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ABSTRACT

This study was conducted to investigate the odor substances generated in indoor air quality and

outdoor ventilation of under-fired charbroiling cooking process during the winter and summer seasons.
In the case of carbon dioxide, the values in winter were higher than those in summer, and the values
of PM), carbon monoxide and total floating bacteria were high. The percentage of fine particulate
matter(PM.s/PMyo) is 82.4%, and PM,s occupies a very high proportion among fine particulate matter,
which is considered to be harmful to human body. In case of odor, the concentration of complex odor
and aldehydes was high. According to the results of this study, it would be desirable to use two or
more methods instead of treating air pollutants with one kind of technology. Through this research
project, restaurant odor will be reduced, and it will expect positive roles and functions for improving

the air environment with efficient operation and active interest.

Key words : Under-fired charbroiling cooking process, Indoor air quality, Odor substances, PMys, PM,
carbon monoxide, carbon dioxide, total floating bacteria, complex odor, aldehydes.
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Table 1. System chart of the Second Metropolitan Area Plan.

Field Major Projects
(D Expansion of eco-friendly cars
Automobile @ Enhange the emission allowance and follow-up management of
menagement production car
(@ Management of exhaust emissions of vehicles
measures . .
@ Non-road mobile pollution source management
P ® Strengthen traffic demand management
L . o (D Strengthening the total emission of air pollutants
Discharge facility ( Discharge facility management other than the total amount of
A management
workplace
N . . (D Strong management of living pollution VOCs, NOx emission sources
Life pollution - . o
@ Strong management of living pollution PM;y, PM;5 emission sources
source management .
@ Energy conservation and expanded use of renewable energy
Establishment and promotion ®© Strengthen managemeqt of countermeasures by scientific basis
o @ Mid-and long-term policy research(R&D)and strengthen
of scientific management . . . .
Afrastructure international cooperation for long distance
@ Promote the public and promote environment-friendly living
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Table 2. Budget plan of life pollution sources.

Divisi Promotion Budget Business
vision ) ;

period required volume
Installation and inspection of gas station vapor recovery system 15 ~ 24 18.4 billion 744 units
Replacement and maintenance of sealed washing machine 17 ~ 724 36.8 billion 7,000 units
Establishment and operation of regional joint recycling center 16 ~ ’24 80.0 billion 5 units
Installation of preventive facilities of Under-fired charbroiling 17 ~ 94 45.0 billion 1,800 units

cooking process

Household low NOx boiler replacement 15 ~ ’20 120.0 billion | 600,000 units
Construction and operation of mobile measurement system 15 ~ 724 18.3 hillion -

Dust removal device supply 15 ~ 24 76.0 billion 380 units
Building roof and wall greening project 15 ~ 724 28.5 billion | 285 locations
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Fig. 1. Guide for selecting the deodorizing device for restaurants
of the Japanese Ministry of the Environment.
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Table 3. Standards for restaurant odor in California, USA.

Regulation/Rule Applicable institutions Adopted Date
Rule 4692 San Joaquin Valley Unified Air Pollution Control District 2002. 03. 21.
Rule 1138 South Coast Air Quality Management District 1997. 11. 14.

Regulation 6, Rule 2 Bay Area Air Quality Management District 2007. 12. 05.
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(a) Top discharge. (b) Side discharge. (c) Bottom discharge
Fig. 3. Local collection for odor control in restaurants.
Table 4. Indoor air quality maintenance standard.

Total floating
PMo CO, Formaldehyde bacteria Cco

(ugmd | (ppm) (ugm?) (CFUA®) (ppm)

Underground station, underground
shopping mall, passenger car terminal
waiting room, railroad station waiting room,
passenger terminal among airport facilities,
waiting room among port facilities, library,
museum and art museum, funeral hall,
bathhouse, large-scale store, movie
theater, computer game facility service
business facility, sales facility of bathing
business

IA

150

IA

< 1,000 < 1,000 10

Medical institutions, day nurseries,
geriatric care facilities, nursing homes
Indoor parking

100 < 800

IA

200 < 25

IA
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Table 5. Indoor air quality recommendation standard of newly built apartment.

Benzene Toluene Ethylbenzene Xylene Styrene Formaldehyde
(ug/m3) (ugmd) (ugmd) (ugmd) (ugmd (ugmd)
Newly built < 30 < 1,000 < 360 < 700 < 300 < 210
housing
Table 6. Complex Odor Emission Standards
Emission Standards Strict mission Standards
L (Dilution factor) (Dilution factor)
Division
Industrial area Other area Industrial area Other area
Outlet < 1,000 < 500 500 ~ 1,000 300 ~ 500
Site boundaries < 20 < 15 15 ~ 20 10 ~ 15




Table 7. Specified Odor Emission Standards.

