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Estimation of Mean Air Exchange Rate and Generation Rate
of Nitrogen Dioxide Using Box Model in Residence
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Indoor air quality is affected by source strength of pollutants, ventilation rate, decay rate, outdoor level, and
so on. Although technologies measuring these factors exist directly, direct measurements of all factors are not
always practical in most field studies. The purpose of this study was to develop an alternative method to
estimate these factors by application of multiple measurements. For the total duration of 30 days, daily indoor
and outdoor NO, concentrations were measured in 30 houses in Brisbane, Australia, and for 21 days in 40
houses in Seoul, Korea, respectively. Using a box model by mass balance and linear regression analysis,
penetration factor (ventilation divided by sum of air exchange rate and deposition constant) and source strength
factor (emission rate divided by sum of air exchange rate and deposition constant) were calculated. Sub-
sequently, the ventilation and source strength were estimated. In Brisbane, the penetration factors were 0.59+0.14
and they were unaffected by the presence of a gas range. During sampling period, geometric mean of natural
ventilation was estimated to be 1.10+1.51 ACH, assuming a residential NO, decay rate of 0.8 hr' in
Brisbane. In Seoul, natural ventilation was 1.15+1.73 ACH with residential NO, decay rate of 0.94 hr'.
Source strength of NO; in the houses with gas range (12.7+9.8 ppb/hr) were significantly higher than those in
houses with an electric range (2.8+2.6 ppb/hr) in Brisbane. In Seoul, source strength in the houses with gas
range were 16.818.2 ppb/hr. Conclusively, indoor air quality using box model by mass balance was effectively
characterized.

Key Words : Box model, Indoor air, Air exchange rate, Generation rate, Nitrogen dioxide

1.4 & HEde] A, &7 F 295D FAE, AW ¥

AWE71 2ol JFE MAE F8 89 AYe 7] EFAEE Y LF=2F vE 4 AdEn A7)

olth. AW A7 A EHEHL AY FAE

2~ 9lo ek Zy]o AR "] Al vk @

Corresponding Author : Won-Ho Yang, Department of Occu- ‘: Mo OD:]’ - ]_o  ° ]%UE 4ol A = 8 -

pational Health, Catholic University of Daegu, Gyeongsan ~ 282 771 SWELE glou W &4 +
712-702, Korea doja AW 2R AL A7 Yo A9

Phone : +82-53-850-3739 ;,'M ;7@;]_: i’E(:ﬁl ) el 485

E-mail : whyang@cu.ackr A 371871+= Z F(infiltration), A+ 27| (natural

645



adF- -2y d
ventilation)9} 7178 7](mechanical ventilation) Al 2. @A Fuid @ Wy

e Ty

Mz FEE 5 A

AR E} FTABANAE JARS Mol 9
soln 7| YEA2"AAN 24 Mg’
QuiFdo| 4 7487 A4 =8 Holy] R

of Br1FE S

perflurocarbon tracers(PFTs)
g 2 YA F 10%9 2A3E
O’ weta 24 2 24 59 84
AdEIN 2 galst
AU E FFo]
Aojxy, FFI T
AaE7E

=
=4

o—&F

o
i fo off fu o ok

L.

< M
-2

1y
3
b oz
&, off

ik
o rlo
3
it
il

s

-

>
B T

o}t
2 R oo
o B b 12

oo L I
W orlo oo 10 10 1o ol b b1k

oft
fo N o2 ol
W
o I R oo rlo
oR

of

o Mo I, o — M

o]

2
e
>

}

8)
E[_]_',

N
=~

—”}-ou
o ol pr 2 op

%

Z o P 2,

A& &
NOwSt ©.E(09)%
PR EEE
7 gaao®,

e L7

i,
3

=

ya {o
y M oh
o2 Z Moot L

—

.S

r
(el
22

>
=

Ofs
oL
B

w5 ook o
fo Lo ra
N

o

A

Bl &g NO; sEolA 718 A
o7 L]—E]-kkt]—ls‘w)_

4

i,

oZ

N kol mx 2 A0 Jo o rir

2ol clr

=

r

ball

AE o 3]
A7 Eob | EAAR]
Aol Aoz ANE7A

Aold, & @79 Ave Ay

A

ok > ot
o

~—

=
=
5

Z
&

N

ofd 1o & o md v i

M

646

2.1. ZAX Y

7)137)8 2 NOzo 2A%S FA437] 9JaiA
v]zuloA A 2 Ao NO; 758 F 20
FelolM 242 19993 SEHH 69274 309
e wid SAEAT. FHEAG 4GS
Ao M ZAEUATE T M EAHE F 40F
oA oJEdq 20003 6¥%E 8¥€7HA 21Y B
Qb 22 WHo= wjd NO; 328 FH3IA.

