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Abstract

This study was carried out to evaluate the concentration variations of volatile organic compounds (VOCs) in the
office environments located in a large urban area with respect to seasonality, smoking status, types of ventilation
and heating. Indoor air sampling was undertaken in 37 and 30 offices in Daegu city during summer and winter,
respectively. The VOC samples were collected using adsorbent tubes, and were determined by thermal desorption
coupled with GC/MS analysis. The analytical method was validated for repeatability, method detection limits
(MDL), and duplication precision. A total of 34 VOCs of environmental concern were determined, including 15
aromatics and 19 halogenated hydrocarbons. Average concentrations of BTEX appeared to 1.91 ppb, 22.98 ppb,
3.44 ppb, and 3.70 ppb, respectively. These values were relatively higher levels than those measured at homes and
outdoor roadsides reported by other researches. In general, the concentrations of VOCs were higher in winter than
summer, in smoking offices than non-smoking offices, in forced ventilation type than natural ventilation type, and
in combustion heating than non-combustion heating offices. However, such differences were not always significant
at a level of 0.05 by statistical tests (t-test and/or Mann-Whitney test) with some exceptions for BTEX and styrene.
This study demonstrated that smoking status, ventilation type and presence of combustion sources indoors could be

important factors on the elevated concentrations of some VOC:s in the office environment.
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Table 1. Classification of offices investigated in this study.
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Summer (n=37)

Winter (n=30)

Public Private School Sub-total Public Private School Sub-total Total
office office office office office office
Smoking 2 19 0 21 2 16 0 18 39
Non-smoking 8 6 2 16 8 3 | 12 28
Total 10 25 2 37 10 18 1 30 67
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Table 2. Performance evaluation of VOCs sampling and analytical methods used in this study.

VOC© Repeatability” MDLY Data less than MDL Duplicate precision®
(%) (ppb) (%) (%)
Chloroform 23.0 0.06 97.8 4.9
1,2-Dichloroethane 25.6 0.11 97.8 1.4
1,1,1-Trichloroethane 232 0.06 35.1 26.6
Benzene 15.8 0.03 0 21.1
Carbon tetrachloride 27.8 0.05 15.7 42.1
1,2-Dichloropropane 16.8 0.09 100 N.AY
Bromodichloromethane 27.2 0.06 100 N.A.
Trichloroethylene 20.6 0.17 17.9 26.3
Toluene 15.0 0.02 0 18.0
Dibromochloromethane 28.2 0.07 100 N.A.
Tetrachloroethylene 16.0 0.02 76.9 16.9
Chlorobenzene 10.8 0.02 63.4 453
Ethylbenzene 24.6 0.01 0 25.6
Bromoform 27.0 0.04 100 N.A.
m+p-Xylenes 17.2 0.01 0 40.9
Styrene 12.1 0.02 0 42.9
0-Xylene 14.6 0.01 0 25.2
iso-Prophylbenzene 23.6 0.01 3.0 36.8
Bromobenzene 10.9 0.03 100 N.A.
2-Chlorotoluene 19.6 0.03 99.3 N.A.
4-Chlorotoluene 19.2 0.03 99.3 N.A.
n-Propylbenzene 26.4 0.03 17.2 36.5
1,3,5-Trimethylbenzene 12.1 0.01 0 26.7
tert-Butyibenzene 4.8 0.04 100 N.A.
1,2,4-Trimethylbenzene 24.2 0.01 0 26.4
1,3-Dichlorobenzene 17.8 0.02 53.8 53.3
1,4-Dichlorobenzene 18.0 0.02 93.3 16.7
sec-Butylbenzene 14.9 0.01 26.1 26.0
p-iso-Propyltoluene 22.7 0.01 0.7 24.9
1,2-Dichlorobenzene 17.3 0.02 91.0 12.8
n-Butylbenzene 26.9 0.01 522 26.0
1,2,4-Trichlorobenzene 18.9 0.02 100 N.A.
Naphthalene 249 0.01 0 27.3
1,2,3-Trichlorobenzene 15.6 0.02 99.3 N.A

“Repeatability was expressed as a range of percent relative standard deviation of response factor for 5 replicate analyses of absorbent tubes which
were spiked with target analytes at a level of 100, 200, 500, and 1,000 ng per tube, respectively.

YMethod detection limits were estimated based on the precision of 7 replicate analyses of absorbent tubes spiked with target analytes at a level of 10
ng per tube. Method detection limits in concentrations units were calculated for average air volume of 15 liters for field samples.

