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A Study on Exposure of Respiratory Hazard Factors in Food Service Workplace

Won-Seok Cha"

Institute of Occupation Environment, Korea Workers' Compensation and Welfare Service

+ Eun—Young Kim

ABSTRACT

Objectives: In this study, we assessed respiratory hazards in the working environment as the work-relatedness
of occupational diseases were examined.

Methods: The subjects of the study were three Korean meat roasting restaurants, one Chinese restaurant, and
two cafeterias. Measurement items were total dust, respirable dust, fine dust (PMgs), PAHs, TVOCs,
temperature, humidity, carbon monoxide, carbon dioxide, and nitrogen dioxide.

Results: The concentration of total dust and respiratory dust in the restaurant was low. Most PAHs were
undetectable, but some Napthalene and Acenaphthylene was detected. Thirteen kinds of PAHs were detected
in one sample of roasted meat, and Benzo(a)pyrene was 1.496 ug/m’. PMys, TVOCs, CO, and CO; were
instantaneously high, but the average concentration was low. NO; was not detected.

Conclusions: The results show that harmful substances such as PMys, PAHs, CO, and TVOCs were generated
in the air in the catering industry. When roasting meat, Benzo(a)pyrene, a carcinogen related to lung cancer,
was generated among PAHs. Lung cancer can occur when working for a long time in such a working
environment. Therefore, it is necessary to improve the working environment for the health of restaurant
workers, and it is necessary to evaluate the concentration of harmful substances by cooking method through
further research.

Key words: food service worker, lung cancer, PAHSs, respiratory hazard factor
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821909 A oll= thtt LHYUC=HE HiE
B FoIAREe] SA5H, 8419 sAEo] 52
S FolidAtle RS ESeA(Polycyclic
Aromatic Hydrocarbons, PAHs), ¥AFsletAs A
AR, & 3 7718E(Total Volatile Organic
Compounds, TVOCs), TJAHA] 5o] lct.

PAHsE t]= g3 R S=H{Environmental Protection
Agency, EPA)IIA 163 Aot F7]Ho=z nYy
B Y2 dfof ol= YAEEE AFF2H(EPA, 1997),
He EAEARE & A UHIARC, 2010). 24
4 =5A=0] &2 5 = FolQA F PAHs= o
I SHAE, A" A, ZsAE 5ol BT
A=l A [y =40l w2 =&oltt
(Bekaert et al., 1999; Bispo et al., 1999; Okuda
et al., 2004; Reinik et al, 2007; Bowa et al.,
2009; Snyder et al., 2019), 75 &° A4 H7I
= 9 ZAFolA YT E 7Y 24 FHE T
e 4= QtKMartorell et al., 2010; Onyango et
al., 2012; Park et al,, 2015; Lee et al., 2016; Kim
& Lim, 2017).

TVOCs= 72§ AAA oA Add o= WAgstAL
A2 F7= EolA EBE & o 79 =2
A T 7HESHAY AlslE o] g E vt S
F712REE B8E 4 AHKim & Lee, 2012). ¥
ARSErAE dRol 29 Ao oo WAiE=], 3
RZE2R10] tigh HeLrt AkAo] H|sf =of HA =
=™ (Turner et al., 1999), s|l=Z=2x13} Z3}sto] 4
4, &, ¥ 3 Zo] AagTego] =2 7 A
FZ]o] EAFETHEPA, 2010).

AMBIELS F2 AR Ed diof 2
W=, 7] SolA S4kelett s gkgsto] 4
AR sk, Bslekgol o8 &g AT
(Chen et al., 2007). HlAHA= BAolv 27 5=
T oA BT 4= l=Tl(Froning et al., 1969;
Oliveira et al., 2017). Y& EHo|| 7IAA B4 B2
A A8 52 FEeHL = A7 diEEe]ojA <l
Aol tgFE vA £ Atk 0.1~1 pm YAELS
EZ7HA| Egsto] 7kAwS A BAIE30] 54 EEE
< Agoto] AEHA Ao JFS v = A=,
SFE wv oA D= vAHAY FEE
PM2.5 oJst2 UEFHtHPark et al., 2015).

olgfgt o7 A ZIE AEotH g4 2Py
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ool 24} kEAREl HiRt AAeFHIE FY
2449 AFAY gekRAr 9 A A 7
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1. AT CHA

E AP ME 94H eBA] 7 H2 gHA] 241
A, 54 244 &, 71F Y A AE ATt e = 5t
Fr}. o] F 4] 241 AL i thgs|ofl, B A
Hlgo] Fou AJfF oz (o)A} wAjo] & A &
F7o] 414 374(A, B, O), B4 S41H A(EF=24]
) 17HA(D), 718 FHAZAGA D) 2714E, HE A
gt

