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H11XM9| Systemic Review

O Systemic Reviews PRISMA(Preferred Reporting Items for
Systemic Review and Meta-Analysis)¥E& &ot 2&go=n A A}
o] Uuts} o f, A9 AFeet JUEE wo|H, A+ 29 FFYES F
A Q7o A LA T

O I =& KISSE=3aAH), B5t7|&%3] vk, DBPIAA ‘=
g A, RYF, B Y FAE YEstd AMSIY, o =2
Science Direct, EBSCO Host, PubMed, Google gr&dM< o]&3 Key

4) PRISMA(Preferred Reporting Items for Systemic Review and Meta-Analysis)
Statements= @79 999t Z424 YRS AAISH] AT Zle|=ERlog 27719 A
AYAES} 4TA9] =X (identification, Screening, Eligibility, Includid)® /3
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WordsZ ‘cooking fume’, ‘cooking oil fume’, ‘Vapour from oil’,
‘cooking hazard’, ‘health effect of cooking’ 5& Y3

- x9 A W4 BoE 9% WY, 94, A 5 dE

O =Y -9 W3, IARC(nternational Agency for Research on
Cancer, SAYAT7|H) HiA, T =5 55 &3 AP A EAPst
= 79 E49 &4, 24 FAFEH FUA A, ACGIH ks 7|&9]
Bshd 2A S ot 8 1F

O COFs®] 74 247 SEt Agsle 090 7, 23 WY, 2oL
T 9 7|7 ARz 55 5o gt gy

5) Chiung YP, Cheng HL, Pei CL, Yi CK. Effects of cooking method, cooking
oil, and food type on aldehyde emissions in cooking oil fumes. J. Hazard.
Mater. 2017:324:160-7
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7t B2 A2E FHA o] FLYE 2AANA ol 7] LEE ARSI
A

28 PHoEE (& 1-D3 Zo] 39|, Y, &= 74, ¥, B,
HZ:] 59 77 E &S & Aew Z 2 P wt TS 75
Aol Ex7 @i, &3 REFo] TN g3l 2943 I AARE
1202 FH7|E(high-temperature frying) 28 W9l B-3(stir frying),
FA(shallow frying, pan frying), FlZ(deep frying) £ | H353}
o & 3T

=a| =9 g9
ANRE SO} Q22 02510 Z= x2S =3

T0|(Roasting,

* syl :LAIAI Xz |.74 JHA{HO} A
barbecue) iy | &8 7Het,(2023)01A

CHE
70| ZelE 2EE MESIES FEohl US.

259
——

A=) En oFLQ 715101 20|l x2|5te WAoo

10| ili
=& (Boiling) 2 20|t W7 =20l AR,

M=o 7IES H76t0 H=AA °|X1OD=| Zelol= L.

MEEE= 7|59 0| HAl #3.

Bl D(Stﬂ' fry)

A= 7SS IS BAls 22Ee2 F2 HO|L
o2 28 220 A2, A=t 7150 2| A=
Fld(Deep frying)it= TEA| M| 7|150] MEE.

EZl(Pan—frying,
Shallow frying)

23 (Stewed Mi=0l &, s+ 5= F7f6HH B 20 2E0|
dishes) HHO{ S 7] IE| = JE.




. _ AR=0ll e ofte] =28 HIKotH 23St Z0|AL
&l(Steaming) AZ7|2 W= x2| grol

E|2Z(Deep-frying)

(]

(L) Z2E U4 AAY 75 To DST LATR] O

4

>
nfil'

5 o7

o
K

O Hedsti HAYsIYe] A 27 FAL TEse] 2HF WY B
e A,

O 1AHF o2 20234¢ 35 A+ At 4719 =8 AA"HA ¢
Pt AIES v|n FEA Lk TAo| ddEHE 2 A
A4S T,

O 979 5gHS | ARSote 2 W XL, AR, 2T WY &
o dis] XA
» 00 FH: AEA oY, dutE] oY, &FE 24, AL oI
» ZEen 2 AZF 180T, 240T, 270C06), &8 A7 308 7|&
= A" 202349 AFoA FA Ao =2 HE(F 203 FHE AT 117
FAZ 738), sfAEF(AYA ] 33]), AAF(EFUHE 73)

» 2F] W 0 ES(stir-frying), F#¥(pan frying, shallow frying), H3

6) 28|74 F 1, 3-butadiene®] 275CoA Z&st= AETH 240T A= 48), 185C
AL 144] ot AF A% 1-2(Shields et al., 1995).
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(deep-frying) 4]

O 2IF 5 SR 54 9 B4 Py

» 37 & YRAEH(particulate matter, PM)

« 2% "AE 4 U Hle SPAAMAEAATFLANIOSH) NMAM
5524 "WHof uet & BEZ O 2 2-um polytetrafluoroethylene(PTFE) o=}
A5 ol&sf 371 T AHFEAS ZHT T AR AF A} 9 oA F
Fedo] 93 & 23 5=t 81(dichloromethane, methanol %
toluene2 1:1:1% T &) F2] ot SFEAARCE 54

Photoelectric Aerosol Sensor(PAS2000, Ecochem Inc., USA)E ©]-&3}
AANZEO 2 particle bounced PAHs =& S4% 1I15: A 5 T Q4]
7] % PAHs iAo & PTFE(R7-mm, 2-xm) + washed XAD—Z(IOO
mg/50 mg)E A= st GC/MSE &4

SEo ost A= F7] J7F H7t - SMPS(scanning mobility particle
sizer, Nanoscan Model 3910, TSI, USA), DustTrak(DRX Aerosol
Monitor Model 8533, TSI, USA)E o|&std 28E A7|of] 2 JA} 4
skt A7 55 S ZB A Pt o2 I HIs
71 $Jsto] S RS AAYE 5 e FA(Heating block+ Water
absorber)&
£ Y 59

[‘Sl

11



Wt
MUY |

ﬁw“*‘ﬁ**“.*?‘.“.“f"”f‘“:k

Elapsad thras (ming

(33 1-1] 37| & L-UKE SYS O S0 B D2s 37,

o]
=

=] =
&12}7|(Thermodenuder) AF2 M-59| sk H|ul(YX]|
A

2E7|, LUER0|0je] B2 RF0 ME d7H & PHMG

|
O] TN HME0|0}+ W TEI| ZBO| IR 48 HOE BF

* 7] &2(Organic carbon, OC), ¥4 ©4(Elemental carbon, EC)9] &
4 wa BEE Qe o7]9] AR AEARANAE oF 32% ol A
shodl 22FS olg} ghago] nlS The Ao FAE. Weba 22Eo) B
=5 NIOSH 94 50402 #8359 Quartz filter2 EZ AYAE TOT
(Thermal Optical Transmittance) <QA&o] 7]¥1st OC-EC Aerosol
Analyzerg ©|83to] OCe EC £4. ¥4 o] Az ¥sts 27| st
of MiFE=(EY A), £ F, £ FE FES}I9] aethalometers ©]-&-5t
of HAAIZ S4& ¥

AL 2AZE B 25~30CollM 251 FE YA BHE FE2HE A5

=
NO3", SO4#)& Ion ChromatographZ ©]83lo] AES BA,

7)

12

Park JH, Ham SH, Jang MY, Lee JH, Kim SJ, Kim SK, Lee KY, Park DY,
Kwon JT, Kim HM, Kim PJ, Choi KH, Yoon CS. Spatial-Temporal
Dispersion of Aerosolized Nanoparticles During the Use of Consumer Spray
Products and Estimates of Inhalation Exposure. Environ. Sci. Technol.
2017;51:7624-7638.



oA WSS A A4 Z710 me

lo] 23 T Z=A} A=} Fu]A(SEM)

AR AR Ang A - 2P
H7kst7] 95t PC ZEE 0|85
= 53 AZ @uF(TEM)Le=E 4%
formaldehyde(2006)
= U

n .‘3’-7] = 7]_/\/\]'1:'7(]
[ARCOIA = 7IAAEE
of  flight)-MS(mass

2 PAHs®} nitro-PAHs
acetaldehyde(1999), Acrylamide(1994), Acrolein(1995) 5-°] &g
/\1 Hl—xﬂ@l-r,}jl B o].oﬂ

Acrolein, Acrylamide, Benzene, Butanedione)o| thal &3 dFY

£ 77131HE 7% (Formaldehyde, Acetaldehyde, Butadiene

o B Aok
PTR(Proton  transfer  reaction)-TOF(time
spectrometer)S O|&3f AA7Io R S A
e JE E2& EASIolY ¥7] F FormaldehydeRrS ti4Co& NIOSH
NMAM 2016& #arste] 0.2 0 /min 42 GilAir Plus(Gilian, USA) B
oo ZELHS|IE £ wjA|Ql 2, 4-dinitrophenylhydrazine Cartridge(2
4-DNPH Cartridge)& ©o]&3std A& AFet F Ultra Performance
Liquid Chromatography(UPLC, Waters H-Class, ©°]&4% ACN(50%),
Ay HSS C18 1.8ium 2.1*75mm AR, ] UV 360mm Ak
AHS A8, 239 FY XS
£ 3z ¢ vz 34
52 A7), H

DW(50%) AM&
B)F AHgstol #4%
.J_X‘] /\] k= KeN
AWz o 1.5m ol ZHE
A Agstel &

s
13

ﬂ = i]-_u;_ H]—o]—
NIOSH NMAM 59
.\1517]-E% S}t
E9] 2rot AEHO FR(TIA
Skl

+ 249
. 2o
SHoE
o ol 39 v
. A e € 7 UAe A
qgl 25 5% 71850 M JEES 3
A A o1 WHE 4B AN, 42t SARS
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FAAE
oA 29A59) 4 Lurol ds) 54 A5 AFstol AAF A
(13t Bt 7|5 BEER, A B, ASAEHAL HE AL A7 5

digh, &g AR

SHRIARE ATTA Tt ¢ AAMGEAY TIAYEEE A o] JedAt
3 ¥ AR A(correlation analysis)S S9 AHATNE ==

sto] A E E&(indicator) AAIE

2393} u)ze] BN FAAR] Y £2 olS AN Slstol
Aot BA AL AYES SU(§95E 0.05), A4 71719 A
I AEge A

2 Wk 98 FREAUR A54 B4 Ao s









II.

1.

1

ol

R

=<

kO

2| XA} SAKL 12

x
T

27 S Fuo} A 34

O S 27 FARY =

BAAY AFARGARARE Aol e AAQAE AR X 9E AGA
ol Ex g gelste] RO FA £ E HUt 7| FIAY 8 4
& A+ 59 7I2AERE &85 93 HHoE XWEJO*—O— S A= oA
gk 20229 U 2 ARG FAAA = 858,5937H01H %uErY
63,10570<} A1 9 F14¢ 795,48871& UrTOW Uo™ o] F FAH d
FHYL oA =AY 569, 7607H9} 4 9 HLIE SEAY 22572870
2 Urog. £ @ 24799 FEAA = 2,215,219900 £Ek¢]
174,449} 2414 4 FHY 2040 770 o2 Yol o] F 3413 4
FAEL A 4HY 1,555,574 4 4 HYTE SEHY 485,196
o7 UrolR.

=

o =

o A 5 27 S 52 o & 9k —3— 199 FAUA 5o 55

AR 5 FHOR ARE Hste] (E -1 Yehd,
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(B I-1) aU2}e| Z=2| A 72

(el
T2 AA| = SARE =
| 858,593 2.215.219
Abtol A 63,105 174,449
A 795.488 2.040,770
&4t o
S
=44 % SAIHY 569,760 1,555,574
ZHY
3 % H|g3g
T ool 225,728 485,196
= 35 ZESHE ARALESY ZARREQ021E~)0 9ot =T LAAET S
24 AU AZ] 9] FUL 1,191,8920|H o]&= FHA I 22AKH489,406)
9} Aoy Au|A(702,4868)0.7 EEE AMIA FE ZARQ] AL 4t
% 8 2k 59 ujsto] 264,503 0.8 AR oF 54%E Ak glo]
FHEg 9 AR BRE SAR S ATt 591 u|vke] AR A Ao A
22317 s A4S I & AL
=S4 AE|AZ] F g W ZEAL] ARIA| FRE EAR}F 9] H[LS %
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AN 28 SAA}; 4

521 ojgk
5~9¢!
10~29¢!
30~992!
100~2992!
30021 ol

[Z8 11-1] AR 2 FUE D XA AKX} =

O GAIFA2 1990dd R&7|#S FHoE 95 F2lo] 54ty &
Ao g AJAst7] AlFstAaL, 20009 olFol= 71UA, MY Fo& g
7] A&, GARAC o S AdAlE 20179 71€ 4.7% Aol
o, Y5 FAAL7L 1T A= SAFA] ARdA T 7P 2 visE ARG

I A=

» Y GAIFA] A 8= 45 4o Aol Z|AA|7} 33.7%= 7 Al
22 o]&Ho]H(25.5%), St (24.4%), FAY.1%), AHEAIAAE(5.2%) 52
ol A1 2 B S, 7|GA|, HY, FRot A, 2 AlEe] £,

» AFA] F e 2419 H|E&L 23% $Fo|al 7|FA 40%, LT A 18%, H
A 15%, st 12%, T3A 5%, 71EF 10%2] +59.

8) TAIF4 AEM Zdi= AT
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Jd9xe ] Z Aol

- BASE B4 QAL A4 Ak, okgle, @
A WlE H6-2e oF 80% 4

AAZE So] 9lor o] HA w24

o

L

= A7 N A=EEAJEROIA 28 A2 HEF AUl SRS &
& 5 SARH9)A = S T 28 " 24 AElA
AF &7 44901 A=A 2719 2872 22AH44D9} AeR ABE FA
AH442)7F . Y Hed A gl g B g 2T EER
95)q] ZAHH AEFEE 4 =
HEH9522)0H AA| EFE FF Hzd

m J
T
it
Y
)
>,

Ir
>
I
[>

SAAH952)012L AlEFEe FF
0]

¢ ZMHCooksle TH, Y, FAF, N, AAEF SN =, A,
=2 98] 4, 29, T, &% QAR U8R 5ol T 242 2eshs
Ao Ao 9. Ed gl
ze|Ael 674 AERE T 9

o A&8 AH]A FAMRHFood and Beverage Service Workers)w= ‘A& 0
2 *95t= 8A4d4, 9, A E 23 YolA 43 S5 E AlSot= A
F'o g vidy, ol 9 7et 4] AB|A FAHCE AlERE US. 7]
E} 24] Au|A ZAML(Other Catering Services Worker)2 W uij&] L=}
9) IHFEFAAEF. SAH 1A A2017-1915. EFHEE7|(EHAA).
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Zol 243 SmE AT Ao Bk

o FHF HXYU(Kitchen Helpers)> 414, dtu, 38, JAEH SoA X
Aoty ALY AAlo] whet Z+E 2 HRYPFE F5t= AE ol
T2 (ﬁ = (1) oY A A1 thEoH, 28 I 45 7|42 AET

() oA WEE 2% 24718 Hen 28 P23, 3) 2are] A4
o G B4 LWL IRE AVIE T, () TN ] AT
718t ol %Hj—% S ofm, AQoAzE 2 BAY, A4E AHY =

2A BaQl, S F4 HEY 5ol 98,

- AlgA} FFEFHQEF Y Zohoo] oot FEE 2e) L G4 Aulx
H(45)9] 2EFE YLD S7 28 FARNE52), AR AL FA
H(453)2 HA2 949

e O] & }-ﬂ/\}(CookS)-L— 12 670 AlEFoA 37091 SH4] ZEAL, =4 %
AL 7|eF ZEALR BE5E dFY. A7 EF5QA F4], F2], A AL
Q2] Z A E%‘Htﬂ BAY} fAEZE AP} 7[eF A 23

2 9H4.

o 27 % FAMH(Beverage Service Workers)= 285 X2 ¢, vtz
24 Ao, AR AH|A SARY = AZE AHA FAMD T HY Hj4
ol ZITEH Ve AZE AHA FAFCE FLEE Y.

o e T SAR Sohe 2Ed2 7 E o4 B B g
o]

(FEF 4 T g SARIA —rJ Hrd@dmer gyo
=

10) BAH. A8A F=HEZZAFET MY =29t FEE A vlILE. 2022.06.20. FAF.
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22

olAH A7A F=BEADETS MY AHL A8A EROIME EF AEIA

FAARA S RE) BAFGE Th2A BRI 24
WO AR g, Jeln ARFS @4, F4, 24

238t PE Zujstn QS REsHe AR o2 AHojst

AL zelgom gelx gor], ze] A FEL IS v, 4

83 A golAl
2 w2

L
H
o T&x2AF 2
i

"otueAN, Al

ot AFEFE 24 AHlA FAMA(Catering Service Workers)

=
B A9, debd 2208 S AL fAg s Ade BRAEAY
e i

VIet SR AuIA FAL O WY LS T of

A 2 = 19924 3¥ 7153 (Y 106528 A= o

Sl
B, GEReAL 198 WA Addtel 2 154 A45L
Z

glAbEo] Aoz AEEHULL ol etugAd, Aol wet =

w50l Agstal 5.

72 A1 S FAL A AU QS 2E st

3 5
"2+ FEESY, A21E A2 e T A% LA TAEIAY, A
532 A18o] BE 2HANE F T AN e sk FAlo] Bt o
52 AgsHA 5] giste] L Adsatel] sk FAlo] Wk AEAAo0] Y A
A E 5 98 oleta WA glol, shcle I WA 2ANE R
FAHUe = 5 9

oA A
+ 0] glof
zelAbe o

FA4 M99l 294 FRAOB)OE 249 28, 34, F



W 7)T AR FA AnYRE &

L]
L

W9 zelQe BRA 2ud F A9 PPARPoR TEFD

O HEAIY 24}

= [AEA8H, AR AllPelds HE
AFAA(AE 2GS FoloF okl FAIRHL s

¢ CZEAE TSR0 Bt 6 715 o 4242 e ¥ 5
AAAA « BERARAAL - A+ 24 - THHC WIS Wolok 3. 27

A FVNIEAAGIE s Bopol “eA Ml Bok o ze] 715t At
Q7RG 71 SAE QLS. AATIAR T ARS B Fe, B4 29, A 2

g, dA] X9} Bolxy 7|5Ae} ZF(GEH) 7 5AHD7ZE 91L.13)
L Zajzle g

O MBS AS1= A2PNA FHFAL 2 2IYFE 4
Az AANAEE 2, W4 59 A B o sty 2YA 4
72 thewt Zo] BN UL,

- AFL zeiAe) AR

« ARFAL0IHY) Aol me 2 JRAARS] HH)A ol 42

ES HH*—]‘ 59 A M% 23

1) TIARAA 374 5 29 4, Adzxolde 3574 Z2AE T2 A =7
A2 A A PPLdTA.

12) AFA 9Qule &2 dlo] HEEs 48 JEORE Sk A,

13) SPIe A AR [FE 2] S7PIeAAe A% Zof i a4 F

__'
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34 gL B FHxAY AR B, 9 Byo] HrHoR 9
PALet ALY Z5o] Surge] et xe] AnAjel zelafe] AREA o
7} E o8, o] ATNAE (E M-2)9 2ol A9 A% 7
QAE 122702 #A5tL U149

(B 11-2) SAXALY ZREN

2 (Duty) A2 QA(task element)
Bl B2l(menu menu evqluatlon, confirmation of weekly menu,
confirmation of monthly menu, development of
management)

standard recipe, Etc.

selection of purchased item, selection of
purchased quality
TOiEtE|(procurement) market research, cost adjustment, confirmation

of purchased item, participation in selecting

supplier, Etc.
24 9 AE H2(receiving conf_irmation of issued fqod_and return.e.d food,
. receiving of milk, determination of receiving and
and food material record claim management
keepi f ivi . ) .
eeping of receiving record keeping of receiving, food material
management)

issuing management, inventory control, Etc.

food material sorting and storage management,
2| ZH(preparation) preparation, main dish preparation, side dish

preparation,

14) st F4] 2EA] ZEEHL2 3 Z3FH A FEAH(task-oriented job analysis)
= 53 @A v RN £PEHE F2 AF(duty)et °lE FH] AL AF
(task) 3 A7 245 FHsILA steH, A7 A= (AhA=2EAE 53T
SEgdn A3A5E 59 24 Swd 199 2o 22 AN

2= =2



cross—checking of cooked food, preserved food
management, Etc.

HHAl ZFA(distribution)

portioning of cooked food, distribution of food,
supervision of food distribution, returns of trays,
Etc.

8t 2t (transportation)

Ho

transportation of food in cooking area,
transportation of food outside of cooking area,
transportation of equipment,
transportation of supplier, transportation empty,
Etc.

MIA = (dish washing)

washing & sterilization of cooking utensil, dish
washing & sterilization, washing & sterilization
of cooking equipment,
cleaning of working area , sterilized dish
management, Etc.

THer 3 7=
&a|(management of
leftover and waste)

checking leftover, leftover management, waste
management, use of food bank, Etc.

ZeAldde

(facility management)

checking of cooking utensils, checking facilities,
repair of cooking utensil and facilities, If obstale
of cooking utensil and facilities, making a
counterplan, Etc.

AL M E|(safety
management)

checking of fire extiguishers, checking of gas,
water, lectrical equipments, making
counterplan as for problem of gas, water,
electricity, Etc.

Q| 22|(sanitation
management)

management of personal sanitation,
documentation of daily sanitation report and
check list, documentation of HACCP manual,
pest management, Etc.

272 (cost control)

calculation of daily expected unit cost,
calculation of weekly expected unit cost,
making a montly budget, making a yearly
budget, making a income statements, gap
analysis of budget and income statement, Etc.

25



T Al Ylisks ROHQIXE S4 Y Ha|Hot ¢
job schedule management, lower employee job
staffing and directing, performance evaluation
olgge| ¥ g = of lower employee, education to lower
(human resource employees, safety education of lower
management) employees, meeting, on the job training of new

employees, education to part timer, transter of
duty, Etc.

7174 H=(participating
in education and training
program)

participating in seminar, participating in
exhibition food related, participating in
education and training program, mastering of
existing duty, education for improvement,
participating in training program for promotion,
Etc.

A2 (clerical)

copy and mailing, telephone calling, food
service related documentaion, food service
related official document, food service related
clerical management, making of yearly plan,
preparation and participating in administration
committee meeting, computer operation, Etc.

Ol ZH(menu
development)

market research for menu development, new
menu development, development of new
cooking practice, existing menu evaluation, Etc.

7|E} Y2 (the others)

supporting other duty, instructing student
cooking practice, Etc.

o SN FAA AR Ao (E M-3)3 o] St F4 34
IS A4 AT B A4 A, AHNRY, 29 2, ALY L A
299 57H WA TERAS. FF HES YR(duy)T & 5 9on
= Agdat Aol 84S ANRAL

15) ALEWA 284, SR ANFY. % Yolop T ok FAA AHARA

2021.
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3) 8 =¥ Fd

Z7 FARE AAAE ERlcke AYRE 20 olE+ vt Adde
F5tH 1 T 28 AdY B AREEHE A=, ARESHE A, 289 &
A Zo] ule} toFst UhHo] EAt. zalo] uhy = flEHoZ 2 oFEl A
om zFE AMLEHE WS WOl (K I-4)° Hste] Uerd. 7714 %
g S et o ZF 22 Wl et YA E = JoliIRte] 2t e
2. 59], 2EEo| YA Hoa I8 7| A AAEe} oA 12
07 EF7|=(high-temperature frying) 22 F¥Hl B3 (stir frying), &
(shallow frying, pan frying), ¥4 (deep frying) &= W] 1120}01
TE 73T A9

202390] wsFoflA et Totw Al 27
ZYES FU%t= 8= @8 AHECE A% Rk, FARE
Ist= Fagsiy, A4 g o
o= oo =7 WH-AS A= =
X}ioﬂ =W 251 28 AX&2 97%°|H 828 & AHEES RAS

< T(251%) o] 92.5%, 3 34.5%, FA &

PR

N

O

[rl

olo
o 4

16) A5 ot 4| 22 AR 2023



x2| H

T0|(Roasting,
barbecue)

22(Boiling)

=23 (Stir-fry)

AR0 7158 750 W22 $IMOm Zashs yY,
MNEEE 7159 20| BX| %S

EXl(Pan—frying,
Shallow frying)

AM=0 712 F/hotH 2Xl= 2e|gez 2 HOo|H 6
2 Q2|0 M8E. AM=It 7150 25| H7I= FH(Deep
frying)it= T2 HFZ| 7I§0] AZE.

X2 (Stewed
dishes)

MMz0 P8, S+ S T/t BIY 20 F'E0] XS
xafots gl

2l(Steaming)

N0 YR ool B2 HIISI0] QaBer B\t
257I2 W X2 Yy

E|Z(Deep—frying)

AME7E Y| 71200 HIIEE 510 Z2lste WY, FE
SdRs xay O A8E,

i 2oE,(2023)01M HHRRS| 70| X215 REE AI8SIEE REot!
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(B II-5) 22 §Y =1 57| el g Ay

e e 07 &4l 9 X35 L& =X
It | 287| B¢ e - S XEI x| 208 =8 7S g
T
Ardilzt: 2hd
JBRIHE HOIE
28l 9= 28] I L10|/Z2{20412t 404 AO] X 212] OJ4 Q2I3 0{AS BH 7|BXIY 2I30)

THE 7| 2RI/

ot A /T2 40| A=2YNE, | JHFE0IA AL S 143] Ofotz 2|8t ol &0 Hish |R2AokA =5(95% Cl =

=3HCOPD O]4 4 1,846 =k £/RE| HF/EE 1.65—13.53). 2o 7| == FEV1 and FEV1/FVC H| ZA%t
B ) == orA oE/5| = Q0|5 oimo| 9.

