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Abstract  The particle number concentrations (PNC) and mean sizes of ultrafine particles (UFP) were measured indoors
and outdoor simultaneously in a single-family house located near major roadways with heavy traffic. The mean PNC were
1.6(£10.0) X 10, 2.1(£4.1) X 10*, and 0.9(+0.8) X 10* particles - cm™ in ambient air, a living room adjacent to the kitchen on
the 1%t floor (LR1), and a bedroom on the 2™ floor (BR2), respectively. The median indoor to outdoor concentration ratios (I/O
ratio) were 0.87 (LR1) and 0.68 (BR2) for the entire period, 0.69 (LR1) and 0.53 (BR2) under the conditions with all windows
closed and no cooking activities, and 0.69 (LR1) and 0.81 (BR2) with windows opened on both the 1%t and 2" floor. The indoor
PNC levels were generally influenced by ambient PNC. However, indoor emissions (i.e., cooking activities) and infiltration of
outdoor PNC spikes led to high PNC spikes indoors (up to 42.3 x 10* particles - cm™ instantly) with time-lags depending on
the locations. The residence times of these indoor spikes varied significantly due to different ventilation conditions. The
median mean-size of UFP was 8.8% and 21.0% larger in LR1 and BR2, respectively, compared to that in ambient air. The mean
total deposition fractions in the human respiratory tract calculated with ICRP (International Commission on Radiological
Protection) model were 50.4% (ambient), 47.7% (LR1), and 44.4% (BR2). Of the aerosols deposited in the respiratory tract,
73.0% (ambient), 73.8% (LR1), and 74.5% (BR2) were deposited in the alveolar region, the deepest region of the respiratory
tract. These findings suggest that extended efforts to monitor indoor and outdoor PNC and size distributions in the regions
with a dense roadway network are needed.

Key words: Ultrafine particles, Indoor to outdoor ratio, Indoor particle number concentrations, Deposition fraction, Exposure
to indoor UFP
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Fig. 1. (a) Map of measurement site (red star represents the sampling house and red arrows denote distances from the high-
way (240 m) and adjacent arterial roadway (215 m)) and (b) schematic of indoor environments and locations of instruments
(black star denotes outside, green star indoor on the 1%t floor, and cyan star indoor on the 2" floor). Street in (b) is small (no

lane) and very quiet (with minimal traffic).

A FARBL BFAA TP BEGe] B DA

2 ZF oFQl 14059014 OF 240 m, 1-405 A& TR
HEE Q13 F QT 29 Sepulveda blvd. oA oF 215

Holzl Fojl YRI5k Qs B FElo|th(T1Y 1).
v e FHe guTE g2 £ 0 Fars
919] UFP B2 A g #elth (11
la). 27 A} ZEle 2 1500 AL 2

o] fAIstaL 23ll= AU 795°f Qlrt. UFP
SEL e AR YRS} oJHE uetsto] & 33L0]|A
SAOl 24417 9% SAE S F 39 A7) =

S Eolo] 7 oot 29 25 o A, 15
Aol A7t Ao AA = A Tt AL 7H
2t glo] =] 9l e (2F 1b, 15:2] ol A

pm=}

MR RN ae@Fol WY o, 1 9T
HAOR W 4 Qi X0l Y% Gk He]
ol

Aol olFo= Fahe Aol Ax|Ho] g gl

FEOIH( 2™ 1b, 15-9] 9% HA)

5732201319 49 99~119 F 3R Y=Y
AL 7FA9] AA AR BZo] olFelAl=
ol A Y=o ARt 733 Auie] UFP &= 4
& WYL 5 =S spolrh AL vIEAA =
AU FAEE2 A S7IblE 71590l 4

