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Abstract: A method in this paper was developed to measure 22 trace elements such as Cu, Pb, Zn, Cr, Ni,
Co, Cd, Cs, Mo, Bi, Sr, Ba, V, Sc, Be, Ga, U, Th, La, Li, TI, Sb in soil by inductively coupled plasma mass
spectrometry with automatic graphite digestion samples. The whole process of “adding acid-digestion-
removing acid-constant volume-shaking” was controlled by software with Rh and Re as internal standard. The
effects of acid dosage, method precision, accuracy and detection limit were studied by national standard soils
ubstances including GBW07401, GBW07405, GBW07456, GBW07408, GBW07430 and GBW07453. The
results show that as the soil samples were digested according to the digestion procedure, the measured values
were consistent with certified ones, while the RSD of components in sample was between 1.02% and 4.90%.
The precision is better than electric plate digestion recommended by national standard. The precision, accuracy
and detection limit meet the requirements of the specification of testing quality management for geological

laboratories. The amount of acid usedwas lower than that in the standard, the corresponding environmental
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pollution was also reduced, and the automation degree was high, which guaranteed the safety of experimental

personnel to the greatest extent and can be applied to the test of batch samples.

Key words: Automatic graphite digestion; inductively coupled plasma mass spectrometry; soil; trace elements
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Table 1 Reference operating conditions of inductively cou-

pled plasma mass spectrometry
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Table 2 Program of automatic graphite digestion instrument

IR FAS FARN S
1 AT 1 mLHNO,,2 mLHF,1 mL HCIO,
2 | 1 min
3 TR 210°C
4 ik 210°C , 220 min,
5 | 0.5 min
6 T 210%C , 5 min
7 TG 20% ) £7KZ) 10 mL
8 i 180°C , 7 min
9 el 10 min
10 ER 3% HNO, /EZZE 50 mL
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Table 3 Isotope mass number and internal standard isotope mass number

AFIEGR BRI THORIE WA EER RS R FHCAU PRIIEIE~ S

7L1 IO3Rh 95M0 1mRh WRu QQRu
(JBe I()3Rh l]ACd ](I3Rh ]I4Sn ”4Sn
4SSC 103Rh 44CalH 44Ca 232Th ISSRe
SIV l()3Rh lZISb ](BRh
52Cr 11)3Rh IBSCS ](BRh
59C0 1()3Rh I37Ba I(BRh ]]9Sn]60 II’QSrl
GONI 1()3Rh 44Ca160 44Ca 139La ISSRe
63Cu IOSRh 49Ti160 49Ti 2()5T1 ISSRe
66Zn lmRh SOTilﬁo SOTi ZOSPb ISSRe
71Ga lmRh SSMn160 55Mn 209Bi ISSRe
88Sr IOBRh 238U ISSRe
*4 BAENZN
Table 4 Effect of acid dosage
GBW07401 GBWO07405
JUHE 3mL 3.5mL 4mL 5mL iR 3mL 3.5mL 4mL  SmL  AVFHRE
RE/% RE/% RE/% RE/% Y /% RE/% RE/% RE/%  RE/% Yo/%
Cu 12.38 9.96 3.33 2.88 16.72 -11.24 6.89 2.78 2.96 11.94
Pb 10.12 9.06 7.14 5.43 12.81 -6.49 6.73 2.54 271 9.23
Zn 10.86 8.72 5.88 3.56 8.85 13.85 8.28 425 3.15 9.44
Cr -18.33 -12.37 2.90 -2.01 13.89 -19.14 -15.99 -6.78 2.96 12.39
Ni 16.00 9.24 4.41 445 16.80 10.00 6.82 3.25 2.88 14.99
Co -15.29 9.60 4.23 4.11 17.84 8.00 1.98 1.67 233 18.34
cd 15.86 8.82 6.51 4.63 21.63 18.67 10.34 222 2.68 30.00
Cs -11.28 8.76 2.56 3.06 19.22 14.76 408 0.67 1.02 17.68
Mo 22.35 7.25 10.00 5.66 25.75 14.00 7.13 435 2.64 21.40
Bi -18.86 10.96 4.17 3.56 26.36 -7.52 8.62 0.73 1.23 14.93
Sr 8.19 -9.47 0.65 1.96 11.78 12.40 2.88 -3.10 1.03 14.87
Ba 13.33 7.70 475 3.85 9.11 13.48 6.18 1.35 2.63 10.43
A 7.08 8.07 5.23 426 13.11 14.69 11.06 -7.23 5.24 11.63
Sc -16.44 -10.82 2.68 2.98 18.55 14.29 -4.26 -1.18 -1.96 17.32
Be 12.12 8.86 5.20 3.51 23.55 -7.89 =791 550 -2.63 24.38
Ga -8.75 9.09 1.55 3.03 16.96 10.85 7.47 0.94 1.21 15.58
§] 6.57 -8.98 273 2.93 22.55 10.83 5.97 1.23 1.02 20.26
Th 8.41 9.05 1.72 2.04 18.45 -8.36 7.35 -1.74  -1.06 16.47
La -11.00 14.29 235 2.98 15.42 -17.84 -4.03 -3.61 231 15.27
Li 11.67 6.12 3.71 2.63 15.34 -18.00 7.46 0.18 0.96 14.14
Tl -9.75 -12.54 -1.00 1.06 27.10 -7.91 4.07 1.25 1.96 25.23