7| X dolA|
o2 01y 4,624%

A/ A A
At(cardiovasc X7171Y,
ular China's Y g=E M= 80 Hlo XEHoE TN HEE AESt 182
< mortality)/&& - Disease _ = 2ol A1 &J&|(hazard ratio [HR] 1.19, 95% Cl 1.10-1.28),
&= 7| ’é\'/i.i S 2T 2k Surveillance 2= A= 2 Ao A AtZH|(1.24, 1.10-1.39), &5 7| Zl5t APQH|(1.43,
Af%f(respirator Point system 110 185)7|' 'Ic'Jrgl |'71| :D:l:
y mortality) NS
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X2 MY Al YMSk= ROHQUR S L BE|Hor G
H 7|s; FEV(1) 557
and 53740 == ziial% J‘._17|_| Az A8 Z2X= 7tA A8 2210 HIgH Fost H 7IsS
23 | Fveuuiel | Agod dae | SUENE | ool o gy [R5 A= . S FEVID, FVC 201 5.4% 3.8% =8 71
wheeze)/7tal/| 32Xt 3939 I_;czi—f S MEXOAM MEY7], 7t2h, 718 ¥ QIS0 LU Folst B4
712/ 2 YRS S /2 28w TS,
ANEHZ ol Al W Jls =2 ’%:ci 2= %‘Hf Q1720 Ij|5‘H FOUSHH 2 H 7|s, HIE HHH
o 2371 2338, i 7ls S8 30*(9bstruct|ve and restrictive abnormalities)0| UL, AlH
2l fx3 - 32% :o/izll X2|E S KoKt 28 =& (ultrafine particles, PM2.5, PM1,
1459 7|2 TVOC, CO, CO2)zt FTIR-derived compounds)0| H 7|5 ZtAet
e o Aol = Ae= FFEL
i _ ° AL 1| = = o
E||O|E1. A|£Eg! o1 Al 22X} CHSHH 20 A ]11[ o B 2 E!i!a *;ﬁ;é-lm Siliﬂ)%ﬂ T.:'JQLE_‘l EINS E‘Exf%_a
sz | lung-imaging | h0 S B | o LDCT |22l ARE 22| 2 g RADS-9S I8 —ENSS SV S8 WSt =
data system 2 = 17| 7[9] HRE AtgSt 52 A3t H=E AFESt 0] HicH RS @EH(7}
(Lung-RADS) =2(4.59, 95% Cl: 1.061-19.890).
- gAY 22X 71 2ERR = - st 75
55 o7 Mzl amny( 22 iﬁ(RRO— 2o (2 A ?)):'ru;(i@| QQR(? s '33)('25?;77)}07) iy
iEOJO _:I_%I- 77_8 . e o i %g _JF_EI—E - ()=} = ;. .; ) = S o = 4. ./~0. % |
0] 7/| IZJ{FRC. GRS 188;) 59| [zmw = AF0A 22 O | CHEZO HoH iilow =42, 58 AY 22XE 75 HERR =
=4 S o 1.8 (1.4-2.3), 387 ZM(RR = 2.1 (1.6-2.7)0] L2AsHH =2 24
SHE LIEH.
O 5= . S= ] ==
e xr:o j:.jl *LEEE; -:1427H 2571 | AF/EReMNU/HB NG 2254 Y ©57| SY0IM 26 0l S A”S 2.
SHECIE, 7t AEol ZEX} SH/xelg | R P/ & |AZM 57| B4 7Ist |F QXte AR, AR It AF 37
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S8 B U e ze | weme s (T2 50 VIS0 ox Nes owe m2 Aoy wst Az, FHjs 28 22
e s o |SE/HE 2l o o o e 2
_|:’_E—I|r6|:!) o = L7 37I/HH7|A|)\E'" % T, d o O oo
Ao 227} I 71s(0R = 2.59, 95% Cl 1.33-5.06), £8=2
~ 527 7k& HE(OR = 3.79, 95% Cl 1.63-8.79)0] M2{= Aoyl i3
M 7ISeak |y nero) azx | mayzale | e ww/me Qo =2 R% wEs mol W s 2, s 587 S43
A= exiratory flow) T 55104 LENE S B7/R2 o2 e R9E G2 AXE BR(palm o) AIE, 2 S0t £ X3/E2/5E
) e Qe 7| RR| AS/AIZ0IN D74 H/ES B2t AE 371(1-6 mAoiA
pN = =—te]|
1T o -
%z 5871 SEI] |41 aro] Lpg sia P71 309 59T Uil 58| ZMS 27 B REB08I%
ga |88 | wzewan | symag S0 2 0o, 18.7% Ua), J1E055% 018, 21.1%, 94), HT(3.0%
w1 11348 | wENE S = Ol], 8.2% HH)S LIEKIT Bl 20l QIR 2| AlZH S0t =2
5 g s 22, 0 Qelol 2 Al =1 512 28] 34 Sl

HIO|2OA AE AMSE ME A2t AHF(OR=4.35; 95% Cl

557 0.10-18.97), 1&(OR=1.61; 95% Cl 1.10-2.35), &2

= =Y AHE = . 0 - Ct = : 0
Bi= | Mo FE | et el 10788 | 2L = A 1.03-3.46)7t Q251 &3. LPG 7tA ALZ0| Hla SX X A=
fjooi S ST S |22 AE23(stroke, OR=7.64; 95%CI 1.18-49.61), MEF X2

2 elEs ABE E2 ZHAHE(OR=152; 95%Cl 1.04-2.24) Y/E0)

g0/l &2,
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3 7 wF A% % BAW oy AR AR P, 2o I5
7] ) 557 A%, AATA A 2 o /15 Astee] dne Avnp
o Xpol7} EASAT, R0t BAH o}y 212 APRINOE Ao A
OF BAY 5 . vh, 2 587 I GF 299 S AA 54,
et Ay 0F Suo BAS B FYAA Fake WA 24T

2) 87 B4 =23 Y A¥TY AT A7 2

F2 T=Y gt A7E tiAeR T 1049 WEREY =23 319
IF =29 F2 W8S AEste] (& 1I-6)°1 HEHd.
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(B II-6) 22 &Y =1 57| Zetujo| ¢zt Ay Zut

o1 CHALX} =t A AT L Q3| xIoj/xIm
=27t | H OHMRE| © REO 7 71| =R+ |X2E = FY Hp l:":;E_IT 2 gy
(A1-tE 5) =
1) 22lg &, 2218 ME ABL
HIEA et HISCIA B2 2 it folgh ot L
SR} 16(13 2) FHOIAM MEF ARSI 27| HK|
tH2t/&=/|<lung cancer PR 2012-202 | case-control, | X2|F, 27| =&, AH XMu olo ArEotX| 241, 27| et 89 7=
o= in e e 2 3 prospective A= o me HIEAAL HQ LA &7t
never—-smok cohort) ZtZHAdjusted Hazard Ratio (AHR)
ers, LCINS) 1.49(95% CI: 1.15, 1.95) 12|11
2.03(95% Cl: 1.35, 3.05)Z =U3.
A171(€2000, HEf ARAER Z2lg =& Al7|(before
2000-2010 and 2000, 2000-2010 and 2010-2020)&
2010-2020)/22| 0| RootA OE. FLUM 27|
Mo oo | mg oo | 19807202 29 ElRl(Liao cuisine, | g oo (M8 E Q2] SRES wE XH}
0 Fujian cuisine, CHE(Liao cuisine, Fujian cuisine,
Shanghai cuisine, Shanghai cuisine, Jingdong cuisine
Jingdong cuisine and and Shaanxi cuisine: 0.54, 1.91 (1.62,
Shaanxi cuisine)/Q2 2.25), 2.38 (1.80, 3.16), 1.56 (1.29,
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22| MY Al Zdots ReHRIA S8 H ALt A7

gi{deep-frying,
quick—frying, 1.89), 2.58 (1.63, 4.09), 1.57 (1.16,
stir-frying and 2.11)).
pan—frying)

1) 6goiIA, R2|§ =& 2=H|= HIEHN

H 2t AKX S0 = 1.98 (95% Cl 1.54,

254, 12=79%, n=15) 12|11 22X0oZ

= AKX S0 2.00 (95% ClI 1.46,

274, 1 2=75%, n=10C& K5IH =U2.

QY 93 xE|g/e7| &/28) 2) 7| 20| It HEsRie o, 27|

= L Atell(n=9,411) o - 2y o |EYC = OR2 277t Y&t AHHX0|

&= F/0E |z £ gy B2 US [observational| e i deepl S BB | THia 1.20 (95% CI 1.10, 1.31, | 2 =

e studies Frying) 2%)02 Qoo £2. Q7 Weoz

2MY 22 HY XS 83 Q2(stir
frying) 't= ORHIE= 1.89, 95% Cl 1.23,
2.90; | 2 =66%)2 o6t ULt =&

22|(deep frying) OR2 1.41, 95% ClI

0.87, 2.29; | 2=5%)2 {2I6tX| 2.

ot

Maﬂ(:ﬂﬂ 362 U dda Q218 A I QL BIXIQ ALY MEF AR O] Z0|

= g4/0d ) EHEF_,E' 19904-201 28 M%/’é"—ﬂ[f'ﬂ HA| FE g3 ° D1:19H|1 §9|551T§§— =

(n=13,953) =
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ot case—iontrol HIZS! 01 T2t ARIAIE Z2lE L&D}
= = Al(n=35,960| 1992-200 . ~ o | X O B EXZ AIRSIX| 2L HL
SHO|UEEEE I gma | e | D ) TR BRES e s qelont 581007

(n=6,082) ospitai~base P(0.00001; Z=4.65, P<0.00001).
d studies
|2} Ol I ARYXtS Q2] & AR
24 Q7 = ADT/AY _
A#l(n=11,946| 1995-201 HZ(OR; 2.21), 29| 2%|(OR; 1.76)
= FA /O] A - b | HH ol
5 | 98 o g |cesercontrol| RX/EFS HE 8 | B2 ES 1550 xg 90 a2 US(OR; 2292
(n=12.596) studies t= 05 =
Z3/thgt/ - Q2| A 40| st =E51} 18742
3/} QERD LE J|Z, A-THE IROIA QL /&, 274
case—control _| B AN .

E2/AE | g o XM ol | mMu oo S gy |uet 2], @alsot e FU LT (G0N RZdRet ol ens Y

Ch/g=/m| 2o/ ST mME | ©F wS ool | M5 7L BE gig, | TS S I eziol oist ooy xgiH Qal(xe,

AS /2 Sl | Ry 2alER eg = X|Q)9} ABHY DNA AEA U/E=

20| stuaies Ho| 93 ZUIote IS HIE
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FOHOIR S8 H Ager

I A
13,1764,
NES=E
16,1299

£Q
0jo

16
case—control
studies

oo
=
M
A
o2

-

HT
H
o

ox

ru|o

Qe| A7 He0| £ 5 24 oAl
M= MY A0l AKX EE %

S0l F9okX| YE(EH 2 & 0
1.20, 95% CI 1.03-1.40, 28 20R
1.01, 95% CI 0.86-1.20). Z2EX0=
Qe L=3At SO HEY P22 7ol 22

Ho=z2 Hish

mri’ﬁ

Iz oy
til(n=912)/
LR (n=1063
)

£Q
ojo

£Q
ojo

47K SO TSRO AEF AISO]
ot 2 9IB0| 2945 EUS(OR,

1.64; 95% Cl, 1.25-2.14; p=0.0003).

met
M2(n=5563)/
=7 (n=8484
)

£Q
0jo

27

case—control |&

studies(19 in
English and 8
in Chinese)

EQ
0jo

-8 W I Q21802 AR ARZ0| 04
2t AteA|Xt7t 1.8348H(95% Cl:
0.62-5.41) d8|11 M8 FEIX| A4S
= 2.66H12 {2/81.39-5.07).

ot
Ar(n=5,600)
/tHEF(n=6,8
92)
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EQ
0jo

Ol HE Aol AN 27| SZHOR:
2.13), ME AR 04—.—(OR 1.50)7}
ROl =
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ot
HIE% 291 | Ak2I(n=1,115)| 1990-199 K | Z2E o MM L oo | OH HE ARIKIS Z2IE(OR 2.52)1
oy | /HER(n=15 9 case=control| 611 ooy My ST s MEH AFR(1.64)0] Q251 =2,
studies
20)
=24 QBN WMl X2lE S
QSR &1} K 9E0| QoI5 MU
Hist
Ho ez £ E209 HIT A0]Q]
2o =2, 2o A4 SP)0| Y.
1082199 9 HIZ/x2| AR IO 16K AoI0] 22/ Aztet 01
e/ HE Qg 4 case—control | ¢&/FE HE 22 HE g8 2/ =2(0R 2.4,95% Cl 1.1-5.2).
studies o1E/x2|E b 301 OlA ZAOIMN Q22 Bt 0iyS
S7|K%| AR o o|510| 80% Zut3t
ST Ru0] Qs ROIM X2 IEPE OCPELe
ZA2 839 ORO|
Bi7) RX|7F MRIEIR 22 %row AJAL
H2 &S =52(95% Cl 3.1-22.7).
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(1) Bhurosy 2(2023), CH2t/==/Q1%

20124 19 195E 20224 129 6¥ Atolof 28&3 HY¢ Y3 Afole

ﬂ-‘r_}a AR 1379 A dix Aot 379 AFH FRE AFE THS

o R E H|ZH oA HY A (Lung Cancer In Never-Smokers,
LCINS)Oﬂ 23e *=

i)

97 AR AERo] AME-2 LCINSY &2 A Aol o xI&F
37132 9] AFEo] LCINSS Y82 HAAAFROH Hij & FrIo A 7] AHA]
£ ARESHA] &= 49 LCINS $8o] § &2 AoZ HIEGS.

(2) Zhang 2(2022), 5=

1980 H-E] 202097HA] e 29709] AHf-tix A48 T 24T 2
I, 2EFo =EH A9 HI FHEC] FYvlsH =A UERH(P0.0 )
AZIEE EAFES O JALSFE HY 24 o] =teH, 2Fe, FA4,
sto], AE, AkAl QoA Z+zF 1.91, 2.38, 1.56, 2.58, 1.579 gzﬂl
(ORE EY. & FF, &= 5olA A== 28Fo] & a9 i
H)5 Heh f3lo] &2 ZCo® HiH. oyl v 7|Eo] He 89 FF
T 59 =& HeTt FAFCE AANEHAE LU

(3) Jia 2/(2018), 5=

o WEFEAL 2ol wFol WY AP Beol YA RAG B
23709 B 4TS Bof zelgo] FA oiFoh WAl S5 ciMolA u
o AIFRNY THs o] HrhT WHWom, WVt BT WAL g 2L
=4 2 ol o B2 9ET B Yoty BIF. 2 PPERE B

(OR = 1.89, 95% CI 1.23, 2.90; I’= 66%)°] HYI 913 o
U, HZ(OR = 1.41, 95% CI 0.87, 2.29; I’= 5%)2 18x &2 Aoz 1}
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B
(4) Li 2(2018), &=

A

o) M fol Welol e AOE Liei uﬂo SAjoll 4 Al ALgo] u}
£ AgH]l= 1.490(95% CI 1.330-1.669)2.2 FolstA &}oH, Ay =X
8oz 4ug A8sHe ol WY 917 S7heh foluat Bale] Atk &

A% AB.

;E
)
”

(5) Xue 2(2016), ==

zg Al vj7] FRE ARESHA] o2 AHjolA 2ElE &2 H|EH o4
o HY T ATFE 4.65H JIVHAFIE ACR YER(Z=10.07,
P<0.00001; Z=4.65, P<0.00001). ®i7] AA7} gl= W 22F &2 S5

& o449 Ho AES FYrlsiA =Y & Ut 2948 B9l

(6) Yu 21(2016), 2, £ SaX|Z X2 AM3

1995 HE 201497t 24709 AH-tiZ2+ A+ detEs A3, 9o
AHAHn=11,946)F 2 (n=12,596)S FAGH 23} oA Hg 4y A
o] 87 & AR HE(OR = 2.21), ¥4 2X(0OR = 1.76), FF 4L 7
HIZ(OR = 2.24)°01A F2lstA =4 YERd.

(7) Lee & Gany(2013), S=/HU/ES/&7I1EE S

20719 AFE 1A A7 Q8 T HEEQ AT & 7|, HIHst
249, 99 Al = A=, vi7] HE v]AdA], 2 B vu]dA)o] HY AP
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( 22| MY Al Zdots ReHRIA S8 H ALt A7

AEES IR Eok, 18709 AH-tiE A7lA S f1”, 270 Aol A
AR A9 B YEe. KE d7olM 2EE W Holdd R
g 2ghE, REFOR QIR DNA 2443 2 24 dAYSol digt &
7HEEE. A9 829 o A9 T AWES oE 579 95 ATelA =,
S=olAl 34, AAut Bejg Al E|orRoA] 14, G=rollAl 1710] 3=
AL, BE YA &3} AsH DNA AEHA 2 #HoF 999 F7tete] o
s BHag

(8) Bigert 2/(2011), R&/HULl/ RUH=/S=

9} Aol AACSLHOR 1.20, 95% CI 1.031.40), BAl Fofl= §-9Ju|s}A]
FS(OR 1.01, 95% CI 0.861.20). &5 717tof| W2 -4t
olstA] Aoral, QEjAtel OE FHF Z2XE RO S AEFOo R, o
T A2 HA A SR #wRlo] gty AER L.

(9) Hosgooh Il £(2007), OfAJOt

ofAlo} A oA LHE 6719 AF(9127 Ak, 1,003 HERHE HIE
A5t GSTM1, GSTT1 2<% % GSTP1 105 Val otdA4% =Y 98 7
o] AHFS B E5| GSTM1 2 FAAES i 9 HAR Het&
A& Aol =t o]l fYsHA S7HIeH(OR 1.64; 95% CI
1.25-2.14; p=0.0003), A&t 2" JoolA #HI T §&o] o =4
HER

(10) Zhao 2/(2006), ==

AdelA gejet 7 WS s AeE AMEShe HIEA 943 9
nTo] HYd AgEolA 4z OR 2.52(95% CI: 1.94-3.28)°F OR
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2.42(95% CI: 1.62-3.63)2 o517 &2 99e Hel uFd o4, o4,
d mso ot #AoAN xIE =S 27 OR 2.12 (95% CI:
1.81-2.47), OR 1.78 (95% CI: 1.50-2.12), OR 6.20 (95% CI:
2.88-13.32)2 S51A %o AT UEhd.

(11) Yao & Shi(2003), 5=, &= S=X2 ZETH AMS

1990955 2001¥7HA] H Yl Qo] st 41719 gt A HEeHR
A A, 22 A 5,600 HERF 6,892 iAoz AY A oY
(OR 3.20), AW %3FE 2A(OR 2.72), 54 &7] £Z(0OR 2.13), B4 4

O

S AHS(OR 1.50) ol Hg W AFS K945 Eole &

(12) Zhang 2/(2001), £3, 3 S&XZ 20t ZHMg

1990928 1999974 TAS Ael-th2 AT tlebEa] Fsh, wA A
o 111593 g2 1,5209< Yo ZAR 23 A L ol
o Wt 2oE 09 B AT A4 0@ FEIt SoH% Aol Uk A

O 2 UEH,

(13) Zhong 21(1999), &=

2ro] A FHHe AeAol e Hugh 4 AToAE 7
g5l 7|20 WS ey BAo] ofe AuT W 9] HAEA B4
Blol2 Sushs 2o Uehd. 34 a9 % AU 37 odo] WY
o 9ol 4 tky FH. F2 AT ofdfe} B
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3) 112 FZ(High temperature frying) 2|9} HL AFH9 o
U

12 FHA 87e HA YAy A metshr]  fste]  IARC
Monographs Vol. 95 E1AE 1593,

(1) 22 ®d Q20N LHdst= |sHAUXE

718 ARERE Fld IHOA AERet A EeiE A /7] SdE
(VOCs) & HF g 3Fg=(SVOCs)o] B4, iﬂ A uﬁz L zg 07
RE=Es 41 ?—_-IJ, A7, 7tERY, G WS ©@8le4A(PAHs), W
FEotl o] e 8 A sRkES gHlsiE, %i%, AL, H=

o], E3] drobA 0347} A= PAHs, dlg|Z2At0|E oty &

g Al wA] JAe} 2ulA] YA sET7F S7HeE f#5 &2 )
&

2, RE, 94 F7 u zel whyo] uet geby,

L" o

12 2YFH H 7 A ATEE 2ARE 95t A4, REE
= 9 HeEo] HAY fo3t S B (Metayer et al., 2002; Yu et
al., 2006; Zhong et al., 1999a; Zhong et al., 1999b). ©] A&+ [ARC
ML TIE(2010)9 89F RES HIFCOE 51, 32 O]‘ﬂ AFE e =
T A, ATolA AFHEE =& ¥ Jd &GS, 54, W F713),
4 RE, 27 STEY AR A9, 28 717D, =5 & 1_7], S A
=, 28 AE AY, = A= v, *;f*‘ﬂo W A7] SolE. AF Z=EAE Y
Foz gt HY A9 A+ =S
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E3F JARCE 20109 Bl oA 1. ¥ QoA HAYs)
Fo| AFEOA Ht It ol A& ThsAo]l oAl AEA
(probably carcinogenic to humans, Group 2A), %8t dTtofA
A TH, seAdgdA= TES EAV S ERl9

co==2u T ol T= —J Vo,

E rr

SV )

B
o
Al

rr

489 100°C olstoll A Eiulo] 9 7540l A9) glov, 230°C
ool A 9 75 Aol ok, Be, HA, Wol H7E WAl 7ke] ol

947 Holt Yot
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B JFoAE %28 (Cooking Oil Fumes, COFs)T} A% I3Fto] A
£ 58 1S Sof AT 1 ;S 17 9F2 COFset =4 o+, &
Z7] Ast 183 .

O w49 FUH =& 3 COFs

EE WY A oF 25% Fe BFAACNA Eske Aor dEA
AL, T 59 ZRIAHCRE 8] I 7F S7FekL et 25 44
L& ol9ok COFsk 8 8R10g AEEHI 9317

o

O F= d4d=9 Y eHE

S 9749 WY EPEC] g HR
Zlofl g8l ARgEE #A 715 (A=) BEel fle,
A g2 72 5 dou 7|okE dio] g 2T s e der £

AH=18),

:[o

O FAILAFATARC)S COFs-H¢& A B
TAGATATARC)IIA= 2010W0]] COFse}t Ht=He] HH Ao thstod
5 RE, 197092 E F=, e, 5, A7FE=2 1749 SA-dix
« AFoAE HIEARY] of oA A Hte] loZ AE Tl A

H

17) Pallis AG, Syrigos KN. Lung cancer in never smokers: disease
characteristics and risk factors. Crit Rev Oncol Hematol. 2013;88(3):494-503
18) Lung cancer tied to vapor from oil in stir frying, Newyork Times(1987. 11.

D
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L Z5E COFsE A&Esty L.

ol& A+ FolA= COFs &} HAe] BaAdat #HAsie] SAHCRE
Fougt A37F yehA] e A= YA, BAFHoZ Quiyf QlE AT
€ B2, I1Fcle 29 H=rF $AY, 28 7|7te] AW, COFsY &
=7t #AY, & AA BA(fume extractor)’t = A5l #Y A HF
o FU HISHI . 1y ojef &2 Hio] A W, R+ 3
B, A= £ o] Aolg Bt oyt HioF Xdhe] A5k gx9] A
T GEWA A 279 He7t Wil 5] 2 Hort thEE o4

HEAAE iAoz o= A-1(1270 dH)o]ojA] TARCOIA = X0l A
HHASH= 11.2.9] vi&E2 (Frying, emissions from high temperature)&
Htat Asto] ofA7kA] AgHE FAH(limited evidence)7t HHalRE H il

39
rr
N
flo
-
)
ol
—|—J
S
D)
oL
S
E]Oll 0
s
(i
N
al(f
)
i
o
il
fijo
S,
ojo
Sk
dn
o,
k|
flo
-

O 20209 -yt Z7IASEEA 5 HY TAE

= 20209 Ut 7S EEA 8 AT A YYES IS o
F AR 2219 55 HEAR] Ht DS B, AA HYF 2
o] 35%°01H oA HY A F 87.5%7F HIZA HAY. o4
H ot Sxe] HlwstelS o FAF A& FF TE Zol= UL
oA 71EAME: 2 U W A7) Bxof wE Aol Slof, HF At
ARgo] WekS.20) o]HY 57| A3y ulNHZR|(Particulate Matter: PM)

19) FHYAE A5E5A4(2022¢ 12€ 30¥9)° o3
20) it AEF] oA gl HIEA ofAde] Htol digh XA A+(2018W)E T 2



o] d¥go] w2 Zlo] HHAIHEA BRG] 877 wobAAL Sl

ZZE&(COFy)9l &He BFo= TAZLE Fouet +E2 8 1

A4 Aol FUletar gloH, A1E8Q] k& H WA 7o %7 #A
T FRIE 93,

28E& Yoev gdHgEeske4a(Polycyclic aromatic hydrocarbons,

PAHs), €Hlsto|Ef, EAHR7I8kREE, HAEX], PMys 5°] EA5tH, o

AYFEZEIFL 5o AV e Al AR S4, =Wl fE, T T

U PMieoll k&9 A0S I =7]

[e] -
Aol won FEHANA ZFLH[|E k&L IgE, 7= 2

oflt

» P ER], ESLHPIEE Y Al 7kl =% A=e ded & U=

(Ghilarducci and Tjeerdema, 1995; Costa and Amdur, 1996).

s Ejoll A 14270 SA-oIA IRk 22489 ZE2AE HAFCR British
Medical Research Council®] A&A|E o]-&st &7 S0 gt 2AE
e Ay 2 E HYotes ZEASCNA VIS “2E 229 9ol § =4
ey, 2o ARE Z7lo] EEl" Algo] EARNEL 23 WAL 1}

‘Fupgl’o] HHAgeE ¥k, 37 ol AEHTYE e tE AF SARAE M

" Y¥ol 2¥A 2 JHAEY 3.824) =L ‘FUpgl o] AR o A

SHC. Juntarawijit & Y. Juntarawijit, 2017)2D

O
O

21) C. Juntarawijit & Y. Juntarawijit, Cooking smoke and respiratory symptoms
of restaurant workers in Thailand, BMC Pulm Med. 2017 Feb 17;17(1):41.
doi: 10.1186/s12890-017-0385-7.
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= 2002~20107A] tigtollAl 1,302719] #H Atelet 1,3029] thR<to] disf “=
2] AZF-d(Year)'d} @7 2E AR HIE'S X ER oho], A&F A7 =&
T #HF Ato]e] WAIE RAFSHL, 7] FEO| PR HIKEE Aol I =
92 A3 COFs &3 HY Ato]9] &3F-¥H3(Dose-Response) HHAS
glstlon, 378 FEE AFEH94.9%)0] HRH97.8%)ETt B A&
on, RE(FEAZADE AT AHEoHe BolAE AHE(4.9%)°] R
2.6%)ET o w2 Ao Yehd.22)

- Un zelge 537 A%l 38 WA o] Q@RAR 7SN ol
SEOIS PAIE bzt A, ALY RIS, 9 o e

4

22 B(COFs)T FHEA
COFs9t 78§54 A7 2ne nAsky wustgon #4 a7 2
B & 4wom & 0-7)0 Bt

22) TY Chen, YH Fang, HL Chen CH Chang, et al., Impact of cooking oil
fume exposure and fume extractor use on lung cancer risk in non-smoking

Han Chinese women, Scientific Reports volume 10, Article number: 6774
(2020)
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(B II-7) Key results from various studies on the genetic effects of

Cooking Oil Fumes (COF)

Part of
genetic effect Key Results References
study
Toxicity of COFs exposure is linked to lung
Cooking Oil cancer and other respiratory Rim KT(2023)
Fumes diseases, especially in workers.
High frequency of chromosomal .
_ . _ Manikantan
Cytogenetic aberrations and DNA damage in
_ Pappuswamy
Consequences COFs—exposed workers, especially
et al.(2021)
those who smoke.
. COFs induces oxidative and Manikantan
Toxic Effect on _ _
endoplasmic reticulum stress, Pappuswamy
Lungs . o
aggravating lung injury et al.(2021)
Combination of risk genotypes and
o Wang et
COFs exposure significantly
al.(2024)

increases lung cancer risk.