T

N,

]_

2
X

Hiﬂg’r L2 ZF (888 At
A= AR M} 8% o
7Fslic}. 730l 9] AparA el 7]
71 2ol 2E Auieig el |t 7]
2t AZFel0] 7|23} o]
AE =5 4 ASIh
oA ¢F 7.3km ol Loz
& oA e Aol AF ¢
= 2~4m/s L2 H%z}]oﬂg] H}2to] 245} 1l
L <1m/s9 i oFgt BEEA o] Hlgto] SA
7Vdz0] 4F3el T—ELO St Z] o]t} (Choi et al., 2013,
2012). wieba] 47130 Woll= R 22 HE] F
oF Zof| fIx|5tar Hollis Fa xR 0] A4 Zof 4]
ato] 29| o] Haslehe 54 7HIth 574
2192 4717191 49 &5+= A 13°C, 1 20°C
2 2315 7|38 "r o oojAr AUt Wil <]
ARgo] o]Fojz|2] ottt gt £ 7| 7ol A=

= O
WAYHA) SEOLL BT AR Z) g2 0|9l

o
olt

7]

ol
L
£

I
JT—L Mo
i Hd
£l -l,.l

I

0!

lo &
B

]_

i 2 2
i%
R

38

It
i
f
i}
lo g
=)
39

oo du Hoomo nlo

!
Fl!‘ 0

o

—

I\
o,
Ay
18
rlo
%

-

r ool
ol
jm
F
1o
of
odl
o

£ L2 e

i oof |

=13

»
_{
<t

2.2 UFP 38k £3717|
2 AFoA= UFPY 5% E S35t s

DiSCmini ultrafine particle counter (Matter Aerosol




CHEFEHOf M| AlLH®| LE=O|MHX] (UltraFine Particles) S

AEHES S8t AU UFP 2ES NI 55712 NE

279

(a) v° (b)
DM3 > & 1:1 line
DM4 & 10 O Al data points
...... Fit with DM3 Lo Data points used
..... Fit with DM4 -+ linear (Data points used)
g
£ 10°
‘= 5
g g
gg (3]
4
" 10*
# fe)
10* 10° 10° 10° 10° 10°
DiSCmini#3 and #4 DiSCmini #1 with tubing
(c) 100 T T T
— Discmini

90 - -O-sSmMPS

80 -

70
E sof 1 5 .
= Q i |
& s A o = ‘ I [
c ’\' Y b 1
8 » | O ' | ! IV
= } A l O o ' | §e | o ®'e,

30 0O o 0' ' | U " ! |

AW Py i 1A ! AR
20 ’ by ) / © 5 l "y.. K O l‘}‘l ol k| ‘ }'. o'®
[ 0 o 'y ¥e
’Z o’l".’ [.1 b I VY ﬁ".
10
0 1 1 1 ! | !
53 54 55 56 5.7 58 59 6 6.1 6.2
@
Second of day X1

Fig. 2. Intercomparison results between DiSCmini vs. CPC and SMPS. (a) 1: 1 comparison of readings between three DiSCmini
(1 sec data), (b) comparisons of CPC values with DiSCmini’s, (c) comparison of the mean particle sizes measured with DiSCmini
vs. SMPS. All figures are taken from Choi et al. (2016)’s supplementary information Figs. S4~S6.
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Fig. 3. Time-series of (a) particle number concentrations (PNC) and (b) mean particle sizes. Black solid line shows PNC at out-
side of the house, green dotted line PNC at kitchen in the 1% floor, and sky-blue line PNC in bedroom in the 2" floor. Red rect-
angle represents the period when oven was turned on, green rectangle the periods when a window was opened at down-
stairs, and sky-blue rectangle the period when a window was opened at upstairs. (a) Upper gray horizontal dashed line shows
the mean daytime PNC near the house in 2004 (Zhu et al., 2006) and lower dashed line shows the median daytime PNC in the

area of the house in 2011 (Choi et al., 2013).
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Fig. 4. Box plots of PNC for three distinct condition periods: entire period (left panel), windows-closed and no cooking activi-
ties (middle), and windows in both the first and second floor opened and no cooking activities (right). Red horizontal broken