Emission Standards

Strict mission Standards

Division (ppm) (ppm)
Industrial area Other area Industrial area
Ammonia <2 <1 1~2
Methyl mercaptan < 0.004 < 0.002 0.002 ~ 0.004
Hydrogen sulfide < 0.06 < 0.02 0.02 ~ 0.06
Dimethyl sulfide < 0.05 < 001 0.01 ~ 0.05
Dimethyl disulfide < 0.03 < 0.009 0.009 ~ 0.03
Trimethylamine < 0.02 < 0.005 0.005 ~ 0.02
Acetaldehyde <01 < 0.05 0.05 ~ 0.1
Styrene < 0.8 < 04 04 ~08
Propionaldehyde =< 0.1 =< (.05 0.05 ~ 0.1
Butylaldehyde <01 < 0.029 0.029 ~ 0.1
n-Valeraldehyde < 0.02 < 0.009 0.009 ~ 0.02
i-Valeraldehyde < 0.006 < 0.003 0.003 ~ 0.006
Toluene < 30 <10 10 ~ 30
Xylene <2 <1 1~2
Methyl ethyl ketone = 3H <13 13~ 35
Methyl isobutyl ketone <3 <1 1~3
Butyl acetate <4 <1 1~14
Propionic acid < 0.07 < 0.03 0.03 ~ 0.07
n-Butyric acid < 0.002 < 0.001 0.001 ~ 0.002
n-Valeric acid < 0.002 < (.0009 0.0009 ~ 0.0002
i-Valeric acid < 0.004 < 0.001 0.001 ~ 0.004
i-Butyl alcohol < 40 <09 0.9 ~ 4.0




Table 8. Threshold of Odor.

Substance Threshold (ppm)

Ammonia 0.1
Methyl mercaptan 0.0001
Hydrogen sulfide 0.0005
Dimethyl sulfide 0.0001
Dimethyl disulfide 0.0003

Trimethylamine 0.0001
Acetaldehyde 0.002

Styrene 0.03

Propionaldehyde 0.002

Butyraldehyde 0.0003
n-Valeraldehyde 0.0009
i-Valeraldehyde 0.0007
Toluene 0.9
Xylene 0.041
Methyl ethyl ketone 0.44
Methyl isobutyl ketone 0.2
Butyl acetate 0.008
Propionic acid 0.002
n-Butyric acid 0.00007
n-Valeric acid 0.0001
i-Valeric acid 0.00005
i-Butyl alcohol 0.01
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Table 9. Basic Survey Results by Restaurants.

Total Food ingredients Fuel Duct External outlet
Restaurants-1 Beef, Pork Charcoal Bottom-up 1
Restaurants-2 Beef, Pork Charcoal Bottom-up 6
Restaurants-3 Beef, Pork Charcoal Bottom-up 1
Restaurants-4 Beef, Pork Charcoal Top-down 2
Restaurants-5 Pork, Eel Charcoal Bottom-up 3
Restaurants-6 Beef, Pork, Duck Charcoal Bottom-up 7
Restaurants-7 Beef, Pork, Chicken Charcoal Top-down 1
Restaurants-8 Pork Charcoal Bottom-up 2
Restaurants-9 Beef, Pork Charcoal Bottom-up 6
Restaurants-10 Beef, Pork, Duck Charcoal Bottom-up 1
Restaurants-11 Pork Electric grill Bottom-up 8
Restaurants-12 Beef, Pork Charcoal Top-down 8
Restaurants-13 Beef, Pork Charcoal Bottom-up 3
Restaurants-14 Beef, Pork Charcoal Bottom-up 6
Restaurants-15 Beef, Pork Charcoal Bottom-up 1
Restaurants-16 Beef, Pork Charcoal Bottom-up 4
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Table 10. Odorous substance items and methods of analysis.

