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Abstract

The purposes of this study were to collect personal exposure data for nitrogen dioxide (NO;) and formaldehyde (HCHO), and
investigate the relationship among personal exposure and indoor, outdoor concentration and environmental factors (heating,
ventilation, temperature and humidity) using a multiple regression analysis. The surveys were carried out three times at the
apartment house during a period of 21 days each during the winter season of 1992-1993, and the autumn season of 1993. A
kerosene space heater with diffuser fan and a radiant oil space heater were used as space heater during the period of the winter
surveys.

Measurement of personal exposure to NO, and HCHO was made with a diffusion sampler.
Maxima of 24 hour average values of the NO, personal exposure doses were 105ppb (kerosene space heater with diffuser fan), 57ppb
(radiant oil space heater) and 39ppb (non-heating).
Maxima of 24 hour average values of the HCHO personal exposure doses were 49ppb (kerosene space heater with diffuser fan),
45ppb (radiant oil space heater) and 26ppb (non-heating). A common result of the over-all measurement was the potential effect of
using a kerosene space heater with diffuser fan to increase the NO, personal exposure, but HCHO personal exposure was not affected
by the space heater.

A statistically significant correlation could be observed between the NO, and HCHO personal exposure doses and indoor
concentration, and it also showed the highest contribution ratio for predicting exposure doses for NO, and HCHO using the multiple
regression analysis. Linear multiple regression equations with an indoor concentration were used to predict the doses of the NO,
and HCHO personal exposures, and the results were shown to be satisfactory.
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Table | Measurement results of personal exposure and indoor levels for NO, and HCHO
unit: ppb
Type of heater Measurement periods Pollutants | Number of days | Personal exposure Indoor Outdoor
range average | range [ average range average
Kerosene space [Dec. 7, 1992 NO2 21 34 - 105 64 40 - 112 78 14 - 67 42
heater with ~

diffuser fan Jan. 16, 1993 HCHO 21 21 - 49 35 9-49 35 3-23 12
Radiant oil Dec. 8, 1992 NO2 21 19 - 57 35 19-173 41 17 - 65 39
space heater Jan. 17, 1993 HCHO 21 17 -45 31 18 - 44 31 7-20 12
Non-heating  [Sep. 19, 1993 NO2 20 12 -39 26 13 - 40 26 15 - 51 29
season Oct. 11, 1993 HCHO 20 12 - 26 19 8-24 18 3-8 6

Unit: minutes

Kerosene Space heater with diffuser fan
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(A): Average of time while the windows remained open
(B): Average of time while the ventilation was used
(C): Average of time while the heater was used

(D): Average of time while the gas stove was used

(E): Average of time while spent away from home

Fig.2 Measurement results of environmental conditions in apartments
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Fig.3 Measurement results of indoor, outdoor and personal exposure levels of HCHO in the room

with Radiant oil space heater
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Fig.4 Measurement results of indoor, outdoor and personal exposure levels of HCHO in the room

with kerosene space heater with diffuser fan
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Fig.5 Measurement results of indoor, outdoor and personal exposure levels of NO; in the room

with Radiant oil space heater
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Fig.6 Measurement results of indoor, outdoor and personal exposure levels of NO; in the room
with kerosene space heater with diffuser fan
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Table 2 Linear multiple regression model for NO, and HCHO

Kerosene NO2
space heater

Y=-195.0+0.69X1+0.37X2-0.30X3+0.001X4-0.04X5+0.10X6+0.39X7+8.10X8-0.002X9
Mul.cor.coeff.(R): 0.779 Compute F—value: 29.356 F(1,19)=8.185(c=0.01)

with diffuser HCHO [Y=-24.3+0.26X1+0.13X2+0.01X3+0.001X4+0.03X5+0.04X6+0.32X7+0.74X8-0.01X9

fan Mul.cor.coeff.(R): 0.544 Compute F—value: 8.002 F(1,19)=4.381(c=0.05)
Radiant NO2 Y=122.9+048X1+0.21X2+0.04X3+0.02X4+0.03X5-0.13X6+0.37X7-6.70X8+0.01X9
oil space Mul.cor.coeff(R): 0.517 Compute F-value: 6.927 F(1,19)=4.381(0=0.05)
heater HCHO |Y=-108.6+0.71X1+0.31X2-0.01X3+0.03X4-0.01X5-0.05X6+0.04X7+5.56X8-0.01X9
Mul.cor.coeff.(R): 0.808 Compute F—value: 35.795 F(1,19)=8.185(c=0.01)
Non—heating NO2 Y=-2.9+0.71X1+0.23X2-0.001X3+0.003X4+0.01X6+0.01X9
Mul.cor.coeff.(R): 0.938 Compute F-value: 132.47 F(1,19)=8.185(c=0.01)
season HCHO |Y=-4.2+0.92X1-0.08X2—-0.0003X3-0.002X4+0.004X6—0.005X9

Mul.cor.coeff.(R): 0.912 Compute F-value: 89.216 F(1,19)=8.185(c=0.01)

X1: Indoor concentration (ppb)
X2: Outdoor concentration (ppb)

X3: Amount of time while the window remained open (minutes)
X4: Amount of time while the ventilation was used (minutes)

X5: Amount of time while the heater was used (minutes)

X6: Amount of time while the gas stove was used (minutes)

X7: Room temperature (°C)
X8: Room humidity (R.H.%)
X9: Amount of time while the going out (minutes)
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