2.2.

An

}=)
EL

&

E NO, 54 ARANH 7] (pas-

sive sampler S, F54 NEHH7)E
Foj A2 Al H (protocol)# 7] E-A] (record-
ing paper)& &4 wwol Fow, Ax $g F
AL Aot A Zr7t AF AYeat. FE 2
ANaANH7 = 1579 S92 2al € FAS9Y. &
B4 AR AREE B4 A £8
Aot Al Ao Zt7; o] F & A (duplicate
measurements)3t et 54 AlZAH 7= 7HAA
A AbgEo] b F ol AX AR dHon,
A 9AE A2FA EAYAM 3 m o] g
FO2HH 2 m ool HEE &%
' Auezn
S2RY BY
x| AR 8t

=1
=

T

o TR
'{)Hm?:o}‘_',
o B lo

ol
-

3317

=

o
w

e

7} box model B &

o] &3 box modele ¢ &%= 3}
3719 9 2 FF Alel9 #AE
7148 dgsty] 93 25 ol &

I

o
o

A
Wy 10

ol
e
M

Aol #AE e
, SQEAY FaF o
808, AAE 59 295
D gut sRFEe ste] FHone-
s, ATl Fxws)

=

ag + auk

compartment).2.
v e o

dC;

dt

- _ _R
=mlC,+ S—mlIC; v

o)

ol714, Ci=indoor concentration {(ppm), Co=
outdoor concentration (ppm), I=air exchange rate
(ACH: Air Exchanges per Hour, l/hr), S=gen-
eration rate (cm’/hr - m*=ppm/hr), R=removal
rate (cm/hr), V=volume of the space (m%), t=
time (hr) and m=mixing factor (0<m<1).
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o] 71A, Cissy=average steady-state indoor NO2
concentration (ppm), S=average NO; generation
rate (cm*/hr - m*=ppm/hr) and Co=average outdoor
NO; concentration (ppm).
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Table 1. House characteristics in Seoul, Korea and in
Brisbane, Australia

Number of house

Brisbane
Seoul (n=37) (=28)
Type of house

Single house 7 21
Apartment 30 7
Attached garage 0 17
Inside smoker 20 2
Gas range 37 16
Gas water heater 29 8
Kerosene heater 8 0
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Table 2. Measured NO: concentrations of indoor and
outdoor for daily 21 days in Seoul and 30
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Table 3. Calculated penetration factor and source strength factor by equation (7) in Seoul and Brisbane
Penetration factor Source strength factor
(Slope : A) (Intercept : B)
M=SD Range M+SD Range
Seoul(n=237) Gas range(n=37) 0.58+0.12 0.26~0.82 9.12+4.50 2.13~19.40
Electric range(n=16) 0.65£0.18 0.44~0.72 1.49+1.25 0.09~4.35
Brisbane(n=28) Gas range(n=12) 0.56+0.12 0.46~1.10 5.77+355 2.38~10.23
Sub mean 0.59+0.14 0.44~1.10 3.24+323 0.09~10.23
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Fig. 1. Frequency distribution of air exchange rate
hour in Seoul and Brisbane.

Table 4. Coefficients of determination (R®) between daily indoor and outdoor NO; concentrations for 21 days in

Seoul and for 30 days in Brisbane

Coefficient of

determination (R) Minimum Maximum
Seoulin=37) Gas range(n=37) 0.52+0.20 0.18 0.85
Electric range(n=16) 0.70+0.13 0.45 0.87
Brisbane(n=27) Gas range(n=11) 057+0.21 0.18 092
Sub mean 0.64+0.18

Table 5. Estimated air exchange rate in electric and gas ranges by mass balance model in Seoul and Brisbane

Air exchange rate

(Geometric mean Geometric standard Minimum Maximum
(ACH) deviation (ACH) (ACH)
Seoul(n=37) 1.15 1.73 031 371
Brisbane(n=27) 1.10 151 054 2.03
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Table 6. Estimated NO; source strengths in electric and gas ranges by mass balance model in Seoul and Brisbane

NO2 source strength

Mean Standard Minimum Maximum
(ppb/hr) deviation (ppb/hr) (ppb/hr)
Seoul(n=37) Gas range(n=37) 168 8.2 35 39.8
Electric range(n=16) 28 26 03 96
Brisbane(n=27) Gas range(n=11) 12.7 98 4.1 331
Sub mean 6.9 8.1
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