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Studies on Personal Exposure Level of Nitrogen Dioxide:
(In case of housewives living in Seoul)
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Abstract

This study was made to determine the factors involving personal exposure levels of nitrogen dioxide
for housewives living in urban area in two seasons, winter and summer.

Nitrogen dioxide was measured with a small passive sampler containing triethanolamine. The
samplers were set for 24 hours at three points. They were placed: on the collar of the housewife to
investigate the personal exposure level, near the TV in the living room (indoor level). and near the
porch of their house (outdoor level). The subjects recorded the times of cooking using a gas range.
using a kitchen ventilator, passive smoking. kerosene heater, total number of minutes at an open
window, going out of home, etc.---. There was an apparent increase in personal exposure level in the
case of the unvented heater and also an increase by cooking on a gas range. There was no marked
increase in the other situations. There was an increase in the indoor level by cooking on a gas range,
only in western style cooking in the winter season.

Through these observations, we concluded that personal exposure level of nitrogen dioxide was
strongly related to indoor nitrogen dioxide level, and factors involving indoor nitrogen dioxide level
seemed different between winter and summer.

The most significant difference in nitrogen dioxide level was indoor pollution in the winter and the
outdoor environment in the summer. The maximum personal exposure level appeared in the western

and tenement house in the winter and the traditional korean house in the summer.
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Table 1. Personal exposure, indoor and outdoor 24hr levels of NO, in summer.
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(unit: ppb)

Korean* Western*®

Apartment® Tenement* Average

mean (s.d.) ran —
ge ge

mean (s.d.) ran—

mean (s.d.) ran— mean (s.d.) ran— mean (s.d.) ran —

ge ge ge

Personal 241(56)18~38 190(7.8)9~38 174(84)9~33 21.7(34)17~27 20.6(6.9)9~38
Indoor 218(70)11~34 138(5.7)5~23 157(63)7~25 179(3.8)14~28 17.3(6.4)5~34
Outdoor 284 (65) 22~42 22.0(10.2) 7~41 231(9.3)12~39 265 (6.1) 20~38 25.1 (8.3) 7~42
*n=10
Table 2. Personal exposure, indoor and outdoor 24hr levels of NO, in winter. (unit:ppb)
Korean** Western*** Apartment” Tenement*** Average

mean (s.d.) ran —

mean (sd.) ran—

mean (s.d.) ran— mean (s.d) ran— mean (s.d.) ran—

ge ge ge ge ge
Personal 26.3(13.9) 145 31.2(20.3)9.2 21.2 (7.8) 109 30.8 (20.9) 14.0 282(17.6)9.2
~66.1 ~87.7 ~32.6 ~111.1 ~111.1
Indoor 26.3(11.7) 12.7 29.7 (15.2) 10.0 19.9(8.2)6.7 32.6 (26.7) 146 28.0(18.2) 6.7
~51.0 ~60.3 ~33.0 ~135.8 ~135.8
Outdoor 16.3(7.7)9.2 17.4(7.7) 4.0 225(11.6)938 196 (7.8) 104 18.4 (7.9)4.0
~35.2 ~31.1 ~33.0 ~355 ~35.5
*n=12 **n=15 "**n=20
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Table 3. Personal exposure, indoor and outdoor levels of NO, by using unvented heaters or others in winter.

Personal Indoor Outdoor
Unvented heater 37.3+221 36.0+24.0 188177
(n=30)
Other (n=37) 208+6.9 21.6+6.9 180+81
t—value 3.94 3.18 0.413
two—tailed 0.001 0.004 0.688

probability
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Talbe 4. Time—use of several burning equipments household activities and smoking in summer.

Ferro concrete

Korean style Western style M sd
Tenement APT

Gas range 56 (51.4) 111.5(74.7) 103 (52.3) 73.5(59.2) 87 65.4
Kitchen  venti- 4(12.6) 8.5 (12.6) 94.5 (249.2) 53.3 (47.1) 30.8 133.2
lator
Ventilation 641.5 (365.6) 451.5 (491.9) 344 (313.5) 353 (275.4) 4475 376.2
(window)
Going—out 28.5(43.7) 110.5(131.0) 106 (143.9) 151.5 (223.6) 99.1 150.8
Passive smoking 8(11.8) 9(25.0) 44.1 (92.3) 6 (19.0) 16.8 52.0
Unvented heater — - — — — -
Briquet (piece) 1.8 (1.5) 1.2 (1.6) - 0.2 (0.6) 0.8 14
(Smoker) (3) (3)
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Table 5. Time—use of several burning equipments house hold activities and smoking in winter