Substance Sampling Instrument
Complex odor Suction box method Odorless air production equipment
Ammonia Impingement method UV/Vis spectrometer
Methyl mercaptan Suction box method GC/PFPD
Hydrogen sulfide Suction box method GC/PFPD
Dimethyl sulfide Suction box method GC/PFPD
Dimethyl disulfide Suction box method GC/PFPD
Trimethylamine Impingement GC/NPD
Acetaldehyde DNPH Cartridge method HPLC
Propionaldehyde DNPH Cartridge method HPLC
Butyraldehyde DNPH Cartridge method HPLC
n-Valeraldehyde DNPH Cartridge method HPLC
i-Valeraldehyde DNPH Cartridge method HPLC
Styrene Solid adsorption method GC/MS
Toluene Solid adsorption method GC/MS
Xylene Solid adsorption method GCIMS
Methyl ethyl ketone Solid adsorption method GC/MS
Methyl isobutyl ketone Solid adsorption method GCM
Butyl acetate Solid adsorption method GC/MS
i-Butyl alcohol Solid adsorption method GC/MS
Propionic acid Impingement method GC/MS
n-Butyric acid Impingement method GC/MS
i-Valeric acid Impingement method GC/MS
n-Valeric acid Impingement method GC/MS




Table 11. Odorous substance items and methods of analysis.

Substance

Sampling

Instrument

Particular matter

Suction box method

Gravimetric method

Carbon dioxide

Electrochemical sensor method

non-dispersive infrared spectrometer

Formaldehyde

DNPH Cartridge method HPLC

Total airborne bacteria

Impacter method

Bacterial incubator

Carbon oxide Electrochemical sensor method non-dispersive infrared spectrometer
Benzene Solid adsorption method GCIMS
Toluene Solid adsorption method GC/MS
Ethylbenzene Solid adsorption method GC/MS
Xylene Solid adsorption method GC/MS
Styrene Solid adsorption method GC/MS
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214.0 ppb, FHEIZ2YHslo] = 145.0 ppb, n-%
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T 488 ppb, 7B} H vEF E= EAE H
ATt A7 WET EFtFH= 667 W,
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ppb, T2y &dHslol= 134.9 ppb, HEIZ
ddstel= 116.0 ppb, - =LH o=
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ZAE sk Zeta 487 o AEE
AHste] Ao 2 :
v &7 B3kl = 206 W, ¢y o} 121.6
ppb, &3k=4> 8.0 ppb, WEHIIE 5.7 ppb,
Eglo|u"olwl 26.6 ppb, 7IEFEELS n)
e BAE Aok B3k Z1EA Y o)
T W& 87| vla Al 7]FEeldle]a, X
AdH = Egtolvdoldlo] Hlud &2 7
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4.14. A4

A4 GET AXT AsTol
BHOE & AT B F5e dRE
AgSHE HolB S 120 Flola sha
Y=g A8 ETs 8 A7k gow
FRuE FeE Holdk

A7l NS AAst BAsgon

A k& ofgfel o

AUE71de A5 mAMA PMp 189.1
ugim?, PMyse= 168.7 pg/m®, wAHA &5
(PM25/PMyp)2 89.3 %, o]4+stgra 711 ppm,
destol= 351 ugm’, FR-FAT 169.6
CFU/mM?, ¥4kslets 11.2 ppm, 7| EFEHELS m
F AZHAT FEHEe dWE71E 1A
7123 vlal A PAIRE A (PMy), YAEsHERAT}
7S 2HsteE FAE UERSIT

ofF o] A5 i+ E&tH = 300 i, o
X o} 151.5 ppb, &3}4: 1.8 ppb, WIE ™3t
g 1.4 ppb, oM EYHSte] = 113.5 ppb, X2
a &dHsol= 151 ppb, HEEZZHslo|=
28.7 ppb, n-E#H =L slo]l= 27.0 ppb, i-&
g =g slol= 6.1 ppb, 7|E}F =S wEF &=
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A= o ELHSSIOE, n-ZE 22T
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4.1.5. AFAA-5

A A5 G5l YT 2 sFo
FHORE & HAE HAusty Fs
AEEFA T ElolE S 937)0)an AR
EE AASAT. wWETE I o A
Hol =g e 2 oAU

sA7)9 st ARE AFHsS A5
Row A e of9} Zrh

AU F71de AS Fd7 s vAwA
PMjp& 40.2 xg/m?, PMys= 28.3 pg/m?, m] A
HA) EE(PMys/PMig)2 704 %, ©]4FsterA
790 ppm, EZUHtolE 204 ugmd, R
Al 233.4 CFU/m?, ¥4tsleta 17.7 ppm, 7]
B erE2 v ASEHAT st o= vlA
A2 PMyoS 42.6 xg/m?, PMos= 29.0 g/m?,
B Al A & (PM2 5/PMg)-> 68.0 %, ©o]4kstgt
646 ppm, T&Hslol= 11.9 xgmd, FH
Al 1275 CFU/m®, ¥4kseka 21.1 ppm,
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4.1.6. AFHF3-6
A6 S ol G 25Tl
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EE AAEE WlETE 6717 S
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A7)} st ARE AF S B4
stow A ke ofgel Zrt

