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[ Abstract | Objective: To establish a method for the simultaneous determination and analysis of 18 trace
elements and heavy metals in Platycladi Cacumen, including Pb, TI, Hg, Dy, Ba, Sb, Sn, Cd, Ag, Mo,
Se, As, Cu, Ni, Mn, Cr, Al, Be, Ge and In by using Inductively Coupled Plasma Mass Spectrometry ( ICP-
MS), and provide an experimental basis for revising and improving the quality standard of the Platycladi Cacumen
and improving the quality control of the Platycladi Cacumen. Method: After the samples were digested via
microwave, Ge was used as the internal standard for the elements with the mass number of less than 100, and In
was used as the internal standard for the elements with the mass number of more than 100 to analyze the contents of

the 18 trace elements and heavy metals by using ICP-MS. Result; The detection limits of the 18 elements were in
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the range of 0.224-1.792 pg - L.
selected concentration ranges ( R® = 0.974 6 ), with the average recovery from 81.0%-117.1% . In the

The 18 trace elements and heavy metals showed the good linearity in the

determination of 63 batches of Platycladi Cacumen samples from different regions, four elements of Hg, Cu, Cd
and Sb were low, As was not detected, some of Ba samples exceeded the limit, most of Pb samples was beyond the
limit, Al was far beyond the limit; Ni, Cr, Mn, Al, Cu and Ba were the main inorganic elements in Platycladi
Cacumen, whcih can be used as the characteristic elements; and Platycladi Cacumen samples from different regions
showed some clustering characteristics. Conclusion: The established method is simple with fast analysis and high

sensitivity ; the internal standard method can improve the precision and accuracy of test results, and the method is