Ferro concrete

Korean style Tonemert APT Western style M sd
Gas range 55.3 (57.(]j 90.3 (49.2) 100 (41.1) 73.5(49.3) 79.2 51.2
Kitchen  venti- 1(3.9) 5.8 (9.5) 19.2 (29.5) 16.3 (25.0) 10.7 202
lator
Ventilation 12 (23.3) 11 (12.5) 35.4 (56.3) 11.7 (15.8) 15.8 29.1
(window)
Going—out 58.3 (94.2) 595 (81.5) 70.8 (119.0) 66.8 (70.5) 63.4 87.3
Passive smoking 6 (9.9) 15.3 (28.2) 12.5(17.6) 8.(14.4) 105 19.3
Unvented heater 40.3 (61.4) 133.5(190.1) - 117.3 (150.3) 83.9 143.2
Briquet (piece) 5.3 (4.2) 5.2(5.0) — 8.5(6.3) 54 5.5
(smoker) 2) (2)
Table 6. Characteristics of subjects’ house
Winter Summer

Korean style 15 10

Ferro Tenement 20 10

concrete APT 12 10

Western style 20 10

Total floor space (m?) 87.1 (47.5) 86.6 (39.3;

Kitchen space (i) 8.3 (3.3) 9.2 (3.6)
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Table 7. NO, levels floor space and time—use of unvented heater by type of structure of houses in winter.

Personal® Indoor* QOutdoor® Space** Heater***
Korean style 26.3+13.9% 26.3+11.7 16.3+7.7 81.5+304 40.3+61.4
Western style 3124203 29.7+15.2 174177 95.4+475 117.3+150.3
Ferro APT 212478 19.9+8.2 225+11.6 75.6+32.3 —
CONCIE Tenement 30.8+20.9 3264267 19.6+7.8 90.1+135 133.5+190.1
*NO, level (ppb) **Total floor space (m?) ***Minutes # Meants.d
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Table 8. NO, levels, {loor space and time—use of unvented heater by type of structures of house in summer.

Personal*® indoor* Outdoor* Space** Remark
Korean style 24.1+56% 218170 284+6.5 88.1+274
Western style 19.0£78 13.8+5.7 2204102 97.0+475
Ferro APT 174484 157+£6.3 231%93 66.7+20.1
concrete
Tenement 217134 179+3.8 265+6.1 94.7+38.0
*NO, level (ppb) **Total floor space (m?) #Meantsd
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Table 9. Pearson’s correlation coefficient matrix in winter (M)
Wes. Ten.
1) (2) (3) (4)
(1) Personal 1.000
0.954** 0.667**
(2) Indoor W 1000
0.183 0.458 0.247 0.117
(3) Outdoor 0487° 0523 0.656"  0.436 1.000
0.172 - 0.171 — —0.046 -
(4) Heater 0549° 0583 0656 0373 0293 0109 1.000
*p¢0.05 “*p(0.01
Table 10. Pearson's correlation coefficient matrix in winter (Tenement/Western)
(1) (2) (3 4) (5)
(1) Gas range 1.000
(2) Fan 0.525°/0.314 1.000
(3) Going-out —0.724**/-0.060 —0.350/—0.171 1.000
(4) Passive —0.160/—0.099 0.190/-0.168 0.354/0.676"* 1.000
smoking
(5) Window ~0.090/0.414 0.191/0.926** 0.353/-0.018 0.880°*/0.107 1.000
*p{0.05 *p(0.01
— 60— J. of the Korea Air Pollution Res. Assoc. 1986



o) HEBO), SHHBSRISE EAME(p(.05) 28
GRS, SR IR (p (0. 01) Abolell R
£S] faMo] WebE, shad QLA ERESMS £
=0 RGN, SRR FIRERY (p (0. 05) R BRAE
s+ BPIBRRESR(p0. 01) Abololl ES) FABRE et
weieh.

FEHES Efgol 28 AT 2L, BA

BTME ZRRE, SHRE, AEH(FRRME
(p€0.01), 7h2&l ol x| FHEERI(p (0. 05) A}o] o],
FERRES S RIREE(p(0.05), A58 (R (p
(0.01)4}o]ell, ~EMFAMKM= 7L qlx], 7
9l ol A (RS R 3 EBGE FIRER, RPIBAKES
Bzt 7h2 =l ol 2| & AR (p(0. 05) Ako] ol HHEHRY
22 FEI HIEE ek

Table 11. Pearson’s correlation coefficient matrix in winter (Total)

(1 @) 3 4)

6] (6) ™ (8) €)]