Sb -39.36 -20.40 5.45 3.69 27.68 -6.00 6.04 -3.14 -2.36 15.34
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Table 5 Precision of the method

GBWO07408 GBWO07430 GBWO07453

TR FRvE(E / RSD/% RSD/%  #nifEfi/  RSD/% RSD/%  FrifEfi/  RSD/% RSD/%
(x10) (WAL (RBE) (<10 (ML) (RBW)  (x10°)  (TEMMY) (W)

Cu 243 1.79 2.17 32 1.30 1.53 28 2.65 2.70
Pb 21 1.54 3.07 61 1.58 1.82 40 3.26 3.48
Zn 68 2.35 248 100 1.02 1.58 81 1.57 2.28
Cr 68 3.16 7.83 67 2.11 4.96 62 2.73 4.10
Ni 31.5 1.36 2.07 274 1.69 2.08 24 1.78 2.58
Co 12.7 1.97 2.79 13.6 1.49 1.93 12.4 1.78 2.24
Cd 0.13 3.87 21.23 0.25 3.08 9.02 0.11 4.55 35.11%
Cs 7.5 1.67 2.57 13.9 1.13 1.87 9.8 1.41 2.07
Mo 1.16 4.54 21.03 1.15 2.69 3.09 1.1 2.97 3.44
Bi 0.3 3.99 4.94 1.44 1.40 3.52 0.98 1.74 3.89
Sr 236 1.92 2.08 68 1.47 1.54 55 1.30 2.20
Ba 480 1.50 2.99 411 1.59 1.74 340 1.66 2.90
\Y 81 1.78 2.31 105 1.72 1.90 87 2.38 3.54
Sc 11.7 1.85 2.37 14 1.06 1.54 11.7 1.98 2.39
Be 1.9 4.02 9.43 3.8 4.90 7.42 2.7 3.78 7.72
Ga 14.8 1.56 1.62 25.1 1.20 1.86 18.3 1.58 2.06
U 2.7 2.71 3.08 59 1.02 2.62 4 2.31 3.98
Th 11.8 2.44% 3.11% 28 1.98% 2.37% 20.6 4.71% 4.90%
La 36 2.50% 3.61% 67 1.56% 2.23% 44 3.40% 4.62%
Li 35 2.39% 2.44% 51 1.33% 2.06% 55 1.13% 2.80%
Tl 0.58 1.28% 2.66% 1.12 1.85% 3.30% 0.86 2.02% 3.41%
Sb 1 2.50% 6.91% 1.9 2.71% 2.76% 1.05 1.33% 2.05%
2.5 F3RERE TRIEEHRAE SRVFIRZETE I, J5 6 A T 12 52 0

TIPSR 3 TR E — bR GBWO7401, 25 Jit 845 BB I (] |- 78 0, 2006) il BoR, 4
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Table 6 Accuracy of the method
GBW07401 GBWO07405 GBW07456
JCE RN/ A / VPRI bR/ E(E / VPR bR/ e / JINGRES =