suitable for determination of heavy metals and trace elements in Platycladi Cacumen.
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Table 1 Sample number and source of Platycladi Cacumen
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Table 2 Linear relationship, detection limit, precision and repeatability test results of each element
A -
% 10y B r /::LFE fim s G RSD
/mg-kg " /%
Be Y =48.231 0X +48.890 0 0.987 9 1.142 0 2.2 0. 008 -
Al Y =120.509 0X +637.800 0 0.991 3 1.792 0 3.8 54.508 7.6
Cr Y=11624.689 4X +13 159.550 0 0.989 5 0.405 6 1.5 0. 600 3.5
Mn Y =3987.897 5X +4 761.836 7 0.988 3 0.3385 2.1 10. 906 2.1
Ni Y =6236.3334X +9 079.116 7 0.988 7 0.365 6 1.7 1. 286 4.6
Cu Y =17 086. 896 8X +33 918.576 7 0.989 0 0.293 3 1.8 2.112 6.5
As Y =361.263 4X +290 764.453 3 0.990 7 0.188 8 1.9 - -
Se Y=65.0143X +61.113 3 0.989 7 0.789 2 3.9 0.039 2.2
Mo Y =7046.501 2X +7 142.723 3 0.988 8 0.464 4 2.7 0.324 5.8
Ag Y =7 664.227 7X +10 055.406 7 0.974 1 0.595 6 3.1 0. 024 3.6
Cd Y =2875.153 5X +2 760.573 3 0.988 7 0.384 7 1.1 0. 056 2.5
Sn Y =4894.766 6X +4 710.736 7 0.989 4 0.413 4 2.9 0.019 2.9
Sh Y=6335.116 6X +7 935.320 0 0.988 7 0.347 1 4.5 0. 024 -
Ba Y =1 884.221 6X +2 080. 166 7 0.988 9 0.224 5 2.0 8.251 5.6
Dy Y =8 840.804 3X +1 926.823 3 0.9859 0.238 1 3.3 0. 006 -
Hg Y =1369.403 4X +2 858.076 7 0.989 4 0.319 7 1.9 0.012 -
T Y =3230.695 1X +4 477.370 0 0.988 5 0.230 6 2.5 0.031 6.8
Pb Y =324.396 6X +328.896 7 0.979 9 0.256 7 2.5 1. 048 4.9
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Table 3 Element test of 63 batches of Platycladi Cacumen mg-kg ™!
K Be Al Cr Mn Ni Cu Ph Se Mo  Ag cd Sn Sh Ba Dy He TI
1 0.008 54.508 0.600 10.905 1.285 2.112 1.048 0.039 0.324 0.024 0.056 0.019 0.024 8251 0.006 0.012 0.031
2 0.019 75.801 0.619 89.951 1.571 2.119 8505 0.121 0.033 0.057 0.012 0.091 0.270 41.535 0.003 0.033 0.535
3 0.014 94.295 0.778 27.772 1.281 1.957 3.982 0.109 0.013 0.032 0.012 0.034 0.158 21.633 0.001 0.035 0.112
4 0003 62052 0.334 28.646 2.317 2328 9.115 0.100 0.001 0.025 0.177 0.012 0.659 42.408 0.002 0.021 0.034
5 0005 70.172 0.472 13.828 1.162 2.228 11.659 0.071 0.009 0.012 0.062 0.032 0.026 12.041 0.029 0.024 0.025
6 0.012 340.822 2.121 31.441 2.350 2.249 15.679 0.041 0.265 0.036 0.052 0.356 0.359 13.233 0.028 0.001 0.005
7 0.041 350.222 2.426 26.994 2.469 1.907 41.175 0.188 0.058 0.032 0.035 0.035 0.095 11.275 0.032 0.019 0.135
8 0.045 129.124 0.735 16.119 1.000 2.078 183.679 0.073 0.032 0.036 0.145 0.311 0.163 3.312 0.025 0.044 1.054
9 0.034 167.899 0.780 27.413 1.076 2.097 31.447 0.042 0.024 0.025 0.044 0.011 0.364 10.682 0.002 0.013 0.084
10 0.023 191.711 1.412  25.470 1.528 1.206 41.270 0.031 0.014 0.015 0.032 0.125 0.025 12.451 0.009 0.035 0.039
11 0.021 202.970 2.274 19.857 2.905 1.778 10.882 0.046 0.231 0.016 0.032 0.035 0.258 15.909 0.010 0.041 0.664
12 0.026 181.427 1.534 22.473 1.551 1.729 24.937 0.004 0.064 0.025 0.052 0.035 0.165 11.305 0.014 0.021 0.258
13 0.034 150.031 1.071 26.214 1.212 1.610 43.140 0.001 0.038 0.024 0.012 0.025 0.115 8952 0.001 0.035 0.625
14 0.016 232.697 1.705 15.464 2.762 1.867 62.358 0.010 0.060 0.036 0.005 0.015 0.135 11.448 0.014 0.042 0.046
15 0.036 110.895 1.503  8.166 2.819 2.267 93.357 0.033 0.048 0.038 0.051 0.106 0.115 21.065 0.025 0.037 0.031
16 0.036 82.496 0.944 5.430 4.279 2.433 51.788 0.038 0.021 0.031 0.092 0.060 0.205 14.612 0.036 0.032 0.039
17 0.024 129.670 1.078 10.136 1.606 2.253 90.302 0.047 0.089 0.021 0.082 0.169 0.138 25.209 0.089 0.019 0.030
18 0.043 125.866 0.869 16.772 1.517 1.254 61.596 0.030 0.082 0.015 0.084 0.398 0.138 4.554 0.001 0.028 0.015
19 0.015 280.931 1.699 17.159 2.704 1.662 59.106 0.038 0.068 0.006 0.035 0.018 0.159 7.275 0.021 0.023 0.085
20 0.034 48.450 0.550 16.342 1.253 1.777 16.858 0.039 0.172 0.018 0.002 0.010 0.121 6.265 0.352 0.024 0.529
21 0.054 273.154 3.582 20.861 4.499 1.839 152.665 0.114 0.212 0.009 0.138 0.075 0.003 13.650 0.026 0.031 0.091
22 0.014 137.893 0.865 35.300 2.312 2.082 72.774 0.062 0.098 0.021 0.325 0.035 0.18 16.666 0.015 0.027 0.004
23 0.024 434.557 3.228 31.212 3.459 2.322 381.270 0.161 0.048 0.035 0.081 0.056 0.002 16.173 0.043 0.037 0.353
24 0.025 285.789 3.326 23.039 3.302 1.692 152.543 0.029 0.058 0.005 0.084 0.025 0.106 8.665 0.026 0.021 0.071
25 0.035 69.700 0.417 33.627 1.959 2.858 55.408 0.021 0.025 0.082 0.003 0.159 0.064 15.375 0.321 0.025 0.007
26 0.039 87.144 0.511 105.418 4.537 2.490 88.573 0.221 0.036 0.092 0.422 0.017 0.015 89.561 0.210 0.032 0.006
27 0.025 121.233 0.855 16.094 1.093 1.650 123.907 0.072 0.081 0.085 0.033 0.080 0.082 7.172 0.058 0.015 0.091
28 0.015 89.369 0.739 17.316 1.338 1.803 61.197 0.109 0.019 0.026 0.024 0.026 0.039 18.931 0.007 0.005 0.028
20 0.002 245.447 3.150 23.563 5.071 1.692 174.305 0.061 0.024 0.045 0.035 0.004 0.108 6.443 0.022 0.009 0.047
30 0.042 121.183 1.045 30.726 1.837 1.943 75.269 0.062 0.028 0.065 0.263 0.014 0.057 13.921 0.019 0.099 0.022
31 0.039 259.990 2.850 22.723 3.722 2.114 272.544 0.146 0.005 0.082 0.013 0.009 0.035 15.499 0.051 0.025 0.177
32 0.006 271.284 3.244 28.955 5.139 2.205 317.528 0.070 0.009 0.065 0.012 0.082 0.065 11.159 0.022 0.031 0.182
33 0.038 362.806 4.586 26.470 5.355 1.971 192.292 0.042 0.081 0.042 0.054 0.007 0.057 10.254 0.041 0.005 0.101
34 0.026 184.950 1.758 32.188 2.548 1.957 78.195 0.036 0.115 0.062 0.051 0.025 0.158 11.175 0.010 0.015 0.128
35 0.016 222.593 1.959 25.022 2.603 2.027 379.337 0.075 0.074 0.042 0.032 0.028 0.105 14.823 0.023 0.038 0.359
36 0.002 121.328 0.848 31.592 2.102 2.070 147.484 0.050 0.065 0.082 0.023 0.043 0.019 19.962 0.002 0.781 0.088
37 0.062 225.449 2.263 13.559 2.369 2.393 213.292 0.102 0.264 0.047 0.058 0.095 0.016 8551 0.016 0.043 0.034
38 0.075 257.219  1.401 11.109 2.356 1.439 40.251 0.065 0.040 0.049 0.024 0.052 0.005 7.437 0.007 0.005 0.043
39 0.008 203.722 1.953 15.695 1.527 2.217 58.971 0.028 0.193 0.032 0.064 0.011 0.115 10.560 0.011 0.101 0.246
40  0.025 538.848 8.564 36.102 8.059 2.272 14.147 0.085 0.067 0.051 0.104 0.127 0.108 17.057 0.042 0.021 O.185
41 0.018 637.548 4.621 17.601 5.026 2.070 14.320 0.102 0.040 0.053 0.023 0.146 0.137 13.959 0.045 0.021 0.220
42 0.098 210.465 1.331 11.696 2.815 2.610 33.683 0.025 0.093 0.082 0.134 0.025 0.128 7.809 0.006 0.325 0.402
43 0.180 202.014 0.896 32.595 1.475 1.439 21.302 0.043 1.462 0.032 0.242 0.015 0.168 104.561 0.033 0.025 0.181
44 0.016 195.739 1.371 16.365 2.641 2.183 2.864 0.024 0.041 0.072 0.099 0.053 0.151 23.295 0.018 0.205 0.116
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Gk 3

