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Abstract

lndoor and outdoor NO,conccntrations、 vcrc measurcd and comparcd silntlltancously、 vith pcrsonal NOE exposurcs

for 25 university studcnts for 2 days cach on wcckdays and 、 veekcnds. House characteristics and activity pattcrlls

、vcrc used to dctcrHlinc thc ilnpacts of thcsc factors on pcrsonal cxposurc. During thc 48-hollr monitoring pcriod、

nlcan indoor and outdoor NOE conccntrations、 vcrc 26.l ppb and 32.り ppb o11 、vCCkdays, rcspcctivcly. and pcrsonal

cxposurc was 29,7 ppb. ヽ Vhilc mcan indoor and outdoor NC)]conccntrations on 、 vcckcnds、 vcrc 38.l ppb and 39.6

ppb rcspcctivcly pcrsonal cxposurc 、 vas 44.3 ppb Sincc univcrsity studcnts spcnt most of thetr tirnc indoors, their

NO]cxposurcs、 vcrc associatcd、vith illdoor NC)どlevels rathcr than outdoor NOぅ lcvcls both、vcckdavs and、 veckcnds

in spitc of differcnt tillle activity patterns. Usillg a tiinc―、vcighted avcragc modcl, pcrsonal NO]cxposurcs of thc

univcrsity studcnts、vcrc cstilnatcd by NO=mcasurcmcnts indoors at homc,indoors at school,and outdoors at homc.

Estimatcd pcrsonal NO]cxposurcs wcrc signincantly COrrclatcd with measurcd pcrsonal NO]cxposurcs(Spcarman r=

0.72),HowCVCr. cstimatcd pcrsonal NO]cxposurcs by thc timc― wcightcd avcragc modcl wcrc significantly

undcrcstimatcd,comparcd、 vith thc mcasurcd persomal NOE cxposurcs` This suggcsts that thc pcrs(〕nをil lNC)]cxpostlrc

of university studcnts is affectcd by other factors such as trallsportatlon.

Key、 庫ords:personal exposure,nitrogcn dioxide,tilne― 、veightcd average,transportation

1.INTRODUCT10N

Nitrogen dioxide(N02)is a by一 product of high
temperature fossil fuel combustion. Anthropogenic

NO]enllsslons frOn■ indoor and outdoor combustion

sources are some of the inost ubiquitous pollutants in

the  urban  environmenti).  Dcspitc  of thc  widc

distribution of sources,the indoor NCと concentration

is the dorllinant risk factor for personal expOsure.

Individuals ttwcrC fOund to spend about 90% of their

days indoors and about two― thirds of thc day inside

their home2).

卜ritrogen dioxide is a corrosive and highly oxidizing

gas 、vith a characteristic pungent odor, which has

been describcd as stinging,suffocating,and irritating.

A variety of human expcrirllental studies under

controlled conditions suggest that 卜 rO]may increasc

air、vay  response3).  some  chambcr  studies  、 vith

volunteers have shown a small effect on airway

response in asthmatics exposed to NO]concentrations

silnilar to those near home combustion appliances4).

The usage of a gas range has been identined as one

of the major factors contributing to indoor and

pcrsonal NOc cxposures.Thc use of a gas range

provided a mcan indoor/outdoor (1/0) NO]
concentration ratio of l.19, compared with O.69 for

those homes without gas rangesS). To date, personal

exposure to NO] has not been charactcrlzed in

Korcas though the usc of a gas rangc is coHllnOn,

Since certain human activities stand out as highcr

exposure risks, studies of human activity pattcrns

have recently taken on an increased cmphasis6). In

this study, indoor and outdoor NO]conccntrations

[2()()2]

、vere measured and compared silnultaneously 、 vith

personal cxposurcs for 25 university students on
、veckdays and wcekends. The purpose of this study

、vas to cstilnate the personal IWO]exposure by a tirne
― weighted average and to assess the personal N02

cxposure fronl different time activity pattcrns on

weekdays  and  weekends,  considering  university

students have varying activity patterns.

