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Abstract

This study was performed to develop the source profiles for fine particles (PM, 5) emitted from the meat cooking.

The characterization of fine particles emitted from beef cooking showed comparably high level of carbon (75%)
which mainly composed of OC (73%) and EC (2.3%). Also the level of K*, CI', K, Cl, and Na* has been diag-
nosed to be relatively high, mainly caused by the Korean spice with sodium component.

The cooking of pork showed similar trend to the beef, resulting high level of OC, EC, K+, Cl", K, Cl, and Na* as
the major components of fine particles. The high proportions of metal’s ingredient such as Zn and Pb have been
spotted to be 0.463% and 0.386%, respectively. The higher ratio of OC has been collected for raw pork belly meat
compared to seasoned meat in respond to presence of fat.

The cooking of chicken and duck brought similar data that OC, K*, K, CI~, Cl, EC, NO;~, and SO,*~ were main
components of fine particles. The one notable feature is that Zn and Pb showed to be almost absent.
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Table 1. Characteristics of all meat cooking tests.

Meat Origin Purchase
Raw beef Domestic Super market
Spiced beef rib Import (USA) Super market
Raw pork chop Domestic Super market
Spiced pork rib Domestic Super market
Chicken Domestic Super market
Spiced duck Domestic Commercial restaurant

Table 2. Classification of fuel tests conducted.

Fuel Origin Raw material
Hardwood charcoal Domestic Hardwood
Bamboo charcoal Domestic Bamboo
Coconut charcoal Indonesia Coconut
Kinding wood Domestic Sawdust
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Fig. 1. Sampling system for meat cooking.
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Fig. 2. Sampling system of spiced pork cooking.
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Table 3. Meat cooking source profiles for beef (weight percent of mass).

Raw beef (n=8) Spiced beef rib (n=6) U.S. EPA (2006)
Species (profile 4383)
PM, 5+ Uncertainty (composite)

Na 0.65340.145 0.961+0.132 1.163

Mg 0.10540.042 0.13740.037 0.191

Al 0.098 +0.021 0.106+0.017 0.065

Si 0.00240.007 0.002+0.006 0.478

P 0.00240.006 0.00240.005 0.005

S 0.143+0.006 0.59340.007 0.246

cl 1.74440.008 1.55040.007 0.718

K 1.89940.005 2.217+0.005 0.304

Ca 0.032+0.009 0.05440.007 0.173

Ti 0.0000.002 0.075+0.002 0.007

Cr 0.000£0.001 0.000£0.001 0.003

Mn 0.0010.006 0.003 +0.005 0.026

Fe 0.00240.001 0.00240.000 0.315

Ni 0.00040.003 0.00040.003 0.006

Cu 0.00240.006 0.003 +0.005 0.028

Zn 0.30540.007 0.1630.006 0.036

Br 0.00940.001 0.006£0.001 0.007

cd 0.001 +0.004 0.006 +0.004 0.001

Pb 0.27940.003 0.24740.002 0.013

cr 2.56240.256 2.41040.241 0.759

NO, 0.641+0.064 0.55040.055 0.269

Neka 0.57340.057 1.031+0.103 0.382

Na* 0.89940.090 1.26640.127 0.237

NH,* 0.03040.003 0.048 +0.005 0.048

K+ 3.41140.341 2.868+0.287 0.215

Mg** 0.01740.002 0.01740.002 -

Ca®* 0.1184+0.012 0.12040.012 -

ocC 73.006 +3.656 78.553+3.971 86.633

EC 2.320+0.179 1.73040.129 10.170
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Table 4. Meat cooking source profiles for pork (weight

percent of mass).

Raw pork chop (n=10) Spiced pork rib (n=12)

Species
PM, s £ Uncertainty
Na 1.722£0.557 1.053£0.192
Mg 0.118+0.171 0.157+£0.055
Al 0.139£0.081 0.159+0.026
Si 0.008 £0.028 0.006+0.009
P 0.005+0.025 0.000+0.008
S 0.295+0.026 0.548 £0.009
Cl 2.891£0.019 2.880£0.012
K 2.435+£0.012 2.554£0.006
Ca 0.067£0.035 0.049+0.011
Ti 0.010+0.008 0.031+0.003
Cr 0.000+0.003 0.000+0.001
Mn 0.001£0.026 0.002£0.008
Fe 0.004+0.002 0.006+0.001
Ni 0.000£0.013 0.000£0.004
Cu 0.002+0.023 0.005+0.007
Zn 0.463+0.026 0.325+0.009
Br 0.025+0.004 0.018+£0.001
Cd 0.002+0.017 0.006 +0.005
Pb 0.386+0.008 0.351+0.003
Cl 2.658+£0.266 5.986+£0.599
NO;~ 0.455+0.045 0.557+£0.056
NoAn 0.760+0.076 1.015+£0.101
Na* 1.565+0.156 2.020£0.202
NH,* 0.100£0.010 0.160£0.016
K* 2.453£0.245 4.572+0.457
Mg>* 0.025+0.002 0.009+0.001
Ca** 0.124£0.012 0.000£0.000
oC 77.229+3.974 67.700 +3.389
EC 4.736+0.386 1.143£0.113
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Table 5. Meat cooking source profiles for chicken and spiced duck (weight percent of mass).