“Mean duplicate precision is an average of duplicate precision for each pair, and duplicate precision is defined as a percent value of a difference
between the measured concentrations of duplicate samples for the mean concentrations of two samples. Data values below the MDL were replaced
with a half of the MDL for each analyte, and then included in calculation.

9Not applicable since more than 98% of data were below the detection limits.
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Table 3. Comparison of VOCs concentrations (in ppb) with respect to the smoking status in summer and winter.

Summer
VOC Smoking (n=42) Non-smoking (n=32) S/N  t-test M-test”
Mean Median S.D. Min. Max. Mean Median S.D. Min. Max. ratio’ p P
1,1,1-Trichloroethane 049 020 056 <MDL 153 044 023 0.62 <MDL 204 09 03817 0.837
Benzene 1.67 178 0.57 0.82 288 1.39 1.1l  0.65 0.72 3.02 1.6 0.167 0.053
Carbon tetrachloride 196 0.78 3.74 <MDL 15.14 1.53 049 277 <MDL 11.16 1.6 0.705 0.806
Trichloroethylene 0.68 031 0.87 <MDL 282 037 0.15 048 <MDL 151 2.1 0207 0.126
Toluene 20.35 16.29 20.18 5.35 103.65 14.80 12.01 10.07 4.85 43.11 14 0.321 0.198
Tetrachloroethylene 0.05 0.03 0.08 <MDL 0.37 0.03 001 0.04 <MDL 0.11 30 0.327 0.183
Chlorobenzene 0.05 0.04 003 <MDL 0.13 0.05 0.05 0.04 <MDL 0.12 0.8 0.727 0.733
Ethylbenzene 376  1.82 894 084 4261 1.60 140 1.17 0.65 479 1.3 0.345 0.095
m+p-Xylenes 439 337 242 1.80 8.66 262 253 122 1.11 485 1.3 0.007 0.020
Styrene 0.51 042 034 0.19 1.85 034 029 024 0.11 1.18 14 0.108 0.590
0-Xylene 283 142 611 0.65 2933 134 1.09 098 047 413 1.3 0.343 0.137
iso-Prophylbenzene 0.12  0.06 0.25 0.03 1.21  0.06 004 0.03 <MDL 0.11 1.5 0299 0.093
n-Propylbenzene 0.17 0.14 0.13 <MDL 0.52 0.10 0.07 0.10 <MDL 042 20 0.086 0.047
1,3,5-Trimethylbenzene 024 023 0.09 0.04 042 021 0.14 0.14 0.07 053 1.6 0403 0.145
1,2,4-Trimethylbenzene 0.84 0.78 0.34 0.21 1.56 0.68 051 045 0.25 1.83 1.6 0.240 0.068
1,3-Dichlorobenzene 0.06 0.03 0.07 <MDL 029 0.06 004 0.05 <MDL 0.17 0.8 0.874 0.350
sec-Butylbenzene 0.02 0.02 0.02 <MDL 0.05 0.02 001 0.03 <MDL 0.09 2.0 0.997 0.590
p-iso-Propyltoluene 0.08 0.07 0.03 0.03 0.16 0.07 0.06 0.04 0.03 0.14 1.2 0.625 0477
n-Butylbenzene 0.12 0.01 027 <MDL 080 0.04 001 0.10 <MDL 042 1.0 0219 0.3%
Naphthalene 1.19 098 0.77 0.28 3.87 211 1.01 252 0.39 852 1.0 0.179 0.635
Winter
VOC Smoking (n=36) Non-smoking (n=24) S/N  t-test M-test
Mean Median S.D. Min. Max. Mean Median SD. Min. Max. fto p p
1,1,1-Trichloroethane 0.59 028 125 <MDL 550 0.61 044 059 <MDL 199 0.6 0.959 0.330
Benzene 260 215 131 1.39 575 199 148 1.14 0.90 408 1.5 0.196 0.042
Carbon tetrachloride 025 023 0.10 <MDL 040 041 031 031 <MDL 1.20 0.7 0.101 0.079
Trichloroethylene 0.77 043 0.67 0.23 263 142 1.16 139 0.16 526 04 0.094 0.175
Toluene 27.07 21.52 1354 13.24 62.04 3233 2395 3348 1397 137.02 09 0.553 1.000
Tetrachloroethylene 0.02 0.01 0.04 <MDL 0.19 0.02 001 0.02 <MDL 0.08 1.0 0.787 0.694
Chlorobenzene 0.0l 0.01 0.0l <MDL 0.04 001 001 0.01 <MDL 0.01 1.0 0424 0414
Ethylbenzene 395 209 644 069 2737 458 1.66 893 0.84 3255 1.3 0.823 0.687
m+p-Xylenes 371 376 132 1.59 5.64 394 343 155 226 750 1.1 0.669 0.832
Styrene 040 035 0.17 0.20 0.78 029 025 0.10 0.16 049 1.4 0.042 0.068
0-Xylene 328 155 562 044 2460 293 123 6.15 066 2242 13 0873 0.182
iso-Prophylbenzene 020 0.09 0.28 0.03 .06 0.15 0.09 0.20 0.03 0.76 1.0 0.578 0.899
n-Propylbenzene 0.39 0.27 039 0.04 .52 029 025 0.17 0.11 1.14 1.1 0417 0.799
1,3,5-Trimethylbenzene 0.60 045 0.60 0.11 227 043 035 028 0.15 .06 1.3 0.369 0.703
1,2,4-Trimethylbenzene 196 146 193 037 7772 159 120 131 052 526 1.2 0.566 0.611
1,3-Dichlorobenzene 0.03 0.02 0.04 <MDL 0.14 0.06 005 357 <MDL 0.12 04 0.057 0.009
sec-Butylbenzene 0.12 0.07 0.16 <MDL 0.66 0.08 007 0.06 0.02 021 1.0 0.353 0.718
p-iso-Propyltoluene 021 0.15 0.19 0.06 0.76 021 021 0.15 0.07 0.60 0.7 0.983 0.596
n-Butylbenzene 028 0.15 035 0.04 1.39 026 0.15 030 0.05 1.14 1.0 0.830 0.983
Naphthalene 296 204 271 098 1262 350 330 224 0.66 834 0.6 0.568 0.290