2.METHODS

Tilne activities of 25 univcrsity students with

silnultaneous 卜r02 measurements wcre investigated

during a 2 -day period in MIay 2000 in Onyang,

Korea.Participants, who all belonged to thc same

departrllent of Soonchunhyang University, filled out

an activity diary(Table l)abOut their horles and

thcir surroundings during the coursc of thc study and

a questionnaire regarding house characteristics. The

activity diary consisted of half― hour tilnc bands

during the daytimc and onc― hour tilne bands from

IIlidnight to 6 a.m.During a 2-day study period,

participants werc asked to report in this diary
、vhether thcy wcrc indoors at homc, school or

clscwherei outdoors at homc,school or clse、vherci or

in transit in any kind of motor vchicle or public

transportatlon.

N I i c r o c n v i r o n m c n t s  w h e r c  N O n  c O n c e n t r a t i o n s  w e r c

mcasured werc  indoors  and  outdoors  of their

rcsidence, and indoors and outdoors of their school.

During the same period, personal NOl exposures

werc measured for the 25 university studcnts. Each

student、vore a personal samplcr on their chest during

Dcpartlllcllt Of Environmcntal Hcalth Scicncc,Soonchunhyang Univcrsity,Korca
ltDcpart11lcnt of Environmcntal Hcalth,School of Public Hcalth,Scoul Nationa1 1」
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waking hours,placing it on a table or dresscr during

thc night or while taking a shower. Indoor samplcrs

were placed insidc each participant's house,at least 3

m from any combustion sources and 2 m from any

open window. Outdoor samplers were placed outside

each participant's home, at least l nl above the

ground, where they could not be ilmpactcd by rain.
Pcriods of N02 measurements of lecturc rooms and

hallways in school were fror1 9 a.m.to 5 ptrn.Passive

ilter badges(ToyO Roshi,Ltd.)were utilized for all

N02 measurements.The ttlter badges are small(5X

4Xl cm3)and lightWeight(15g), and they do not

involve pumps and othcr equipment7). The filter

badges absorb N02 into a triethanolanline solution on

a cellulose fiber filter.「Fhe use of a mass transfer

coefficient of O。10 cln/sec results in a measurement

error of less than 201%8)。 「Fhe exposed N02 badges

were analyzed with a spectrophotometer(Shimadzu

UV-1201).

Personal cxposure levels can be estilnated by the

tirne―weighted average of the rnicroenvironment

concentration9). Although all environmcnts were not

measured in this study, personal N02 exposure was

estilnated using indoor homc cxposure,indoor school

exposure and outdoor homc cxposure according to

equation(1):

ぇ=(rry・五十Orfr・θr+Srre s tt Sθ ′・SθF)/
(rrF+Orfr tt sr7+Sθ r)              (1)

Tablc l.Tablc of tilnc activity diary

Table 2.Housc charactcristics in 25 houses

Where P′ = estirnated tilne―weighted average of

personal NOO exposure for participant i,IIIIまnumbCr

of hours spcnt inside the home for participant i

during the sampling period, C)HIi number of hours

spent outside the home for participant i during the

sampling period, SII= number of hours spent inside

the school for participant i during the sampling

period, SOI= number of hours spent outside the
school for participant i during the sampling period,Ii
三 meaSured average indoor N02 concentration for

participant i, 01= measured average outdoor N02
concentration for participant i,Si=Ineasured average

indoor school N02 concentration for participant i and

SC)i =  mcasured  average  outdoor  school  N02

concentration for participant i.

3.RESULTS

3.l House characteristics and til■e activity pattern

The mean age of participants was 19.6 ±  2.6 and

the number of males and females were ll and 14,

respectively. The average number of fanllly members

was 3.8.Twenty― three houses had gas ranges; only

the two students who livc in a dornlitory of the

university did not have gas rangcs. Thc mean gas

range usage was 2.l hours during thc sampling

periodl()).
Twenty一ive  university  students  completed  an

activity diary during the sampling perlod in Table 3.

The participants spent most of their tilne indoors.

