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BE: Soe2T e b TAERIK, BRAFRET E AL —TEMN, TREH A ERG, ELik 32
B R, AXLELT EABBABEF B THRM#EE(ICP -MS) M 24542 P HMEA(py/g &) RRA
A F B G M 7 o R B — IR RN BRI PR o4, ARIBAR 15 09 7 KA AR S 8 e B A B,
T % B F AR T @45 R AR B Befe i N B & BRARIE T A7 /8 5 M S AR 60 — 20, B BT %, T 489 K
s VA "Rh 4B 4 MARLE, " Cd =" Sn 4F Al B AL & LR T ik T4, ikt h kA48 0.05 ng/g. %)
0.04 ng/g, ) A RAFRME T oG B FR(1 ~6 pg/e) & HEENT 4%, ZHFRAFNAEY RV TRLEES

e, FIT AEFTHERLLGEHAN L,

KRR S04 48 4 B LB, WRBRARASE B TRk

RE4 S 0614.242; 0614.432; 0657.63

L2 RE e LR L1021V 3 5 £ A N
Tt SRPZR AP F A N R A T SR A, AR
TG R e S BT ) AR, X L e 1 P g
AT A gt . R SETt, 70% W T
BRHL ', 22 5 A i I, H Y RO S, KR
SRHEAN, F A T e, A A PR
D A A v A 2% B o BT oy B R L

Hui, 8 & &0 0 HikfA EE i
GB/T4103. 14—2009 3% [ KA T W i i v )
i R R 1 ne/g,GB/T4103. 1—2012 X H 5
FIEEIETE TR CAFS) F1 2% 275 i )t BE 7 ( COL) i 3¢
B, H AFS iR RN 1 we/g, COL J7 LK
FRA 6 ne/g, M HIB B —TCR AW, i LR+
O3B, A i A7 AE G MRV /N | 32 S5 A% 1R R )
K FeE 2= i B A0 A R AR S5 ke, HE LA
T R PRSI () oK . S ARG B AR L, ARk
G5 B IR TG 2 (1CP — MS) /9 73 B L
PO, BRI SC I — A Z o R RN, Eil & T
D 2E 45 Fh A2 A AR IR 4 7= fh o IR RR ) ICP -
MS g S a4 JE A e P AR R C A B2 W
B ARSCEE S TR ICP - MS I E A 4

M ERFRIRED: B

AR BOCE G B 7 M7 1% TR — BT i
PRI A el , LA 1 3 1) O U 5 <6 9
FESE4E, SR b vE R it [R] BI04 9 B 66 1A
THE, R R T ISR A T I TR

1SSy
L1 AUE B A5

X — Series Il Hy JEHH 5 45 125 5 14 o 3 2 (56 =
ThermoElement A1) o £G4 AL AR TAE 4 2
BT 1320 W, /A H15 (Ar) it 13.5 L/min, 2%
S(Ar) Jii et 1.0 L/min, 546 (Ar) Jii 5 0. 86
L/min, RFEHE(Ni) FL42 1.0 mm, #BCHE (Ni) FL42
0.7 mm, P77 2y Bk, 4545 KL 60 , R 4R 1 1]
0.5 s, AZ5HE/NT 1 x1077 Pa, RFER B 100step,
PEREZ %55 100 r/min,

EAR (KT 99.995% ) .
1.2 B g 2450

T B R ERE A AR (1 mg/mL) , HEZA €
8 B AR A R AR v AR IR
HI AR BOZE SR BN E ]y 1 pg/mL,

TSR | it R 24 g 6 4 4, v 4 45 (99. 99% ),
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LR RIS, 4 - R IR B 2 8 T ARSI TR DI 4 < M TR R BT R AR AN B 5535 %
AR Hrak) mL I, 55 B AR 45 SR S T TR A, %SG DU

TIREBTK(HEHZE =18 MQ - cm) ,
1.3 548575k
1.3.1  FERAMR

FREL 0. 2000 g #5454 FF i B T 150 mL BEAR
H1 A 20 mL 25% RSFERFN 2 g T8 A TR, IR A,
FrRE S RIS , U Y A, #4782 200 mL & &
L, KRB EZIE 5.
1.3.2 frifE TR

(1) A4 : AR HE TAEB R (1 pwg/mL) BT il
g B TR BE 4 9k 000 ,1.00,10. 0,100 pg/L
(25 2. 5% RSB AN 1% T A BRA ) bR ifE R 51

