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A Study on Estimation on Air Exchange Rate and Source Strength
in Indoor Air Using Multiple Measurements of Nitrogen Dioxide

Won—-Ho Yang” - Ki-Young Lee”

- Moon-Ho Chung”

» Moon-Shik Zongl)

Graduate School of Public Hedlth, Seoul National University, Kored"
School of Public Health, Queensiand University of Technology, Australid”

Daily indoor and outdoor nitrogen dioxide (NO)
concentration for 30 days were measured in 28
‘houses with questionnaire of housing characteristics
in Brishane, Australia. Using mass balance equation
and regression analysis, penetration factors and
source strength factors were calculated. The
penetration factors of 27 houses except one house
were between zero and 1, though penetration factor
should be between zero and 1 by means of mass
balance equation. Relationship between indoor and
outdoor concentrations in each 27 house was
calculated using regression analysis. According to
the obtained linear regression equation, the slope
means penetration factor and the intercept means
Calculated mean

standard deviation of coefficients of determination

source strength factor. and
(R in electric and gas range houses were (.70 £0.13
and 057X0.21, respectively. The source strength
factors were more than zero in 27 houses. Mean and
standard deviation of slopes in electric and gas
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range houses were 066+018 and 056%0.12
respectively. Mean and standard deviation of
intercepts in electric and gas range houses were 1.19
1125 and 5771355, respectively. Air exchange
rate and source strength were calculated from
penetration factor and source strength factor,
respectively. Geometric mean and standard deviation
of calculated air exchange rates in 27 houses were
1.1/Ar£15,
significant factor contributing to indoor NO: level in
house characteristics (p=0.003). In gas range houses,
source strengths ranged from 4.1 to 331em’/hr - m

Presence of gas range was the most

with a mean 127cm’/hr - m” and a standard devia-
tion 9.8. The source strengths of gas range houses
were significantly different from those of electiic
range houses by t-test (p<0.001)

Key Words: Indoor air quality, Nitrogen dioxide,
Mass balance, Air exchange rate.
Source strength
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1 01%51 BH A8 A S (mass transfer coe-
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o 7] A,
Ci= indoor concentration {ppm),
Co= outdoor concentration (ppm),
I= air exchange rate (1/hr),
S= source strength (cm’/hr + m’),
R= removal rate (cm’/hr),
V= volume of the space (m’).
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Table 1. House characteristics in 28 houses
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0] %24 (duplicate measurement)& ©]-&3td

Number of house with
the house characteristic

Number of house without
the house characteristic

House type
(single detached house)
Nurnber of bedroom
(=l or 2
Attached garage
Smoker
Gas range
Gas water heater

Window open

21

6 g

16

26

7

21

11
26
12

20
9
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Table 2. Mean and standard deviation of NO» concentrations, and ratio of indoor to outdoor concentration

for 30 days in total 28 houses

Mean (ppb) Standard deviation Minimum Maximum
Indoor 126 82 02 Y
Outdoor 155 85 0.1 588
Indoor/outdoor ratio 035 0.41 0.15 406
Table 3. House characteristic associated with indoor NO: concentration

Mean indoor NO: Mean indoor NO:

with characteristics (pph) without characteristics (ppb: p-value

(Gas range 170 £ 74 96 + 45 0.003
Attached garage 161 £ 89 106 = 43 0.038
(Gas water heater 168 £ 80 1.1 £ 59 0.047

-164-



shle). 7l
o HERAe

Aol gt £FATE 42 14971259 577135

itk F
°l of A=

Fb 2 l(A

Fig. 191 HERAR!

A gle
AN duE

O F= Aol 9] BAE

Source strength factor

QIR e} h el %o A 7]-& 7)) Het Z Hold | T8 93
742y 0650185 056£0.12%3ch A Y9 A L A9 N
o} Aske A lfr
&7 dAeRIB EH) A i’ﬂ 49} i Eato Nl
125 A
o] &3, 71&7] ghol 03} 1A} °ﬂ L}E}LH A
14
0 Gasrange
12 ©  Electronic ran
o
EET R bbb bbbt b LR R e R
g 0
QS o8
- @ o a
i, & ?
8 170 & o o
© o] ©
5 {
P g2
QO =TT mmmmsmessesssseeseeeoceooooooo
0.2 T T T T T T
0 2 ‘ 8 8 10 12

Figure 1. Relationship between penetration factor and source strength factor.
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Relationship between coefficient of determination and source strength.
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A8 tH Wikes et al, 1996, Wade III et al 1975;
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) T HAMEO R 7FAYAR Y AL
o 7etA AR itk £ U N9l Flee
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Zhzk GERLT) o] A BE ol A Folw i,
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Hebd AT (Fig. 2). 78RS AR e
FHER Fig. 2004 4% #2of A8t gler,
HRAQAE A FEEe T2 8% Y
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1988). 71 ol wlde] tFEAol A E% &9 i 94 Ohw AT
Table 4. Calculated source strengths for 30 days in each electric and gas range house
}}'Iean 3 Stapdgrd Minimum Maximum

(cm”/hr - m”) deviation
Electronic (16 houses) 2.8 26 0.3 96
Gas (11 houses) 12.7 93 41 331
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