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I. Introduction

Nitrogen dioxide(NQOy) is a by-product of high
fuel

indoor and outdoor combustion

temperature  fossil combustion. Various
anthropogenic
sources make the gas one of the most ubi-
quitous pollutants in urban environment.”
Despite of wide distribution of sources, indoor
NO:; concentration is the dominant risk factor to
personal exposure. Individuals were found to
spend about 90% of their days indoors and
about two-thirds of the day inside their homes.?

Nitrogen dioxide is a corrosive and highly
oxidizing gas with a characteristic pungent odor
which has been described as stinging, suf-
focating and irritating. A variety of human
experimental studies under controlled conditions
that may increase airway responsiveness.a) Some
chamber studies with volunteers have shown a
small

asthmatics exposed at NO: concentrations similar
45)

effect on airway responsiveness in
to near home combustion appliances.

The presence of a gas range has been
identified as one of the major factors con-
tributing to indoor and personal NO: exposures.
Significantly higher NO; exposures were 34.8ppb
and 205ppb in homes with and without gas
ranges, respectively.S) The use of a gas range
provided a mean indoor/outdoor(I/O) NO; ratio

Table 1. Table of time activity
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of 1.19, compared with 069 for those homes
without gas ranges.

Personal exposure is defined as the contact
between a pollutant and the personal receptor.
Exposure assessments are used to define the
magnitude and duration of exposure to indi-
viduals and populations. Personal exposure to
NO: has not been characterized
thought the usage of gas range is prevalent.

in Korea,

Since most people spend over 80% of their time
indoors, personal exposure can be approximated
time-weighted
environmental concentrations.

as the average of micro—
Since certain human activities stand out as

higher exposure, studies of human activity

patterns have recently taken on increased
emphasis.7‘8) In this study, time activities of 95
and 57 office workers in Seoul, Korea and in
Australia

personal NOz exposures using passive sampler,

Brisbane, were investigated with
respectively.

The purpose of this study was to estimate the
personal NQO» exposure using time weighted
average model. Estimated personal NO: expo-
sures were compared with measured personal
NO:; exposures. From frequency distribution of
measured NO: concentration, the estimation of
NO: exposure of office workers was simulated

using time weighted average model.

Indoor Outdoor Trans—
Home Office Other | Near home | Near Office | Other portation
6:00-6:29 AM
6:30-6:59
11:30-11:59
12:00-1:00 PM
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II. Methods

The time activity of 95 office workers and 57
office  workers was measured during 1-day
period in October 1999 in Seoul, Korea and in
June 1999 in Brisbane, Australia. Participants
filled out an activity diary about their homes
and their surroundings during the course of the
study (Table 1). The activity diary consisted of
half-hour time bands during the daytime and of
one-hour time bands form midnight to 6 am.
During 1-day study period, participants were
asked to report in this diary whether they were
indoors at home, work or elsewhere; outdoors at
home work or elsewhere; or in transit in any
form of motor vehicle or public transportation.

NO: concentrations and personal NO:z expo-
sures of residential indoor, residential outdoor
and workplace indoor were measured from six
offices located in Brisbane, Australia. In Seoul,
residential
workplace NO; concentrations, and personal NO»

Korea, the indoor, outdoor and
exposures measured by Levy et.al. were used.
Passive filter badges were utilized for all NO»
measurements. The filter badges are small
(5%4x1 cm) and light weight (15 g), and they do
not involve pumps and other equjpment.g) The
filter badges absorb NO: on a triethanolamine
solution on a cellulose fiber filterl2. The use of
a mass transfer coefficient of 0.10 cm/sec results
20%."”

Duplicates for filter badge were deployed once a

in a measurement error of under
week to ensure the integrity the data. The
exposed NO: badges were analyzed with a
spectrophotometer (Beckman DU 640).

Personal exposure can be approximately esti-
mated as the time-weighted average of micro-
environmental concentration. Although not all
in this study,
personal NO; exposure was estimated using

environments were measured

indoor home exposure, workplace exposure and

AEAN A A58 25(2000)

outdoor home exposure according to equation (1) :

P,': (IHI' I,+ OH] 0,+ VWI‘ VV;)

{(IH,+ OHp+ WI)) oY)

Where, Pi= estimated time-weighted average
personal NO: exposure for participant i, [H=
number of hours spent inside the home for
participant 1
number of hours spent outside the home for

during sampling period, OH=
participant 1 during sampling period, WIi= number
of hours spent inside the office for participant i
during sampling period, I;= measured average
indoor NO: concentration for participant i, O=
measured average outdoor NO: concentration for
participant i, Wi= measured average office NO;
concentration for participant I.

