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Table 1  Grinding test of soil sample
R O | S a3 42 ST s
— SRR R HEXT R REAE (m) ek AR
75% 85% 98% (pm)
F- s 20.7 33.8 54.3 14.1
KA BT 6.93 9.46 17.5 4.58
LIEAN R 4.13 4.97 6.76 3.08

2.2 SRR R E R

B IEARUEY) T GBWO7407 I GBWO7455 il
i PR T PRI, SR R P I 2 Tl RS T A £
FLRIERE,ICP - MS I E L5 R LR 2, SLIRE Rk
W1, A G 2R 0 5 LA EE D R S A A, 3 i )
RIERERE SRR A B 2 10w DUF, B2 [ 1A
BRI RAFAE ORI 47 o
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Table 2 Analytical results of soil slurry sampling ( standard
solution as a calibration curve)
GBW07407 GBWO07455
JUR [ NE MEM MR | AEM WEE AR
(x107%) (x107%) (%) (x107%) (x107%) (%)
Li 19.5 7.11 63.5 31.0 11.5 62.8
Be 2.80 1.12 60.0 1.90 0.67 64.8
A 245 83.9 65.8 72.0 51.6 28.3
Cr 410 216 47.3 61.0 38.4 37.0
Ni 276 100 63.8 26.0 18.9 27.3
Cu 97.0 33.0 66.0 19.1 14.3 25.1
Zn 142 57.6 59.4 62.0 43.3 30.2
Rb 16.0 5.60 65.0 91.0 38.4 57.8
Sr 26.0 8.05 69.0 184 80.0 56.5
Cd 0.08 0.051 36.3 0.14 0.098 30.3
Cs 2.70 1.20 55.6 6.00 2.69 55.1
Ba 180 36.4 79.8 504 159 68.4
Pb 14.0 7.56 46.0 21.0 12.3 41.4

DAAR ) S5 ] 4 8 2 T 2 A T AR R 42, ik
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Table 3 Analytical results of soil slurry sampling ( standard

substance slurry as a calibration curve)

GBW07426
JOER| R R MR AvRiR R
(x1079) (x1076) (%) (%)

GBW07430
B HHRE RvFRE
(x107%) (x107%) (%) (%)

Li 36.0 40.9 13.5 15.3 51.0 51.1 0.10 14.4
Be 2.04 2.25 10.3 24.3 3.80 3.75 1.20 22.1
\ 86.0 94.5 9.90 13.1 105 102 2.50 12.7
Cr 59.0 66.4 12.5 14.0 67.0 68.4 2.10 13.7
Ni 32.0 32.9 2.90 15.6 27.4 24.1 12.0 16.0
Cu 29.0 31.0 6.90 15.8 32.0 31.0 3.20 15.6
In 78.0 86.8 11.3 13.3 100 101 1.30 12.8
Rb 94.0 107 13.9 12.9 173 178 2.60 11.5
Sr 240 334 39.3 10.9 68.0 59.5 12.5 13.7

Cd 0.15 0.17 13.3 30.0 0.25 0.30 20.0 30.0
Cs 7.20 8.11 12.6 19.9 13.9 14.5 4.40 17.9
Ba 492 488 0.90 9.40 411 372 9.40 9.80
Pb 19.0 21.5 13.0 17.0 61.0 57.5 5.70 13.9
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Table 4  Analytical results of GBW07407 and GBW07455 solid slurry with hydrofluoric acid and hydrofluoric acid + nitric acid

GBWO7407 [ {4 £ 17
P 0. 5mL A R 1. OmL U5 R 2. 0mL A R 2.0mL SR +2. 0mL B4R
HLURREL(ED AHAT 22 W E{E AR 2% W E{E A 22 5 AN iR 22
(x1079) (%) (x107%) (%) (x107%) (%) (x107%) (%)
Li 20.2 3.59 19.5 0.00 19.3 1.03 20.1 3.08
Be 2.92 4.29 2.82 0.71 2.75 1.79 2.72 2.86
\% 244 0.41 241 1.63 241 1.63 246 0.41
Cr 368 10.2 377 8.05 379 7.56 393 4.15
Ni 276 0.00 270 2.17 267 3.26 270 2.17
Cu 89.8 7.42 89.2 8.04 88.0 9.28 89.9 7.32
Zn 128 9.86 134 5.63 131 7.75 139 2.11
Rb 15.0 6.25 15.3 4.38 16.3 1.88 16.6 3.75
Sr 17.3 33.5 17.2 33.8 18.8 27.7 23.4 10.0
cd 0.055 31.3 0.075 6.25 0.083 3.75 0.089 11.0
Cs 2.58 4.44 2.53 6.30 2.53 6.30 2.57 4.81
Ba 125 30.6 142 21.1 149 17.2 179 0.56
Pb 13.2 5.71 12.8 8.57 13.1 6.43 14.4 2.86
GBWO07455 [ &7
S 0. SmL R 1. OmL &R 2. OmL E R 2.0mL S5 R +2. OmL filyiiz
W E AR 2% 7 E AT 22 2 FHXF R 22 I AR 22
(x107%) (%) (x107%) (%) (x107%) (%) (x107%) (%)
Li 29.2 5.81 27.8 10.3 28.6 7.74 29.3 5.48
Be 1.97 3.68 2.07 8.95 1.97 3.68 1.96 3.16
A% 68.3 5.14 66.3 7.92 69.3 3.75 68.9 4.31
Cr 56.0 8.20 56.6 7.21 59.5 2.46 58.3 4.43
Ni 25.2 3.08 24.6 5.38 26.3 1.15 25.5 1.92
Cu 16.8 12.0 16.2 15.2 17.5 8.38 17.1 10.5
Zn 56.0 9.68 56.8 8.39 58.7 5.32 60.2 2.90
Rb 72.7 20.1 76.4 16.0 84.6 7.03 88.6 2.64
Sr 78.2 57.5 84.1 54.3 86.5 52.3 187 1.47
cd 0.15 7.14 0.14 0.00 0.15 7.14 0.15 7.14
Cs 2.65 55.8 2.95 50.8 3.30 45.0 6.05 0.83
Ba 278 44.8 245 51.4 258 48.8 453 10.1
Pb 17.7 15.7 18.0 14.3 19.7 6.19 22.8 8.57
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Table 5 Precision test of the method

