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Table 1  National standard substances and standard solutions
FRfEI WEME(mg/ k) . BT RR
[ — PV
G Sn Cd (ne/L)

GBW07302a 8.6 +1.0 0.108 +0.009
GBW07305a 5.0 £0.5 1.37 +0.10
GBW07308a 3.8 £0.4 0.16 +0.01
GBWO07310 1.4+0.3 1.12+0.08
GBWO7318 9.5+1.7 0.20+0.03
GBW07407 3.6 +0.7 0.08 £0.02
GBWO07307a 2.5 £0.4  5.6+0.6
GBWO7405 18 +3  0.45+0.06
GBWO07406  72+7  0.13+0.03

€d 0.00,0.10,0.20,0.50,2.00,10.0

Sn 1.00,2.00,5.00,10.0,50.0,100,200
In 0.05,0.10,0.20,0.50,2.00,5.00,10.0
Mo 1.00,2.00,5.00,10.0,50.0,100

Zr 10.0,50.0,100, 200, 500

1.3.2 B ATALEE

FREL 0. 2g (K5 % 0. 0001 g) FE S it A SOmL 5
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(114Sn/1185n) XIISSn’114Sn/118Sn Eﬂ%ﬁn{i%ﬂ/‘] E
SRFEFELULAE (0.65% /24.01% ) w0, BE THURLIE
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Table 2 Interference of Sn and In on Cd isotope
_ Cd A ZRMEE | A("™Med -
g TR | o) gy | TR
(pg/L) 3 1 113 (y)
Hieq Meg Mg Cd/"In)
1.00 0.004 0.000 0.030| 0.0303 0.0231
2.00 0.003 0.002 0.064| 0.0320 0.0272
5.00 0.003 0.003 0.150| 0.0300 0.0250
10.0 0.002 0.000 0.290| 0.0290 0.0243
Sn 20.0 0.004 0.001 0.591| 0.0296 0.0239
40.0 0.003 0.007 1.213| 0.0303 0.0234
60.0 0.001 0.003 1.881| 0.0313 0.0227
80.0 0.004 0.006 2.516| 0.0315 0.0226
100 0.001 0.009 3.180| 0.0318 0.0224
200 0.007 0.013 6.374| 0.0319 0.0222
0.05 0.002 0.036 0.006| 0.7250 0.0670
0.10 0.005 0.072 0.003| 0.7229 0.0520
0.20 0.001 0.117 0.002| 0.5852 0.0462
In 0.50 0.003 0.293 0.002| 0.5861 0.0430
2.00 0.006 1.175 0.011| 0.5874 0.0416
4.00 0.012 2.418 0.007| 0.6045 0.0413
6.00 0.006 3.664 0.003| 0.6106 0.0413
10.0 0.080 6.216 0.006| 0.6216 0.0412

F2 R TIRE(y) i & ITR NGS5 R
R, AC™MCd/™Sn) FoR Sn AR FIVRE T 4
PN EA Y Cd T RHE A (TP Cd/ ™ In) R In
FEAS AU FE T 43 B0 2 R Y Cd T g L Sn
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HIEASEME . AR AT Cd/ ™ Sn) fE M 0. 0303
250.0319, EipHCZ,Sn % Cd 1 ¢ M 0. 0272
2 0. 0222, & ¥ 3 9, 9F B e 1t B E 0. 0271,
ACMCd/M S S y B NI KR Sn E
T HLAERE Sn Vi B2 AR A A BE AR — 3, 24 T4 TR Sn

