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Abstract: The analytical method of sliver, tin and boron in soil or sediment samples was
developed by mixed mode inductively coupled plasma-mass spectrometry. A mixture of

nitric acid, hydrochloric acid and hydrofluoric acid was utilized to digest the sample in a
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high-throughput closed microwave, and then the mass spectrometry sampling system
was optimized and the mass spectrometry analysis mode for determination was adjusted.
The mixed acid digestion solution could facilitate thorough digestion of refractory boro-
silicates and silicon-tin compounds in samples. Microwave sealed digestion method could
improve the sample digestion efficiency and effectively avoid the loss of volatile element
boron. Polytetrafluoroethylene (PTFE) atomizer, atomizer chamber and sapphire
central tube could effectively reduce the background value of the instrument introduced
by hydrofluoric acid solution medium corrosion quartz injection system. Using helium
(He) as collision gas and the kinetic energy discrimination (KED) analysis of silver and
tin could effectively reduce the interference of polyatomic ions, especially the interfer-
ence of polyatomic ions formed by zirconium, niobium, zinc and oxygen, nitrogen and
argon with higher geochemical abundance on " Ag. The boron is basically free of polya-
tomic ion interference, so it could effectively improve the sensitivity of the method for
boron by standard mode (STD). Subsequently, the detection limits of silver, tin and
boron were 0. 007, 0. 12, 0.43 mg/kg, and the precision (RSD, n=12) and error (RE,
n=12) of the method were 2.29%-9.53% and —9.95%-6.10%, respectively. Com-
pared with the traditional atomic emission spectrometry method, this method has the
advantages of simple process, high efficiency and low detection limit, which is suitable

for the simultaneous analysis of multiple elements in large quantities of sample.
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on recovery of silver, tin and boron
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Effects of different digestion methods
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Table 1 Orthogonal experiment results of digestion solution composition
52 et MBI AL Digestion solution composition/mL [F g% Recovery/ %

No. A B C Ag Sn B
1 2 3 1 95.4 96. 7 94.8
2 2 3 2 96. 2 96. 4 95.1
3 4 1 1 99. 2 98.3 98. 6
4 4 1 2 97.5 98.7 97.2
5 4 3 0.5 96. 2 94.5 91.7
6 4 3 1 97.6 95.4 98.9
7 4 3 2 97.3 96. 9 97.8
8 6 1 0.5 98.1 95.7 91.0
9 6 1 2 95. 4 96. 3 98.2
10 6 3 0.5 96. 2 96.0 87.8
11 6 3 1 97.8 94.9 94. 3
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Table 2 Experimental results of different test modes

E W FRUEH I Standard substance
Element Test mode GBWO07384 GBWO07405 GBWO07446 GBW07456
Ag HEFEME/ (mg/ke) 0.149+0. 01 4.440.4 0. 05+0. 006 0.1440.01
STD 0. 447 6. 37 0.393 0. 320
KED 0.142 4.21 0. 046 0. 137
KED 0.148 4. 39 0.051 0. 139
Sn et A / (mg/ke) 5.19+0. 41 18+3 1.340.3 4.0+0. 4
STD 5. 86 21.3 2.07 4.95
KED 5.09 17.8 1.23 3.98
KED 5.21 17.9 1. 26 4. 05
B 78 / (mg/kg) 10.4+1.0 5346 24+3 64+7
STD 10. 3 51.7 22.2 63.1
KED 5. 27 47.2 15.6 60.5
STD 10. 5 52.9 23.7 64. 2
R3 2HAREHRGEH T EKHR
Table 3 Method detection limits of two different injection systems
#: PR Detection limit/(mg/kg)
JLH
Element 3 A PR R BT T} L TR HE R R B B R 21
Ordinary quartz sampling system Hydrofluoric acid resistant sampling system Norm
Ag 0. 009 0. 007 0.02
Sn 0. 47 0.12 1. 00
B 9.62 0.43 1. 00

M 3 A LLE . il F i S R A R 58
5 A e AR R GE 0 T A S BRAH L Ag
AEACAN K Sn B A L B AR B 8 2, H LA
AIREE R T AR 5 A KE BIuRRMm,
FE S HE A Bk A g B T Do
th By DT 3 B8 T A i A R R A R
S8, 3 M 7 A BRI T R SR R, R W)
HOXE BRI e B & A .
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GBWO07408(GSS1 ~8) F GBW07423 ~GBW07426
(GSS9~12) ZF E K —Fhr HE ) T, #ic B 2 A2
JP R B A HE W) BT AT 12 IR 50 B . 45 R A T
oA, BIAE . % TS HR N 5 R B TEHETE

(L AN 180 R 2 0 BT VN & 7 0O 3 T2 R O Al 2 4%
FHTE RN

3 4£ig

A 5T T T O I -3 i B AR =X A
P HERE 2R - F TR 5 45 1 AR IO 3 32 ) B
e I DURR Y R L8 . R A R -Eh
TR - 20 AT TS - I e Y0 R 7 0 A 8 AT M 1S3
fif i URE A S T A A0 R EL B G 4% & 451 0k s B FH G
AR B X, R ] He 1E il 18 <043 B 4R
G BEAR T 257 5 XA 0 T R
P RS TN 2 B A AR R T O R R I Y R
JE . 3 I AT A S AR [ R — A v R
RSB A s R AR Ty vk B IS PR AT R
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