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ABSTRACT

Background: PM, ; and black carbon (BC) can be generated from cooking and from vehicle operation. Street
vendors may be exposed to PM, ; and BC due to their proximity both to roads and to cooking activities.
Objectives: The objectives of this study were to evaluate the PM, ; and BC concentrations in cooking stalls

and to determine the effects of cooking activity and of types of cooking. Lo
Highlights:

Methods: Indoor and outdoor PM, ; and BC concentrations, temperature, and relative humidity were . L C e
- Cooking activities significantly

measured in 32 stalls in April and May 2022. Behavioral factors such as the presence of cooking activity and vl (i e e e (i

types of cooking were observed. Student’s T-test was performed using the difference of indoor and outdoor
PM, ; and BC concentrations to compare the effects of cooking activity and to compare types of cooking.
Results: One-hour averages of the difference in indoor and outdoor PM, ; concentrations for cooking stalls
and non-cooking stalls were 9.7+15.7 pg/m’ (n=22) and -0.5+0.4 pg/m’ (n=10), respectively. The difference
in indoor and outdoor PM, ; concentrations in cooking stalls was significantly higher than in non-cooking
stalls (p<0.05). The indoor PM, ; concentration for stalls for Chinese pancakes and teokbokki exceeded
the standards for indoor air quality in South Korea (50 pg/m®). The indoor PM, ; concentration for Korean
pancake stalls exceeded the standards for outdoor air quality in South Korea (35 pg/m’ for 24 hours).
Conclusions: The PM, ; concentrations in stalls with cooking activity was significantly higher than those
in stalls without cooking activity. Some stalls with certain types of foods exceeded standards for indoor and
outdoor air quality in South Korea. Better management of indoor air quality in stalls with cooking activities is

necessary.
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at street food stalls.

- Indoor PM,; at stalls for Chinese
pancakes and Teokbokki exceeded the
indoor air quality standard (AQS) in
Korea (50 ug/m’).

- Indoor PM, ; at stalls for Korean
pancakes exceeded the outdoor AQS
in Korea (35 pg/m’ for 24 hours).

- Better management of indoor air
quality in stalls with cooking activities

is necessary.

*Corresponding author:

Department of Environmental Health
Sciences, Graduate School of Public
Health, Seoul National University, 1
Gwanak-ro, Gwanak-gu, Seoul 08826,
Republic of Korea

Tel: +82-2-880-2735

Fax: +82-2-762-2888

E-mail: cleanair@snu.ac.kr

Copyright © Korean Society of Environmental Health.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
o  Permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://e-jehs.org


https://orcid.org/0000-0002-9026-7918
https://orcid.org/0000-0002-7238-0298
https://orcid.org/0000-0001-9457-5750
https://orcid.org/0000-0002-4709-5401
https://orcid.org/0000-0003-4792-190X
mailto:cleanair@snu.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.5668/JEHS.2022.48.6.291&domain=pdf&date_stamp=2022-12-31

7101 . AlK

4RI - MEIQ - YRR - BSL - 0|7

=T

LM 2

AT Helgo R ge Ausel ol gsta At o
of Ae) Amth F2 5T e sk 24
SjA3kar 9lom, % Wl AE-S SAolck) o]t 2412
o4 A Zejstel Wulsh a0z, 2ulatolA) glold &

1

I
4z
{

o1
g

et

N o2

it A Zhido A 4] 2] A DRt AW -S4} vkt
A2 2y F 2 AHA(PM, ), EF 7H(black carbon,
BO), F'T4 F718FE(VOCs), YASFEA(CO) 5 HHet &
o] ¥ 5= Qi BAIHo] ok Bt ojyel, A 7l
= #2590 ¥ Jrrt 7 FEe] 42 7 Q7]
ZeIHol A WSt &4 Lo, LT ZE O A 23
of oJsf YAst= B4 JTFZ I w2 &= = E40] 3l
L Z4olt) 3 AP M= PM, -9} BCE 889} 541t
A A= 37 5 RAAEZ L] F=F A tracen) 2 R 7| of
A7lol 8] 9 25T IFS A T 5 Q= 7
ME F EHL F9] A AdE "ol Qirt”

