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Emission Characteristics of Air Pollutants from Meat Charbroiling
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ABSTRACT

Emission characteristics from charbroiling of four different meats (beef, port, duck and chicken) in a pilot-scale
cooking facility were investigated in this study. The analyzed air pollutants include gaseous species (CO, NO, SO,,
NH; and PAHs) as well as particulate matters (TSP, PMip, PM,5 and black carbon). The emission factors of PMjig
and PAHs were in the range of 3~47 g-PM/kg-meat and 0.6~11.41 mg-PAHs/kg-meat, respectively, depending on
the type of a meat. In addition, the results also revealed that the high ratio of PM,5 to TSP in a meat charbroiling
should be considered to design and to operate air pollution control devices.
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Table 1. Consumed amount of a meat and charbroiling

duration
Consumption Cooking period
Meat .
(kg) (min)
Raw 1.5 30
Beef
Gut 0.7 30
Raw 2.0 25
Pork
Marinated 2.0 40
Duck Raw 9.0 120
Chicken Raw 2.0 30
ot HfETLAE Bsigon, B R T AUAR 4143
olg3to] vz o g BA5oct uiE&7tA F PAHs £
A2 7| e AT AR Fdto] 25 HAAF7E ol-8-5t
o A Gofx]of Z\F5}e] '|T7]Q-UH°ﬂ lﬂ—_q-o]— t} 2% 5
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Table 2. Emission factor (E.F.) and concentration of CO, NO, SO, and NH; from meat charbroiling

CcO NO SO, NH;
Meat Conc. EF. Conc. EF Conc. EF. Conc. EF.
(ppm) (g/kg) (ppm) (gkg) (ppm) (gkg) (ppm) (gkg)
Raw 159 54.5 1.43 0.53 0.67 0.30 1.47 0.52
Beef
Gut 300 16.8 1.70 1.02 0.77 0.98 2.50 0.85
Raw 261 549 1.27 0.29 0.67 0.32 1.50 0.19
Pork
Marinated 202 68.7 1.57 0.57 0.53 0.41 1.37 0.28
Duck Raw 240 264 1.40 0.16 0.63 0.16 1.23 0.08
Chicken Raw 286 70.9 1.53 0.41 0.63 0.36 1.17 0.18
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Fig. 1. Temporal variation of CO concentration.
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A (Park et al., 2013)0] EZgHH t]Eke] N2} So] HAEH
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5= iS5 =9 wiEAl, TSP SollA] PMas@F PMioo] 2
Aoz H-&-2 Table 33t 2t} a17]5tolA wiEE= 74 9
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~223 pg/m’E YERFon, o] FojlA Aol uiEsE
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& 3~47 g-PM/kg-meat= LB 1, o]FofA] AUAto]
o] HEALT} 7P =& 42320 & TSP 46.97 g-PM/kg- meat,
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TSP oAl PM,p0] ZFA|& t 5—" 2 90.7~96.3 %= e}
wron], PM,s7} AA|5H= B8-2 859~91.6 %2 LFEFTE
1” T S201D)9] A AapolA= YFH s 24
Sk 2|a17]9} Hfx|a17] 9] K= FRo|RbAof A WAYSH= HIA
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PMjy S04 PM,s7F AFA|Sk= HI&-2 oF 77~98% A== &
A3}t
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of| A WHEl= mIMHA] wiEAlS: Aol et Ak a7
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Table 3. Emission factor and concentration of TSP,
PM1o, and PMzs from meat charbroiling

Concen Emission
Meat tration factor PM/
(mg/m’) (g-PM/kg- TSP
& meat)
TSP 36.52 2.96 1.000
Raw PM;, 35.18 2.85 0.963
PM,s 31.00 2.52 0.849
Beef
TSP 22291 46.97 1.000
Gut PMj 209.12 44.06 0.938
PM,5 202.21 42.61 0.907
TSP 79.19 8.53 1.000
Raw PM,o 76.04 8.19 0.960
PM,s 72.53 7.82 0916
Pork
TSP 39.88 5.02 1.000
Marinated PM;q 37.48 472 0.943
PM, 5 32.94 4.15 0.829
TSP 51.10 1.57 1.000
Duck Raw PM 49.24 1.51 0.963
PM, 5 40.99 1.26 0.802
TSP 25.20 12.41 1.000
Chicken Raw PMy 22.86 11.26 0.907
PM, s 21.97 10.82 0.859
sl
a7|Folofl A HiEEE PAVY LEEES gIRE f'l*ﬂ”1
% gelow Am7le] A9 nje Eh A Urehe A