Genotoxicity of
Rapeseed Oll

Fumes

Cooking fumes showed mutagenic
activity, increasing the frequency

of sister chromatid exchanges.
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O #%8&(Cooking Oil Fumes, COFs)d} FAE4
e A5 AF B 28229004 RAs] 1Tt F A
T 25 AEF A7I(COFs)ol tigt A44 Eo] A& A SARAL
o A% FAA| mA= FFE A+ COFsol= e 771 &
A=(VOO) I} I 245 ZIet 745 7IAA, YAHEEZol =gHd
ZAo® & dHA US.

O A7 H8A & 473 4% 371 A#

How wHE AE 4] B HE 22, 72 A% FF
SATH AZ Age B4

5 7
71 71 A L A% AEdA Solglon] AE RAsA 2L

DNA ®%g el $384 549 824 npAge.

23) Manikantan Pappuswamy et al., Cytogenetic Consequences of Food
Industry Workers Occupationally Exposed to Cooking Oil Fumes (COFs),
Asian Pac ] Cancer Prev . 2021 Nov 1;22(11):3591-3599.

24) Lai Zi-hong et al. Investigation of Health of Workers Occupationally
Exposed to Cooking Oil Fume, - 2005, Journal of Environmental Health
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» B4, 9A4Zd Z=AHoZ COFso w&d I2AAA  uANE =3t
(Micronucleus changes, MN), @44 ©o]4(Chromosome Aberrations,
CA) 9 DNA HEE A= 44 549 HESHE nlzAEo] T&E S
COFsell ”71 35700] YFL vA T AR HBS % 5

(o)

2o 9% &40 COFs 8910] 98] Rurech AL w
Lold A9 COFs ZOIME $44 54 9ol Lepta Feidel 49
e 529 44 54 9T SEF. COFs n2® 2 1
x}oﬂ FiH e 34 gael Wgel bl Az I

* Manikantan Pappuswamy et al.252] QoA & S3of waf AGsh &=
Sk L

(o)

l:1

= Lai Zi-hong et al. 520 FA9A] FALo|A 84 FAFeh= 108
Aoz AEXARE @3 MDA, SOD, g4 &4, @z YJI19] ujA g
34, @5 A4, 89 39 A5 4 €Y 8-S S "R He) & L
oAl @3 MDA, Tx HZ9| wAl & ¥4, CHOL, apoB LDL, WBC ¥
ol A Z7F G54 &9kow &3 MDA, CHOL, apob, LDL, &% @I
o] mlA| & A 2T 25 717F Aolof] 9] A AT A= AL EAT
COFs ARS}-a4lst A|A”LS S4A710 QIAC] f478 548 427+ A

T

o AT

25) Manikantan Pappuswamy et al., Cytogenetic Consequences of Food Industry
Workers Occupationally Exposed to Cooking Oil Fumes (COFs), Asian Pac ] Cancer
Prev . 2021 Nov 1;22(11):3591-3599.

26) Lai Zi-hong et al. Investigation of Health of Workers Occupationally
Exposed to Cooking Oil Fume, - 2005, Journal of Environmental Health
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O COFs =29 {44 I &t A+ 25
COFs k29| 744 9 At gt A+ I

o
= -

i,
N

22 o3t 2

AR, COFs =& 77324 HalsE 4oz E7] %ﬁﬂr St COFso] &5
H GAA]| o]AHCA), t[AIH(MN) WS}t DNA &4F HIE7F S716keE 5 A
42} Wo 7} ¥k 42 QlS-.27)28),

gl

s

= =4 COFs =22 & 982 Z7M1%. TERT ¥ CLPTMIL §-AAQ} 2+

B4 44 gg482 COFsoll 28 HEHA o449 H 98 57kt #o)
ANS. EF miRNA SNP} COFs k=& 7o A58 ft 93-S =27
S7HA13.29)

?

= AR, ARl f fRE U FARY E2 7S04 EAsks COFse=
AT EdRol f B4E Hol fAA4 & 7He4EES HER30)

AE AP COFs &9 232 #HY 9

ool

Flo

< A 72 F U=

27) Xiaoyang Zhang et al. Adverse effects of subchronic exposure to cooking
oil fumes on the gonads and the GPR30-mediated signaling pathway in
female rats. December 2019Molecular & Cellular Toxicology 16(4):1-12

28) Manikantan Pappuswamy et al., Cytogenetic Consequences of Food
Industry Workers Occupationally Exposed to Cooking Oil Fumes (COFs),
Asian Pac ] Cancer Prev . 2021 Nov 1;22(11):3591-3599.

29) Manikantan Pappuswamy et al.,, Cytogenetic Consequences of Food
Industry Workers Occupationally Exposed to Cooking Oil Fumes (COFs),
Asian Pac ] Cancer Prev . 2021 Nov 1;22(11):3591-3599.

30) Wang et al.,, Diverse Metabolic Effects of Cooking Oil Fume from Four
Edible Oils on Human BEAS-2B Cells: Implications for Health Guidelines,
Environ Sci Technol. 2024 Jan 23;58(3):1462-1472

53



ol

iog
rd

39] 4

42 shetskat 20204 of

wir

of

B

Njo

oj
o=

o
o
ald

i
it

o
o

(& 11-8>3} o] A

8 235

N~

54



(B I-8) =2 =Y

ag a7 zn

xI1235] 87 AlS{AL _
SEEEEY TES | zyuww | ugew | @ | el a7 Zi
A 2t
~COFs QAI7| BEE f2Hol 21 ¥ 2Xg
MEE A= LiER,
DUStTrakTMDR _k” 7M| EHE&IE %% Qalg HlJ._I,_@' 7E:|ﬂ} —_I'Lol,
X001 =5 AFHQ2|, HZ Q2| 202 COFs7h 20| L3t
Ziyi Han | S| =UIE APESE |_ee cofo) COFs URE 47} S17 BT KI5
Q|(2023), | Al E3HE | (TSIBB30)E - - 2 - ;:o ST N
China. = | Agsiol ext Jo| | =S
=3 -TRIY ARO| KXY AZED O 52 SE
(8L/min) COFs7} 2yt

~-COFs= 37101 2fal

YAt Heks e
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Lighthouse

OIX|X| P45
Yujiao Zhao|b.4 x 3._6 X E1|03|7?113;.:W oan -2 T0|= BEOIM= B AIZHEOXE) Lo TS o)
e | FOEE Azl *d v UR WEED 2 YRH0.5~1.0 um)7t 2O
China. 1= Ar2510] Xt & S= = & o
=S| LUMSIL, 71E0] 718 Al 22 2XK0.3 um O[3h)7+
Of TO| gdel
- 471X AlBRE 7100 MdE YXI0 Chet Xt
| e = SE 7| 229 AlZh 9N HIE H0iE
Wei gzlhang ag | 7?(:;:7":er3| QEHET: - ti0l X3 UFPSH] 43H= 20-50 mel 371
(20-22), (2.*527:‘(’;'.;? E%_' 3776)2 %_J'\__J'\_%’ M7 e UoM d=E
China. % 3.0m) Aol 2EE| B3R :
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Kuang—-Mao
Chiang
(2022),
Taiwan.
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NGICEES
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(TSI8530)2
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22| MY Al Zdots ReHRIA S8 H ALt A7

U - vOC(TVO0) SEE BiEIF ) Sl01Y Q2] ) M3
_;}Ol%F ol SLt O
32 7)) d5 Q2 ) 45 24 ) 7IF L2
Hanyu o 2,4-DNPH 22 | .o o
T o) |MBROIE 212 BiEE Halzt T
(2022), |TH f?t'%o' ”Ei'/x'oﬂ O°T|3H | au g | BEIRON wESIS TVOCY SRt TiE 2201
. = min& T -
China. = ozjoz axs _n= o) HIMGH= TVOCS| sEHCH 4.7~7.08 O &2
s 9a|” 30| 22(0M YIZ2OIHS)2 R =2 &
-JIE Qg (79.5%)22 A=E.
ot - B2 u3L U Y 2200
G 05r.n><3 05 =2 BA 22060%)0| LEHH
Musa ik QIXt M=y - 58 E=0M HIX[a]I|HO|
Bandowe 2| o\ (DRI MEDVOL) R -
H<202k1>. Khjolas N8B0 4B Sielz 28] - HE1Y Q20 B UI20f HISH I30PAHS,
ongkong. | A ey 5 = > 170PAHs &

BHOA 53

JAAZASS s H &2
o2 pug,
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—QRI 27|17t A2E O W2 YAE dYET O
67 22| Liek
FLRL D99 (fﬂ_i -MAE AR F7)= iR 10 um O[5k
Zhai 2 | 4ix0 Particle 7rEcl, - ]
| = _ = Okt AL ~
(2020), ;T,?r;;TZ Counters | S++%, - - QY 20| M2 PM, YAt 2= 150~ 200T
2 a1 = = [
China. |=° T ANBSI ARt | 82IER, OAOIAN 25t S04
=2 Eggl__i;) -IIR QYUn 22E QU9 PMy, HIEZH2 2
i3
o Q0| Hlal £ 4+ES H
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O z& Ui & PM Z7] H 5%

JZol v=A YEeH E3F VOC 5 7I8 etz FRE 22e

A

1:][0

O 27 2499 PM Z7] ¥ %, YA A vX& IF

29 5 gBglol YA B YA VATl FAR BRI
W, QA9 D77k 24T o B I YT o e tehite,
7 03 um I3k Y7L 1 gol AHHAL, 71 wel Y=
or], Y4B YA T/ GEE 10 um oI9S 53, 2
Az} 28 0U oF 150COIM, FHeehit oF 205C, BEGE oF
215CONH YA P AR,

NgRur /tGSA M A% 2O ) 9450Y ) FHOY
GG 202 AR BHHLL, 485 71E A A4 UPF 5 g
o gPed ) 2THed ) 84509 ) G ol3lS.

2] ol $4 Rl et 0d Fo] Agle] AHFEA A
g A% Sk Geb O, B4R 28 A BR ) dER ) 2Yn
% 20E YABIY ST £9)

o] ) AFd 2%(SC) ) B

udel 2 928 vas Ay 7
12300 FoloA AY &L 42

[7(ZC) £2& JYAFELS ¥
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DAY AFo] AN AEHRTG © £ FEY YAYBAL FET

SHo] HE AFo] He 49 YANTAL YRS L

28 F7°) 42 TVOC 5=

HEA S5 67H4 889 F VOC(TVOC)9 &g Hluwgt 2
o vl ) Slo|y a7 ) 2 49 3t 99 ) FF 29 ) AT
23] ) 715 87 &0 Uepdon whuFoN 7 A4 YEdE

A o)
a5 A

)

HH|FolA  HEEEs TVOCY X7 b2 adoi WAsk=
TVOCY s=XHtt 4.7~7.98] ¢ 35 & &+ U2,

T4Ea =2
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1) Ziyi Han 9J(2023), China.3D

(1) 97 @y o =5

©

= o] AgX [Od II-2]¢F &o] &7]ds 49 E3F ddde #5319 =2
dEAQ 3F 22|(AFd 89(SC), 7 82(Z0), Fo))9] Il =&
= COFs(Cooking Oil Fumes) YAt EAS A7 Bx, 244 £ =
T 9 PMxo] 23S w3 A9k

= COFs ¥At9] 7] BE= SMPS(Palas®U_SMPSA| 212200, HU)E AH8-5t
of S4sten, 22 T A & =9 Wt B4 mofshy] f9)
CPC(TSI 3756, Wl=)& AREStol S45HA 5.
zg B} A COFs9 PMxE =437 9ste] 3 L/miml® ZEdt=
DustTrakTM DRXCo|2F HYE(TSI 8530) A3

31) Ziyi Han, Xiaowei Chen, Yueyan Liu, Mingzhou Yu, Experimental Studies
on Characteristics of Chinese Cooking Oil Fume Particles During Cooking
and Ventilation. SSRN, 2023, https://doi.org/10.2139/ssrn.4327488 .
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(2) &g+ 20

= COFs ¥dx=7] 4%

COFs9] dAt=7] &2 x2 ol wet 24 JF2 2o, =y
2 4t EEE U2 JoE UEY.

o Al 7HA] tEA<l 89E Hugt 43 Folrt 7MY B FY
2 A 88(SC), % 28(ZC) <o 2 Yt

ﬂi.i

. @7 8(ZO)} FololA A== JXA71(F 80~150 m)= A<
S5k, AR (SONAN BAEE PAHT70~80 m)E Tt F.
* COFs 9# & 5= 43
- 53 @A COFs ¥Y& 7t H4 dAEY FoJstA =2
- oFd $& A9 COFs YA Bt A A HA 1%L WA R} &
]

S5, ole XA AFo] AR AFEG ¢ 52 vk dAMEES

- EUlE B2 BA9] COFs YA FEE Anmuaio] gt ¥4 o &g
ol 55700 ol FAE B 49 ojolzE UAe] o B 4
%
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2) Yujiao Zhao 9 (2023), China.32
(1) g+ 2 o 55

[Sampling points Ll Exhaust air outlet 4

AW

=k

2 L
8 _&Supply air outlet |

= o] A2 [I¥ M-3]3 Zo] 5.4 x 3.6 x 2.9 mwe] WHE 75319, <
g4 FRINE dYoR Agoto] P

= o] AR S VST S ARSSte] Rt AARE(, A AL
i UEE, HHAVNE BL W 28ske JAEEAY e S44& vlast
o™, Lighthouse 3013 #o|A A#F AS71E AHgste] v o] AR 5

sE=8 AEY &

32) Yujiao Zhao et al., "Emission Characteristics of Particulate Matter from
Boiling Food," Atmosphere 14, no. 167 (2023): 1-15,
https://doi.org/10.3390/atmos14010167.
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(2) &g+ 20

AR AR HiEd] 2 dF UAA ge 9AF ¢ s 2t A2

FE B AN,

» B Hole HHgA=
ZH0.5~1.0 um)7} @o

Bl LA,

Fe) YAt FEHH 2 Y

s, 715 712 Al A2 4AH0.3 um °Jsh7t o

) Eﬁ
rlo
e
=
o
(@)
o
=
2
gl:l
rlo
o'rr‘

B SIS YA B 1 2k B 530 W e
= 60% o|yo % JZ&s] ¥

- Foly] HHL /15 Jtdunt 2 YA4E o gol BEstu, of Fr]AAT 4
Al 88 9T v1d > A
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3) Wei Zhang 9| (2022), China.3

(1) &7 Wy o =%

A o
3

2.5m

[23 11-4] Wei Zhang 2| ¢71(2024) AgA MH

2.0m, =°] 3.0m¢%
o o] AN = FF, SHER, SR BEE 7HE5H
COFs9] 4+ 4= 77] Bxot &3 Alg(babs)oll tidt 45 A+E

=
PSHE AFo A= COFs YA & A7) Ex A o).

« O=

5= A&} AL7(CPC, TSI 29l 3776)2 AF&slo] HUEF

e ASE Aokl e [O" 1T
1, A7+ Zo] 2.5m, YH]|

33) Wei Zhanget al., "Size-fractionated ultrafine particles and their optical
properties produced from heating edible oils in a kitchen laboratory,"

Science of The Total Environment, Volume
https://doi-org.libproxy.changwon.ac.kr/10.1016/j.scitotenv.2022.158385
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(2) &g+ 20

- M 8RS TRt AN ARl R AR & BEet 37] BRb A
7 JEH WakE HolE.

» JREO] XS UFPs(ultrafine particles)oll £3dk= 20~50 mQ 7] ¥
YolAq AEE. ol8st A= o2 d4(Siegmann and Sattler, 199639;
Yeung and To, 200839)01 A%, i oA BAHE Jxp7t =2 UFPl {

. AT 79 A2 Aol 7HE 2= TRo] AR

o]0
= %=1
2859 F7o= #Ho] §l3(Gao et al., 201330).

=t fﬂ2°ﬂ Z7HE e WA A, A s )

» 2B ) 40y ) BEeY ) HFER o0& JAF B4E

» 285 71E Al AE UPF ¢ HE2 G537 ) 2HER ) 557 ) 4F
oy, GEAE 7HET W 7B 22 UPFE W&ES(Abdullahi et al.,

34) Siegmann, K., Sattler, K., 1996. Aerosol from hot cooking oil, a possible
health hazard. J. Aerosol Sci. 27, 493-494.

35) Yeung, L.L., To, W.M., 2008. Size distributions of the aerosols emitted
from commercial cooking processes. Indoor Built Environ. 17, 220-229.

36) Gao, J., Cao, C., Zhang, X., Luo, Z., 2013. Volume-based size distribution
of accumulation and coarse particles (PM0.1-10) from cooking fume during
oil heating. Build. Environ. 59, 575-580.

37) Abdullahi, K.L., Delgado-Saborit, J.M., Harrison, R.M., 2013.Emissions and
indoor concentra-tions of particulate matter and its specific chemical
components from cooking: a review. Atmos. Environ. 71, 260-294.
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4) Kuang-Mao Chiang 2] (2022), Taiwan.3®

(1) &7 Wy o =%

= o] A= APt 240 HE Al 7HA 7] Qe 288 2d42 ANSSH R
N e ofF 7 73 siE=(JAM Be 714 L9=2)S vlastal

3 .

By =d--+ BIECM =-
[ ]

[22 11-5] Kuang—Mao Chiang 2 ¥71(2022) AlgiM MH

Edold FHHL x W x H
2. AVNAEHE 3712 H7E& 4

=~

(o]
i
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(o]
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4n
o
Mo X
KRS
(T
do
il
S~
oo
_O|L
2
N
i

b9 eels 123 AW

38) Chiang, K.-M., Xiu, L., Peng, C.-Y., Lung, S.-C. C., Chen, Y.-C., & Pan,
W.-H. (2022). Particulate matters, aldehydes, and polycyclic aromatic
hydrocarbons produced from deep-frying emissions: Comparisons of three
cooking oils with distinct fatty acid profiles. npj Science of Food, 6(28).
https://doi.org/10.1038/s41538-022-00143-5
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(2) &g+ 20

» AT AT THoA HiEH 55(3896+1797) x 103#/ar’) 7} A
((469+476)x 103#/ar) 2t % B2q ((400i156)><103#/cnﬁ)°1 A HiE" F2
A $ sEHO AP =2 Z0F Yehd.

A7 9 BE GRS FES] A9 g 2R 44 Y R 49
ol BE7} AP, BT A 7H 0AolH FARE Y4 U HES HEo]
PEH YA 4S5 A & BEsk wkom, $EE YA 2

FE AR P sEF Wopdle Zow vehd,
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- 37k TR Kl WARY F U
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rJ
mz.l_:‘
it

5) Xingyun Liu 9 (2022), China.39

- A W ok 7] BEE TSI 29 8533 DustTrak-DRX ofoj2% my

39) Liu, X., Xing, W., Xu, Z., Zhang, X., Zhou, H., Cai, K., Xu, B., & Chen, C.
(2022). Assessing Impacts of Additives on Particulate Matter and Volatile
Organic Compounds Produced from the Grilling of Meat. Foods, 11(833).
https://doi.org/10.3390/foods11060833
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70

H(H= myaes ARIEE)E ARESt] HUEPT. 7t2HY SRt
4-DNPH(Sep-Pak DNPH-Silica Cartridges Plus-Short Body, Waters,
Milford, MA, USAZ TE A7t 7IEYAR HELSHSH, VOC+=
Carbopack C &2, Carbopack B &2, Carboxen 1000 &2
(60/80 mesh, Suplelco, St. Louis, MO, USA)7} &°] U&= AH QA AE
EH(6 mm X 90 mm, PerkinElmer, Fremont, CA, USA)E ARE5lo] $3
el

.

[2& 11-6] Xingyun Liu 2 ¢71(2022) MM MY

3 ¥, £, vk 9 BPHMIE BE 9Y Fet 3
A2 S e Al Wl P 5 Rk, @ FEe A9 e
PM A% HEoIA 71 2 gag B,

rﬂ
S
E:)
B
Fll
™
°

o] AolA HE 17 PMas/TPM 86.49~91.59% ®R o, 772
PAFEEZ PM2soll sigat.

P>

=, 3 &5 g2 719 F 7IE2RY SIRMEA BAFCE fou|gt Zo]
I EH(p<0.05). ESH 3l 33 A, vhs, EHVIAIR A A+ F
L B4 2 7EHY IE = 47 7524.57+218.16 pg/m

N



6694.37+456.25 pg/m3, 7900.02+74.43 pg/m3, 8206.65+269.55 u
g/m’o g, JRFoA B 7t 7P E92(8331.33£274.45 pg/md).

= 7 7t2H Y SRRhEe] #fiAs ZELHS|E, o ELTSIE, otMlE 9 &
RH LY =Tt 7MY SRRt FtEEY SiekE o= A AEHUIAY 1L

7
7] FolollM EAsh= Be 22 A7|oAM ofZEHQle] AEHAE Wok=.

2 ulg] gt & 1719 F VOCE t%7H476.67+110pg/m?)2}

of &S E0l= 582 EIAN SAZFCE {3t Aol= HEE R
U2 (p<0.05) THE Al 7HA] AP AP FdtolATr F LA /71 9t
o W& &7t |95t $71H(p<0.05).

Mo &S

6) Hanyu Zhang 9 (2022), China.40

» [O9 [I-713} Zo] X8 AlEHelHd ¥
olg A= Q8] 714 Q8 23 W T
HFE Zgsto] 67HA 88 | A=t

=

» 20709] &d5]=eF A& 2, 4-DNPH(Sigma-Aldrich, Germany)2.2 &3
H Azt 7tEA O] 98] 1 L/min®] FFe=z +=XE.

40) Wei Zhanget al., 'Size-fractionated ultrafine particles and their optical
properties produced from heating edible oils in a kitchen laboratory,"
Science of The Total Environment, Volume 853,
https://doi-org.libproxy.changwon.ac.kr/10.1016/j.scitotenv.2022.158385
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[23 11-7] Hanyu Zhang 2| ¢171(2022) ASHA MY

(2 a7 20

= 67FA 2289 & VOC(TVOC) sEx HHH|F(14,355.1+£6894.6 ug/m?), 3t

0]%k22/(3079.84337.3 ug/m’), 2F = Fk 22](2680.0+495.5 ug/m?),
B5Q2)(2283.7+706.7 ug/m’), AFe22](2223.0+£571.1 ug/m’), 71& &
2](1828.5+271.6 ug/m’) <02 Ueton viu|FoA 71 A vebd.

splol A WEEE TVOCY B2t B fejoA] wasks TVOCY 5
Beh 4.7~7.99 © E9ed), ol ofgl wplH7} 7 o] Nz FFL ]
4 % 918 HolE. ol 29 BAAT Ak, 1719 APe] L A2 U

a0 gz A8 o BE VOO HEHY] e & AL

A7H FFEL »F 9 T g9, VIS 99, AHeaE ¥ Feader #H
ko] 29 VOC ¥WEgom Z+zt 31.1%-48.1%2} 18.2%-33.0%= 2R+
=]

L OIERE, o ARE W n-REE NEH HO lelEE HAT e 2

ZF 18.2%-33.0%, 12.7%-20.0% Z 12.3%-23.4%%.

= Sfo|F QoM FEE(OIH)E WF 52 FE(79.5%)2 % AEE.
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7) Benjamin A. Musa Bandowe 9] (2021), Hongkong.4D

zg] ZARoA £33 PMys MEQ sletd AL &
*éi}ﬁ}lx} o et Z3olA 29 $9 39 AR HAEDH B F
S APFQAATA A, 34:3H

= 19.1 m’(3.05mx3.05mx2.05m) 2HAZA AY A[Y oA o] A
PR H7] ArS AFgstel AE DES B, AE EEHHA
g2 meto)E ol MEFS YA AE2(DRI MEDVOL)E AH:
S}

(2) &g+ 20

>.

