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Determination of 20 Metal Elements in Soil Sample by
ICP-MS with Phosphoric Acid and Aqua Regia

YANG Weiwel

(Geological Survey of Jiangxi Province , Nanchang,Jiangxi 330030 ,China)

Abstract The determination of Li,Be,Sc,V,Cr,Co,Ni,Cu,Zn,Ge,Mo,Cd,Ba,La,Ce, W, TI,Pb,Th,U in
soil samples dissolved with phosphoric acid and aqua regia was studied. The acid system, the best mode and
working condition of the ICP-MS was studied. Rh was used as internal standard to correct the drift of the
instrument. By selecting several certified standard materials of stream sediments and soils to dissolve
together with the samples,the standard curve was established,which could eliminate the uncertainty error
and matrix interference caused by the digestion, fractionation and constant. Eight kinds of soil reference
materials were selected as experimental samples. The results showed that the accuracy of the method(Algc)
was less than 0. 1,the relatives standard deviation(RSD) was less than 8% ,and this method was feasible.
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1.1 UB5iKH

Agilent 7700X Ht B & 55 5 114 BT X (L
ThermoFisher 22 7)),

KEDRY., - EEK — H bW R
GBW07309, GBW07359, GBW07311, GBW07407,
GBWO07406, GBW07446, GBW07425, GBW07426,
GBWO07427 . GBW07429, GBW07447, GBW07449,
GBWO07451 ,GBWO07452 (H [ Ml 5t B 27 B b 2R 9 53
Hb BR Ak 27 A F 52 BT IR

" Rh NEREE W (B XA 6488 M4k 3 B
DA AR - R A R (2 %0) 2 G s B T A A e
4 20 ng/mL B TAEW W

AR AH R AR R W IR 24 o IR G 4l (4 e )2
JBe A A R DD o v R A 43 B 4 (R U Ab 27 1l
i A R ED

TR :300 mL &R 300 mL A4 2 200 mL &
MR .25 mL BERR T HRHRA IR AT

FK:300 mL #8100 mL i B2 T %8 KL HE AR
RS

Er ik BEER 18 MQ « em(CERTHE 4K XA o
1.2 NEITEEG

FETAESE N ASTII# 1 550 W, 80 &

0.75 L/min, I 2 € & W 0.2 r/s, #M £ S 9 k
0.3 L/min, /\ AR AT I 4% LR — 18. 0 V, & i i
2.5 L/min, REEEE 8 mm, JrFF% 125, & < fiff i
AR Dy A k0
1.3 XWHE

WERGFR & 0.10 g G A &£ 0. 000 1 g) B & T
50 mL FEUUH £ 9 HE 3, W50 > 50 258 oK,
A5 mL IRBRR . BCE T HL R |76 100 CTHME 1 h,
SRIG A 200 "C#Ff# 2 h, fRm#AE| 260 °CL 2T
FEIOEFIR A E WL BT HER A 5 mL R R %
(50 20 PR IURE 5 28 75 A T IR I 10 mL #5546
JEKIR A S, B ETY | mL KBFRBEE
15 mL B} b @45 H D HNO, (2%0) o B s B &
10 mL, 25 5 EIE . MR E L mL W5
RIS T R |, 150 CZE T BMmA 5 mL £
KT 130 CEW R T BT A 5 mL EIKE R+
s PR T 100 mL s $257 AEAUER B .
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2.1 MBI EAXWIEE

K — by W B GBWO0T7359,
GBWO07407 .GBW07311,GBWO07446 #5256 J7 ¥ %
FRFE S -4 3R B ICP-MS (45 R (STD) il
Al #E A5E X (KED) I o &5 R b n gk 1 FoR .