“Ratio of median concentrations of VOCs for smoking to non-smoking occurred during sampling; ”Mann-Whitney Test.
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Fig. 1. Comparison of cumulative distributions of VOCs concentrations in summer and winter.
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Fig. 4. Frequency distributions of VOCs in indoor sites.
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Table 4. Comparison of mean concentrations (in ppb) of VOCs with respect to ventilation and heating types in the

office environments.

Ventilation type Heating type

Natural Forced Total N/F Combustion Non-combustion Total C/N

(n=6) (n=68) (n=74) ratio? (n=20) (n=40) (n=60)  ratio”
1,1,1-Trichloroethane 0.70 0.45 0.47 1.5 0.74 0.53 0.60 1.4
Benzene 1.70 1.54 1.55 1.1 3.30 1.89 2.36 1.7
Carbon tetrachloride 1.26 1.82 1.78 0.7 0.29 0.32 0.31 0.9
Trichloroethylene 1.12 0.50 0.55 22 1.47 0.81 1.03 1.8
Toluene 20.15 17.76 17.95 1.1 43.76 21.89 29.18 2.0
Tetrachloroethylene 0.04 0.04 0.04 1.0 0.02 0.02 0.02 1.0
Chlorobenzene 0.06 0.05 0.05 1.2 0.01 0.01 0.01 1.0
Ethylbenzene 1.80 291 2.82 0.6 7.26 2.67 4.20 2.7
m+p-Xylenes 2.54 3.72 3.62 0.7 5.94 2.73 3.80 22
Styrene 0.39 0.44 0.44 0.9 0.37 0.34 0.35 1.1
0-Xylene 1.27 2.27 2.19 0.6 5.44 1.99 3.14 2.7
iso-prophylbenzene 0.05 0.09 0.09 0.6 0.16 0.19 0.18 0.8
n-Propylbenzene 0.10 0.15 0.14 0.7 0.25 0.40 0.35 0.6
1,3,5-Trimethylbenzene 0.25 0.22 0.22 1.1 0.57 0.51 0.53 1.1
1,2,4-Trimethylbenzene 0.72 0.77 0.77 0.9 1.95 1.74 1.81 1.1
1,3-Dichlorobenzene 0.05 0.06 0.06 0.8 0.04 0.05 0.04 0.8
sec-Butylbenzene 0.02 0.02 0.02 1.0 0.08 0.11 0.10 0.7
p-iso-propyltoluene 0.07 0.08 0.08 0.9 0.23 0.20 0.21 1.2
n-Butylbenzene 0.01 0.09 0.08 0.1 0.28 0.28 0.28 1.0
Naphthalene 3.03 1.46 1.59 2.1 4.72 241 3.18 2.0

“Ratio of mean concentrations of VOCs for natural ventilation to forced ventilation occurred during sampling.
YRatio of mean concentrations of VOCs for non-combustion to combustion occurred during sampling.
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Table 5. Comparison of VOCs concentrations (in ppb) in various indoor and outdoor sites.