S50l S48 270A(A, B =W 24 AR =7
T (rectum)S FFoH, 17IA(0)= 7] 7= HA
A (pork)S HE3HAT 2414 A9 BE GAISH &
BiQle] 2418 BY 7] 9 17t 24 o 2 FH AT
244 A9 37+ & 30%, 109 A2 W +
o]5 sh= o] WE miEE o] 9l9lor, &4 Y &y
OF 150, sk ue] 2 9F 30 kg H=Ath &
174 B9 27]& & 50%, 9 209 Folm 5 W +
o](gril)E sh= 3to] M2 ulE o] Qlglom, &4 g
&9 9 707, st 9] 2 oF 10 kg A=At
2417 €9 A$ AA A271%= 100%o] 9= & FHIL
Z} vo] £0 2 HejE|o] 9l FHIE &do] AAs)
W 1709) R 23004 S7gskeint. BHe] 271 9 6
SAA W FHY] 271 & 4% A E Foh &8 T
2 207 A= DAlEdol|glon, dfgh HHA] 4
AFo] F2 OF 5 kg T AFAFe} 57 W9l
A7} 42 Bt TAZE EF(1TA~24A)8 T A7
I8 okt FAFEE o], & AY, A= FH], A
N 502 AF7} thFoh At B2 oA 5=
o] =o] A= ottt &3t F(kitchen), ALY
(counter) 5°] 7= o] Qlo] a17]5to] Al Y sh= &

2 rlo

)

me o rfr &

™ dlo
jule}

o,
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, 7IAEo] o] AAE A AN
<8, 9/4Y 59 ol & 22 Bot w71 &717HE H

T2 VAD)= =W 1d AR ALt 5
g W99 k' sAE ALl & A, AR, FARM 5
o] AEE £t 34148 DO 27|+= 15 209, 25
109, 0] 58 HArgon, &4 g &H2 2k 507
olx fRE ¥ {(FAH, BE 5)E Tfsiit. =
W, PR 20 291 98 ohjlor, 70 S0leHW
8eok= FHE A0 98 88E o= E40] A
o} oFF Bt 8AIZH12A1~20A]) 5ok ThfAI7R
Jxo gttt &3 A 52 F sk 8717 & =
1 glod, Futol= Sl (brazier) Yol F=7F A F]
o] ATt

718 HA G2 =W SiE(E), AAIF) &4 F414 2+
ZF AR Aldat 28] 52 HEole YA AHLE)
ot 2 PFE FPoh= 2AHET olsh7F 5Tt
F4]4 B9 F7]= AARE Sk £0] 503, A2 o
208 A=Atk 4 G 140908 2o, 4w
2 ZpxH/obgEA R/ Qo| YR /A =kA/AY
A et FAA FOl 37]= AARE k= &°] oF 81,
XA oF 47 HETh 4 G 24 1091E/384
20018 225t%=Hl, 24 g2 S/ m|g g E A
N/ AR /5773 /ool /A /AN R, FA 4]
w2 I/ AAZTER/FRERE/ 01 R /A A
T-01(5 kg)/ X AT}, 5k SLFAIZRS F5ol =t G5t
=0, AAF AIZHOR, A4, A9)ol w50 gesk= &
o] il Rejo] AQE= AR A7 Q= 11
9] AlZtolli= FAlE FHHAY Bl s = stk 28 =
S}2(brazier), A& 2](pre-treatment), Al Z}(wash), A
=38 (preparation) SollA WA =335ttt 713

U A XYeFol 557| RN =E A7 77

T4 4] - Aleto] AsiAf 1ot 22 Al BAYSh=
shede] R w7t 242 SRl met Helke 54
o] ATt Eot P FHATF BF AT At H
o] Ao, & Aol FEF AAFES 22APE
F7F WolA A st A o] vl Fasto] B
52 AA71EeIM A=t B2 JHE A A5t
elstalon, AL A/F A4 715 HAlsta 2 5
O] ZAEZIAET & &7, ATAIA7] 59 AE

o] 4710} Y.

SATES T2 28 4, PMys, 25, 5, &
Aol ojitsleray, TVOCs, olitebda] 7kt &
A 5l PAHsOl Hisf A & 23, &4 &4,

So| 775}

A E= 15A1FE 19A1(A84]), Fi= 09A15-E 13A1(F4)
7HA] E7 5k

T E£X9 574 9 B4 vla F4td A E A A+
Y(National Institute for Occupational Safety and
Health, NIOSH) method 0500, 3354 £71-& #0600,
PAHs= #5515°1] 551 AAI5H9o™ PM2.5+= HAE
EA=7471(AM520, TSI Inc., USA)E ©]-83to] =743}
Act.

