'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 41, No. 5, October 2025, pp.711-727
https://doi.org/10.5572/KOSAE.2025.41.5.711

p-ISSN 1598-7132, e-ISSN 2383-5346

=
™

MO

|0

Ctet Qa|2Z 22 HiSE AL LI O]M|HX|(UFP)
OIF| = FE

Characterization of Indoor Ultrafine Particles from Various Cooking
Activities and Their Respiratory Deposition Potential
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Abstract Ultrafine particles (UFP) in urban environments are typically attributed to fossil-fuel combustion, with most studies
focusing on roadway emissions. However, indoor emissions from cooking activities remain insufficiently characterized. This study
examined indoor UFP exposure in 13 restaurants with varying cooking methods by measuring particle number concentrations
(PNC) and mean particle diameter. On average, indoor PNCs were 16.1 and 7.0 times higher than those in background and
adjacent outdoor areas, respectively, while mean particle diameters were smaller. Indoor PNCs often approached or exceeded
levels observed on major roadways with high heavy-duty diesel traffic. Closing windows or doors increased the indoor-outdoor
PNC difference by a factor of 2.6 and raised the I/O ratio similarly, highlighting the importance of adequate ventilation. A
simplified respiratory deposition model estimated that 54.8% of inhaled indoor UFPs were deposited in the human respiratory
tract—higher than background (45.2%) and outdoor (50.3%) levels. The alveolar deposition fraction averaged 39.4%, comparable
to levels in major roadways (42.8%). These findings suggest that long-term exposure to cooking-related UFPs in poorly ventilated
environments may pose significant health risks and underscore the need for further characterization of their physical and
chemical properties.
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7219 HelA olFst Hre A E9o] E7Hs
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ot AN =itH AR WASkE 'Yl 971, S ARSI DiSCminie A7 10~700 nm 7] ¢
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of| oJgt 34t tf 7] el ofgt it Fofl oS HilE & A= E AlESIth Choi et al. (2016)-2 AA| 7] %
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Table 1. Measurement date (time), main ingredients, distance from background, mean UFP number concentration and mean particle size under various cooking activity conditions.

. . . L . Distance from Mean PNC' Mean size
Sites Cooking types Date (time) Main ingredients background (x10°# cm™) (nm)
Background - Entire period - - 0.10+0.06 49110
Outdoor - Entire period - - 0.22+0.21 41+9
Pan-grilling-1 2024.05.29(20:38~23:37) pork, rice 250m 1.86+2.39 37+6
Grilling
Pan-grilling-2 2024.06.04 (17:57~18:50) pork, rice 205m 0.65+0.28 36+7
Boiling-1 2024.06.24 (12:02~12:15) pork, rice, soup 290m 1.75+£0.61 27+7
Boiling-2 2024.06.25(18:07~18:34) pork, rice, soup 230m 9.24+1.36 43+9
Boiling Boiling-3 2024.07.11(17:47~18:17)  pork, rice, soup 280m 1324022 2442
Boiling-4 2024.07.15(17:57~1904)  Chicken, vegetables, 350m 0.41£0.52 278
rice, soup
Stir-frying & Deep-frying-1 2024.06.05(17:44~183¢) POk beef seafood, 180m 0774036 34+3
vegetables, soup
In-Restaurant Stir-frying & Deep-frying-2 2024.06.11 (18:14~18:49) POk beef seafood, 260m 1.00+034 5443
vegetables, soup
Frying
Stir-frying & Deep-frying-3 2024.06.25(12:12~1230)  POrk beef, seafood, 310m 030+0.05 3543
vegetables, egg, soup
Deep-frying-1 2024.06.26 (12:04~12:36) pork, crab 60m 1.38+2.11 43+7
Deep-frying-2 2024.06.24 (18:26~19:02) chicken 280m 0.77+£0.30 33+2
Boiling & Stir-frying  Boiling & Stir-frying-1 2024.07.03 (18:14~18:38) fgl:'; vegetables, 340m 1714136 41+7
Boiling & Stir-fryin pork, fish cake,
g cotirtrying Boiling & Stir-frying & Deep-frying-1 2024.06.10(18:00~18:00) vegetables, rice, egg, 250m 0.50+0.20 40+£5
& Deep-frying ot
Average - - - 1.54+2.31 36+9

'PNC: particle number concentrations

viL
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|E= 42 271EE =7 HH|Q] SMPS (scanning
mobility particle sizer, TSI)] B+ 2717} 2 A2
< A|IAISF AL, PNCE CPC (condensation particle
counter, TSI)9] St LA]3H-& AAIoHATH(Choi
et al. (2016) SI 2.39} 2.4). DiSCmini= 27 10~700
nm 4AHE] PNCE S SHAIRE =294 100 nm
oJ5to] Q)7L A PNCO] 90% o1& AA e 1
2] (Choi et al., 2016; Harrison et al., 2011), DiSC
miniZ Z7%%¥ PNCE UFPS] PNCE ofgstol F
2|7} glth(Choi, 2021).