e BE B R I AR R TG EIZ TS K, Sn X Cd ™
AT PR I R 2 Sn W L 20/ L B,
A CA/ M Sn) BT HE R BB AL . (y ML 0. 0271
(AR Z20. 0243) , Sn ¥k BERR R IS, 15 1E J7 AR08 FH A ]
v, R F LB AR B T U, 3 B0
FOBR Sn FPUAE, BEAZIEAE 50 g B (B SOt e o
07 )RR ot e S BE AR AT Y S bR HETR I, THIRLIE
WPET Sn P AR TR ERAB IE o, S RS T
(R IE L, EH R IE T A (. Sn [l 2 %™ Cd
FE CABEA B TIE , BEBTET X 5 55 5 1 3t B
AL LA ORI Cd AT Cd S . In R ]
Z'Cd P E T,y M0.0670 Z£0.0412, 24 In HeFEK
F2.00pg/L i,y oAy 0.0413, FHLALH R U Sn, B
S In B, 2 R Cd A Cd IE (E
2.2 MEEAAE 2 T AE T TR REOE
TEBLE AT B 2R T, AR B e 2 4o
R T ol T8 T 2 R I, 7 T R
Al RO IE Y HERN BE RO E . Z2 TR T2
P Z TS A RN S & B 1, Sebn A,
ZIT BT TR R B AR T o R,
A 7 A R 7 NS SO AR G (P N
LU RE 700 i MoO S MERE S AL 1 £ 5
Tor TR T, T, R R, PR
AR O RRIE Cd BRAZE) Sn FHAE, 82 )
ZrOH NbO MoO (15200 ( SE86 45 R 2B ZrO I MoO
XHFENLZR Cd AT, 1 Nb XF Cd 5A 74 T4 o
3B T AL R Ze F1 Mo THLIEXS A [F)
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Table 3  Interference of Zr and Mo on Cd isotope
| Tk | Cd R R EE (pe/L) FEFRE(y)

TR (pe/L) Heq  Bed Med | Med Med Med
1.00 0.0143 0.0072 0.0229 | 0.1853 0.2168 0.4708

2.00 0.0104 0.0085 0.0117 | 0.0644 0.0491 0.1472

5.00 0.0238 0.0115 0.0141 | 0.0537 0.0229 0.0645

Zr 10.0 0.0204 0.0125 0.0133 | 0.0261 0.0154 0.0351
50.0 0.0936 0.0433 0.0370 | 0.0216 0.0097 0.0194

100 0.1542  0.0598 0.0401 | 0.0186 0.0070 0.0110

200 0.3250 0.0963 0.0602 | 0.0174 0.0050 0.0073

500 0.7911 0.2375 0.1558 | 0.0169 0.0049 0.0077

1.00 0.0047 0.0037 0.0065 | 0.1403 0.1148 0.3954

2.00 0.0075 0.0160 0.0057 | 0.3860 0.9007 0.5331

Mo 5.00 0.0177 0.0128 0.0147 | 1.2442 0.8064 2.3041
10.0 0.0269 0.0250 0.0231 | 0.7206 0.6584 1.4057

20.0 0.0565 0.0450 0.0440 | 1.1176 0.8013 1.9240

50.0 0.1469 0.1085 0.1104 | 1.1671 0.7775 2.0085

100 0.3037 0.2082 0.2140 | 1.1647 0.7834 1.9465
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LTI B Cd TR B (y) 15 b Ze
e BE A, B ™ L, HLRLAE [R] S Zr XN Cd
SEMARXT 355 , 2 Zr WREEIK 100pg/L B, THEH] &,
v 1 0.007[4 2 0. 005, A~ Fibfi Zr #e BE ARk, Zr X
M CARE MRS , Y Zr W EE KT 200pg/L B, X Cd
THHI &,y RE(E 0. 007, N FEBE Zr ¥ A5 1L,
Mo X' Cd 5 5 K, 4 Mo ¥k J& K F 20. 00pe/L,
PR T,y 1,16, Mo X' Cd F1' Cd
FEREMI Y,y 433 0.78 F12.00, F UL AR,
Zr 1 Mo Xt 2 R E " Cd "M Cd "M Cd H—E IE
THRAEAT, AR b T Ik B R, TR 7 H
Xt CA R i fee ™ H, e Cd 0 (T ES %,
ARECR, B R Cd A Cd 5
2.3 JiiEGEE AR B

FEHE 1. 3.2 W TR IR AL BEAE RN S
B, G T iR AR EHLIE . DA 5 8
HOMOFE S KE H bR fE ) T GBWO07302a,
GBWO07305a . GBW07308a, GBW07310 , GBW07318 .
GBWO07407 ,GBW07307a , GBW07405 . GBW07406 if
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Table 4  Accuracy tests of the method

o HriE .