2%, Fk, YAk, olARtEtAl] FEe AATE
t71=7971(7545, TSI Inc., USA), TVOCs®} oJ4kshd
A9 A2 A7 E7AEA7](Yes-plus, Critical
Environment Tech, Canada)ZE ]85t &435}9ch

SPSS/PC(Statistical package for social science;

(a) Roasting meat restaurant

Figure 1. Work environment of restaurant
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(b) Chinese restaurant

(c) Cafeteria

www.kiha.kr



78 e - 242

window version 18.0, IBM analytics, USA)E ©|-&5 ubQ @|7F AR EE ot AHEEE ol T E4,
o 371 5 & X 5= S5 B v 9% & 358 B4 5 AF YA 24 (one-way
HAgw, MR, YWY FHFEEZ ARE HS ANOVA)T} T-testS AAoFA Lt
(Kolmogorov-Smirnov A%)5t 21}, oAM= 2=

A, 71 HTHAY, AR AE Y, E a8, 2 n.z2 1

o A= FZo]l AEEE SIlth 3848 £ 5%

9] B EE A RE HST 2, JFoA = SFolY, 1.5 2%, 384 2%, PAHs s

7| B A oA FHFERE oF9ler, 8| fgo = Table 12 A4t 67 SAHY 371 5 & =4, =

Table 1. The results for the concentration of total dust, respirable dust, and PAHs in restaurant

Sampling Total Respirable PAHs(ug/m)’

o Messuring oot o
St Measuring port fme (o) (ta/ay NAP ANL ANE FLU PHE ANT FLT PYR BAA CHR BBF BKF BAP BGP DAH ICP

Counter 43 007 005 - - - - - - - - - - - - - - - -
Hall 399 014 013 - - - - - - - - - - - - - - - -
Kitchen(lef) ~ 382 037 029 - - - - - - - - - - - - - - - -
Kitchen(right) ~ 399 033 024 - - - - - - - - - 060 0456 - - - - -
Grill 380 065 031 1.01907 433 144 1.05 0.81 162 0.76 093 782.44 372 1.36 214 - - -
Outdoor 402 005 003 - - - - - - - - oo oo oo
Counter 38 008 008 - - - - - - - - - - - - - - - -
Hall 39 012 009 - - - - - - - - - - - - - - - -

Kitchen(left) 388 0.23 0.20 - - - - - - - - - - - - - - - -
Kitchen(right) 392 015 0.16 - - - - - - - - - - - - - - - -

Grill 309 045 024 - - - - - - - - - - - - - - - -
Outdoor 38 007 005 - - - - - - - - - oo oo oo
Counter 198 003 004 - - - - - - - - - - - - - - - -
Kitchen 200 007 002 - - - - - - - - - - - - - - - -

C  Room(eft 206 087 044 - - - - - - - - - - - - - - - -

Room(igh) ~ 203 081 039 - - - - - - - - - - - - - - - -
Outdoor 199 004 002 - - - - - - - - o oo oo
Counter 430 002 001 - - - - - - - - - - - - - - - -

Kitchen(1st floor) 445  0.04  0.02 - - - - - - - - = - - - - - = =
Kitchen(2nd floor) 440  0.04 0.02 - - - - - - - - = - - - - - - -
Hall(1st floor) 442 0.03 0.02 - - - - - - - - - - - - - - - -
Hall(2nd floor) 445 002 0.02 - - - - - - - - = - - - - - = =

Outdoor 430  0.01 0.00 - - - - - - - - - - - - - - - =
Hall 235 010 0.04 - - - - - - = = = - - - - - = =
Brazier 237 010  0.03 - - - - - - - = = - 137047 - - - -
Pre—treatment 235 0.03 0.03 - - - - - - - - - - 137137 - - - -
Wash 234 012 0.01 - - - - - - - - = - - - - - - -

Hall 235 005 0.05 - - - - - - - - = - - - - - - =
Brazier 234 037 0% 0917 - - - - - - - - - - - - - - =
Preparation 235  0.19 0.10 - - - - - - - - - - - - - - - -
Foodstuff 234 0.07 0.06 - - - - - - - - - - - - - - - =
Pre-treatment 235 0.04 0.02 - - - - - - - - = - - - - - - =
Outdoor 237 004 0.02 - - - - = = = = = - - - - - - =

