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Simultaneous Determination of Eleven Kinds of Metal Elements
in Soil by ICP-MS with Microwave Digestion

WANG Qian,ZHI Junqgiang,SHI Ao,ZHANG Jianmiao
(Beijing Monitoring Station for Animal Husbandry Environment ,Beijing 102200 ,China)

Abstract Weighing 0. 25 g samples, then adding 5 mL nitric acid and 2 ml hydrofluoric acid. The samples
were decomposed by microwave digestion technique. Using rhenium as internal standard of arsenic, plumbum and
thallium,rhodium as internal standard of cadmium, cobalt, chromium and nickel, bismuth as internal standard of
beryllium, cuprum and zinc, terbium as internal standard of vanadium,the method of microwave digestion and ICP-
MS in KED mode was established which could conduct the simultaneous determination of eleven kinds of metal
elements of beryllium,arsenic,cadmium, cobalt, chromium, cuprum, nickel, plumbum, thallium, vanadium and zinc in
soil. The method had good linear relationship and the linear correlation coefficients of eleven metal elements were all
over 0. 999. The detection limit was between 0. 002 mg/kg and 0. 054 mg/kg. The accuracy of this method was
validated by determining and analyzing the soil reference materials GSS-17 and GSS-18. The results showed that the
determination results of the soil reference materials were within the scope of the standard value,and the relative
standard deviation was between 0.29% and 5.33% . This method was rapid and reliable for the simultaneous
determination of multiple metal elements in soil.
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Table 1 Working parameters of ICP-MS
¥ Bl 24 Bl
Sy, W 1400 EEE WIS ik 0

Lt Ja] /s 0.75
AALES Tr=%/% 2.2
WL B T =%/ % 1.0

AR /(L e min~ 1) 1.12
ST ASRHR/ (L min) 15

WBh R/ (L s min D) 1.2

1.3 tRAEBRRAES

FEMIC R EF Be,As,Cd.Co.Cr,Cu,Ni,Pb, Tl,
V. Zn, FHZ 0 R IR A b5 WA 25 % W i HNO; (1%0)
VIR R R B F) 0.5,1,10,20,50,200,500 pg/L,
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ROV T A . i AR R BEARE BT T4, %
Wof AV ) 2 A T 00 5 | A % 5 B O A8 . AR T A
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2.3 tRAEMZFMEXRE

¥ Be.As,Cd,Co,Cr,Cu,Ni,Pb,TI,V.Zn 4>
JBIC R IR A ARV W R AT A2, DL os R me R fH
TP A e O (L ) B R A A 4500 R VR I (pg/ 1)
R AL B 8 400 SR A M [T T R R AE DG R B A
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Table 2 Equation of linear regression

and correlation coefficient

TR 2|l 19 75 HH O F B
Be y=0.001x 0.999 9
As y=0.001z 0.999 9
Cd y=0.005x 0.999 9
Co y=0.053x 0.999 2
Cr y=0.024x 0.999 9
Cu y=0.015x 0.999 9
Ni y=0.017x 0.999 9
Pb y=0.052x 0.999 7
Tl y=0.074x 0.999 7
v y=0.005x 0.999 9
Zn y=0.001x 0.999 9

2.4 FEMEBENBZE

FH 3G TR AR T BT x 7 125 1) A B RORG 9%
PEATIRAE » BEH T ARk £ 3 RE B GBWO07446 (GSS-17)
M GBWO7447(GSS-18) , 44 B 52 96 7 125 X B iy #E AT
B AL B, B S AL S8 B LI SE . AR A
TP AE 6 W, 43 il 3t B3 A [l B 09 1 2 8 L A X A
W2 S 4S5, Mk 3 xR, 1l MEREITR
N0 s B I 5 SF- X A 38 78 A (RS LN RH X bR
AR 25 7E 0. 29 %6 ~5. 3 %0 , 1 B FIKS 25 7% &
2.5 FEHKHR

At R A% 42100 2 SO AT AE 11 RO A 1Y
b 22 19 3 Af T H 5 45 2R 7390 0 Be 0. 002 mg/kg.,
As 0. 007 mg/kg,Cd 0. 002 mg/kg,Co 0. 005 mg/kg,
Cr 0. 054 mg/kg,Cu 0.017 mg/kg,Ni 0. 016 mg/kg,
Pb 0.004 mg/kg, Tl 0. 017 mg/kg,V 0.003 mg/kg,
Zn 0. 053 mg/kg, 11 Fh4:J@ 0% 6 H BRAE 0. 002~
0. 054 mg/ kg, % W I 5 2 HAT 8= B K 1 BE
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Table 3 Determination results,accuracy and precision of the method(n=26)
. bR uEAE/ FHE/ RSD/
E T E D) BT 5 i/ c kg hH)
JLER P ) 5 (mg kg1 W AF/ (mg « kg (mg+ ke D) %
B GSS-17 1.34+0.1 1. 22 1. 28 1. 29 1. 30 1. 24 1. 29 1. 27 2.5
¢ GSS-18 1.7+0.1 1.72 1.71 1.78 1.72 1. 77 1.70 1.73 1.9
A GSS-17 6.2+0.4 6. 29 6.02 6.18 6.11 6.23 6. 27 6.18 1.7
s GSS-18 10.740.5 10. 62 10. 49 10. 52 10. 68 10. 77 10. 66 10. 62 0. 98
cd GSS-17 0.05840.011 0.058 0.061 0. 056 0.058 0. 065 0.061 0. 060 5.3
’ GSS-18 0.15%+0.01 0. 145 0. 148 0.148 0.153 0.142 0. 146 0.15 2.5
C GSS-17 5.0%£0.2 5.12 4. 96 4. 88 5.06 5.04 5.08 5.02 1.8
© GSS-18 10.240.3 10. 22 10. 38 10. 33 10. 18 10. 12 10. 12 10. 23 1.1
c GSS-17 2545 22. 44 23.42 22.81 22.15 23.83 24. 22 23. 15 3.5
. GSS-18 5542 55.55 56. 45 56. 62 55.53 55.29 55.44 55. 81 1.0
C GSS-17 12.640.6 12. 22 12. 30 12. 28 12.22 12. 31 12. 28 12. 27 0.32
" GSS18 19.540.5 19.37  19.25  19.23  19.33  19.35  19.28 19. 30 0. 29
Ni GSS-17 9.6+0.6 9. 34 9.24 9.21 9.48 9.25 9. 33 9.31 1.1
' GSS-18 25+1 24.55 24.61 24.52 24. 84 24.62 24.63 24.63 0. 46
Pb GSS-17 17.4+1.1 17.62 17. 15 17. 44 17.52 17. 33 17. 38 17. 41 0.93
GSS-18 2041 19. 81 19. 45 19. 42 19. 88 19.53 19. 24 19. 56 1.3
Tl GSS-17 0.512£0. 04 0. 494 0. 502 0.496 0.515 0.498 0.511 0. 50 1.7
GSS-18 0.552£0.02 0.533 0. 541 0. 544 0.552 0. 548 0. 548 0. 54 1.2
v GSS-17 4044 37. 39 37.12 37. 56 38. 25 37.62 38. 88 37. 80 1.7
GSS-18 6645 65. 37 66.19 65.55 66. 12 65. 32 65.78 65.72 0. 57
7 GSS-17 2942 27.28 27. 65 27.81 28. 14 27. 34 27.55 27.63 1.2
" GSS-18 6312 64. 66 63.21 64. 54 64.11 63.72 63. 26 63.92 0.98
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