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2.2.3. A|AAR] (PMy, PMy5) =4 #H|

) AHA] =HL Portable Aerosol Spectrometer 11-D(Grimm Aerosol
Technik, Germany) 74 FHlE &&sto] ALd BFA AR A TAT= v
AR o] Jap sEE Ao R A48T

Portable Aerosol Spectrometer 11-D “gH]i= FAikgk wWhalof] 7|atsle] (.25
el A 35 Mo AA AVIE RS 58T F Avk. vAWAe] Y F
T (ug/m') W 715 AlgstH, A 3,000,000 particles/Le =74 A
%7 o] 7h58FeH(GAT, 2023)(3E 6).

Pl Ao =R In szololl FHIE AA% 5, 6% 149

EUE Y WA ow FREATGE 7).

19 3. Portable Aerosol Spectrometer 11-D =% #H]
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6

¥ 6. Portable Aerosol Spectrometer 11-D =74 7]7]9] A}k
Details of Portable Aerosol Spectrometer 11-D
Zu| Portable Aerosol Spectrometer 11-D
A ZA Grimm Aerosol Technik, Germany
574 e G2k w4 (Light Scattering Method)
A2k Z27] HE 0.25 um - 35 um
AY =4 %= 3,000,000 particles/L
¥ 7. Portable Aerosol Spectrometer 11-D 7]7]& &3k 53 W
Measurement Method of Portable Aerosol Spectrometer 11-D
=4 g5 PMyg, PMas (H91: pg/m’)
=4 7] % 247 AN BUHY
=7 Wy AF B2 W 1o ol 1718 WA se] A% %7
PMio: particulate matter less than 10 ¢m in diameter, PMy5: particulate matter less than

2.5 mm in diameter
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Asryg WA AEF 7 ALY ES] T WE 9 O ZfolE A ¢
) FAENS 35S EAREAS IBM SPSS Statistics(Version 27, IBM

Corp., Armonk, NY, USA)E &gl o, vAHR (PMy, PMys) &2

2wzt g 3] Alug oo mE FAA zlolE AHFAo® FAsH T
A 2P = zols HAASr] sl FHiER  t-7 4 (Independent
Samples t-test)S F3s}or, BE FATAL Fo4T a = 0.0594
AR Fg ztol7} U= A

AN SR, pvalueZF 0.05 7 RFQ1 745,

o= 73T
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A2y YA Ak A AT Py 2 Pl N 17 A Poks
ARZ W AFY A% S T FAHA. 274 s

= SE(Cm, pg/m)eF G §&= 7t mE 27AMEE 71§

stk Value: OR(ﬂg/msil)XC[nh(ﬂg/mz) .................................................. (3)

AVE 7R FE-WRe A (CR, per pg/m')E Bea.(2014)9] Aol A
2 PMyp % PMos %7F 10 pg/m 71 W] Z7AYES
7o 2 A E #s A8 T, P> CR = 0.0004 per ug/m', PMysi= CR

=0.0009 per pg/m7} 2% ATHE 8).

F 8. PMyp B Plhs =Fl W 27| AEE 7N SE-RESAlE

CR for mortality
Pollutant Age range 95% CI

, Reference
(10 pg/m)  (per pg/m) (Per 10 we/m’)
PMio 0.44% 0.0004 0.25, 0.63
All ages (Bae, 2014)
PMs 5 0.95% 0.0009 0.57, 1.34

CK: concentration-response coefficient, CI: confidence interval
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m. 4 =

v] A H 2] (PMyy, P 5) & H3l BA

Scenario 1(2#)olA PMpe 16.9 + 2.6 pg/m', PMyse 11.9 + 0.6 pg/m'
o], Scenario 2(¥H F Z7])NA PMp 16.6 £ 2.6 pg/m', Py 11.6
+ 0.5 pg/m', Scenario 3(AAZF7])oll A= PMy 2 PMos 22} 15.3 £ 2.9
pg/m', 11.0 £ 0.4 pg/m'= YEFHTHEE 9).