"PAHs : NAP(Naphthalene), ANL(Acenaphthylene), ANE(Acenaphthene), FLU(Fluorene), PHE(Phenanthrene), ANT(Anthracene),
FLT(Fluoranthene), PYR(Pyrene), BAA(Benzo(a)anthracene), CHR(Chrysene), BBF(Benzo(b)fluoranthene), BKF(Benzo(k)fluoranthene),
BAP(Benzo(a)pyrene), BGP(Benzo(ghi)perylene), DAH(Dibenz(a,h)anthracene), ICP(Indeno(1,2,3-cd)pyrene)

T (limit of detection(LOD : NAP, 0.55; ANL, 0.62; ANE, 0.68; FLU, 0.14; PHE, 0.23; ANT, 0.23; FLT, 0.28; PYR, 0.12; BAA, 0.07;
CHR, 0.02; BBF, 0.24; BKF, 0.02; BAP, 0.08; BGP, 0.12; DAH, 0.22; ICP, 0.09)
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&4 £4, PAHs 5525 UERd Flojt},

S0l AFGH 34 F B k= Bt 0.27 ng
/', 384 B3 F%= Hd 0.16 mg/mel o, =
2449 F A 52 Hd 0.03 g/, S5 Xl &5
T W 0.02 ol FAIA 2740 & BA Tl

BHe 0.10 mg/n?, 8/ B4 5=+ Hat 0.10 mg/mO]
i

SFTo] AR AdA= ol A Al 37 F
Naphthalene 5=7} 1.01 wg/m’, Acenaphthylene
9.07 ug/n’, Acenaphthene 4.33 ug/uf, Fluorene 1.44
ug/m’, Phenanthrene 1.05 yg/n’, Anthracene 0.81 ug
/n?, Fluoranthene 1.62 ug/uf, Pyrene 0.76 ug/m?’,
Benzo(a)anthracene 0.93 ug/nf, Chrysene 782.44
ug/n’, Benzo(b)fluoranthene 3.72 ug/n’, Benzo(k)
fluoranthene 1.36 ug/m’, Benzo(a)pyrene 2.14 ug/m?’,
HE53L, Benzo(ghi)perylene, Dibenz(a,h)anthracene,
Indeno(1,2,3-cd)pyrenes= EH2EH It AS] 254
ZFrrof| 4] Benzo(b)fluoranthene”} 0.60 ug/nf, Benzo
(kfluoranthene”} 0.45 ug/m’ AE=tt. o] 2] PAHs
= EdE0Uth

249 ¥7] 5 PAHs+= 5 EAEE Ue
o FAA EQ| ZE|tjof| 4] Benzo(b)fluoranthene &
T7F 1.42 ug/n’, Benzo(k)fluoranthene &%=7F 0.47
ug/m’, 324 Benzo(b)fluoranthene”}b 1.37ug/nt,
Benzo(k)fluoranthene”} 1.37 g/’ HE= oM, F
214 F 28]l A Naphthalene 5%7}0.927 ug/m’ A
ZE U o] 8] PAHs+= E4E0]9 .

2. PMys s

XN

Sfl=2 Q] WAgo] 7P B Ao
IAISFAT. S5770] 3418 S A B
oA ZHstH o, C= 1 Wi 117]
oA ZHstitt. 448 D= 15
o} Fi= 3F=2 oA S5t

o] A1 37§40] PM,5 &+ B 0.66 mg/
m'o| Y=, WS FEok= A, BE =4 ¥o4Tt 184
Ce A4S -2 1l F45HA S71ok= A& ERlskal
=4, 32 Bk= FojlA Z7gstel7ol =4 et £740|
At 2479 FE= B 0.03 ng/m'eE FS
5 FH89E @ 4 vi FTlete ATFE vEEH &
A4 27049 FEE Bt 0.05 mg/melF=d|, F44E
= =7tAE FE W vd STleke ATE B, 54
4 F= 1502 AEAS -2 ol S45HA 75k 7
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3.2 -8k, CO, CO, TVOCs, NO, s