(x10°%)  (x10*) REP Yo%  (x10°)  (x10°) REV Yo%  (x10°)  (x10®) RES% Yu/%
Cu 21 21.7 3.33 16.72 144 148 278 11.94 54 558 333 1423
Pb 98 101 3.06 12.81 552 566 2.54 9.23 41 423 317 1493
Zn 680 710 4.41 8.85 494 515 425 9.44 127 133 472 12.22
Cr 62 63.8 2.90 13.89 118 112 -5.08 12.39 92 924 043 1295
Ni 204 21.3 4.41 16.80 40 413 3.25 14.99 43 444 326 1481
Co 142 14.8 423 17.84 12 12.2 1.67 18.34 19 187  -158  17.00
cd 43 458 6.51 21.63 0.45 0.46 2.22 30.00 0.59 0.63 678 2934
Cs 9 9.23 2.56 19.22 15 15.1 0.67 17.68 7.7 774 052 1971
Mo 1.4 1.49 6.43 25.75 4.6 4.8 435 21.40 0.84 087 357 2783
Bi 1.2 1.25 4.17 26.36 41 413 0.73 14.93 0.79 083 506  28.09
Sr 155 156 0.65 11.78 42 40.7 3.10 14.87 146 145  -0.68 1191
Ba 590 618 475 9.11 296 300 1.35 10.43 496 509 2.62 9.43
\Y% 86 90.5 5.23 13.11 166 158 -4.82 11.63 120 117 =250 1235
Sc 11.2 11.5 2.68 18.55 17 16.8 -1.18 17.32 14.2 143 070  17.84
Be 2.5 2.63 5.20 23.55 2 1.89 -5.50 2438 23 2.4 435  23.86
Ga 193 19.6 1.55 16.96 32 323 0.94 15.58 17.9 186 391 17.17
U 3.3 3.39 2.73 22.55 6.5 6.58 1.23 20.26 2.9 297 241 2301
Th 116 11.8 1.72 18.45 23 22.6 -1.74 16.47 13.2 137 379  18.06
La 34 34.8 2.35 15.42 36 347 -3.61 15.27 43 432 047 1481
Li 35 36.3 3.71 15.34 56 56.1 0.18 14.14 41 426 390 1493
Tl 1 099  -1.00 27.10 1.6 1.62 125 25.23 0.67 0.66  -149 2879
Sb 0.87 0.9 3.45 27.68 35 339 3.14 15.34 121 124 248 2633
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Table 7 Detection limits of the method ( x10™ )

JBR ATRE WL JuR ATiE RRETTA
Cu 0.36 0.6 \Y 2.24 0.3
Zn 0.167  0.03 Sc 0.08 0.1
Pb 0.23 0.5 Be 0.01 0.006
Cr 0.199 0.2 Ga 0.02 2
Ni 0.25 0.6 U 0.011  0.009
Co 0016 0.02 Th 0.001  0.003
cd 0.021  0.021 La 0.014 0012
Cs 0.004  0.003 Li 0.082 0.06
Mo 0013 0.02 Tl 0.004  0.003
Bi 0.04 0015 Ba 0.32 0.6
Sr 0.39 0.4 Sb 0.03 0.02
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Table 8 Determination results of the samples ( x10° )

. A190350001

A190350018

bR A A S s g RO 2E /% FVFRZE Yo% FRfE ik Az AShmssiifig X2 /% SRVFizE Ye/%

Cu 58.2 68.8 8.35 19.57 53 51.4 -1.53 20.25
Pb 51.8 442 -7.92 20.55 3.17 3.44 4.08 30.00
7n 55 64 7.56 19.79 106 125 823 17.58
Cr 29.5 252 -7.86 22.62 329 287 -6.82 14.64
Ni 10 10.4 1.96 26.64 145 155 3.33 16.76
Co 8.84 8.2 -3.76 27.43 50.6 48.8 -1.81 20.42
cd 0.18 0.2 5.26 30.00 0.092 0.058 22.67 30.00
Li 223 20.5 -4.21 23.57 7.36 6.26 -8.08 28.43
Cs 4.48 4.6 1.32 30.00 0.43 0.44 1.15 30.00
Mo 234 2.19 -3.31 30.00 1.41 1.35 217 30.00
Sb 0.29 0.26 -5.45 30.00 0.12 0.15 11.11 30.00
Bi 0.26 0.33 11.86 30.00 0.0043 0.0078 28.93 30.00
Sr 588 616 2.33 12.83 366 385 253 14.09
Ba 714 776 4.16 12.29 210 206 -0.96 15.78
\% 61.6 60.6 -0.82 19.70 145 158 4.29 16.73
Sc 6.86 6.45 -3.08 28.54 16.8 19 6.15 24.29
Be 232 2.03 -6.67 30.00 1.23 1.09 -6.03 30.00
Ga 21.2 20.3 -2.17 23.70 21.5 20.6 2.14 23.64
Tl 0.54 0.64 8.47 30.00 0.045 0.064 17.43 30.00
U 1.98 1.9 -2.06 30.00 0.57 0.53 3.64 30.00
Th 14.9 12.3 -9.56 25.42 2.8 2.44 -6.87 30.00
La 37.9 36.1 -2.43 21.49 16.2 14.8 452 24.87
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