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BRACZFRE S P TEHLIT K B 0T , 76 L BRI 28 4
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ERIR HHIR e SR EURIR (st ik T
J7) s REFIK(HBHEE 18MQ + cm)

2 giRkSiE
2.1 [HIfLEMEEE
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T, (HJE TR A A8 R KRR 40 Ze 1 Nb
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Table 1 Results of interference elements

PRI ek R THAK
(mg/L)
] 50 cd 114 0.023
Sn 50 In 115 0.012
50 Mo 96 0.081
50 Ag 107 0.001
Zr 50 Ag 109 0. 0001
50 cd 111 0.0001
Nb 50 Ag 109 0.0020
cd 1 In 113 1.083

2.2 MRk
2.2.1 fEWR)E

iCAP — Qc AU BHA G 45 B A BT {UAA ZF
5, H R A5 T A T R STD A X A
KED #5, STD #5514 2R B8 8 35 1% 40 1 TS
5T KED T i R U

K FH STD #52 BAR B #5 m 1 RAUE  HRATE
W5 5 22 B A AL TR IR 0 R Ag Cd B, i
F Zr 1 Nb 77 Az 1 RS S8 A )™ B 52 10 0 7 25 AR 1Y)
HEWRIE . 22 FHh T 4y 5I4E STD Hil KED #i:0F H
20 E Ag F1 Cd (4558, 2B KED AR i IR
HIGHE Ag il Cd HA W & A HERf
2.2.2 5Kl

STD #%:CF1 KED #ix0 R IR e £ 15 7 il
AERZES . L HIE 0. Img/L £ TG E IR
B PR O A ARV TR A TR E T T,
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SEREMAE KED B R ICEK Co Ag,Cd In,Cs Bi
fE 1T ELit i STD B o 4545 I 7E 45 2R 1) HEAf
FERMETT L, kR HT KED AL E 8 v i Bk 1 27
Feah Ag F1 Cd 45 14 FlYRE IR

#:2  STD HI KED B a5 Rt e
Table 2 Comparison of the analytical results of Ag and Cd in

STD and KED modes

Ag
PRI STD KED
g IEE s FXTRZE | . AEGFRZE
g (me/kg) W (%) 5 (%)
(mg/kg) (mg/kg)
GBWO07103 0.033 0.15 355 0.034 3.0
GBWO07408 0.06 0.19 217 0.07 16.7
GBWO07358 0.14 0.23 64 0.14 0
Cd
FRERI STD KED
e INEME [ X | AR R 2
(me/kg) e (E (%) Il (%)
(mg/kg) (mg/kg)
GBWO07103 0.029 0.07 141 0.037 27.6
GBWO07408 0.13 0.18 38 0.15 15.4
GBWO07358 0.34 0.33 -3.0 039 14.7

2.3 THCEMIIR

QIET A, fZ 58 ICP - MS | & IR T R Ag
M Cd A —E XMERE, 2R BRI Ay T
PO L R R T R R RO, A S
BRI AT iR 25 o SR TR B B3 A 1 iCAP Qe
RUICP - MS, 7 KED # IR o R Ag A1 Cd RE
S IAR Y25 R, B AE KED £ , HAEREIT
AACI 3 S RETIRG I bR B AR 0 = A R R i
WHHEARTTER Ze Nb O GG ZAFAE 6 5 R A5 3 K
TEZIEEY)

AR EZHETE KED £iXF Zr F1 Nb fy =4
ALY Ag Fil Cd 7= Az T35 2 BARKF, B
T KED #06 [R] 5t 5 38 THA - A5 m, PRA
SCAHE In 28] Cd S (R SSA 2% T4, S0
WF5¢ 7 KED U E Ag A Cd (1 BARTHUIE L,
SeHr g R UL E 1, 45 R KW AE KED T, Zr
X Ag A CAFEE RS T, X Ag Fn' Cd HeA
AFAETH . 24LL0. 50me/ L (1) Zr BRifER N HeAA
B, BC il Ag A1 Cd (bR & %1 (0. 1,0.2.,0.5,
1.0pg/L) , 58— Ag FI Cd (K45 i 250 HEAT X 1,
PIARPRE N R B AR W) 45, U ITE KED BEUR Zre X
Ag CdP= A B TS A AT L Z S A3 o Nb X Ag
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WAFAET 3, (H X Ag M Cd ™ Cd B A RAFAE T
oo 2410 0. 2mg/L 1Y Nb AREVE WA AR I, e ]
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B Ag BRAERFIIEAT X B, ' Ag 15 S b o i 2k A
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2.4 RSB