Table 32 A7t4 671 24149 2/5%, CO, CO,,
TVOCs, NOE &43t Aolt}. S57+o] 241389 &4
W7)E F= oA Aot on, So-34 A 34
9] 542 32 29E Foh= T4 SH5H
S50l S4- 34S] 2= W 25.87C0|H,
HEE Ht 48.25%°130th COsEE Hat 7.36 ppm,
CO29 sk W+t 888.98 ppmO| Tt NO= 25+ 4
EE7] Yo, TVOCsE CSA-ofA AEE &),
BEE W 2.32 ppmol itk FHS4Ye] 2wk
o 26.15C0|H, = FH 57.07%Ack COY s+
W 3.80 ppm, CO29| &+ H 669.34 ppmOI3}
th. NOx= AEEHA 2o, TVOCsY] s+ Bt

b o

Table 2& AFHA 671 24149 371 5 PM2s2 5 1.67 ppmOE UERT F44 27140 25& B
TE UEhd Aot gA1E £71 $471(AM 520)°] 1Hh 26.20CoH, S Bt 30.44%Hh COBEx= Bt
Table 2. The results for the concentration of PM2s in restaurant (Unit : mg/m®)

Site Measuring point Sampling time(Min) Range Mean" SDf
A Grill 372 0.03~4.54 0.27 0.45
B Grill 390 0.07~4.66 0.51 0.62
C Brazier 199 0.12~4.09 1.68 1.28
D Kitchen(1st floor) 437 0.01~0.36 0.03 0.04
E Brazier 229 0.01~0.03 0.01 0.00
F Brazier 223 0.01~3.03 0.06 0.23
"Mean : Arithmetic mean
TSD : Standard deviation
Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(1): 75-86 www.kiha.kr
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Table 3. The results for the concentration of temperature, humidity, CO, CO,, NO;", and TVOCs in restaurant

Classification Site Measuring point Sampling time(Min) Range Mean SD
A Hal 356 25.80~28.60 27.45 0.68
B ° 363 23.20~27.70 2532 111
+ C Room 216 22.00~27.20 23.68 0.92
Temperature ]
D Kitchen(1st floor) 436 22.30~27.40 26.15 1.27
E ] 212 24.60~31.90 28.15 1.66
Brazier
F 225 16.40~30.10 25.20 6.35
A Hall 356 25.30~46.60 37.84 4.31
a
B 363 45.50~60.40 52.96 2.47
o C Room 216 48.50~75.30 60.66 7.15
Humidity T .
D Kitchen(1st floor) 436 50.90~72.90 57.07 5.36
E , 212 29.00~63.10 40.67 9.67
Brazier
F 225 24.40~73.10 34.27 9.33
A Hall 356 0.90~22.10 471 417
a
B 363 1.50~19.60 6.25 453
o8 C Room 216 8.560~34.10 14.81 7.98
D Kitchen(1st floor) 436 2.90~12.20 3.80 0.92
E , 212 1.10~4.60 2.10 0.76
Brazier
F 225 0.00~135.90 8.80 20.01
A Hal 356 436~1187 642.01 192.40
a
B 363 437~1155 733.51 218.09
COS C Room 216 758~2183 1678.43 372.81
: D Kitchen(1st floor) 436 441~969 669.34 91.17
E _ 212 433~1289 679.69 165.79
Brazier
F 225 393~4738 882.07 670.81
A Hall 356 ND ND ND
B ° 363 ND ND ND
C Room 216 1.71~3.57 2.32 0.28
TVOCs® )
D Kitchen(1st floor) 436 1.03~4.22 1.67 0.67
E , 212 0.67~3.35 1.23 0.38
Brazier
F 225 0.15~7.01 0.88 0.95
"NO; : Not Detected(ND) TTemperature(Unit) : C
THumidity(Unit) : g/m’ 5CO, CO,, TVOCs(Unit) : ppm
6.54 ppmo|H, CO,9] 5%+ B+f 812.87 ppme| Ut 37H4] &) BF =% H|WoAL S8 o] SA1H
NOy= B5F AEEA] &kon, TVOCs9] s+ Hat A 2(p=0.036)3 F=AH9 F 24 5%t gt
1.00 ppm o & UEFHT. 2tol7k g om, S7to] SA1H(p=0.004) T4 &
219] 5E7F 2 5ol vl F-25HA =4kt
0| M2 & 2%, S8 2 s H|w FE 1T 24, 35 £ B SFF0lY 5k
Table 4= AT 37HA] AEY T EX, S8 = 7t S=2AA, 718 WA 4] sk Bls 25kl &=
9] Hi =T & v|wgt Aot S&FFo] 2414 (Meat —‘l](p<0 05), =483 7| HFHAYY] & B4 =
roast), =2A1H(China food), F4l4&(Cafeteria)9] ol zfo]7} QiU

www. kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(1): 75-86



I MY e

riok

49 87| |aMeA & A7 81

Table 4. The results for the concentration of total dust and respirable dust according to the type of restaurant (Unit : mg/m’)

