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Estimating Personal Exposures to Air Pollutants in University
Students Using Exposure Scenario
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Abstract

Studies evaluating the health effects of hazardous air pollutants assume that peopl€'s exposure to typica pollutant level is
the same as specific regiona pollutant level. However, depending on social and demographic factors, time-activity pattern of
people can vary widely. Since most people live in indoor environments over 88% of the day, evaluating exposure to
hazardous air pollutants is hard to characterize. Objective of this study was to estimate the exposure levels of university
students of NO,, VOCS(BTEX) and PM 1 using the scenarios with time-activity pattern and indoor concentrations. Using data
from time-use survey of National Statistical Office in 2009, we investigated time-activity pattern of university students and
hourly magjor action. A total of 1,057 university students on weekday and 640 on weekend spent their times at indoor house
13.04 hr(54.32%), other indoors 7.70 hr(32.06%), and transportation 2.36 hr(9.83%). Indoor environments in which
university students spent their times were mainly house and school. Air pollutants concentrations of other indoor
environments except house and school such as bar, internet cafe and billiard hall were higher than outdoors, indicating that
indoor to outdoor ratios were above 1. According to three types of exposure scenarios, exposure to air pollutants could be

reduced by going home &fter school.
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(Nieuwenhuijsen 5, 2002; Yang 5, 2009).

Aol 37] LRBA) Hrot B, Ve Y
7I%k 7 8HE o] odgke o, 3}
7] LJEH =EE7] A
oA G 7|Z S gloma
7reE(time-activity) <
OlEl(Woo 5, 2011). A 3714
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2.1, CHEHMO| A|ZHEE OFAL

=20

EAIA 0] 2000 AYSHA|7ERAF AFE(ZE HY 24,256

W, 52 16,270%) 5 o] 31900, B 1,057, 5
o 6431, & 1,700% 0] ke FEste] et
o} cHEhA(AIBHAY) S o) AZFERERATE A7k 2
5 op, PR AT Fa W9)E B

(National Statlstlcal Office, 2009). E3t, th7-32IA|

o 751 Qs 307 9] S AR AR
o A4 211 AL BE S 519100, 2000
AR o) N7keRs op kel vlm 7} shelek. A7k
B AX| Fejis 7120] AT AHEH AN 2
sto] Qi 5yt on], Al7te] S el Aol v

FE | EA)S SRS Ho] glow], 1 4|7 o] 2ol
A 50 WES 71S3HES Hofgich ARFESlE ©

# 6A](06:00)5E] ©.3 124](24:00) 714 30%50]
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ARk TEBte] 1A17E T91R A stelk(Byun 5,
2010; Lee %, 2011).

2.2, Hiel 37| *ESHe 8 ¥ 24

2001149 99Y(=2 o18)¥ 201149 12€(AR)l
e Aol 7ok 91 30e) Tfb S Tk
2 754 A=A F]7](passive samplen) & ©
4-5U7k 7} tfsho] AL Sl T et A
oAl NOx(Toyo Roshi Kaisha Ltd., Japan)2}
VOC(BTEX, OVM#3500, 3M, USA) = =435}%.0.
o, PMye Z=7|(TSI SidePak AMS510 Persona
Aerosol Monitor, USA)E o|-&3lo] A3tk &
§_}, 7]]:/} /ULH §].2Io 7]—94/0 Ek]_ﬂ]— PC]:H— _Q_/U;g
%7, G 5ol A VOCS(tenax-TA S o]-8-3F active
Sﬂmplmg)ﬂ]r PMioS A 2Joll A A5 en, A
A wAdAdE  AuolAnt 2.
Tenax-TAS] 922 0.2 L/mine 2 3087113 =4
19131, PMio tenax-TASHE 15+ Al efol) 2451900

NO, 2] B4-2 %] sulfanilic acid 5 g, phosphoric
acid(85%) 50 mL2} NEDA(N(1-naphtyll) ethylene
diamine dihydrochloride, 98%) 0.05 g2 o|-&3}o] v
A AJef(color reagent) 1 LS Al=sk3ieh 21 oh A
et BAEs ko Adstl 3718 A
(chamben) 2 1417 Aluje] §7] dBHo] gl
A, & NOL7| gl Al o] Z31E(clean room)2to]]
A 554 ARAF71E lste] cellulose TElS A
Aol] Yt obA] Al 23k A oF 10 mLE Al
Flsto] Hggh 3 WA o] o FEs] ISt
717MA = oF 40& 7hFo] A-QEm, WAE AJoke
UV-visble spectrophotometer(UV-1650, Shimadzu,
Japan) & 545 nmej| A BA5FATHYang 5, 2005).