 BE DES WRH) L AE KEFY 2N 1Y £ Gh B2060%)
o) e ol £2 Al w2 AY B HeHA A8 g g

* B3, PAH § FF5 9949 F8 AR E= "Mz /\}QH% Hl % [a] w] o]
E DEFS B=4)(135£32 pg/m)ollA AL wol AZEE. ol FHollA
7k 9 2R 5419 ol Blad @] gzl wiEEe PM2.59] PAH 5%

41) Musa Bandowe, B. A., Lui, K. H., Jones, T., BéruBé, K., Adams, R., Niu,
X., Wei, C., Cao, J. J., Lee, S. C., Chuang, H. C., & Ho, K. F. (2021). The
chemical composition and toxicological effects of fine particulate matter
(PM2.5) emitted from different cooking styles. Environmental Pollution, 288,
117754. https://doi.org/10.1016/j.envpol.2021.117754
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8) Zhai 9](2020), China.42
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42) Airborne particles from cooking oils: Emission test and analysis on
chemical and health implications Sophia R. Zhaix, Dan Albritton Sustainable

Cities and Society 52 (2020) 101845
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Sotd 9 S A &) 2o B 9 W B PMas E PMyy =5
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1) Ruijie Tang € (2023), UK43)
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43) Tang, R., & Pfrang, C. (2023). Indoor particulate matter (PM) from cooking
in UK students' studio flats and associated intervention strategies:
Evaluation of cooking methods, PM concentrations and personal exposures

using low-cost sensors. Environmental Science: Atmospheres, 3, 537-551.
https://doi.org/10.1039/d2ea00171c
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44) Lyu, J., Shi, Y., Chen, C., Zhang, X., Chu, W., & Lian, Z. (2022).
Characteristics of PM2.5 emissions from six types of commercial cooking in
Chinese cities and their health effects. Environmental Pollution, 313,

120180. https://doi.org/10.1016/j.envpol.2022.120180
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(c) Fried chicken
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(a) Western kitchen  (b) Teppanyaki kitchen

(d) Traditional Chinese
kitchen

(e) Barbecue kitchen (f) Hotpot cooking area

[2& 11-10] Wei Zhang 2| ¢174(2022) 3% =4 47 =H
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45) Kumar, P., Hama, S., Abbass, R. A., Nogueira, T., Brand, V. S., Wu, H.
W., Abulude, F. O., Adelodun, A. A., Anand, P., Andrade, M. F., Apondo,
W., Asfaw, A., Aziz, K. H., Cao, S. J., El-Gendy, A., Indu, G., Kehbila, A.
G., Ketzel, M., Khare, M., -+ Nagendra, S. S. (2022). In-kitchen aerosol

exposure in twelve cities across the globe. Environment International, 162,
107155.
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4) Fengju Lu 9 (2021), China.46
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[3& 11-11] Fengju Lu 2 A7 (2021) S% 4 HA =H

46) Lu, F., Shen, B., Li, S., Liu, L., Zhao, P., & Si, M. (2021). Exposure
characteristics and risk assessment of VOCs from Chinese residential
cooking.  Journal of Environmental @ Management, 289, 112535.

https://doi.org/10.1016/j.jenvman.2021.112535
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(2 a7 20

» 55] §7 8eoAE ZELHSIE, o EYY S|, ol &y F2 EF
714 2 Edo] A AAAE= AMo] 7|FE o] 1oy (Abdullahi et
al., 201348); Katragadda et al., 201049;Peng et al., 201750). o] A¥oj

47) Ceélia A. Alves, Estela D. Vicente, Margarita Evtyugina, Ana M.P. Vicente,
Tsend-Ayush Sainnokhoi, Nora Kovats, "Cooking activities in a domestic
kitchen: Chemical and toxicological profiling of emissions", Science of the
Total Environment, Vol. 772, Article 145412, 2021,
https://doi.org/10.1016/j.scitotenv.2021.145412.

48) Abdullahi, K.L., Delgado-Saborit, J.M., Harrison, R.M., 2013.Emissions and
indoor concentra-tions of particulate matter and its specific chemical
components from cooking: a review. Atmos. Environ. 71, 260-294.

49) Katragadda, H.R., Fullana, A., Sidhu, S.,Carbonell-Barrachina,A.A., 2010.
Emissions of vol-atile aldehydes from heated cooking oils.Food Chem.120,
59-65.

50) Peng, C.Y., Lan, C.H., Lin, P.C., Kuo, Y.C., 2017. Effects of cooking
method, cooking oil, and food type on aldehyde emissions in cooking oil
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6) Benjamin A. Musa Bandowe ¢ (2021), Hongkong.5D
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fumes. J. Hazard. Mater. 324, 160-167.

51) Musa Bandowe, B. A., Lui, K. H., Jones, T., BéruBé¢, K., Adams, R., Niu,
X., Wei, C., Cao, J. J., Lee, S. C., Chuang, H. C., & Ho, K. F. (2021). The
chemical composition and toxicological effects of fine particulate matter

(PM2.5) emitted from different cooking styles. Environmental Pollution, 288,
117754. https://doi.org/10.1016/j.envpol.2021.117754
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« Ot E9k4 28] AErdo] PAHs BETOl A= ol 9FT obAlor &
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g Aetdo] ¥ QR § E2 5x9 PAHsE &St AL oA
AofA HiE, thoFst E514 Q7 AEdS Q7 7|4 PAH F=A|
(AZAS} OPAH)9 =Lk tt24 Ugdtis AL HoE

7) Ana M.P. Vicente 9| (2021), Portugal5?

o] g70] BaL thopd xe] ARUolA WKL 27 HEELS SHL
Wi2ES tgdos Agels paHe BAE Wet A4S 3

oX,
_0|l“
rir
pou)

i

= 20120 597 6] ZEEZ ofuo]F Mo Q= e} AT, £¥ T B
2eH, 4T o8 3¢ =41y 2ed AYeId PMysE
_]

5
Tecora ME#E AMESIHY] 47mm 274 A9 A5 ZHZ YEJ3

(2) &g+ 20

= 5 AGoA AHHE PMys BEE 27~127 pg/m3E T @ 89F
(71439 mg/m’)3 G 2B F& Hx17] 22%(0.207~236 mg/m>)Ech
M

xR ‘;&—8— ol g3&Ql Hj7] £& ARE I JEA U AT} T oL R Y A}
807 Q3 AY

52) Bandowe, B. A. M., Lui, K. H., Jones, T., BéruBé, K., Adams, R., Niu, X.,
Wei, C., Cao, J.-J., Lee, S. C., Chuang, H. C., & Ho, K. F. (2021). The
chemical composition and toxicological effects of fine particulate matter

(PM2.5) emitted from different cooking styles. Environmental Pollution, 288,
117754. https://doi.org/10.1016/j.envpol.2021.117754
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7F BEEIA, B8 VM5 HS ARE Ho|uAE ANGO R o]
¢ 199 H2ERY sigte T YA AT 28 I9F= UL

= O IS AES LUlslEe "X L] HAEFS] AV]olAek gl Eet
L29] 714 gAM HiEgEHe shted] 3T £82 HALE Fe |
A2 AHT 4] ok, ole 28] EFo= AT HEolA A=l 24
< =29 A= 9ok 27 AR 5ol YA FF E&2] ool 7ofitE
7ol £9¢.

= AEF UetEAR o] F8 EA] A% FH upEofA Hio]emAE ARESl=
20719) 719 HA7EAE ARESHE 1971H9] PMes R COE 4T PMes
L MicroPEM HA 3.2 77|18 AM835t9don, COE Q-RAEMA IDE AL
st} 2743,

53) Fatmi, Z., Ntani, G., & Coggon, D. (2020). Levels and determinants of fine
particulate matter and carbon monoxide in kitchens using biomass and
non-biomass fuel for cooking. International Journal of Environmental
Research and Public Health, 17(4), 1287.
https://doi.org/10.3390/ijerph17041287
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(c) LPG stove

[22 11-12] Zafar Fatmi 2] €7 (2020) X FHb ALK

2) &7 Z1t

» Hlo] QUi AE ARG FHMAE AIZFY Wt PMys 5=7F 531 ug/m’0|
S 136 ug/m’2 Yehd. AA7MAE ARSSE 909 49 B PMys 5
T 69.9 ng/m’ ¥ Fg2 24.2 ug/m’E ER W2 52 HY PM,59)
dd Fi 5= HYE Ho]omAE AR HEolA 59~875 ug/m AL
AA7tAz ZE s 7o AE 25~172 ug/m* AL

¢

= COY A% Ho|emiAE AMEoH=s F99 B kv HA7IAE ARSoH=
FHY] A9 F vl &S EU6.1 ppm H 3.4 ppm). I S 2
Atoli= © 2(0.8 ppm W 0.6 ppm). COY ¥ B+ 5% HP= Hlol2
i AE ARESHE 7o 9 1.1~17.3 ppmo|d HA7IAE ARESH= 71
9] A% 2.1~5.8 ppm°|AU=

99



 HAZMAE Aot 2ok 79 BRI RS o, PMys she 25 GE(F
T &o] 611, 95% CI: 359, 863 ug/m’) Ex AEHA 34 G2(FF Ao
389, 95% CI: 231, 548 ug/m’E AMgdh= HIo| QUiAS AMESH= 7HoA]
Jgs] o Eor, My F2 HAg /M E FHES PMys 527 W
Aol Y. (B Aol -88.3, 95% CI: -325, 148 ug/m’). AolA &
1H PMys 217} o o= Ad} o] AR, BAZCE {o5iA|=
ko (B 2ol 84.5, 95% CIL: -65.4, 235 ug/m?)

o rlo o

58,

* COY AL 5= AEZAQ AEHOIA Hlo|QujAS AMESA Ad3s] 271
AT A A7IALL] H 2ol 3.7, 95% CI: 0.8, 6.7 ppm), =% AEHO]
A vlo] QUAE ARESIH FTFSHA] L(H+t Ao -0.8, 95% CI: -4.8, 3.2
ppm). oA S CO7t v &2 A3 HHo| JAAT, 5AZHoZE 79

o]
=

S g, Fuo] Bo] del U= ¥ IE CO Fmol 2 Fol: 9le.

—_—

7HA] 28] 5= QI HiEo| dish A4 E= HAYE &2
S| o}

2 dl
o
f
A|m
o
ol
o
re
-
N
S
Sl
2
)
)
5
32
[o
=
&
=
A
>~
i)
My
el
4
i

oA thst zaTgoltt BAstolA ol =W BHo v
Abgt A9, 20089 Pan 59 Ao AL B}

54) TARC, Monographs Vol. 95, High-temperature frying, 2010.
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(E I-12) 129 §ZF aPdolM HdE= SR et & A7 24

A28 _ _
nxri =KE AL A £ =2 o1 Za|
o
Fat aerosol = F| 0 sE(mg/m’) © 9-16, 7|Ek €0.01-3.2
Vainiotalo & A& 8% g =3, Acrolein #2| : 0.01-0.59mg/m
1THo A H ]
Matveinen (2 Mg, 1 fJ_—'_7|2/f %FQI/ Formaldehyde 0% ZeE AT ST 0 0.24/0.75ng/m
rying/grillin !
(1993) HEsT o teyin AgAE Acetaldehyde A 21 S%= : 0.67 and 1.5mg/m’
Finland IN[==ST)) deep-frying Al Al
e B Heterocyclic amines (LOD
PAHs Mo
o9 =4, ] o
A X2 — X|Ho] ARD MM EHD SZ(6.6mg/m); Al
Svlenéso%r;)et =42 4 Z2H0ilM Fat aerosols 0.62mg/m*
& ' NES
Norway 2z e Al At Aldehydes

- 210 =& 186mg/m’; Ht 69mg/m’
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3%, HE=F
MS
- PM2.5 242 50% 00| ®7|8et=0|H, 90F 042
R713EE0] 88 =0 YEoten, 0l /7| YXKHorganic
particle) 2H12 26.1%E XtA|6HH, PM2.5 2412 20.7%0|
0o ==2Al R
He et al. 2CI>1E|| fi(_‘ o= st,
(2004b), HJ:nan_‘f;\d YIHU G0N PM, organic compounds
Shen Zhen, o ZE|g Mz HMF  Or P X|gtAHFatty acids, 90% O|4), diacids, steroids?t FE
China cooking) Q\stetEs SME.
- BME= Q7|F Y0|Lt n-alkanes?t PAHs &2XAt L& E Xt0|7}
UACLE R7| YK HEEE F 7h2 ALUAM RAGIAS.
He et al. 2719 Al S ina duri PM, s, - Uigur [Chinese Islamic] style2 ZX2|ol= IPEHUA Z7|
(2004b), JIAE 0|25t rearjlzrmg e;i['ir!)% 27|32 (alkanes, o2 O|8X} alkanes, n—alkanoic acids, PAHs 2 H|0]&
Befjing,  &FMm 1 TP n-alkanoic ALY TH719] PM2.5 SEHICH 28 o) 853,
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China

Uigur
style (¥117]
£E70])

Lee & Jeong
(2008),
South Korea

acids, n-alkanals,
alkan-2-ones, PAHs )

SENETENEINE.

1 sEE

£ HCeH
PM10 169ug/m’, PMaos 124 ug/m
LE
PM [PMyo, PM2s, PMy ]

. BANozE

_ , PMio 63 ug/mez

HH(@a == H| © PMyo/PMio 0.38, PMys/PMio 0.73

PM1.o/PM,s 0.52)
Formaldehyde PM, 2t PM1o0] & HIIf =S =G ZAZOA LIERSS.
- =& el 89.7-345.9ug/m': LALOIM THY =2 STt
HEE.
871 & PMIt PAHs - FY0IM 37| & PMZt PAH £

Pan et al. Urinary 1- =7 LER
(2008), 23749 £ Z4fm AlA+ 2704 hydroxypyrene (1-OHP)
Taiwan, =4F oA o2 59
China

- GM : = SALL
Urinary 8-hydroxy—2'- creatinine(&82|&t
deoxyguanosine GM : Z=H =

t 4.5ug/g creatinine; AMH|A X2 2 7u9/g
N Y))
D BAKE T
(8-OHdG)

9ug/g creatinine; AMH|A Z2 5.4u9/g
creatinine(&82lgt Xt0[)
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- 481 5 8-OHdG +32 B¢ =8 £ 48 5 1-OHP 48
=dlb Xl ME XA A|ZH S0| =Q3EH | JHK|
0|=X|(predictors)Y.

Yeung & To
(2008), AP ArOIXd R 3| I 0| A so| 27| 2m S22 (Log normal distribution); 0.10A] 1.0um 3712]
— r o] =2
Hong Kong, — Z2|2Z TAL erosen ool=Zol 2 X2IREot 00 T2t Hsl KBS St
China

PAH, polycyclic aromatic hydrocarbon; PM, particulate matter; AM arithmetic mean, GM, Geometric mean

104



o
=

S I e ()
£ 5ol Wt 387 A%e] B4 Aue

| Z20A FH7IAY Fe 2EIgA

Jo
o
E)
I
o)
BN
)
o
i)
b
o
1

718FHE(VOCs), 23]

Fo
o

o

utl
)
o,

i

|o
Am

ol
i )
S

o
T

o rr ox R

o N
i)

o

)

(@]

IN
_\|1_‘

9,L
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L 1R 54 A AW o 23 S5 ok
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ShH o8 COFst TIFet A7 BAle walo] Qovt, dpuleh oial, a7
e, B4 8919 ol ole) AT 7+ AThe] ATo] A Asto] ZAIE
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ol == vrAsSl>= O 3lo o] X2
II. -;-‘EE] Z'}H o }\go T ‘ITOH LZ]-_,] O
EX
o} £4
1. A 3 2 4
DAY &3
(1) =2| 2HHUAM L5tz ROHQAUXS =4 EY
o ChOFSE 2ACHSS 2F FF, thgst 2%, therst 28] ®H)of whel Ay
= AEELAYL g FOJIAHTVOCs, ZELHS|EE ZT3T dHs|EF
oFa kS eele A (PAHS) S B7HSHSE.
= ARt AT 7171e® o]lF dRNA sHlol= AZE AL, AA 2EA
A gttt HeE SAISH| ofg7] "ieel, A¥A 2ol BrHE nhst
I, 99 MY 5, 2k, 29 W) 9 oE 212 FAHA ot |5l
JAAE B
(2) T&EEHE0| URYEE =3 HAIZE Zoto| 0jx|= S Yot
= 2YAS ST 22 SHoE, YeJAE ZFTN 2 JAE SH o=
AN &A AH|(of], SMPS(Scanning Mobility Particle  Sizer),

OPS(Optical Particle Sizer))2] YAHFEZY H7t Ao 2 & 5 U
AOZ . AJEAECIAN HEHoE AMEEE H2 & Bt Wy
o= EWH AL Aot £ FFo| Fom, 59 JFo| U= EF
S H71E "= ASA(9], Calcium Carbonate, Silica Ge)E S| 9
Faote s FAAEEO AFSt A&(@, NIOSH 3-A-™ 2027,
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TR 2 49 4N RIS o\8Sid TARE WHE 0 4 A B
£ RasieAo] o) WS sk AY. Tet ARl seets
B9 RS olga WAL S8 AA RO B 9

= A8 Medisty HAadietde] Sdddd o] A2 ddd 33t
(36.1 m)ollA MNP AZ. At 7] a2 40

AR Agole LPG 7IAHUE ARSote] 7HEstRlen 1 f]o & ©]&5to]
23R, T FAlldAE 22 = [l AS7IRE JA45HL, diF
& Aol AAFCH ) TS A5t o2 ® A[HolA F 110w 9
Ao g ANE FEE GABIHE. 2EFS v #3lAA] A= AH
A HorRE 65m ARHLRRE = 110em 9 AF)NA HAAIste] &
&t Alm 2o o]FoA =S (1™ II-1] &=F). B AdS 44 &
Z700A 339 AASHE.

_4

wo ok

AA) Aol Tt FRO 718, 2o 4F, 2YLE, G2 W
JoLt o2 T Wgst] olele) 2023WE Bl Ao Aol md, Ak
= 3

AN
Y 241 Bofo] 0 WS A4

o
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B5cm

45cm

[O M-1] X8| TAF A8 =8 35

" (G M-D3 o] A9o] AHHE 7152 24 daoA gol AdEE AoR
A SR, 715, 2EAL TheEE ARSI

1 ZF 7182 OE HA2EE 7HET10 =

P 57 ot (& M-3)3 2ol ¥
T 100C E= 180ToIH 1 9 240TC ®
= £ ZRlstr] fotod AES 2=9 (1. &4
Q0F Z71). oA HEo] %%— 100T, 32 180CAA 44 o2 oY
F715, &7, 7FEdolA B7rstaler, fa2 718 79 9F= &
7] 9oted, ZHzte] =g aEsto] tE2A AAsEA (180T oA 37HA]
715, 240CoA F 742 71&, 270CoAA S50 § 714 7182 ARgsto
BVl (E M-3)3 2.
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| xe| s A sl SoR S8 9 Bl o

= (X [[-2)8} o] o] AAZF &3 Ao JFS F=4] Hrstr] st
M L B JS 2 25405 ARESH] 180T, 240T, 270ToA H
7het2. TlE] 75718 ol&ote] AHSEE =< AEOA AAZ &4 A

] Soll =& Al BAE FASL B g3t SASIAS.

(E IM-1) &0l A8E 7189 37

g 7 SrTR Gt 3715

N
Uegizy) 18L(25T165kg 148,
48454 | miausn [
TR s

BlEBUA5
A3 9 A1y
e i

=)
‘ém‘éﬂ;m»m e
RIS
P LT s
2o gy L
i | R 99998 KO
ot T sl
B

e il |
W& TR | SR T
e P T
| fﬁﬁ:ﬁ;ﬁﬂlm w1
ZHHl AEK] oA
B
|'E |'|_ 824 780 Sg g

AHINYEY : 031-322-5274(%

A1
lm—mﬂil%ﬂiﬂﬂﬂ e
22 o2

520/ 840002 22l 38
2 803 o2
!V}E}Niiﬁg e

o {20827
;}\gaaz\ygo?ycgnizygz\?nﬁw A0
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2 ABAA 2087 29 A WS FAAGE 24 o, 23 o
24j0] eH= AL WA SIste] 2e] A% 27]o] AT S4L 108 5
ohgr 2t AW F, 2L FR% FAY ARE oA Pol 1087 27
T OBE AL Fxe AR 2080] AT AFL FRF 208 FAY
z8] 29 Z7o] Tud MINLE BEE 1057 ST AN 77
AFS FRF DE 2L 39 UE 23,

2. o

oo

HiEH
od

D 2% dAA7 BE 5 F= AAZ ZUHT

Ao 8 G & B, A 5 HES WIS Aste] Ba
Ng Agdte] YA & FES ZHsH= AARE 717 (SMPS(scanning

mobility particle sizer, Nanoscan Model 3910, TSI, USA),
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OPS(optical particle Sizer, Model 3330, TSI, USA)E AF&3St & 9
3 Ay A, 2T DA A= 208 &= zHF 108 ZQHS SMPSe}
OPS9] A& ZHF ko] 55 (150°C)et A=7HAS F2tehA] gkl S7451H9
om, o]F 10% %2 & T 4 AAE st sIEH(150°0)2F A7t

A 3345 oq éﬂ-@. SEL 982 AW g AHolA $37] TYFA
7

2) 344 5713HHE(TVOC, Total volatile organic

compound)

SHLHG7IAEE SEE FolRIPIAL o] 83le] ANZIOR =7 7}
5% ppbRAE(TSI, USAE AH83te] 2% 71718 A8k A, /A5t 3
7% BAS AW

3) & FF5L T (Dusttrak)

AR} FFEEE =457 Hoto] FAEE Ao 2 =HSl= Dusttrak
(DRX Aerosol Monitor 8533, TSI, USA)& ©o]&3t =4S A
PVC ZHE 5= AT 5, FAE S4stL 71710 ¥ ARES A

_]

(o] =
F54g0] T A3} B Eol oY TS Belsto] thAl BAS 57

4) 2YH(FTEE)

IO A LA 7T REE 582 AN 7SS oty edu|A
E SAHQ ux FFAAMMAEAATLNIOSH)ANA  #Ha¥st NIOSH
Manual of Analytical Methods(NMAM) 55245 *alsto] Zdg3sh UEHE=
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PTFE (37 mm, pore size=0.4 pm)E AF&5IH 2™ SKC cycloned H&+
5ta] 2.5 L/min® $HO0 2 AFE TAT BAL 55 2447 5

Ao A AZAIZl §, dichloromethane:methanol:toluene (1:1:1)& &3}
gt 8HE Fol 752 AAT. 181 AYE o]&3sto] HA| AXRAIX H,
TES ST

5) trshFEEsl4 (PAH, Polycyclic aromatic hydrocarbon)

= OSHESEHIAE YR 7EAAY0] FAlO] EA 570 SAlCl AT |
A, YA} PAH ZZo= PTFE ¥E(37 mm, pore size=0.4 pm)7} AR5,
7kA4 PAH EAOE= XAD-2 sorbent tube(8 x 110-mm  size, 2
sections, 400/200 mg, SKC, USA)E Argst o w% dH-g xjctslr] 9Jsh
44 7INEL 32U o]&sto] E. 2 2.0 L/min2 &2 ZF =Y

o NMAM 55155 Farste] 3.

» AE AAE= EH9 XAD-2 tube AEE APFo] 7Hsgt vialo] Y2 H, 4
mL methylene chloride 4 mLE ¥+. °|%, 40°CoflA 30&7} sonication
= AP 7, ARE 2 ml vial® FAF. 42 (E M-499 GC-MS= A

3}

.

o
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(E MM-4) GC-MS analytical condition

Instrument Parameter Analytical condition
Column DB-5MS (30 m x 0.25 mm x

0.25 um)
Column temp. () 300
Injector temp. (C) 300
GC-MS Carrier gas He
Flow rate (mL/min) 1.2
Detector temp. (TC) 220

Split ratio Splitless
Injection Volume (ulL) 3

= 24 i E42 F 187HKE &3 2. Indeno(1,2,3-cd)pyrene,
Pyrene, Fluoranthene, Naphthalene, Acenaphthylene, Acenaphthene,
Fluorene, Phenanthrene, Anthracene, Benzo(c)phenanthrene,
Benz(a)anthracene, Chrysene, Benzo(b,j,k)fluoranthene,
Benzlelpyrene, Benzolalpyrene, 3-Methylcholanthrene,
Dibenz(a,h)anthracene, Benzo(g,h,i)perylene.

6) jstol=

2, 4-Di n1trophenylhydraz1ne JIEZA|o] & AIHHE FHAsto
AY 5|8 EZAT. FHE 0.5 L/minC & AFgE o X Alg=
= Wz 2ask A ﬁﬂ acetonitrile €94 10 mLE 7tE A FojFo
=

W 22H9T, AT #5 ¥, B5T FL acetonitrile £ 0] 83}

H

N rlr

0



”47} 10 mL7} €A & AR 842 (& 11-5)%] HPLCE HP=HAL
2 acetonitrile:water (1:1) & AL 832 1.3 mL/minC & A}

H2 5-um C-18(Stainless steel, 3.9 x 150 mm)< ArEsI O
UV 32 360 mO & 243 84 A, ¢ A8F 20 ulgE T

(& IM-5) HPLC analytical condition

Instrument Parameter Analytical condition
Column Resteck Ultra
(C18,5 um, 150 mm x 4.6mm)
A)Water B) acetonitrile
Time (min.) %B
Mobile phase 0 60
8 70
HPLC 10 100
Flow rate (mL/min) 1.5
Injection volume (mL) 10
Detection UV-VIS absorber detector @ 360

7) 249712 (BC, Black carbon)

Ed7HE ZAole Bt &5 TS ARESte Aethalometer (AE-51,
Aethlabs, USA)7F AH&HE. &4 52 100 mL/minEE A3t 7+ =3

otk Wi 2EHE dANEC 2N TS Auet AYE BT o UEF U
5}
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Ee A2 499 A0 Ve Aede 30 WolA A= U=
AA 2] ZAMEY B A2 2% 25.914.0%%H2H, thseHEo] 4R
FEd S0 vAe IF Y9 &4 22 2= 258+1.0°C 5=

D £ FPoA 2= FAAA 53 2
(1) 2AZE X = ZUEZ 2t

(E M-42F [178 MI-3]2 8442 2Y2roA =& A5
of & TEE X YHY 7E TRE= 14'11_—01 H]JLO}Oq H7EeE A3Ql.
*J"qo] ZYZLoA AR & e Eﬁ% , F eeE 2

o, HZO] HPo= 3.07+5.22x1 partlcles/cnf’-J =Eg 3
/\}-9“0} 715 742 YoM = ThEE, S99 1 ©2E §
=7t %=

oZi E=)

o,
o9
Mo

o]

"I_

n‘_ ok
A o
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[23 m-3] "ol

120

dN/dlogDp (particles/m3)

UYEHs QAR S U TRkt o1

40,000,000
30,000,000
20,000,000

10,000,000

B

180°C 100°C 180°C 180°C 100°C 180°C 180°C 100°C 180°C
H7 g2 23 =Y % BY HY ss =y
2715 Thecte 2449

Zol20M WY o VI8 ERE = sk HL



(B [I-6) Xl X2|2E0fMe =2 WY U 7|18 3RYE + sk e ¥ HEMX
£t : particles/cr
3|E It=EtR SrTR
UXt = Hd = 23 4 = 23 Hd = 23
180°C 100C 180°C 180°C 100C 180C 180°C 100C 180°C
638,173 | 4,081,716 | 5,019,467 | 2,086,418 | 30,686,054 | 12,638,827 | 2,889,278 | 22,284,767 | 9,876,529
585,980 | 4,003,000 | 3,765,174 999,632 5,218,125 | 5,296,809 | 1,794,542 | 3,551,497 | 6,173,157
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= AAARl 2 2=(100T E= 180T)7F obd 240T E= 270TOIA Y HA
£8 A JA 5 = ARE [OF -4 YEd. 7 7159 B3l 2%

710 712¥g 1-37]9 &% A= B wslge

- FFEetRet S45RE ABAUS W, LES HSALLE U4 5 s

7*01 Skl 25 ST = . 59, S5FaE 270CoA 24T F
71+0.54x 107 particles/ar® 7F¢ =2 S22 1=, 270To)A ¥

, 2.
ZJ 228 € A5, 54 AEt 2F EHEe 2YE 295k A9 22E
A7t Aoy Lu7t SIS E AR 4 LTt S7KHS 291519 7]of olH
o 2 AER 2H2EA sk A A

350

300

x 100000

250
200
150

100

|
e il

dN/dloaDp (particles/m?)

