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A Study on the Indoor-Outdoor NO. Levels and Personal Exposures to NO:
with Analysis of Factors Affecting the NO. Concentrations

—Centering on Urban Homes and Housewives—

Jin-Ho Chun and Chae-Un Llee
Department of Preventive Medicine and Institute of Industrial Medicine,_ Inje College
Joon-Youn Kim
Department of Preventive Medicine, College of Medicine, Dong-A University
Yo-Han Chung
Department of Preventive Medicine, College of Medicine, Cho-sun University

This study was conducted to establish the control program for preventing unfavorable health effects
of nitrogen dioxide(NO,) exposure in homes by preparing the fundamental data for evaluation of relation-
ships between NO, levels and influencing factors through measurements of indoor-outdoor NQ; levels
and personal NO, exposures for housewives with questionnaire survey on 172 homes in Pusan area
from April to June, 1987.

NO; measurements were made by using diffusion tube samplers(Palmes tube NO; sampler) for one
week at 4 sites in homes ; kitchen(KIT), bedroom(BED), living room(LIV), outdoor(OUT) and near
the collar of housewives{personal exposure livel, PNO).

The details of questionnaire were number of household members(FAM), number of regular smokers
(SMOKER), daily number of meals eaten(MEAL), type of housing units(tHOUSE), location of house
with distance from the heavy traffic roads as walking time(DIST), and of kitchen(KAREA), kind of
cooking fuels(FUEL), cooking time of each meal(CTIME), usage of kitchen fan for cooking(FAN), type
of heating facilities(HEAT) and so on of subject homes.

* 2 =82 1986HE BuN SedT 2A4H Add % =F<.

o

— 132 —



The obtained results were as follows .

1) The mean NO; level was significantly higher at indoors than outdoors(p<0.01) and the kitchen
NO; level was the highest with 33.7+13.6ppb(9.5—81.5ppb). The mean personal exposure level of NO,
for housewives was 20.6+8.8ppb(3.1—46.9ppb).

2) The mean indoor NO; level was significantly higher in the group of household members above
5 than below 4(p<0.05), in detached dwellings than apartments(p € 0.001), within 5 minutes of distance
than over 5 minutes(p < 0.001), in the group of unusing fan(p { 0.001), in the group of longer cooking
time(p € 0.001), and it was in order of coal briquette, gas, electricity and oil by kind of cooking fuels(p 0.
05).

3) Variables showing significant correlation(p  0.001) with indoor NO; level were kitchen NO level (r=
0.8677), cooking time (r=0.5921), outdoor NO; level(r=0.5192), personal NO: exposure level(r=0.4615),
usage of kitchen fan(r=0.3573) and location of house(r=—0.2988)

4) As a result of multiple regression analysis, the most significant influencing variable to the kitchen
NO: level was cooking time(KIT= —0.378+11.772(CTIME) +0.298(OUT) +3.102(FAN)), it was kitchen
NO; level to the indoor NO: level(IND=6.996+0.458(KIT) +0.230(OUT) — 1.127(KAREA)}, and it was
indoor NO; level to the personal NO, exposure level(PNO=15562+0.720(IND) —4.542(DIST) —0.200
(KIT)).

5) It was recognized that aritificial ventilation in the kitchen, suppression of unnecessary combustion
and replacement of cooking fuel, as much as possible, were effective means for decreasing indoor NO;

levels in homes.
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1974 ; Wade et al, 1975 ; Hasegawa et al, 1977 ; Palmes
et al, 1977 ; Melia et al, 1978 ; Spengler et al, 1979 ;
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Table 1. Summary of sampling design and sample size

Preliminary questionnaire survey

Subjects 250
Respondents 172
Questionnaire survey with NO, measurements
Subjects 172
Questionnaire respondents 168
Collected samplers by measuring sites
Kitchen 164
Bedroom 161
Living room 163
Outdoor 152
Personal 148
Complete set data* 143

(83.1%)
* Complete set data means the data set of 5 samplers
and questionnaire without missing data.

(collection rate)
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Exploded View of Sampler Bottom

Fig. 1. Schematic diagram of Palmes tube NO, sampler
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5 YA7IRK(7-8%) ERE YA o) sulfanila-
mide-8-4 1m¢, F7< 1mé 2 NEDA(naphtyl ethylene
diamine dihydrochloride) 0.1m35 X} 2 718} 10—15
B ALdA BT F 33 s40nmolH BFAR F
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NO, 4H&34
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REHZEL table 20049} 2ol 2 F2E NO,EE
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Table 2. Example of drawing up calibration curve for Pal-
mes tube NO, sampler
(mé)

Tube (O @ @ @ (B Abs.

1 50 50 0.0 05 0.005
2 5 5.0 45 0.5 0.5 0.162
3 10 5.0 4.0 1.0 0.5 0.318
4 15 50 35 15 0.5 0475
5 20 5.0 3.0 20 0.5 0.629
6 30 50 20 3.0 05 0.955
7 40 5.0 1.0 4.0 0.5 1.229

(1) : Standard NO; soln.(nM/2.1m¢)

(2) :-Sulfanilamide

(3) ! Distilled water (4) : NaNO, 50nM/2.1m¢

(5) ! NEDA(Naphty! ethylene diamine dihydrochlo-
ride)
Abs. ! absorbance(OD) calculated by log{(100%T)

4. RiEel TA U 24

Age] AA R B4 87 FEIBM PC/XT 16
bit with 20M Hard Disk) 2} SPSS/PC+ 4% 7] A (No-
rusis, 1986) & o]-&3l¢c}
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Fig. 2. Calibration curve for Palmes tube NO; sampler
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1. Feio] Aufjel NO, 5T % FF2| NO;
HolZ =

1) Auie] NO,SE ¥ NOJHOIZERS| HTasT

ZARRA o] Q) NO,HE#FEE §9 33.7+13.
6ppb(9.5—-81.5pph), A4 21.0+7.8ppb(1.4—50.2ppb),
A4 23.8+8.1ppb(5.5—53.3pph), 419 22.948.0ppb(7.3
—47.6pph) BB HY9 w7l /M wstn A4
FErh 78 wken Ay Hasm(Rd, Ad 2 A
Aol NO, B35 %) 7} 26.1+7.9ppb(8.4—53.2ppb) 4
gug FasiAl EUAth(p<0.01).