lines denote the mean concentrations.
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Table 1. Statistical summary of observed PNC in three locations (outside, kitchen, and bedroom) for the entire monitoring peri-
od, under conditions of windows closed and oven-off, and under conditions of all windows opened and oven-off (1 sec. data

point).
PNC Entire period Windows closed/Oven-off Windows opened/Oven-off
(x 104partic|es-cm’3) (N=114,328) (N=55,975) (N=9,073)
and l/O ratio Amb2? Kit.> Bed Amb. Kit. Bed Amb. Kit. Bed
M PNC 1.63 2.14 0.92 1.13 0.74 0.53 1.70 117 1.38
p ia)n (10.03) (4.09) (0.81) (0.57) (0.33) (0.25) (0.27) (0.06) (0.12)
1/0 ratio® - 2.09 0.76 - 0.68 0.48 - 0.71 0.82
Median PNC 1.24 1.08 0.94 0.98 0.68 0.47 1.69 1.16 1.37
1/0 ratio® - 0.74 0.61 - 0.69 0.47 - 0.69 0.82
Lower 25% PNC 0.83 0.66 0.46 0.73 0.46 0.30 1.53 1.13 1.29
Upper 25% PNC 1.61 1.39 1.16 1.36 0.99 0.70 1.88 1.21 1.47
Upper 10% PNC 1.99 4.38 1.51 1.93 1.26 0.89 2.06 1.24 1.52

2Amb. denotes ambient air outside
bKit. denotes kitchen on the 1° floor

€I/0 ratio is the mean of I/O ratios for each pair of data points (not the ratio of the mean PNCs).
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AYZ¥st 4= it A= UFPZL QoA A=

g o), Bk 2 2719 date] FERge] 2 4t
o

oloj2Z A7]RAE HW5ke] 20 nm o2
Zol tisliA= 2717F 2425 1/0 ratio”} 74-9h
A X5+, McAuley et al. (2010) F3F m] =t EH3]
O] & 2ol QIFRE FElof| 4 o] S AT, 20 nm]|
A 7V 242 1/0 ratio (~0.2) & AAIoFATE A2+
AU E {48 YA i 27 A7 Jotag-S A
AAA AAERS 7HsAdolet. 27171 22 A=
Skt A7) wjs2oll 274 (dry deposition) Tt 22t
(coagulation)©] W2 4] XY=}t (Choi and Paulson,
2016; Seinfeld and Pandis, 2016). ©]= <135} UFP2] tf

71 & 82 PMys (A5 2.5 pm o519 AAVFE)

Hr} o9 &t (eF 4= A|7F ©|W) (Choi and Paulson,
2016; Kumar et al., 2010). Aol 7F-E3 i S

o9 ge

surface”} ZA5to] o] t7] ZHt a8

Ao g WA 4= gtk BE o] @9 27dofA

QE th719] UFP 57 BE R0 &3¢l AR

o B8olE 21} o 2 A

8
=
-

3 Az @A}

ge} ARl S4o] thev] HEoltt T2t
BE FEo] e AL o) ti7let A 2]
A9 W@Fa7] Aol7t 24| glot e g7]o] A%

T& (infiltration efficiency)©] T
ot =717} QA HA
21t HofA 3A] T,

S
.

L

O 0}O O o}
ITAE =

2~ 0
3l

Fgoll Hishrl= vt

3.2.2 ALi2| sxH|(Indoor/Outdoor ratio)2}

o

Ep

] o]0 A]

e 2
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Fig. 5. Scatter plot of Indoor PNC vs. ambient PNC (out-
door) and linear fits (black solid line: kitchen on 1% floor;
blue broken line: bedroom on 2" floor). Black circles denote

data measured in living room (adjacent to kitchen) and blue
stars in bedroom on 2" floor.

