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Background: People spend 80~90% of their day indoors, with only 10~20% of their time spent outdoors. Accepted September 12, 2024

Evaluating exposure accurately requires assessments based on an individual’s time-activity pattern.
Objectives: The purpose of this study is to evaluate the exposure and contribution rates of PM, ; by

microenvironment, identify related exposure factors, and suggest management measures and priorities.

Highlights:
Methods: This study analyzed the time-activity patterns of 3,984 weekday respondents in Seoul using data
) o i - The average person spends 22 hours
from the 2014 Time-Use Survey by Statistics Korea. The respondents were clustered, and occupational groups indoors, which is about 90% of their day.
were estimated by conducting a frequency analysis of sociodemographic factors. Location data was collected - The occupancy rate of other indoor
at 10-minute intervals, followed by exposure scenario construction and active simulations. When calculating environments is relatively low, but

Korean barbecue restaurants and pubs

the exposure and contribution rates of PM, ;, the Korean exposure factors handbook was used to account for
are included in the scenario, resulting

inhalation rates. ey 3
in high exposure concentrations and

Results: Most of the indoor microenvironments where people spend their time are residential. Students spend contribution rates.
the most time indoors at 22.7 hours per day, followed by senior citizens at 22.5 hours, office workers at 22.0 - The Time-Use Survey can provide
hours, and stay-at-home parents at 21.8 hours. Although people spend little time in spaces such as outdoors, valuable insights.

in transportation, and other indoor microenvironments, higher PM, ; concentrations significantly increase
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the contribution rates. Among all clusters, even though cluster 10 (office workers) and cluster 2 (night security
workers) spend relatively little time in other indoor microenvironments, such as Korean barbecue restaurants

and pubs, they were included in the scenarios, resulting in higher exposure concentrations and contribution
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rates.

Conclusions: The analysis of PM, ; exposure contribution rates by microenvironment revealed that the
highest exposure occurred in the ‘other indoor’ category, with Korean barbecue restaurants showing
the highest concentration levels among them. Based on the PM, ; exposure contribution rates in the

microenvironments, this study suggests priority locations and population groups for targeted management.
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A= ]=k ATUS (American Time-Use Survey), 7HHTHGeneral
Social Survey-Time Use), Y¥(Survey on Time Use & Leisure
Activities) 5O A AR AH(Time-Use Survey)”} 2= 11
UTE» = A (Statistics Korea)oll Al 1999F-E 51
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A AL AR E BET AT TE SAEE ZOIMHUXI(PM,5) =& % 7|8 ¥t

AY, SWIH, w5, wsAe), ZAZSIH, T2

PEF ZEZ AHEIIATY & A7) BARA
2 SPSS ver. 19 (IBM Co., USA)E AH&5to] ASIQIE4 9
A AIHE0E ) BE L G4 A= 7RIez W
A4S A

Table 1. Classification of microenvironments based on exposure
scenarios

Microenvironments

Indoor/outdoor Category Subcategory

Indoor Residential indoor
Office
School

Department store cultural
center

Workplace/school

Other indoor Shopping mall

Security office
Self-employed store (cafe)
Lecture room of university
Cafe

Study cafe/library

Pub

Internet cafe

Bookstore

Senior citizens hall
Supermarket

Traditional market

Private educational facility
General restaurant
Barbeque restaurant
Transportation Subway
Bus

Taxi
Private car

Outdoor Walking

Table 2. Specifications for devices to measure PM, ; concentration

2.2, & AR

=Z AU E Lee (2017)%9] AFPATLE 7|5t 2 24
St BAIAEY 2014 HEAIZIRAL Hlo|EE AF&sto] A
SEHA] AWE] AZFBEFAS BRI BAER
Abs 108 7HE 0.2 AAIE AR ol =404 9] 24l
9 P& AH 7|Yst= HAloltt A2 EEA SEA BY &
3,984 o2 A S B4 Yl At
H24A1ZE 108 7+ 9] 14470) B5(1387) e, 344 2
SRR, 1A ZE) F 47489 I5E ZHilote]
= AlHE| E A5l

ALATERAL Hlo|H & HIE O 2 4ASE S AYel A=

!

0|

TEskth AW 22 9 AU, 2/Sh, 71Er A, o
Lo R AESeleltt 7Ie Adl 82 S4AF, 7,
13, A, HIE So| ZgE AlESHE Sof 7 #+3 d
Fet FAHA I E S FHE & JEF A
(Table 1).