FH g FHE e BT NONAE 272 206+
8.8ppb(3.1—46.9ppb) °1 At} Table 3).

Table 3. NO:; levels inside and outside homes and perso-
nal exposure levels for housewives
(pph)

Mean+S. D. (Range)
33.7+13.6(9.5~81.5)
21.0+ 7.8(14~50.2)
238+ 8.1(55~53.3)

Kitchen
Bedroom
Living room

Indoor* 261+ 7.9(84—53.2)**
Outdoor 229+ 80(7.3—476)
Personal 206+ 8.8(3.1—46.9)

*Inddor - mean indoor NO. level
((Kitchen+Bedroom+ Living room)/3)
*+5 {0.01 comparing to outdoor NO, level

o

2) Al NO,sT ¥ NO, ZHeIE 230l gt o)
X #Hed NOHISE
(D &2 NOHEETE

7VERE 4900)819) 5Rlo) e} 2702 o] %
A9 NOFE 2 529 NONAZZFHL Table 49
2t}

Z pQlolATe ¥9 36.7ppb, AW 27.8pph, MAF
228k 22 3pph & 42103179 31.5pph, 25.0ppb, 19.5ppbo
HEl tha ¥ Aot out $4(p<0.05)S A9
e $ARoR #2F 2ol AATh
(2) ¥924,E NOETFTE

7tEF9l FAATE 1005k 29001 e 2702
ol 233 A9 NOFE B F39 NOAIE=R
22 Table 59 #th

Z 29lol g2 4 21.2ppb, A4 24.4ppb, NAE
23 21.8ppbE 191 €139} 20.9ppb, 21.9ppb, 20.3ppboll
Blgle] ik B Aoy EAHCR {F9% =
ol& gidirh
(3) HAI8E NOHTEFE

1Y HARRSE 43]0)319} 53]0] 4] 2722 Vo
Z43% AU NOFE 2 732 NOANJEZ L Ta-
ble 67 2t}

Z 530l H<9f 39.9ppb, AW 28.7ppb, MAE
27 23.0ppbE 43]0|3+F2] 32.5ppb, 25.7ppb, 20.2ppbel]
vlsle] thh E& Ao 2Y(p<005)E A9
e BARoE F93 Aol gk
(4) F99 78 NO,HAFTE

dFee] Z27E olHES WiEFele 2Fo2
Fo} 2% AUl NO.F%E L 59 NO NI E= 7
Table 734 Zt}h

5 ol ETZ ¥ 31.0ppb, AW 23.9ppb, 2] 20.7
ppb, QIE2 2 185ppbE =T 2] 39.8ppb, 31.3
ppb, 28.1ppb, 25.7ppbell HI&td {-2J3A Wgtti(p<o.
001).

(5) 99| $xd NOHTFTE

gAFde JAE HHNEHA ERE AQFHE
AlZte 2 Zalste] 5ol 9} 5Ho] el 2702 Lo
248 A0S NOSE 2 559 NO/NIE2 S Ta-
ble 87} 2t}

Z 5EolUT-2 9 36.0ppb, A 20.0ppb, A 284
ppb, 7HUE=23 250ppbE 5¥-0]4T 29 32.0ppb, 24.2

&
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Table 4. NO; levels inside and outside homes and personal exposure levels for housewives by number of household

members
(ppb)
Household members
Below 4 Above 5 t-value
(n=83) (n=60) p*
Kitchen 31.5+13.0 "36.7+ 14.0 —231
0.022
Bedroom 203+ 8.1 219+ 74 —-123
0.222
Living room 232+ 78 247+ 85 —111
0.268
Indoor 250+ 7.8 278+ 78 —212
N 0.036
Outdoor 224+ 715 237+ 87 —093
0.356
Personal 19.5+ 7.6 22.3+10.2 —1.89
0.061

* two-tailed probability

Table 5. NO; levels inside and outside homes and personal exposure levels for housewives by number of regular smo-

kers
(ppb)
Number of regular smokers
Below 1 Above 2 t-value
(n=110) (n=33) p*
Kitchen 334+ 133 34.6+ 148 —0.46
0.644
Bedroom 209+ 82 212x 6.7 —0.19
0.848
Living room 219+ 7.0 244+ 83 —1.56
0.120
Indoor 262+ 8.0 259+ 7.7 0.20
0.843
Outdoor 212+ 71 235+ 82 —144
0.152
Personal 203+ 88 21.8+ 89 —0.85
0.398

*two-tailed probability

ppb, 19.2ppb, 17.6ppbell Bl&t F2l8kA EdHp<o.
001).
(6) 399 z27PE NOBTFE

th el o] ol 7|8 10m'(3%) v]vha 10m'(3H)
o} 2o 2 vHro] ST AU NOTE B 52
NO /NI Z 232 Table 99 2t}

= 3yYuiglEe ¥ 320pph, 4t 25.7pph, AAE
23 21.0ppbE 3% 0]’379] 37.1ppb, 27.1ppb, 19.8ppbell

Hjgte B e g Aue vsstgen Aldage
oFZF wokou}t Rej(p(0.05) S AQddlue Ao
9% 2ole Uk
(D A MgdE9 £75E NOHATE