Ax AIZF A PMp ¥ Pl % 5438 7k & Ha Aa
Absk AeS BHATH(1¥ 4, 19 5). Incense A9} Incense B #|3% I+ &
ks FAA R FoetA ¥ sem AT (p > 0.05). ¥HH, Py
9 Pl 59 A st #7] Ay o U—Pﬁ‘r FEg AolE BHlom A=
¥ 10~139] A AISFATE. Scenario 1(EFH) AN PMype] F=7F o 84.5 ug
/m', Bt 48.9 pg/m', Py s H W 68.5 pg/m', Ht 44.0 pg/m'E YERLY
Avtd o2 71 22 wx Ay 3 vwd sgla kst A7 S

ol
o

-
T

Ko

Bt} Scenario 2(2#H & 37)(10-min))olAE PMpS H 43.6 ug/m’,
PMy 5= 38.6 pg/m'= Z7] HH el A Scenario 13 FAFEE iLE%=7F #3
Ao, IO%GQ 7] Y o]lF AxHom FonstA AT
Scenario 202 F #7](Full-time))ol A& Pl 3t 41.8 pg/m', Plsi
37.4 pg/mE 7] A o]F EwE= wEA i 5 A7 Gt &Aoo
2 9259}, Scenario 3(AABI) A E Py HiF 25.6 pg/m', Py =
21.3 pg/m'2 RE AL T P W v e 5 At ads

B3t
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=5
©

L ARG 3P

A AEE 7] Alve] ol mE Pl B PM 50 Wi s

Mean £ SD (Min, Max)

Scenario Products
PMyp (pg/m') PMys (ug/m')
Mean of 16.9 £ 2.6 11.9 £ 0.6
Incense A and B (13.0, 21.1) (10.3, 13.4)
17.0 = 2.8 12.0 £ 1.1
o) 7
1. 44 Incense A (12.1, 21.9) (9.2, 14.0)
Incense B 16.8 = 2.6 11.8 £ 0.7
(13.1, 20.6) (10.2, 13.2)
Mean of 16.6 £ 2.6 11.6 £ 0.5
Incense A and B (13.1, 20.4) (10.5, 12.8)
L 17.1 £ 2.7 12.0 £ 0.7
Wy = 37
2. &9 ¥ &7 Incense A (13.2, 21.3) (10.5, 13.5)
Incense B 16.1 £ 2.6 11.1 £ 0.6
(12.4, 20.4) (9.6, 12.7)
Mean of 15.3 £ 2.9 11.0 £ 0.4
Incense A and B (11.7, 19.5) (10.0, 12.2)
_ 15.1 £ 2.4 11.1 £ 0.6
2} 317
3. Ade] Incense A (12.0, 19.1) (10.0, 12.6)
Incense B 15.6 £ 3.5 10.9 £ 0.5
(10.9, 20.2) (9.3, 11.9)
SD: standard deviation, Min: minimum, Max: maximum.
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¥ 10. Scenario 1(8#)e] AEE PMyp 2 PMz 59 2% 5%
Scenario 1
Mean £ SD A P ,
5 5 D
(Min, Max)(ug/m*) ° ’ E
Pollutant Products He
Mean of 48.9 + 14.4

Incense A and B (25.0, 84.5) 37.3 480 o717 B B

47.4 £ 14.2

PMio Incense A (24.1. 86.4) 35.8 45.8 56.1
-1.6 0.11
50.4 + 15.0
Incense B (23.9. 87.5) 38.6 48.9 59.6
Mean of 44.0 £ 12.3
Incense A and B (24.0, 68.5) 33.0 429 542
42.5 £ 12.3
PM, 5 Incense A (23.3. 70.1) 31.3 40.5 52.8
-1.7 0.10
45.4 £ 12.8
Incense B (92.6. 76.7) 34.6 45.2 57.0

SD: standard deviation, Min: minimum, Max: maximum, /25 the 25" percentile, Py: the 50"
percentile, P the 75" percentile, ¢: test statistic from independent t-test, p: p-value
indicating statistical significance of differences between Incense A and B in each scenario.

* p-value < 0.05
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¥ 11. Scenario 2(2# % 3+7](10-min)) 9] A& PMy 2 Py 5o A 5%

Scenario 1
Mean £ SD A P ,
5 50 75 P
(Min, Max) ')
Pollutant Products in, Max) (ug/m
Mean of 43.6 * 16.6

Incense A and B (20.7, 85.9) 29.939.1 55.2 B B

43.2 £+ 16.3
PMio Incense A (19.8. 87.4) 30.0 39.1 54.6
0.5 0.61
43.9 £ 17.3
Incense B (17.9. 91.2) 29.7 39.2 55.2
Mean of 38.6 £ 15.1
Incense A and B (19.0, 69.7) 26.133.793.3
38.3 £ 14.8
PM, 5 Incense A (18.3. 72.4) 26.3 32.3 b51.5
0.6 0.58
38.9 £ 15.8
Incense B (15.6. 74.3) 25.7 35.0 55.7

SD: standard deviation, Min: minimum, Max: maximum, /25 the 25" percentile, Py: the 50"
percentile, P the 75" percentile, ¢: test statistic from independent t-test, p: p-value
indicating statistical significance of differences between Incense A and B in each scenario.