719] 5127} G AL N Al T} o
© FFol 3171 flzolnt. E3t s 71t
A48 Bt = Exe T FEE 018 1/0
ratio (¥ 1°] B E= SIS o83t Alth et E->
time-span®] At=4% (a pair of indoor and outdoor
data) 2.2 BE3t [/O ratios?] FHato|ur S5 Aol
of & 2fol& vrehdth (o, & 19] AA7I Bt &
L E 0|83} /O ratio=2.14/1.63 =131 vs. 2.09). ©] 9]
o= Q)7]et Auls=o] 1:1 AR Lol Y 21711
(linear fitting)= ©]-§5to] ¢t 71272 1/O ratios
EAY & AT (3™ 5). FEol E9]al 221850
e 713t A9 27124 S E53E 1O ratio
£ 15 7Y 25 A olA B & 1o AT PR
t} 22 0.63 (vs. 0.68)T} 0.45 (vs. 0.48)2 7] =5l
Al 712 WS 0]83} /0 ratio”} ThE D, wjo] what
e w2 2elE Hol7|® 5] miize] 1/0 ratio
E AAE di= F2of 7H A9t time-spans ©-&
Stof AEstal o5 HesHA AAD a7t 9l
oA el Aie] UFP 5k 5*1% de 5
Ko

M TATPL o} IS HUFE FHOE ofo]

Table 2. Summary of indoor/outdoor ratios of particle number concentrations reported in previous studies.

References

Notes Sampling
year

(x10*cm3) 1/0 ratio

Outdoor PNC

Indoor PNC
(x10*cm~3)

Site

0.6~0.9

Zhu et al.(2005)

2003

4 empty apartments (mean values for PNC)

Under infiltration conditions from

(70~100nm)
0.1~0.4

1.75

0.97

West Los Angeles, CA (USA)

(10~20nm)

0.29° Averaged mean PNC from 5 homes 2006 McAuley et al.(2010)

4.6

13

Buffalo, NY (USA)

Fuller et al.(2013)

2010

Averaged median values obtained from 18 homes

0.95

0.59

0.52

Somerville, MA (USA)

Meier et al.(2015)

2011~2012

Median values obtained from 80 homes

0.78

1.02

0.78

Basel, Geneva, Lugano (Switzerland)

Zhao et al.(2020)

2016~2017

Median values from 40 non-smoking homes

065

0.49

0.34

Leipzig (Germany)

2Ratio calculated with the overall median values of indoor and outdoor PNC.
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CHEZEHOf M| AlLHR| LE=O0|MHX]| (UltraFine Particles)

thet A A7} FiEs] Zaye vt ek 2 A58
o vlwstr] s AEigt AgALoA AR A

5Lt 1/0 ratio= Wit 2 25 UG
(029~0.95; & 2). ol A o] FHLH, AE+=
o A, AUzt AulelA el S, 718x1
al 5}7]814] Z0] thokst @ olof 7]olst Ao Hol
oh AB AT Q7 di7] § S FeEe
0.49~4.6 X 10* particles- cm 2] H & Ho 2 A+

717ke] Sk 1.24 X 10* particles- cm 22} F-AFSH
28 Wt AY HH 27 5= Agd o]
A 0.34~1.30 X 10* particles - cm™2] H L7} AA =]
=l 2 A1 AWsk S 1.08 X 10 par-
(1% AA) 2 0.94 % 10* particles- cm™ (2
2 A2 AgATo] L Q) otof| ZatET) Z7F
H VO ratios & ATIME 15 7ANA 074, 25
HAA 0.61& 71E5H=tl ol vl= mto]ofjn]
(0.95)9} FF85(0.29)5 ALt A e] Felo]AQ]
T2 9F FARY gholt}, el A Aot 2 A4y
O H|WE ETfE FEo)|A] UFP 4-5%L9] I/O ratio=
2k 0.5~08 A S UEHd Zo® 5 ey