SLEG VRPN — A IRIR — e SR A A i T i
PRZR O SR KE R, AR KR Si 2 UL
PIE R R, AN i AW (B B T3P AL
Fe K Ca Na Mg 85 K B TC R AL I8 W
AR R P [ AR SR (R (TDS ) IR 45 g , BRSO B i,
X 5 5 RAT B

SEEG Hp s B GBWO07103 (& ) . GBW07454
(158) .GBW07366 (7K RULERY ) =AA[m] K4 1)
BRI BT , 2% it i RO ot T A D7 2 o 4 MUK B
VAW, AR5 PR BE 250,500 ,1000 12000 A%, 7351l
WSE o Ry 1 ETXF L& AN R R B RO & T R 5 1
TR AZ AL K BE 250,500 ,1000 A5 il 7€ £ J0 5
A8 B 5 T8O S B3 A A B 2000 A% I BT XS 7 ) 5
T, B U RS 2000 7% 198 511 B0k SR i
(FE R 1) 8 B A RO IO Y B 3005 i
2000 fE B iR T A — L ab B, 25 2R R B, L
Rh g bRoc ™ W BA KON 250 £33 i #] 2000
R R BIve RN g €S PN <RI
FERGR F) 1000 F5EF, AHXS 8 i EOE AR F 5B
2000 A} Y 8] 53 BRR T, BEAR RN AR X T R
250 %A1 500 1% I 25 020 o NI A IR A 4K
VEFEA 1000 A5, BEREAR 14 it 09 SEAAR 00, Safl £
0 5 235 2R ) TR B R
2.5 JiiEEsE
2.5.1 JriEii R

i HEAE it o A 20 R e Ao ot 23 11 12 Ay, T A
IS T AT AE , 23 03T 545 JC R M E 45 R 1Y)
PRl 22 , LA 3 AEbm i 22 1 H 33 AR N T 3R A A Hh R
BIOLRAIKL BRI 3, 2 Hirssk b 7 A 76 Fh
TCE ST T B XA U R kK IR R
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Xof e AR T 5 R A, s BR AT T 76 Fhoo R SR i Jr
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Fig. 1

Interference relationship between Ag/Cd and Zr/Nb

3 DIk

Table 3  Detection limit of the method

_ Jridik PR - D5 R S PR
JTLE JLH
(mg/kg) (mg/kg)
Co 0. 006 In 0.002
Ni 0.12 Sb 0.017
Cu 0.14 Cs 0.006
Zn 0.6 Ta 0. 005
Mo 0.023 W 0.02
Ag 0.004 Pb 0.27
cd 0.005 Bi 0.024

50000

Zr:0.5mg/L —— 7% 10°
40000 F === & —— 107p
— 109Ag
£ 30000 [ = Wag
N— —i— 109A
ﬁ 20000 | gt
10000
O 1 1 L L
0 0.2 0.4 0.6 0.8 1.0
AgiR EE(ug/L)
40000
Nb:0.5mg/L == Nbx10’
— 107A
30000 A g
8_ —— 107Ag$
\ﬂ? 20000 == AR
iy
10000
0
0 0.2 0.4 0.6 0.8 1.0
Agik E(ug/L)
15000
Zr:0.5mg/L == Z1x10°
12000 —u="'Cd
—_ 114Cd
§ 9000 | —— mcd$
= —— 11¢Cd$
ﬁ 6000 |
3000 |
0 5 L ! !
0 0.2 0.4 0.6 0.8 1.0
Cdik J#E(ug/L)
15000
Nb:0.2mg/L 4= Nbx10*
12000 == "'Cd
—_ "cd
& 9000 e ii:Cd:i
= = cCd
f’f 6000
~
3000
0 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

Cdik BE(ug/L)

2.5.2 JriEAE R AN ER
VPR ERL A AR ER B 41 8 DK R DU

B 2 A FR IR 52 B b 20 AT T3 3 X AR E D) o
AT O 12 W TR AR HE B 12 AT
JE A bR fEfR 22 (RSD) RIAH X R 22 , 3 4 45 R
ARIFEFICER I RSD /N T 18% g 45 R A HIXS
RIEEBPINT 21% o 52 45 R WK 5 BE LL A2 i o0
R ERUR M GBWO7103 Hil/REJLE Ag.Cd.In,

