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The personal exposures of nitrogen dioxide(NO2), microenvironmental levels and daily time activity patterns
on Seoul subway station workers were measured from February 10 to March 12, 1999. Personal NO; exposure
for 24 hours were 29.40+9.75 ppb. NO: level of occupational environment were 27.87%7.15 ppb in office, 33.60+t
864 ppb in platform and 50.13%13.04 ppb in outdoor. Personal exposure time of subway station workers was
constituted as survey results with 7.9433.00 hours in office, 282%1.63 hours in platform and 1 hours in
outdoor. With above results, personal NO: exposure distributions on subway station workers in Seoul were
estimated with Monte Carlo simulation which uses statistical probabilistic theory on various exposure scenario
testing. Some of distributions which did not have any formal patterns were assumed as custom distribution
type. Estimated personal occupational NO; exposure using time weighted average (TWA) model was 3120557
ppb, which were under Annual Ambient Standard (50 ppb) of Korea. Though arithmetic means of measured
personal NO: exposure was lower than that of occupational NO2 exposure estimated by TWA model, considering
probability distribution type simulated, probability distribution of measured personal NO» exposures for 24 hours
was over ambient standard with 3.23%, which was higher than those of occupational exposure (0.02%). Further
research is needed for reducing these 24 hour NO; personal excess exposures besides occupational exposure on
subway station workers in Seoul.
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here, Conc; : Exposure concentration at ith site
Time; . Exposure time at ith site
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Table 1. Occupational NO; exposure distribution in

Seoul subway stations
Goodness-of-fit test

Location N*  Type Paz;x;c;wr © e Ko)n)t?gomv Ander'son
-Smirnoy ~ ~Darling
Office 16 Normal — 2787+7.5° 05000 047% 01667 0.4625
Lognormal 2676%136° 55000 00190  0.2228 1.0244
Extreme 3100, 525 1500 02207 00890 0.13%
Platform 13 Normal ~ 33602864 24615 NA® 0.2265 0.8286
Lognormal 32331134 24615 NA 0.2418 1.1520
Extreme  37.30, 571 29231 NA 0204 0.6087
Outdoor 16 Normal — 501311304 25000 01138 02081 0.8923
Lognormal 4877+125 15000 02207 0.1533 05442
Extreme 4417, 841 10000 03173 0.1479 0.4417
Personal 32 Normal =~ 2040975 82500 0082 01342 06309
Lognormal 2797+137 65000 01648  0.1169 03738
Extreme 2504, 745 47500 03139  0.1147 03871
a Number of samples
b MeanSD.
¢ Geometric Mean£SD.
d Mode, Scale
e Not available for insufficient sample size
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Table 2. Occupational daily time activity patterns in
Seoul subway stations

Goodness-of-fit test

. a Parameter
Location N' - Type (hr) X v Kolmogorov Anderson
PV Smirnov ~Darling
Office 24 Normal 7945300" 72500 0.0266 0.2000 05516
Lognormal  737x14¢° 105833 00050 0.2063 06906
Logistic 783, 166° 72500 0026 0185 05187
Platform 11 Normal 2821163 01818 NA' 02310 06574
Lognormal 2224216 34545 NA 02878 10204
Exponential 0.3 34545 00631 0.2564 0.9448
Outdoor 24 Uniform 1 - - - -
a Number of samples
b Mean tStandard Deviation
¢ Geometric Mean * Standard Deviation
d Mean, Scale
¢ Rate
[ Not available for insufficient sample size
2759 2t NO %%E Mese ABEAAYE

¥ 39 2ok olilxExe 34 Ade AdNe U¢
A8 Z GAE QR 22U A FA FEEE Fo
ZAME NO; $A 2 %zt 2@ AS(Pearson correlation
coefficient) 06012 EAMoz £ 9389(p=0.014)
NO; =% %4o) /MAE&E Aoj7} 2R ¥ ALE =
AFJHIY 1. 2433 7R NO; sEd=
FBAE 06642 FAHORE {3 FAAE EAT
(p=0.013) ol9)9] AFED &= EAZHCZ Folst A
del fiiTh o] ATE XHAW NO; 44 gittn
HAE o, 279 NOt 87134 58 839 3JH &
Zoz F4=EAS Aelg AAE.

&4 2949 718 o8 A% A2

197

245 o

F AL 4

Table 3. Correlations between measured NO: levels
in Seoul subway stations
Subject A Subject B _Office_Platform
Subject B Pearson correlation 0601
p-value 0014
No. 16
Office Pearson corrclation 0327 0254
p-value 0.216 0.342
No. 16 16
Platform  Pearson correlation  0.065 0.178 0314
p-value 0.334 0.561 0.206
No, 13 13 13
Outdoor ~ Pearson correlation 0135 -0.84 0212 0.664"
p-value 0617 0.757 0432 0013
No. 16 16 16 13
* Correlation is significant at the 0.05 level (2-tailed)
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Fig. lson of occupational NO2 exposures between
subject A and subject B working in the same
office.(Pearson  correlation  coefficient=0.601,
p=0.014)
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Fig. 2. Frequency distribution of occupational NO: levels and times using Monte Carlo simulation.
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Fig. 3. Comparison between measurements of personal
NO; exposures for 24 hours and estimations of
occupational NO; exposure with time weighted
average model.
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Fig. 4. Sensitivity analysis of estimated occupational

NO: exposures using time weighted average
model.
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