The pcrcent of tilne spent indoors was 72.9ウ ろ and

Number of house with

house characteristic

the   Number of house without the

house characteristic

House type(Single detached house)

Prcscncc of smoker

Gas range

Commuting time per day(〈 60 min)

5

10

23

12

20

15

2

13

T a b l c  3 . F r a c t i o n  o f  t i m c s  o n  c a c h  w c c k d a y  a n d  w c e k e n d ( n = 2 5 )

Indoor Outdoor

Home   School C)ther
Near     Near

home   school
C)ther

Trans‐

portation

Weekday

(2 days)

%
40.4     25。 1

(± 1 1 . 7 ) (± 9 . 4 )

4 . 4      1 1 . 8

(± 5 , 1 ) (± 5 , 3 )

7 . 4

(± 8 . 9 )

3 . 1

(± 4 . 5 )

7 . 9

(± 7 . 4 )

Total% 72.9 19,3 7.8

69.0      0.7      13.1

( ± 20.3) ( ±  3.3) ( ±  14.0) (± 7 . 3 ) (± 1 . 8 ) (

5 . 6         4 . 7
主 7 . 7 )  (± 5 . 8 )

6.2 0.7
Weekend

(2 days)

%

Total% 82.8 12.5 4.7



82.8`ろ on each weekday and weekend, respectively.

The mean tilnc that participants spent in their homes

was 40.4 ±  11.71ろ on weekdays and 69.0 ±  20。31ろ

on weekends. Transportation time fractions such as

conllnutes were 7.9 ±  7.4`ろ and 4.7 ±  5.8巧ろ on

each weekday and weekend,respectivcly.

3.2 1ndoor and outdoor N()2 1eVels and personal

exposure

The measured N02 COnCentrations and the mean

1 / O  N 0 2  r a t i O s  a r e  s h o w n  i n  T a b l e  4 . M I e a n  p e r s o n a l

N02 eXpOsure concentrations were between the mean

indoor and outdoor conccntrations on weekdays, but

higher than mean indoor and outdoor concentrations

on wcekends. ヽ 在ean N02 1/O concentration ratios

were O,8 on weekdays and O,9 on weekendst NItean

indoor and outdoor N02 COnCentrations at the school
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for 2 weekdays were 19.5 ±  5。2ppb and 21.9 ±  3.2

ppb, respectively. On weckends,indoor and outdoor
N02 COnCentrations at the school were 17.6± 2.3 ppb

and 20.3 ± 2.5 ppb,respectively.

Indoor  N02  COnCentrations  were  significantly

correlated with outdoor N02 COnCentrations,  as

shown in Fig. 1.The Speanman correlation coefficients

on weekdays and weekends were O.92 and O.90,

respectively, Personal N02 eXpOsures were correlated

more strongly with indoor NC)2 COnCentrations both

on weekdays and weekcnds, as shown in Fig. 2. The

Spearman correlation coefficients were O,76 and O。 64

on weekdays and wcekends,respectively.

3.3 EstiIIlation of personal N02 eXpOsure

Since university students spent most of their tilnc

indoors, personal N02 exposures could be estilnated

(uniti ppb)Table 4.ト ッIeasure N02 COnCentrations and personal exposurc

Indoor Outdoor 1/O Personal

Weekday(2 days)

Weekend (2 days)

2 6 . 1  ± 10 . 6

3 8 . 1  ± 11 . 4

3 2 . 9  ± 14 . 5

3 9 . 6  ± 12 . 4

0 . 8  ± 0 . 2

0 . 9  ± 0。2

29 . 7  ± 10。1

44.3 ±  13.0
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with combinations of tirlle activity patterns and N02

concentrations measured in cach Hlicroenvironmcnt.

Although all environmcnts wcrc not mcasurcd,

personal N02 exposure 、 vas estilnated by indoor

home exposure, outdoor home exposure, indoor

school exposure,and outdoor school exposure using a

tilne activity diary. By combining personal N02

cxposures both on weekdays and weekends, the

measured personal N02 exposures were significandy

associated with the estimated personal exposures with

a Spearman correlation coefncient of O.72(p<0.01)

as shown in Fig. 3. Association between estimated

personal N02 exposurc and measurcd exposurc yiclds
a slope of O.74.The lneasured personal N02 exposure

(33.8 ± 11.5 ppb)waS higher than thc cstinlatcd

personal exposure(31.0±  11.9 ppb).

