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Evaluation of uncertainty in determination of cadmium in rice by inductively
coupled plasma mass spectrometry using top-down control chart
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ABSTRACT: Objective To evaluate the uncertainty of determination of cadmium content in rice by inductively
coupled plasma mass spectrometry (ICP-MS) using top-down technique control chart method. Methods According to
the analysis method specified in GB 5009.268—2016 National food safety standard-Determination of multi elements in
food, the cadmium (CD) content in quality control samples of rice was determined. The 30 groups of data obtained in
half a year were analyzed and evaluated by Top-down technology principle. Results The results of the performance
test of the measurement system could be obtained that the test of normality (4,>") and independence test (4> yr) were
less than 1, which showed that the normal state of the measurement system was independent under 99% probability. The
result of the expanded uncertainty was U=0.52 pg/kg. Conclusion Top-down technology can be used to evaluate the
uncertainty of the detection results of edible agricultural products in food inspection. The technology is simpler in
establishing mathematical model and more flexible and convenient for the evaluation of the uncertainty results.
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Table 2 AZand A% statistical calculation results

i SRx/ngke)  xTHF(uglke) wi P Dot 2l () In(lpea) 4

1 91.95 55.3 ~1.9575 0.0251 0.9801 1 ~3.6830  -0.020096  -3.70314
2 81.52 55.6 ~1.9357 0.0265 0.9150 3 ~3.6323  —0.088785  —11.16329
3 86.70 61.4 ~1.5140 0.0650 0.9092 5 27331 -0.095141  -14.14116
4 90.31 62.5 ~1.4340 0.0758 0.8981 7 ~2.5798  -0.107497  -18.81113
5 83.50 65.1 ~1.2449 0.1066 0.8509 9 —2.2389  -0.161487  -21.60348
6 96.53 72.4 ~0.7142 0.2376 0.8100 11 ~14374 0210662  -18.12824
7 90.91 72.4 ~0.7142 0.2376 0.7791 13 ~14374 0249671  -21.93140
8 76.66 75.1 ~0.5179 0.3023 0.7603 15 ~1.1964  —0.274065  -22.05754
9 85.92 75.1 ~0.5179 03023 0.7362 17 ~1.1964  -0.306287  -25.54633
10 86.30 75.6 ~0.4815 03151 0.7217 19 ~1.1550  -0.326111  -28.14041
11 78.62 76.7 ~0.4045 0.3429 0.6276 21 ~1.0702  -0.465851  -32.25733
12 83.27 78.6 ~0.2620 0.3967 0.6165 23 ~0.9246 0483622  -32.38991
13 94.30 81.2 ~0.0744 0.4704 0.6060 25 ~0.7543  —0.500948  -31.38040
14 83.80 81.5 ~0.0511 0.4796 0.5456 27 ~0.7348  —0.605793  -36.19507
15 75.10 83.3 0.0761 0.5303 0.5370 29 ~0.6342  -0.621782  -36.42456
16 101.10 83.5 0.0928 0.5370 0.5303 31 ~0.6218  —0.634238  -38.93660
17 110.50 83.8 0.1147 0.5456 0.4796 33 ~0.6058  —0.734765  —44.23842
18 75.10 85.9 0.2688 0.6060 0.4704 35 ~0.5009  -0.754268  -43.93256
19 75.60 86.3 0.2964 0.6165 0.3967 37 ~0.4836  -0.924635  -52.10551
20 62.50 86.7 0.3255 0.6276 0.3429 39 ~0.4659  -1.070212  -59.90648
21 92.80 90.3 0.5880 0.7217 03151 41 ~0.3261  -1.154964  —60.72405
22 65.10 90.9 0.6316 0.7362 0.3023 43 ~0.3063  -1.196438  —64.61718
23 55.30 92.0 0.7072 0.7603 0.3023 45 ~02741  -1.196438  —66.17262
24 72.40 92.8 0.7690 0.7791 0.2376 47 ~0.2497 1437360  —79.29044
25 81.20 94.3 0.8781 0.8100 0.2376 49 ~0.2107 1437360  -80.75307
26 100.60 96.5 1.0402 0.8509 0.1066 51 ~0.1615  -2.238900  —122.41973
27 55.60 99.7 1.2707 0.8981 0.0758 53 ~0.1075  -2.579808  —142.42712
28 99.70 100.6 1.3361 0.9092 0.0650 55 ~0.0951  -2.733090  —155.55271
29 72.40 101.1 1.3725 0.9150 0.0265 57 ~0.0888  -3.632311  -212.10249
30 61.40 110.5 2.0559 0.9801 0.0251 59 ~0.0201  -3.683045  -218.48530
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Table 3 A%gzand A%y statistical calculation results

