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Determination of Heavy Metals in Soil by ICP-MS Combined
with Microwave/Electric Heating Plate Digestion

TAO Zhenyan, WANG Shen” , YE Shaozuo

(Zhejiang Province Wenzhou Ecological Environment Monitoring Center ,Wenzhou , Zhejiang 325000 ,China)

Abstract In order to improve the accuracy of heavy metals in soil, the content of heavy metals in soil was
determined by microwave digestion/electrothermal plate combined inductively coupled plasma mass
spectrometry (ICP-MS) . The effects of combined digestion solution and temperature on microwave
pretreatment were analyzed. The results show that the higher the proportion of HNO; in the digestion acid
solution, the higher the yield of Cr,Co,Cu,Cd and other heavy metals. HF can remove the residue and
improve the Cr and Cu yield. The optimal pretreatment digestion conditions were microwave digestion with
HNO, (6 mLL)+HF (2 mL),and HCIO, (1 mL) was removed on 155 °C electrothermal plate. Through the
practical application of soil standard samples GBW07401 (GSS-1) and GBWO07452 (GSS-23), the test
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precision and stability are significantly improved after the optimization of pretreatment conditions,and the
RSD of each element is 2.2%—5.3% and 3.1%—4.3% respectively. In addition, when Rh is used as
internal standard,the stability and accuracy of the method are higher than that of Sc and Ge. It provides a

reference for the revision of the soil heavy metal determination national standards.
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Table 1 Microwave digestion procedure b GBWOT401(GSS- 1) 43 JIR LK (V 2R 2 V
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Table 2 Comparative analysis results of combined digestion of nitric acid and hydrochloric acid

TLE 52Cr 9Co 63 Cu Hicd
b HERE - 5 {E/ . I 7E {8/ y W A/ . 8/ ,
ST g L /% L BE/% L EE/% L /%
(mg+ kg™ (mg -+ kg™ ) (mg+ kg™ 1) (mg+ kg™ 1)
HCI(6 mL)+
43.0 69. 4 11.1 78.0 16. 2 77.0 3.8 88. 4
HNO; (2 mL)
GSS-1 HCI(2 mL) +
42.5 68.5 11.8 83.0 17.3 82.4 3.9 90. 7
HNO; (6 mL)
HNO; (8 mL) 44. 6 71.9 13. 4 94. 4 18. 55 88.3 4.4 102
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Table 3 Comparative analysis of combined digestion of nitric acid and hydrofluoric acid
fl:? SZC‘, 59 Co 63 Cu IIICd
P L . e {8/ . I 5E {8/ . e {8/ . e {E/ ,
7~ L R/ CmR/Y% L /Y% LER/Y%
(mg + kg™ 1) (mg*» kg™ (mg + kg™ 1) (mg+ kg™ 1)
8 mLL. HNO; 44. 6 71.9 13.4 94. 4 18. 6 88. 6 4.4 102
GSS-1 6 mLL HNO; + _
55.1 88.7 13.1 92.2 20.1 95.7 4.5 105
2 mLL HF
8 mLL HNO; 56.5 68.9 16. 25 101 31.8 103 0.13 87.0
GSS-23 6 mLL HNO; +
74.3 90. 6 14.75 92.2 31.1 97.2 0.13 87.0
2 mLL HF
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Table 6 ICP-MS results of different internal standards /(pg+L7")
TG HE (N AR)
WK Cr(Sc) Cr(Rh) Co((}e)jﬁ%b = Co(Rh) Cu(Ge) Cu(Rh)
1 82.71 113. 54 18. 40 23.92 29. 47 37.94
2 87. 10 114. 10 18.93 24.09 30. 25 38. 17
3 95. 82 116. 71 20. 35 25.18 30. 35 37.32
4 94. 45 112. 04 19.79 24. 20 29.55 35.92
5 55. 38 104. 07 27.68 31.61 38.00 43. 30
6 55. 40 103. 68 27. 89 31.63 38.13 43.16
7 54.92 102. 65 25. 69 29. 87 35.72 41. 41
8 55.25 104. 70 25. 89 30. 55 35. 84 42.17

GSS-1 & 124.00 28.40 42.00
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Table 7 Precision test results(n=9)
PR RE i LR W E A/ (mg « kg™ 1) ¥ifti/(mg - kg~')  RSD/%
Cr 77.481 80.056 76.628 86.567 85.136 87.664 83.734 85.866 85.729 83. 207 4.9
Co 14.985 15.019 14.717 16.392 15.849 16.197 15.893 16.130 15.985 15. 685 3.9
Cu 30. 638 30.847 30.289 34.267 33.392 34.366 33.638 34.189 34.015 32. 849 5.3
GSS-23 Cd 0.187 0.193 0.189 0.190 0.188 0.190 0.178 0.182 0.177 0.186 3.0
As 13.585 13.597 12.871 14.263 13.816 13.758 13.326 13.396 13.320 13. 548 2.9
Pb 25.549 26.208 27.474 29.084 27.686 28.622 27.659 28.364 28.219 27.652 4.1
Ni 37.378 37.493 36.302 39.319 37.719 37.992 36.862 37.330 37.325 37.525 2.2
Mo 0.702 0. 745 0.707 0.761 0.715 0.713 0.696 0. 709 0. 704 0.717 3.0
Cr 58.002 62.543 62.322 56.750 61.077 58.721 60.485 59.027 64.221 60. 350 4.0
Co 13.866 14.347 14.341 12.762 14.108 13.429 13.663 13.257 14.559 13. 815 4.3
Cu 20. 530 20.981 21.742 19.574 20.889 19.532 20.297 19.554 21.663 20. 529 4.2
GSS1 Cd 4.478 4.576 4.510 4. 099 4.568 4.428 4. 361 4.166 4.599 4.420 4.1
) As 32.289 33.688 34.164 32.528 33.167 32.106 32.624 34.464 35.228 33.362 3.3
Pb 97.361 101.834 98.282 89.347 97.888 100.861 97.585 98.877 94.835 97. 430 3.7
Ni 18.471 19.530 19.686 17.486 18.796 17.831 18.243 18.868 19.642 18. 728 4.3
Mo 1.543 1. 542 1. 560 1. 428 1. 575 1.537 1.497 1. 496 1. 575 1.528 3.1
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