180°C 180°C 240°C 180°C 240°C 270°C
S8 7hEElR SFER
[O8 Im-4] #& =2 Al =22 Hsjo 02 & s 2N Hlw
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(B M-7) 51 x2| Al Z2|2% H3iof O & s W Y EFWI}
2l : particles/cr
g
== k=l ST
180°C 180°C 240°C 180°C 240°C 270°C
3 638,173 2,086,418 | 8,018,931 2,889,278 | 7,908,604 27,107,041
rES UM 585,980 999,632 5,914,825 1,794,542 5,666,040 5,387,931
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(2) Z3LHER7ISHRIZ(TVOC, Total volatile organic compound)

(E -6 [18 MI-5= AAAR 2Y2ToA 2519 Wl S
TVOC 55 28 YT ARG 715 SFEE Uiro] EAS A 3715
= 180CAA ARgstdE W Fd ZFoI49 TVOC =7l 8.10 +
10.51x10° ppbZ 7F} &2 BH5E BYoY, 7|52 AlQdstie 52 )
4 ) B &8 2 HES HAS S
. FNE LlE T E¥%es Rl 7 7189 B=AHY A7t

_Ti/J\El
TVOC &&= Aold 7]t Aoz F744.

2,000
1,800
1,600
1,400
1,200
1,000

800

600 ‘
400 i I
20

180°C 100°C 180°C 180°C 100°C 180°C 180°C 100°C 180°C

TVOC (ppb)

[=]
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3718 tEetn STTR

[33 II-5] MA=OI F2I2E0Me X2 Y & 7|8 ZEFRE TVOC Sk Hi
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75 SRER 258 ASAIZIEA HAYSE TVOC 528 H|uwdt 23t
£ [2F [M-6]9] Yerd. 180T oA &g Rt} 240, 270CE L&
ASARE I TVOC s=7F =4 SAEYoH, Hf sLe S5/ A
Q

3t9E W 270C 2% FAA 9.83+15.23x10° ppbE AT

TVOC S (ppb)
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FHste 2448
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(B I-9) S =g Al =22 Helo| M2 TVOC HWd ¥ BEWA

eH

3718 7152

Jo
RN
B
4

180°C | 180°C | 240C | 180°C | 240C | 270C

Yo 810 97 142 223 8,232 | 9,830

TZEHR} 1,051 86 104 146 | 26,127 | 15,233

(38) YXt =ZH(Dusttrak)

P T 2o 2 73, F4 €& =4 S4=HNeH, FVE2
2 53 298 AYT 1, 0.15+0.15 g/r'E 7MY =2 =5 Y. 7|E
THE dde TS ) S50 7t 2% B3 VA =
2 55 Hols Ao 19, ok, Dusttraks °]&3%t 42 2 374
A 2= EAE "ojRl °7‘<1°1W 70| AP=70 22F TN 4
e} 74017} ek -iil?l@ gR1Z flste] SRS Xt A, FF

O
E
A U2 ERIskA

o
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UXHS Y (mg/m?)

[O3 m-8] &

130

180°C

3IE

1% SE5E EE‘O‘P 157} iy OH—% %OW%

om

180°C 240°C

d X8| Al X222k Hejof IE ¢

180°C

X}

240°C 270°C

=2KDusttrak) s H|



(E I-11) §1F =2 Al Z22E Hslo) 2 YKt S(Dusttrak) B A
BEHAL

e : mg/w’

3715 7h5eE% SrTR

180°C | 180C | 240C | 180C | 240C | 270TC

Py 0.03 | 0.02 0.37 0.02 0.52 1.48

EZHRL 0.05 | 0.02 0.57 0.01 0.49 2.54

QUUAE =4 WYHAPRIZES ol8st AEE AFH T FE8&U=
FEot S ) 2YF S 205 74 27 P 7| E SRER
[C1 TM-91° "eriglen, 1 B3 EFHAE (& [-10y°] YErd. &
7180 5 29 ol 2.40+2.14 mg/mi L 5E BY
Y, 7FEgRet SE ARESH] 2SS W FiRCA 4
4.93+3.51 mg/n’, 2.074£2.92 mg/w’'E M & %E—% Hel AMREE 71E
Z549E 20d J1 555 7|E0E JsEs ) L4549 ) FU|E o=
=2 23E HYL.
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A Al Lok ROHRIK S 2 He|Hor K
9
E
oD 6
E
LH
Ho
nio
Ko 3
0 - a =
180°C 100°C 180°C 180°C 100°C 180°C 180°C 00°C 180°C
HE ] 73 5 S8 23 5 8 23
2718 IH=2Le 2440
O3 m-9] Fyxol xaj20ne] 2|t U 712 ERY SHsT(XLS) Hlw

(B M-12) B&Hl =

I§ ERE SFSE(ZEE)

2] al
a7 o BEUA
el mg/m’
=y= k=t 2429
HZ | B2 | 23 | B | 22 | 83 | HY | 822 | 23
180°C | 1007C | 180°C | 180°C | 100C | 180°C | 180°C | 100C | 180°C
W 0331240053493 227|040 207|040 0.27
EZ=MX} 0341214 107513511168 | 033292057 0.19
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2t 715 SRER 28 ASsAPIEA BT S¥EE(EIRE vud
-7 —‘—

235 [O¥ m-101°] Yetd. 7h=ahag AHE: 0}93.%
el SFEEr S7H6te] 240C Y o 8.33+5.75 mg/w'E 7MY ¥ Bk
£ 2. o] DusttrakC 2 33 AT = S_ 222 HYlyg, ol B
ZZF=A A7 Y sk= YA ETE 7R YR F 7)o o2 Qlslo] HAYSH
Avz BEE. WY, S44RE ASAES U LA SR B

3 240TC A9 FF5E(0.67+0.68 mg/m)= 180T A KT FhAagh A}
(2.07£2.92 ng/m)E Ik,

16

12
8
Ho
nio
Klo
| L
0 ——

180°C 180°C 240°C 180°C 270°C

= (mg/m3)

3

718 JrERR Zrrf

[38 1m-10] Ed x2| Al X22F Wil M2 SHsE(XLE) Hlw
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(B M-13) § =2| A Z2|R: Half M2 SHFsT(X2R) Yot ¥ EEFHx}
S ¢ mg/m’
U
3IE k=2t SR

180°C | 180°C | 240C | 180C | 240C | 270C

od
ET
(@)
w
w

4.93 8.33 2.07 0.67 2.93

FH
HA
r=
S

0.34 | 3.51 5.75 2.92 0.68 2.81

(5) Chat qisks Etgt=A(PAH, Polycyclic aromatic hydrocarbon)

» FAAQl ZE LA PAHYZF % LODZF "j@to 2 A&,

i)Y

= 2P Al 7189 2EE ASAPIH ST 2, B4 Y £ 18714 5 2
7}A] &34 (Phenanthrene, Benzolalpyrene)?] HZ&%. Phenanthrene
270ColA 24498 ZsAS W 2.87+£0.18 pg/mwE FOlE.
Benzolalpyrene2 X227t 240C Y o 7=t S5f E5olA A&
Hom Z+7F 0.20+£0.07 pg/nt, 0.57£0.13 pg/wE AEF. F 824 2F
8 hour-TWA 7]& (F 4 EF 200 pg/m)Eot 2A HEESUS.
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S| ¢ pg/m’
gd
37|18 =2t LT
180°C | 180°C | 240C | 180°C | 240C 270°C
2.87
Phenanthrene (LOD | <LOD | <LOD | <LOD | <LOD +0.18
0.20 0.57
Benzolalpyrene | <LOD | <LOD | [~ | <LOD | /" | <LOD
(6) LOls|=
AR YA 2 9 9 V& SRE ot 2HE (&

M-13)°] vebd. 5 WHos zed wf, acetaldehyde’} 7V} &2 &
T (1,109-1,575 pg/m)z BT dEHACH, HHAE dEads S
71§ FREEE 37H 715 ERolA dHslE SR tdstA dEE. 2

AREA 2= 33 jHE A skt did 23 5 13 HEo] HA
ol% ofm7} Sltkal weslz]ol <E IM-13)°l 718k
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(B IM-15) &l XZ2|2z0AMe =2 W U 7|8 7Y YOS Zut
e 1 g/
3|8 kst SrTR
g4 ol 23 g4 ol 23 g4 ) 23
180°C 100C 180°C 180°C 100°C 180°C 180°C 100°C 180°C
formaldehyde 117 (LOD (LOD (LOD (LOD (LOD (LOD (LOD (LOD
1,109 213 1,575 137 1,451
acetaldehyde 123 496 469 153 405 (LOD 109 +979 (LOD
. 73 240 66
acrolein +17 (LOD 266 58+2 (LOD o5 4 (LOD (LOD
propionaldehyde (LOD | {LOD | <{LOD 56 {LOD (LOD (LOD | <(LOD | <LOD
butyraldehyde woo | 207 | «wop | @wop | %) | «woo | b | 23| «op
144 696 211 275 464 290
m-tolualdehyde +46 (LOD +334 7 v 47 65 w42 (LOD 318
* BEEAD| Qs @2 & 33 SWAY ZW 130 ABE FQ
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o st BE Y5
4

S

aQ

~—

8,

Jo

P
4>
me,
£ o
W

1= EHoA #Zo] 715

acetaldehydet =gt

60132 pug/m's w2 4

(B M-16) HH =2 Al =22 Bsjof M2 M5 e Y EFMA}
el 1 pg/m’
g
= 7=t IrTR
180°C | 180°C | 240°C | 180°C | 240 | 270C
formaldehyde 117 | {LOD | {LOD | <LOD | {LOD | 11752
213 456 137 460
acetaldehyde 123 Y53 | 4111 199 | +132 123+31
. 73
acrolein 17 58+2 | 98+21 | 66+4 | 99+46 | 94+17
propionaldehyde | {LOD 56 57+3 | (LOD | <LOD | <LOD
144 176 290 346
m-tolualdehyde 46 211+7 +33 a0 | +179 143+48
33 ZPNE 2T 130 ZEE 49
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(7) 228712 (BC, Black carbon)

o)
ol
2
o
X
i)
rfo
H
i)
>
1o
Y
)
ofk
rE

g
N,
al{f
o
=il
e
.
)
N
e
it

~{
0
W)

-

BC concentration (x10® ng/m?3)

| A hL

180°C 100°C 180°C 180°C 100°C 180°C 180°C 100°C 180°C

(=] H o H o H
g T8 23 g 25 23 g 58 23
32 =2 = o A A O
Z71E H=ete 2

[23 m-11] HYZQl X220 =2y X 7IEERYE S22 Hlw
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(B MM-17) HAHO X2|2r0AMe x2| W 2l 7|12 S5Y Sy A}
ol : ng/m’
3718 - 2429

B 22 | B2 | 54 | 822 | 22 | B§H | 822 | 23

180°C | 100°C | 180°C | 180°C | 100°C | 180°C | 180°C | 100C | 180%C

L 153 | 515 | 439 | 192 | 351 | 187 | 210 | 109 | 38
OZEMRI | 477 | 588 | 763 | 322 | 501 | 307 | 333 | 198 | 102
zaers AV\/\];q 7S 243 A0S [O29 M-12]19 (& I
-16y°] YERHSA 189 %7} ASotaA EF7HE Fre F718e &
oIt 4~ O‘O*Oftl, %61, Zy 718049 i AEL2ERl FhEE 240C, =
$48 270CoME 2+ 3.77+7.04%x 10% ng/mf® 1.07+2.67%10° ng/

e L& 9

BC concentration (x10° ng/m?)

2l

180°C

718

[O8 m-12] &7

180°C

=&

I-)i
L
=
kA
L
rlo
|.|'|
&
fou
=2
=]
ri

L L4 9 m 4

240°C 180°C
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(B M-18) §d =2 Al X222k Hslo| ME SAWII2 W ¥ BEUX}

3715 7h5eE% TR

180°C 180°C 2407C 180°C 240°C 270C

T 153.23 | 191.75 | 377.40 | 209.52 | 885.64 | 1066.06

TZEH} 477 322 704 333 1,072 2,668

(E M-17>3 [O1" [M-13]2 715715 ol&sto] A A&H o=
7H52 S &5 2AZ 7HAsHEA AAIRE A7) o & AA BAE
o]-gsto] TES AAWS et SHA| ¢S WE ol 7HHA AHs A
Uetd A9, 7Hs2 SilE W BT WIgRE sRHY STk BE

HYo SMPSE  8.36+0.26x10*  particles/a, ~ OPSE
3.92+41.44x 10% particles/arE Bom % 8.75+0.26x10* particles/
arE B FEL AAYE tiE SMPS 6.30+0.54x10* particles/ar,
OPS 7.13+0.73x10% particles/af, & 6.3740.54x10* particles/arES
BHgow olg ZHERZ Ve SMPS 9F 25%, OPS oF 82%, & 27% &
F= eIt WA, OPSE ARESHo] JAF &= 528 SAY 4F =l

o

P
i)



i0c000
3 (7H wazec st S 2
w #0000
i
o
';.n. 60,000
&
S ao.000
a
)
=
T 20,000
=
1 23 456 7 8 9510311131233 31413151617 181923021 222324252627 28203031
Al £¥{min)
100,000
= (L}) =a=es 7t &M
= Bo0000 -
)
£ soco0
2
2 scgo0
o
=]
= zomg00
=
2 4 S &6 7 8 ® 1011 12 13 1415 17 1 @ 20
A| ZHmin)
7,000
E 5000 (El-) SISt = FE2HA
= 5,000
]
E as000
a
& 3,000
(=]
& 2000
=
= 1,000
=

123 45 6 7 8 910111213

[28 m-13] 715712 0|8

OPS # &k ZiI, (L) SMPS = Sk ZI

5t

ol
b
55
el
s
)
i,
(o
U
9,
i
=
v

ol
—|—4
i)
i)
i)
ot

14 153617 183092021 2223 2435

Al ZE (min)

Al
T T O

FEAHA

2-' A h;E Sk Al

3233 343535373830 40 41

=T E=

3 34 35 36 37 35 39 20 a1

X LI 3]

26 2728293031 323334353637 38304041

33t (7} SMPSet

=
S = &k Z}
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(B M-19) +&2 3 P + 5
£t : particles/cr’
T= A" SMPS+OPS SMPS OPS
81,817 80,271 1,546
pELES a2 | 4,672 L 74
87,474 83,556 3,918
A m3 ’ ’ ’
7S of + 2612 2,647 + 1,443
63,672 62,959
XA 3T | 53ss + 5,419 713 =73
3lE| 2 A2z
HHEA = & % V27 V25 V82
=7l
oo=

Lh) =2 YAte A2
O 7l A HAIRE 3 A JPRE
7&1-'; ] L]-qu% H'L:O]X]' (7\1750

£ [O29 M-14] 5 Y=t 7
100 m o]kl YA H|Eo]

82.1£17.5%= YUEIH 2w, oF 90% YA7F SMPSOlA, 2F 10% YA

7} OPSOA &%

S ol YW YAE Zo| AAFOEH 58S

57 wasleEwT o Zasis Aow
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6000
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f 4000
S 3000

T 2000

1000

10 100 size (nm) 1000 10000

[33 m-14] 2 YKL XARE

T 718 7t Al 4202 OI%t YRYBHY SE Bt

O (E 183 G M-19)E 7Hs71E ol 83t
Mg A 85598 HERS 1, AAZ 547 %
YA olgste] B AABES ek oA USkS e ol 7w
A Age 23E el 29,

o S
7} 180)(106 particles/arql WA AZ7HA3}t S|HE AZS 73
2.41x10° particles/ar® °F 34.44% —7}0}— 52 HYL.
i et S716he Hags HojFglen, 1 9 QEOHHJ SMPS
A9t OPS AA Ao A= ”ﬂﬂ%l—} SIEE dAstiE W, dA
T5E7F 2.98-90.92% TAdSE EE5S Y.

O 5%, 0PS ARE BF Fode BE sl 1A Al

"/I: Ml:! 1(“:)'. EO%’E!‘
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E2| 2fe] Al LAGH= QGOIKF SN U B2|Mot ¢
(B M-20) 7IE 7I¥ Al +2 F& SFAUE SMPS = sk
£t : particles/cr
_ &
x| &8 (SMPS) .
180°C 240°C 270°C A
el M £F avg 64,631 49,940 22,459
Hs avg 977,174 2,622,111 6,827,170
U avg 1,075,230 1,791,902 8,126,997 10,994,128
xd 3 A2|7H2+3]E avg 298,321 2,409,033 7,885,149 10,592,503
e=xd; % -72.26 34.44 -2.98 -3.65
x2| = £49 avg 116,906 140,194 307,085
*duk A7t s|EE AZsHA] U2 AJH
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(B I-21) 7|12 71¥ A| &2 F& SHAH OPS = &
Tl : particles/cr
_ &
ze| &8 (OPS) - -
180°C 240°C 270°C Al
2| M &4 avg 4,094 11,741 13,100
st avg 33,569 50,892 48,233
Qidp* avg 7,018 26,787 26,661 60,467
X2 = 4l2|714+5|H avg 637 10,087 18,523 29,248
=4 % -90.92 -64.34 -30.52 -51.63
2| £ &4 avg 448 121 98
At A7 S|HE AZotA] Y2 ALH
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2f) 29f
O & 79 BxE 2HIHNA LA sh= F3ARHYGAL 5

ofr

E, oH:ﬂ

O B4 2E2LoA 9 Y 2, YA & 5w 7hethy ) S5+
> T71E oIy, 2 F5 ) A > 7 $08 =82 9

: g Apol= AA oy 2 o] wEf 2}
o7 eI oH, dA FF2 TIF ) S ) IHETR «2=
== gHlo|EEs £33 8794 Acetaldehyde, m-tolualdehyde,
Acrolein®] HEHL, EW7MHES F7I5 ) 7t ) S9TH &

(@)
oF =3

O LEZ FoluA AP FoAL Ux

4

= YA FFol BT

24o] nXE G Toket A, 7h A 9 4 ST S7KIC
u, 8 AA FA(EE, 7
o]

@ ol B YA 34 A 2
o] WAHS I + AL
3} Fol7t g 4 RO, FEALUA L]

O B 7L Ax 27 A%
dojelwlo] A2 FEsro =M e BAA 9 AR SHS
sl d o7t gl

R}
i) rsh

o}
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o

= A9 22 Ao WA= &S B A9 O}EHA 1=
= S5t #43eH, 1 A3 HE Z
B 37HA, 28 F4 37HA, 2k 47X
Fold. 1819 A9 5EA 20% 5
7Rl A 20712 EolE 7} A/ = QAT AA
= 44).

_lo

= rﬁ
m
o,
N
N
19
IN
oX,
)
i)
rlo
—

o zoE WHE U 24, B4 A

ZF AR = FZ(SMPSeF OPS, TSI Inc.),
Zl’ AR+ A& =5Z(Dust trak, TSI Inc.)
7t & VOC(ppbRAE, RAE Systems)

7t E712(Aethalometer, model: AE51)
* GC MSOf| ofet e gsaeleay 5=

= HPLCO 9%t ZEZLHsI=, ofZ2EHRl 5%

(1) Z2| M8 7t MARE ZHI7|9) BF 55, YHSIE S& 4N Z

f

|2
>,

123]9] A3 F S54F 180T H4 x2S A3 113] 439
274 71719 Bt wEo} HISIE T= 1 RS s Azt
oAl 3714 ARHEHIRE A2l BatatZ AEctads. 1EA
Tsh= 8 VOCR! ZEUHs| =9t o5 < sES Zod]
AHAARY Bt QA 5 = AARE B39 QA AF = A

ol
oo B e
U]
Mo ofN o AL

>
>,

o

’
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1= 5%, olZEHY sT)el

g5

1= &k, oAl

°

TVOC 5%, ZTEYT

Lo} Hot TVOC

A

s

A

)

d

o

a4 0.39(p<0.05)2

!
Bl
™

o

o]

2 ojg thaw

oF
o

Bosylo] B4 Anrt dusA e

ojp

,uAlO

n

<0 olp
(NI

o] oty AA| F=|&FoIN7] ol

-
<
or

!

2 ZLoM YA 5

[—

Z]o
A

G

—

E_o] oly

oS
7

kel

Fo BoluA, 718
3% 2o Y 4

o]

1)

. 184y TVOC =

oA FHA ZgA TVOC L7}

(o] AANO0
7 Eal-vv b )

44

80T

1

I+

7

==
[}

it

[—

o
"

1l
IH

HQl 1 9]

=
=

Ao Ueht 93t 4 B& Ao} Ko

=0
3T

2 TVOC &&7}
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7189 SRol wet A% 4 BES VOC WAFe] T2

—CL—EJ#_O_E 01 Aol @AY 7ol th=7] fEo® sAE. b BE 28 F

o AR 4 &} ZA4E v HHEA] AXZEO R VOC FEE S7hekrha o4
B/ Rtk 22 9 7129 320 w7 o] Wago] ety BE A
o] et Aow weEy 27 Ayt Wag

3

ME

Q) JHEM 2t 2

10

1235] =& AgoA 54 = AAIR 23S st (&
M-22>% Yepidds. AAZE 71719 ot A5 ¥t k=9 AAIZE 71719
ot TVOC B+t sk o] SAdLz oot AadAE et (g
A5 0.68), AAIZE 717190 9 Bt =2 oA ELTESIE sk 11

AT 0.39% oFe AHBAE e,

<E _22> T %I: §§f§|§ T %E 2| A - o=
= | omE | o=y
ME MC | TVOCs | osie | agisis | o
NC 1.00 0.18 -0.13 0.21 -0.13 0.41
MC 0.18 1.00 0.68 -0.28 0.66 0.40
TVOCs -0.13 0.68" 1.00 -0.16 0.39 0.55
e 0.21 -0.28 -0.16 1.00 0.08 0.48
ot | O | | | | |
OLHE *
otE31= 0.66 0.39 0.08 1.00 0.30
oz =2l 0.41 0.40 0.55 0.48 0.30 1.00
*P<0.05
NC, MC, TVOCse &AIZt SH7|7| Ze| M4t
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T
gl
]
J&i
1°]
=
E

%o 715 180T H4 =7
23)02 YEUYAS. A+ 5=
HAN, A o s 57 5= 9 0.85% &2 4 A4

PO

o)

H 1
AE

= 24

[¢]

NSt QEIOIRE S4 o B2y

2

(E 1-23) 844 712 180T 52 X2| M0lM MAIZ S5 4 7 y2gs
NC MC TVOCs BC
NC 1.00 -0.05 -0.49 0.85
MC -0.05 1.00 -0.09 -0.02
TVOCs -0.49" -0.09 1.00 -0.44
BC 0.85" -0.02 -0.44 1.00
“P<0.05
5% 718 240C MG 22 AP 33 A5 % JBASE 3L
of (I M-24)% Urehfole. 274 W4 7F 4eAol 99l

(E TM-24) | 715 240C H UM HARZE SH B 2H A
NC MC TVOCs BC
NC 1.00 0.17 -0.09 -0.21
MC 0.17 1.00 0.41 0.03
TVOCs -0.09 0.41 1.00 0.04
BC -0.21 0.03 0.04 1.00
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2424 718 270C H4 29 4
GE TM-25)0) YRS, 97t 4 Swet 9at 2
HBVAZ BY.

(B T1-25) 254 7| 270C 52 X2 UM MAZH SF ¥ 2

2 =53 2t A
NC MC TVOCs
NC 1.00 0.48 0.18
MC 0.48" 1.00 0.33
TVOCs 0.18 0.33 1.00
"P(0.05

3715 180T HH == oA 54 ¥ 2 AdAlsE s (#
ol
BHA

[M-26)° Yepd. &4 W 7F AAo

—_

(B I1-26) 37|15 180T & =2 MM HAIZH 5 H 24

g t 53 b SetAs
NC MC TVOCs BC
NC 1.00 0.00 -0.13 0.36
MC 0.00 1.00 0.16 -0.24
TVOCs -0.13 0.16 1.00 -0.23
BC 0.36 -0.24 -0.23 1.00

3715 180T F4 =7 ddolM 54 ¥ T X

dAE gEsto] (&
M-27)= Yepd. JA 4% 529 TVOC &% 7ol -0.742 9] Ao
AE Hel.
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(E I-29) 2557 180T & Zd| HAMIM HAIZH £ He 2F HEAIS

NC MC TVOCs BC

NC 1 0.15 0.09 0.11

MC 0.15 1 0.44 -0.09

TVOCs 0.09 0.44 1 -0.66
BC 0.1 -0.09 -0.66 1

558 1000 BE x2) APAN &
G -30)02 Yehdl, Ak 4e o)

d w2 dBEAE 29

HATE AP 51
=T 7o 0.760.2 H|I

2
i
O 4
o
ox

(B M-30) |7 100C 72 Z=2| HAM HAIZE S B 2F SEA=

NC MC TVOCs BC

NC 1.00 0.76 0.19 -0.43
MC 0.76" 1.00 0.28 -0.17
TVOCs 0.19 0.28 1.00 0.04
BC -0.43 -0.17 0.04 1.00

* P(0.05

7hReehf 100C Fs 22 4]
(E M-3DE vehd. 574 ¥4
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R x Al el AR 54 2 BRI o
(B I-31) 7h=2tR o Zo| MM HAIZE S W 2F HEA I
NC MC TVOCs BC
NC 1.00 -0.03 0.02 -0.40
MC -0.03 1.00 0.79 -0.16
TVOCs 0.02 0.79 1.00 -0.26
BC -0.40 -0.16 -0.26 1.00
718 100C & 28 A¥olA &4 B 1t JBASE FYsto] &
M-32>2 vehd. 24 Hs 2k A8Ao] A
(B II-32) 371§ 100C £3 =2 MM HAIZH £ H 2F 48
NC MC TVOCs
NC 1.00 0.47 0.28
MC 0.47 1.00 0.63
TVOCs 0.28 0.63 1.00
A 28 Ao &4 H T ARASE A
F sEe A7F sx 7o 048, & &
FHIAE EY.