i R x/(ugkg) i THF/(ug/kg) MR wi pi Prrtei 2i-1 In (p) In (1-po) A

1 91.95 55.3 —2.01988 0.0217 0.9831 1 -3.8305 —0.017087 —-3.84763
2 81.52 55.6 10.43 -1.99737 0.0229 0.9216 3 -3.7770 -0.081593 —-11.57565
3 86.70 61.4 5.18 —-1.56223 0.0591 0.9160 5 —2.8282 —0.087728 —14.57986
4 90.31 62.5 3.61 -1.47971 0.0695 0.9051 7 —2.6668 -0.099704 -19.36536
5 83.50 65.1 6.81 —1.28464 0.0995 0.8584 9 —2.3080 —0.152629 —22.14578
6 96.53 72.4 13.03 -0.73696 0.2306 0.8176 11 -1.4672 -0.201443 —-18.35498
7 90.91 72.4 5.62 —-0.73696 0.2306 0.7863 13 —-1.4672 —0.240460 —22.19948
8 76.66 75.1 14.25 —0.53440 0.2965 0.7672 15 -1.2156 -0.264966 —22.20844
9 85.92 75.1 9.26 —-0.53440 0.2965 0.7427 17 -1.2156 —0.297444 —25.72169
10 86.30 75.6 0.38 —0.49689 0.3096 0.7280 19 -1.1724 -0.317478 —-28.30698
11 78.62 76.7 7.68 -0.41736 0.3382 0.6315 21 —-1.0841 -0.459624 -32.41813
12 83.27 78.6 4.65 —0.27031 0.3935 0.6201 23 —0.9328 —0.477794 —32.44312
13 94.30 81.2 11.03 -0.07675 0.4694 0.6093 25 -0.7563 -0.495526 -31.29506
14 83.80 81.5 10.50 —0.05274 0.4790 0.5471 27 —-0.7361 —0.603141 -36.16006
15 75.10 83.3 8.70 0.07855 0.5313 0.5382 29 —-0.6324 -0.619594 -36.30839
16 101.10 83.5 26.00 0.09581 0.5382 0.5313 31 —0.6196 —0.632419 —38.81242
17 110.50 83.8 9.40 0.11831 0.5471 0.4790 33 —-0.6031 -0.736120 —44.19563
18 75.10 85.9 35.40 0.27737 0.6093 0.4694 35 —0.4955 —0.756276 —43.81309
19 75.60 86.3 0.50 0.30587 0.6201 0.3935 37 -0.4778 -0.932776 -52.19111
20 62.50 86.7 13.10 0.33588 0.6315 0.3382 39 —-0.4596 -1.084096 -60.20510
21 92.80 90.3 30.30 0.60672 0.7280 0.3096 41 -0.3175 -1.172363 -61.08348
22 65.10 90.9 27.70 0.65174 0.7427 0.2965 43 —-0.2974 -1.215597 —65.06075
23 55.30 92.0 9.80 0.72976 0.7672 0.2965 45 —-0.2650 -1.215597 —66.62533
24 72.40 92.8 17.10 0.79353 0.7863 0.2306 47 —-0.2405 —-1.467192 —-80.25964
25 81.20 94.3 8.80 0.90607 0.8176 0.2306 49 -0.2014 -1.467192 -81.76311
26 100.60 96.5 19.40 1.07337 0.8584 0.0995 51 —0.1526 —2.308014  —125.49276
27 55.60 99.7 45.00 1.31120 0.9051 0.0695 53 —-0.0997 -2.666776  —146.62344
28 99.70 100.6 44.10 1.37872 0.9160 0.0591 55 —0.0877 —2.828244  -160.37845
29 72.40 101.1 27.30 1.41624 0.9216 0.0229 57 —0.0816 -3.776956  -219.93729
30 61.40 110.5 11.00 2.12146 0.9831 0.0217 59 -0.0171 -3.830542  -227.01011
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Fig.1 X-figure of determination of cadmium in quality control
sample rice by ICP-MS method
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Table 4 Z value for feasibility evaluation of 30 groups of data

Fe 2 25 58 x/(ng/kg) Z 45 EH/ (ng/kg)
1 91.95 0.51
2 81.52 0.19
3 86.70 0.35
4 90.31 0.46
5 83.50 0.25
6 96.53 0.65
7 90.91 0.48
8 76.66 0.05
9 85.92 0.33
10 86.30 0.34
11 78.62 0.11
12 83.27 0.25
13 94.30 0.58
14 83.80 0.26
15 75.10 0.00
16 101.10 0.79
17 110.50 1.07
18 75.10 0.00
19 75.60 0.02

20 62.50 0.38
21 92.80 0.54
22 65.10 0.30
23 55.30 0.60
24 72.40 0.08
25 81.20 0.18
26 100.60 0.77
27 55.60 0.59
28 99.70 0.75
29 72.40 0.08
30 61.40 0.42

e XF8EAE: 75.1 pg/kg, o pRifEE: 33.0 pg/kg, AL R: 1Z7]<2,
MRRZE R A 2<(Z<3, MHAZERA R BE); |Z|=3, WhHASs
T (B
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