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ABSTRACT

This study was conducted to estimate nitrogen dioxide levels and health risk in various locations/situations for two
groups. The nitrogen dioxide levels were measured for residents of a study group (industrial area within 5 km) and a
control group (15 km farther), respectively using the nitrogen dioxide filter badge as a passive sampler from August,
2006 to September, 2006. The means of indoor, outdoor, work and personal levels of nitrogen dioxide were
34.65+11.95 pg/m’, 34.83+11.78 pug/m’, 34.98x19.11 and 35.38+10.74 respectively in the study area. Mean ratio of
indoor to outdoor NO, concentration was 0.99. The means of indoor, outdoor and personal level of nitrogen dioxide
were 23.66+7.19 pg/m®, 18.22+4.06 pg/m® and 27.27=18.93 ug/m’® respectively in the control area. Mean ratio of
indoor to outdoor NO, concentration was 1.39. People spent 80.9% of their time in indoor at the study area and 76.9%
at the control area. The percentages of time spent in outdoor were 14.9% and 20.9% at the study area and the control
area respectively. The percentages of time spent in a car were 4.2% and 2.2% in the study and control areas respectively.
The levels of indoor, outdoor, workplace nitrogen dioxide in the study area and the control area were found below the
permissible level of health-hazardous effects.

Keywords: personal exposure, nitrogen dioxide, health-hazardous effect
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EF  :exposure frequency (min/day)

BW :body weight (kg)

AT :average time (year)
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Table 1. Level of NO, in study and control area (Unit : pg/m’)
. . Nitrogen dioxide concentration
Region Measurement Point - o]
Mean = SD GM + GSD Max Min
Indoor 34.65 + 11.95 32.70 £ 141 65.45 14.31
Study Area Outdoor 34.83 + 11.78 3297 + 1.40 64.41 13.85 0.99
(n=45) Personal 3538 £ 1074 33.88 + 1.36 66.52 1571 ’
Work 3498 + 19.11 3045 + 1.72 106.19 9.68
Control Area Indoor 23.66 = 7.19 22.54 + 1.38 42.04 10.56
(n=20) Outdoor 18.22 + 4.06 17.81 = 1.24 27.17 12.83 1.33
= Personal 27.27 + 18.93 23.63 + 1.62 97.57 12.42
Table 2. Fraction of time in study area
Indoor
Home Work Other Transportation
% 44.6+139 33.0x184 3.3x70 42x4.5
Total % 85.1
Cutdoor
Study Area
Near home Near work Other
o 4149 8387 2.5%4.5
Total % 14.9
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Table 3. Fraction of time in contro] area
Indoor
Home Work Other Transportation
% 74.0+12.0 2.1x7.7 0.8+0.2 22+33
Total % 79.1
Control Area Quidoor
Near home Near work Other
% 152+9.1 32+79 25+3.6
Total % 20.9
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Table 4. Hazard index of non-carcinogen NO, in indoor area
. Monte-Carlo
Pollutant Site Sex Fxxgd . Percentiles
point Mean Max Min
25 50 75 90 95
Study Male 4.6E-01 2.7E-01 92E+00 4.6E-04 12E-01 20E-01 33E-0f 53E-01 72EO01
Nitrogen area Female 3.5E-01 2.1E-01 5.0E+00 4.2E-03 92E-02 16E-01 2.6E-01 4.1E-01 S5.5E-01
dioxide  control  Male  3.9E-01 28E-01 1OE+0l 5.7B-04 12E-01 2.1E-01 34E-01 S55E-01 7.3E01
area Female 3.3E-01 22E-01 43E+00 3.8E-04 98E-02 1.7E-01 2.8E-01 44E-01 59E-01
Forecast: Mate of oxposuratindaot) Forecast: Male of non-exposuta{indoor)
100,000 Trials Frequency Chart 97,783 Displayed 100,080 Triels Freauency Chart §7.870 Disslayed
e 20
Al -
M i
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100,006 Trials Frequency Ghart 97,4_71& Displayed 100,000 Trials Fraowency Charnt 97.505 Disptayed
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2 3 § 08 sus 3

(b} Female
Fig. 2. Frequency charts of NO, for exposure in indoor.