ticles-cm™

SAIS%Z S8t AU UFP 2ES 4R

°ﬂ JOH FFe o

FEuea 2 a7}
SarEe 22 439 20 2 597]

ol AEE

Be ghae] solae] Z7hHel 477t e
B =RolAe 5 AR 0] BE0 R FR0|H
A 5ok 2ok

3.3 ALl IS 27|12 nsx R 2lst
AL} UFP xFAlZH(Residence time of
indoor PNC during emission/infiltration
events)

B FolME QagEe 5 A viET 98 1
355 spike®] AU o] I3t AU Wk WA 7]
7he] 4 WE B A ARAIZH] THAA
Eojsl 1} Ft,

s

éé

3.3.1 Al |: Q2|Z=0]| 2|5t AlL S
49 99 1630740l Qg5 o] 7|2E Yy B}
1R 13 AN &3t A EE 42.3 X 10* parti-
cles-cm™9] T 7} drAstgIh Q@ ejgkso] o2

o Kitchen (downstairs)
— fit curve for kitchen
7 Bedroom (upstaris)

%) — fit curve for bedroom
0.9h P
1 S # %06

£ % -O-Kitchen (downstairs) ‘ 3

: %{ D%, “*-Bedroom (upstairs) H

0.8 - g Y Bedroom (time corrected)| | £ 0.4

iox * S

Y 4

Normalized PNC

Fig. 6. Temporal variations of normalized PNC during cooking activity. Circles represent 5-min. average PNC in living room
adjacent to kitchen, gray stars in bedroom on 2" floor, and blue stars time-adjusted PNC variations in bedroom. Insert is a
decay plot of time-lag adjusted normalized PNC with time starting at peak concentration. Black and blue solid lines represent

exponential fits in living room and bedroom, respectively.
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RS o BE FE2 B9 Qe eHololA 15 A
Ao A sk oF 3A7F 54t

(2" 6). AHNA A st AYg = o.
239 HANA T SV RSE N 25 HA
oA o] st o]0 Fh pF O TFATH |7
£ F4ARE o 2 Qo] T @ AR AR5kl
(119 6). AUl UFP 59| oKL+ A5es
(exponentially) ©] FEIE & w5t7] wiZell (A 134 2)
AUE7] & AFAIES HsE2HE /687t 5
717421 9] 521 NdS 485t 15 AL
AFAITHE 0.75A13, 23 A= 224710 =
7V (1Y 69] A ™). ARARS JALE
oF 27| &5 9Fo] AR P 4= g7 vl HA
27|15 meket A AU AASKEE= 13 AL 2
3 ZAollA 247t 1328 h7'¢F 037207 R FIFE
Atk ol= 1™ 50014 AARE 15 AT 25 A
A19] 1/O ratio©] ZFo] 9t ARt (o]7] A4 27|& %

PNC (normalized) = 0.94¢™ 3281+ 0.02
(15 A4 R?=0.968) (1)

PNC (normalized) = 0.96¢™%3">1 -0.06
(2% HA:R*=0.979) )

3.3.2 Atz II: 2IF szl AER Q15 MLy

15T AR (Infiltration of outside plume)
44 109 16:00730] T8 A 27| 7 E
go 2 FAE= UFP MHIE 2FF9] &5o] 7|55
AL 7 7] F 23 HsE7t 3.6 10° parti-
cles- cm™*7}2] 2]%= Apzio] WAYSIGATH( LY 3). ©]
AL oF 38 Ak A&EY % wEA AR
A 79 53l 1.2 X 10* particles - cm7FA] 7+45FS]
ok AR A7 153 23] e BT
2ol Rl oF 1523 204 Hell 242t 15 AdT 23