(1) Personal 1.000
(2) Indoor 0.846** 1.000
(3) Outdoor 0.332** 0.290° 1.000
(4) Heater 0.398*  0.315* 0.033 1.000
(5) Gas range 0.287° 0.174 0.162 0.306° 1.000
(6) Fan —0.029 —0.042 —0.121 0.062 0.307* 1.000
(7) Going-out -0.127 —=0.103 0.028 —0.089 —0.206 —0.145 1.000
(8) Passive —0.180 —0.076 —0.191 —0.150 -—0.089 0.154 0.055 1.000
smoking
(9) Window —0.206 —0.168 -0.101 -0.218 0.273* 0.276* -0.056 0.212 1.000
*p{0.05 **p{0.01
Table 12. Pearson’s correlation coefficient matrix in summer (Korean/APT)
(1) (2) (3) 4) (5)
(1) Personal 1.000
(2) Indoor 0.790°*/0.889** 1.000
(3) Outdoor 0.643*/0.817** 0.398/0.666" 1.000
(4) Fan 0.849**/0.013— 0.598/—0.012 0.723*/—0.198 1.000
(5) Going-out —0.190/0.673" —0.301/0.564 0.417/0.546 0.012/—0.152 1.000
*p€0.05 **p¢0.01
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Table 13. Pearson’s correlation coefficient matrix in summer (Total)

(1) (2) (3 4) (5) 6) (7) (8) (9)

(1) Personal 1.000

(2) Indoor 0.682° 1.000

(3) Outdoor 0.648* 0.572 1.000

(4) Heater - — -

(5) Gas range -0.135 0117 -=0.231 1.000

(6) Fan —0.084 —0.066 —0.146 0.382 1.000

(7) Going-out 0.050 0.118 0.008 0173 —0.067 1.000

(8) Passive —0.240 0011 —0.252 —0.021 -0056 —-0.050 1.000

smoking

(9) Window 0.181 0.307 0.009 —0.061 0.092 0.231 0.063 1.000

*p€0.05

Table 14. Multiple regression analysis of 24hr NO, personal exposure level in winter (Korean style)

Regression Standard Error Standard Par.
Coefficient Regression t p*
Coefficient

NO; indoor level 0.923 0.179 0.777 5.141 0.0003
Gas range 0.754x10"! 0.369%x 10~ 0.309 2.043 0.065
Passive smoking —0.250 0.213 —-0.178 —1.173 0.265
(constant) —0.65 ) 5.68 0
Multiple correlation 0.866 F —statistic 10.986
Adjusted squared mult. corr. 0.681 d.f. (3.11)

*two—tailed probability
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Table 15. Multiple regression analysis of 24hr NO, personal exposure level in winter (Western style)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

NO- indoor level 0.981 0.196 0‘.735 5.018 0.0001
Gas range 0.111 0.593x 107! 0.269 1.872 0.079
passive smoking —-0.134 0.209 -0.095 —0.640 0.531
(constant) ~504 8.36 0
Multiple correlation 0.823 F —statistic 11.182
Adjusted squared mult. corr. 0616 d.f. (3.16)

Table 16. Multiple regression analysis of 24hr NO, personal exposure level in winter (APT)

Regression Standard Error Standard Par.
Coefficient Regression t p
Cofficient

NO, indoor level 0.604 0.248 0.635 2.439 0.040
Gas range 0.229x 107! 0496x 107! 0.120 0.464 0.656
Passive smoking —0.548x107! 0.114 —0.124 —-0.480 0.644
(constant) 7.56 6.78 0
Multiple correlation 0.687 F — statistic 2.384
Adjusted squared mult. corr. 0.274 d.f (3.8)

Table 17 Multiple regression analysis of 24hr NO, personal exposure level in winter (Tenement)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient
N0, indoor level 0748 0601x10°" 0956 12.431 0.0001
Gas range 0119x 107! 0.338% 107! 0.028 —0.352 0.729
Passive smoking 0.733x 107! 0544 % 107! 0.099 —1.347 0.197
(constant) 8.60 3.52 0
Multiple correlation 0.959 F — statistic 61.23
Adjusted squared mult. corr. 0.905 d.f. (3.16)
BER el T R EERE o] oot 2] 68% 5 HBPYL F Av HRAAI =L o} & ol 4

BES| 7%, #EC W BEX ENEEA ¥ FARES] FE EEAREGEEANAS el
skel HE(p(0.01)8 2}, 728 ol =) & ik wxol F& o 4 edsich
fa, fEEEE-2 AEsh= Yokt ERY E$E @B o]l ERIRE $Hho
EERAGE 0.8660.8 Ao, BT A L@dH) HE(p. 013 o 1 Liske) el = HEsSH