FAANEAEE AL 7hs, AV, §F9) 4702 o]
ZA% A9 NOSE B 752 NONJIZEZZL Ta-
ble 107 ),

& AdvT 29 47.6ppb, AW 32.7ppb, NAZF=
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Table 6. NO; levels inside and outside homes and personal exposure levels for housewives by daily number of meals

eaten
(ppb)
Daily numbet of meals eaten
Below 4 Above 5 t-value
(n=121) (n=22) p*

Kitchen 325+ 136 399+ 122 —2.36
0.019

Bedroom 208+ 80 217+ 71 —047
0.637

Living room 237+ 81 245+ 78 —0.46
0.647

Indoor 257+ 8.1 28.7+ 58 —1.67
¢ 0.098

Qutdoor 227+ 81 244+ 7.8 —0.95
0.346

Personal 202+ 86 23.0+ 100 —-1.39
0.168

* two-tailed probability

Table 7. NO, levels inside and outside homes and personal exposure levels for housewives by type of housing

units
(ppb)
Type of housing units
Apartment Detached dwelling t-value
(n=100) (n=43) p*
Kitchen 31.0+ 128 39.8+ 136 —3.65
0.000
Bedroom 189+ 7.1 258+ 7.3 —5.27
0.000
Living room 219+ 70 283+ 87 —4.64
0.000
Indoor 239+ 69 313+ 7.7 —5.62
0.000
Outdoor 20.7+ 65 28.1+ 89 —5.59
0.000
Personal 185+ 79 25.7+ 89 —4.81
0.000

* two-tailed probability

27.4ppb, 7+AT ¥< 34.7ppb, AWl 26.5ppb, MUE
2% 21.3pph, A71T& 2 28.8ppb, AWl 23.9ppb, 7H
QE ek 175ppbT o WEo] Eltol Hlste) Huk
Hog ¥ YHE HYoy RAF=(pooDs A

AE2F(p00s)ANT] FAHOE FIT Hol T

veR Qi
(8) 28292178 NOBTTE
13|z A285HE A 30F°W, 3081413 1

Azbel e} 3702 o] 2T AUS) NOSFE 2
29 NONYEZ L Table 113 Zth

Z 308|Ul2S £9 26.2ppb, AW 21.8ppb, NUZ
2% 18.3ppb, 30E-1A1ZHES Y 344ppb, AW 27.3
ppb, 7RAEZ % 21.8ppb, 1AZtol g2 < 58.6pph,
A1) 37.5ppb, A Q1= 2 2 24 6ppb 502 22|28 A7ko]
ZAojde] wet NOFE7 §28A Z7Hsarkp 0.
001).
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(9) ¥ WALEE NOBHFE

ZA] §oo) WAL i A9 NO,E: ¢ F
59 NO/HIZF 232 Table 129+ 2th

& MAHET2 29 29.9pph, A 24.0ppb, NAEZ
192ppb= AHE-3IR] H= T2 37.8ppb, 28.6ppb, 22.2
ppbell ¥1Ete] fol3hAl Bkth(p< 0.08).
(10) FHA4E9 FeEE NO,HAsE

dFee] A AES detRdE, ZlgRdd, £%
i dAgolzole] 47 e g o] 243 dull9) NO,
T 2 F39 NOMAEZ3E Table 133 2o

F dgEYTE Y 33.0ppb, FA 22.1pph, A4
234ppb, 71EEYHTE ¥ 369pph, H4 21.6ppb,
A4 28.8ppb, TR L £ 34.0ppb, A4 18.5pph,
A4 22.8ppb, ARolFolTE H9 349pph, A 237
ppb, 712 28.6ppb5 o2 BYL AdstnE HAutyoz
dgolgolzo] Btol Hgl w1 Fhdro] we
BEoIRoY FAHCE F97 Aol fIArh
1) 53718545 Jehle AltsE NOBEsE

17 2 PR #F dEFAIM 7IEF 3§
7154E Uehlle AlgsE 190819} 29lol4te] 27
o2 o £33 Ad9 NOsE 2 F52 NO
NEZFL Table 149 2T}

% 19ol322 £y 325ppb, AWl 25.6ppb, MeIE
27 20.6ppb2 2 ©]/d<2} 35.6ppb, 27.2ppb, 20.6ppbel
Hl3le] RS Alej3tie A AR

2. FEo| dufel NO s o FF2| NOHelZ
20l JES 0IX= Yol TS 24
D e

BFdel due NO,sE 2 F59 NONIE=R
3 2 Hezke) A@AAE Table 159 Eth o)F
EAMe2 Fo(p<0.00D) FEHBAAS YA AL
HYY NO, 5= i E(r=08677), 24287t
(r=0.6577), A9 FE(r=0.3751), ¥ 2] A AH-(r=0.
3242), MAZ23H(r=0.2930), A9 NOFEde B
AFE(r=0.8677), 2L (r=05921), A=
(r=05192), NAZ23H(r=04615), ] WAL (r=
0.3573), FH9] AX(r=—0.2088), 23 F52] 73l
Z2FHe AUFE(r=04615), T4 (= —0.
4120), HE=(r=0.3796), - AE=(+=0.2930), =2
28 AITHr=0.2488) EolRo™ 29 NO,FES 7+
B 2RSS Jebd W Y YA (r=—-05813)
o]t}

2) F3ALH

AAFE, 7HE,
7R FAA, AR, FHe 94, Rode] 37),
228N, 2 B WAL 8744 AFE 5
WS R F80] $3ARLAL AAS BoHs Table 165
2t

Table 8. NO; levels inside and outside homes and personal exposure levels for housewives by location of house with
distance from the heavy traffic roads as walking time