Chicken (n=3)

Spiced duck (n=3) U.S. EPA (2004)

Species PM, 5 + Uncertainty (profile 4338)
Na 0.213+0.089 0.374£0.234 0.0986£0.0995
Mg 0.125+0.030 0.117£0.081 0.0131£0.0097
Al 0.092+0.013 0.118+£0.034 0.0235+0.0038
Si 0.003+0.005 0.057+£0.014 0.0893 +0.0086
P 0.005+0.004 0.003+0.012 0.0005£0.0022
S 0.093+0.005 0.175£0.013 0.0824 4+0.0094
Cl 1.448 +0.006 1.760+0.011 0.0597 £0.0057
K 2.157+0.004 2.650+0.008 0.0430£0.0044
Ca 0.119+0.006 0.109+0.016 0.0987+0.0168
Ti 0.000+0.001 0.000+0.004 0.0000£0.0111
Cr 0.000+0.000 0.001£0.001 0.0002 £0.0008
Mn 0.007+0.004 0.002+0.012 0.0014 £0.0004
Fe 0.002+0.000 0.003+0.001 0.04374£0.0044
Ni 0.000+0.002 0.000+£0.006 0.0005 £0.0002
Cu 0.001£0.004 0.000£0.011 0.0080£0.0008
Zn 0.002+0.004 0.000£0.012 0.0120£0.0011
Br 0.003+0.001 0.003+0.002 0.0014£0.0002
Cd 0.000£0.003 0.001£0.008 0.0000+0.0028
Pb 0.001+0.001 0.000£0.003 0.0005£0.0011
ClI” 2.00940.201 2.9404+0.294 0.035440.0432
NO;~ 0.404£0.040 0.958 £0.096 0.0636+0.0398
S0,%” 0.313+0.031 0.668 £0.067 0.1138£0.0924
Na* 0.240+0.024 0.316£0.032 0.0602+0.0097
NH,* 0.046+0.005 0.078 £0.008 0.000£0.0396
K* 2.697+0.270 4.024£0.402 0.0196+0.0053
Mg** 0.050+0.005 0.039+£0.004 -
Ca** 0.000+0.000 0.000£0.000 -
oC 76.119+3.838 61.289+3.479 95.568 +11.1231
EC 0.718+0.067 1.02940.145 2.790+0.7892
Table 6. Source contributions obtained from CMB model. E dE 5 9)& Aoz AZETT
(unit: ug/m®)
Result Result
Source type (include meat (except meat
P cooking) cooiing) . 7Ed %
Soil 0.00 1.04
Mea cooking 001 . B AFAAE 11T A EHE A%
asoline vehicles . . N
Diesel vehicles 0.10 0.00 (PM,5)oll Hist wi&d FAEA AR 5L A
Steel 0.53 0.00 st e, 54 A A o) 2o
Indu.strial Boiler 0.32 0.20 1) _/1\5‘7]%7—0] }\] ﬂH %FIL]—L—‘- U] Aﬂ O‘:} x]_‘o/] z9 ;'—7_/%]
Marine aerosol 0.00 0.01
Biomass burning 10.49 11.88 A& OC(73%)2} EC 2.3%)5 3le] gtaidH-2
Coal-fired power plant 0.87 0.86 ko] 75%=2 WS = xS E.?i_‘l] A48
Ammonium sulfate 3.87 3.93
Ammonium nitrate 11.09 11.05 °23 K, CI', K, Cl, Na*®] v]&o] gokon -2
Measured mass 30.4 30.4 yale] A AFS 33 ofde] Algo =z o]gf
Chtsdms 2 e e e es B
Chi-square 1.72 2.94 2) HA 7| Fe] Al wiEEE PAYAY] F2A4
Percent mass 96.3 101.4
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