Indoor Outdoor
Home® Office” Office® Road side? 1 Road side® II Suburban sites”
(n=238) (n=134) (n=32) (n=658) (n=221) (n=96)
Benzene 1.99 1.91 2.66 1.82 1.18 0.89
Carbon tetrachloride 0.20 1.12 - - - -
Trichloroethylene 0.32 0.76 6.05 - 0.41 0.20
Toluene 9.78 22.98 13.46 18.4 20.38 4.31
Tetrachloroethylene 0.14 0.03 - - 0.06 0.05
Chlorobenzene 0.09 0.03 - - - -
Ethylbenzene 1.22 3.44 1.65 1.79 0.58 0.31
m+p-Xylenes 2.60 3.70 8.33 3.77 1.87 0.87
Styrene 0.66 0.40 1.49 0.20 0.12 0.10
o0-Xylene 1.11 2.61 1.93 1.29 0.57 0.27
Iso-prophylbenzene 0.06 0.13 - - - -
n-Propylbenzene 0.03 0.23 - - - -
1,3,5-Trimethylbenzene 0.22 0.36 1.46 0.19 0.20 0.10
1,2,4-Trimethylbenzene 0.75 1.24 2.14 0.66 0.88 0.40
1,3-Dichlorobenzene 0.02 0.05 - - - -
sec-Butylbenzene 0.03 0.06 - - - -
p-iso-Propyltoluene 0.11 0.14 - - - -
n-Butylbenzene 0.07 0.17 - - - -
Naphthalene 3.05 2.30 - 0.33 - -

“VOCs data from smoking and non-smoking homes during a 24 hours period each of summer and winter (Baek and Jenkins, 2001).

This study

9VOCs data from 32 areas within 12 office buildings in California, where smoking was prohibited during summer in 2000 (Daisey et al., 1994).
9VOCs data from a heavy-traffic site I in Daegu city for two weeks period during four season in 1999 ~ 2000 (Kim et al., 2002).

9VOCs data from a heavy-traffic site Il in Daegu city for two weeks period during spring and summer in 2000 (Baek et al., 2002).

PVOCs data from a suburban site in Gyeongsan city for two weeks period during spring and summer in 2000 (Baek et al., 2002).
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Table 6. Correlation coefficients between VOCs values for annual data at a office site (n=134).

BZ TCE TOL EBZ MPX OX iPBZ nPBZ 135T 124T sBBZ pIPT nBBZ NAPT
Benzene (BZ) 1.00
Trichloroethylene (TCE) 0.14 1.00
Toluene (TOL) 0.50*  0.20* 1.00
Ethylbenzene (EBZ) 0.28* 0.01 0.85* 1.00
m+p-Xylenes (MPX) 0.22* 0.17 0.30* 0.30* 1.00
0-Xylene (OX) 0.28* 0.02 0.83* 0.98* 0.32* 1.00
iso-Prophylbenzene (iPBZ) 0.24* —0.01 0.68* 0.85* 0.27* 0.87* 1.00
n-Propylbenzene (nPBZ) 0.36% 0.09 0.46* 0.57* 0.25* 0.61* 0.68* 1.00
1,3,5-Trimethylbenzene (135T) 0.38* 0.12 0.40* 0.48* 0.20* 0.53* 0.60* 0.95*% 1.00
1,2,4-Trimethylbenzene (124T) 0.41*  0.13 0.49*% 0.52* 0.22* 0.56* 0.61* 0.94* 0.98* 1.00
sec-Butylbenzene (sBBZ) 0.19% 0.10 0.20* 0.32* 0.15 0.36* 0.49* 0.89* 0.91* 0.88* 1.00
p-iso-Propyltoluene (pIPT) 0.29* 0.14 0.31* 0.36* 0.15 0.42* 0.49* 0.79* 0.82* 0.78* 0.77* 1.00
n-Butylbenzene (nBBZ) 0.22* 0.03 0.33* 0.37* 0.17* 0.38* 0.41* 0.69* 0.65* 0.69* 0.60* 0.56* 1.00
Naphthalene (NAPT) 0.14 0.11 0.29* 0.27* 0.03 0.32* 0.33* 0.41* 0.45* 0.41* 0.32* 0.50* 0.24* 1.00
* 1 Correlation coefficients are significant at level of 0.05 (two tailed test, n=134).
2 Jeptor BTEX A% 245> A&ilzet AL /fAshe o a3 #71d Aoz Alsgd
BE S Bhe wAse vl ¥4 deht 5 AN Z4R VOCs ARE ol g3te]
A, %-".‘—"il, of &luilAl, X} Eﬂ,i °l‘vﬂ, EueiAll A Azt ARAdS BAS A i Ede] Ad=st