(ppb)
Location of house

Within 5 min. Over 5 min. t-value

(n=58) (n=85) p*

Kitchen 36.0+ 129 320+ 139 1.73
0.086

Bedroom 236+ 7.7 192+ 75 345
0.001

Living room 273+ 79 214+ 73 463
0.000

Indoor 29.0+ 7.6 242+ 75 3.73
0.000

Outdoor 284+ 7.5 19.2+ 59 8.23
0.000

Personal 25.0+ 9.0 176+ 74 5.34
) 0.000

* two-tailed probability, min. : minutes
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Table 9. NO; levels inside and outside homes and personal exposure levels for housewives by area of kitchen

(ppb)
Area of kitchen

Below 10m' Above 10m' t-value

(n=96) (n=47) p*

Kitchen 32.0+ 140 37.1+ 124 —2.14
0.034

Bedroom 212+ 86 204+ 6.1 0.63
0.530

Living room 238+ 83 239+ 75 0.13
0.898

Indoor 25.7+ 86 271+ 6.2 —1.05
0.294

Qutdoor 22.1+ 8.1 246+ 77 —1.74
0.084
Personal 210+ 83 198+ 99 0.79 -
0431

* two-tailed probability

Table 10. NO; levels inside and outside homes and personal exposure levels for housewives by kind of cooking

fuels
{ppb)
Type of cooking fuel
Coal briquette Gas Electricity Oil F-value
(n=7) (n=97) (n=35) (n=4) p*

Kitchen 476+ 198 34.7+ 139 288+95 263+ 39 4.888

0.003

Bedroom 254+ 54 206+ 73 202+ 82 27.1+ 160 1.777

0.155

Living room 252+ 938 242+ 84 228+ 170 21.7+ 55 0431

0.731

Indoor 32.7+100 26.5+ 8.0 239+ 6.3 250+ 7.7 2.756

0.045

Outdoor 250+ 14.2 231+ 77 226+79 176+ 2.2 0.775

0.510

Personal 274+ 104 213+ 92 175+ 6.5 19.7+ 5.2 3.180

0.026

* two-tailed probability

vige] Ade ARE2AE AY FABATY gL TEE ZIieA B 9FE wE A2 U

AW 2 3k 71500 gl 1 7)1F e HEe 2932
Fshs ol&ul A FIALAYS o83}
AdE wse 2820470 2 AYEE(p0.0D),
H2ojo] HAM(p<0.05) 01U FAAAFE 0.703°1U
on o]% W47l Resl NOERdl AAE 9% 4
B3 £ A AEEHL & 8% et LA
3k 23} B3| AA 57} 057322 71 A FH Y NO,

st
(2) A9 NOFEE SSUFE & 25
AW NO, =S FSUFE 3L de
Fol RYFEE FTHF A AFE =
FYe g o FHALAE ANG AT Table 17
Eied
AEE b 2YFE 2 495 =(pC00D), 749

Ral
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Table 11. NO: levels inside and outside homes and personal exposure levels for housewives by cooking time of each

meal
(pph)
Mean cooking time of each meal
Within 30min. 30min.— 1hr. Over 1hr. F-value
(n=60) (n=67) (n=16) p*

Kitchen 26.2+ 8.3 344+93 586+ 149 70.909
0.000

Bedroom 17.8+ 8.1 23.0+ 6.9 24.3+ 6.3 9.842
0.000

Living room 215+ 70 245+ 175 29.6+ 10.7 7.524
0.001

Indoor 21.8+6.0 27.3+59 375+ 89 40.943
0.000

Outdoor 202+ 76 246+ 179 262+ 72 6.745
0.002

Personal 18.3+ 6.8 21.8+9.1 246+ 121 4642
0.011

* two-tailed probability, min. { minutes, hr. . hour

Table 12. NO; levels inside and outside homes and personal exposure levels for housewives by usage kitchen fan for

cooking )
(ppb)
Usage of fan

Yes No t-value

(n=175) (n=68) p*

Kitchen 299+ 10.1 378+ 158 —3.58
0.000

Bedroom 193+ 7.7 227+ 76 —2.65
0.009

Living room 226+ 80 252+ 79 —191
0.058

Indoor 240+ 638 286+ 84 —3.64
0.000

Outdoor 218+ 84 242+ 75 —1.82
0.071

Personal 19.2+ 8.6 222+ 89 —2.00
0.047

* two-tailed probability

A7N(p<0.05)01R Bl =74 EH%J R
AAFE &9 #eldd. F4EATFE 0896010
°]5 W47t Aule] NOs=A t'lzl% el o 4
Wy o ooy HdEmd uig XFE3s wiA
A7t 07928 7P A F99 Ay NO 5 =T 9%
Tol we gd3ks e Aoz Jehdr

(3) F3o NOMAEZHS F5H4R & Ay

o NOMAZ2ZFS F5¥pE s ded 9
742 WEo) AUsEE TS 1071A ¥SE 599
F2 Feld ZIRLEME AT AFAE Table 187
Edgay

Add ¥iges dllsz 2 FH fX(p<001), ¥
JE=(p<005)°olRT FARAFE 056301008 o]
S d57E NOZIJAZ 2 3ol v] A= 9 dlg A58
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Table 13. NO; levels inside and outside homes and personal exposure levels for housewives by type of heating facili-

ties
(ppb)
Type of heating facilities
Piped coal? Piped oil? Central’ Briquette® F-value
(n=178) (n=9) (n=48) (n=8) p*

‘Kitchen 33.0+ 136 36.9+ 189 34.0+ 135 349+ 84 0.265
0.851

Bedroom 22.1+ 9.0 216+ 57 185+ 538 23.7+ 5.7 2536
0.059

Living room 234+ 9.1 288+ 59 228+ 58 286+ 88 2484
0.063

Indoor 262+ 89 29.1+ 89 251+ 59 291t 64 1.078
0.361

Outdoor 22.3+ 8.0 244+ 126 226+ 6.1 29.5+ 109 2.127
0.100

Personal 21.2+ 89 23.3+ 95 184+ 86 25.7+ 64 2.396
0.071

1) : Piped coal-briquette boiler system
2) : Piped oil boiler system

3) : Central heating system

4)  Coal-briquette fuel hole hole system
* two-tailed probability

Table 14. NO; levels inside and outside homes and personal exposure levels for housewives by number of persons
with respiratory symptoms among the household members