2 1 8 LIF U, Li. Be. Sc. Co. Ni, Cu. Zn,
Ge.Mo,Cd,Ba,La,Ce, W, Tl,Pb, Th, U JC % 7£
STD 5 KED Il & #5548 -5 A e fH #2301
WEMEARK, BTETMEERP A2 T E8mR.
M V.2 Cr Z*CIO" P CI"O'H” Z T8 7 F
WROCRTE STD AT H R HR, F 25K
i V.Cr M (H A HEH  (H7E KED X R, 2 5
TR F AR T K THREFSE .S
He J5 5 & A= il 48 ) o J0 ¥ it 7S AT 0 A A 1% e
TR R BT B S A s DRI B O3 B L A 0 A B
TECITOTPCITO H B T4, T 5 5725 H WL
B I 0 45 R o, DY) S 59 2k £ KED 3 X
W E
2.2 KED EXAHPEKREMNEE

PR 2K — e bn #E W) i GBWO7309 4% 55 55 J7
DR R AN TR B 2 B A AR A B E 10
U B 10 PRI i AH X U D 22 (RSD) 1 ~F- ¥ {6 A
KL A5 R 1,
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Table 1 Comparison of the results of reference materials in two modes /(pgeg™")
GBWO07359 GBWO07407 GBWO07311 GBWO07446
— e, e e, . . Fe—. I e,
TR G G SR oo e PP GEN Gro PP G cm
Li 40 40. 14 41.1 19.5 20.91 20. 66 71 73.1 70. 20 14. 2 14.7 14. 2
Be 3.6 3.73 3. 68 2.8 2.75 2. 88 26 26. 6 26.10 1.3 1. 33 1.4
Sc 4.9 5.21 5. 11 28 28.75 29.03 7.4 7.64 7.59 5.1 5. 54 5. 34
\% 31 31.03 52.2 245 247.1 256 47 46. 8 66. 96 40 40. 8 58. 6
Cr 21 22. 80 27.51 410 413.2 415 40 41. 2 42.19 25 25.5 30. 7
Co 4.4 4. 49 4.53 97 97.19 100. 1 8.5 8. 45 8. 39 5 5.24 5. 10
Ni 7 7.20 6. 90 276 277.1 280. 6 14. 3 14.7 14. 24 9.6 9.81 9.43
Cu 7.2 6.99 7.11 97 98. 4 99 79 80. 1 84. 32 12.6 13.01 12. 87
Zn 27 27. 47 28.1 142 149.1 145 373 374.1 372.1 29 30.2 33.1
Ge 1. 64 1.63 1. 58 1.6 1.79 1. 84 1. 81 1. 90 1. 86 1.11 1. 00 1.11
Mo 0. 33 0. 33 0. 35 2.9 3.07 3.12 5.9 5.92 5. 74 0.51 0.55 0.59
Cd 0.093 0.098 0. 091 0. 08 0. 088 0. 091 2.3 2.34 2.29 0. 058 0.063 0. 067
Ba 600 606. 9 603. 1 180 181. 3 189.1 260 253 244. 2 606 621 624
La 13.9 14.53 14. 36 46 47.93 46. 6 30 30. 6 28. 66 14 14. 1 14.5
Ce 24 25.12 24. 48 98 98.72 99.9 58 58.8 57. 86 25 26.1 26.6
w 0. 66 0. 69 0.71 1.2 1. 25 1. 29 126 128 129.9 0.7 0.78 0. 82
Tl 0. 83 0. 82 0. 88 0. 21 0. 20 0.22 2.9 2.93 3.00 0.51 0.53 0. 56
Pb 31 30.78 31.6 14 14. 32 15.3 636 640 642. 6 17.4 17.5 18.0
Th 4.1 4. 26 4.31 9.1 9.54 9.34 23.3 24.1 24. 86 4.3 4.56 4. 44
U 1.9 1.99 1.92 2.2 2.16 2.31 9.1 9.45 9.66 1.2 1.2 1.32
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2: sor Table 2 Isotope of each element
Baor iE [ E AR
30k Li 7 Mo 95
ok Be 9 Cd 114
Sc 45 Ba 137
tor \% 51 La 139
0 1.0 15 20 25 30 35 40 45 50 cr o Ce 10
SUTRAH/L + min™) Co 59 w 182
Ni 60 Tl 205
| SSREMEKNE RSD WX RE Cu 63 o 208
Figure 1 Relationship between the flow rate of 7n 66 Th 232
He and RSD of the sample detection Ge 74 U 238