* p-value < 0.05
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¥ 12. Scenario 2(8¥ % 7] (Full-time)9 A= PMy E P59 A3 5%

Scenario 1
Mean £ SD A P ,
5 50 75 P
(Min, Max) ‘)
Pollutant Products in, Max) (ug/m
Mean of 41.8 + 18.2

Incense A and B (17.3, 85.9) 26.838.5 95.2 B B

40.9 = 18.3

PMio Incense A (16.6. 87.4) 25.8 37.7 54.6
0.5 0.61
42.7 £ 18.4
Incense B (18.0. 91.2) 27.7 39.1 55.2
Mean of 37.4 £ 16.3
Incense A and B (15.0, 69.7) 23.5 38.7 933
37.1 £ 15.9
PM, 5 Incense A (15.7. 72.4) 24.4 32.2 b51.5
0.6 0.58
37.7 £ 17.0
Incense B (14.4, 74.3) 22.5 35.0 55.7

SD: standard deviation, Min: minimum, Max: maximum, /25 the 25" percentile, Py: the 50"
percentile, P the 75" percentile, ¢: test statistic from independent t-test, p: p-value
indicating statistical significance of differences between Incense A and B in each scenario.

* p-value < 0.05
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¥ 13. Scenario 3(A1%H7])e] A5 Py %

2 AT Tk

Scenario 1
Mean £ SD A P ,
5 50 75 P
(Min, Max) ‘)
Pollutant Products in, Max) (ug/m
Mean of 25.6 £ 9.0
Incense A and B (12.8, 55.2) 18.823.3 304
24.2 £ 9.1
PMio Incense A (12.7. 48.8) 17.4 21.3 30.2
-2.6° 0.01
26.9 = 10.2
Incense B (11.8. 67.0) 20.1 24.4 32.4
Mean of 21.3 £ 7.7
Incense A and B (10.8, 46.6) 4.8 19.426.5
20.1 £ 8.1
PM, 5 Incense A (10.3, 41.1) 13.5 17.0 27.6
-1.3 0.21
22.5 + 8.8
Incense B (10.3. 60.7) 15.9 21.3 25.9

SD: standard deviation, Min: minimum, Max: maximum, /25 the 25" percentile, Py: the 50"
t: test statistic from independent t-test, p: p-value
indicating statistical significance of differences between Incense A and B in each scenario.

percentile, P the 75" percentile,

* p-value < 0.05
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100

80

60

40

20

Ventilation
mmmmm Scenario 1
s Scenario 2 (10-min)
mmmms Scenario 2 (Full-time)
s Scenario 3

(a) Incense A

100

Ventilation
mmmm Scenario 1
mm Scenario 2 (10-min)
80 mmmms Scenario 2 (Full-time)
s Scenario 3

(b) Incense B

60
40

20

Concentration of PM, s (ug/m’)

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Time (min)

a7 5. AEE g] Ay

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Time (min)

Qo wE

_23_



HI AR (P, Pies)el &S =871

ALy WA AHE Al TS W AIHA (P, Ps)el AW 37 T &
E(G)E A8t 59 =% #5(CwE AR 14, & 15). =%
AZPE Ah AS F48%] T w57 A WA s R SR AT
THA ] e Vo2 Y] Adged == HA2 018 deleold. =
ZA17F2 Scenario 1(E#H) 704, Scenario 2(2# % %7](10-min))% 60

& Scenario 2(&8¥ % 3}7](Full-time))+= 35%, Scenario 3(AAE7])&

30F o072 AAHATH(2Y 6, 1¥W 7). Scenario 1(Z)oA PMypy Z PMs 5

o Crp 2 2474 0.93 pg/m', 0.79 pg/m'= B AU T /M w2
FES U, ot WdE FrlAE Ak oFeE vWAWAL Fs)
Hoz AARNA @ob FY 7ol AN FAE & A AT