VOCS(BTEX) Q] B412 0]83lekA(CS,) 1.5 mL
2 g&sle] 7tAa2ntgE 7 5)(GC, Turbo Mass
Goald, Perkin dmer, USA)2 451411, #5232
GCZ Afslo] A 23 & A (DS A3t
o F=5 AL HAESHA(limit of detection,
LOD)+= & 7Fsdt #2589 ol-8sto] 73] 4]
T F2UA uf(3xEFHA)E St Daisey
£ 1994). VOCs % 27 20| ¥lAl, oA, =
2l 2olale] HETA 717 0.34

W

ppb, 0.04 ppb,

Rl BV AEH =2 49
0.04 ppb, 0.25 ppb o]3ich
WB
C=—"=(ppm) €y

o] 7] A, W: VOCs®| (i), B: &=, 1 &2ta
"

Tenax-TAL= 131402 300°Col|A] LHl71A(He)
o] 2J3}] 100 mL/mine] f-&Fo 2 1587 G2kt 31 &
-10TC 9] A2 S=E oA s25 5 320Co)| A 23¢
dgkztE]e] GCMSE  EAaHqlck. 18, TS
SidePak AM510 Personal Aerosol MonitorS £3) =
g PM1o2] 5= dlo|El+= datarloggere] <]sf 15
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A 7.70 hr(32.06%), 412] 0.91 hr(3.78%), ©]% 2.36
hr(9.83%) 712} AlXke K= A o= Yepsth 5
2 PorA o g FeElduiofA] 16.10 hr(67.07%), 7|
EFAY 2.01 hr(20.91%), 419 1.08 hr(4.49%), ©]%
1.81 hr(7. 53%) o|ict. -2t} tieE2 HYat
o] o F Rt Ak AW el A U
o, Nﬂﬂ—%—”" e o o Sk vt HA
Q1 Z 31,63478 9] ook QI HATE 1‘41“2& Bl
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Table 1. Time-activity pattern analysis of university students with time use survey of the Korea National Statistical Office

Interquartile range

+ 0,
M+SD. Sum (%) Range 25% 50% 75%
Residentid 13.04+3.68
door et a3 86.38 Comao 1033 1267 1517
adtivity i%g%’r zééoégé/]é)g 0.0~22.50 567 783 990
Weekday Residential 0.02+0.06
(F=1,067) Outdoor outdoor (0.08%) 3.78 0.0~0.60 0.00 0.00 0.00
activity Other 0.89+0.72 e
ner 708 0.0~7.60 042 073 118
Transport 2{3%%1086 0.83 0.0~10.83 150 217 300
Residential 16.10+4.83
door dent 7075 87.98 oo 1283 1642 1967
activity Other 5.01+3.89 R
Other X 0.0~19.25 188 432 758
Weekend Residential 0.04+0.10
(n=1643) Outdoor outdoor (0.15%) 449 0.0-1.20 0.00 0.00 0.00
adtivity et 1(-91‘514%)01)0 0.0-887 035 075 140
Transport 1(?]5—*3%56 7.53 0.0~9.00 083 15 250
Q)9] AI7teHE oFAF B4 ANE vpgho 2 v} gy} gishye] zlot 9zl A o] FEule
o] o gt A7 E g S Fig 13} Fig 2¢f o 24 235 Fig. 31 Fig. 4o YeR it ZgkollA
Qch Faleo] o]% 1 F(peak)= A 7~104] A o|FoJX| L YL 4~ 56.48% 2 7P =L HIEE
p
3
5}

ole] Bl AZHt 9.5 5~74] Afo]e] Bl = 7}
A7l RO, ©F 54] o] FiE] 9] 74 7]
B A1) 3ol A AI7HE B RS Bk S
o B¢ Helwh LS W, FLY 2 AUy
E0.9 A7kA) Zleh A BA AR B
P HGOom, o5 o 84 I0EFE ©.F 10