(ppb)
Number of person
Below 1 Above 2 t-value
(n=91) (n=52) p*
Kitchen 325+ 131 356+ 144 —132
0.190
Bedroom 203+ 81 221+ 73 —-1.29
0.199
Living room 239+ 85 238+ 7.3 0.06
0.952
Indoor 256+ 82 272+ 73 —1.16
0.246
Outdoor 229+ 88 231+ 6.7 —0.16
0.870
Personal 206+ 87 206+ 9.1 0.02
0.982
* two-tailed probability
oF 30%% ¥y ¥ Ausel vsld ki wgron} V.o  #

AWsre xF8 AIAAF7) 06512 M A JHA
F39 NO, A1F2Fe 789 A NOssES Be
P WE Row e

éi)\‘}i}%(NOX) °ﬂ~E NO, NOz, N03, NzO, NZOSy NzO4

9 N0, 59 S50l 1ot BRARe] hREL oj2
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Table 15. Pearson’s

correlation coefficient matrix

KIT IND OUT PNO
KIT 1.0000 8677** 3751%* 2930%*
IND 8677+ 1.0000 5192* 4615*
OUT 3751** 5192%* 1.0000 3796%*
PNO 2930%* A4615** 3796%* 1.0000
FAM 1371 0978 0015 0700
SMOKER — 0107 - 0520 — 0982 0422
MEAL 0770 0813 0710 0566
DIST — 1396 — 2088** — 5813** — 4120**
KAREA 1523 0803 1544 0240
CTIME 6577+ 5921** 2855** 2488*
FAN 3242% 3573 2291* 1590
FSX 1346 0647 0244 0596

Number of cases 143 2—tailed Significance - *—.01 **—.001

KIT : kitchen NO; level

LIV : living room NO; level

PNO : personal NO; exposure level
SMOKER : number of regular smokers
DIST ® location of house with distance from the heavy traffic roads as walking time

KAREA : area of kitchen

FAN . usage of kitchen fan for cooking

BED : bedroom NO; level,
OUT : outdoor NO. level

FAM : number of household members
MEAL : daily number of meals eaten

CTIME : cooking time of each meal

FSX * number of persons with respiratory symptoms

Table 16. Multiple regression analysis of kitchen NQO; levels

B SE B Beta T Sig T
Cooking time 11.772 1.312 0.573 8972 0.0000
Outdoor 0.298 0.109 0.175 2.740 0.0069
Usage of fan 3.102 1.233 0.158 2.515 0.0130
(constant) —0.378 3573 —0.106 0.9159
B : slope and intercept value
SE B : standard error of the estimate
Beta © standardized regression coefficient
Multiple correlation 0.703  F-statistics 45.20
Adjusted squared multiple correlation 0483  d. f. (3,139
Sig F 0.0000

3HEA(NOy ol 7118 HWark & Warner, 1976 5 Wad-
den & Scheff, 1983 ; Calrcrt et al, 1984).
AR A NO.ol 5+ HAfde gxdos NOE
SYNFE a0tk & NOE F2 1§7#, 4
A%, 7o Fo L E FAME d85 1294 7
Aol A NOx9] 432 A Ew Zolt(Wark & Warner,
1976 ;- Wadden & Scheff, 1983 ; Calrert et al, 1984).

avige] AFHE Aae FFY
3

(Wark & Warner, 1976 ; Calrcrt et al, 1984) &
FaA d8d49 4C-N, N-H) o] d7iF 449
ZF(N=N) ol vl3td A AFHo| 2F3l7] wFo) A
2849 dAA] NOxg 2Ao] golstcia S (Per-
kins, 1974). 9498 NOxWlEZL d85F9 dAAx
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Table 17. Multiple regression analysis of indoor NO; levels

B SE B Beta T Sig T
Kitchen 0.458 0.024 0.792 19.347 0.0000
Outdoor 0.230 0.040 0.234 5721 0.0000
Area of kitchen —1.127 0.564 —=0.077 —1.998 0.0477
(constant) 6.996 1.163 6.017 0.0000
B * slope and intercept value
SE B : standard error of the estimate
Beta : standardized regression coefficient
Multiple correlation 0.896 F-statistics 187.90
Adjusted squared multiple correlation  0.798  d. f. (3,139
Sig F 0.0000
Table 18. Multiple regression analysis of personal NO: exposure levels for housewives
B SE B Beta T Sig T
Indoor 0.729 0.169 0.651 4.310 0.0000
Location of house —4.542 1.323 —0.260 —3432 0.0008
Kitchen —0.200 0.094 —0.309 —2118 0.0359
{constant) 15562 3.651 4.262 0.0000
B : slope and intercept value
SE B : standard error of the estimate
Beta : standardized regression coefficient
Multiple correlation 0.563 F-statistics 21.55
Adjusted squared multiple correlation  0.303 d. f. (3,139)
Sig F 0.0000

Fa427 A2 Luo) et A9se v AeD FRE
v AR A4S FREd HAAE AR ALE AY
FRA Fou ArIZt w7 wEe] A AeEY
NOxE W&&tA =™ (Perkins, 1974) 2 wi&&e A
3401b/10° BTU, - 80—4801b/10° BTU, 7F2= 1101b/10°
BTU A=xejti(Duprey, 1965).

metA] TR A NO,FET ol d89 T/
AdoMe A8 A4rt 7P BIE] dojus FYe
rPdelel we B %S ¥ ez geA o
(Derouance & Verduyn, 1974 5 Wade et al, 1975 ; Pal-
mes et al, 1977, 1979 ; Melia et al, 1978 ; Goldstein et
al, 1979 ; Spengler et al, 1979 ; Speizer et al, 1980 ; Wa-
dden & Scheff, 1983).