— 397 —



s #o5W i 010 4
http; // www. ykes. ac. cn
4 JiIER B NERE
Table 4  Precision and accuracy tests of the method
GBWO7103 ( +74) GBWO7104 ( £:47) GBW07402 ( 1)
TER | JGEME WSETHIM RSD O MIAHEZE | M MR RSD  MIRHEE | AEM WETHME RSD MHRHRE
(mg/kg)  (mgkg) (%) (%) (mg/kg)  (mgkg) (%) (%) (mg/kg)  (mgkg) (%) (%)
Co 3.4 3 3.4 -13.0 13.2 13.2 3.3 -0.1 8.7 8.0 3.8 -7.5
Ni 2.3 1.9 10.3 -16.0 17 16.8 3.7 -1.4 19.4 18.8 3.7 -3.2
Cu 3.2 2.6 3.8 -20.0 55 56.3 5.5 2.4 16.3 15.3 3.6 -6.3
Zn 28 28 5.2 -0.03 71 72.6 2.9 2.3 42 41 3.6 -1.7
Mo 3.5 3.6 5.1 2.5 0.54 0.62 6.5 14.0 0.98 0.98 4.9 -0.01
Ag 0.033 0.028 15.0 -15.0 0.071 0.076 6.9 7.0 0.054 0.054 7.6 0.9
Cd 0.029 0.033 18.0 14.0 0.061 0.072 7.8 18.0 0.071 0.077 5.3 7.9
In 0.02 0.019 13.0 -5.0 0.037 0.031 9.0 -16.0 0.09 0.092 5.9 2.1
Sh 0.21 0.23 9.5 8.3 0.12 0.1 14.6 0.3 1.3 1.3 5.9 2.3
Cs 38.4 40.1 3.7 4.4 2.3 1.9 3.2 -16.0 4.9 4.7 4.0 -3.6
Ta 7.2 9.2 4.5 28.0 0.4 0.48 11.8 21.0 0.78 0.68 11.0 -13.0
w 8.4 9.3 3.7 11.0 0.45 0.53 8.6 17.0 1.08 1.15 11.0 6.3
Pb 31 33 3.6 5.1 11.3 10.2 3.5 -10.0 20 19 3.7 -3.3
Bi 0.53 0.54 5.9 1.4 0.081 0.1 10.2  -15.0 0.38 0.37 3.5 -3.8
GBW07408 ( +-13) GBWO7358 (/K R UTF)) GBWO7366 (7K ZILFH)
TEE | YGEM MM RSD  MIAHRZE | AEM WP RSD AR | EM AP RSD  AIRHREE
(mg/kg)  (mgkg) (%) (%) (mg/kg)  (mgkg) (%) (%) (mg/kg)  (mgkg) (%) (%)
Co 12.7 12.4 2.7 -2.3 10.2 9.5 5.2 -6.5 14.4 14.2 4.5 -1.7
Ni 31.5 31.1 2.4 -1.4 18.6 18.1 11.0 -2.9 29 29 8.0 -1.0
Cu 24.3 23.4 2.0 -3.8 132 126 5.3 -4.4 483 487 4.1 0.7
Zn 68 68 1.9 -0.6 208 205 5.5 -1.3 874 875 4.2 0.1
Mo 1.16 1.18 2.4 2.1 0.93 0.86 7.2 -7.0 1.56 1.49 6.2 -4.4
Ag 0.06 0.063 7.2 5.3 0.14 0.14 6.2 -2.6 2.1 2.05 5.8 -2.2
Cd 0.13 0.14 7.7 6.9 0.34 0.32 7.3 -5.4 4.8 4.53 4.2 -5.7
In 0.044 0.052 7.8 18.0 0.14 0.14 6.1 0.9 0.37 0.37 6.0 0
Sh 1 1.2 4.3 20.0 1.18 1.17 6.4 -0.8 25 23.0 4.1 -9.0
Cs 7.5 7.7 2.3 3.3 5.8 5.6 4.9 -3.6 10.3 10.3 4.1 0
Ta 1.05 1.14 8.7 8.2 0.65 0.58 17.0 -10.0 1.23 1.17 9.2 -4.8
w 1.7 1.8 2.9 7.9 2 1.9 5.6 -4.8 15.5 13.7 6.3 -11.9
Pb 21 19 2.3 -9.0 210 203 5.0 -3.3 127 128 4.0 0.4
Bi 0.3 0.3 2.7 -0.3 0.51 0.49 5.9 -3.8 13.1 13.0 4.3 -0.6
HRSD 433K 15% (18% 13% . #% % XA 3 H5ie