Classification Site n AM SD b p-values .
a. Meat roast 17 0.27 0.28 0.002 0.039
Total dust China food 6 0.03 0.01 0.115
Cafeteria 10 0.10 0.23
F=3.727, p=0.036"
a. Meat roast 17 0.16 0.13 <0.001 0.004
Respirable dust China food 6 0.02 0.01 0.067
Cafeteria 10 0.05 0.04

F=6.697, p=0.004"

"Calculated by T-test
TCalculated by ANOVA test (Duncan HSD test)

b. M=, g, XZ2|Ho| 2 & 27, 384 28 sk
H|x

Table 5= A7 3714 4SS QAR AR
2, 2EYOR el & 243 534 2419 B 5

£ vlust Aot} Qi EE P (rectum), AFEA
(pork), H(noodle)C.2 Y+ o, A8A7E LPGS}
A712 Be9om, 22 Fo|(roast), Fa(stir-fry),
A (ry) 2 A

Table 5. The results for the concentration of Total dust and respirable dust according to the type of foodstuff, fuel, and recipe

(Unit : mg/m*)

L p-values”
Classification Category n AM SD 5 A
a. Rectum 12 0.23 0.19 0.702 0.004
Foodstuff b. Pork 15 0.19 0.28 0.041
C. Noodle 6 0.03 0.01
F=1.683, p=0.203"
Total dust Fuel a. LPG 28 0.14 0.16 0.314
b. Electric 5 0.36 0.44
a. Roast 23 0.23 0.25 0.001 0.209
. b. Stir-fry 6 0.03 0.01 0.246
Recipe
C. Fry 4 0.07 0.05
F=2.686, p=0.085"
a. Rectum 12 0.16 0.10 0.195 0.001
Foodstuff b. Pork 15 0.09 0.14 0.039
c. Noodle 6 0.02 0.01
F=3.402, p=0.047"
. a. LPG 28 0.09 0.09 0.387
Respirable dust Fuel :
b. Electric 5 0.18 0.21
a. Roast 23 0.14 0.13 0.001 0.001
Recipe b. Stir—fry 6 0.02 0.01 0.093
c. Fry 4 0.03 0.01

F=4.282, p=0.023"

"Calculated by T-test
TCalculated by ANOVA test (Duncan HSD test)
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QAR E F BR0| Pt vk Ao|= B5AZHoR &
OlotA] oFout, u, AFHARS AMgol= A9 W 8
Hof| F 2319] 57t 525k =34 Hp<0.05). A&
2 F 239 5T Fost Alo|7t gldeh. 2o
02 F 2319 Hre o3t 2jo]7t glon, FLol7t H
Aol vlg F B9 =7t FootA A dErst
(p<0.05).

SEARE 554 B9 Bt 5 Aol v, A
Ag ARgolE 49 ™ gE]of s f-oJ5HA o, vt
At A ars ARgohe A F BX19 s fost At
o|7} GIoith. AME IR S84 BX1Y = Fod A}
o|7} Tt XElHo] mE S84 BX19 sEE /e
gk 2po] 7} glont, o7t thE AQjof| Hls F-oJoHA =
Al YebtH(p<0.05).

V.1 F

o A4-E B3l 8AIHNA W Sk= 7] F FolkeE
o] dsto] 233t A3k, PM,s, PAHs, CO, TVOCs &
o] JAHE B4 4 7IAA E4o] WS RS g1l

T 24, 384 119 sE= Wken, PMusE 5
TZFAHY FARNME WA UEHT T84 57
= Zol WA=t 1 o= 1]
£ 79Y0| U= EdolA 2 o 127]9 3E TIE
(A, Gd, g 5)o] Eol GojAHA EAL
Eo] A77F WAstaL, 22 715 E73ol(H2)el vlAl
HAY] FHE UYEYY] Hl = weE) of#glh v
AHA] Y2 117]9] FFof wet DefAl=d), & W
= 7= W 7P =2 vAHA] B8-S HolH, 1T,
Fgir] Fo] 59 £o7 YepdrtHPark et al,
2015). &3t UlA|HAl= HA8 o EF )4
LA £og o] WAISHH(Lee et al.,, 2001; See
& Balasubramanian, 2008), £&82 ©o|-&%t 2T A
23 qe|Ett Wo] YRYSIHTHMcdonald et al,
2003). ol§l AollA SFto]l SAIHY PMys sk
88 AJH E27|&2 flov e AYE7]
A 4A7150.05 mg/m)e 2ok FEGLh ot S
TZFAHY FAAE S/FE F7IAY F= Aol A
Ao, 2 Alzto] 1A1ZF = Zol A& oz 2
e T St