o] A Auk= 2.5~3 g-PM/kg-meat® LERG =1, ]% :rL

o] W49 Zpo|& Kl Aup-to|o] e, ujollvt A=
Algo] ot S5 aH] FEjof] 7]%Iske Aog, =2 49
St s AdsHA &dste] FHE oA wiEE =
| N|HR| Q] viEA|4=7} 43~45 g-PM/kg-meat= 714 =7 1}
ERtTh HjAgTEol9] 7B, AlBltolofl A v E= wAHA]
o] HiEAl = 78 g-PM/kg-meat= HjX|FE0] 4~5 ¢-PM/
kg-meat =t} A UEdTE 7oA SAtolo] %
11~12 g-PM/kg-meat® LFEP O™, @ jrjto]o] A9 1~2
g-PM/kg-meat =522 LEPIT]
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(Unit : g-PM/kg-meat)

)
US EPA" SIVAPCD? scag e Lee  Park This study
Ttems Equipment type (PMio) MDY et. al. et. al. et. al.
(Fuel) M) (2009)Y (2010  (2011)°
PM PMi PMhs PMi PMss PMo)  (PMi) (PMiy) TSP PMi PMis
Flat griddle
- - - 45 34 28 - - 0.4 .-
(LPG)
Raw
Under fired
nderfied g1 75 71 156 152 160 ; 3.82 28 296 285 252
charbroiling grill
Beef
Flat griddle
- - - 45 34 2 ; ; N ..
(LPG) 5 3 8 D
Marinated
Under fired g5 95 g7 156 152 160 ; ; 63 -
charbroiling grill
Gut of Under fired - - ; 6.59 - 4697 44.06 42.61
a cattle charbroiling grill
Flat griddle i i i i i 28 i i L6 i i i
Raw (LPG)
(belly)
Under fired 95 90 160 7.77 408 74 853 819 7.82
charbroiling grill
Pork -
Flat griddle i ) i ) i ’8 ) ) 05 ) ) i
Marinated (LPG)
(shoulder)
Under fired 95 90 160 504 : 33 502 472 415
charbroiling grill
Flat gl?ddle ND ND ND i i i i i i i i
(Electric)
Chicken Raw
Under fired 05 105 99 ; 822 - 1241 1126 10.82
charbroiling grill
95 90
Raw ~ Upderfied - poule (Poul - ; 23 - -
charbroiling grill
Duck ty) )
Marinated Uneer fired ; - - 40 157 151 126

charbroiling grill

1) US EPA (2002) : Source was EPA (1999) and Norbeck (1997), Beef was flank steak, chicken was thigh meat.
2) San Joaquin Valley Air Pollution Control District (2009), 690-Commercial Cooking Operations.

3) Sacramento Metropolitan Air Quality Management District (2002) : Welch and Norbeck, 1998)

4) Lee et al. (2009) : Model Result of Under fired Charbroiling Cooking using the Hood Method

5) Lee et al. (2010) : Field Test Result of Under fired Charbroiling Cooking Restaurants in Seoul

6) Park et al. (2011) : Model Result of Under fired Charbroiling Cooking using the Hood Method

33 St

7] ololA] W EE7HLOCEC) et AF 2
Bato] S5 UL, B3], B, &
glol)i Haolol MEEs PMy F9] Sel7HL0C)
EC)ll that uj&AI42} mIAIA] Folld OC/ECTH AHA|she

