEsrt 305.5ug
/m’ 2 QukmA(28.03ug/m) ol vlate] E7 UrE} CARE
AR Frelde it
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Table 1. The Total Mean of VOCs Concentrations (N=66)
Min Max Exposure rate”  Exceed rate’  Recommended
+
Contents M=ESD (ug/m) (ug/m®) (%) (%) limit (ug/m’)
TVOCs (ug/m’) 288.68+115.76 1085 559.5 0.72 18.2 400"
Benzene (ug/m°) 0.67+0.81 0.0 46 2.23 0.0 30”
Toluene (ug/m?’) 86.36+86.30 14.4 406.4 8.64 0.0 1,000”
Ethyl benzene (ug/m”) 22.03+36.24 4.4 244.6 6.12 0.0 360”
Xylene (ug/m?) 2536+17.27 8.0 1016 3.62 0.0 700”
Stylene (ug/m’) 8.60+4.60 32 313 2.87 0.0 3007

YRecommended limit of TVOCs: IAQ recommended limit of School Health Law by Ministry of Education & Science & Technology;
“Recommended limit of other organic chemicals: IAQ recommended limits of IAQ management Law by Ministry of Environment;

5)Exposure rate: (Mean/recommended limit) X 100;

YExceed rate: (No. of classrooms over recommended limit/No. of classrooms) X 100,

Table 2. Concentrations of VOCs by Academic Grade

Elementary school (n=24)

Middle school (n=30)

High school (n=12)

Contents M=£SD Range M=SD Range M=£SD Range
TVOCs (ug/ms) 329.0%+120.5 125.9~559.5 265.5+121.4 108.5~532.5 266.0£66.4 166.9~374.7
Benzene (ug/m’) 0.55+0.50" 0.1~2.4 0.58+0.71" 0.0~3.5 1.13+1 34" 0.1~4.6
Toluene (ug/mﬁ) 95.13£77.58 26.1~242.6 80.66+101.24 14.4~406 .4 066.58+61.38 14.7~231.7
Ethyl benzene (ug/m®)  28.48+47.92 4.4~244.6 19.98+32.31 45~184.1 14.23£6.12 9.0~30.1
Xylene (ug/m”) 28.60+20.50 9.1~101.6 24.00%16.45 8.0~79.3 222641149  15.2~575
Stylene (ug/m°) 8.42%5.03 6.6~31.0 8.64%3.99 3.2~259 8.84+548 6.6~25.7

a, b,
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: Groups with the same letter were not significantly different by Duncan test (a=05).



2 AHE 7] A 9T RSk E W FHE3R

_l

m

T A9 Tl Ah3lshitgol $IRIg &5 st
} B 333.4ug/m’ 2 7P =7 VERGAINE BA1A S04
T (Table 4) . A, =EFT7} W2 FEo| YA
A Wb Belgde gzl WAl 5 A9 vt 3
1.3ug/m’& F740.4ug/m)ol] H]a}te] BA1H 0 2 f-ol3}
Al =91, Bl AT BT A s FAFE(136.8
ug/m )7} ST83.5ug/m) ol Hlslo] BAHOE B FE
£ BAH(p<.03).

N

) i‘:lJ =2 rlo

Table 3. Concentrations of VOCs by Type Of Classroom

!
9 st “é‘& 246 6Mg/m 2 7}1& 1
A UrE‘rkkﬂ XJHWQE X 258 SR
71313HEe] FE7t EolAE 43 g ook 574 9
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General classroom (n=44)

Multi-purpose classroom (n=22)

contents M=£SD Range M=ESD Range P

TVOCs (ug/m’) 280.27+116.68 108.5~549.5 305.50+114.69 118.6~559.5 408
Benzene (ug/m°) 0.66+0.83 0.0~4.6 0.81+0.10 0.1~3.5 932
Toluene (ug/m’) 86.37+87.58 14 4~406 4 77.35+85.37 21.1~352.6 692
Ethyl benzene (ug/m’) 20.80+27 84 44~184.1 24 48+49 67 4.5~244.6 690
Xylene (ug/m°) 25.61+1553 8.0~79.3 24.85+20.71 9.2~101.6 867
Stylene (ug/m’) 7.86£3.27 32~257 10.07+6.35 6.6~313 066

*Comparisons between group by student's t-test.