AW F71de A 287 As PAYA
PMjp& 133.0 xg/m’, PMys= 80.8 ng/m’®, H
M A A] & (PM5/PMp)2 60.8 %, ©]4tslEras
498 ppm, FLulslol= 228 ugm®, &
Al 41.7 CFU/m®, 7e}at 22 m&F A&
ot A7 = HAMWA PMpe 1109
gim®, PMyse= 700 xgmd wAHAES
(PM;5/PMyp)2 63.1 %, ©]4tsteka+= 374 ppm,
EZdHEtoltE 1568 pgmd, EFRFAT
404.5 CFU/m®, 71El@5-& m% A& A
R Ee] AW d fFA7E, AE5EF
Fe AUy r)d dar)FEs vla A 7
el 35 Jehi it

F o] AL FHIdE wETF Bt
= 5 8, ¢=4Yo} 234.7 ppb, 7]EEE-2
F e BEAEEAY. sdr)dE WET B
Stolx = 3 uj, ¢k=u o} 180.0 ppb, Hlgd g
AE 325 ppb, 7B} EHS vF B BHE
HATH B E 7EA Y wEF wj =9
£7123 vla Al 71F olUE YEhdlen,
ARG E BF 2 7S Wl Ath
B oAb Age 2016 690l 2 3}o] ofF &
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4.1.7. ArFA-T

AP A-TL BH ol X3 2] 3o
THOE &, HAE Bsty IS
AHESEATE HolE & 66 7Holal
HEES dAdn. wWET= 2 77k
FREEFEHE o AT

TA7|9} 7)o A EE A B4
st o Ax ke offe A

A -E71de] A sd7|de vAHA
PMjp& 50.0 xg/m?, PMys= 31.6 xg/m?, m] A
HA) 2EE(PMys/PMig)2 63.1 %, ©]4FsterA
984 ppm, ZTUHstol= 259 ugmd, FR
Al 156.2 CFU/m®, d4tsleta 8.5 ppm, 7]
Bl mEF HAEHAJT A7 vA
A2 PMypS 50.4 xg/m?, PMys= 31.6 xg/m?,
B A A 2] & (PMys/PMig)2 62.7 %, ©|4kshgd
2 705 ppm, Z&LH3tolE 67.3 xg/md, 5
frAlT 125.2 CFU/M®, 71e}atZ2o me A&
HAT dfEdEe] AW3rd FAVE,
AEFETY AWIrd dAarEd H
Al 71EelW e A& YER AT

oAdF ol A FHIAE HET B3
= 66 u], &=jo} 140.9 ppb, #3tr4 1.6
ppb, oA ELHstol = 43.7 ppb, 71EFEFES
ng e EXRESHAY. 7= =
E2aotH = 15 H, ¢=Yyo} 220.9 ppb, &3}
a4~ 1.8 ppb, WlE™ e 1.0 ppb, oM EY
dstol= 20.3 ppb, 7IE}aH S v =& &
AZ HA EFHE 71EAY & )
£33 87| v A 7 U E YER S
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AR EHE 2 Hol YT
o] AFgige ofH Wlo] WABAY A
Aolty, o] AL 25 Yo A& 3
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o A2 Al £ g WEY
Frol vhAsolglA o AU & FEo
A % msh Ade AWHED o) FHo)A

%}*ﬂo}% oFH uwjFo] wio] WAYFIHTAL
Sk o] & AYA AWl = #st FAE u
2 vl ndel 221S AASATH

o] AL FA7} AT AWFT]
A ANEE AFHste E4st9o A7 g
ojgf o} #T}.