(b) Female
Fig. 3. Frequency charts of NO, for non-exposure in indoor.
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Table 5. Hazard index of non-carcinogen NO, in Outdoor area
) Monte-Carto
Pollutant  Site Sex le.ed . Percentiles
point Mean Max Min
25 50 75 90 95
Study Male 1.3E-01 94E-02 4.0E+00 14E-04 3.1E-02 6.1E-02 1.1E-01 20E-01 28E-01
Nitrogen  area Female 1.1E-01 7.6E-02 2.6E+00 18E-04 25E-02 49E-02 93E-02 1.6E-01 2.2E-01
dioxide (Cgontrol Male 9.1E-02 6.3E-02 2.6E+00 13E-04 26E-02 45E-02 7.7E02 13E-01 18E-01
area Female 7.5E-02 5.2E-02 1.7E+00 3.7E-05 2.1E-02 3.7E-02 6.2E-02 1.0E-01 14E-01
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Fig. 4. Frequency charts of NO, for exposure in outdoor. Fig. 5. Frequency charts of NO, for non-exposure in outdoor.
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Table 6. Hazard index of non-carcinogen NO, in personal

) Monte-Carlo
Pollutant Site Sex le.ed . Percentiles
point Mean Max Min
25 50 75 90 95
study Male 95E-1 5.9E-01 2.0E+01 1.8E-03 26E-01 44E-01 72E-01 12E+00 1.5E+00
Nitrogen area Female 7.2E-1 4.8E-01 12E+01 83E-04 21E-01 3.6E-01 5.8E-01 92E-01 1.2E+00
dioxide  (Coptro] Male 6.7E-01 4.6E-01 1.7E+01 4.5E-04 1.5E-01 29E-01 47E-01 9.7E-01 1.4E+00
area  Female 5.5E-01 3.7E-01 16E+01 4.2E-05 1.2E-01 23E-01 3.8E-01 7.8E-01 I1.1E+00
Forecast: Male of exposure(personal) Forecast: Male of non exposure{personaf)
100.000 Tria!s - Freuuency Chart 97,745 Displayed 100.000 Trials. Freaquency Chart 97.689 Displayed
£ - - 3 £ - B
o L. —
(a) Male (a) Male
Faracast Female of exposurelpersonal) Forecast: Female of non exposure(personaf) ]
100,000 Trials Frequency Chart 97,701 Displayed 100.000 Trials Frequency Chart 97.552 Displayed
z T )
E w 8 £

(b) Female
Fig. 6. Frequency charts of NO, for exposure in personal.
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Table 7. Hazard index of non-carcinogen NO, in workplace
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Fig. 7. Frequency charts of NO, for non-exposure in personal.

U Hm AE GA] ZIEAR] g 26 Bttt

BEEF sl BrE AAG BHILEE £Y
(Monte-Carlo analysis) 23} 17:X9¢} Ha ez
Yo AL 59X107, A9 AS 48x107e=Z
eh} 71X E 23] ge AR JEY, Bl
Ag JHE AFE Bl AE 4.6X107, 449 73
G 37x107'e2 veh b g g 28] Se
RO 2 ekttt

1) 47 oltsiaizel )% 29I B
Table 7= AFXS AAA] oakE A A4 Exo) 2
3l Bjel T4 YT gAos pEsle] U

) Monte-Carlo
Pollutant ~ Site Sex Fxx'ed . Percentiles
point Mean Max Min
25 50 75 90 95
Nitrogen Study Male 2.0E-1 12E-01 4.9E+00 1.7E-03 4.1E-02 7.8E-02 15E-01 26E-1 3.7E-01
dioxide area Female 1.5E-1 9.5E-02 4.8E+00 43E-04 3.1E-02 6.0E-02 1.1E-01 20E-01 2.7E-01
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Fig. 8. Frequency charts of NO, for exposure in workplace.

Epfiict.

dAH7EA] 4 Ak A7 QoA dde] F- 95
X107'e2 vt QHEZ ok A F3FI
52 wgsis 7159 e 23R gtk dA
o] ALE e RF7t 72X107°02 “1"S F3}
A e Ao®E veigt

FE24 84 HE AT EEHIEE B4
(Monte-Carlo analysis) 23} 7R 2] Hi HslE=
e AL 59X107, JAY AE 48X107e=E v}
R} 712XE 298] @ Ao® uUehdt)

e85 nd84-¢ Botod E A7 el vet
v e BxE Zhe] =2Ws] e A B
ghaldo] EAlElaL Jlovt, 3% Bt AA|H oL A
A e oA FEEEE Esta @4 vt
2 dAo} g EHESES HEAETI A 83t
A, dog Fub Ao AFARY oliksbdael] 23
HEgE 22 shed 7z ARR 888 AR A7
=

B A7 20068 8YHE 20069 9¥7EAl GAl F
A2 U AFshs FREENA Skm oW, I7A
ozt FAAY Yo AF3le FREFEOIA 15km
o, HIRA|H)S o g 2 - 9] B A ojils
Ah Fx A =2Fe EHsKAT A =29
FEFE FE AL HrRp) Askd AERAIE F3
o 7jQ) A7HEE HES FAsle] A7EIAEIME