Table 4. Concentrations of VOCs by Different Area Unit

Buk-gu (n=21)

Jung-gu (n=18)

Ulju-gun (n=15)

M=£SD (Range)

M=£SD (Range)

M=£SD (Range)

Nam-gu (n=6) Dong-gu (n=06)
Contents
M=£SD (Range) M=£SD (Range)
TVOCs (ug/m’) 258.8+100.9 306.7+126.8

(180.7~460.6) (209.2~531.1)

Benzene (ug/m’) 0.77+091*" 1.27+0.44"
(0.1~2.4) 0.8~2.1)
Toluene (ug/m’) 38.15+9.51" 136.78+153.65"
(26.1~51.6) (21.2~406 4)
Ethyl benzene (ug/m’) 12.95+10.83 21.02%9.16
(4.4~26.7) (9.5~37.5)
Xylene (ug/m’) 2370+18.45 28.55+14.31
(9.1~47.7) (16.3~56.3)
Stylene (ug/m’) 7.25%0.48 8.03%3.03
(6.6~8.0) (6.6~14.2)

267.8+112.8
(108.5~532.5)

0.73+1.07""
(0.1~4.6)

83.47+69 .45
(14.6~233.0)

17.81+11.13
(7.8~46.1)

23.73£12.02
(12.8~57.5)

10.72+7 31
(6.6~31.0)

27976111224
(118.6~430.2)

0.40+0.33"
0.1~1.1)

106.46+99 96"
(19.4~352.6)

27.09+41.14
(4.8~184.1)

28.62%18.79
(9.7~79.3)

7.61£1.72
(6.6~12.8)

333.36+£126.20
(129.5~559.5)

0.67+0.83""
(0.0~3.5)

52.21+57.13""
(14.4~242.6)

25.89+60.67
(5.0~244.6)

23.10+£22.94
(8.0~101.6)

7.57%2.23
(3.2~12.2)

a, b,

: Groups with the same letter were not significantly different by Duncan test (a=05).
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Table 5. Concentrations of VOCs by Construction Year

2006 (n=9) 2007 (n=24) 2008 (n=27) 2009 (n=6)
Year of construction
M=SD (Range) M=SD (Range) M=SD (Range) M=*SD (Range)
TVOCs (ug/m3) 362.02+73.88 284.841+132 .96 278.90*109.21 246.62+113 .47

(273.3~485.7)

(118.6~559.5)

(128.2~532.5)

(108.5~4006.8)

Benzene (ug/m3) 0.70+0.33 0.62%+0.60 084+1.11 0.25+0.14
(0.4~1.0) (0.0~2.4) (0.1~4.0) (0.1~0.4)
Toluene (ug/rns) 128.07+£88.44 84.281+92 38 72.64£81.66 48.12+37.88
(29.3~233.0) (19.4~406.4) (14.4~352.6) (14.6~118.1)
Ethyl benzene (ug/m°) 27.45+13.58 26.53+48.06 12.72+6.57 14.43+8.27
(16.5~46.1) (4.4~244.0) (4.5~27.3) (7.8~30.1)
Xylene (ug/m°) 34.95+9 22 27.23+21.50 19.9449.77 2430+16.51
(23.7~49.4) (8.0~101.6) 9.7~47.7) (13.7~57.5)
Stylene (ug/m’) 10.76+9.92"" 7.2841.97° 8.42+3 86" 11.93+7.06"
(6.6~31.0) (3.2~14.2) (6.6~25.9) (6.7~25.7)
b : Groups with the same letter were not significantly different by Duncan test (a=.05).
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= Y el $XIg e F3 RT3k B 200~
450ug/m’2 B3] B A7Age} FARE FEolYa
(Black & Worthan, 1995), Laurent et al ,(1993)9] Z/\Hf}
zg20] 107) staolM] 4% S3LEAR7IsHEE] &
£ 980 ug/m’2 ] e ol ont, 29wl @bL«l 3
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