=2k 718 180T HA
o (& IM-33)2= Yehd.
o=z Z9| A

VOC &k 7ol -0.462.2
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(E M-33) 7t=2t} 180T Fd =2 MMM £F Hs 7t d2Ax
NC MC TVOCs
NC 1.00 0.35 -0.48
MC 0.35 1.00 -0.46
TVOCs -0.48 -0.46 1.00
*P{0.05
7heeh F4 240C 3 28 Aol 54 ¥ 2 A€ AEst
of (& M-342 Yepd. 578 ¥ P 4382 ks
(E -34) 7h=2t] 240C FZ Z2| LM 2AZE EY He 2 S3AS
NC MC TVOCs BC
NC 1.00 -0.36 -0.33 0.02
MC -0.36 1.00 0.81 -0.32
TVOCs -0.33 0.81 1.00 -0.19
BC 0.02 -0.32 -0.19 1.00
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ze] AY 3 WP RAAHLA = SE, LU, PAH, 2
2 5) R B At 9. A4 2ol @FL ol 7
20108 Qs At & 20| WAVt Yonz, ol Bests] 98] 44

2] B RS SR 9 55719 9 4 5w 9T 4GS B G
=

AY A% Y 2P IR sEE ThEER ) SR ) e
w02, 7 Y2 5 ) B ) 54 &£2= &3oH, TVOCE 71§ T+
2t Aol glou, F71E0lAE F4, 7heehaet S5aRolis F2olA =

: T H39A Acetaldehyde, m-tolualdehyde,
Acrolein®] =4 HEH. £Y }EJ B¢ i71e ) 7HEE ) S5 R &
07 FL7t w3on, VY 7t 504, Safe A 5
Tt E%E. 25 A AfAE A& & %‘—EQ} TVOC, Y& 5% 2F =
T7F 5248 BRUl AStE AP HAI, PAHE 240T o)Al 1
Phenanthrene, Benzolalpyrene®] A&E. 4Hs|EE 2% 3710 W&
53 71 A2 Ho|X| dorow, EUyIE 2 2L A5 net 5kt %—7}
?ﬁ ol AHesto] (I M-35F HEIHIIS

O



I [M-35) =F QX0 M2 &8 Zi 9%

el
12 =g
— LA =
=x{ 0 Xa| HpH 2 == =
: tsaimsass)  od
YA = s S2)EEDEH == S8 sk
‘<‘57|E =712 30|
S =0l
280t=Ey, 7189 257t
TVOC SR]), = A0IE HO|X| 8 E71EsE sk
HUE718) S/tE =2l
7189 2=t
uAt S =N EINSE 3IS)Es5w =IlEAR =
o = L
7t=2tR0IM 7[EL
QI mJIEIAR
RSB aoim  ae e
S SR SoneE o
SArOY SR OISR Lt
o SxR0ME
JZX| EUZ
240°C O[&0i|lA
Phenanthrene,
PAHSs LOD OJgt LOD 0|2t
Benzo[a]pyrene
as
22 (Acetaldehyde 37X 7|2 2EF0|A
LHlo|= , m-tolualdehyde,  OI5|E Z57} E0|AE gl

Acrolein %)

Ef
Chefob| HEE

Black Carbon

B18Y7t=ER)

AANO
%TTTI'

51erE 5E
5715 ol
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= E3H Eo] A 5 ol MAE 9F ATAME TS S W A 5
=7} ——7}0}@‘ on, & AA BAE Adste] S Al oF 27% HaTE =
3t5. OPSE AHget Y& &= s 574 Al =29 9= I ¥= 2=

4
Yeft 485 ul dee] F4E AT

« 24 oIz} 7+ AAEA AT} nA|HA] A H59F TVOC Sk 7ol AlsAdo]
Aom, mAHA] A Fret oNELHSE Tk Ito® oFRt S
HAZ. FS 2EE B7F Al AARE 5471719 =Y BR84S gelstglon
O AT ATAAS &7 A9 e
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162

O AGAARAYE B ABY SEE2 o

O zd 2 Al A= 4 FoldAe dAEdzE 2uAEA

(UFP), BIAIHA|(PMzs), HIAIHAI(PMi) 183l £28(COF)E &+
=, 7tASTA BEL S EskeAa(PAHs), ST/}
=(TVOCs), formaldehyde, acetaldehyde, acrylamide,
acrolein, benzene, 1,3-butadiene, carbon monoxide, carbon
dioxide”} 2] 2+ IAof|A &5l AR BAdE ] A AR A =
7Fs/dol Q= Al=E UEhs.

st

N
t
-
e

glotal glem, =& 7|E 4% did w3ldAt, 9187

#4974 9
foUd, Az 5 24 BY, Az 5 BY, 498ASY 9

ol OZ:'
odo Jo 8

AR, Y FHEEE FE
=4 ol FAISH] &Sk
F TR AT RIAIR Hotal
0“11 IAOl= Z 79 A =% 7]E, CMR &% (Carcinogens,

Mutagens, Reproductive toxins) -7 @ CAS S o] HA|E o]

olo.
AR -

]_

4o o o1

|o
H
ol
H
i
N,
S
(e
oX,
fin)
PA 4)

O =7 2 oA FA 7s A ol dAs o= AR

271%0] AgH1 Ue

=K

& 71 A4 94 39191 formaldehyde, acetaldehyde, acrylamide,
benzene, 1,3-butadiene, Acrolein, PAHs, carbon monoxide, carbon

dioxide



acetaldehyde, acrylamide, benzene, 1,3-butadiene, carbon monoxide

= Tt FAEdEETER): formaldehyde(EE &2 E2),
acetaldehyde, acrylamide(EE & E7), benzene(EE T E4),
1,3-butadiene(52#&E4), carbon monoxide
(B IV-1) Z2| A |olQIXte] Aot M2 [oid- gy =4 12
oo g | oa | AN noo. NUEAEY Seuzme
TS TE o | RAMEE | ST o gaoixh okt el
Formaldehyde O O O O O
Acetaldehyde O O O
Acrylamide O O O O
Benzene O O O O O
1,3-B ien
3 :tade o o o o
carbon
. O O O O
monoxide

LE 71 A4 g FAdAY] 18 sRiA s =E
AR} [l /ol whet Wetd, AAAZ Holdy, A=Y 242 ERcta
uom, 27 A Al A== FoUAe] CMR €4 EF7= =23 2=
» 2FAY E4: formaldehyde, benzene, 1, 3-butadiened 1AZ EF,
acetaldehyde, acrylamide= 1B2 &%, PAHs= 1A~22 49| 70| o
2} HoHd 55 Afol7t o= ERE
= YAAEL HolYA EZ: acrylamide, benzene, 1, 3-butadiene> 1BZ &

5, formaldehydes 22 &7

» A=A EZ: carbon monoxide® 1AZ E%F, acrylamide: 22 EHE
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(B V-2) =8| A| QEf2IKte] MokHAl 1eE 7|F Y CMR PE(IBLSEIA)

sax 7z | EE ugy LHAE gy =
Formaldehyde 0.3ppm 1A 2
Acetaldehyde 50ppm 1B
Acrylamide 0.3mg/m’* 1B 1B 2
Benzene 0.5ppm 1A 1B
1, 3—-Butadiene 2ppm 1A 1B
Acrolein 0.1ppm
ok 0.2mg/m E] 1[tér~i2r0| )
m(;ar::)))(:ir;e S0ppm 1A
carbon dioxide | 5,000ppm

ZUA|HA(UFP), HAIHA(PM,s5), FIAEA|(PMg) 2 £28(COFs), &
LER7ISEE(TVOCs) S FalidA e s 7| H AFRIIAEAMAT
S ARFS] Folle ZE0] AUA . T FHLAR7ISE=(TVOCs)
3§78 ES A% g o2 LRSI QA €O benzene, 1,

3-butadiene = ¥ S3folxtzw FLEE o] HAT L.

(2) Z=2| XY Al Ydots AL RHAUKL| ARH I7|122] XFE W B
&
ARTHA AAIS A2 sk Ve Be AdeRl ¥ #ES A
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Ao A A= -darskal skal 9lom, o|Z gl /\}—r A 37 YA (AL T
FEAADOIA BIMHA(PM,5), BIAIHA(PM0), E3L/dF7183=(TVOCs),

formaldehyde, carbon monoxide, carbon d1ox1de QIR HE 7=

o

= :1'1:]__]__.0_]’_]—_’_ Ql %.

AA

(B IV-3) Z2| Al RH2UXI| ALRH

FolQUXt A= #e71E 0 2A
O|MEXI(PM2.5) 50 ug/m* (DRSS TA|) AFRA 27|22 K&
OJMIZHX|(PM0) 100 ug/m
S2Zdr/=E=E ,
(TVOC) 500 ug/m
Formaldehyde 100 ug/m’
carbon monoxide 10 ppm
carbon dioxide 1,000 ppm
3) 28 59 AT TR T ARt AE did 2 A +4
(1) 33Y™ 3 WSMHAYS AU SAtots A (Z2] &) MY
QUFEHAHO ME [ Hets}
= APl E A FF 52 ALElste] AR A Ee ARl B AR
e 95E A8 &2 ¢ oW, 33 H wSAH| A AHe
B 3AA 9 PRS0 et 8= A8 ALYt QS
- AT AebEe A WS ge] L 2o 5 BAYR A A
Hx ¥ AE oA AE= AoR sfAE & e A deu= i



e, 59 5 AYUROl S Y kgl 288 A 7

#go] Ao FEE 74

N ool

o glom TEPYH 9l W

SABAY ARdolA LR Al QskaL 9

=
HEAA A HAEANS 5 HEE 5T 7 U=EF FH9] o

(2) MA| 22X 5Y O|2H2 ALBSHE MOl Mot Mg Q| 7Y S
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20229 A58 AALEY ARRAN FRTEAPRF F 24 Aula
o) 2EF AFA FYF W 2 A F2E FARE 59 vlgo
50% AES AR, AGAHALE 591 vek A FART 65% HES
AR Ao ek bl 22 49 $AY thk 59 gk Aol

BT QI R F4.

_



(B IV-4) Mory o= Mgaix| o2 Al ¥ N MQl 7Y ¥

OiA AR EE AR Hg el ¥ 7y
IZYY ¥ 1% MHAY 3 A% orEZAE2IAR
255515 187, RIS B AT R|A A
Sasiu- 920t o Cherstn R2E erEzimel
(Cio, &, ANBR|, X2 5 RI3E QHHBATR(CE 7RO w2t
HAARO| DA MZORA  |Z8EE PP MBI
TEESHYHO| Hol0l Dot
At He)

I3YY ¢ IS MEAY B CERGEE)
255515 187,

S48 QR0IstT U Cherstmo)

AU FA, AMBR|, X2| 5

HAARO| BAIGHS ARORA

DRSO Foto TAIGHE At

A 22X 5F 0|PtS ABol= AIRE|M2E QHE A2 A K|
H1E QHE 42| A| K|
H2- M A
HMI3E ME AN S (M2 X3S0 M2
FtUE2 HQIstC)
MAE Folf- e UK =X g LFE Kok
|47 (2 ATIT)
HMIAQZ (I E IR MA =l 9]
>8-A HE)
MBOZ(AHHE A MA =M Q| KIE
=)
H11% 2= US =l
H159X(FYHEXQ 2F S)(TE
80 2t E85= F
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2-1 b E7|FHH

3%

| cEvEeE anowe |

2-2. k57| 0|4

L ET|F(TWA) 240 D2t

33 AL Y

MSDS F R0 Gt

HIY Tes/HA Y

e
oln i
i+

ol

od

FA

teaEsEEn 2 3
L=EI[FTWA) Zho Tt
Y |,4- v
SETEEYN/(=EY|T)Y me EETE OF
1-4SS7HA| £ CER
EEI|Z(TWA) atof et
1-45E7X 20 wold
¥ U 02822 MSDSR-Phrase E= Sa
H-code FH20] et 1~45 271 20

SHIT, ALY
=

L E7IE(TWA) £of met

B
o1

Bt 14527t 20

MSDS R-Phrase ==
H-code HE0j| e}

HAXRLC
!l'—ETT'_‘ou

= E=E ETEEEN/ =BT

‘153 = ELE 10% 0/t
V253 = TEAF 105 0]48-50% 0/
+353 = EEAF 50% 0[41~100% 0|3t
1453 = E5F 100% 0/

EL HYHRAATHDY

24453

=EENEY

&7 I
<152 = 1-10mg/m 0|3} 50~ 500ppm 0|3}
253 = 01~1ng/m 0|3} 5~50ppm0| &t
+355 = 001~01ng/m’' O3t 0.5~5ppm0|st
«4232 = 001ng/nf O/3 0.5ppmal gt

TS CMREX HE 1A 18, 20] s

=
od

oh

23

=
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FEA
il 20 oo
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L =HAEURTIS

37 HE

(O3 V-2) {8 "ot Xt 2 2 UE
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Y Al Zdoks RolIA £ H A=Yt A7

Ei %611*3-94—@;4*3 W7k A3 5 Deste] 25 RS TRl

- 5871% 4% iy SR

- Az 5 FANEBY

- Az 5§78

- AAWAEAY B G

- ESABAY By SR

- By FoHEY

SR e 7128 Aok Aol AT SelIR] ue A7) B
& A7 Adade) A3 @ fe4- 9PAY B A, wF A% A8 B
& 7144 e TAIES S e

3) vz Feld- A8 e BEIE

(1) =2 718 8% U RHARHLELSRLIA)
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L E 7E2 ZEAZE FofQAtel 2EEHE S =E 7€ olst A=
A9 BE ZEANA A7 U JFZ PIAA ofYske 71 Dok, Al
IS &7 (time weighted average, TWA), @A =&7]F(short
term exposure limits, STEL) T+ 1 =& 7]&(ceiling, C)2. & F-E5}0]
& F JAR G5t glow, 3etEde ke 7E 7315 E Ao, 12,
g 5 FOIAY k=& V1S A .

Alols FoiIAFE CMR &3S =5t loH, oA 3ol w
s

al
gt drtA(Carcinogens), AAAZ  Hol¥Xd(Mutagens), A=A EZ



(Reproductive toxins)°|gtal s}, CMR 39 X #H7| 7|2 (E NV
-5)9F &

1. =1 (o) I'g %XI

=
Ar AEOA =t 2Yd 347 e =E
B: g

1 S
1B: Al s=0M Hd E47F SE0l UAH, AlE S=0 A 2F0A Het

HIOtN =747} Ql= 2XI
2: }EPOM S=0M Mot 5747t UKL, 212 2FoM|0l= 5747t S0t
oo 2 X|
B ==
2. MANI HO|RY

TAD ARHOAMS HofzAt S éﬂf dd9 St U= =F
1B: O 0= stHof sidot= =&
@ EZRFES 0188 dAl U(in vivo) RTYE MAMZE HOIREYE AN 2d
@ ZRFE 0188 4Al Wn vivo) MMIZ H0IEY AIOIA &0, *OH&WIEWI
SUHOIE EoZ = e S US
® =d A9 FHA MEOA Olx| HYRIEO] S/t 20| AFO| HAIME
H:|0| )g Alo-l()-”A-I OFA‘I
2: O3 O ofof sHEEO YAMEN REY SHHOIS L2Z 74
X

2 X
==

olr
rr

40| 9)

o AN

® EREZ 0188 4 Lin vivo) HMIE 10124 AIBOIN 34
@ 7IEt NE S22 0188 A (i vivo) HHE SESY AIZ0IN %40Im,
AIZZ U(in vitro) 0|2k NBOIN F712 A5 3
® ERE HEE 0|88 HOIHYAIZIONN 0/H, AT MANE $0|2k
SAI s AxeY BAS R 3
3. MAIEA
1A7 ARIOIAL SE7IS, MAS0/L U] YSS e 202 WL YT
A0 S| B717t Q= 2
1B: ARIOIA MEDIS, MAS2{0|LL L]0 AYSS F= 202 £HY FTO
SENE 3747t Y= 2X

2 NBOPA 5715, Sus=ol 2o
EE SENY 5 s 22
+RS4: 02 0l= sl dHgsis B3
OF
2R0) ZAfe 71588 29

Ol 5k
o

M, i 2X0| FANOR Q=5 2x0=

=

0
S20| St 1MICH =2 24T oI ZooiN, ZRE
O5iskS =ALL, BQo| Eo| QaiYErS FOH= WEEH S/ Q2

® FR/1ZE SO OP|0A R H 1S RESI= AR St SHt AS
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(2) 51871 23 e RoHQUAt

AP ROl ARIFE W

A

A AS

=4 5 ZEANA SUHE A3

e U L7t At FAARNE F8YIE 4 4 RN BB
S glom, A9 U E FES 58712 otz $XIES s o
(B IV-6) 5I87|F 8™ Y RalCIxt ¥ 327|=F

SI87|&
AlZF7I=m 37 l-'-I'A 2t
(TWA) ZZH(STEL)
ppm | mg/m' | ppm | mg/m’
67t32[18540-29-9] &tete =84 0.01
(Chromium VI compounds) A2M 0.05
H[7439-92-1] & 1 R7|8Igt= 0.05
(Lead and its inorganic compounds) '
LIZ[7440-02-0] sl2t=(EEH 27|t ot
StCh 0.2
(Nickel and its insoluble inorganic compounds)
LzztEdd
(Nickel carbonyl; 13463-39-3) 0.001
CHEZEODE 10
(Dimethylformamide; 68-12-2)
E=2=ME 50
(Dichloromethane; 75-09-2)
1,2-CIZ22 020 10 110
(1,2-Dichloro propane; 78-87-5)
U7H7439-96-5] & I RI|SEE 1
(Manganese and its inorganic compounds)
HEs
(Methanol; 67-56-1) 200 250
HE HAMHE 0|AAOMH0|E)
[Methylene bis(phenyl isocya nate); 101-68-8 0.005
S
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HZE([7440-41-7] & 1 3EE
(Beryllium and its compounds)

0.002

0.01

bl
(Benzene; 71-43-2)

0.5

2.5

1,3-FEtH 2l
(1,3-Butadiene; 106-99-0)

10

2-Hzpo=zo
(2-Bromopropane; 75-26-3)

=553t HE

(Methyl bromide; 74-83-9)

ArStof
(Ethylene oxide; 75-21-8)

MHEIE - AFSots 4T siYSih
(Asbestos; 1332-21-4 S)

0.174/cm

#2(7439-97-6] ¥ 1 7|32
(Mercury and its inorganic compounds)

0.025

AE[2

(Styrene; 100-42-5)

20

40

AZ28ARE
(Cyclohexanone; 108-94-1)

25

50

orgel

(Aniline; 62-53-3)

oIFgE=lEE
(Acrylonitrile; 107-13-1)

UEL|Of
(Ammonia; 7664-41-7 5)

25

35

o

(Chlorine; 7782-50-5)

0.5

FelE
(Vinyl chloride; 75-01 -4)

Ol &=t

(Carbon disulfide; 75-15-0)

AUMBIELL

(Carbon monoxide; 630-08-0)

30

200

FIEE[7440-43-9] & 1 3iEtE
(Cadmium and its compounds)

)
(@]
=

ol
0x

—~

al
0

HT
r
r
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0.002)

TYE[7440-48-4] 2 11 RI|3HEE
(Cobalt and its inorganic compounds)

0.02

SEt21]X|[65996-93-2] &L=
(Coal tar pitch volatiles)

0.2

=
S5

(Toluene; 108-88-3)

50

150

=FU-2,4-C|0|AA|OIH|0|E
(Toluene-2,4~diisocyanate; 584-84-9 5)

0.005

0.02

EF0-2,6-CI0|AA|0H|0|E
(Toluene-2,6-diisocyanate; 91-08-7 S)

0.005

0.02

ERZZZ2HE
(Trichloromethane; 67-66-3)

10

EZZZ220|
(Trichloroethylene; 79-01-6)

10

25

ZEUHBIE

(Formaldehyde; 50 -00-0)

0.3

—BlIAL
=

n-Hexane; 110-54-3)

=]

—~

50

FA

—

(Sulfuric acid; 7664-93-9)

-

ol

0.2

0.6
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H V-7) HX § 2XEH

1. B-LHEEOIRI[91-59-8]1 1 H(B-Naphthylamine and its salts)
2. 4A-L|EZOHZ[92-93-3]1} 1 H(4-Nitrodiphenyl and its salts)
3. HA[1319-46-6]2 =&t HRAE(EYE S HIE0| 2IME 0[5t A
X1|9|3H1f)

HIM[71-43-2]8 EEote IFE(REE 539 HI20| sHME 0[5t A2
X1|9|°._H1f)
5. MM(Asbestos; 1332-21-4 §)
6. E2|222|4|0|E|= BT Z(Polychlorinated terphenyls; 61788-33-8 5)
7. 22I(ER)[12185-10-3] MY (Yellow phosphorus match)
8. ANz, M23, M55 E= H6Z0| sigch= 2SS Zatt 2= 589
HIZ0| 1HME 0[5t2l A2 H2IetH)
9. "atetEAEEY, M2ZM5E0| M2
X123 K9] T—P‘*Oﬂ offdot= atet=H
10. 11 80| 274 o= SEH=M 4 %*IH3HE§E
VE-2HMU0| Hol= RoliEd

—

ro

=A=E
2 Helst

|-OII ifal
Loy
I'IO
>
w
2
=
o
=
to
I
m

:]_—,— R = R [e)
2 BRI glov), ARSAY AShEE A Rg=ERYRY S
Tes skl s,

177



Z2| SQJ Al BB QK S ¥

rri
o_II
re
re
-1

(B V-8) HxX § 571X
a-LHIE0L2I[134-32-7] & 1 H(a—-Naphthylamine and its salts)
CJOFLAIE[119-90-4] & 1 H(Dianisidine and its salts)
CIE22Z2MIX|H[91-94-1] & T H(Dichlorobenzidine and its salts)

2Z(Beryllium; 7440-41-7)
HIXEZ|Z2210|=(Benzotrichloride; 98-07-7)
H|A[7440-38-2] 2 1 27|3tet=(Arsenic and its inorganic compounds)
A3H|L(Vinyl chloride; 75-01-4)
SEI20]X|[65996-93-2] F|Y=(Coal tar pitch volatiles)
AEZ 71E(EE 7ot & XMelske BT sHESH)(Chromite ore
processing)
10. I 2 0¥ (Zinc chromates; 13530-65-9 §)
11. 0o-22|4[119-93-7] & I H(o-Tolidine and its salts)
12. st Z=(Nickel sulfides; 12035-72-2, 16812-54-7)
13. MN282H H4S7X| £= He2FH H1237K[2] 0L ofLo)| ciFotz =HE
maist SeiE(ReE 9 HE0| 1THME 0[5t2l A2 ML)
14. M532 SHE XLt SRS E 59 H[20] 0.5HME 0[5l A2
X|efstct)
16. 11 g0l 2744 osil=2 SEH=EAM MAMHELES H Ao H3(9| A8
AN 120 =

.“390.\‘.07.07.#.00!\’.—‘

178



- &=

1. 2FefA QIR
7t R713EE(1143)
1) 2REI2YH|5|=(Glutaraldehyde; 111-30-8)
2) LLEEZZ2|MZ(Nitroglycerin; 55-63-0)
3) LIEZH|E(Nitromethane; 75-52-5)
4) UEZHIM(Nitrobenzene; 98-95-3)
5) p-LEZ0t22l(p—Nitroaniline; 100-01-6)
6) p-UEZZZZHIM(p-Nitrochlorobenzene; 100-00-5)
7) QUEZEZA(Dinitrotoluene; 25321-14-6 5)
8) N,N-CIHEOtE2l(N,N-Dimethylaniline; 121-69-7)
9) C|HEot2I(Dimethylamine; 124-40-3)
10) N,N-C|HEOIMEO0ID|=(N,N-Dimethylacetamide; 127-19-5)
11) CHEX20t0|=(Dimethylformamide; 68-12-2)
12) CJO|E+Z0tRI(Diethanolamine; 111-42-2)
13) CIE OIEZ(Diethyl ether; 60-29-7)
14) T EAEZ|0t2I(Diethylenetriamine; 111-40-0)
15) 2-CIOZ0t0| =0 EtE(2-Diethylaminoethanol; 100-37-8)
16) CIEOtRI(Diethylamine; 109-89-7)
17) 1,4-C|=A(1,4-Dioxane; 123-91-1)
18) CIOIAEEHE(Diisobutylketone; 108-83-8)
19) 1,1-0222-1-EFL20EH1,1-Dichloro—-1-fluoroethane;
1717-00-6)
20) 22 Z0|EHDichloromethane; 75-09-2)
21) o-CIZ22HIM(0-Dichlorobenzene; 95-50-1)
22) 1,2-CIZ220{|E4(1,2-Dichloroethane; 107-06-2)
23) 1,2-CIZZ20|EI(1,2-Dichloroethylene; 540-59-0 S)
24) 1,2-0Z22Z 211, 2-Dichloropropane; 78-87-5)
25) L222EF 2 MHEHDichlorofluoromethane; 75-43-4)
26) p-LCIS|EEAMIM(p-Dihydroxybenzene; 123-31-9)
27) HEtZ(Methanol; 67-56-1)
28) 2-HIEA|MEHE(2-Methoxyethanol; 109-86-4)
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29) 2-HIEAINE OtMIHIO|E(2-Methoxyethyl acetate; 110-49-6)

30) HE n-22 AHE(Methyl n-butyl ketone; 591-78-6)

31) HE n-0tY HE(Methyl n—amyl ketone; 110-43-0)

32) HiE Ot2I(Methyl amine; 74-89-5)