SHERERE R

AxZ & 2 A& gHst 205

AABIRL, A AFE YA dehte oltEEa
9] fl=E metsich

B A7 AAE goksid o 2t

L3 x99 4] - & olitslE Ao FEE 34.65
13 :32.70)+11.95 pg/my’, 34.83(7151H < : 32.97)
+11.78 pgm’s ey, A FxHlE 0993
UeRit), 2Aere olakgld A Fhe 34.98(7151
T : 3045)£19.11 pg/m’, TN =SEE= 3538¢713F
Bt : 33.88)110.74 pg/m’= VERITE

2. Bl X|9e] Ay} - ¢ okl Fre 23.66
C18E : 2254)+7.19 pg/m®, 18.22¢71818F : 17.81)
+4.06 pgm’2 VERGT AUAle) FErle 1332
Bth MdxEEEE 2727071883 ¢ 23.63)
+18.93 ug/m’E EPSITH

3. 39 X3 HEAY AFAE AdddA Bl
AZHE 80.9%, 769%2M TIHES] A7k AfelA
AFsE Aoz Uiyt A9eA Bule A7k
149%, 209%= e, AFejA Blle A7k
42%, 2.2%%2 VERITE,

4. A olxteka A FEd 93 TR 4 A
3 FER QN G BF 46x107, 3439 B¢
35X 10702 e, v mAGeA Fde] A4 39
X107, o3432] 2% 33x10"22 Yt F A9 =
T A fel9Ee] A8 Adske 71EL <1 2%
A gttt e AAdErEE AA BHIE
2 EX(Monte-Carlo analysis) A3 HA| “17 273}
A ¥e Aoz vepgr)

5. A9 olatsldlA ol ofg g ¥4 A
3 Fe Aol A B9 1.3X107, QA9 e
12x107'e2 Jepga, viw AGor FAe As
9.1X107, 42 AL 75X 10722 Yeht 5 Ag =
T QA 9] 58 ddske Vel <1 2%
314 stk S EEF SRl Wk AR EHv e
2 B (Monte-Carlo analysis) A3 4] “1” 233}
A Fe Aoz ekt

6. oxkElE A FQl &kl 93 GAFILH] BN
Az g QoA dAde B$- 9.5X107, g9 7
S 72X10702 YERkow, Bl A HojlM GFHigel 7
$ 6.7X107%, 949 A$ 55x 10722 YEh F A
o 2F QA fFEe] FFE wddhs 718 1
233K Pt FEEH s ke AAE 2
7122 £ Monte-Carlo analysis) 23 JA] “1” %
FeA] e Aoz UERT.

7. A% AU o)aEEA Fxo o3 YdABIEA
4 As g AQolx A B 9.5X107, 4

Journal of Environmental Health Sciences, Vol. 34(3)



206

A8 - FAT - &

48 B 72x10728 F A9 BF AA F{309F

_q]

F7E BESE 71E 17 23 Qo

EE4 Eid e dA BEEFERE 4 (Monte-
Carlo analysis) 23 HA| “17 273}A] % o=

YR,
A a2s
1. Ministry of Environment : Risk assessment and man-

agement of air pollutant, 1998.

. Sexton, K., Letz, R. and Spengler, D. : Estimating

human exposure to nitorgen dioxide: an indoor/out-

‘door modeling approach. Environmental Research,

32, 151-166, 1983.

. WHO : Air quality guidelines for Europe. WHO Rub.

European Series Vol. 23, 1987.

. Mohensin, V. : Airway responses to nitrogen oxide in

asthmatic subjects. Journal Toxicol & Environ

Health, 22, 371-180, 1987.

Eay

- ol

A A
f T

. Baek, S.-O. and Kim, Y.-S. : Characterization of air

quality in various types of indoor environments in
urban areas. Journal of Korea Air Pollution Research
Assosiation, 14(4), 343-360, 1998.

. Chrostowski, P. C. : Exposure assessment principles

in Toxic Air Pollution Handbook. Edited by D.R.
Patrick, Van Nostrand Reinhold, New York, 133-165,
1994.

. Yang, W.-H., Bae, H.-J. and Chung, M.-H. : Resi-

dence's Exposure to Nitrogen Dioxide and Indoor Air
Characteristics. Korean Journal of Environmental
Health Society, 28(2), 183-192, 2002.

. Christopher, Y. H., Chao, Anthony Law : A study of

personal exposure to nitrogen dioxide using passive
samplers. Building and Environment, 35, 533-545,
2000.

. Yoon, J., Kim, H. R.,, Moon, S. Y., Yoo, J. T,,

Yang, T. W., Baik, N. C. and In, C. K. : Assess-
ment on SO, and NO, of Chung-Nam Area Using
Passive Sampler. Journal of CNIHE, 14, 135-147,
2004.

Journal of Environmental Health Sciences, Vol. 34(3)