4.DISCUSS10N

Prcvious studics on thc prccision of passivc filtcr

badges indicated an overcstimation of 22 1ろ  for NOぅ

frorII the passive diffuslon tube model silnulationil)。

Therefore 10 replicate measurements for the passive

filter badges in this study were carried out and

produced  a  precision  of  6.5`ろ .  NItean  NOぅ

conccntration for blank samples with 10 passivc filtcr

badges was l.5 ppb,which means there、 vas no severe

ilnpact  on  N02  concentrations  between  study

completion and analysis.

Regression analysis indicates that indoor NOっ

concentrations were about 90ウ ろ of outdoor lcvcls.

Sexton et al。
1213)eStirnated the annual indoor NOぅ

level to be about 60,ろ  of the outdoor level in homes

without gas ranges. This difference was considered in

that outdoor NOぅ  level could strongly affect thc

indoor level becausc the Hlild and warm climate

during  the  sampling period  made  the  house's

ventilation high.The presence of gas ranges provided

mean 1/O N02 COnCentration ratios of O.8 and O,9 on

wcckdays  and  weekends,  respectively.  Tobacco

slnoking as a source of NC)2 did not havc a significant

effect on indoor N02 concentration (p>0.05).

Tobacco  sIIIOke  Could  be  considered  to  have

negligible elnisslons compared to the use of a gas

range14).

The difference between the calculatcd valucs of Pi

obtained from equation(1)using the data and the

mcasured personal exposure can be explained by

exposure   to   other   IIlicroenvironments.   The

conccntrations in diffcrcnt lnicroenvironments were

estilnated as the regresslon coefficicnt,b,in cquation

( 2 ) .

P 一 え
= あ

抑
・

身 。 十 う徹 , 十r T r " °ネ o + 0 の + う r ・ F 7  ( 2 )

Whcrc, P = mcasurcd pcrsonal NO] cxposure

(ppb),FI()=fraction of hours spent insidc othcr than
home and school, F(so tt OO)= fraction of hours spent

outside other than near home and near school, and

FI=fraction of hours spent on transportation.

The results of the multiple regrcssion analysis arc

shown in Table 5. The regresslon cocfficicnt for

transportation  was  statistically  significant.  These

results indicate the need for future research on

personal exposure during transportation such as
commutes because the major contribution to air

pollution in a metropolitan area is gcncrally from
traffic eHlisslon.

5,CONCLUS10N

This study provides the measurement of university

students'NO]cxposurcs in Korca. According to tilne

activity patterns, some population groups could be

risks for highcr cxposure to air pollutants. Since

university students are generally young and highly

active,  their  NO] exposures  on  weekdays  and

wcckcnds wcre llleasured using a passive samplcr and

estilnated using a tilne weighted average model.In

addition, the personal NO]exposures on 、 veekdays

and weekends were compared with activity patterns.

Although personal N02 exposures were different

between weekdays and weekends, personal N02

cxposures were significantly more closcly associatcd

、vith indoor NOn cOncentrations than with outdoor

NC)2 concentrations.The estilnated personal N02

exposure fronl the tilnc一、vcighted average model was

significantly  lower  than  the  measured  personal

exposure. This result indicates that personal NO]

exposures are also affcctcd signincantly by other

factors such as transportation,
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Table 5. Estilnatcd NOn cOnccntrations and fraction of tirne in threc environments

Regression coefficient tt SE Fraction of time(%)  Sig.

10

Indoor other than

Outside other than

Transportation

home and school

home and school

-0.07

-0.43

1.33

± 0。3

± 0 . 5

± 1 . 3

1 0 . 2  ± 1 1 . 9

4 . 3  ± 6 . 3

6 . 3  ± 6。8

0.825

0 . 4 1 5

0 , 0 1 5
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