AN L] Bt 5435] F7Iok3l o ARl

2 4215 ALY s=7t S7RRE o9 15 %

rE olo

= AFEEE dAE 4 dth). AAT AKX o] @5 o spike IFEO] AU F9 & 277 A
ARSI} GARBITH T 7Pt ol @ ol 8 @0 o]2old Aot ¥h 25 FEL ofds
=1 il T o = T X~ o "o
NEE B AR S 7G0T B 5 ek B Aol gglek
£ R0 9l 27HE 15 AMo] AUE, WS B AORRE T b BulRe AL o 5 9l
A, B Snfg o s ol A dHY H2 w Uth AA, YR v o2 RE AU 15E &
T QFete] 37 wgto] EIet S ZRRAL ek @ Aolofl AlZkA] o] Qlth= Holth(T1H 7). A A
-O- Outside (upstairs)
0 Kitchen (downstairs)
(2; 0. “# Bedroom (upstairs)
‘ 20 min _ %
1 ﬁ 0. 21.5 min

(&) ©

Z 08| g 0.4 T8\ W/ .. e

o 4

1]

N f 0.2

s °e ‘g “**‘*-tz.@;ZHDMDMDWD"D"-n-‘. :

g 04! ‘g‘."n 0! 6:0.00000000885EE56-

2 f:{"u_“n 0 0.5 1 1.5

0.2 | / ;{ "u"c"-nmu,.g | Hours
»g"* bt O g
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0 0.5 1 2 25 3

Fig. 7. Same as Fig. 6 except during the event of ambient-spike infiltration into indoor. Black circles represent 5-min. average
normalized PNC outdoor, blue squares in living room adjacent to kitchen, green stars in bedroom on 2" floor.
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CHEZEHOf M| AlLHR| LE=O0|MHX]| (UltraFine Particles)

o m2 g HE Fezka] o]ZA7H15 m)9F AR
HAEALS B sty oA 1/0 ratios
< off time—spanoﬂ we} gabd 4 9le-e oldst

] A2 time-span=
1/0 ratios 275t H I N
TAY717E 0139 time-spane -8 9= ¥

A

oh. & a‘%l S ”é;?o P%ﬁ}fﬁ =l

H1oodh of r2 32 ™ o Y
O H orlo e

)
n) m]o H oy
oX %2

T
I~

27k 1 49} 230]4 JEM A AA]
et 40 s 5ol SRk A
2F1/0 ratioS Z-23FTHH 1/0 ratio= 10.42} 1.9
E’rur\:]' I/O ratior= HEAS
£ (deposition rate) & AF=517] 5 Aokt
%%7] Qs AREE = g, olnf] <Rt A
AlZrx| Aol x74Jo] Fasto] AAIE v Uk

—
=
o
—
?—’P
=
O

T

(penetration factor)

éf:oﬂ.i,%l-ﬂ.l
N
>4

lo 1>

(Zhu et al., 2005).

A, 32 A=l v R 71| o AEE A
o1216] S AN 508 ol sltole] 2]
7F ARt Eﬂ QR AJZE 2]&5E 4 k= ol
2 AP9] A5 25 A ARAIZE(141)0] 1
% 714 @158 e AT 25 W] Adnr =

29k] A7} B 9ot /7] 9] A4 Afole]
ok A4o] EAekAlE o] del old 27
¥,15 A4 2ol 2 glo] $7lage] ol

7] BfEo =2 Heltk & AR oigt %‘@F} 171%
A Ay AASEE 1=

IS %
3),25 A A 4.78h7! (4] 4)0] %

(A3
PNC (normalized) = 0.824¢™ 293 + (.04
(1% A4 R*=0.962)

PNC (normalized) = 1.05¢ 4784t 4+0.02
(2= A4 R>=0.938)

3.4 Deposition ratios of inhaled particles

QF ti7|Ect Ay UFPY B+a7]+= ARtdoe=
Z AFE BEATHAE 4). ©] BI} = Meier et al. (2015)
9] Ao} LX|ohH 20 nm FLE O] 2F2 Y27t Hrk