R7HA) B} vl opahe Lreh ot

Other indoors

100+ (32.06%)
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Fig. 2. Percentage of participants by the time of day in
weekday (n=1,057).
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Fig. 3. Percentage of participants by the time of day in
weekend (n=643).
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3.2, AMLie| 37| E=ER s

Sefuet theto] b B AGKE Bl F8
AL AEREQ 2870] FElolA] 20114 9U(=L
o}2)7} 20114 129(AL) Z4E NO, VOCs
(BTEX), PM©] %2 Table 30] LFehf2lch.

o] thetAe o] 131, ofshilo] 15 0|l
on), 73] 3o BT AR AEA 3HS 3
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Table 2. Time-activity pattern analyses of university studentsin this study

Sum Interquartile range
M+S.D. R
(%) ange X% 50%  75%
Residentid  11.52£2.14 80.06 975 1150 1294
Indoor indoor (48.16%) 8.60-16.42
activity Other 7.63+2.65 ' '
indoor (31.90%) 0.50~11.86 6.11 7.89 9.55
Summer Residential 0.43+0.58
(=28)  Outdoor outdoor (1.80%) 8.15 0.00-2.63 002 021 072
activity Other 1.52+1.59 T
outdoor (6.35%) 0.00~7.96 051 115 2.09
2.82+1.10
Transport (11.79%) 11.79 0.00~4.56 2.00 277 3.79
Residentia 14.78+3.30 89.19 1265 1544 1715
Indoor indoor (61.69%) 8.06-22.23
activity Other 6.59+3.03 ' '
indoor (27.50%) 0.83~12.38 475 5.64 8.80
Winter Residential 0.46+0.63
(n=28) Outdoor outdoor (1.92%) 4.80 0.00 041 0.55
activity Other 0.69+0.85 0.00-3.20
outdioor (2.88%) 0.00~3.80 0.00 0.37 1.07
Transport 144+1.13 6.01 0.00~5.20 0.50 1.35 2.05

(6.01%)
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Table 3. Air pollutants concentrations of residential indoors and outdoors

Residential indoor (1)

Residentia outdoor (O)

M+S.D. M+S.D. 110
(GM) Range (GM) Range
(';]'%) 2‘%?8*@%)73 5.73~39.87 24(-5’%%60 12.38~50.37 0.89+0.27
Bg‘;ﬁg‘e 0'5(’8“—;%)66 0.11~251 1'%3349)68 0.68~2.44 0.81+0.19
T?F')gg')‘e 5-%1121-)61 2.47-11.95 6.259-_#3(‘31.)19 0.61~34.43 0.9245.45
Summer Ethyl- 0.75+0.55 1.13+1.99
benzene Tooh 0.31~2.90 o5 0.35~11.03 1.08£0.89
(Ppb) : )
m, p-
Xylene 1'%(‘)%11')31 0.34~6.36 1-:(”0&8}3-;‘7 0.20~6.32 1.3741.42
(ppb) ) ’
(Eg\lllr#) 37(%%2)57 25.63~51.55 43('225%80 24.16~63.26 0.88+0.17
(ﬁ%) 25(';2%%)77 10.46~51.91 24(-%‘1'1%)81 6.42~35.13 1.10+0.43
Bg:;g‘e 0'?3@%)21 0.29-1.23 O'?ﬁ%)ﬂ 0.27~1.11 1.02+0.29
T?F');g;‘e 8'?2355')53 1.03-26.82 6-%2%)(’7 0.33-21.16 1.66+1.38
Winter Ethy!- 0.81+0.42 0.57+0.21
benzene ' (0—72') 0.23~2.06 '(033') 0.21~1.12 1.51+0.85
(Pppb) ) ’
m, p-
Xylene 1-?%%-)12 0.42~4.87 1-(()3349)40 0.23-2.14 1.75+1.38
(Ppb) : )
(@/"%%) 48'&%%%57 28.99~77.48 60'(%8;113?’)'88 35.19-89.56 0.81+0.14
= 714 21 X|(gas range) & ARE-5HaL Q%I (Jang 5, 2007; Lee %5, 2010; Yoon 5, 2006). 18
22 olgo] 2 NO©| FEA9] B FE U 2 ATNE 24 AVI7L 28 ofgo|nz Ze)