3. &H 29

7192 Ao mtet Aejgsol Hasto] shE 5 °F 90%

Aol A Bz o] 5do] BEAIIRALY A5 F4d
fAFSte] 2022 79 7URE 20229 8€¥ 3197 A
ROJE AAERE Y 248 AA7t Flo]A B A|(SidePak
AMS520, TSI Inc., USA)E =& AU Qo] wat 24 35
7] SAOA 24417 B 12 THA0 2 AL S5t tH(Fig.
1). PM,; BEE B4 A5 0322 AA519om 32 o] A
8.5 71719] AFFL Table 29+ 21, 24 A& A Zero filter S
ALgste] 717] WAL AA 3 Huo] L 1.7 L/minlE
S5tk

B =

4. = 3 7|48 "ot

PM, ;9 thet 5EE 7t 3 540l H-&sto] e
S AESIGTHA (1) 2 208 S48 e wEge
Sl 5 w4 9] A At SEES A8t =
FE2 HUY A Rl =E2AS HEH(2019)2 o8
sho] A9l E43 w3 16.21 m’/day, 4491 94 w4 13.03 m’/
day, =91 FHL 14.6 m*/dayE Z-g3}3]om 3 5HAyo] AHQ
St ofdlo|9] k& A5 AEE(2019)2 ol85to] 12.73 m’/
day S 28519}

SidePak AM520 (TSI Inc., USA) specification

Sensor type
Aerosol concentration range

Minimum resolution

90° light scattering, 650 nm laser diode
0.001~100 mg/m’
0.001 mg/m’
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Fig. 1. Measuring instruments used in the active-simulations
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AMS520 (TSI, United States of America)

2 74 worom A& 9 81 6.23 hr (25.96%), 71EF Ay
2.87 hr (11.94%), W54 1.48 hr (6.15%), 2] &5 A7+
2 0.65 hr (2.71%)2 UEFETHTable 4). AW 2484 & =
g Ao A 7hg w2 A7He Bl 38 19l #3(17.50 hr)
oln, 7]} A FH £3(6.83 hr), % 9 stu= Au)A
o7t 22 #3(9.50 hr), WEFH2 AHREE] 22 3
(2.00 hr), A< %ﬁi&%‘oﬂﬂit— APRZ] F22F 73(1.00 hr)
oA 7P B A7HS Bl Ao 2 SlEch

3. PM,, St &

Aol AAHOE Fofl 24 A A4S PM, 5
& $FS 4T ATE Table 591 AAISHYCE 10709 &
d % 1 G E o AJ9dAD L 5 FHRFA 2)& 7
7+ 2.3+3.5 pg/m’e} 2.3+3.3 pg/m’ 2 HE7F Eopon, Him
6 FRHRHEZ] 3)3t 2 FHCEIHA ot ZFEA)-S Z17F 18.2
+84.8 ug/m°?} 16.6+28.8 pg/m’E H =& YERGTH
PM, s 529 G 576.6 ug/m’E UEREOH, 10719 &
79 Bt B 714159 pg/m’E AFEEQICh

4. ZA8E 5 7|02 Yot
= ‘d? Hee] SAgFoIA Y PM, 5 =& 719
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Table 4. Microenvironments occupancy time (hr) for each cluster per exposure scenario

Indoor
Group Definition Residential . Workplace/ . Outdoor
indoor Other indoor school Transportation
1 Shopping mall night workers 15.33 2.67 3.67 1.50 0.83
2 Security office night workers 10.33 2.00 9.50 1.75 0.42
3 Primary and middle school students 14.67 2.00 6.00 0.83 0.50
4 Office worker 1 12.67 2.67 5.67 2.00 1.00
5 Office worker 2 10.67 1.50 9.33 2.00 0.50
6 Office worker 3 11.33 1.33 9.33 1.50 0.50
7 Self-employed workers 11.00 1.67 9.00 1.50 0.83
8 Senior citizens 17.50 4.17 0.83 1.00 0.50
9 University students 15.50 3.83 2.75 1.17 0.75
10 Housewives 15.00 6.83 - 1.50 0.67
Time spent average (hr) 13.40 2.87 6.23 1.48 0.65
Time spent average (%) 55.83 11.94 25.96 6.15 2.71
Table 5. PM, ; exposure concentration (ug/m’) for each cluster by exposure scenario
Percentile
Group Definition Mean+SD Min Max
25th 50th 75th
1 Shopping mall night 2.3£35 0.5 1.0 1.25 2.0 264
workers
2 Security office night 16.6+28.8 0.7 7.0 8.0 13.6 208.8
workers
3 Primary and middle 7.7+3.0 2.5 5.5 7.0 9.0 21.3
school students
4 Office worker 1 5.1£3.7 0.7 3.0 4.4 6.0 299
5 Office worker 2 2.3£3.3 1.0 1.0 2.0 2.0 33.8
6 Office worker 3 18.2+84.8 1.0 2.0 2.0 3.0 576.6
7 Self-employed workers 3.4+3.2 1.0 1.0 2.1 4.2 19.7
8 Senior citizens 3.0£1.8 1.0 2.0 2.0 4.0 10.6
9 University students 6.5+23.6 1.1 2.0 2.0 3.0 224.3
10 Housewives 6.0£3.7 1.0 3.0 4.7 7.1 16.2
SD: standard deviation.
V.1 & BE A AR F A eR Tt Auole 5