SAIS%Z S8t AU UFP 2ES 41

ol
ok
~
rH
]
1
o

287

2 ARERT HEGE0] Yrh= Zhu et al. (2005)2F
McAuley et al. (2010)2] A3t A¥Hgo] St o]
g AAFA 71 9] Apoli= A oA 2] A& Aol of
715} (Choi and Kim, 2018; Oberdorster et al., 2005),
wreba] AUl UFP kZof o3t 74739] 43k B7Fst
= g 543 AxZ 282 4 ot Kumar et al.
(2014)2 S571 (5D Y + 71271 8A] + Hz2) o
AHEE= Y= UFPS 47} Auighe Ag3sta,
Tﬁ_—r]- 37]5'_31_@_ H]—dﬁ]—o;yﬂ _9_,9_7]_11:]- ;g;ﬂlg__ Og
= ZHAE Ao A= 0.669] BIH A= % A=
0412 Aottt o= 4T
41%7} AA| T-&713ol| A H-E oJu]gict.

2 Ao UFPL] Bt 7 o] thet 35718l 9]
282 ICRP model (ICRP, 1994)= ]%6}04 Ak
Stgich S4717F 25 di7]et AuellA S4e B+

SENT AR L 5E Bl V|Ee R ﬂT 7]

A 0.504, 15 AN 0477, 25 A& 0.444
2 A=/, QT 7ol vlsf 23 HAlolA el A
£0] 9F 10% %= FATH(LH 8a). LUt Ht T2
5 7)|vko] BEY H#go] F 4 oh—,].
g S5 7)1 Hls) QAo Bt 71
7% AWufEe] Hrh @30
FTFE E 5 71 "otk
2 AToA Atel AHE2 AR 5371 H (15D
o]

= A HA

IN'
r°“

, pharyngeal region)2] 73-%- A <]
£9] 9% ZHHQI ¥, $3XF 57|13 (7187 | 8 G
&, tracheobronchial) |4 9] H& &2 Q]H tf7]oA
A AA&9] 17.5%, 15 AdNA 17.0%, 25 J4
AL 164%2 BHYch 714 a3 7208 weiy]
L 513 58 7)3H(HEF Y, alveolar)2 &5 th7]o]
A A A2 73.0%, 15 AANA 73.8%, 25 F
Aol A 745%F HATHLE 8b). ol= 25 ti7], 15
A, 23 A S AA UFP 49 72t
35.4%, 33.5%, 30.9%7t 1A S&7|¢e] 7P &S
P HzF ol JAde oJu|eith Bl E flsf 1
um®] U7} AR, S, SR 5T de JAEHE
H|-go] ZZ} 28.5%, 2.7%, 12.2%°]™, 2.5 um YAH=
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Fig. 8. (a) Time-series of total deposition fractions of inhaled PNC in human respiratory tract in ambient air (black), in living
room on 1%t floor (blue), and in bedroom on 2" floor (green). Horizontal dashed lines represent the mean values. (b) Fractions
of the total deposition ratio for upper (pharyngeal-), middle (tracheobronchial-), and deeper (alveoli-region) respiratory tract.
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CHEFEHO M| AlLHR| LE=O|MHX] (UltraFine Particles) SA

*‘IH%?J .25 FERte] & =
AFAE 155 23004 036417 0.23417EC.
gs] Aotxich o]t Avb= EAoA UFPJ =
8 HjEdo] wEof ofet EEajEdS sk &
2o} T FHA = Bhoe FES Fot 9
H 2% UFPY| 9l abdstal @ e|d-sit 242
dUi ALzt IS wie 27 dgo] o]foi2=
& ZAJoNA UFPE] AlFAIZE F|Astofjof o
ARt