BREAERLPGE M2k £ 15 1986 i - 63 —



= ofoket,

HEMERT 0.823¢|9oH, o5 @My &
ko] 61% 5 RPL 5 U+ BRUH KR S
AL 7L # gt

ofztE 2] 79 #pol| HI HET SHRE
Hill = HE(p0.05)8l5 2} o} & @iggel s &
Bsbal wgskel

EARRGRET 0.6878 4 BE ¥ ¥EBC A%y
ch Moo RENE M 21% 2 2= gtk

RHE, 2 @pEas ey slds Bire

£2 A, KR BERME HE(pO.01)5+9 2
U EMERE 0.9592 71A 29kon MEAHE
#190% 2 ek o] & el A (EE(LBEEE
Bl M E os 3l Kol ERMRES FEI Ak
o, ol F @l HI RES RS Folych

ol & AT HEE £F183 ) o B g
Ha el = EARREL 7w o) =) HESR o

= A3E FEs Y (p(0.05)

EHEMGEE 0.8659 3, o &
ol ¥74% & RAY + dt HRYA ) BrE(LE
EFGFHE 20 ERRES) FEES 29}

Bl #RE K19—F220] Jep el

LB B FEREFES BT TEgrhol 4 R
B NOZEAMES s HBER0) oot @)
A,

MR H BT HRE, ERARES 5E
3H9121aH(p(0.05), FHEEFRIS KBS otoic).

EHMERT 0.79124 2889 g52%2 3
ME = = BRSO SRR FEo) B

BB 2uH)

HESH RIS 7, WER ol A3t HEa)
A skskeh.
ohsbEe] AeL, MRS REHERS v

IE2| grolslod, SRl H&(p
X, EEGRES 0.9130]9 0

€0.05)3F¢3
FBEHE H79%

Table 18. Multiple regression analysis of 24hr NO, personal exposure level in winter (Total)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient
NO; indoor level 0.787 0.621x107! 0.814 12.664 0.0001
Gas range 0.469x 107! 0.221x10"! 0.136 2.119 0.038
Passive smoking —0.960x107! 0.579x 107! —0.105 —1.660 0.101
(constant) 341 263 0
vMultiple correlation 0.865 F — statistic 62.367

Adjusted squared mult. corr. 0.736 d.f. (3.63)

Table 19. Multiple regression analysis of 24hr NO, personal exposure level in summer (Korean style)

Regression Standard Error Standard Par.
Coefficient Regression t p’
Coefficient

NO, indoor level 0.643 0.193 0.805 3.327 0.013
Going-out 0.671x102 0.311x10"! 0.522x 107! 0.216 0.835
(constant) 9.881 4731 0
Multiple correlation 0.791 F —statistic 5.87
Adjusted squared mult. corr. 0.520 df (2.7)

*Two—tailed probability
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Table 20. Multiple regression analysis of 24hr NO, personal exposure level in summer (Western style)

Regression Standard Error

Coefficient

Standard Par.
Regression t p
Coefficient

NO, indoor level 0.713 0.501 0.521 1.42 0.197
Going-out —-0.107x 107! 0.127x 10! —0.309 —0.83 0.430
(constant) 10.78 6.79 0

Multiple correlation 0479 F — statistic 1.046

Adjusted squared mult. corr. 0010 d.f. (2.7)

Table 21. Multiple regression analysis of 24hr NO, personal exposure level in summer (APT)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

NO, indoor level 0.993 0.247 0.745 4.007 0.005
Going out 0.146x 107! 0.108%x 107! 0.250 1.353 0.218
(constant) 0.326 3.583 0
Multiple correlation 0913 F — statistic 17.59
{Adjusted Squared mult. corr.) 0.786 df. 2.7)

Table 22. Multiple regression analysis of 24hr NO, personal exposure level in summer (Tenement)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

NO; indoor level 0.214 0.331 0.239 0.64 0.538
Going-out —0.177% 107~ 0.961%x107* —0.068 —0.18 0.858
(constant) 18.04 5.94 [¢]
Multiple correlation 0.2383 F — statistic 0.211
Adjusted squared mult. corr. —0.2127 df 2.7
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Table 23. Multiple regression analysis of 24hr NO; indoor level personal exposure level in summer (Total)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

NO. indoor level 0.736 0.130 0.685 5.667 0.000
Going-out —0.137x107? 0.549x107* -0.030 —0.251 0.803
{constant) 7.95 2.39 0
Multiple correlation 0.683 F — statistic 16.149
Adjusted squared mult. corr. 0.437 df. (2.37)
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Table 24. Multiple regression analysis of NO; indoor level in winter (Korean style)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