33) HIE OIMIE|O|E(Methyl acetate; 79-20-9)

34) HE HE H=(Methyl ethyl ketone; 78-93-3)

35) HE O|AEE HE(Methyl isobutyl ketone; 108-10-1)

36) ME 2=22t0|=(Methyl chloride; 74-87-3)

37) HE 222X Z=(Methyl chloroform; 71-55-6)

38) HIEd HIA(HE O|AA|OHA|0|E)[Methylene bis(pheny! isocyanate);

101-68-8 Sl

39) o-HEAIZZ23A=(0-Methylcyclohexanone; 583-60-8)
40) HEAIZ23At=(Methylcyclohexanol; 25639-42-3 &)
41) 24 Y+ (Maleic anhydride; 108-31-6)

42) 24 ODEA(Phthalic anhydride; 85-44-9)

43) HiM(Benzene; 71-43-2)

44) 1,3-2EICA(1,3-Butadiene; 106-99-0)

45) n-2Et=(h-Butanol; 71-36-3)

46) 2-2EtZ(2-Butanol; 78-92-2)

47) 2-2EA|0ELS(2-Butoxyethanol; 111-76-2)

48) 2-E2EA|0|E OtMIE|O|E(2-Butoxyethyl acetate; 112-07-2)
49) n-2& OIM|E|0|E(n-Butyl acetate; 123-86-4)

50) 1-E22ITZT(1-Bromopropane; 106-94-5)

51) 2-E22 T 2I2-Bromopropane; 75-26-3)

52) EE3t M2 (Methyl bromide; 74-83-9)

53) H|'2 OLMIE|OIE(Vinyl acetate; 108-05-4)

54) AHESIEIA(Carbon tetrachloride; 56-23-5)

55) AELCIE &HIE(Stoddard solvent; 8052-41-3)

56) AE|HI(Styrene; 100-42-5)

57) AZ28At=(Cyclohexanone; 108-94-1)

58) AlZZ3alAt=(Cyclohexanol; 108-93-0)

59) AlZ234H(Cyclohexane; 110-82-7)

60) A|IZ23MI(Cyclohexene; 110-83-8)

61) 0rd2l[62-53-3] 2 I =ZH|(Aniline and its homologues)
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62) OtM|ELIEZ(Acetonitrile; 75-05-8)

—_ -

63) OtMI=(Acetone; 67-64-1)
64) OIMEYH|5|E(Acetaldehyde; 75-07-0)
65) Ot=2EZUEZ(Acrylonitrile; 107-13-1)

66) Ot=2ZO0t0|=(Acrylamide; 79-06-1)

67) ¥ 22AL OEIZ(Allyl glycidyl ether; 106-92-3)

63) O|Et=0t2I(Ethanolamine; 141-43-5)

69) 2-0|EA|0EFS(2-Ethoxyethanol; 110-80-5)

70) 2-IEA|E OFMIE|IO|E(2-Ethoxyethy! acetate; 111-15-9)
71) O|E HIM(Ethyl benzene; 100-41-4)

72) 02 OM|E|O|E(Ethyl acetate; 141-78-6)

73) OIIE! Ot ZY|0|E(Ethyl acrylate; 140-88-5)

74) & Z2|=(Ethylene glycol; 107-21-1)

75) (€l 22|12 C|LEY0|E(Ethylene glycol dinitrate; 628-96-6)
76) gall 2225|=2I(Ethylene chlorohydrin; 107-07-3)

77) OE=20|2I(Ethyleneimine; 151-56-4)

78) OI20t2I(Ethylamine; 75-04-7)

79) 2,3-0ZA|-1-Z2I2(2,3-Epoxy—1-propanol; 556-52-5 &)
80) 1,2-0ZA|ZZ2I(1,2-Epoxypropane; 75-56-9 5)

81) OLZZ25|=2l(Epichlorohydrin; 106-89-8 &)

82) QL3 M2 (Methyl iodide; 74-88-4)

83) O|ARE OIMIE|0|E(Isobutyl acetate; 110-19-0)

84) O|AEE 2FAZ(Isobutyl alcohol; 78-83-1)

85) O|AOtY OFMIE|O|E(Isoamy! acetate; 123-92-2)

86) O|AOtY 2T =(Isoamyl alcohol; 123-51-3)

87) O|AZZT OtM|E|0|E(Isopropy! acetate; 108-21-4)

88) 0|AX=Z2H AT Z(Isopropyl alcohol; 67-63-0)

89) 0|&katEtA(Carbon disulfide; 75-15-0)

90) F3&(Cresol; 1319-77-3 £)

91) IAA(Xylene; 1330-20-7 &)

92) S22 HIH(Chlorobenzene; 108-90-7)

93) 1,1,2,2-HEZZZ20|EH1,1,2,2-Tetrachloroethane; 79-34-5)
94) HEZts|=E2&2KTetrahydrofuran; 109-99-9)

95) E2%(Toluene; 108-88-3)
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its

96) E2-2,4-C|0|AA|OFS|O|E(Toluene—-2,4-diisocyanate; 584-84-9 S)
97) E3291-2,6-LC|0|AA|0IH|0|E(Toluene-2,6-diisocyanate; 91-08-7 5)
98) EZ|0&0t2I(Triethylamine; 121-44-8)

99) EZ|Z22ZM|E(Trichloromethane; 67-66-3)

100) 1,1,2-E2|2220EK1,1,2-Trichloroethane; 79-00-5)

101) E2|2Z202a(Trichloroethylene; 79-01-6)

102) 1,2,3-E2|222T2TH(1,2,3-Trichloropropane; 96-18-4)

103) 2220 2al(Perchloroethylene; 127-18-4)

104) H=(Phenol; 108-95-2)

105) HIEIZZ2H|=(Pentachlorophenol; 87-86-5)

106) LEH|5|E(Formaldehyde; 50-00-0)

107) Z2LHI0|2I(Propyleneimine; 75-55-8)

108) n-Z2Z OIM|H|IO|E(n-Propy! acetate; 109-60-4)

109) mj2|H(Pyridine; 110-86-1)

110) SIAMHE 2 C|O|AA|OFH|0|E(Hexamethylene diisocyanate; 822-06-0)
111) n-al4k(n-Hexane; 110-54-3)

112) n-&lEt(h-Heptane; 142-82-5)

113) &4t CIHE(Dimethyl sulfate; 77-78-1)

114) 3|E2tX(Hydrazine; 302-01-2)

115) NEH 114)7X|Q S2E EHIg 1HUE 0|4 2fRst =82
THF(243)

1) #2|(Copper; 7440-50-8) (%!, O|AE, §)

2) H[7439-92-1] 2 1 27|s}gt=(Lead and its inorganic compounds)
3) LUA[7440-02-0] & 1 27|3k8E, U 7122 [13463-39-3](Nickel and
inorganic compounds, Nickel carbonyl)

4) U7H7439-96-5] L 1 27|sFe=E(Manganese and its inorganic

compounds)

b) H}E[7440-39-3] & 1 7t24M 3}gt=(Barium and its soluble compounds)
6) B2[7440-06-4] & 1 7124 AH(Platinum and its soluble salts)

7) AM&i0tI4|#E(Magnesium oxide; 1309-48-4)

8) AEI0tA(Zinc oxide; 1314-13-2) (X, &)

9) A& (Iron oxide; 1309-37-1 ) (%I, 8)

10) M2z[7782-49-2] 2 11 3tet=E(Selenium and its compounds)

11) £2[7439-97-6] 2 1 318t=2(Mercury and its compounds)
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12) QtE|E[7440-36-0] ¥ I stEME(Antimony and its compounds)

13) L20|x:[7429-90-5] & 1 dket=(Aluminum and its compounds)

14) QAitsid -E(Vanadlum pentoxide; 1314-62-1) (E%l, 8)

15) 895[7553 56-2] 2 LREsl=(lodine and iodides)

16) Q15[7440-74-6] ¥ 1 3Fet=(Indium and its compounds)

17) &[7440-22-4] ¥ 1 7t8M 3I8t=(Silver and its soluble compounds)

18) O|AtEtE|EH=(Titanium dioxide 13463-67-7)

19) £M([7440-31-5] & 1 s&t=(Tin and its compounds)($AsH FA2
H|25t)

20) X|22&([7440-67-7] & 11 st&t=(Zirconium and its compounds)
21) 7t=&[7440-43-9] ¥ 11 3gtE(Cadmium and its compounds)
22) IYE[7440-48-4] & 11 F7|3tet=2(Cobalt and its inorganic

compounds)

23) AZ[7440-47-3] L 1 F7|3Fet=E(Chromium and its inorganic
compounds)

24) ©AHI[7440-33-7] & 1 sF&t=(Tungsten and its compounds)

25) DEE 24)7tX|9] 80 M2 SHS FHIE 1HHE 0|y AR ==
Ct & 2 2Z2|=2(178)

1) 7H0]AHFormic acid; 64-18-6)

2) DpASkeA(Hydrogen peroxide; 7722-84-1)

3) 24 ZM(Acetic anhydride; 108-24-7)

4) 2542 (Hydrogen fluoride; 7664-39-3)

5) E%if#.._(Hydrogen bromide; 10035-10-6)

6) A3t LLEEZ(Sodium hydroxide; 1310-73-2)

7) £4tst ZE(Potassium hydroxide; 1310-58-3)

8) Alotst LEEE(Sodium cyanide; 143-33-9)

9) Altst Zt&E(Potassium cyanide; 151-50-8)

10) Al9t3} Zt&(Calcium cyanide; 592-01-8)

11) Ot=2=AH(Acrylic acid; 79-10-7)

12) @sle=A(Hydrogen chloride; 7647-01-0)
O|A}

O+ (Phosphoric acid; 7664-38-2)

14) &AM (Nitric acid; 7697-37-2)

15) Z4HAcetic acid; 64-19-7)

16) E2|Z220tM|EA(Trichloroacetic acid; 76-03-9)
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ot 7tA JH

Of. & H88x0| mE

17)
18) 1)2H 17)7X|2

SHA(Sulfuric acid; 7664-93-9)

=2s SZHIE 1HUE 0y

=H2(163)

1) EA(Fluorine; 7782-41-4)

2) EZ(Bromine; 7726-95-6)

)*fzoﬂ 1|(E’thy|ene oxide; 75-21-8)
MArsine; 7784-42-1)

b) Alﬂi —.-_._(Hydrogen cyanide; 74-90-8)
6) L2LIOKAmmonia; 7664-41-7 5)

7) YA(Chlorine; 7782-50-5)

8) 2Z(0Ozone; 10028-15-6)

9) O|AtEHEIA(nitrogen dioxide; 10102-44-0)
10) O|AtEt=K(Sulfur dioxide; 7446-09-5)

11) YAEFEIA(Nitric oxide; 10102-43-9)

12) LASIERA (Carbon monoxide; 630-08-0)
13) ZAZI(Phosgene; 75-44-5)

14) EAT(Phosphine; 7803-51-2)

15) &3teA(Hydrogen sulfide; 7783-06-4)
16) 1)EE 15)7HX|2 228 oo”jlg THHE Of&f
517t oY RHEE(12E)

1) o-LtZE0t2I[134-32-7] E—J 1 H(a—naphthylamine and its salts)
2) CIOILIAIE[119-90-4] 2 1 ¥(Dianisidine and its salts)

3) CIZZ2BIX|H[91-94-1] & T H(Dichlorobenzidine and its salts)
4) HEE([7440-41-7] & 1 stgt=(Beryllium and its compounds)

5) HIXEZ|Z220|E(Benzotrichloride; 98-07-7)

6) H|A[7440-38-2] & 1 27|3tet=(Arsenic and its inorganic compounds)
7) @3HH|'E(Vinyl chloride; 75-01-4)

8) ZEIZ1I|X|[65996-93-2] 2|&=(Coal tar pitch volatiles as benzene

510
e

F

ron
ol

2=

soluble aerosol)

I_

0) A2 JHE(YS JIGH0Y AN(HHE e QX)) Mot ZL8 s

O -

(Chromite ore processing)

10) 22X OtH(Zinc chromates; 13530-65-9 )
11) o-£2|9[119-93-7] 2 11 Y(o-Tolidine and its salts)
12) |22 (Nickel sulfides; 12035-72-2, 16812-54-7)

%§
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13) DEE HNX| L 6)FH 12)71X|Q] 0L otLiof diYst= E2E SHIE
THME Ol4 eest =

14) 5)o| 2XS FHH|E 0.5HME 0|4 SIQet E&=
Ht. 27128 [Metal working fluids(MWFs), 1Z]
2. 2|8 2XH2Z)

7t 8AIZE AIZPHEEA 80dB O|&9 A5

Lt QHHE A Hob8x0| e 1E

A

|I9£

=
[
=g|

-rr

7t. 24 2%(Mineral dust)
1) TAH(Silica)

H AY(Quartz, 14808-60-7 5)

L) Z2|AEEZI0|E(Cristobalite; 14464-46-1)
ChH E2|CI00|E(Trydimite; 15468-32-3)

2) TAtH(Silicates, less than 1% crystalline silica)

7t ARTAE(Soapstone; 14807-96-6)
Lh 2 (Mica; 12001-26-2)
ChH ZEHE A|HE(Portland cement; 65997-15-1)
2f) MM S35 [Talc(Containing no asbestos fibers); 14807-96-6]
0r) E%(Graphite; 7782-42-5)
3) 1 9 =4 &Xl(Mineral dusts)

L, = 2%(Grain dusts)

Ct. ™ £%I(Cotton dusts)

2t SX 2%(Wood dusts)

Or. MM 2XI(Asbestos dusts; 1332-21-4 £)

Ht. 2% &(Welding fume)

At 28 R(Glass fibers)

4. 1 80 ISLsEEHU0| Fot JTAlGt= QM0 W22 ROHOIAL
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 ERAAT B SRl Bt Qe BelA Qg Brlow ¥
SHaL glom, sk Qi o) §715KE 109%, 34F 205, A 9 2%
8%, 7k A BAR 143, S A4 f9 2R 125, 35 1R
ol glom], B3 7%, BeA A% 83(4S, AF, WA, 1%, A7
R8) A, oRIAY 2502 BRE. Y (E V-10% 28

E V-10) S4Z7H Uy |2t

1. 2FefA QIR
7t /7122 (109%)
1) 7H&2(Gasoline; 8006-61-9)
2) 2REI2YH|5|E(Glutaraldehyde; 111-30-8)
3) B-LIZE0t2I(3-Naphthylamine; 91-59-8)
4) LUEZZ2|MZ(Nitroglycerin; 55-63-0)
5) LIEZH|EK(Nitromethane; 75-52-5)
6) LUEZHIM(Nitrobenzene; 98-95-3)
7) p-LUEZ0}Z2I(p—Nitroaniline; 100-01-6)
8) p-UE=ZZ=ZZHIM(p-Nitrochlorobenzene; 100-00-5)
9) LU EZEZA(Dinitrotoluene; 25321-14-6 5)
10) N,N-CIHEOtE2(N,N-Dimethylaniline; 121-69-7)
11) p-CIHE0t0| =O0tEHIM (p-Dimethylaminoazobenzene; 60-11-7)
12) N,N-C|HEOtMEOII|E(N,N-Dimethylacetamide; 127-19-5)
13) CHE X Z20t0|=(Dimethylformamide; 68-12-2)
14) T2 OE|2(Diethyl ether; 60-29-7)
15) ClO|E&@IE2|0tRI(Diethylenetriamine; 111-40-0)
16) 1,4-C|=4HK1,4-Dioxane; 123-91-1)
17) CJO|A~EEH E(Diisobutylketone; 108-83-8)
18) CIZZ2MH|EH(Dichloromethane; 75-09-2)
19) o-C|2ZZ28IM(0o-Dichlorobenzene; 95-50-1)
20) 1,2-CIZ220|Ek(1,2-Dichloroethane; 107-06-2)
21) 1,2-0ZZ220=2(1,2-Dichloroethylene; 540-59-0 &)
22) 1,2-C|Z22T 211, 2-Dichloropropane; 78-87-5)
23) L2222 2HEHDichlorofluoromethane; 75-43-4)
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24) p-LIS|=2AHIHE(p—dihydroxybenzene; 123-31-9)

25) OFMIEKMagenta; 569-61-9)

26) HEtZ(Methanol; 67-56-1)

27) 2-HIEANEFZ(2-Methoxyethanol; 109-86-4)

28) 2-HIEAINE OtMIHIO|E(2-Methoxyethyl acetate; 110-49-6)

29) HE n-22 AHE(Methyl n-butyl ketone; 591-78-6)

30) HE n-0t2 HE=(Methyl n-amyl ketone; 110-43-0)

31) 2 e AE(Methyl ethyl ketone; 78-93-3)

32) HE O|ARE HE(Methyl isobutyl ketone; 108-10-1)

33) ME Z=220|=(Methyl chloride; 74-87-3)

34) HE 222X Z=(Methyl chloroform; 71-55-6)

35) HIEH HIA(HE O|AA|OHA|0|E)[Methylene bis(pheny! isocyanate);
101-68-8 &

36) 4,4-02d HAQ2-22Z201E2)[4,4'-Methylene bis(2-chloroaniline);
101-14-4]

37) o-HIEAIZ23At=(0-Methylcyclohexanone; 583-60-8)

38) HEAIZZ3At=(Methylcyclohexanol; 25639-42-3 &)

39) 24 L 4A(Maleic anhydride; 108-31-6)

40) 24 DA (Phthalic anhydride; 85-44-9)

41) #iM(Benzene; 71-43-2)

42) HIX|H 2 7 AH(Benzidine and its salts; 92-87-5)

43) 1,3-2E(C(1,3-Butadiene; 106-99-0)

44) n-EEtZ(n-Butanol; 71-36-3)

45) 2-2EtE(2-Butanol; 78-92-2)

46) 2-SEA|0|EF2(2-Butoxyethanol; 111-76-2)

47) 2-EEA|E OFMIEIO|E(2-Butoxyethyl acetate; 112-07-2)

48) 1-HZ2B I Z2M(1-Bromopropane; 106-94-5)

49) 2-E2R I 2I(2-Bromopropane; 75-26-3)

50) EE3t M2 (Methyl bromide; 74-83-9)

51) HIAZZZHE) o8 2(bis(Chloromethyl) ether: 542-88-1)

52) AHESIEIA(Carbon tetrachloride; 56-23-5)

53) AELCIE &HIE(Stoddard solvent; 8052-41-3)

54) AE|HI(Styrene; 100-42-5)

55) AlZ28lAH=(Cyclohexanone; 108-94-1)
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56) AlZZ23aAt=(Cyclohexanol; 108-93-0)

57) AZZ3(Cyclohexane; 110-82-7)

58) AIZZ3M(Cyclohexene; 110-83-8)

59) otg&l[62-53-3] 2 I S&FA|(Aniline and its homologues)
60) OtMIEL|EZ(Acetonitrile; 75-05-8)

61) OtMIE(Acetone; 67-64-1)

62) OIMEYH5|E(Acetaldehyde; 75-07-0)

63) OF2t2I(Auramine; 492-80-8)

64) O3 ZZULEZ(Acrylonitrile; 107-13-1)

65) OtZZ0t0|=(Acrylamide; 79-06-1)

66) 2-0IEA|0Et=(2-Ethoxyethanol; 110-80-5)

67) 2-0EAIE OtM|EIO|E(2-Ethoxyethyl acetate: 111-15-9)
68) OlE HIMI(Ethyl benzene; 100-41-4)

69) OIIE! Ot ZY|0|E(Ethyl acrylate; 140-88-5)

70) o2&l 22/2(Ethylene glycol; 107-21-1)

71) (g€l 22|12 CLEY0|E(Ethylene glycol dinitrate; 628-96-6)
72) sl 2225|=2l(Ethylene chlorohydrin; 107-07-3)

73) O&=20|2I(Ethyleneimine; 151-56-4)

74) 2,3-0|ZA|-1-T2T2(2,3-Epoxy—1-propanol; 556-52-5 £)
75) HIZ2235|=2(Epichlorohydrin; 106-89-8 S)

76) BASH|I'E(Polychlorobiphenyls; 53469-21-9, 11097-69-1)
77) 22E35} HE(Methyl iodide; 74-88-4)

78) O|AEE 2FAZ(Isobutyl alcohol; 78-83-1)

79) O|AOtY OFMIE|O|E(Isoamy! acetate; 123-92-2)

80) O|AOtY 2T =(Isoamyl alcohol; 123-51-3)

81) 0|AZZH AT =2(Isopropyl alcohol; 67-63-0)

82) 0|&3}EtA(Carbon disulfide; 75-15-0)

83) =Et=(Coal tar; 8007-45-2)

84) F&(Cresol; 1319-77-3 £)

85) IAla(Xylene; 1330-20-7 &)

86) 22202 ME O|H2(Chloromethyl methyl ether; 107-30-2)
87) 222 HIH(Chlorobenzene; 108-90-7)

88) H||EIR(Turpentine oil; 8006-64-2)

89) 1,1,2,2-HEZZZZ0||EX(1,1,2,2-Tetrachloroethane; 79-34-5)
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90) HIEZts|=E2F2K(Tetrahydrofuran; 109-99-9)
91) E&%(Toluene; 108-88-3)
92) E29-2,4-C|0|AA|OIH|0|E(Toluene-2,4-diisocyanate; 584-84-9 5)
93) £E329-2,6-LC|0|AA|0HH|0|E(Toluene—2,6—diisocyanate; 91-08-7 5)
94) EZ|2Z2Z0|EK(Trichloromethane; 67-66-3)
95) 1,1,2-E2|2Z2Z20EH1,1,2-Trichloroethane; 79-00-5)
96) E2|2=2 20| |(Trichloroethylene(TCE); 79-01-6)
97) 1,2,3-E2|222XZ2TH(1,2,3-Trichloropropane; 96-18-4)
98) =2 20| 2al(Perchloroethylene; 127-18-4)
99) H=(Phenol; 108-95-2)
100) HEZZZH|=(Pentachlorophenol; 87-86-5)
101) ZE2H5|E(Formaldehyde; 50-00-0)
102) -T2 O|QE(B-Propiolactone; 57-57-8)
103) o-EEZLC|LEZ(0-Phthalodinitrile; 91-15-6)
104) I|2|Y(Pyridine; 110-86-1)
105) SIAtHE I C|O|AA|0FH|0|E(Hexamethylene diisocyanate; 822-06-0)
106) n-&llik(n-Hexane; 110-54-3)
107) n-&lEt(h-Heptane; 142-82-5)
108) &t CJHE(Dimethyl sulfate; 77-78-1)
109) 5|E2H%I(Hydrazine; 302-01-2)
110) DEE 109)7tK2] E2E EHIE 1HHE 0|y gRst =8=
L}, 345(203)
1) #2|(Copper; 7440-50-8)(&%l, O|AE, &)
2) ©17439-92-1] & 1 27|3}8t2(Lead and its inorganic compounds)
3) UZA[7440-02-0] & 11 27|3kets, U2 712 2<[13463-39-3](Nickel and
its inorganic compounds, Nickel carbonyl)
4) Y7H7439-96-b] ¥ 1 F7|3tetE(Manganese and its inorganic
compounds)
5) AL ZH(Tetraalkyl lead; 78-00-2 &)
6) ASI0tA(Zine oxide; 1314-13-2)(&%!, &)
d(Iron oxide; 1309-37-1 S)(&£Xl, &)
8) AtAtSIH|A(Arsenic trioxide; 1327-53-3)
9) £2[7439-97-6] ¥ 1 s}gt=(Mercury and its compounds)
10) QtE|Z2[7440-36-0] & 1 3I8t=(Antimony and its compounds)

E_'_'_

fol
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11) OE|I||-',§[7429 90-5] & 1 Fgt=(Aluminum and its compounds)
12) @M EE(Vanadium pentoxide; 1314-62-1) (2%, &)
13) QRE[7553-656-2] 2 22E35H=(lodine and iodides)
14) 91&[7440-74-6] & 1 st&t=(Indium and its compounds)
15) FM[7440-31-5] & 1 &&=2(Tin and its compounds)
16) X223 &[7440-67-7] & 1 dtg=(Zirconium and its compounds)
17) 7t=&[7440-43-9] 2 11 sk&t=(Cadmium and its compounds)
18) TLUE(Cobalt; 7440-48-4) (2%, &)
19) AZ(7440-47-3] & 1 g&t=(Chromium and its compounds)
20) EAEI[7440-33-7] & 1 sF&t=(Tungsten and its compounds)
21) DEH 2007tX9] 22 FYHIE THHE 0|4 Ret =82

Ct A 3 2z2|R(8F)
1) 24 &4 Acetic anhydride; 108-24-7)

2) 232 (Hydrogen fluoride; 7664-39-3)

ot

3t LLEE(Sodium cyanide; 143-33-9)

w

) A

4) AQtst Z+Z(Potassium cyanide; 151-50-8)

5) ¥skA(Hydrogen chloride; 7647-01-0)

6) ZAH(Nitric acid; 7697-37-2)

7) ER|2Z2Z0tMEX(Trichloroacetic acid; 76-03-9)

8) & H(Sulfuric acid; 7664-93-9)

9) NEH 87Xl ESHE SYHIZ 1HHE 0|y Rt ==
2t JtA ME 2EF(143)

MFluorine; 7782-41-4)

EZ(Bromine; 7726-95-6)

3) M50 22l(Ethylene oxide; 75-21-8)

4) MAAGE HIA(Arsine; 7784-42-1)

5) Al2tst A (Hydrogen cyanide; 74-90-8)
6) GA(Chlorine; 7782-50-5)

7) 2Z(0zone; 10028-15-6)

8) O|At&tEIA(nitrogen dioxide; 10102-44-0)
9) O|Atst2l(Sulfur dioxide; 7446-09-5)

10) YAHSFRIA(Nitric oxide; 10102-43-9)
11) YUASIEFA(Carbon monoxide; 630-08-0)
12) XA (Phosgene; 75-44-5)

I

1)
)
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13) EAM(Phosphine; 7803-51-2)

14) &3stA(Hydrogen sulfide; 7783-06-4)

16) DEH 14)7HX|Q -0 [ME S2s gFHIE THME 01y &R
O g XM88Z0| M2 57t thY RBHSH(1235)

1) a-LtEE0I21[134-32-7] 2 1 S(a-naphthylamine and its salts)

2) CIOILIAIE[119-90-4] 2 1 ¥(Dianisidine and its salts)

3) E|3§§m|XIEl[91—94—1] 2 77 H(Dichlorobenzidine and its salts)

4) HEE([7440-41-7] & 1 stgt=(Beryllium and its compounds)

5) HJ}_EEI—EEE tO|=(Benzotrichloride; 98-07-7)

6) H|A[7440-38-2] & 1 27|3tet=(Arsenic and its inorganic compounds)

7) @3HH|'E(Vinyl chloride; 75-01-4)

8) SEI2L|X|[65996-93-2] JLUS(ZIA HZE E&= FZYF)(Coal tar pitch
volatiles)

9) A8 7I3[EE 715t AY(HYPE FH |KX|) XM2lcts G

LLOL- O

F

ron
ol

2=

aigetCt])(Chromite ore processing)

10) 224 OtAH(Zinc chromates; 13530-65-9 &)

11) o-22|H[119-93-7] & 1 H(o-Tolidine and its salts)

12) &3tz (Nickel sulfides; 12035-72-2, 16812-54-7)

13) DEH H7K| L 6)FE 11)7HKQ] E22g SEHIE 1HIE Ol Rst =22

14) 5)9 2ZHE FYHIE 0.0LHE O axst =8=
Ht. 25789 (Metal working fluids); D|UHE 2L DAE(ZESH 24, Oil mist,
mineral)

. 2X(78)
. 52 2%(Grain dusts)
2= 2%(Mineral dusts)
. M 2%I(Cotton dusts)
=X 2%(Wood dusts)
f
t
t

=R R N

. 28 &(Welding fume)
. 22| 8%(Glass fiber dusts)
. MH EXI(Asbestos dusts; 1332-21-4 )
3. 22|& QIXK8E)
7t UEEAFE HB122M1S2E MI3STHK|Q 8o A58, 42
3 SHAASHANN YYo= A

Lt QHHE AR H5122KM4S2| TISKAUNM Lreliol

>

ron

o
P ASE

rr
a}
O
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Cf. OFE7I7A AI573ZA129] BN
2t 2l
ot &1
it Rtz
1) Aol
2) Hold

3) Op0|3 20 2 atC|
4. ORZHEIRA(2E)

b 6HEZE - 12A2H 2 BANKIQ AlZtE ZEfot ALEE 8AIZ HYUS

2 8o 43| Oy +dllot= &R

Lt 67HEt 22 10ARE TSE 28 6A M0|9 A2t & s € 8

(@)

i

EN

60A

!

