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Abstract

In this study, PM emission factors for commercial meat cooking were developed by the experiment using the
similar restaurant model. The commercial material types of meat cooking were beef, pork and duck. And meat cook-
ing materials were classified with marinated and raw cooking methods. The marinated and raw cooking methods
were flat griddle (LPG) and under fired charbroiling grill. As a results, PM,, emission factors for underfired pork
cooking was estimated as 7.39 g/kg-meat which was the highest value in this study. The emission factors of under
fired charbroiling grill method were higher than that of flat griddle method regardless of meat cooking material types
and marinated meat. The particle size distribution of meat cooking was 0.23~5um and median diameter was 2~

2.5um.
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Fig. 1. A configuration of model for the actual commercial meat cooking.
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Fig. 2. Flat griddle and grill used in this experiments of commercial meat cooking.

Table 1. PM concentration results from beef cooking.

Exhaust gas
Mesat Equipment Sample Sampling Used mesat Exhaust gas temperature (°C) PM conc.
sample type (Fuel) No. time(min)  weight(kg)  volume (m®) - (mg/m®)
Max. Min. Avg.
1 42 9 871.9 48 33 44.2 5.42
Flat griddie 2 42 9 849.2 47 35 44.2 3.69
(LPG) 3 42 9 861.8 41 35 42.3 3.69
Raw Avg. 42 9 861.0 45.3 34.3 43.6 4.27
. 45 9 872.1 48 33 44.2 26.01
;gfgc;'{ii‘é 2 45 9 804.6 49 36 462 30.63
il 3 45 9 747.9 52 35 458 37.42
Avg. 45 9 808.2 49.7 34.7 454 31.36
1 42 9 904.7 46 32 435 <0.01
Flat griddie 2 30 9 622.8 44 33 41.0 <0.01
(LPG) 3 30 9 640.8 44 33 41.0 <0.01
. Avg. 34 9 722.8 4.7 32.7 41.8 <0.01
Marinated
. 1 45 5.44 834.3 47 31 435 42.26
g]ﬁgofi'{ii‘é 2 20 512 574.2 46 31 43 5453
il 3 30 5.62 577.8 47 32 426 61.69
Avg. 35 5.39 662.1 46.7 313 425 52.82
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Table 2. PM concentration results from pork cooking.
) ) Exhaust gas
Meat Equipment Sample Sampling Used meat Exhaust gas temperature (°C) PM conc.
sample type (Fuel) No. time(min)  weight(kg)  volume (m°) - (mg/m®)
Max Min. Avg.
1 60 9 1,188.0 46 34 42.6 7.31
Flat griddle 2 60 9 1,274.4 43 39 42.0 14.68
(LPG) 3 60 9 1,234.8 37 32 36.1 12.83
R Avg. 60 9 1,232.4 42.0 35.0 40.2 11.61
aw
der fired 1 60 9 1,119.6 48 31 43.3 56.60
Under T 2 45 9 853.2 46 32 420 84.80
il 9 3 45 9 926.1 46 40 434 68.97
Avg. 9 966.3 46.7 343 42.9 70.12
1 40 6.61 816.0 37 33 358 3.75
Flat griddle 2 30 9 556.0 36 33 345 8.50
(LPG) 3 20 3 379.2 34 33 333 4.22
) Avg. 30 6.2 583.8 35.7 33.0 345 5.49
Marinated
. 1 45 5.86 8775 57 37 48.6 20.00
C‘i}’;?goi'lﬁd 2 60 9 1,180.8 49 3 452 22.98
il 9 3 60 9 12168 49 30 42.8 29.19
Avg. 55 7.95 1,091.7 51.7 337 455 24.05
Table 3. PM concentration results from duck cooking.
) ) Exhaust gas
Meat Equipment Sample Sampling Used meat Exhaust gas temperature (°C) PM conc.
sample type (Fuel) No. time(min)  weight(kg)  volume (m°) (mg/m?®)
Max. Min. Avg.
der fired 1 30 3 276.16 33 29 315 14.6
R Under e 2 30 3 270.03 32 30 310 2.7
arill O 3 30 3 276.96 34 31 325 232
Avg. 30 3 273.10 33.0 30.0 317 20.2
Under fired 1 30 3 315.95 36 22 320 374
i
) 2 30 3 288.60 35 32 33.0 42.1
Marinated Chargrr,‘l’l'"”g 3 30 3 20237 37 30 344 404
Avg. 30 3 292.55 36.0 28.0 331 40.0
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Fig. 3. PM particle size distribution of meat cooking.
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Fig. 4. PM emission factors for commercial meat cooking.
Table 4. PM emission factors for commercial meat cooking. (unit: g/kg-meat)
Beef Pork Duck
Raw Marinated Raw Marinated Raw Marinated
Items Flat Under fired Fat  Underfired  FHat Under fired Flat Under fired Under fired  Under fired
griddle  charbroiling griddle charbroiling griddle charbroiling  griddle  charbroiling charbroiling charbroiling
(LPG) grill (LPG) grill (LPG) grill (LPG) grill grill grill
Max. 0.52 311 N/D 6.48 2.08 8.05 0.53 3.94 2.62 4.05
Emission Min. 035 252 N/D 6.11 0.97 7.04 0.46 3.00 164 393
factor  Avg. 041 2.79 N/D 6.31 1.60 7.39 0.51 3.32 2.25 397

Std. +0.058034 +0.17258 N/D  +0.107681 +0.33134 +0.329233 +0.022431 +0.31240 +0.308617 =+0.038442

Table 5. PM,, and PM, ;s mass fraction to total PM concentration.

Beef Pork Duck
Raw Marinated Raw Marinated Raw Marinated
Items Flat Under fired Flat Under fired Flat Under fired  Flat Under fired Under fired Under fired
griddle charbroiling griddle charbroiling griddle charbroiling griddie charbroiling charbroiling charbroiling
(LPG) grill (LPG) grill (LPG) grill (LPG) grill grill grill
PM,;/PM  1.00 1.00 N/D 1.00 1.00 1.00 1.00 1.00 1.00 1.00
PM,s/PM  0.78 0.94 N/D 0.97 0.77 0.93 0.85 0.98 0.94 0.90
Table 6. PM,, and PM, 5 emission factors for commercial meat cooking. (unit: g/kg-meat)
Beef Pork Duck
Raw Marinated Raw Marinated Raw Marinated
Items

Flat Under fired  Flat Under fired  Flat Under fired  Flat Under fired  Under fired  Under fired
griddle charbroiling griddle charbroiling griddie charbroiling griddle charbroiling charbroiling charbroiling

(LPG) grill (LPG) grill (LPG) grill (LPG) grill grill grill
PM,, 041 2.79 N/D 6.31 1.60 7.39 051 3.32 2.25 3.97
PM,s 032 2.62 N/D 6.12 1.23 6.87 0.43 325 211 3.59
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Table 7. Comparison of emission factors by recent meat cooking studies.
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(shoulder) - Underfired  —__ _ 95 90 160 - 524 - 33
charbroiling grill
Flat griddie ND ND  ND _ _ _ _ _ _
) (Electric)
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ASan Joaguin Valley Air Pollution Control District (2009), 690-Commercial Cooking Operations.
3Sacramento Metropolitan Air Quality Management District (2002): Welch and Norbeck, 1998).
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