= 2EHAHS

[CR=0=E=1

w0l gk A2 Table 59F Zth

a7|FoloflA iEE = EH7RAOCEC)e] M w2 &
o8 WiEEE Fols o] 2 0Ce] 73§ 2847 g-0C/
kg-meat, EC2] 7-¢- 1.55 g-EC/kg-meat= LERTE 1 9] &
oj¥E 0Ce 79 04~3.9 g-OC/kg-meat, ECS] 79 0.1~
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Table 5. Organic and elemental carbon content in PMy, filter sampled from meat charbroiling

Emission factor

Emission factor
Elemental carbon

Items (g/kg-meat) Qrganic carbon (g/kg-meat) :
in PM;y (Wt%) in PM;o (Wt%)
oC PM,o EC PM,o
Beef Raw 1.79 2.52 71.03 0.05 2.52 1.98
(PMio)  Gut of a cattle 28.47 42.61 66.82 1.55 42.61 3.64
Pork  Raw 3.86 7.82 49.36 0.10 782 128
(PMi0)  Marinated 3.03 4.15 73.01 0.04 4.15 0.96
Duck
Raw 3.32 10.82 30.68 0.27 10.82 2.50
(PM,)
Chicken
Raw 0.41 1.26 32.54 0.09 1.26 7.14
(PMy0)

0.3 g-EC/kg-meat= UGt 117]|5to] m]A|HZ] oA OC
o] #&2 4o} 5]11]171-4 A9 50~73% PEORE L
Eputon, 7ol A 31~33% o= YT ECY
a2 Ha7|ef HR|AL7]] A 1~4% o E UES
o, 7FRe] A 3~7% o= UERTh o= A9st 5
(2010)9] A5+ AapeflA] 4ar7] 9 = x]ar7] FFolof k] OC=

= AAoln, a7|Folo|A viEE= PAHso| et v 9
HEAlTE A8t 5(2010)04 LIESIGITE &2 A+ A%
ZAE S5l SFE(A 7], HAALT), Etol, E‘ﬂ?"l)i
7))ol HiEER= PMiy 59 A PAHso| Tt v
Al vlAHA] o] PAHs7} ZFA5h= ol gt 2
Table 63} Zt}

PMyy FollA] oF 50~60% 7202 UeRgon], ECE PMy a7|rolol| A HilE = PAHS7} 7MY 2 2R HiE
Zo|| A 9F 0.6~4% S=Zo = et = ol AR Eo|2 9F 11.41 mg-PAHs/kg-meat= L}
ERdth 1 ) Jro]H=E 0.6~2.9 mg-PAHs/kg-meat $~5=O 2
34 PAHS Uttt 37) o]0l 4] HiZERE PMyo 59| PAHs7} 2145}
L H80 SO} 023730 W% 71 %A LERto.
Ceh= ©olpea(PAHs = AadbPgolA f71gka 3 o, 24852019 AL 0.02500 wi%, FjAETEe] 0.05590
eS| ERALEHA s FANERA], 5 AR wi%E UERYGT o) 493 5(2010)0] HE Hwo}
LRy, GAIEOlY B A% BAL AT QoW et pEoR 17|12 78 v Wolxj 7|83} §4o] B
A 7ERAF D ARAY FHER EAGCKSeo et al, 2010). 0] WA 317] FHOE= PAHsE L= dlal, wjrkiolx=
7ol A HiEElE Hi7ks Foll= PAHs7E BilE=AL 91 PAHs 43| viEshs Zlo& UElith
Table 6. Emission factors of PAHs from meat charbroiling
This study Seo et al., (2010)
Meat PAHs emission factor PM,, emission factor — Total PAHs in PM;,  Total PAHs in PMj
(mg-PAHs/kg-meat) (g-PM/kg-meat) (Wt%) (Wt%)
Raw 0.63 2.52 0.02500 0.06630
Beef (PM]O)
Gut 11.41 42.61 0.02678 -
Raw 0.42 7.82 0.00537 0.02585
Pork (PM()
Marinated 2.32 4.15 0.05590 0.03182
Duck (PMj)) Raw 0.03 10.82 0.00028 -
Chicken (PM;o) Raw 2.99 1.26 0.23730 -

Journal of Climate Change Research 2015, Vol. 6, No. 4
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o= Uehdt a7]tolofla uiEE= PMy 52| PAHSs
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