2 AtollA] ARl Q1(gE, A, A Bl wht
A7keHE 9 ERALS] Aolz F4eAE PM,of et ke
< 9 7]9d&0] b= Ueth ATl PM, s k=&
71] A9 YRR IOl 24E A9 5 2 Bl
o AAeE7tol gt SA7E E2AEFALS PM, s HEE
EE2ARE FARFNAY B ol wEk @A) HZel
® AT AIANEA HolEE Baato] AslelTE &
g, 9%, A 5)oll Wk AR E 15 (Similar Exposure
Group, SEG)C.& A5 SEGHE 24A17F 108 712 =4

3 PM, s =F B 7]ol&S H7IskeiTh
drile] & Aol HoledA s F HREe] AR

T+ 22.0 hr2 F 90%E AFAI5HH, £ Aol Ait= APA+
o} GAISH Antg yehytth® shge] 49 we B5(sh, st
A 5 AU Zo|(FHFEE AY, TV A1 5)E Ay A4 A7t
o] B2 Z7I8ItE 0 10l9] AL AlS|% A o] RES}
o 92 &S L7 497 ol 1S WA Yol A=
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Table 6. Exposure contribution rates from each cluster microenvironments
Cluster .Micro 'Rate of spent Exp(?sure . Dose* (ug/day) ‘Avef'age of
environments time per day (%) concentration (ug/m’) contribution rates (%)

(1) Shopping mall night ~ Residential indoor 63.9 13 211 7.2
workers Office/School 15.3 19 30.8 10.6
Other indoor 11.1 7.3 118.3 40.6

Transportation 6.3 5.3 85.9 294

Outdoor 3.5 2.2 35.7 12.2

(2) Security office night Residential indoor 43.1 7.6 123.2 6.6
workers Office/School 39.6 15.7 254.5 13.6
Other indoor 8.3 75.4 1222.2 65.5

Transportation 7.3 9.0 145.9 7.8

Outdoor 1.7 7.5 121.6 6.5

(3) Primary and middle ~ Residential indoor 61.1 9.0 114.6 26.2
school students Office/School 25.0 5.5 70.0 16.0
Other indoor 8.3 5.5 70.0 16.0

Transportation 35 6.2 78.9 18.0

Outdoor 2.1 8.2 104.4 23.8

(4) Office worker 1 Residential indoor 52.8 5.6 90.8 20.7
Office/School 23.6 3.0 48.6 11.1

Other indoor 11.1 7.8 126.4 28.9

Transportation 8.3 3.8 61.6 14.1

Outdoor 4.2 6.8 110.2 25.2

(5) Office worker 2 Residential indoor 444 14 18.2 8.5
Office/School 38.9 2.1 274 12.8

Other indoor 6.3 5.8 75.6 354

Transportation 8.3 49 63.8 299

Outdoor 2.1 2.2 28.7 134

(6) Office worker 3 Residential indoor 472 1.8 29.2 0.6
Office/School 38.9 2.4 38.9 0.8

Other indoor 5.6 285.0 4619.9 91.9

Transportation 6.3 3.0 48.6 1.0

Outdoor 2.1 17.8 288.5 5.7

(7) Self-employed Residential indoor 45.8 1.4 18.2 5.9
workers Office/School 37.5 4.3 56.0 18.1
Other indoor 6.9 10.6 138.1 44.5

Transportation 6.3 4.3 56.0 18.1

Outdoor 3.5 32 41.7 134

(8) Senior citizens Residential indoor 72.9 31 40.4 22.0
Office/School 3.5 1.2 15.6 8.5

Other indoor 17.4 2.7 35.2 19.1

Transportation 4.2 4.0 52.1 28.4

Outdoor 2.1 31 40.4 22.0

(9) University students Residential indoor 64.6 4.5 72.9 14.6
Office/School 11.5 1.9 30.8 6.1

Other indoor 16.0 20.3 329.1 65.7

Transportation 4.9 2.0 324 6.5

Outdoor 3.1 2.2 35.7 7.1

(10) Housewives Residential indoor 62.5 4.1 534 13.0
Other indoor 28.5 9.7 126.4 30.8

Transportation 6.3 4.3 56.0 13.7

Outdoor 2.8 134 174.6 42.5

*Dose: Respiration rate multiplied by the occupancy time in each microenvironments.
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