7H oA leEo] 7Fs e 24 F PM, = YA A7) 2.5
um °]3}el YA} BAL oulgict? ol A & AFA
(International Agency for Research on Cancer, IARC) 50
wret 15 Aol sl Mo B W3] A2 5ke
S5719) A= o] o Z EFE A QIrk? olQjof =
PM, ;29| =& A8 dgS 4o & = TAFo]
%lq_'lo)

BCE PM, 52 =8 3}8H2] & & shutoltt vigd o7l 5
BCO] ol FAe, AAAL HiEe 2% Bl 23t
sk B0 ek o) PM,,0] % 7 R9le R E e
ok A vf Qek? A GFo 2 BCRO kE4F0]
W7ol AL Fi Aoz B iH v gk REHA 09
Lol 2 BCe) A2, ojlole] Ml 7juAAe] A4
2 ol 2zt ArEol YA v Uk Bk 3871AE
Aol A7to] ohjRe 718 Bk o, ofelole] A%

PM, ;= 282 F ZRoIU ARG E = A= whEbA
T ] Aol E Kl 59 3t Ao A ZPEIE
Fet e o] WE PM, s TS B7RSE Atol whE,
Z2 Alof| ARt PM, 0] w7t 2RO weEt vl g 5w
B]5] 2.5~9.68 &2 A3 < vt k) g 2ePYE 5
SolA F7l= 2BV 7HE B2 PM, s HA TS Hel A
T o delon, FY A4S 247 Jal F7le A Blad
Alofl= F7l= Aol &2 PM, s TS HRltkal ¥gl A+
T 219,‘13}.20’24) ESE 7] (oven cooking, toaster, stovetop cook-
ing, grilling)7} Bt Z2®H0l| BIs] &2 PM, ;9] AIRFE T4
Fe mol ATE ZANEY B4 S48 BE 23 B9

https://doi.org/10.5668/JEHS.2022.48.6.291

£ PM, 9] 'IATS BAAIET A7 = SHijolA] 2A= 90H]
A Z7MN7 1= BIE HATE 2E]o ARgEE vl &
o T2 Bigof whebA s HAE -3t WAgRFo] AJold 4= 9l
07 7o) FRNE £& AHESHE v A shdd
A olA PM, 59t BC, 9] WAF0| B AR(ZEWIIA+%,
ZRuztA)o] Hs Wkt o714 BC,s= A&+ AA0] 2.5
um ©]3}21 BCE 9Ju|gte}

BC 94| 27 Alo] WAt 54L Btk 8
st Zhit) ZHAe] LRw A AH8ste] 22jS A
B3t BCs5=7} 3.90 pg/m’Qek” W] o £3E FEI
Eo|A ZAE BCY B HEE 0.514~0.936 pg/m’gk?
FASANA AP AA gF AFolA= B3 82 X Al A
2 Bt BC AFO] 0.5+0.4 pg/m* k. SLgH AF-olA
EAE 2 Al ARG Bt BC HAFS 0.140.1 pg/m’
I:4_.29)

WA ARt 2 ol HFPo = At AFH|7|7FA
of oJsiA= PM,s2} BCOll =&E &= Ut 7HathEo] v
AN A= A= APFOA] AEof AT PM, 9] 2
25~664 pg/m* Ak ThE AFPATol A drEH A9 B2
oA B BC HEE 9.6 pg/m* ALk’ G4l F A 7k 2
= Hloke] g AAF2] YS 245t 8RIC = Y
Z1 bp Q7of Zhaol A o] wEHA 7] ¥ 2O kEE
A £2YUS & 5 Yok E3F AT shad 2EAR] A
4HE 1T 9y HHE &9 74
oFgl 1Y) 18 % ShUE HQ|o| F97t ")

A

>,
e

)
e
o

o
I
lo

4

ot BC T1E| AL 7R =R 2EIH F WA8E0] e
=Z&0] 7H58 PM, 59t BCZ Qlsto] 7ha] 2574t 9l o874
NAl A7 FF2 vl 4= Slck. SR Siol A 2] 22 Zhad
oMl sig 249 sEFE2 of & FTA A et o
A, £ A7o] BAe A9 22 7hEd) Wl PM, 59 BC
= FEe BRI ol 29 FFU 54 22907t
2] 7hd] He] PM, ;9 BC = &0l ojg g2 vA
EAE Teshy] fjetolHt.