The personal exposure from the equation (1)
might be significantly lower than the measured
personal exposure, because not all microenviron-
mentals were measured. Using @Risk software
program(Palisade Co.), personal NO: exposure
were simulated by equation (1) from frequent
distribution of measured NO: concentrations."”

II. Results and Discussion

1. Analysis of time activity

A total of 95 office workers was recruited one
organization in Seoul. Mean age of participants
was 42.1(X7.6). The number of male and female
were 72 and 23 respectively. In Brisbane, 57
office workers were recruited in six organiza-
tions. Mean age of participants was 39(*9.1).
The number of male and female were 50 and 7
respectively.

Time activities of 95 workers in Seoul and 57
workers in Brisbane were compared in Table 2.
Fraction of seven environments by the time of
the day in Seoul was shown in Figure 1.
Fraction of indoor, outdoor and transportation by
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Table 2. Fraction of time in Brisbane, Australia and Seoul, Korea

Indoor Outdoor .
- - Transportation
Home | Office | Other | Near home |Near Office| Other
Total hours | 757.2| 4034 65.6 153 278 150 105.0
Brisbane, Mean hours 13.1 69 12 0.3 05 03 17
Australia (£49)] (£3.0)| (15 (£0.3) (£0.6)| (£05) (£09)
(57 workers) % 545 29.1 47 1.1 2.0 1.0 76
Total % 83.3 41 76
Total hours | 11305 7023 71.3 50.0 1145 585 146.0
Seoul, Mean h 119 74 0.8 05 1.2 06 15
Korea | Cn MO (19g)| (£35)] (£14)]  (+08)| (18] (£14) (£1.3)
(95 workers) % 497 30.9 31 22 5.0 2.6 6.4
Total % 83.8 9.8 6.4
100 |
20 |
80 : .
70 ‘ —*—Home
= 60 - = Office
.2
*g 50 ~&=QOther indoor
; 40 3 Near home
30 ~%=Near office
20 —®—Other outdoor
10 _’_Transportatmn
0 . =
“@ & @ @ @ @ @ @ &“ @ QP @ @ e‘ s@ & @ 3 '»@ S e“
= Ve T

Time

Figure 1. Fraction of seven environments by time of the day in Seoul, Korea.

the time of the day in Seoul was shown in

Figure 2.

Office workers in Seoul spent their more time

in office, comparing with workers in Brisbane.

in Brisbane spent

In transportation, workers
their time rather than those in Seoul. It was
considered as developed public traffic system in

Most in  Seoul
Brisbane were found to spend their times
indoors above 90% and about one-half of the
day inside their homes. Therefore, personal
exposure of NO: could be affected by indoor
NO: concentration.'*"?

Ninety—five participants in Seoul completed an

Seoul. office  workers and
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Figure 2. Fraction of indoor, outdoor, and transportation by time of the day in Seoul, Korea.

activity diary during the sampling period. The
participants spent majority of their time indoors.
Fraction of total time was 83.8%.
Participants spent 49.7% of their time in homes.
Participants stayed inside of the workplace
30.9%. Fraction of total outdoor time was 9.8%.
Transportation time accounted for 6.4%. Fifty-
five participants
activity diary during the sampling period. The

indoor

in Brisbane completed an

participants spent majority of their time indoors.
Total indoor time was 88%. Mean time that
participants spent in their homes was 54%.
Participants stayed inside of the workplace for

29%. Total outdoor time was 4%. About half of
the outdoor time was spent near the workplace.
Transportation time accounted for 7.7%.

2. Measurement of NO: concentra—
tions and personal NO2 exposure

The NO: concentrations and the mean /O
ratio in Seoul and Brisbane in winter are shown
in Table 3. As for those in Seoul, data
measured by Levy et al® were used. The NO;
concentrations both indoor and outdoor in Seoul
were higher than those in Brishane, though NO:

concentrations were not measured for same

Table 3. Mean and standard deviation of NO» measurements(ppb)

City and Country Indoor Outdoor Office Personal 1/O ratio
432+148 52.2%+20.0 250161 479+155
+
Seoul, Korea (n=31) (n=33) (n=7) (n=30) 1005
. . 105%56 145+58 182%5.0 150£5.2 +
Brisbane, Australia (n=57) ' (n=57) (n=57) (n=57) 08208

* Levy et al. 1998°.