& AR ] NOo & Aol elshd F=2) NO,
Haeme &30 2o d9Ett o (Thompson
et al, 1973 ; Lutz et al, 1974 ; Belles et al, 1975 : De-
rham et al, 1975 ;s Palmes et al, 1977, 1979 ; Hollowell

et al, 1977 ; Melia et al, 1978 ; Moschandreas et al,
1978 ; Spengler et al, 1979 ; Goldstein et al, 1979 ; EPA,
1980) 53] &7t EFEE A 5EWA 141t &
713t 33 NOF £ F8 1,000ug/m'(500ppb) & 274
FE e Aoz BuHT o Wade et al, 19753
Speizer et al, 1980) AW th715olA o]go] & NO,
TEE 5T 7 e B9E =Bk

AT AUl NO5Ee) E7lel F dRle g Zgshe
#H 843 (Derouance & Verduyn, 1974 ; Himmel &
DeWerth, 1974 ; Wade et al, 1975) &} o] & el& vj= ¢}
7P AAe % 50%F =7t 7hAE o8-St el
W8} (US census, 1978) F-Euehs A% 485%, 7h=
26.1%, 7 8.0%, A7) 1.5% SL2(ZA7184, 1986)
M2 gt o]g Axe] ZHE fEuE FH NO:d
g Aoy Prid a2 F48 5= glong A
A 2 A7E Estdl e FaY A NOSE
Aehe} o)e] FE AL 2L Hopste] WA 3



Ak
A Fel9] AUYHET NOFES §9 33.7+136
ppb(9.5—815ppb), 4! 21.0+7.8ppb(1.4—50.2ppb),

A4 23818.1ppb(5.5—53.3ppb) T2 He9] Fx7}

7b wSka o]F 4] BFAWEEE 261+7.9ppb
Y Fad BUALY shte $RRAL B9 op]e

(8.4—53.2pph) 2 Ao} Hlate §-23HAI(p< 0.01) Eo}
el A7Ake] A4 A3 YR8 Chapin, 1974 3 Spengler
et al, 1979 ; EPA, 1980). o|2}zo] Aule) NO,SE7}
F23 L FYoAe] 4589 25T Zo] NO9 &
Aoz gt a2le] Auldl £3] 4137 g&<l
Ao g Algdrh

£ A9 NO.FE F w7183 71E(50ppb) &
273} EPA(1981), WHO(1969) -ollA Aol B8l &
YT + YL BF 60ppb o1 4e] BAE e AL
wrstzo g A4 do] ofd & glon 53 B
AIZHE AdA By 3F71A8 A5 =93
AolEd] it oje] 2 AU NOFEE 45t
wejEojol & Ao|th F FFFe) d4FV] FF T
Qg AAZHY S 5319 NO,2| A FE SolAY
(Bartok et al, 1969 ; Perkins, 1974 : Wark & Warner,
1976) LA E NO,E 492 443 wi7) A A eE
HAENR L ZHN NOZE o o A7 E AT
€ Ao vt & ol

T, AR FH o] AP T NOFEE 22.9ppbE
715(1986)2] &4 21.0ppb E 3}A 16.0ppbol vl
T Eghont A (1986)°) g 1985199 H-4kA|
B9 24.0ppbo} Hl3 R o0 o 71873 71 F X (BARE,
1983) € WESHL F 7HAFHY NOMJAEZ L
20.6+8.8ppb(3.1—469ppb) Z ZA H& WL opYrh

7IE5d Ad NO,55% 2 AAZ=2FL 7Eede
2 Aol7b figot Rt fog Atolg el
Atk 71E7E Aol NOFRd vlX= Jako) @3t
¥ Goldsteins(1977)& WAl Yoz stgout
71E&49 AHAQ JFelety] Kuks old wE FHA
o] 7t Adghv gy F7h FA5Y ¥4 80
A Ao 2 2 ol UF HEE FF dF s ook
g Aoz Azt

T AU NOEE 2 dZesde F9a71
B2 MR o] AL Hgo vdte] 7t 2 Ao}
SAHe2 F9F zole AU o= 75(1985,
1986)8) A= AR5k

2y gl ol AEr1ege) § gQoz £59
FrallEde ¥R YL(HEW, 1979 Wadden &
Scheff, 1983) 2l 178 % (mainstream) 2 NOW & 3-2
0.5—30ug(HEW, 1979 : Jenkins & Gill, 1980)ll o]=21,
HZod= %3 F<9(passive smoking)°l A2

(Weber et al, 1979 ; Matsuki et al, 1985) &3] Ao}9]
FE7128e A7 B0l Brke RIE ¢ Qe
4711 (Florey et al, 1979 5 Tager et al, 1979 : Speizer
et al, 1980) ¥ ATFAME F2 FAL 1= Fiz
AP E Al A9l FA45 wet i 2 5
Aol Bolug % Fd 71esE= Fd9 Ay NO,
L B ATE AFHOR o|FojAor & oz
Azrax,

19 2285 20 NOsE 2 AAZz e AA}
357t Be 7Hgol AL A9 vty T e ¢
oot Lo Met BAHe =z Fo% Afols}t UY
ot Z2vt Goldstein5(1979) 3228 Ml =AY
A% A4 NOFEe 93e vlAe 899 shuz 3§
A (p< 001D E BT Jon B RAjdgMx =
Aol B Hod ZolE B YA Zrle) upe
ARLMFH FeHo] AU NOFEE vt #lo] e
Ao Aztd

Feo] FHE AU NOEE 2 /iNEgzke 73
GEFE Y 797t ol Ed| v)dle] FAH o2 Fol5}
B2 AT E 715(1986)9) A A e xlolE Kol v}
IHETE AARYE o8 7HNAY HAF 2 i)
e, 7], AEFFE € FAT9 A A4 S0 e}
B 9% T Jloz AAdE. & At olgt
Ee A9 oiRE A dEE Jkag AR 99
B ZAPIIY A9 A FHAEg T stAS dA
A7IAY @559 A dRE dag A3y A
Atet BAIglo] A& A o2 dv-g A4 ez NO)
G Fo] dha BRE Foln] i el =3 olgEE
EE Fdd ey 9EFHL duendy ¢ dgo}
ol F 5o G Dol Aojrt YUA Aoz A
=221=1

Hizayozny 2R AHE 849 Fd9 93
A9 NO 5= ¥ /iUEEge 5ol 7] 5
o4 Aol vidle VN xgon HAg 93}
= 25 AR {8 AolE BAHp<0.01).

