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ABSTRACT

The aim of this study were to assess the personal exposure to volatile organic compounds (VOCs) and to estimate the
personal exposure using time-weighted average model. Three target VOCs (benzene, toluene, xylene) were analyzed in
personal exposure samples and residential indoor, residential outdoor and workplace indoor microenvironments samples
in the iron mill 30 workers during working 5 days. Personal exposure to VOCs significantly correlated with workplace
concentration p<0.05), suggesting workplace had strong source and major contribution to personal exposure. Personal
exposure could be estimated with time activity pattern and time weighted average (TWA) model of residential indoor
and workplace concentrations measured. Time weighted mean microenvironments concentrations were close approx-
imately of personal exposure concentrations. Total exposure for participants can be estimated by TWA with microen-
vironments measurements and time activity pattern,
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Table 1. GC condition when VOCs analysis

GC condition

Shimadzu-CBP1 25 m(length) x 0.22 mm(Column
ID) x 0.25 um(flim thickness)

Oven 60°C(2.5 min) to 100°C(1 min) at 30°C/min
Carrier  Nitrogen(5 mi/min)

Detector . FID, 250°C

Injector 1 i, 250°C

Column
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Table 2. Characterization of participants according to
questionnaire survey
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Characteristics Number (%)
Smoki Yes 1(3.3)
moing No 29(96.7) 3.V0Cs 5N 55 ¥ ARY 2Y
i Yes 26.7) Az 9 2300 VOCse] 5% S Table
. House indoor N 8(93.3 -
Passive ° 2803.3) 45 5ol VERARITh Ml 2 7 FAsAeA &
smoking W.()rkplace Yes 11(36.7) A8 FEe QLA EEZE Ve A vh(p<0.05).
" indoor I;O pr— 19(()?;'3) Benzene®] 711 H+t FE FF Aulelre] &
ouse type ingle-family ) L Z=g 4
Apartment 30(100.0) = 121 258+5hi1 ppb. 2.05:3.79 ppb= 7
A 1.2 O
House age <1 yeur 00) o} 29 =& %= 091£091 ppb, 0.75+£0.79
1~4 years 26.7) pobie} 20 o) 37l ek el 9 sl
410 yers  5(167) 49, 3% 9 B2 S FAT Ao
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23 lanes 9(30.0) = 8 A 944+5.65ppb, T -9] 8 18£2.71
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Table 3. Fraction of time in microenvironments
Indoor Outdoor .
Vehicle
Home Workplace Other Near home  Near workplace Other
7 4376+ 1531 3608+1051 282+221 3.19+1.76 839+35.32 198+ 112  377+219
v (n=29) (n=29) (n=29) (n=29) (n=29) (n=29) (1=29)
Total (%) 82.67 1237 13.56 £4.92 377+2.19
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Table 4. Personal exposure and workplace indoor concentrations (ppb)

Personal Workplace
%ND* M =SD GM"  Median Range %ND*  M=SD GM" Median  Range
Benzene 2.58+5.11 0.8 0.84  0.02~26.04 333 205+3.79 074 0.87 0.03~1991
Toluene 23.10£43.00 13.88 1077  7.27~228.62 18.04+2124 1372 1246 6.86~118.13

Xylene 345 0.18x0.19 014 0.12 0.07~1.02 1333 0.19+0.19 0.14 012 0.07~0.89

“Percentage of samples in which compound was not detected, "Geometric mean.

Table 5. Residential indoor and residential outdoor concentrations (ppb)

Indoor Outdoor
%ND* Mz=SD GM"  Median Range %ND* Mz=SD GM"  Median Range
Benzene  41.38 0.91+091 0.37 04 0.01~2.25 2667 0.75+£079 036 0.29 0.02~2.12
Toluene 944 +565 8.61 793 5.79~34.32 8.18+271 7.87 6.95 5.68~17.70
Xylene 55.17 0.11+006 0.1 0.08 0.07~0.29 5333 0.10+0.03 01 0.09 0.06~0.18

“Percentage of samples in which compound was not detected, "Geometric mean.
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Table 6. Spearman correlation coefficients between personal exposure and microenvironments concentrations of VOCs

Personal Indoor Outdoor Workplace

Benzene Toluene Xylene Benzene Toluene Xylene Benzene Toluene Xylene Benzene Toluene Xylene

Benzene 1

Personal Toluene .585™ 1
Xylene 405" 613" 1
Benzene .350 029 -.054 1

Indoor Toluene 213 149  -025 .659™ 1

Xylene 446 154 561 401 625" 1
Benzene .183 083 192 8117 544" 228 1

Outdoor Toluene .384" 329 316 .801" 5417 521 .6267 1
Xylene 556" 545 656" 317 110 442 490 735 1
Benzene 544 275 244 221 -004 -022 218 335 497 1
Toluene .210 6397 5137 -.069 007 278 .006 049 519 322 1
Xylene  .089 4517 .833™ 181 066 529 -011 330 455 .190 7647 1

“p<0.0L, p<0.05

Work-
place
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Table 7. Estimated VOCs concentrations by fraction of time in
three microenvironments (ppb)

Benzene Toluene Xylene
M=z=SD 1.10+1.51 1318+ 11.01 0.09+0.08
GM* 0.42 10.95 0.09
Median 0.40 9.56 0.07
Range 0.04~5.91 5.91~51.70 0~0.31
*Geometric mean.
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