A 8822 A154 235(2000)



|
|
|
|
\
\
|

I 335

[+ 4
‘ LN y=063x+1.39
| g Spearment =073

2 2
E :

20 - o o °
¢ a0

. §15 S 5

Sw{ S ogite N

o o?
5 )‘;o/ o ®

T R § o ° \

- 0 ° " r |
| 0 10 20 30 40
! Qutdoor NO, concentration (ppb)

Figure 3. Relationship between indoor and out-
door NO; measurements in Brisbane,
Australia.

period in both Seoul and Brisbane.
Indoor

with outdoor NO: concentrations, as shown in

NO: concentrations were correlated

Figure 3. The Spearman correlation coefficient
was (.73. Personal exposures were correlated
more strongly with indoor NO: concentrations
than with outdoor NO: concentrations, as shown
in Figures 4. The Spearman correlation coef-
049 for
compared with 0.42 for outdoor concentrations.

ficient was indoor concentrations,

3. Estimation of NO: exposure
Since most people spent their time indoors,
personal NO: exposure could be estimated with
combination time activity and NO: concentrations
measured in indoor, outdoor, and workplace
using equation (1). This time-weighted average
would omit transportation or time spent in other
indoor and outdoor environments, and would
contain some errors in workplace exposures
where participants were from multiple work-
The

sig-

places or extremely large workplaces.
estimated personal NO:» exposure was
nificantly associated with the measured personal
exposure with a Spearman correlation coefficient

of 058, as shown in Figure 5. The estimated

»
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Figure 4. Relationship between personal and in-
door NO: measurements in Brisbane,

Australia.
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Figure 5. Association between measured per—
sonal NO; exposure and estimated
personal exposure by microenviron—
mental model in Brisbane, Australia.

personal NO»
significantly lower than the measured personal
exposure of 15.2*5.3ppb (paired t-test, p<0.001).
Therefore differences between estimated personal
NO: concentration and measured personal NO;
concentration were considered as mainly trans—
portation part, as shown in Figure 2. Our fin—-
dings suggest a need of exposure assessment

exposure of 11.2+40ppb was

during transportation for the construction of an
accurate personal NO: exposure model.

KOREAN J. SANITATION Vol. 15, No 2, 2000
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4. Frequency distribution using

Monte—Carlo simulation
Using the time weighted average model,
Monte-Carlo simulation was operated. Generally
pollutants concentrations are log-normal distri-

) Assuming the NO: concentrations of

bution."
indoor, outdoor and workplace were distributed
as log—normal and time activity patterns were
normal distribution,

were estimated in Seoul and Brisbane, res-

personal NQO: exposures

pectively, as shown in Table 4 and Figure 6.

Table 4. Personal NO: exposure (ppb) by
Monte—Carlo simulation
Mean Min Max
Seoul 36.7(x10.9) 96 878
Brisbane | 13.7(%*4.1) 24 54.8
0.225 ——————— .
p Bris:bane_'. Au{;trall&li ' ;
2 ; I \—Seoul. Korea ' '
A B R S S Rt A
3 o o '
° : oo !
Fulisne ) A SEDAREETEE) SOREECEEEE doomeponamees
anast bl i 2 r
- = .

et :
10 20 30 40 S0 60 D B8O 90 100 1i0
NO, Concentration (ppb)

Figure 6. Monte-Carlo simulation of personal
NO; exposure by the time weighted
average model.

IV. Conclusions

This study was carried out to estimate the
personal NO
weighted average model,

exposure using simple time
comparing the time

activity pattern and measured NO: concen-

desaERA A158 232000

trations in Seoul, Korea and in DBrisbane,

Australia. The results of this study were as

follows ;

1. Spent times in indoor were 88.3% and 83.8%
in Seoul, Korea and in Brisbane, Australia
respectively.

2. Mean indoor and outdoor NO: concentrations,
and mean personal NO2 exposure were
10.5ppb(+5.6), 145pph(£58) and 182ppb(=*
50) respectively. Personal exposures were

NO:

concentrations (r=0.49) than with outdoor NO

correlated more strongly with indoor
concentrations (r=0.42).

3. Time weighted average model could be used
to estimate the personal NO:2 exposure. ‘
Estimated personal NO; exposure was sig-
nificantly associated with the measured per-
sonal exposure with a Spearman correlation
coefficient of 0.58.

4. Estimated personal NO:» exposure of 11.2ppb
(£4.0) was

measured personal exposure of 15.2ppb(%5.3).

significantly lower than the
Difference between estimated and measured
personal NO» exposures could be considered
as another factor like transportation.

5. Since most people spend their times in indoor,
microenvironmental model could be used to
estimate the personal NO:» exposure. Assu-
ming the NO: concentration is log—normal
distribution, personal NO:; exposures were
simulated. Simulated personal mean NO;
exposures were 36.7ppb(£10.9) and 13.7ppb(=*
4.1) in Seoul and in Brisbane, respectively.
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