IURERY € Li Be A% Cr Ni Cu Zn Rb Sr Cd Cs Ba Ph
1 19.9 2.33 223 385 252 96.7 126 14.9 24.6 0.072 2.25 171 12.9
2 20.8 2.28 229 395 257 97.6 130 15.4 26.0 0.067 2.34 172 12.3
3 20.4 2.38 225 394 253 96.8 129 15.6 24.8 0.082 2.33 172 12.4
4 20.4 2.43 226 395 254 97.6 129 16.6 24.9 0.066 2.37 172 12.5
5 20.3 2.36 222 390 252 94.7 128 17.2 24.6 0.059 2.39 172 12.3
6 20.3 2.33 223 395 248 94.5 126 17.2 24.5 0.072 2.38 171 12. 4
7 20.7 2.27 227 393 255 96.3 129 17.8 25.3 0.087 2.39 177 12.8
8 19.9 2.32 221 393 250 93.5 128 17.3 24.6 0.055 2.33 173 13.6
9 20.1 2.20 218 389 246 92.5 125 16.8 24.0 0.073 2.28 170 12.6
10 19.5 2.10 220 388 246 91.9 125 17.2 24.1 0.078 2.35 171 12.6
11 19.7 2.23 223 393 248 90.6 124 17.1 24.6 0.086 2.31 172 12.8
12 19.2 2.24 221 394 244 89.5 120 16.1 24.3 0. 064 2.32 172 12.8
SERE ( x1076) 20.1 2.29 223 392 250 94.3 126 16.6 24.7 0.072 2.34 172 12.7
PRUEM2Z( x107%)  0.49 0.090 3.05 3.36 3.98 2.78 2.92 0.89 0.54 0.010 0.040 1.66 0.37
AT PR 2E (% ) 2.43 3.89 1.37 0.86 1.59 2.95 2.31 5.35 2.19 14.19 1.84 0.97 2.92
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Determination of Trace Elements in Soil by Inductively Coupled Plasma -
Mass Spectrometry with Ultrafine Slurry Sampling

ZHANG Li - juan, XU Tie —min~ , FANG Peng — da, WEI Shuang
(Tianjin Center of Geological Survey, China Geological Survey, Tianjin 300172, China)

HIGHLIGHTS

(1) The ultrafine slurry sampling technology of soil sample was studied. The experiments were carried out under
the conditions of dry grinding, crushing in water medium, and crushing in anhydrous ethanol medium. The
results showed the crushing effect in anhydrous ethanol medium was optimal.

(2) By adding a small amount of hydrofluoric acid and nitric acid to modify the solid suspension, the size of the
solid particles in the solid suspension was reduced, and 13 trace elements in the soil were accurately

determined by Inductively Coupled Plasma — Mass Spectrometry (ICP —MS).

ABSTRACT

BACKGROUND: Solid sampling technology applied in soil sample measurement has the limitation of sample size,
and cannot be applied to the mainstream element analysis instrument.

OBJECTIVES : To determine the trace elements by smashing soil samples to micron scale by high — speed grinding
technology and under the action of a dispersant.

METHODS ; The ultra — fine grinding technology of soil samples was systematically studied. The sample was
crushed to micron level in a few minutes in an ethanol medium. The prepared solid suspension was directly
measured by ICP — MS, avoiding blockage of pneumatic atomizers.

RESULTS: The determination of the reference materials shows that the solid suspension still has interference when
the particle size is 6. 8um. By adding a small amount of hydrofluoric acid and nitric acid to modify the solid
suspension, the solid particle size was reduced and thereby the impact of the sample size was reduced. The 13 trace
elements of lithium, beryllium, vanadium, chromium, nickel, copper, zinc, rubidium, strontium, cadmium,
cesium, barium and lead were successfully determined by ICP — MS. Accuracy experiment showed that the
maximum relative error is 10. 5% +3% and most of the elements have a relative error less than 5% . The precision
experiment showed that most elements have a relative standard deviation (RSD) of less than 5.4%.
CONCLUSIONS:: The determination results meet the requirements of DZ/G 0130—2006 ° Test of Geology and

Mineral Resources Quality Management Standards’ .

KEY WORDS: ultrafine solid suspension; pneumatic atomizer; Inductively Coupled Plasma — Mass Spectrometry ;

soil ; trace elements
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