(2) g - FREX 0. 1000 g 2T 4 130 5l B T
150 mL FedRr, finA 10 mL 25% B FRAR N4, £
SRR R 2 100 mL 8, 8 —
1g W A R 40 0 I A & 8 1R & bs A )
(1 pg/mL)0.0.0.1.1.0.10. 0 mL, Jf 7K i B & %I
BE BT AR E R B v B B o R 4y
0.00.1.00.,10.0 100 wg/L,
1.3.3 ICP-MS Jl5E

T ICP — MS {U R 7 e 45 T A2 2 30 min
Ji , SEINE B SRR A BR v AR R, P X AR S TR
HEFT I E

2 g5
2.1 BRI
4 4 D T 2 R D R 701

B —Man 1.3, 1 4R 25% R IEFE s I3 —Fh T
BRBRIEHE PRI L ¢ B3 SR A, INAVRBRIR 10 mL,

R 1.5 h, SRV S 585 2 100 mL 28 5
W R E R . AP BETE T20 mL7E 250 mL BEAR
BFHEMM EZEEE T, A 20 mL 25% R PR 7
hK R 200 mL A HEIRA, INA2 gl AR, E
25, FB5T o W v A% 1 A R RN IO A [+ 35 AR A o o
TAEMZ EHLINE . M 25 R B BRI 1 7
FR AR 22 AN, 2 B B4R ) R I AR 5 6 o T
Ve FAR—3, o8 0] IS B MERI 45 5. H %18
BRI P R S HE R R 2 A AL B T
VRSB, AR SCH RE F 25 % BRI A 7 105 70 e i
2.2 WHERRNE AL R
2.2.1 G RIALE

R T s R B X AL P 5 T, AR S X 25 % i
M A BT IR . ARUINA 25% filiR 10,20 .40 |
60 .80 mL, 45 SR 25% FH IR 0N A & 7F 20 ~ 40

FETCHI W SE MR o A S 6 e 25% B IR 1Y A iy
20 mlL, BRI N 2. 5% IR
2.2.2 AR HERR

ICP — MS [a] I 00 2 58 B I, i BRAE BR PR 15 W
Sn'* 5 K HE KRR IR AR R UTTE ™, S S I 4
FARAR . AR A R 585 T LAJE AR 48 5 W )
R AR 8 TERR PR I A AR

AR 2, T AT R P TIN5 2 % 8 1) D0 o 72 2 5
M7 Xof S g — 20 e o e R HITERR & AN )
(PRI R S /008 5 pe/g. 10 pe/g.
20 pg/g) MERIA T PO AN S5 50 A TR E AT 156
S5O Bl AT A R 0 AR I 2 R
WAL (WL 1a) o K5 H 3 M & S tr Y i
(BYG-03 -8 -1 . BYG -03 -8 -3 BYG —03 -8 — 4,
BrE i 2.5 pg/g.9.0 pg/g.21.0 ng/g) X
ARG, 25 R R WA WA BRI AR I, 1
DU 25 R B 3 g (ULIRD 1) R A BRI AT )
A B 1A A AR 1 L3 0B L6 7 v % A3 e
T I R R, B2 R 2 A R R,
B AL R E AR IMARE N 1%
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Fig. 1 Effect of tartaric acid on the determination of (a)Cd and
(b)Sn
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2.3 JEARI T RARER
2.3.1 AWM

o VAR JRE P B TC R X A D 5 3 o — o AR
ARG 5 (5 SR . CA I R WIR A JE AR T
Pt AT BRI AR

AJFIEIAT T A 8 e R TR
5o WIVEMLER BTR A AR — 4 A g ik
1 75— 4 I S5 & A S A IC EC A A A,
1.3.2 795(2) J5 i 3 BEBE R AU I 7 2% A, ZE I 20
FRERS) T M E A A rf i A3 EE R LR 1, mT Il
F T IAAR S, AN S AR P T 2 0 2 A 5 SR
BARMG . BAS IR 2 R TE bR o i % o AL DS
AR, T DA BRI IR T, it Ea Rk T
ICP - MS {YaS AR et , 1 LIS BR T 5 R
SRR FZ I, (S B I S B TR

1 HRBOIAER SR

Table 1  Analytical results of the matrix effect

s | _

(g) FRUEME SN FrufE(E S

(pe/g) (pg/s) (pe/sg) (pe/g)
0 10.0 5.48 21.0 11.28
0.2 10.0 9.93 21.0 21.03
0 20.0 10.82 62.0 34.81
0.2 20.0 19. 64 62.0 61.75

