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Uncertainty evaluation of determination of polycyclic aromatic hydrocarbons
in smoke-dried meat products
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ABSTRACT: Objective To evaluate the uncertainty in determination of polycyclic aromatic hydrocarbons
(PAHs) in smoke-dried meat products by gas chromatography-mass spectrometry (GC-MS). Methods The PAHs
in sample were extracted by microwave extraction, purified by gel permeation chromatography (GPC), and then
analyzed by GC-MS. The mathematical model was established based on the above analysis to analyze and quantify
the sources of uncertainty of the measurement results. Results The major uncertainty sources in this method
were preparation of standard solutions and establishment of curve calibrations. When the PAHs content in
smoke-dried meat products ranged from 4.92 pg/kg to 8.76 pg/kg, the extended uncertainty was 0.37~0.78 pg/kg
(k=2). Conclusion The method is suitable for the evaluation of uncertainty of PAHs in smoke-dried meat
products determined by GC-MS.
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Tablel Uncertainty of different factorsand combined
uncertainty from the preparation of standard solution

(ng/mL) W W(S)
2007+4.59 0.003961 0.01506
2000+10.81 0.009362 0.01728
1996+10.79 0.009363 0.01729
2004+4.59 0.003967 0.01506
1996+4.57 0.003966 0.01506
1996+4.57 0.003966 0.01506
2009+4.59 0.003957 0.01506
1999:+4.57 0.003960 0.01506
[a] 1999+4.57 0.003960 0.01506
1992+4.56 0.003965 0.01506
[b] 1999-+4.58 0.003968 0.01506
k] 2002+4.58 0.003962 0.01506
[a] 2006+4.59 0.001321 0.01459
[1,2,3-cd] 1998+4.57 0.003962 0.01506
[a, h] 2001+4.58 0.003964 0.01506
[g b, i]7E 2000+4.58 0.003966 0.01506
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Table2 Uncertainty results from the preparation of standard solution by pipettes
(mL) (mL)
5 mL ( 5.0 mL) +0.006 5.0 U;=0.003464
5 mL ( 2.5mL) +0.005 2.5 us=0.002887
1 mL ( 1.0 mL) +0.010 1.0 us=0.005774
# 3 PAHSIREMZHNBERBEREZIIANNTHEE
Table3 Dataof PAHsstandard curve and uncertainties from the standard curve
A PAHs (ng/mL)
r S u(L) u(L)
5.0 10.0 20.0 40.0 60.0 100
6445 14579 30297 61016 92873 161224  Y=1621X-2399 0.9994 1542.04 0.63213  0.05016
4181 10380 21791 44051 69207 118075 Y=1196X-2224 0.9996 955.30 0.50522  0.02760
3465 8959 18994 37900 61726 103429 Y=1053X-2160 0.9993 1152.40 0.69016  0.03695
3776 9662 19975 40669 62764 108523 Y=1096X-2049 0.9995 973.92 0.55421 0.02755
5273 12900 27228 57592 87029 154363  Y=1560X-3707 0.9990 2011.16 0.79883  0.03804
5411 14232 29544 60582 92003 160220 Y=1618X-3021 0.9995 1488.42 0.57081 0.02743
6684 17045 35105 71149 107893 188945 Y=1902X-3360 0.9993 2091.82 0.68012  0.03197
7024 17315 35607 72433 111668 194052 Y=1957X-3650 0.9994 2000.20 0.63178  0.02961
[a] 4437 11675 24887 53658 82423 140149 Y=1429X-3099 0.9999 517.45 0.22328  0.01030
6740 17828 36247 75269 113945 200316 Y=2021X-4092 0.9992 2310.91 0.70865  0.03379
[b] 3498 10243 22133 48936 78442 130898 Y=1349X-3804 0.9996 1111.48 0.51214  0.02490
[k] 6980 18173 39557 80976 124305 219685 Y=2223X-5448 0.9990 2800.31 0.78311 0.03810
[a] 3985 11478 24922 52907 81399 145609 Y=1480X-4573 0.9987 2158.36 0.91944  0.04913
[1,2,3-cd] 2331 6875 14206 33207 52947 90387 Y=932X-3174  0.9993 976.22 0.69795  0.05673