PAHs= 1718 gAY AT df =52 5 Sl=d

www. kiha.kr

(Onyango et al., 2012, Park et al., 2015; Lee et
al,, 2016; Kim & Lim, 2017), & 7oA PAHs
£ 3743 23 47 PAHs7 HE= 90 PAHs 5=
TELesE YA oRRRkEEseAAe] 7
) 7120.2 mg/m’)2} B FE o W2 o, HiF|
WAER)S 715t 22A1AIA4 Benzo(a)pyrenes
HIZ3E 1359 PAHs7F A 52 AEEH U=, ol
1718 wAY F4 o GojA= 7153 S4o] BHA
7] A} vj7|7kAo] PAHsE ABAstAY W&ot
1 wHEY 1718 e ARkl dojdss ISt
PAHs9] o] Wolkitk= A+7F U=dl(Kang,
2015), & AFoNE SFART WY 78 5= F5
tfxog W F79] PAHs7I HAYsk= A& &1
AT
SHE HA PAsk= PAHsE E43F AtollA
H et HRMHEAR] Benzo(a)pyrene®] 4117]0]4 0.0071
wt%, SHAI7|NA 0.0023 with HEES RIS ¢
UCH(Seo et al., 2010), Ao B2 AAH=RE AT
A% e 89EY F7IAY "= 8904 Benzo(a)
pyrene¥t -2 HIAl 112]7} 57 o432l PAHs7} HEH
= A7 JAHZhu & Wang, 2003). =3 H7 8217
To|HT 7|52 Wo] A3, 88 &7t =7| dlEe]
PAHs =&4520] ¢ &1(Yao et al., 2015), €3 &2
TAARE ARSI 22T 73 RS =47 PAHsY
557t &= 9HKuo et al., 2003; Chen et al.,
2012; Ding et al., 2012)& Rt ZAE 17|1& +
= I thgRt PAHS7HEA S 4= Slrkar ks, o] 2%k
2o g 2 FAau7|AE S AAThHs 59 HHoE T
A =997k Qi
St F44A9 AL =E7|&Y Hlwshd we W
2 £#Fo]At Benzo(b)fluoranthene, Benzo(k)
fluoranthene 59 PAHs7} HEFHJ=H|, SF70],
4 59 A oI WEe s wEn 17
U 54 59 982+ 170~180C A=z #lA 11
27} 570 ol4dRl PAHs7F 714 BHIE k=E57] gt
2%(280~300C) 2t W7]of o8 F7°] PAHs7t &
SE A= g2 Zos waEy, 44 FHY 827t
Al Qo] oflE=E i ojzjgt EHo LEEA=
A=ttt F=3239 B9 EE A=A PAHs7F A
SHA or=dl | 87t diFEolH, dijdos &
FE F71AY w= 2ol AoV WEeE wkEr.
CO%t CO9l A% ZAI- Ce FollA =78 o= 11

U

o

P o

Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(1): 75-86



L5 =27]2(CO: 30 ppm, CO2: 5000 ppm)°ll
SESIAY 23eh= AE RIS 5= Al F 3414
% AEA FolRdE I, SRolA I
Sk= 715 A8l B3 v BT BASIeT]
2o 2 wET CO%F PMs9] TS AtA 7t
= A0=2 d#HA SJ=HI(NIER 2008), COZF =7
Mgk 5413 CollAl PMas9l Bt 527t 7P =%
3 LPG 9=E A8sk= 4% COel 8ol &
Ao A J=T(Kim et al, 2008), CO.7} &=
0F g HASE 44 FolAE dR2 LPG
ARESRT TVOCse] 49 Sl 3ad Aol
H7AY 3= 5o 718 uf AstEo] dhysk= A
o7 IdHA J=d(Kim & Lee, 2012), WS H+=
=24 A BolA= HESEA Aoy 1 9 AR
A A e ST VOCE 7] oA Fskst
U2 &5 NOyb ARt Al sleu
(Kwak, 2004), & A-ollA NO= WA8sHA] ottt
olzgt 242 BF XY Al &HH g WS o,
L H3PL uf$- B2 AJZto]| o]FojA]7]o Bt s
= 2A YERT