2.3.2 ZEFETFTI

ZRF BT TR M EE TR a5 A
B A AR AR B . — 5 B ICP
- MS PR AT DA b A TSR IR, il A AY
e L RE i 2 R T B T TR N A o —
T AN S 3630 2o ok 0 FH o, FH B — 119 25% R 1R Oy
fEFES R 2B T2 5, R T 25T B X ICP
— MS 5 IR 4R Bt B i
2.4 WhoooEMSTIRN B LR

0 5 3 R I A PR T A M AR 1E A 5 A
B W AN A AMEVE T o PIAR PEFRE 10 S0 2
FRER, LT, RS g s R AT, A Sk
B'CRh fE AR ICER " Rh I INARIE T A4
TP TR (G T H 2 5, IR B TS
SR IR ZE

AR SC A S HAE 4 ) 57 2R Fp 30k HE R 0 58 B 45K
(LA, TRl B 2% 5 AT BE A9 3 R 40 S pl il oo % 2 1)
AR AH BT, O 2 8 [ B ) 75 22, Cd i
B ZE. " Cd(12.86% ) "2 Cd(23.79% ) .
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"Cd(28.81%) " Cd £ Ga Ar M Ze" O H Y T
Yo 0" Ga M Zr EARLI A S PAEFERICER, A (1)
THRALERAS AT 3k o 1), — M R A28 1 85 TR A
FAZIE, O HE = B A/, Rt Hx ' Cd iy 4 vl
PAZM . T2 Cd A Cdr g S M S ] 067
R0, 38 BN O 2R 2 1] A A B R ), AR S 0 R
B Cd MR E A . Sn kT S AN FE AR
B E A ZE "Sn(14.24% ) '"*Sn (24.01% ) ."*°Sn
(32.97% ) , Ho" Sn g Cd (3, ok ik 5
B8 TR I s B B B W Sn T oG &
Rh'"O"H, BARFIN R A fE5 =, 5" Rh S AR 52
B ARG " Sn 7 AE PRuO” [ T, H 2
CRUNTEIET A& LR, XA 7 ik 5006 3 A
i, DRI S A SRy AW ) 7 26 EL A FRARL

2.5 JRiLKGIBR CHERREFRS B

P HR SR 7, 00 12 M as LA T 5
By oy B 48 R bR A 22 (s) 23 31 0. 0053 ng/g .
0.006 ng/g. [FlH] 25 & 7 ik W Re e -3 LA 3s 1158
AR B ok ki R 4 B 0. 05 ng/g.
0.04 ng/g. ATkl R A 25 & IR R ICR 7
HrivEsK,

X T B A i il v B, e BRAS SO 1 O
FHAbR OS5 12 AT I —E
SRR VAR, 4% RS VA T I RIS A
P T RO L (GFAAS) T 45 SR AT Hout ™
R 2 Fs , AJrik I E(E S GFAAS 45 FAHAT,
TR AR FR E(R 22 (RSD) 24 0. 7% ~3.5% , filhw
B 96. 5% ~ 102. 5% , Ut WA 7 i 1 1 I 5
WA RS ER TR

VR 12 5 & 461 Y it BYG - 03 -8,
P RSB 7 VA T4 M, AnER 2 iR B I e 45
AR, X IR 22 <2. 3% , X AR I 22
(RSD) <3.8% , WA Ty 158 4> BE T A2 I i I ot
B (R VRS I SR 9 B K