HE 1 AT SRR AE 2.5 L/min DL LAY,
BFEEBOCE Li.Be MIFEEET 2 pg/g Mo.Cd 7o
FIE RSD A8 K I 2 B AN B2 o o Bt A g
R AT DN AR A R T B O 5 A AR A
5 B g A A IR SR RO i T L S0 e
ASWAN 2.5 L/min,
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ICP-MS )43 B i v, 5 0 o0 & 7 o 8 = A
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A" In'” Rh" Re, (H &l T In 7EFE 5 19 5 &
AP e, ' In 52" Cd T % K. Rh Al
“TRe £ MR A2 FE G P i B ARG AT VE S AR H
WotER . LHEFE Rh SCRAIE N N AR, 16 R HER
Srarat AR, 38 = R 2 0E I 2 K 20 ng/mL
(910 Rh AR I W8OR R IS R E AT FE IR B IR 51 A
ARG LA IR B A5 5 0 20 R X AR B AL R R
VA VR P A0 52 el R AT 52 I RS TE S T R T R A K
ITAEOS RE7 N
2.4 TEMTFHREEER

KED #5 2 £ 8K B8 K B BR AR 2 Ji 7 55+
AR B0 o AH JC VT B (] 2 S 6 550 X H, £ 15
T4, 25K, e Cd i Zr F1 Sn & £ 2 T4k
JUE L EFED E ' Cd [ 7 R 52" Sn (1 [6] 4 7 fif
T, Fheli st tm o8 Sn XF Cd 1y
BRTIARE 0,025 2, fnpRsR A EE T,
2.5 HAMETAIEERAIERE

BEShRTAL B A ER VS 1 245 HE-HCLO,-HCE-HNO, |
HF-HCIO,-H, SO,-HCI-HNO, , HF-HCIO,-H; PO,-
HNO, 45 22, Forp &0 5URR 15 i 9 48 ol rh 9 L
SR Ay B i B A AL A  H R AL AR A, i
HAnoo R U IR i Tmrh . Bl TEmR
Cl 5 5 Ge J0 & I W K 5 # &k 1) GeCl, i
PO, o F fig5 Ge' 2544 GePO'" 5 GeF,*~
AW E T, 0] LU T o B PO R R
H, SO, 5 # & 1 iy Ba F1 & & & 19 Pb 2B 1K
BaSO, fil PbSO, YL g . W Fil Mo JLE T A& . S
TR R I B R RN BH R BT S DAL Ik A S 5 R
HF-HCIO,-HNO,-H, PO, {& Z W f# £ &, 52 5 3%
B BRI A, Ge i i Mo Ml &t W TR 1)
VSRR B AT AR B RR IS B R r C R R o8 4 A
. HF-HCIO,-H; PO,-HNO; 5§l %E Ge J& . F 0
ANFIKEHEFREHME Li .Be.Sc.V.Cr,Co,Ni,Cu,
Zn.Cd,W Mo .Ba,La,Ce,Tl1,Pb,Th U JL &,
2.6 KRN ZE A H R

H T Mg ok AR K A T i JBUEE 2 V5 VR A
WGE , B B AUE BRI RL B 9 5 AR
T 1R 22 O S 2 B i IS AN B K — b ) T
GBWO07309, GBWO07359, GBWO07311, GBWO07407,
GBWO07406, GBWO07446 55 #¢ i — i 1 fift i /5 A 1
Mk, — 77 1 A] DLSEA SR FE S AR — 20, 5 — 7 i A] LA

T I3 e 0 e A0 BT 5 A ) AN 8 R 2 o (A
FIHE AR — B R G0 oA Hh 2 A0 OC R 50y
0.999 LA E . I3 RS H T5 15 145 102 1 RCE
e E 12 U, LLAS(EAR ME D 25 1) 3 A% 11580 At
B 3.