[AYGL2 &HY =, ATt 5 THSRE HEo] 99
2 gtgo] Zkzt Fepkitt. SRto] 34182
== HollA= FAFSHH, & dAtollA S783E SFtol
AtFAe] B8 5 SAaHf7| Aol o] AR = o] QL
o] 1715 G2 W EAYsh= FolEdo] Ry oE 2
HA] L3S AL R wETh I8 FAH|7]A|
FE e B0 A AAH AT Hol
7|0 2 A9l 35 HE SFo] AFdAe] 48T &
At AcE &H 9 71 7P B2 o] 753170l
Fdol vlsf A2 =2 sxoA SHEHAN &
o, AFdAel 27], wWfjshs 11719 5 5 B
7t Wi tgstrlol 7 At e 2 vEhd 4= 9l
o S2AH A FHoAT 2EE st
ORI e =, FER 5ol =% & 3
I, | SAAE(FE B)o] B 58T Ao=E
=, G440 A Aldo] tet HEdhks AAEE
gEtA)7]o] &= foiede SRE WS oS
Halgltk= §40] Stk o]Eet A d= XEAE
o] AA| &AAHFel it H7PF ot Ad, e
H, AR, 2ARE AARIY 5o o2t F5fi1Ate
SEE AAZHCE Frid a7t vk

8249 FF+= WS oFs7lol £ A+ AnE

%0
rl

g
==

O:

a0t & orlo SLow
) )

v}
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A g4 }doll digt #degSd dxte ddshlole
Z AV e, & d7E E0 24 = ARl
UIAEA], PAHs, CO 5°] ¥Ashk= A2 &l 4= 3l
At & A7) Aoz At 2ok 6719 A
T2 THY 2e 84 AEES tRg ¢ fle
H, AFE A= X A7]0] offl RARIA Aol =
BAE =W - 9 AR A ZEAEY kE2FeE
Fgotke A2 A etk F7HA d7-E E =4
e, 89, OiPE 5 U Rt 84 A
HAEe 4L HYotd AAH ez A-ATE A
< gavt glen, o mEt 2419 e Mg

g

47t okar wokEch E5F 2] A] WSk COF
(cooking oil fumes) @ F7|31HE, 24 27 2|9
T AIAHT off dYsks g, AlAOIA EAY S 77138
e T ol Aol HEA] Zoetd B2 RSlQIAt

£ A7E 59 T 2AY F B 2E450] &
At R0l G4, FREAY, 1BFRAYY
SAHE Yo B, uAEACM,) W4T &
4, CO, COz, TVOCs 59 7h24 B4, PAHsS
3 2 24T ol A7 Ave kgt 2.

Ay

1. 4% 5 SHF7old AEe & &1 B+ =
+ 0.27 mg/nt, SZAHEZ 0.16 mg/’, T=2214
FFe F 23 ¥+ 5= 0.03 mg/nw’, 3FF B2
0.02 mg/m’, 7| HAY A4S & #X B 5
+ 0.10 mg/nf, &4 7 0.10 mg/m'E YEFIT

2. EPASIA 941 919 o= Mgt 1652 PAHs
% Napthalene¥} Acenaphthylenet= 4% AEE%
o, E3] 17} Al=olA 13F9] PAHs7} BEEHU=
o] H¢t AHEZARI Benzo(a)pyrene”t 1.496 ug/m'=
et 11 9] PAHs &2 HRE EdS0IU:

3. SRl =AY mAHA(PM,s) B B
+ 0.66 mg/m, T=A13 AR B 5%+ 0.03
mg/mf, 71T HAY ARG Bt == 0.05 mg/n’
2 YERETh

4. AFERE 7I2F 24 F CO, CO,, TVOGCSE &
Aotet, SRl AR CO9 B ke
7.36 ppm, A AR B+t sk 3.80

2 g
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ppm, 7|ETHAA AFAGC] B FE= 6.54 ppm
o2 Ut SF7old AAEY COY Bt 5=
£ 88898 ppm, T4 AR B Tk
669.34 ppm, 7|HFHAY AR A FT=
812.87 ppmo= UET. SRold AR
TVOCs9] Hit =& 2.32 ppm, S48 AFAA
9] Bt 5=+ 1.67 ppm, 71BFHAYG AFAE] B
& &= 1.23 ppmlE YENITE

5. 95H TEX, SRR Hd 5EE Bt
Ay SFAo] AN FstA =A YT 8
YA =, AHEARE, ZYFHOE o] B 5LE H|I
ot A3 SRto] SAIHA 9, AEAE de EE
oA =A e o, AgdsE £X = %
ol= 3tk

H
[

H1
1o

Ox],

ool ANE FYst] 2 1, LAYCIA TR
557] S SR 92 & S gon 1
BEE B4 9otk foAAY SEE SRl 24
AoV g A ek, Bt St Sl
£ £3] Wigh o] Bl Ik AL el F
S 9tk #F A7 Fo 849 M= 849
AAVEL B, SHUEF, PYRY, 2PAL 5
U, ARG 5 o] WSS AAHOR Lol £
) HEE Bl Bt ek

d
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