FA7)oE mAHA PMpS 221 g/,
PMys= 13.7 pg/m?, m] A ¥ 2] 5-8(PMy 5/PMyo)-&
57.4 %, ©|AFslErA 752 ppm, E&U|dlol=
57.7 pglm?®, ZFX-FAT 232.7 CFU/m®, 71&}
FgE2 nF HEHAY A7 s mAw
A PMyp2 20.6 pg/m’, PMyse= 134 pg/m’,
leﬂlﬂx] B2-(PMy5/PM1p)& 65.2 %, o] A3} et

AE 481 ppm, ZYHslo|lEE 275 ugm’
ZFHO M 2209 CFU/mM®, 7Et3stEo wek
AEHAY dEHze] AWE71d §471

&, AFsEFeTd dusrd darEd v
Al ZIEeIUle S YER AT
4.1.9. -9

PO*%H: AlgTell AR 2 3}to
Hog 4 HA, 28 #usty F
ooh’ir:}. Hol& = 60 7folx
EE Z2A8AH wMETE 7 A%
s FEHE HO%;&?M.
A

>_

Aste] BAstgom A e ofee} 2t
Ay grde A% 5A7dE mAEA

PMip2 61.4 xg/m?, PMys= 56.2 1 g/m?, \]A)
HAZE&PMs/PMipS 91.6 %, Ol*@‘rﬂi
726 ppm, ELHdlol= 21.8 ngm®, FHF
Al# 120.3 CFU/mM®, 71Etgd &2 u]aot Azx
At A7 s FAIHA PMp 634 4
g/m3, PM,s+= 58.3 ug/mB U]H]U‘jx]v]i‘%
(PM25/PMyp)2 92.0 %, ©l4tsteka 436 ppm,
Zddstels 386  ug/m?, %—“%%Aﬂ&
1,284.1 CFU/m’, 71} &-& n & A&
fEdze] AUard fA7IE=d8 vu
AN FRFA T NEE 23EE FXE Y
Elon, 2&35Fe Ayl A E
I vlal Al 7]Eel U X

4.1.10. AEA-10

AR A-10-2 Aol YRS Asto]
THORE A& HAE Avsly FEs ASE
AT ElolE & 29710]aL 433
EE AASIAT. WETE 207 o A
FHlE 2 Fod AT

A7)} sk AEE A B4
st o A ghe ofgjel Zrh

AW F71de A Fd7]ds mAEA
PMip& 227.7 pg/m®, PMyse 202.1 ng/m?, ]
A =) 28-(PMys/PMjp)-S 88.7 %, ©]A+aleks
742 ppm, ZLHEol= 285 ngm?, FHEH
Al 213.1 CFU/m?®, ¥4kslera 6.9 ppm, 7]
Bg5e vFF HEHAT A7 E mA
A2 PMjpS 226.6 ng/m®, PMyse= 202.3 4
g/m®, A ] E-8(PMys/PMi)S 89.3 %, ©l
2584 604 ppm, ZUHSlolE 355 u
g/m®, Z2-fA7 281.6 CFUM?, ¥4tsters
21.4 ppm, 7|E}E2 w g AZSH AT} A5t
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Hlw Al Z7]FolW o] A& YERRAH
°ofH o] A TV dE wMET EddHE
1,000 i, &¥=yo} 172.5 ppb, 34 2.9
ppb, WIEWZIE 0.2 ppb, olA|EYHslo] =
1,048.3 ppb, Z=3&Ydste]= 250.1 ppb,
HE|2LH 3ol = 166.0 ppb, n-aHd 224 &}
o] = 200.8 ppb, 2=E}o|=l 46.9 ppb, W&
A= 65.8 ppb, EF 4 233.5 ppb, HE]Zo}A]
Ho]E 934 ppb, AL 78.1 ppb, 7|EFFE
2 v e EASFHAT stE7|d = vl
T BgetH = 10 B, ¢=Yo} 309.7 ppb, 3
3}=4 2.0 ppb, W@ ™Zg 0.6 ppb, oA E
dH o] = 258.0 ppb, T Ey L slo]lt
40.7 ppb, 2:Elo]d 31.6 ppb, WEHINEAE
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EE BAE HUAS 47 5FH 7
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4.1.12. ArYA-12

AGA-12E ATl A A s3]
ARHOT A HAS BHujsty
AHE3E T ElolE & 36 Jlolal
HEE AA3AT WiEF= 2 77t
FEUEFEH H%i&’it}
A7 ARE AFAS BAsIH 0T
A & offel At