®3 ETERUR

Table 3 Detection limit of each element

LR OBIR/ (uee gD || TR iR/ (pg = g™ D)
Li 0. 065 Mo 0. 007
Be 0.012 Cd 0.005
Sc 0. 067 Ba 2.76
\Y 0.33 La 0.021
Cr 0.32 Ce 0.021
Co 0.032 w 0.051
Ni 0.067 Tl 0.008
Cu 0.672 Pb 0. 146
Zn 1. 324 Th 0.13
Ge 0. 224 U 0.016
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TS UE Ty v B A RE RURS 9 R L 4% IR T X
% — 2% + e Ar 9 i (GBWO07447 , GBW07449 |
GBWO07451 .GBWO7452) #4712 W47 00 & » 25 1
mk 4 foR.,

M 3R 4 BCH & O 140 A b v R i ) T (B
5N B AR — B0, T8 I 6 B0 25 4 W (Algo)
YINTF 0.1, A X A5 o 25 (RSDY /NTF 10%, 75 &
PSRN 35
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82 A b 5 BE 5 P A9 LiL Be, Sc, V., Cr. Co, Ni,
Cu.Zn.Ge . Mo.Cd.Ba,La.Ce,W,TI,Pb,Th,U 20
FPICER o R S TR - R - TR TR 5 TR 51 Y43 ik 11 A
) Ge TR BE#E R T Ge fFEERMRIK R TIN5
PR AR BEIR 1 I A e T R B Mo W
TE E KR Z AT Hh i e s B T K S D E
FE B el 4 R oC R DA K — bR E W) R
S 56 Ty U VS ik AR bR E e T BR T T RO
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Table 4 Accuracy and precision of this method
. GBWO07447 GBWO07449 GBWO07451 GBWO07452
o PRUE(E ¥ RSDY% AR MEFXE RSDY%  brdfEf WEFXEIE RSD%  dRdfifE WEFHIME RSD%
Li 32 31.48 2.9 27 28.5 2.0 36 35.3 2.0 50 52.2 2.0
Be 1.7 1.75 6.4 1.3 1. 41 2.8 2.1 2.23 1.3 2.3 2.35 1.0
Sc 9.7 10. 30 2.0 12 11.7 3.0 10. 4 11.21 1.9 13.8 12.99 2.1
\ 66 65.13 6.2 82 80. 8 2.7 69 70. 2 1.7 104 105. 2 2.1
Cr 55 53. 65 6.2 43 45.6 2.5 57 55.7 2.0 82 83.3 2.3
Co 10. 2 10. 16 8.3 11.3 10. 86 2.6 11.6 10. 78 2.4 16 16. 78 1.3
Ni 25 23.82 4.7 20 21.5 2.4 26 24. 89 3.6 38 38.8 2.2
Cu 19.5 18. 56 2.7 28 27.23 1.5 18. 3 18. 55 2.2 32 32.7 2.3
Zn 63 65. 70 2.8 61 63.3 2.3 59 60. 6 2.0 97 98. 8 2.2
Ge 1.21 1. 34 3.0 0.99 1.03 4.0 1.28 1. 35 1.8 1. 40 1. 35 1.8
Mo 0.61 0. 69 3.7 3.2 3. 31 2.3 0.63 0. 64 2.0 0. 65 0.63 1.9
Cd 0.15 0.13 1.6 0.108 0.113 2.6 0. 065 0. 068 2.3 0.15 0. 157 2.3
Ba 459 441. 47 3.5 356 366 2.3 749 734 2.7 441 450 1.7
La 30 31. 00 3.1 19. 4 20. 7 2.3 44 44.7 1.7 42 43.5 1.3
Ce 57 56. 61 3.8 37 38.2 2.6 81 80. 3 2.3 78 80. 5 2.0
W 1.6 1.59 2.8 0. 90 0.98 2.2 .5 1. 60 2.4 2.1 2.24 2.7
Tl 0. 55 0.52 5.5 0. 37 0. 40 3.6 0.61 0. 68 2.5 0.71 0.78 2.3
Pb 20 21.74 6.5 13. 4 12. 6 2.5 26 25.1 1.8 28 26. 6 2.8
Th 9.9 10. 16 3.7 6.2 5.98 2.4 11.7 12.3 1.9 13.5 14.2 2.2
U 2.3 2. 14 3.6 5.4 5.66 2.3 1.9 2.03 2.1 2.6 2.68 2.6
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