=717 53 A] A 284 Al 435

J. KOSAE Val. 28, No. 4(2012) pp.435~445
Journal of Korean Society for Atmospheric Environment
DOI: http://dx.doi.org/10.5572/K OSAE.2012.28.4.435

SHEME 0|t ol EY 2YdwI|stet=2
gFelx 24

Analysis of VOCs Infiluencing Environment Factors Using
Statistics in Apartment House

Ol - Zka| - OlFA - TS - wAYE - USS

3
(2012 5% 2 A4, 20124 6€ 159 44,2012y 7€ 179 ) =)

Se-haeng Lee, Nan-hee Kim, Kyoung-soek Lee, Kang-soo Park, Seung-yeol Park,
Do-sool Kim, Yeong-ju Kang, Eun-sun Kim and Dong-su Kim*
Gwangju Metropolitan Health & Environment Research Institute
Department of Environmental Engineering

(Received 2 May 2012, revised 15 June 2012, accepted 17 July 2012)

Abstract

The aim of this study isto understand the characteristics of volatile oranic compounds (VOCs) and provide infor-
mation about the present Indoor Air Quality (IAQ) at residential apartments. All samples were collected in 60-min
interval using the tenax absorption trap between May, 2011 and February, 2012. And the effects of environmental
factors such as temperature, humidity and construction characteristics were analyzed in relation to the measured
concentrations.

The results of this study showed that the mean concentration of VOCs was lower than the Ministry of the Envi-
ronment’ s standards for maintenance of indoor air quality. The correlation analysis showed that ethylbenzene and
xylene (r=0.916, p< 0.01), toluene and ehtylbenzene (r=0.810, p< 0.01), toluene and xylene (r=0.803, p< 0.01)
and toluene and styrene (r=0.588, p< 0.01) were significant. The result of regression analysis was found that the
influenece factors associated with the concentration of VOCs were the age and location of the apartment, remodel -
ing, the temperature and the season.
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Table 1. Characteristics of the studied apartments.

: Y ear of Size  Indoor )
Site construction Floor m?) saff Remodeling
A-1 2008 1F 142 3 X
A-2 2007 8F 110 3 X
A-3 2006 13F 116 4 X
A-4 2006 10F 115 3 X
A-5 2001 15F 160 4 X
A-6 1999 3F 106 4 X
A-7 1995 14F 162 4 2009
A-8 1998 18F 125 4 2004
A-9 1995 3F 106 4 2002
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Table 2. The analysis conditions of TD and GC/MS.

Parameter Condition

Desorption temperature 270°C

Desorption time 8min

Cold trap Hydrophobic (Tenax/Carbopack B)

Cold trap low temperature -10°C
Markes TD Cold trap high temperature 300°C

Cold trap hold time 3min

Transfer line temperature 150°C

In split No

Column DB-1(60m x 0.32mm x 3.0um)

Carrier gas and flow He(99.999%), 1.0mL/min

GC temperature program 40°C (5min)—10°C/min—250°C (4 min)
Agilent GC/MS Detector type El (Quadrupole)

MS source temperature 230°C

Electron energy 70eV

Mass range 35~350amu
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Table 3. Distribution of VOCs concentration in apartment

house. (unit: pg/m®)
Concentration (n=864)
Standard
Mean SD. Min Max
Benzene 30 1.77 1.07 0.10 6.83
Toluene 1,000 2319 2055 125 17179
Ethylbenzene 360 5.92 15.52 0.30 124.61
Xylene 700 5.93 6.99 0.44 51.53
Styrene 300 2.00 1.39 0.13 9.21
TVOC - 3881 4184 260  333.29
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Fig. 1. Variation of VOCs concentration in apartment house.
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Table 4. Distribution of VOCs concentration in outdoor and I/0 ratio.
Outdoor (ug/md) 1/0 Ratio
Mean SD. Min Max Mean SD. Min Max
Benzene 154 0.53 0.66 2.34 115 0.16 0.95 1.46
Toluene 12.05 8.11 1.64 29.45 1.92 0.79 0.98 357
Ethylbenzene 221 1.22 0.41 3.60 2.68 3.99 0.94 13.20
Xylene 3.18 1.80 0.76 554 1.86 1.22 0.93 4.80
Styrene 1.60 0.65 0.46 2.30 1.25 0.57 0.69 2.50
TVOC 20.57 10.00 10.68 42.39 1.89 1.06 115 4.52
Table 5. Seasonal variation of VOCs concentration in apartment house. (unit: pg/md)
Spring Summer Autumn Winter
Benzene 1.67+0.65 0.66+0.31 1.72+0.56 3.02+0.95
Toluene 34.46+31.28 11.57+11.69 22.54+15.12 24.31+9.40
Ethylbenzene 13.84+29.28 1.70+1.44 4.05+4.06 4.09+1.92
Xylene 9.26+11.77 2.60+2.78 5.61+3.63 6.24+3.78
Styrene 247+144 133+141 223+161 1.97+0.61
TVOC 61.61+72.48 17.86+15.22 36.15+19.69 39.64+ 1357
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@ Benzene [ Toluene [ Ethylbenzene [ Xylene I Styrene
40.0f
E 300}
[=))
2
g
8 200
10.01
0.0 S
1 2 3 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time of day (hr)