7} 80% OIAFOI EE]%iioﬂ
22t ﬂ%‘—ﬁﬂiﬂ%ﬂﬁ = 249 #=)7} A
ole} & Aoz Atgdot

2) EPA] ol 1530z S5 wlale ALH
Ee] A9 2.60ppb (F 8.4ug/m’)E J2H n
el 7§ 1.39ppb (F 4.5 ug/m’)xet oF 2u) A
A vehd AW A L] WAl FeFTtel
1 71498 4 lebe AME 58 5 Ak
3) ¥t vlEd 2§ ] Hnlus B3 ol
3 2efo]al& Al g vpr#] VOCs 5= Zhell =
14l Atelg HelA= dgkont g A7t <t 2
ol =29 7FeAde Fd 2Fe] vEd
HlE oS dsieh

4) £ =RINE VOCs sl JFe T
ez FART elee] AW 2l

Heloll whe k= sheteiglon], 1 A

A7) vt A7) WA AR
oA e A A kA
F=7F 7 vebsdeh kA vOCs
5 3 t Fd9 Alel= FosAT o
o 27| oAl AWA A7l AdA)E e sl Y -
AR o} A o] AR fA vt A

(

o

&l

(3

A
05

< flo rlo

> 28 o

Tt
o

o o W yd lo
5

2
o
o

(o2
)
i',

by
2

=

271843 A A30A 455

S
FAREG iAoz g ALH Fdel FaA

ARRAL] A9 AFAde] o A JeR} AW o
399} A ) du)e] BAA-sk ]zl VOCs 5
= A5l a3 gqloz g3 & 4 AU
ZALe 2
2 AFE f5td RS 9 AgA BA 2]
o =S £ AAL L AW M & 5 2
Al eddiga W 7|37 AT7Ae] HStAA Sl A 7
At=gy
References

Baek, S.0. (1999) Atmospheric polycyclic aromatic hydrocar-
bons-environmental implications. J. Kor. Soc. Atmos.
Environ., 15(5), 525-544.

Baek, S.O., H.B. Song, D.C. Shin, S.H. Hong, and H.S. Chang
(1998) Seasonal and locational concentrations of
particulate air pollutants in indoor air of public faci-
lities in Taegu area, J. Kor. Air Pollution Res. Assoc.,
14(3), 163-175. (in Korean with English abstract)

Baek, S.O., B.K. Kim, and S.K. Park (2002) Characteristics of



atmospheric concentrations of toxic volatile organic
compounds in Korea (II)-seasonal and locational
variations, Kor. J. Environ. Toxicol., 17(3), 207-217.
(in Korean with English abstract)

Baek, S.0., M.H. Kim, S.H. Kim, and S.G. Park (2002) Char-
acteristics of atmospheric concentrations of toxic
volatile organic compounds in Korea (I)-evaluation
of sampling and analytical methodology, Kor. J.
Environ. Toxicol., 17(2), 95-107. (in Korean with
English abstract)

Baek, S.0. and R.A. Jenkins (2004) Characterization of trace
organic compounds associated with aged and dilut-
ed sidestream tobacco smoke in a controlled atmo-
sphere-volatile organic compounds and polycyclic
aromatic hydrocarbons. Atmos. Environ., 38, 6583-
6599.

Baek, S.0. and R.A. Jenkins (2001) Performance evaluation
of simultaneous monitoring of personal exposure to
environmental tobacco smoke and volatile organic
compounds, Indoor and Built Environ., 10, 200-208.