Mo

- 145 —



ol o Z2RE A PEAY s v 8o R E
AN w223 I 89 2™ (Nitta et al, 1980)
9]719] NO s Ed= AFA vl 7)7h2e] Fako] 24 =
28}5.2 (Wark & Warner, 1981 3 Spengler et al, 1983 ;
$743,1986) DAEZ 2R 77he Al e FH
AUNOFE7E 953 %9 o2 Alsdrh

Rojol 3714 AUNOFE 2 MUAZEadke B
FEwto] $9%8 A7t AN ¥ A vl ow
ol A& vle} o) 77 AEY2 5o T3
24919] Aold W Aog AzwAr)

A g 7Y AU NOsE 2 MelEsss
AES FIEEZ o83 7o) A U A7
FARE o838t 7Hgo] 7 Rkar 3AFE(p 0.
01) R AHNE2H(p<0.05) & BAHLZE Fost 2o &
BHac) olepre 4A2 A&d viol o] NOx9 wlE
ZFe Agh FR(53] 9 50) el vt €9 B
on(FAFYALATL, 1981 5 EF A7) 1983) 2
ZALe] AANAIZE 2ARA Zkay fF 5L Tl 3
ARAloaE Aas g dee FHAk BAQle] A&A R
AassdA 7ild xsich

B zAbe A4S 7hagd "2E o] &3He shpgeel v
gt dgt 2 /F o187 FrF N FHeo P
HnE & £ gidd dAxE adstelol & RAolrh

3, AW NO, Lo A3 2=r9] Hud) 93hd
9] 79 Goldsteins-(1979) 2] 7}2~¢]4 714 112.2ppb
2 A7)o]& 7} 18.0ppb, Palmess(1977) 9 7h2o0] &
714 24 5ppb 2 A 7]°]-& 717 4.1ppb, Spenglers (1983)
9| 7k2=0]4 714 32.8ppb ¥ 1 71°)8 714 4.2ppb T
B zalel AR B8 AolE Hole Hl ol ol
A7t F2 FA AAHJIY ¥ B 2ARs EA44
AAHEAA A $vtete] A9 5 HAANAEE AVE
o] &3} ity BRE st ATE S ¥Eslwm 9l
TRE 22 FAAFH S EAdo] Az Aol Zlel 7|
Aoz AZrgr,

ZY£2A7HE A NO,FE 2 /iIEZFL
ANzro] A8 11 wErt F7MEHe o] FRskH e
ol BARcRE n$ foste Fe o 4 NOFEE
A9 A DHT WAV AS-S AAEETL

Ko A Algol] 2 A NO,5E 2 MdEage
g AMREE MM A uiten o5 Aol
Bom AA(p<0.01) L MIZEEHp<0.05) 914 EA

o

O

off

Hoz fo3tydrt. & el AFE I} plavA 2 (Melia

et al, 1978 ; Palmes et al, 1979 ; Spengler et al, 1979 ;

70%, 1985) &Y AAE A9 NOFEE Al

7le 298 AYe Aog QA £Y9 NOFEE

8o A NOS =0 A A FPL viAmz 2N
o

AFA7IE HAEE A2 NO©ol 23 Al e
Q

of stz 9ozt dleka g2rE
el G A NOSE 2 SR ge
whel Wejo) we} thiel Aot POt BAMOR
FJahAE okghe), ol B 2Abe] WA} 2A=A
WA ook A 78RS Aol
WA ARG VT Hof 3ae vzt 8 5 999 3
Yol YA AL BT A Aelso] glo] ol
A NOSs=ol WAE 9 12l 24 e Aoz

AU NO,E =9 2173 mlAe YL B71s}7] 93t
1EF 5F7150%40 Ae Aol wEl Rag Ay
NO 5% R NAF2 e Fol@ 27t g 13yt
9l=e] A9 NOZ2) e AZ G| Al =g
A7t o] FoA Ut & 195013 th Y Silo fillers disease
(Lowry & Schuman, 1956) & H[E3le] %9 Ag%E
g o] 83 Aol 2F 71N dig iAde] ofsle}
(Purvis & Ehrlich, 1963 : Ehrlich, 1966 ; Ehrlich & He-
nry, 1968 : Henry et al, 1969 5 Freeman et al, 1974)
# 7} A& (emphysema-like disease) (Freeman et al,
1968) R <2144 55712 &(Matsumura et al, 1972) 9]
Aol Bk Hal7E Il NOdl ZAdo] w2 Al
g A3 ATFolA LR Hrige HEst ARHA
9™ (Von Nieding et al, 1971, 1973 ; Orehek et al, 19
76 ; Kagawa & Toyama, 1975 ; Kagawa et al, 1976) 53}
olg tHeR 3 dFgdTANE 3FNEFS L 2
ghe] WA 7h2o0l 8 7Y {0l o]l FFEHUCH
(Shy et al, 1970 ; Melia et al, 1977, 1979 : Florey et
al, 1979 ; Goldstein et al, 1979 ;.EPA, 1980). Speizers
(1980) = 241 °o]He] &F71HH3 FEV,, FVC 59
H71%% HAkhgde] h2olga {eojdt Aol Ykl
st
Fo 2 g AT e Aeze NOo
73737 A9 Qe AT=
wo}l(Cohen et al, 1972 ; Burgess et al, 1973 5 Hackney
et al, 1973 ; Speizer et al, 1973 ; Mitchell et al, 1974 ;