i e Cd P ed M Cd B R E TR
I (3% 4) , A HE R BLAR fEY) B GBWO07302a
GBWO07305a, GBWO07308a, GBWO07310, GBWO07318 .
GBW07407 .GBW07307a . GBW07405 . GBW07406 #E1fj
KB TG PN (E S VS ESEAY) & I & i A i
S THURE L S AR AR B S T YRR
W E R RN, GBWO7406 FIFE Sy A ZRES, T LIAHIR]
AT R R (y 7 0.0272) TR IR, S I I O
RS, F R 2 B R R X AR Y T4, S BRI
REIEAR)™ B B e i, T SR AE B IE TR y
(MR 3 PR TR Ay 1 Cd ) EHTAAG
B Cd MEM S Cd P Cd MR R E TS
{EIAY G o BRI R R, X TR b
FENE 2 R P A A AE I B

Y LL R RS T A B i, I T
K FHAELRAG TE T30 R B0 B8 00 05 i, e R
i Cd R, AT IS A Cd M Cd e
2 BRI S R PR A

1% 5 15, —ZhrifEdy 5 GBWO7406 P-4 7 & il
SERIMI AR ENR 22 (RSD) 2K 6.57% ~9.49% (n=17),
ZABIE 5 T4 07 R A5 20 10 2 (B -5 0 E (B ARAT o

R

U . . FRIIEM Cd 2 (A HERELIE Y Cd I {E 4
SEBRRE S ABRAE  Sn W E fE Cd NEME (mg/ke) (mg/ke) y =0.0272 i Cd KIEME
L ey (mg/kg) (mg/kg) g 134 1404 1 eq 1134 114 M Cd(mg/kg)

M A 23.1 - 0. 627 0.987 0.975 0.169 0.177 0.162 0.081
i B 30.8 - 0.712 1.275 1.579 0.462 0.487 0.518 0.385
s C 41.1 - 0.771 0.984 1.993 0.589 0.525 0.579 0.400
A D 87.4 - 1.039 1.160 3.750 0.744 0.763 0.744 0.362
i E 54.0 - 0.441 0.739 2.056 0.209 0.167 0.199 -0.037
A F 62.2 - 0. 664 0.935 2.523 0.442 0.334 0.383 0.111
i G 79.1 - 0.874 1.106 3.474 0.707 0.654 0.674 0.328
S H 148 - 1.240 1.292 4.834 1.105 1.122 1.026 -0.587
FESL T 220 - 3.622 3.674 8.762 3.501 3.424 3.354 1.121
GBWO07302a 8.16 0.108 +0.009 0.329 0.207 0.448 0.167 0.138 0.164 0.132
GBWO07305a 5.04 1.370 £0.1 1.705 1.515 1.650 1.454 1.378 1.473 1.455
GBW07308a 3.97 0.160 +0.01 0.539 0.295 0.336 0.202 0. 166 0. 196 0.182
GBWO07310 1.43 1.120 £0.08 1.195 1.192 1.189 1.072 1.125 1.136 1.133
GBWO07318 6.39 0.200 +0.03 0.597 0.432 0.470 0.230 0.216 0.243 0.222
GBW07407 4.09 0.080 +0.02 0.927 0.338 0.274 0.154 0.077 0.126 0.115
GBW07307a 2.14 5.60 £0.6 5.659 5.604 5.611 5.462 5.532 5.535 5.527
GBW07405 14.8 0.45 £0.06 0.817 3.038 1.059 0.487 0.506 0.439 0.484
GBWO07406 71.0 0.130 +£0.03 0.462 0.813 2.448 0.143 0.124 0.127 -0.204
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Table 5 Precision tests of the method