H|(1/O ratio)= 0.98+0.27-2 LFEF Tk NO¢ 1/0

ratio= AU BrA o] gl 749 0.5~0.60|1, Ayjo]
ZEAEQ1A] 5-2] BAHo] Q= 9= 0.8~1.2 Afo]

o] ghe Lhebiic. olefst 2& melshul el
Ayglo] 982 o 5= Uri(Yang 5, 2003). NO,2| 7
8419] 231 3512 50.37 ppb 0] 91001, 2417} 7]
#7711 60 ppb2 ZH5hA gket. wiRle] e
A 9] EEH]= 0.81+0.19 1 o]a}e] e Ul

oAck. iAle] Felaue) it i wale] ozt o

718177121 15 ppbS 2kt gpgkom, Felal
9j0) FErt FEA R L ghe Bk Ak

2V

© VOCs9] it A7} Alejurt 7] Uepdr}

A B71RFe] S71R gt sk AU Ao A7t
ot S22 WA H]S3E S Bolou, o
WA} 2l o] e A 9] - u]i= 77} 1.08+0.89
4 1.37+1.425 Uetljo] FelAY o] sevt o] &3
o 4= QLG PMyof] S| 5= 37.68+7.57
pg/m' 0]Qal, FERAlel= 43.85+9.80 yg/m, 18]l
FE A9 h&ulbo 88+0.17 o]tk
= H FeAYe] Frgke giiE =
o i*é??l Lgkoll wial wiAlS Alelst LFUW
9 o =2 A vehfigled, 110
ratio GA] PMy 2 A 9|5l % 1 OW"’ Urehof
= e STk
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Table 5. Exposure scenario using time-activity pattern and activity for university student

Time
Type Start End Run time Site(genera) Site(certain)
0:00 ~ 8:00 8:00 Residential indoor Home
8:.00 ~ 9:.00 1:00 Transport Subway or bus
Exposure 9:00 ~ 12:00 3:00 Other indoor Lecture room
scenario 12:00 ~ 13:00 1:00 Transport & other indoor Cafeteria
I 13:00 ~ 17:00 4:00 Other indoor Lectureroom
17:00 ~ 18:00 1:00 Transport Subway or bus
18:00 ~ 0:00 6:00 Residential indoor Home
0:00 ~ 8:00 8:00 Residentia indoor Home
8:00 ~ 9:00 1:.00 Transport Subway or bus
9:00 ~ 12:00 3:.00 Other indoor Lecture room
Exposure 12:00 ~ 13:.00 1:.00 Transport & other indoor Cafeteria
scenario 13:00 ~ 17:00 4:00 Other indoor Lecture room
i 17:.00 ~ 18:00 1:00 Transport & other indoor Cefeteria
18:00 ~ 21:00 3:00 Other indoor Library
21:00 ~ 22:00 1:00 Transport Subway or bus
22:00 ~ 24:00 2:00 Residential indoor Home
0:00 ~ 8:00 8:00 Residential indoor Home
8:00 ~ 9:00 1:00 Transport Subway or bus
Exposure 9:00 ~ 12:00 3:00 Other indoor_ Lecture room
senario 12:00 ~ 13:00 1:00 Transport & _other indoor Cafeteria
13:00 ~ 17:00 4:00 Other indoor Lecture room
il 17:00 ~ 19:30 2:30 Other indoor Entertainment
19:30 ~ 20:30 1:00 Transport Subway or bus
20:30 ~ 24:00 3:30 Residential indoor Home
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