oX
o
o
2
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Derham et al, 1975 ; EPA, 1976 5 Hosein & Bouhuys,
1979 5 Keller et al, 1979a, b5 Kleinman et al, 1985 :
Linn et al, 1985, 1986) ¥ =Ate} A#3 R},

o] epzto] F7|3tell AR AFE ] NOZE =29 479
ko] ABAel ddtde o BH3] EE vt gle
D2 ol& 7#13}7) §13t NONRAIE 23 2bgo] 23
FARZ S HAYow(Palmes et al, 1976 ; EPA,
1979 ; Nitta et al, 1980 ; Matsuki et al, 1983 ; Yanagi-
sawa et al, 1980, 1984, 1986) # ol = Palmes tube ¥.T}
UE 7 E WA o] NOE R 8 AR de) g gle
AA o]tHYanagisawa & Nishimura, 1980, 1982).

FH AAe FH AU NOFE 2 F3-9 NO,
MAEZ 2 gl Y& v|AR L2 7Y e JeF 7o)
daaA s AT qe8g & Fee Aul9) NO,
FE9 5 NOMIZ2 o) F2 TS oA 2
& TEE Hste] EFANNA d& £Eo] HEE
ol &3t ATEAN B FIYARAS At

dEEA e 43 2 NOsES 4% 3ol o3k 4

2 JehRgom o E NOSF Rt o8 4o e e
WS Fuo X, 22l 28 A7L Yoo WAL oz
el Fe) A NOSESE 379 NOHIFR e
Amel A4 % 97)9) NOFES 9P H9 B e Ay
Mrsh daol BEe AAbshac

399} NOSSE, 48l NOSE, 52 NOIoI%
2% A WEe] Bate] oS FEo] Yake v
o2 JlusE clelisE SPAFE Hoko AN

A ==
23 AR Ay ool NOSE tetels zela
SN, AEs, Bool WAE 5o W4s) Mg
Bole) NOFEsls ARe) dio) 3o 3]y} 24
Al JBe tXE Aog vehdon 1% zadg
Aze] dFo] 7B BT F ZYLAANY Ak
Hge AHE WA Qor] wele Fujel Ay
Azel davt 7bg wesE) dojuis Folmz o)k @
A Azetym Aok EF Aulg) NOsES b

B 29 NOEE, 499 NOSFE, 29 37] Se
"Erh dgEglon, o|E5 Holo] NOSEA te
B AA G} e Warol v)sted YB3 Fol el Ay
NO/s ol i3t A AA 457} B} Wl v)ate] 253
o} Feo] AU NOFEE Aol Me] dAto] @e
F s Aoz vggt gy Ayode

FRE A9FE, Aue 2AwNY, 37 AEe

. of
oo

Lo

ZHAE Fo F2 ALY olag 2l ForME 53
NOxol #ateds dulolM dasls d59 4ot FA
oot sho] dHbrjel glo] AujelAe) dazAgo Lt
I FE 49 d8o] A2 AAHYamanaka et al,
1979 5 Nitta et al, 1980) ¥ ZAl M ZAMAZ17} &
AGH AR AdoAel GZARRAIZE Soll it =}
271 FEHAk

FH FH NONAE R Fol] YL v HPyse
Aol NOFE, Fdo #2], 292 NO,sT 50l

oz yehgton oMz dusxel odke] }
FUTE F F5= Aed vielo] 71 YoM ek
AlZto] B3] wo w2 (NHK, 1976) o9z Hze @
qg 22 A, 28y Fee AddAE NO,
TR 22 FY A NOFT 7} 552 /I E 2 2o
ste] 2 4S nAE A HAE sl 2Ry}
ool e AE FEEHER B NOSES} 7]
F233 A4 $8 £ doe FA 2a(Melia
et al, 1978)9} H-§sl= Aojy M EAT A
FATLTY B Wi B4 4L AU Yo
B2 §F NAEZZLZ nX e 20& 483 Fsl)
HAetode FEXANY e FAl) mjshs Aol
BHgr 23 Zolth(Spengler et al, 1979).

i) WSS EH2 AYRAODE ARAT ol
g Y N2e o] oFolxA) Ragn wH
N7t EA @5l Fee] Ul NOsES bl
& J%g vA Ao AYHE Wrse) g
Feslo] oFo] HE WE T & sl
ohale Al shiz XA,

S B 24 @3 AdlelAE NOSESL 7b
w00 Wi AU NOsEo] APH Fee vjxe
Ao Uehd yool tstel s ad 2Had das
oAatn BABANE FAFHE e FHde] NOE
2o 9% WA ool A gL FloiE & ow
NEEES

S
-

V. & 2

ARps BN 172747 2 bR FRE o4
o2 19873 49 1958 69 30¢47HA 4239 NO.¥
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81 #(Palmes tube NO, sampler) 22 1FYZ9F
Fdlo] due] NO,eEe F39 NONEEHS &
AeRom FA9) & T FARS
T T/, AU EEHA EH 2 dye e
i3 o] 94|, RYgel Ay, HAedae £F{
Zeag AL A B WALE, WA e Hy
0 F9) Al NO, s o) BEAd) B 7%
A AEE wHegho 24 714 o) NO,oll 23 37129
oj2 At YARHNE sl 9ol HuA B 9
75 A3k

o B

R

B ol dojd Ad= ohe g
FHO NOHTFES
<001 XL & FaH=E Fdo] 33.7£13.6ppb
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