UFPO| Bt 27]= &7 Hls Aol A F7loh=
S et (S B27]: 917 41.0 nm
vs. 1% A4 44.6 nm vs. 25 F4A 49.6 nm). B3]
O] zfol= e AU=9] F¢) B&°] 20nm &

o] 2k 27t 2 Qite] Hlsf] W@7] wiizol A
oAl 22 dRFEo] A (deposition) T 2 (coagu-
lation) 7} -2 oJhbAS Foll F7HA 0= A AL
= 7FsA %k Qleh ey ol 2Rt B Sl dhiet P
Aol 7| BAe B =HoA FESH 2170 o+
& 2lof At %E} o|2fgt 27]9] Afol= QA 257
ol o] A &ofl FFE & 4 Uk FUR UFP
o] 3571 AA| A& (deposition ratio)-=> 2] T
71(50.4%)7F AW (15 A4 47.7%, 2% A 44.4%) K
oF =45 A 2 ooj2E F A 257
A 7P Zsdt HEg Aol AR vle2 AU 2T
A 74.5%, 15 714 73.8%)7F 15 7] (73.0%) 2t
EUTE 2717F 25 umd] YA AA 2571 1A
&2 85.8%% UFPHTE £2|0F HA] HAE 471
80.4%7} &+ 257111 Q1Y (pharyngeal)°ll F
5 BhH gz o= 12.5%%0] YA H o=
A S&71e] 2 H UFP2| H| 2
73~75%%}+ H| W F T},

2 A7 v=o dEFES SHUEC R 5H3L
54717 0] P E] o] =t o] AEE 714
£ 2104 drtelslr] ofelg A= <
gt T4 7] F UFPE AFaiEc] a3 si&d

>

RN

1552 S5 Al UFP RSN} 557|8 Hg 289

o]7] Wz =AM 2JF Bk o] 2 TheFe a9l
O = glsto] Z7pH Tt ofyet 57} Ujo] EAJe &
Al W] =4 EAe wepA e & 2pol7} yrEbdth
(Choi et al., 2016, 2013; Kumar et al., 2014). TEA]
UFP—Q] /\Elg E/HQ H]-OEI%P 2~ 015 Oh:ﬂ-ﬂ.é _?45]] ﬁ]—
= ZEAOA TRt Aol whE UFP lEES’Jr A7)&

9] A&Ae] =Xo] Q=L Tl 3Y
2 AF 7HE9 Aguglo] FFole Eritt 24

Z2A7]

g7 o5 Aolet wetEo] 59 tirde 7t
A Aoz duiteEc(dR, BEST 2FeFR AT 7o)
ol TjEl L btedsl spE.O 2o Ao AT}

&2 AR Bdeioﬂ FoiH o= o Riztsith NIER,

g
o) 4ol Dok 4 917 Helel T} 2 A

.
rl

= 73.3%7} zoLj Olé} ks ﬁaﬁ :r“*ﬂoi 171
20| (Statistics Korea, 2020) ¥ AFAIE o= TH=
FEfo] A 9 ”lﬂ UFP BEXEA Ao HuARR
2 2o 7|ttt ko] EA2 2
I FQE 2o} FE7RO] ARzt 7}
7t7] 2| st Aye] UFP 5% X EA
7t Q7= H, 55] 2 oftES} T2 I F
A=0] FARFHEZE 20199 7| AA|9] 62.3%F 2HA]
Sl H]&0] 147‘} Z7tokal Q17] W&ol (Statistics
Korea, 2020) =812] o]of o2 A UFP Lo tf
eF A4t "asieh 3L 1A TE7|Te HAH
UFP 5= ol 75%7F 7H 22 #2230l HFHH
= HolA Z&2Q1 UFP 5ot A 7|z thet
RUET 9A] Q7 H UFP 55 E PM, ;9 22
AFsh o= Y ti7] § 750l th=7] "
o PM,; A7+ g&o] UFP 50| A4S o EA
%S Zolele A1 AT HRE v Uk (Jesus et
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al., 2019). WetA] SH=of A% PM, 5 A7 AT &
HA ol AMo] I g5l 0] AT EHQ} TAEA
S uhedst 71 221w SR @ FEch
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