[a, h] 2388 6702 15782 40077 60781 105911  Y=1099X-4417 0.9992 1216.92 0.69488  0.03599
[g, h, i3 5520 15487 33557 72447 117297 192703 Y=1985X-4907 0.9994 2042.59 0.68554  0.05563
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Table4 Therecovery and repeatability of PAHs and uncertaintiesintroduced by them (n=6)
6 (ng/mL)
B Xo
F(% % /mL
) SO 1 2 3 4 5 6 (ng/mL) %)  WR)
63.0 0.8967 0.00581 1259 12,60 12.61 1258 12.63 12.60 12.60 0.0172 0.00137
91.5 0.7746 0.00346 1820 1840 1843 18.10 1840 18.30 18.31 0.1317 0.00720
93.4 0.5831 0.00255 18.80 18.50 18.70 18.68 18.80 18.61 18.68 0.1153 0.00617
100.6 0.9381 0.00381  20.30 20.16 20.03 1990 2020 20.12 20.12 0.1392 0.00692
105.0 1.0289 0.00400 21.20 21.10 20.86 2096 20.88 21.01 21.00 0.1309 0.00623
104.0 1.2394 0.00487  20.89 20.70 20.56 20.89 21.00 20.80 20.81 0.1572 0.00755
106.4 1.4381 0.00552 2140 21.05 21.18 2136 2138 21.28 21.28 0.1368 0.00643
106.7 1.1628 0.00445 2132 2126 21.09 21.58 2143 21.34 21.34 0.1643 0.00770
[a] 108.4 1.5126 0.00570 21.73 2142 21.80 21.60 21.86 21.68 21.68 0.1570 0.00724
104.9 1.4588 0.00568  20.86 21.09 21.02 21.10 20.80 20.98 20.98 0.1223 0.00583
[b] 102.9 1.4236 0.00565  20.70 20.71 2046 20.50 2047 20.59 20.57 0.1130 0.00550
k] 102.8 1.1314 0.00449  20.38 2042 20.58 20.78 20.60 20.56 20.55 0.1429 0.00695
[a] 93.6 0.6595 0.00288 18.62 18.86 18.76 18.74 18.58 18.72 18.71 0.1009 0.00539
[1,2,3-cd] 61.5 0.6633 0.00440 1216 1220 1242 1234 1240 1230 12.30 0.1054 0.00857
[a, h] 96.5 1.0488 0.00444 19.35  19.10 1923 1945 1942 19.30 19.31 0.1295 0.00671
[g, h, idE 61.5 0.6000 0.00398 1220 1222 1238 1240 1244 1230 12.32 0.0991 0.00804
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#5 ZUFRMERTHEERT BRIAHEE
Table5 Combined uncertainty and expanded uncertainty of PAHs
U X(ng/ml)  x(ugkg) U X(ug/kg)
u(m) u(v) WS  u®  wWh  u®)
0.00002 0.00510 0.01506  0.05016  0.00581  0.00137  0.052957 12.60 5.04 0.53 5.04+0.53
0.00002 0.00510 0.01728  0.02760  0.00346  0.00720  0.033914 18.31 7.32 0.50 7.32+0.50
0.00002 0.00510 0.01729  0.03695  0.00255  0.00617  0.041651 18.68 7.47 0.62 7.47+0.62
0.00002 0.00510 0.01506  0.02755  0.00381  0.00692  0.032775 20.12 8.05 0.53 8.05+0.53
0.00002 0.00510 0.01506  0.03804  0.00400  0.00623  0.041889 21.00 8.40 0.70 8.40+0.70
0.00002 0.00510 0.01506  0.02743  0.00487  0.00755  0.032954 20.81 8.32 0.55 8.32+0.55
0.00002 0.00510 0.01506  0.03197  0.00552  0.00643  0.036698 21.28 8.51 0.62 8.51+0.62
0.00002 0.00510 0.01506  0.02961 0.00445  0.00770  0.034766 21.34 8.54 0.59 8.54+0.59
[a] 0.00002 0.00510 0.01506  0.01030  0.00570  0.00724  0.021067 21.68 8.67 0.37 8.67+0.37
0.00002 0.00510 0.01506  0.03379  0.00568  0.00583  0.038221 20.98 8.39 0.64 8.39+0.64
[b] 0.00002 0.00510 0.01506  0.02490  0.00565  0.00550  0.030578 20.57 8.23 0.50 8.23+0.50
[k] 0.00002 0.00510 0.01506  0.03810  0.00449  0.00695  0.042106 20.55 8.22 0.69 8.22+0.69
[a] 0.00002 0.00510 0.01459  0.04913  0.00288  0.00539  0.051865 18.71 7.48 0.78 7.48+0.78
[1,2,3-cd] 0.00002 0.00510 0.01506  0.05673  0.00440  0.00857  0.059699 12.30 4.92 0.59 4.92+0.59
[a,h] 0.00002 0.00510 0.01506  0.03599  0.00444  0.00671 0.04016 19.31 7.72 0.62 7.72+0.62
[g, h,i]dE 0.00002 0.00510 0.01506  0.05563  0.00398  0.00804  0.058549 12.32 4.93 0.58 4.93+0.58
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