Fig. 2. Hourly variations of VOCs concentrations in apartment house.
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Table 6. Results of correlation analysis of each pollutant in apartment house.
Benzene Toluene Ethylbenzene Xylene Styrene Temp. Hum.
Benzene (ug/m®) 1.000
Toluene (ug/m®) 0.301** 1.000
Ethylbenzene (ug/m®) 0.148** 0.810** 1.000
Xylene (ug/md) 0.296** 0.803** 0.916** 1.000
Styrene (ug/m®) 0.162** 0.588** 0.496** 0.585** 1.000
Temp. (°C) —0.572** —0.060 0.032 —0.104** -0.17 1.000
Hum. (%) —0.436** —0.298** —0.240** —0.249** —0.170** 0.397** 1.000
* 1 p<0.05,** : p<0.01
Table 7. Results of variance analysis of VOCs by construction year.
Construction year
F p-vaue
2007~ 2002~ 2006 ~2001
Benzene 191+1.17 1.81+0.98 1.70+1.05 2.76 0.064
Toluene 38.30+33.42 18.90+15.95 18.87+9.81 78.72 0.000
Ethylbenzene 17.58+30.07 222+1.21 2.73+1.66 83.02 0.000
Xylene 11.20+12.28 3.04+1.85 497+3.34 91.29 0.000
Styrene 3.28+1.81 1.72+0.90 1.60+1.01 139.12 0.000
TVOC 72.28+75.18 27.71+18.47 29.90+13.64 96.66 0.000
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Table 8. Results of variance analysis of VOCs by season.
Season
F p-vaue
Spring Summer Autumn Winter
Benzene 1.68+0.65 0.66+0.31 1.72+0.56 3.03+£0.95 468.57 0.000
Toluene 34.36+31.28 11.57+11.69 2254+15.12 24.31+9.40 52.56 0.000
Ethylbenzene 13.84+29.28 1.70+1.44 4.05+4.06 4.09+1.92 28.63 0.000
Xylene 9.26+11.77 2.60+2.78 5.61+3.63 6.25+3.78 37.15 0.000
Styrene 247+1.44 133+141 2.23+1.61 1.97+0.61 29.66 0.000
TVOC 61.61+72.48 17.86+15.22 36.15+19.69 39.64+13.57 45.95 0.000
Table 9. Results of variance analysis of VOCs by floor.
Construction year
F p-value
1~5 6~10 Morethan 11

Benzene 1.74+1.06 2.10+1.29 1.63+0.90 12.72 0.000
Toluene 26.19+29.18 26.72+18.90 19.19+10.32 13.55 0.000
Ethylbenzene 11.36+25.80 4.04+3.79 2.78+1.75 28.67 0.000
Xylene 8.12+10.50 512+4.21 4.68+3.62 22.61 0.000
Styrene 217+1.87 1.97+1.06 1.89+1.08 331 0.037
TVOC 49.57+65.85 39.95+24.87 30.18+15.01 18.49 0.000
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Table 10. Results of regression analysis between VOCs
and environmental factors.

Parameter Coefficients R?  p-vaue
Area —0.004
Construction year 0.327
Floor 0.017
Benzene  Humidity -0.012 0446 0.013
Remodel 0.238
Season 0.620
Temperature —0.098
Area 0.111
Construction year 14.677
Floor —0.418
Toluene Humidity _04116 0.304 0.035
Season 19.615
Temperature 1.072
Ethylben- Construction year 14.725
zene Humidity —0.244 0.213 0000
Area 0.059
Construction year 5.351
Xylene Floor -0.272 0279 0.026
Remodel -1.070
Season 4.443
Area 0.012
Construction year 1.282
Styrene  Remodel 0587 0.396 0.000
Season 1.224
Temperature 0.053
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