PMioe] C, a2 34.4 pug/m', Pose 29.4 pg/m=z Aa AS F43] F713
I B R 747'4 ARAoz2 astHA FRete A ®HI
Scenario 2(#H % 3+7](10-min))ol Al PMy 2 PMosel Cry #b Z42F 0.7
pg/m', 0.63 pg/m'E Scenario 1o Bla] ©& FFolglon} vl A =&
d =% F=7F FAEHAG. ol 7] WA AF =Tt
ol = etal, 107 ole @A frvow

SHAIZE e AAFSHER. PMyod PMsy sl G, #k2 Z+2F 32.0 pg/m’, 27.0 pg/
m' %2 YESTE. Scenario 208 % 3F7](Full-time))ol A PMyjy % PMy 59
Crn 82 242k 0.51 ug/m 0.46 pg/m= 10% 37| ZART WE 5 5

of m= A %ié}{— AeS Hom A& 377 5 =EF A7l ad
A olS AJALSITE. o]o] E oA v A FE S =EE7 Al oF 25
B oo]ate] 37 Azko] Bad Ao AT, Py C, S 37.9 ug/

o] 7] TELE w=F=2 ol A

o
o2 A AAHERAY. Scenario 3(AAZ7]) ol A
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PMio 2 PMy 59 Crp 362 Z2H2F 0.30 pg/m', 0.25 pg/m= EE AlYyge =
7 A Ve, o] A A gAY =27+F ol x| &7l 377}
m A e A B FRERE ollE F9 =F FE Al anAo=m

1A A& AT ¢ G Py R P 7H2t 25.6 pg/m', 21.3 pe/m'
2

2o A7 Yol sx27F &+
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I 14, P9 7] Aldgled 7] 5 5%(C)

!
ok

Y =F F5(Cwm) A

Exposure coefficient

Exposure time Comp
Scenario to G of PMy
¢, Exposure Frequency Cug/m)
) of PMip duration of use perm
Ur_“t thal (ng/m')  (h/use) (use/day)
t1me time
(min)  (min)
ik 0.1 70 34.4 1.2 0.28 0.93
10-min 0.1 60 32.0 1.0 0.28 0.74
EE I
371
Full-time 0.1 35 37.9 0.6 0.28 0.51
241 8- 7] 0.1 30 25.6 0.5 0.28 0.30

C,: time-weighted indoor air concentration of the substance,
Cran: Inhalation Exposure Concentration.
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3 15, PMps9] 37] Alveled 37 5 5%(C)

=)
el

Y == F=(Cm) A8

Exposure coefficient

Exposure time Comp
Scenario to G of PMy 5
¢, Exposure Frequency Cug/m)
) of PM2s duration of use perm
Ur_“t thal (ng/m')  (h/use) (use/day)
t1me time
(min)  (min)
U 0.1 70 29.4 1.2 0.28 0.79
10-min 0.1 60 27.0 1.0 0.28 0.63
EE I
371
Full-time 0.1 35 33.9 0.6 0.28 0.46
241 8- 7] 0.1 30 21.3 0.5 0.28 0.25

C,: time-weighted indoor air concentration of the substance,
Cran: Inhalation Exposure Concentration.
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3. HIAIHA] (PMo, PMes)2] 27 A3 B}

AT E day WEA ARE Al sk AR A8 ES] Py
2Pl ol tHEE @] =EE QIF 2VAE S7FE Ve s 98 =(Risk
Value) B Ao #13l%= A7HE(RRR)= AH8ste] 174 fsid s AF4os &
VST 16, 1% 8).

Scenario 1(2#])ol A PMpe 9eie k& 3.7 x 107& <19 10,0003 <k
3.7 Z7|AME LA 7HeAE AARSTE. Plso] A 7.1 X 107E Py
Hl oF 1.99) & 8] FEelw 10,0008 oF 7.1 27|AME 7hsAd el
AT}, Scenario 2(¥¥ % #7](10-min))olA PMyp 2 PM:59 9ldi% @2 7zt
7t 3.0 X 10*, 5.6 x 10'=2 7x3s9oem, o] Scenario 1 tiyu] z+z+
20.2%, 21.3% St FEoz I FEo W7F Hsi= il v|odes w
o]}, Scenario 2("H ¥ F 37](Full-time))ol A= PMpd H3l=7F 2.0 X
1071, PMyse 4.1 X 102 7rAste] Z+zF 45.0%, 42.4%9) A7 &3S 2
t}. Scenario 3(AFAEL7]) «] A9 PMpd YFEE 1.2 X 10, Py se= 2.2 X
10"= Scenario 1 tH] 27} 68.2%, 69.2%2] Yale A7ES e
of & AFtolA+= L7] e QIR 7MY f1de] $h7] WAl wep A