3 BB bR BT

B 4 2 LAY S BN H A 10 A Z% BT 4H 4y
(Ag,Cu,Bi, As Sb, Sn, Cd,Zn, Fe Ni) ZH B 19,
“GB/T469—2005 #i%¢ " %K 5 N5 Hi & 4 2% it
SHERAREA KT 60 ne/g, M H Cd Ni R,
SRS A S A& AR, SR A 7 20 5E
Cd . Sn, HAth 8 Fft 21 531 7 4% BE “ GB/T4103 5 M 45
Gt E 77 bR e DT k3R 4T, B Ag Cu Bi,
As Sb ZnR DG B3RS OGIE 1, Fek A 6
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Table 2 The accuracy and precision tests for Cd and Sn
Cd Pk BE Cd Ay HERH L Sn PR 5 BE FIAE A BE
B | Cdi9 s i i FRIED . S
A CFAAS Cf} HZZI—‘FE‘ RSD Cilg CdﬁU;% ﬁll*fﬁ; e ?n EY'J SI} H:Jf!—‘{f RSD %R
i I fE (%) IS JES- &S PRl ME(E %) (%)
) (ng/g) (ng’e)  (pg/e) (%) (hg’e)  (pg/s)
(ng/g)
= 1.12 1.10 3.5 2.0 3.11 100.5 BYG-03 -8 -1 2.50 2.48 1.9 0.8
L 2 2.19 2.20 2.4 2.0 4.13 96.5 BYG -03 -8 -2 3.50 3.42 3.8 2.3
FESL 3 5.03 5.03 2.2 2.0 7.02 99.5 BYG-03 -8 -3 9.00 9.02 1.9 0.2
=T 9.85 9.78 2.0 11.83 102.5 BYG-03 -8 -4 21.00 21.09 2.2 0.4
=TI 20.71 20.69 2.0 22.65 98.0 BYG-03 -8 -5 62.00 61.85 1.4 0.2
%3 MBS 10 FAToC RSB
Table 3 Analytical results of ten impurity elements including Cd and Sn in the lead alloys
By a S ZRBUCH i (ng/g) AR BITTR i L
ETe Ag Cu Bi As Sh Sn Cd Zn Fe Ni (ng/g)
(=T 1.00 3.00 7.00 2.00 4.00 2.00 1.00 3.00 2.00 1.00 26.00
FEdh 2 3.00 6.00 15.00 5.00 6.00 4.00 2.00 5.00 10.00 2.00 58.00
FEdh 3 7.00 15.00 29.00 10.00 10.00 9.00 5.00 11.00  20.00 5.00 121.0
i 4 16.00 30.00 51.00 24.00 29.00 21.00 10.00 20.00 30.00 10.00 241.0
5 42.00 60.00 106.0 61.00 66.00 62.00 20.00 51.00 40.00 25.00 533.0

N R IRBOEI . 3k 3 FoR,5 MR
10 b 2R i 21 73 5 B SRR B IR ELAL A 26. 00
g/ g, YEHIA T3 v —J7 T vl AN E AR5 i Cd \Sn, 75
— 7 T 4 1 I 5 235 SR 1 L IR K

4 4ie

ARSCHESL I 1CP = MS J347 75 15 R B — UK R
RN INTRE] JibpiReN (2 R DY S T L)
TR B PIR TR A R R E , sEk TSIk
R ICER T B AIIE AL o AT TR PR,
R D ME A R RS A B R Y BR B E T A
“GB/T469—2005 8 5E ™ B3R, 4™ i P 2 L4
IR T RS E Tk
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Determination of Trace Cadmium and Tin in Lead Alloys by Inductively
Coupled Plasma-Mass Spectrometry

HAO Yuan-fang' , LIU Xin®> | SONG Li-hua', LI Li-jun', XU Ying-kui'*
(1. Shenyang Center of Geological Survey, China Geological Survey, Shenyang 110032, China;
2. Shenyang Testing Center, Northeast Coalfield Geology Bureau, Shenyang 110016, China)

Highlights

* A new analytical method for determination of trace Cd and Sn impurity elements in lead alloys measured by

ICP-MS is established.

* Lead alloy samples are completely digested by low-concentration of nitric acid at low temperature, the mass

spectrometry interferences from multiple ions are effectively reduced.

* The detection limits of the method are 0. 05 ng/g Cd and 0. 04 ng/g Sn, lower than those of the national
standard methods.

Abstract: Due to the low concentrations of cadmium and tin in lead alloys and the single element analysis
performed by using the national standard method, the analytical protocol is very complex and the detection limit is
not ideal. In this paper, a new analytical method for determining trace cadmium and tin in lead alloys by
Inductively Coupled Plasma-Mass Spectrometry is reported. In this method, lead alloys are digested by low-
concentration of nitric acid. The low temperature and slow digestion process assures the complete dissolution of
samples and reduces the mass spectrometry interferences from multiple ions. Lead matrix matching and the addition
of tartrate assure the medium consistency of the standard and sample and avoid hydrolysis of the tin content. Using
'“Rh as an internal standard and """ Cd and '"*Sn as the measuring isotopes, the mass spectrometry interferences are
reduced. The detection limits of Cd and Sn are 0. 05 ng/g and 0. 04 ng/g, respectively, which are much lower than
those of the national standard method (1 -6 wg/g). The precision of this method is 4.0% . This method needs a
relatively small sample weight, which simplifies the analytical process and can determine trace elements in alloys
precisely and accurately.

Key words: lead alloy; cadmium; tin; tartaric acid; Inductively Coupled Plasma-Mass Spectrometry
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