Hv Be Al Cc  Ma  Ni  Cu  Pb Se Mo Ag Cd  Sm Sh  Ba Dy Hg TI
45 0.035 132.977 0.893 13.405 1.098 2.907 0.848 0.036 0.259 0.052 0.067 0.035 0.136 11.636 0.078 0.014 0.055
46 0.012 208.025 1.206 33.201 1.341 1.517 4.652 0.052 1.612 0.081 0.266 0.027 0.125 109.959 0.031 0.034 1.433
47 0.055 879.040 8.007 51.392 8.008 5.296 8.810 0.257 0.489 0.166 0.139 0.547 0.150 39.525 0.103 0.165 0.127
48 0.048 1303.359 4.619 38.795 4.927 4.027 9.557 0.311 0.374 0.102 0.198 0.392 0.127 37.245 0.130 0.157 0.066
49 0.049 209.470 1.522 39.717 4.832 3.027 3.353 0.103 0.320 0.048 0.278 0.197 0.057 120.744 0.053 0.119 0.080
50 0.036 698.990 5.502 49.557 5.090 5.199 10.087 0.275 0.324 0.108 0.119 0.423 0.143 24.369 0.089 0.201 0.105
51 0.011 615.361 5.385 31.123 5.085 6.436 7.976 0.185 0.296 0.070 0.216 0.406 0.140 34.825 0.072 0.123 0.062
52 0.021 495.011 8.353 63.000 7.197 3.339 5.267 0.144 0.371 0.041 0.105 0.278 0.082 31.264 0.054 0.082 0.032
53 0.116 3087.788 14.702 92.375 10.287 5.283 7.963 1.097 0.520 0.091 0.116 0.547 0.107 41.173 0.382 0.529 0.074
54 0.006 287.018 1.862 49.783 6.974 4.146 7.316 0.130 0.265 0.090 0.054 0.282 0.043 71.937 0.354 0.149 0.019
55 0.018 586.193 3.361 74.474 6.577 3.000 4.954 0.129 0.322 0.034 0.055 0.201 0.045 41.660 0.660 0.124 0.023
56 0.029 1126.593 8.757 28.636 15.629 4.495 6.482 0.297 0.257 0.051 0.081 0.255 0.084 26.468 0.095 0.071 0.033
57 0.008 244.975 1.500 56.358 5.335 3.814 10.714 0.389 0.129 0.063 0.208 0.403 0.185 30.962 0.095 0.106 0.061
58 0.026 227.605 1.886 49.013 5.886 8.090 1.824 0.200 0.281 0.023 0.182 0.151 0.041 36.454 0.034 0.154 0.033
59 0.030 629.566 3.374 56.607 6.115 3.594 10.197 0.286 0.332 0.073 0.444 0.807 0.336 37.784 0.094 0.947 0.083
60 0.041 872.097 10.110 64.607 13.671 6.083 15.902 0.317 0.434 0.112 0.190 0.496 0.146 22.494 0.104 0.107 0.050
61 0.028 617.953 3.648 30.467 5.364 4.071 8505 0.183 0.151 0.048 0.147 0.219 0.104 22.637 0.071 0.052 0.048
62 0.009 593.416 4.204 49.445 17.445 2.596 2.447 0.085 0.249 0.018 0.097 0.126 0.018 35130 0.077 0.056 0.018
63 0.008 600.900 2.987 75.031 6.070 3.485 3.787 0.136 0.966 0.034 0.075 0.152 0.034 71.522 0.076 0.059 0.018
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