Unvented heater 0.141 0.463x 10! 0.740 3.057 0.010
Gas range —0.326x 107! 0.468x 10! —-0.159 —0.697 0.500
Going-out —0.183x 10! 0.294x 10! —0.147 —0.622 0.547
(constant) 2347 3.95 0
Multiple correlation 0.6840 F — statistic 3.23
Adjusted squared mult. corr. 0.323 d.f. (3.11)

Table 25.Multiple regression analysis of NO, indoor level in winter (Western style)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

Unvented heater 0.209x 107! 0.238x 107! 0.207 0.878 0.393
Gas range —0.204 0.839x 107! —0.661 —2.430 0.027
Going-out —-0.179 0.634x 10! —0.830 -2.825 0.012
(constant) 54.23 10.40 0
Multiple correlation 0.666 F — statistic 4.258
Adjusted squared mult. corr. 0.339 df. (3.16)
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Table 26. Multiple regression analysis of NO, indoor level in winter (APT)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

Unvented heater - - - - -
Gas range 0.292x 10! 0.643x 10" 0.145 0.455 0.660
Going-out 0.159% 107! 0.221x 10! 0.231 0.721 0.489
(constant) 15.83 6.95 0
Multiple correlation 0.285 F — statistic 0.396
Adjusted squared mult. corr. —0.123 df. (2.9)

Table 27. Multiple regression analysis of NO;, indoor level in winter (Tenement)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

Unvented heater 0.588x10~* 0.351x10°! 0.042 0.168 0.869
Gas range 0.202 0.138 0.372 1.466 0.162
Going-out —0.139x 10! 0.779x 107! —-0.042 —0.178 0.861
(constant) 14.32 14,53 0
Multiple correlation 0.399 F — statistic 1.011
Adjusted squared mult. corr. 0.17x 102 df. (3.16)
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Table 28. Multiple regression analysis of NO, indoor level in winter {Total)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coetficient

Unvented heater 0.365x 107! 0.159x 107! 0.287 2.297 0.0249
Gas range 0.262x107! 0.452x 107! 0.074 0.578 0.565
Going-out —0.129x% 107! 0.253x107! —0.062 —0.512 0.610
(constant) 23.73 461 0
Multiple correlation 0.331 F — statistic 2.587
Adjusted squared mult. corr. 0.067 df. (3.63)
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Table 29. Multiple regression analysis of NO, indoor level in summer (Korean style)

Regression Standard Error

Coefficient

Standard Par.
Regression t p
Coefficient

NO; outdoor level 0.507 0.348 0.467 1.457 0.188
Opening window 0.741x10"* 0.616x10-7 0.386 1.203 0.268
(constant) 2.66 11.47 0

Multiple correlation 0.550 F — statistic 1.522

Adjusted squared mult. corr. 0.103 df. 2.7
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Table 30. Multiple regression analysis of NO; indoor level in summer (Western style)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient
NO; outdoor level 0.457 0.135 0.818 3.37 0.011
Opening window 0.145x 10! 0.505x10-? 0.699 2.88 0.023
(constant) —1.56 4.30 0
Multiple correlation 0.814 F — statistic 6.91
Adjusted squared mult. corr. 0.568 df. 2.7)
Table 31. Multiple regression analysis of NO, indoor level in summer (APT)
Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient
NO; outdoor level 0.483 0.161 0713 299 0.020
Opening window 0.829x 102 0.475%x 1072 0.413 1.74 0.124
(constant) 1.61 4.45 0
Multiple correlation 0.782 F — statistic 5.52
Adjusted squared mult. corr. 0.501 df. 2.7)
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Table 32. Multiple regression analysis of NO; indoor level in summer (Tenement Style)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

NO; outdoor level 0.384 0.194 0.616 1.97 0.089
Opening window —0.271x10-2 0.240x10-* -0.350 -1.12 0.296
(constant) 8.94 5.07 0
Multiple correlation 0.6140 F — statistic 2.11
Adjusted squared mult. corr.  0.1992 df. 2.7
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Table 33. Multiple regression analysis of NO; indoor level in summer (Total)

Regression Standard Error Standard Par.
Coefficient Regression t p
Coefficient

NO; outdoor level 0.438 0.965< 107! 0.569 454 0.000
Opening window 0.511x10°2 0.212x102 0.302 241 0.021
(constant) 3.99 2.71 0
Multiple correlation 0.6469 F — statistic 13.31
Adjusted squared mult. corr. 0.387 d.f. (2.37)
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