o _— . FRALIER Cd WEE HERRBLIE R Cd I 5E (A
FRHER) Sn 3 i Cd AE(H (mg/ke) X( mg/ke) v =0.0272 " Cd £ Al
o 4
G (mg/kg) (mg/kg) g IE 14 0g g 13 g 4y 1 Cd(me/kg)
GBWO07406 71.0 0.130 £0.03 0.462 0.813 2.448 0.143 0.124 0.127 -0.204
GBWO07406 70.2 0.130 £0.03 0.475 0.774 2.457 0.137 0.126 0.126 -0.209
GBW07406 70.4 0.130 +£0.03 0.483 0.790 2.487 0.147 0. 146 0.118 -0.198
GBWO07406 70.1 0.130 +£0.03 0.481 0.809 2.481 0.151 0.158 0.116 -0.209
GBWO07406 70.4 0.130 £0.03 0.485 0.811 2.497 0.145 0.151 0.121 -0.207
GBW07406 70.5 0.130 +£0.03 0.493 0.829 2.494 0.163 0.148 0. 145 -0.214
GBW07406 69.7 0.130 0. 03 0.473 0.813 2.457 0.134 0. 160 0. 145 -0.218
SEHE 70.3 - 0.479 0. 806 2.474 0. 146 0.145 0.128 -0.208
b 22 0.42 - 0.010 0.018 0.020 0.010 0.014 0.012 0.007
RSD( % ) 0.59 - 2.076 2.232 0.808 6.57 9.94 9.49 -3.12
3 é:ln:i/l': 2016,42(3) :90 -93.
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Determination of Low — content Cadmium in Sn - rich Geological Samples
by Inductively Coupled Plasma — Mass Spectrometry

YU Lian - ling, GUO Bin, LIU Zhao, ZHAO Xin, DAI Chang —wen, PENG Jun"
(Hunan Province Geological Testing Institute, Changsha 410007, China)

HIGHLIGHTS

(1) The open digestion system of three acids and nitric acid extraction were established, which was beneficial to
the determination of low — content cadmium by ICP — MS.

(2) On - line equation correction was realized based on the relationship between cadmium and interference
elements such as tin, indium, zirconium and molybdenum.

(3) Simultaneous determination of '"'Cd, '"*Cd and "*Cd isotopes made the analytical results of cadmium more

accurate and reliable.

ABSTRACT
BACKGROUND: There are many kinds of mass spectral 0.032
114, 114Q 1
interferences when inductively coupled plasma - mass Nt Cditsniheortioal valuc)
0.030 —e— y'"*Cd/"*Sn (measured value)
spectrometry (ICP —MS) is used to determine trace amounts of
cadmium in geological samples. Usually, on —line or off — line Lz N
o~

equations are used for correction. When the sample has high tin 0.026 L
content, traditional fixed coefficient correction equations can

. L e .. . 0.024
easily lead to significant deviations in the results, and even
negative results. 0.022 . . : o

o 0 50 100 150 200

OBJECTIVES: To develop a method for the determination of c (/L)

low —level Cd in high — Sn samples.

METHODS; The system of hydrofluoric acid — perchloric acid — nitric acid digestion and nitric acid compound
solvent were applied to analyze the cadmium isotopes, '"'Cd, '"“Cd and "*Cd for high — tin samples. The influence
of interference elements, Sn, In, Zr and Mo on the determination of cadmium was studied.

RESULTS: Results showed that there was a non — simple positive correlation between cadmium concentration and
the concentration variations of interference sources. The interference increment value increased gradually with the
concentration of interference elements. The interference coefficient of '"*Sn on "'*Cd ranges from 0. 0272 to 0. 0222,
and that of "In on "*Cd was 0. 0670 to 0.0412. Cadmium suffers from different degrees of Zr and Mo based oxide/
hydroxide mass spectrometry interferences. By measuring the cadmium interference value produced by a single
standard solution close to the concentration of the interference source in the sample, the interference coefficient ()
was corrected on — line to establish an accurate correction equation. The method has been verified by a series of
certified standard substances with high accuracy and precision of 6.57% -9.94% (n =7). The method had the
Cd detection limit of 0.03mg/kg, which met the requirements of geological sample analysis.

CONCLUSIONS: The method provides a feasible basis for the determination of low — content cadmium in high -

Sn geological samples.

KEY WORDS: geological samples; tin; cadmium; hydrofluoric acid — perchloric acid — nitric acid dissolution; on

— line correction; inductively coupled plasma — mass spectrometry