. X = 2! BiH

= = 20224 49 2645 E 5¢ 24 Ato], 5 119

1. 9+ the
2
]_ o

r'\l

Aol I3t 2] huel 2232 vl ze] ZHEe|103)
wRstel AL W A9 13 243 AHE egsts
3919 ZE|YF BEL APt AT R 291 122 o]
Fojgon], 5 27 27 FAEIIk 7 29 ShRo] a2,
Ao 43 HHe|E W stel BAVIZE B9 & 323 JhuhE

ft

ol



He| FHHehol M2l ZO0IMHX[(PM, 5)2t £ 7H2(BC)2| 5 =7k Z2| I E FHLR

7had f A 3714 JFS & A2 E A= &7,
Zg oi 59 Y5 990 F 92 Wetar, 7 7y
IF 4= sttt Alm 2 7Ha o] JJAZHL o]
A 7 EE A2 B aidEE AR 1Esto] BY 18A1F
] 224] 304 Atolofl Z} Zhitl gk JLojlA 1AM o] FoiF
. DM, 2} BC 558 SET, LEL S50 5] 017
L G Tofdlol, LS S ET 242 Sk 71w
W PM,;, BC, £, SEE B5 AN 2747172 ALgtol
2ok PM,.0) A9, AR 27 49 954 7171e)
SidePak (Model AM520, TSI Inc, MN, USA)<S AR&sto] 12
202 27 AR FRAIA Zslsict o 3
A A zero calibration} flow calibrationS AA|5}H T =30
AW SOk SHL 17 Lfmino % 35155 BCO A,
HrH o B o1 83k] ANZOR BC RS 24}
L Aethalometer (Model AE-51, Aethlabs, CA, USA)S A&
stof 10z M0 & 7 ARIHRE FEAHA S35t
Ak o] APE= B FF2 150 mL/min O E {-A[5}
3L, HE= otFof Y wA|sto] APtk 229 &5
9] 749 Onset HOBO Data logger (Model HOBO UX 100-
003, Onset computer co, MA, USA)E A-&5}0o] 1& 7+40
£ S ARAEE SERARPA] S5l AuolA] 2
ZF SidePak AM520, Aethalometer AE-51, HOBO UX 100-
0039] A4 A& HHE AHoZHE °F 0.8 m 7HF Hol
7l ol 2 siolth WE7E F4agt 7t E44 sl2fEol
of &7 d& A%, AHOEHE °F 0.15 m 7FF Goldl =
ofof Fit}. 7hathe] AujollA Z4S XPsHAA, SidePak
AM520, Aethalometer AE-51, HOBO UX 100-003°.% 7}
T FolA 9] S8 A 2kt 7l 979 A,
=7 AAE 7Hgdof ZHS 204 1 m Welo YAIgH X,
AHO ZHE 0.5 m o] FO & o}t SidePak AM520
2 Aethalometer AE-51%} HOBO UX 100-003 gofl A5}
PM, 5, BC, 2=, FE7F 5L YIF[oA SH=A st

—

2,

3. Xz 24

SidePak AM520°. 2 743t PM, 5 H|o]El= A8 ALof|A]
T AR S B =& sMHAS(0.43)E &
5 AT =T (ug/m’)E HESFHTE? Aethalometer AE-51
4% 7Hatd] W BC srlolele] B9, HETA(0.001
ug/m’) H|T S HESHA Q] Hat ghe 2-8ato] B4k
oh? 24 PM,;, BC, & ¥ F HojEE 18 HFo =
gatsto] &gtk ket ghe o]8st
St 181 BEHEAL 7S REHAE AFESHt 7hu

e

Table 1. Adjusted arithmetic and geometric mean of indoor PM, ; and BC
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0.0 (1.2)
0.0 (L.1)
0.0 (1.2)