AU Z71de AS FH7s mAw=X
PMip2 205.3 rg/m®, PMys= 188.4 ng/m? m
A A E-8-(PMy5/PMip)-2 91.7 %, ©]4tsleba
668 ppm, Z&Hslol= 32.0 xgm’, EHH
Al 38.8 CFU/M?’, ¥4+alera 19.9 ppm, 7]
B2 v HAEHAT titERHEe] A
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2

mlo
0 o 2

r
lo ot

_‘ELJZHU

°ofH e A% wiE7 H&H = 3,000 =,
3sl<4=2 5.3 ppb, WE e 0.8 ppb, oHA|
EdH ol = 896.4 ppb, T 23] &YH o=
192.0 ppb, HEIZ2¢Hslo] = 140.3 ppb, n-%F
g 2ddsto] = 158.9 ppb, i-wHd 24| 3}o]
= 18.5 ppb, 2Elel# 63.0 ppb, WE YA
= 581 ppb, =24 285.8 ppb, AL 68.6
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9} H R E(Collector electrode) ~18]al After
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ARE = ol EE HAAE o] 83ty Hj7|7}
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4.1.13. A¢%-13

AR A-13S ATl AT A S0l
HAEHOZ A&, HAZ Fvjsta F&E

AHEsEA T ElolE & 139 7l o]
YEZ Attt miE7= 6 /M7F I
SHHZE FEHE HAJAAT
FA7 A= AL WE SAR 1St A
TAE S P8R kL, shd7]ol A
sto] AR on Ay g2 ofef Aot

AW F71d e A9 mAEA PMp2 140.5
©gm?, PMyse= 109.3 pg/m?, wlAHAZ-&
(PM5/PMp)-& 77.8%, ©]4+s}ErA 529 ppm, &
ddstol= 298 ugm?, FHEFALT 1180
CFU/m?, ¥4+steb4 12,1 ppm, 71 EFEHE-S w1
F AZHJY dF=EHEY dWE7E &

o
=
al

g2 > K
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N4 AwAEs v A Aol A

it of

LER AT

ot o A% wiET 5= 30 W, &
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Fig. 5. Electrostatic precipitator.



42. ZAAT
B ATAYe $47Q017d 39 7Y -
2017 39 23%)9} 34712017 69 14 ~
2017@ 7€ 209)7kA AskTto] AEF Y A
W AT 95 el WA o
2o @ 2% Adstgn
AT 0 Bh A5 v EAPMs,
PMoE Adol Aol 2 AYEE 4
sk sEA7E MEE FAE VERlE B
2 nol Aol A4 8 AR, A8 Fol o

a9
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2 Exoz dAgdy, ojatsleraol A
kel &7 gk 805.2 ppm, sHE7]
%k 566.0 ppm=zE A7)0l thH]Ete] 37
7F 29.7 % e FXE e ol 53
719} 3719 7l 2 W], ZE T
Soll ot 7)o o3t AolZ Yels AA
Z ERoz dokHET o]9lo AUy
EHEL AEA, AP E EAS S T
A ATt

20179 = 5ol 8AIAE AR INTE 7H4)
o] Hgka vl Al v AR (PM) 50.0
g/m?, Y4+sleba 1.1 ppmict zhzh 2.5 H,
10.4 v} & 1242 ng/m’ 114 ppm< e
W AT

e AWs7d FA71Em A
Z(PMyp) 150.0 xg/m?® o]&}, o]4kslel2 1,000
ppm o]&}, FZHtel= 1,000 xg/m’ °]3},
d4ksleba 10 ppm ©l3, FHEFATS T
Sk vln Al HMHRIPMpp)= 5 7 AFE
Z, olpkstetas 1 7 AMA, dAkstE A=
7 AFFel TIERT & FAE UEY
At FHEFAE A5 R8T, ofdelF]
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E2 TAE UE = AFg Al 2714 AT
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QAo o % 33ttt

‘:’Vﬂ‘ﬂxl*‘: IFS T dA TS}
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A x AoHLippmann, 1999. 2002, Z-&AD).
Carlton et al.(1999)¢} Choudhury et al.(1997)
o] AFtollA = FIAIM A (PMS] &%=7} 100.0
pglm*® Z718 wjuity Abg-Eo) oF 13 % =
7Vt 237 E2HAG AR A
T Z9 FAPE E TEEE FHAA
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& 713 vl A Z1ERA| S 9 Bl &7 B =5
&71Fe 238t AAGEE 3 N AR
Z 500 Hj o]sho 2 FALEH Y, AFAGHE
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3}, golm g dsto]l= 9.0 ppb ©]3}, Egto]w
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ppb °]3}, L2y edHsle]l= 50.0 ppb ©] 3},
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gste]= 9.0 ppb °]&}, i-TH EdHstol=
3.0 ppb olah} Ml Al Fstrie 1 7] A
A, WEHRES 1 7 AQAE, dolmga
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Fig. 6. Takeover Flowchart of restaurants in Japan.
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