(6) 2 RoliZE X SEHSE

 BEY FAEES SEAVE AET AFEEE 222 27 Qlol A%
Q o

S ogshr] vt Zade) 2271 8
2A {713

’

123%, 957 25%, A 923 R 18F, 7I& JH 227 15328 § 181

o fofelArE BRI,

» SEEEEE2 FoAAE] RS- HEA ERTIEClA B =2, A4
I Holedy 4, A=Y 28 5 IEANA FHi A NE €24

7t e EAZA (B V-1D)oA EEEELR 17|d 2242 2578

(B V-11) B2 RASE X SLHAUSHY R

1. R713E2(1233)

1) 2REI2YH5|E(Glutaraldehyde; 111-30-8)
2) UEZZ2|M2Z(Nitroglycerin; 55-63-0)

3) UEZHE(Nitromethane; 75-52-5)

4) LIEZHIHE(Nitrobenzene; 98-95-3)

5) p-LHEZ0t<Zl(p—Nitroaniline; 100-01-6)
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6) p-UEZZZZHIH(p-Nitrochlorobenzene; 100-00-5)

7) 2-LIEREZ(2-Nitrotoluene; 88-72-2)(EHH2|2E!)

8) Cl(2-0EaA) I & 0| E(Di(2-ethylhexyl)phthalate; 117-81-7)

9) CILEZEZA(Dinitrotoluene; 25321-14-6 S)(EYHZESZ)

10) N,N-C|i{{&ord=l(N,N-Dimethylaniline; 121-69-7)

11) CHEO2I(Dimethylamine; 124-40-3)

12) N,N-CJH&OIMEOID|=(N,N-Dimethylacetamide; 127-19-b)(EU&Z|ZE)
13) C|HEZE00]=(Dimethylformamide; 68-12-2)(EHZ|=S2])
14) CI2E ZER0|E(Dibutyl phthalate; 84-74-2)(EYHHEEE)

15) C|o|E+Z0t2I(Diethanolamine; 111-42-2)

16) CIOIE OIE|I2(Diethyl ether; 60-29-7)

17) ClO|EZAIE2|0t2I(Diethylenetriamine; 111-40-0)

18) 2-LC|0|&0t0| 0| EtZ(2-Diethylaminoethanol; 100-37-8)

19) O EOt2I(Diethylamine; 109-89-7)

20) 1,4-0=2K1,4-Dioxane; 123-91-1)

21) C|O|AREHE(Diisobutylketone; 108-83-8)

22) 1,1-LEE22-1-S5220E(1,1-Dichloro—1-fluoroethane; 1717-00-6)
23) 222 EDichloromethane; 75-09-2)

24) o-C|Z22HIM(o-Dichlorobenzene; 95-50-1)

25) 1,2-C12ZZ20{|E(1,2-Dichloroethane; 107-06-2)(EE 2| SE)
26) 1,2-CI2220|22l(1,2-Dichloroethylene; 540-59-0 S

27) 1,2-0222Z2T(1,2-Dichloropropane; 78-87-5b)(EHZZ|ZZ)
28) (222 EF2HE(Dichlorofluoromethane; 75-43-4)

29) p-LCI5|EZAHIH(p-dihydroxybenzene; 123-31-9)

30) HIE=(Methanol; 67-56-1)

31) 2-HEA|HEIS(2-Methoxyethanol; 109-86-4)(EEHEZ|ZZ)

33) HE n-22 HE(Methyl n-butyl ketone; 591-78-6)
34) HE n-0tY HE(Methyl n-amyl ketone; 110-43-0)
35) HIE Of2l(Methyl amine; 74-89-5)

36) HIE OtMIE|O|E(Methyl acetate; 79-20-9)

37) HE O A=(Methyl ethyl ketone; 78-93-3)

38) HE O|ARE HE(Methyl isobutyl ketone; 108-10-1)
39) ME S=220|=(Methy! chloride; 74-87-3)
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40) He 22X E(Methyl chloroform; 71-55-6)

41) HE
101-68-
42) o-

gl HA(MY 0| AA|0tH|0|E)(Methylene bis(phenyl isocyanate);
83
HEAIZ23At=(0-Methylcyclohexanone; 583-60-8)

43) HEAIZ23At=(Methylcyclohexanol; 25639-42-3 )

a4) 24

45) T

22| A(Maleic anhydride; 108-31-6)
4 OEAKPhthalic anhydride; 85-44-9)

46) ._J.‘il(Benzene 71-43-2)(EE A2 EZ)
47) HIZE(a)I|2[Benzo(a)pyrene; 50-32-8](EE&UZZE)
48) 1,3-2EICI2(1,3-Butadiene; 106-99-0)(EEAUZIEER)

49) n-
50) 2
51) 2
52) 2
53) n-
54) 1
B5) 2-

HEtE(n-Butanol; 71-36-3)
-2EtZ(2-Butanol; 78-92-2)

EA0|EtE(2-Butoxyethanol; 111-76-2)

EA0E OFMIE|O|E(2-Butoxyethyl acetate; 112-07-2 )
HEl OtM|H|O|E(n-Butyl acetate; 123-86-4)
-HZ QIO 2IH(1-Bromopropane; 106-94-5)(EY&Z|SZ])
H2POZIH2-Bromopropane; 75-26-3)(EE&Z|EE)

56) 223} HE(Methyl bromide; 74-83-9)

57) 20| 2 @] LZEKVM&P Naphtha; 8032-32-4)
58) H|'Y OFMIEIOIE(Vinyl acetate; 108-05-4)

59) AtESIEtA(Carbon tetrachloride; 56-23-b)/(EEHIIZ|EE])

60) AELCIE £HIE(Stoddard solvent; 8052-41-3)(HIH % 0.1% O]A+ &t
F0t EHHEE)

61) AE[RI(Styrene; 100-42-5)

62) AIZ23lAt=(Cyclohexanone; 108-94-1)

63) AlZ223At=(Cyclohexanol; 108-93-0)

64) AZ23M(Cyclohexane; 110-82-7)

65) AlZ284(Cyclohexene; 110-83-8)

66) AZ=2340I21(Cyclohexylamine; 108-91-8)

67) 0t<2[62-53-3] ¥ 1 =ZA|(Aniline and its homologues)

68) 0
69) 0
70) 0

71) 0

—|——l——|——l—

MELEZ(Acetonitrile; 75-05-8)

ME(Acetone; 67-64-1)

MEYHS|=(Acetaldehyde; 75-07-0)
F2 2L EZ(Acrylonitrile; 107-13-1N(EEXER)
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72) Ot3Z0t0|E(Acrylamide; 79-06-1)(Egz|S2)

73) &2 Z2AE OHZ(Allyl glycidyl ether; 106-92-3)

74) KEtZ02I(Ethanolamine; 141-43-5)

75) 2-0|EA|0EFS(2-Ethoxyethanol; 110-80-b)(EEEZ|ESZ

76) 2-OEA|0E OM|E|O|E(2-Ethoxyethyl acetate; 111-15-9)(E&
77) 0|2 HIMI(Ethyl benzene; 100-41-4)

78) OfE OtMIHIO|E(Ethyl acetate; 141-78-6)

79) O|E! O3 ZY|0|E(Ethyl acrylate; 140-88-5)

80) Of=al 22|=(Ethylene glycol; 107-21-1)

81) o2zl Z2|= CILIEY0|E(Ethylene glycol dinitrate; 628-96-6)
82) gzl 22=235|=2l(Ethylene chlorohydrin; 107-07-3)

83) K2=I0|2I(Ethyleneimine; 151-56-4)(EEHZZZ)

84) O|20t2I(Ethylamine; 75-04-7)

85) 2,3-0EA|-1-Z2T2(2,3-Epoxy—1-propanol; 556-52-5
S)(EEHEEE)

86) 1,2-0ZA|Z2IH(1,2-Epoxypropane; 75-56-9 S)(EERZISE)
87) O|IZZ=25|=2(Epichlorohydrin; 106-89-8 S)(Edz2|2%)
88) tmt(Warfarin; 81-81-2)(Eg&2|2Z)

89) LR3I HE(Methyl iodide; 74-88-4)

90) O|AEE! OIMIE|O|E(Isobutyl acetate; 110-19-0)

91) O|AEE 2AZ(Isobutyl alcohol; 78-83-1)

92) 0|AOtY OIMIE|O|E(Isoamyl acetate; 123-92-2)

93) 0|A0tY AT =(Isoamyl alcohol; 123-51-3)

94) O|AZZZ OtM|E|0|E(Isopropy! acetate; 108-21-4)

95) 0|AZZ T 2FZ(Isopropyl alcohol; 67-63-0)

96) 0|&slEt4(Carbon disulfide; 75-15-0)

97) 33 ZE(Cresol; 1319-77-3 £)

98) FAAlI(Xylene; 1330-20-7 &)

99) 2-222-1,3-2EIA(2-Chloro-1,3-butadiene; 126-99-8)
100) 2Z228IH(Chlorobenzene; 108-90-7)

101) 1,1,2,2-HEZZZZ0EH1,1,2,2-Tetrachloroethane; 79-34-5)
102) EHIEZ2tS|=2Z2KTetrahydrofuran; 109-99-9)

103) E&%(Toluene; 108-88-3)

)

104) E201-2 4-C]0|AA|OH|0|E(Toluene—2,4-diisocyanate; 584-84-9 £)
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105) E2A-2,6-C]0|AA|OtH|0|E(Toluene-2,6-diisocyanate); 91-08-7 &)
106) E2|0|Z0I2I(Triethylamine; 121-44-8)

107) E2|2E2Z0|EX(Trichloromethane; 67-66-3)

108) 1,1,2-E2|2220E(1,1,2-Trichloroethane; 79-00-5)

109) E2|Z 2202 2(Trichloroethylene; 79-01-6)(Eg |22

110) 1,2,3-E2|222T22T(1,2,3-Trichloropropane; 96-18-4)(EY&2|ESZ)
111) HEZ2Z0|22(Perchloroethylene; 127-18-4)(EEH2|ESE)

112) H=(Phenol; 108-95-2)(EE &2 EE)

113) HE 22AE OHIZ(Pheny!l glycidyl ether; 122-60-1 £)

114) ZZ20t0|E(Formamide; 75-12-7)(EHZ|S%)

115) EEO*HIOI‘:(FormaIdehyde 50-00-0)(EH TR 2E

116) TR2LAI0|2I(Propyleneimine; 75-55-8)(EH | SZ!)

117) n—EE%‘ OMIEIO|E(n-Propy! acetate; 109-60-4)

118) I|2|=(Pyridine; 110-86-1)

119) SAMHE C|O|AA|OHH|0|E(Hexamethylene diisocyanate; 822-06-0)
120) n-&lAt(n-Hexane; 110-54-3)

121) n—&EKn-Heptane; 142-82-5)

122) gAb OHE(Dimethyl sulfate; 77-78-1)(EEH2|EZ)

123) |E2XI[302-01-2] & 1 £3t=(Hydrazine and its hydrates)(EE&Z|2Z)
124) 1)82H 123)7tK]2 &g STHIE

1%[N,N-CIHEOtM EOIN E(EE & EH), THERE0NE(SEHEE), URE

OEY0|E(EEEZZE), 2-HEANHS(EEHZZE), 2-HSAME

OLMIEIOIE(EEHEIZE), 1-EERI=2H(EHULEE),

2-HEROZMEHUZZE), 2-0SEANHS(EEH2ZE), 2-0SA0E

OtMIEIOIE(EE 2T, AMT(ESHZST), H=(EEudEE) ¢

ZEOHE(EEH2EZE)E 0.3%, 1 5o EEH2SER 0.1%] 01 &Rt ==

2. 347(253)

1) #2|[7440-50-8] & 1 3stet=(Copper and its compounds)

2) ©[7439-92-1] & 1 27|3tet=(Lead and its inorganic

compounds)(EEHZ|ZZ])

3) LZA[7440-02-0] & 1 F7|3terE, LA 7I2E<Z(Nickel and its inorganic

compounds, Nickel carbony)(E2E83ei20t EHEUZSE)

4) WZH7439-96-5] & 11 ‘:'7|2 tfet=(Manganese and its inorganic compounds)
5) HHE[7440-39-3] 2! 1 7t2M sletE(Barium and its soluble compounds)
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6) B3[7440-06-4] & 1 &= (Platinum and its compounds)
7) Att0tI4IE(Magnesium oxide; 1309-48-4)
8) A2 A(Boron oxide; 1303-86-2)(Egaz|2%E)
9) Mi2|x[7782-49-2] 2 11 3tet=E(Selenium and its compounds)
10) £=2[7439-97-6] 2 1 g}&t=(Mercury and its compounds)(EE 22X,
Cot, OfEalels 3 YZsEE2 SEH2ISEIA HQIstH)
11) Of1[7440-66-6] ¥ 1 3t&t=(Zinc and its compounds)
12) QtE|Z[7440-36-0] 2 1 3Fet=(Antimony and its compounds)
(ALALSIOIE| 20 ERTp| 2 5]
13) Y20|x[7429-90-5] & 1 s&t=(Aluminum and its compounds)
14) Q@AtsHH E(Vanadlum pentoxide; 1314-62-1)
15) 895[7553 56-2] 2 2RE35H=(lodine and iodides)
16) 2[7440-22-4] % 1 3tgt=(Silver and its compounds)
17) O|At3tEIEFE(Titanium dioxide; 13463-67-7)
18) 0I1F[7440-74-6] & 1 3k&t=(Indium and its compounds)
19) £M[7440-31-5] & 11 3}§t=(Tin and its compounds)
20) K23 =[7440-67-7] % 11 3tetE(Zirconium and its compounds)
21) &[7439-89-6] & 11 st&t=(Iron and its compounds)
22) 7tEE[7440-43-9] & 1 3gt=(Cadmium and its
compounds)(SEH2EH)
23) ZYE[7440-48-4] & 11 27|3tet=(Cobalt and its inorganic compounds)

24) A=[7440-47-3] 2 1 3te+=(Chromium and its compounds)(67t32
Sttt EEHEEE)

25) EAHI[7440-33-7] & 1 s&t=(Tungsten and its compounds)

26) 1)2H 25)7K|9] 222 SHHIE 1%[H 2 1 27 IS=(EEHZZE),
23), &2 ¥ 1 S(EGHUSE. O ofEste=E ¢

S8l M LTS 0.3%, 1 8o SHAZISEE 0.1%] 014
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o ot o
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L2 =F(185)

A(Formic acid; 64-18-6)

4= (Hydrogen peroxide; 7722-84-1)
ZAHAcetic anhydride; 108-24-7)
Ste=A(Hydrogen fluoride; 7664-39-3)
234A(Hydrogen bromide; 10035-10-6)
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6) AHEAM LHES(RE4E, 24312)(Sodium tetraborate; 1330-43-4,
12179-04-3)(E8H2EH)
7) =45 LLEE(Sodium hydroxide; 1310-73-2)
8) =Atst Z&E(Potassium hydroxide; 1310-58-3)
9) Aletgt LLEEE(Sodium cyanide; 143-33-9)
10) Al2tst Z&(Potassium cyanide; 151-50-8)
1) *Ioff&f Zt#(Calcium cyanide; 592-01-8)
12) Ot=2 =X Acrylic acid; 79-10-7)
13) 042 =2 (Hydrogen chloride; 7647-01-0)
14) Q4 (Phosphoric acid; 7664-38-2)
15) ZIAK(Nitric acid; 7697-37-2)
16) Z=4HAcetic acid; 64-19-7)
17) E2|Z220tMEAKTrichloroacetic acid; 76-03-9)
18) &AH(Sulfuric acid; 7664-93-9)(pH 2.0 0|51 LAt
19) DEH 18)71X|2 288 FEHIE 1%MSAMUHESER

Am

dad|=H)

A
T

MLIE =,

2312)(EHHET)2 0.3%, pH 2.0 0[5t EAHEEHZIZE)2 0.1%] 0|4
gRet =eiE
4. 7tA ME| 2RR(153)

1) E4(Fluorine; 7782-41-4)

2) BE2(Bromine; 7726-95-6)

)*._§01'=§E1|(Ethylene oxide; 75-21-8)(EEZIZZ])

4) M%As} H|A(Arsine; 7784-42-1)

B) AlQtst &_(Hydrogen cyanide; 74-90-8)

6) LZ2LI0OAmmonia; 7664-41-7 £)

7) @A(Chlorine; 7782-50-5)

8) @Z(0zone; 10028-15-6)

9) O*._ix'/\(nltrogen dioxide; 10102-44-0)

iOl'

10) t3teH(Sulfur dioxide; 7446-09-5)

11) FEIA(Nitric oxide; 10102-43-9)

12) 2 *._5 EtA(Carbon monoxide; 630-08-0)

13) EAZ(Phosgene; 75-44-5)

14) ZAT(Phosphine; 7803-51-2)

15) &3teA(Hydrogen sulfide; 7783-06-4)

16) D2E 157X|9| E2E SEHIE 1%EBHULSE2 0.1%) 0|4 IRt S6I=

oo © ~
|->- R
K)I'
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Abstract

Characteristics and Management Measures of Hazardous Factors

Generated During Cooking Operations

1. Research Background

Applications for industrial accident compensation for occupational
cancer among cafeteria cooks began in 2018. Since lung cancer
was first recognized as an occupational disease in 2021, the
number of applications for industrial accidents and cases
recognized as occupational diseases has increased, drawing

social attention.

According to the interim results of health examinations (lung CT
scans) for cafeteria workers announced by the Ministry of
Education, among 24,065 school meal workers aged 55 or older
or with more than 10 years of experience, 31 were diagnosed
with lung cancer, with a diagnosis rate of 0.13%, and 139
(0.58%) were suspected cases. This is significantly higher than
the lung cancer incidence rate of 0.028% per 100,000 women

aged 35-64 in the 2019 national cancer registration statistics.

Therefore, it is necessary to investigate the components of cooking
fumes and study their health effects, as well as how to manage

them institutionally under the Industrial Safety and Health Act.
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2. Main Research Contents
1) Literature Review

The literature review was conducted in three parts: experimental

research, field research, and epidemiological research.

The experimental research results examined the characteristics of
hazardous factors generated according to various cooking
characteristics (oil type, cooking temperature, etc.), while the
field research results examined the characteristics of hazardous
factors generated according to various cooking and cooking
environment characteristics.  Additionally, epidemiological
research reviewed the causal and associative relationships
between cooking work, exposure to hazardous factors, and

health effects.

The average age of those diagnosed with lung cancer in the
interim results of health examinations for school meal workers

was 54.9 years, and the average service period was 14.3 years.
2) Review of Experimental Research Results

A review of three literatures showed that the emission patterns of
particulate matter by oil type were similar, but the emission
concentrations varied. Additionally, the number of PM2

particles increased sharply at temperatures above 150-200°C.

Comparing the emission concentrations of particulate matter by
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cooking type, grilling was the highest, followed by stir-frying,
which was significantly higher than frying. Low-fat foods
emitted higher concentrations of particulate matter than
high-fat foods, and cooking foods with high moisture content
resulted in high levels of particulate matter due to the influence

of aerosols formed by steam.

On the other hand, the type, shape, and ingredients of food did
not significantly affect particle emissions, and particulate

matter was emitted during the boiling process and oil heating.
3) Review of Epidemiological Research Results

The literature review examined the relationship between cooking
oil fumes (COFs) and genetic toxicity, respiratory diseases, and

lung cancer.
The main results obtained from the literature review are:

- Workers exposed to COFs had higher prevalence rates of

respiratory diseases such as chronic bronchitis and asthma.

- Exposure to cooking fumes statistically significantly increased
the incidence of lung cancer, and a dose-response relationship
was confirmed between exposure to risk factors and the

occurrence of lung cancer.

- Genetic toxicity markers such as micronucleus changes (MN),
chromosome aberrations (CA), and DNA modifications were

observed in workers exposed to COFs.
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3. Types and Characteristics of Hazardous Factors During Cooking

By

Operations

simulating the cooking environment in a laboratory, the study
first confirmed the impact of moisture on the measurement
results of real-time devices when monitoring cooking fumes,
and second, evaluated cooking fumes and other hazardous
factors (TVOCs, aldehydes including formaldehyde, polycyclic
aromatic hydrocarbons (PAHs)) according to the use of various

oils and cooking methods.

Experiments were conducted at normal temperatures (100°C or

180°C) and at 240°C and 270°C. The number of particles
increased with temperature, with stir-frying > pan-frying »
deep-frying at normal temperatures. TVOCs and aldehydes were
detected more when cooking at normal temperatures than when
the oil temperature was raised, and PAHs were not detected at
normal temperatures but phenanthrene and benzolalpyrene
were detected as the temperature increased. The concentration
of cooking fumes (mass concentration) was about 2.40-4.93 mg/
* when stir-frying with soybean oil and deep-frying with

canola oil and corn oil.

4. Understanding the Impact of Moisture

To
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simulate a high-humidity cooking room, a humidifier was
operated to increase humidity, and only oil was heated without
food. By comparing the results with and without a moisture

removal device attached to the real-time measuring equipment,



it was confirmed that the number of particles measured by
SMPS (Scanning Mobility Particle Sizer) and OPS (Optical
Particle Sizer) decreased by about 25% and 82%, respectively,
when the moisture removal device (heater and silica gel
connection) was attached. Therefore, it was evaluated that
attaching a moisture removal device is appropriate when using
real-time equipment in a high-moisture environment. However,
the decrease was greater with OPS, but the number of particles
measured by SMPS was much lower than the small size (10~420

nm).
5. Correlation Analysis Results of Hazardous Factors

There was a correlation between the mass concentration of fine
dust (average value of real-time measuring equipment) and the
concentration of TVOCs (average value of real-time measuring
equipment), and a weak correlation between the mass
concentration of fine dust (average value of real-time
measuring equipment) and the concentration of acetaldehyde.
Therefore, the necessity of introducing real-time measuring

equipment for evaluating cooking fumes was confirmed.
6. Indicator Substances for Cooking Fumes

Through experiments to identify hazardous factors generated
during cooking, the mass concentration of fine particulate
matter, formaldehyde, and TVOCs identified through literature
review were proposed as indicator substances. These substances

are related to respiratory diseases, and the mass concentration
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of fine particulate matter and TVOCs are convenient for
managing the cooking room, and formaldehyde, although low
in concentration, can be measured and analyzed through

standard test methods.

7. Evaluation and Management Measures for Cooking Fumes

As

occupational cancer (lung cancer) among cooking workers has
recently been recognized as an occupational disease, the need
for safety and health measures for cooking workers has
emerged. The possibility of institutionalizing measures under
the Industrial Safety and Health Act to prevent health hazards
and create a safe working environment for cooking workers was

reviewed.

The health hazardous factors that can occur during cooking

operations are particulate matter (UFP, PM, etc.) and gaseous
substances  (PAHs, VOCs, formaldehyde, acetaldehyde,
acrylamide, acrolein, benzene, 1,3-butadiene, carbon
monoxide, carbon dioxide, etc.), and many hazardous factors
are classified as hazardous factors subject to work environment
measurement and special health diagnosis under the Industrial
Safety and Health Act, and hazardous substances subject to

management (special management substances).

The exposure levels of hazardous factors measured in many
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studies, including epidemiological surveys, were very low.
Various health hazardous factors such as cooking fumes require

the selection of indicator substances (health hazardous factors



related to cooking fumes) to indirectly manage exposure to

health hazardous factors.

It is necessary to introduce a self-regulatory prevention system
through risk assessment as a method of managing health
hazardous factors such as cooking fumes during cooking
operations. The risk assessment method for the cooking
environment aims to conduct qualitative risk assessments using
information on work factors such as field processes, and to
improve high-risk workplaces by conducting quantitative risk
assessments (exposure assessments using indicator substances)

based on the results of qualitative risk assessments.

In addition, guidelines for managing exposure to health hazardous
factors for cooking workers are needed. It is necessary to
develop standard guidelines for technology or work
environment that can be provided or recommended through the
KOSHA Guide's voluntary safety and health guide or the

Ministry of Employment and Labor’s notification.
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