KED - ICP — MS & KRR A IR K9 As Cd  Hg
S5 18 FhR it AR R u R A9 I € 45 2R RSD ¥y/h T
5% o3 ks o FE 1Y 22 5, 98 Ho s R AW 58 1 8
HuBR AL 22 4 dh o Ag, CdL In 5 5 43 51 24 0. 028
mg/keg 0. 033mg/ke 0. 019me/ kg, I & 11 F2 3T 14X
A PRI T B 3l 0 4 R R R A 2 5 0 —
J5 T, AR T RAR R SR KA i , S b IR A 2 A
SRR R S A%, D 2 b 32 B BT TP R AR
B TR Z A h 5 2 TR IR =0T R 194
Bt RO 2 — MR I 2%
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R, 508 Ag Cd brifE R 5 W) 4, SEBL T A
5 BE e YA R o B A b BR AL A AR Ag Al Cd
PAR A 12 MR E IR o AT7E L Rh 3 s, 1
At BEAE A 1000 I, ARGF A IE 1A il SEAA R
ML T = E M5 8% . ATNE 2 E R —%r
HEMI IR R B, A2 4 R S A E (M5, RES Dy B 4
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Determination of 14 Trace Elements in Geochemical Samples by ICP - MS
Using Kinetic Energy Discrimination Mode

XU Jin -1i"*, XIING Xia'?, TANG Rui - ling'”>, HU Meng — ying'>, ZHANG Peng — peng'”*,

BAI Jin - feng'” , ZHANG Qin'”

(1. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang
065000, China;

2. International Centre on Global — Scale Geochemistry, United Nations Educational — Scientific and Cultural

Organization, Langfang 065000, China)

HIGHLIGHTS

(1) The productivity of matrix elements such as Zr and Nb oxides was reduced, and the interference of oxides on
Ag and Cd was minimized under the kinetic energy discrimination mode (KED) by ICP - MS.

(2) The KED mode improved the signal — to — noise ratio and reduced the detection limits of this method.

(3) The samples were decomposed by simple HNO, — HF — HCIO, digestion system and simultaneous determination

of various elements was realized.

ABSTRACT

BACKGROUND ; Traditional inductively coupled plasma — mass spectrometry (ICP —MS) determination of trace
elements such as Ag and Cd in geochemical samples is seriously affected by the matrix effect and multiple
polyatomic ions, making it difficult to measure these elements accurately.

OBJECTIVES: To compare the results of ICP — MS standard mode (STD) and kinetic energy discrimination mode
(KED) , and determine the valid determination modes of each element.

METHODS ; The samples were digested by HNO, — HF — HCIO,, and the residue was dissolved in aqua regia.
Under the KED mode, the isotopes with less interference were selected as the determination isotopes. Rh was used
as the internal standard element to correct the signal drift, and the sample solution was diluted by 1000. Under
these conditions, the matrix effect was minimized.

RESULTS: The productivity of matrix elements such as Zr and Nb oxides was reduced, and the interference of
oxides on Ag and Cd was minimized under the KED mode. The KED mode improved the signal — to — noise ratio
and reduced the detection limits of this method with Ag and Cd, detection limits of 0. 004mg/kg and 0. 005mg/kg,
respectively. The detection limits of the other 12 elements were also lower than those of 76 element analysis
schemes in a multi — objective geochemical survey. The accuracy of determination of trace elements was
significantly better than that of the STD mode.

CONCLUSIONS : The method has been verified by the first — class national reference material and the analytical
results are in good agreement with the certified values. The method provides high — quality data for exploration

geochemistry.

KEY WORDS: rock; soil; sediment; Ag; Cd; acid dissolution; inductively coupled plasma — mass spectrometry ;

kinetic energy discrimination
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