S A A @ /2ol wEt DiSCminioll Al=g
P15 m)S FEst] S| 6L, ST
glol A4 37X =7 7172 =S A=
SR AleSdTe A FHos dRYf tier]
AIAZ] 7} S de FastaA] o] B2 = wall-
© 2 A4 A Ack(Choi et al., 2016).
| e LRl AHZ] PNC S
o] A7 t)7] 27 A Choi et al. (2016)7}
o

=
2 HlEAS Sasto] AR FUn

mhe] £ Avel o2 1
2he AAIBHAk et & Aol2e] 24
oA - A ol u)
_IQI__

ol Ttk shure] AR A

PR Q) viEe g U n] M A] PNCO| RiE 5
B2 o AfolEe] 54 B2 AAILAA F vEhd T
(28 1). HIZ A el A 0] PNC= P4 AfgolEol ot

2,

017513, ¥4 7|2 ol 3
ShA 57t Sobshelom, A el 71
2 55 572 UehgIch o] F ATE Lot o] o]
HERoHE S5 47} vehgn B g0z 2
YsHRAA A A ot S HGch 9] B
A7) Ro] Aol pNCe] WA Yl

St A Bt (2 1), ol d=das 5l
HlE = WHen| A 2] 9] 271 7REE A1) 58
Zb= e 20~60 nm, T A 0] HFE 2 oF 20~
130 nm FZo] HFE7] fEolth(Morawska et al.,
2008). HlE-¢19] 2132 FaFo] gl A Ao A= ol
o 22 JArse] dArst 747 (dry depositionT} co-
agulation -5)< 55l WIEA| A A% 7] wfZo] B+ =
717} AR= S EJAt(Choi and Paulson, 2016).
e A7 AlgoAe Aol aEE AR
Qo] Hlgl @3] & Pt Y= 7155 SF3
=, ol dada 2 o 22 9 Am S/l
71Q15kS 7Hs7d o] qietk ool thet Kok AARt =
Ol = Fol| A AA|SkaL A} Jiet.

AA =7 712 erl AR EYe] gl A
T4 817319 9] PNCE ATHAQ] AFE Y] 25
UAA FE Amto]l A7t BEET]E SF O 0.24~
3.50 X 10* particles cm™ HHYE EA (B 0.96+
0.56 X 10* particles cm™). A G7} T8 QoA 9]
PNCE 0.29~15.3 X 10* particles cm™ 9] HHE 7|5
Sto] BB A 9] Fre ket Bt 234 =UTH(BA
2.20+2.08 X 10* particles cm™; 3 1). ©]2|gF PNC]
Afol= AF7E o2 oA o] TFAAQl Ak FY,
B2 gl A7]of9] k=F, N AF oz i
O rmAHz] & 5o dFos A Aoz
W A oA ] PNC= 1.07~202 % 10*
particles cm 2] HYE R, B4t 15.4+23.1x10*
particles cm™ 2 4] Wi A 1} A7t @5 o] o]H
TRoAET 247 161819} 7,08 =8 HE A
o9 ZIch(E 1). AT U= A&5200 e2@s5o s
It L m| A 2] v Eo] A s, T 7] ol 9f
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Fig. 1. Examples of time series of particle number concentration (PNC) and mean particle size during one monitoring cycle. The
blue line represents background area, the black line represents outdoor restaurant environments, and the red line indicates
indoor (in-restaurant) environments. (a) Time series obtained on June 10, 2024 (the restaurant is located ~250 m northeast from
the background area); (b) on July 11, 2024 (the restaurant is located ~280 m north from the background area).
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Fig. 2. Box plots of (a) particle number concentration (PNC) and (b) mean particle diameter measured indoors (white boxes)
and outdoor (gray boxes) across cooking types. Red dots indicate indoor-to-outdoor (I/0) ratios.
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Table 2. Indoor environmental characteristics of restaurants during measurements.

Door or 1/0 Ratios
Cooking types Floor Area (m?)* windows
PNC' Mean size
G-1 2F 160.72 Opened 347 0.91
Grilling

G-2 1F 7333 Opened 491 0.85

B-1 1F 119.00 Closed 834 0.83

X B-2 1F 100.79 Closed 29.56 1.1

Boiling

B-3 1F 121.82 Closed 7.05 0.59

B-4 1F <66.06 Closed 4.74 0.61

SDF-1 2F 66.06 Closed 10.38 0.81

SDF-2 1F 143.86 Opened 2.58 1.29

Frying SDF-3 2F 131.33 Closed 137 1.28
DF-1 1F 44.35 Closed 8.11 0.69

DF-2 1F 63.42 Closed 2.04 1.04

Boiling & Stir-frying BSF-2 1F >44.35 Closed 9.08 1.23
Boiling & Stir-frying & Deep-frying BSDF-1 1F 85.12 Opened 2.39 0.85
Average (10) 100.9 7.2 0.93
9 (37.3) (7.3) (0.24)

TPNC: particle number concentrations

*The floor area of each restaurant was obtained from the Comprehensive Real Estate Report on Land and Buildings (https://kras.go.

restaurants lacking specific area information, the area was estimated by comparison with adjacent units of similar size.

kr/mainView.do). For
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