1
How webd & AeE A, A&Holn FRE BE A NG
1 o

=

o
e

e r AR 5 d&e HolE
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16, PMyy 2 PMy 59 37] Ava] 2 Risk Value AHA

Pollutant Scenario (uéﬁﬁ&) ((ugfﬁ;)fh Risk Value RRR
2 0.93 3.7 x 10 -
10-min 0.74 3.0 X 10" 20.2%
Py  EH F 3] 0.0004
Full-time  0.51 2.0 X 10" 45.0%
ZFA g7 0.30 1.2 X 10*  68.2%
) 0.79 7.1 x 10™ -
10-min 0.63 5.6 X 10" 21.3%
PMys HH & 37 0.0009
Full-time  0.46 4.1 X 10*  42.4%
ApA 517] 0.25 2.2 <X 10*  69.2%

Crp inhalation Exposure Concentration,
CK: concentration-response coefficient,
RRR: relative risk reduction compared to scenario 1.
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= ABSTRACT =

A Study on the Reduction of Inhalation Exposure

to Particulate Emissions from Burning Incense

Jimin Kim

Dept. of Environmental Health,
Graduate School of Public Health,
Yonsei University, Seoul, Korea

(Directed by Professor Changsoo Kim, M.D., Ph.D.)

Indoor air pollution caused by combustion-type air fresheners has
garnered increasing attention in recent years, particularly due to the
emission of fine particulate matter, which poses significant health
risks. Despite their widespread use in residential and commercial spaces
for aesthetic and cultural purposes, scientific evaluations of their
emission characteristics and associated health risks remain limited.

This study aimed to quantitatively assess the impact of burning incense
on indoor air quality by analyzing particulate matter (PMp, PMys)
generated during combustion under three different ventilation scenarios:
(1) no ventilation, (2) ventilation after combustion, and (3) continuous
natural ventilation throughout combustion. Based on these measurements,
inhalation exposure concentrations and health risks were evaluated to
inform safer usage practices and the development of effective exposure
mitigation strategies for indoor environments.

Two commercially available incense stick products, designated as
Incense A and Incense B, were selected for the experiments. Tests were

conducted in a sealed environmental chamber measuring approximately 3m’.
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Real-time particulate matter concentrations were measured using a
Portable Aerosol Spectrometer(Grimm 11-D), with data collected at
6-second intervals over a 90-minute period, encompassing baseline,
combustion, and post—combustion phases.

Results showed a sharp increase in particulate matter concentrations
immediately after ignition wunder all ventilation conditions, with
substantial differences in concentration levels and decay rates depending
on the scenario. In the absence of ventilation (Scenario 1), particulate
matter concentrations exceeded the WHO-recommended indoor air quality
guidelines, and the decay rate was the slowest among all scenarios,
resulting in the highest inhalation exposure and associated health risk.
Conversely, Scenario 3 (continuous natural ventilation) achieved the most
effective particulate matter reduction, with concentrations returning to
background levels within 30 minutes. Under this condition, health risks
associated with PMp and PMss were reduced by 68.2% and 69.2%,
respectively, compared to Scenario 1. Scenario 2 (ventilation initiated
after combustion) also showed significant reductions, with particulate
matter levels decreasing to baseline within approximately 25 minutes.
Health risks from PMjy and PMy s in this scenario were reduced by 45.0% and
42.4%, respectively, relative to the no-ventilation condition.

These findings emphasize the critical role of ventilation in mitigating
the adverse health effects of particulate matter generated from incense
combustion. This study provides scientific evidence on the health risks
posed by particulate pollutants emitted from burning incense and
underscores the importance of proper ventilation strategies. The findings
offer a basis for the development of health risk assessments and
environmental safety guidelines related to indoor air pollutant exposure.

Key words : Burning Incense, Particulate matter, Risk assessment,

Combustion By-Products, Inhalation exposure
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