Baek, S.O. and S.G. Park (2004) Measurement of environmen-
tal tobacco smoke in the air of offices in urban areas-
focusing on the impact of smoking on the concentra-
tions of suspended particles, J. Kor. Soc. Atmos.
Environ., 20(6), 715-727. (in Korean with English
abstract)

Baek, S.0., S.M. Hwang, S.G. Park, S.J. Jeon, B.J. Kim, and
G.S. Heo (1999a) Evaluation of methodology for the
measurement of volatile organic compounds using
adsorption sampling coupled with thermal desorption
and GC/MS, J. Kor. Soc. Atmos. Environ., 15(2),
121-138. (in Korean with English abstract)

Baek, S.0., Y.J. Hwang, Y.M. Kim, S.M. Hwang, S.G. Park,
and H.B. Song (1999b) Characterization of indoor
air quality at the public places in Taegu area-focus-
ing on volatile organic compounds, J. Kor. Soc. En-
viron. Eng., 21(5), 869-885. (in Korean with Eng-
lish abstract)

Baek, S.0., Y.S. Kim, and R. Perry (1997) Indoor air quality
in homes, offices, and restaurants in Korean urban
areas-indoor/outdoor relationships, Atmos. Environ.,
31, 529-544.

Berg, D.W. (1993) Indoor Air Quality and HVAC Systems,
Lewis Pub., 220 pp.

Daisey, J.M., A.T. Hodgson, W.J. Fisk, M.J. Mendell, and J.
Ten Brinke (1994) Volatile organic compounds in

AWML RGN R SERE BY 491
twelve California office buildings: classes, concen-
tration, and sources, Atmos. Environ., 28, 3557-
3562.

Jenkins, R.A., A. Palausky, R.W. Counts, C.K. Bayne, A.B.
Dindal, and M.R. Guerin (1996) Exposure to envi-
ronmental tobacco smoke in sixteen cities in the
United States as determined by personal breathing
zone air sampling. J. Exp. Anal. Environ. Epidemio.,
6, 473-502.

Kim, K.S., H.S. Lee, S.Y. Gong, and H.J. Ku (2001) Public
Survey for Indoor Air Pollution and Management
Policy Study, Report to Korean Environmental In-
stitute, KEI/2002/RE-07, 70 pp.

Kim, M.H., S.G. Park, and S.O. Baek (2002) Characteristics of
atmospheric concentrations of volatile organic com-
pounds at a heavy-traffic site in a large urban area,
J. Kor. Soc. Atmos. Environ., 18(2), 113-126. (in
Korean with English abstract)

Kim, Y.S. (1993) A perspective on indoor air pollution, J. Kor.
Air Pollution Res. Assoc., 9(1), 33-43. (in Korean
with English abstract)

National Research Council (1986) Environmental Tobacco
Smoke-Measuring Exposures and Assessing Health
Effects, Washington DC, National Academy Press.,
360 pp.

Shin, D.C., HM. Lee, J.M. Kim, and Y. Chung (1990) A study
on the indoor air pollution level and its health sig-
nificance in working and living spaces, J. Kor. Air
Pollution Res. Assoc., 6(1), 73-84. (in Korean with
English abstract)

Song, H.B., K.S. Min, G.H. Han, J.JW. Kim, and S.O. Baek
(1996) Concentrations of criteria pollutants in indoor
and ambient air of public facilities in Tageu area, J.
Kor. Air Pollution Res. Assoc., 12(4), 429-439. (in
Korean with English abstract)

Song, H.B., T.K. Kwon, S.H. Hong, and S.O. Baek (1998)
Evaluation of indoor air quality in large underground
parking lots in Taegu area, J. Kor. Soc. Environ.
Eng., 20(9), 1315-1330. (in Korean with English
abstract)

USEPA (1997) Compendium of methods TO-17 Determination
of Toxic Organic Compounds in Ambient air, 2nd
Ed., 1-51.

WHO (1991) Indoor air pollution from biomass fuel, WHO/
PEP/92-3 A. WHO, Geneva.

WHO (2000) Guidelines for Air Quality, WHO, Geneva.

J. KOSAE Vol. 30, No. 5(2014)



	다양한 사무실 실내환경에서의 휘발성유기화합물의 농도분포 특성
	Abstract
	1. 서론
	2. 연구 방법
	3. 결과 및 고찰
	4. 결론
	References