0.0 (1.1)
0.0 (L.1)

0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0

1.8 (1.4)
2.3 (1.9)
1.9 (L.5)

2.1+1.1

9.4£16.0
11.0+14.5

3.8(L.6)
7.3 (1.8)
46(17)
5.4(1.2)
4.8 (1.6)

5.4

5.0+
9.3£7.3

8.0 (4.7)
11.6 (3.0)
8.3 (4.1)
49(1.3)

15.0£16.5

16

Grilling or frying

Others

Cooking stalls

3.0£2.2

18.4£20.5
15.9+17.2

6
22
10

2.3£1.5

9.7£15.7
-0.5+0.4

6.1

6.2+
6.0£2.9

Sub total

1.5(1.2)
1.8 (1.4)

1.6£0.6
2.

54+2.6
12.7£15.1

Non cooking stalls

Total

1.3

6.5+13.8

6.1+5.2

7.3 (2.8)

32

*Adjusted PM, ; is the value of difference of indoor and outdoor concentration.

AM: arithmetic mean, SD: standard deviation, GM: geometric mean, GSD: geometric standard deviation.
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Z3P5tAct. R 2AZ EF0] v.4.0.5 (R Development Core Team, BC 5= AFEE 2.0+1.3 pg/m’ 2 UERGTE BAH 2
Vienna, Austria)& ©]-8-5l0] 1 =& 2HJ5}t it} 7He] PM, s S AFE B 9.7+15.7 pg/m’E H|2E] 7}

Table 2. Detail information of cooking stalls

Indoor Adjusted Indoor
Meals™ Types of cookingJr PM, PM,." BC
(AM, ug/m’) (AM, pg/m’) (AM, pg/m’)

Tteokbokki, Sausage, Fried food, Soondae, Fishcake Boiling, frying 1.6 - 1.0
Takoyaki Grilling (with gas) 232 21.3 2.2
Corn, Fish-shaped pastries Boiling 225 194 2.2
Fishcake, Chinese pancakes Grilling (with gas) 58.3 53.7 2.0
Chicken skewers Grilling (with charcoal) 15.0 - 2.5
Tteokbokki Boiling 57.7 35.7 3.2
Tteokbokki, Chicken skewers, Fried food, Gimbap Grilling (with electricity), frying 5.8 1.5 1.0
Sweet potato Grilling (with gas) 9.5 1.2 2.1
Fish-shaped pastries Heating 3.8 - 0.7
Chinese pancake, Doughnut Grilling (with gas) 10.2 7.3 0.6
Sweet and sour chicken Frying, stir-frying 14 - 0.9
Takoyaki, Okonomiyaki, Japanese stir-fried noodles Grilling (with gas) 29.2 25.3 4.8
Tteokbokki, Fishcake Boiling 14.2 0.6 3.6
Doughnut Heating 41 - 13
Korean pancake, Fishcake Grilling (with gas), boiling 422 36.9 3.8
Toast, Gimbap, Fishcake, Beverage Grilling (with gas) 8.2 - 6.9
Tteokbokki, Fishcake, Fried food, Gimbap Boiling, frying 6.0 0.2 2.6
Puffed rice, Jelly Frying 8.6 4.2 3.0
Tteokbokki, Chicken skewers, Corn dog, Fishcake, Fried food, Frying, boiling 234 18.5 1.9
Gimbap, Eggs
Tteokbokki, Fishcake, Fried food, Gimbap, Soondae Frying, boiling 21 - 1.4
Walftle, Beverages Grilling (with electricity) 2.7 1.0 14
Grilled short rib patties Grilling (with gas) 1.3 - 1.0

-: Indoor concentration was lower than outdoor concentration.

AM: arithmetic mean.

*Meals on sale in cooking stalls.

"Types of cooking means what vendors do for cooking for 1 hour.

TAdjusted PM, ; means the value of difference of indoor and outdoor concentration.
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Fig. 1. Box plots of adjusted PM, ; and BC concentration by presence
of cooking.
*Independent two sample t-test.
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