2015 4F 11 A pige ol Nov. 2015
2365 S1 Precious Metals Vol.36, No.S1

ICP-MS EMESH4REPIRSENITHEETEE

% 9k, KRR, TEE, £8E, L F, LA H ¥
(P T S R B A IGRE, st 210028)

W OE: w480 FE TARMEEICP-MS F)NE S4E 4TS TN E AL
. SHERF AR E . ARERR GBS TR RIS MEET LML ST RH L
5it A, @id b miFRn s RS RIATE ST BRA T,

KR oATILE; ICP-MS ik RAZEIFE; S ae; 4

FESHES: 06552 ICEFRIRES: A XEHS: 1004-0676(2015)S1-0198-04

i

BHATT
JEHAT AT

The Evaluation of the Uncertainty of Quantitative Determination of Lead in Fine Gold by
Inductively Coupled Plasma Mass Spectrometry

GONG Cheng, FU Rongjin, WANG Xinlei, HUA Yichao, WANG Liang, WANG Haojie, YANG Yin
(Nanjing Institute of Product Quality Inspection, Nanjing 210028, China)

Abstract: The uncertainty of quantitative determination of lead in fine gold by inductively coupled plasma
mass spectrometry (ICP-MS) was evaluated. The impacts of major sources of uncertainty were discussed
and calculated, such as weighing, standard solution, standard curve and measurement repeatability. Both of
the combined uncertainty and the expanded uncertainty were also obtained by combining every calculated

components of uncertainty.
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L1 XA Ko

L A & 55 & 1 5T 35 1 (Thermo iCAP-Qc
A, S B KMHR B A A]); 2K (Millipore
Milli-Q Integral 10, fE[EZERT); ¥ KT (AE200
R, HESEAR, B 0.1 mg).
1.2 &5

A (WA =99.999%); LR IRAET &
¥ 1000 pg/mL(FE ZANBRAT FTELT), A 10%HE
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PR ARG BT BRPRIEI & VAR 1000 pg/mL([H
FANGHE ALY, AN 10%3h B (E AN 71
SBE)s EARER (20 mg/mL): FREUE 24 (F
& 99.999%Lh F)10g(FEHfi A 0.01g) A 250 mL
RV OB, IANTRA TRIEWR (1 ARFAE IR +3
PRAR Eh R +4 AR 2B T7/K)50 mL, AR IEINFAE R,
AEE, FKEBZE 500 mL #&EHS, *MnkE
7K 100 mL, HKMRERZIE, $EAI1E; $hig(MOS
9); AHIR(MOS %) TRARRIEI A3 4
FER IR +4 AT L BT K).
1.3 PR I 2 5 AR i 2RI VR R T 1l

A1 mL BREBIE Rk S, BT
100 mL Z&EHEH, A 20 mLiESR, HEET
IKFEREZRZIE, IR 2T, BIF 10 pg/mL JRA PRI -
FFRETT VL AR R 0.1 pg/mL B A bRtk iAW .

1 mL B RIS AR TG AR EI 27
BT 100 mL A&, A 20 mLiBEEE, H%E
BT KMBERZIE, 5, BI15 10 ug/mL {84 N R
. HIRIFEITVE MR 0.1 png/mL V& N FRE
o

3T 5 AT 5.00 mL GARvE & VA
(20 mg/mL)[#J 50 mL &+, fIA 2.50 mL 0.10
pg/mL VB WARER . MA 0.00+ 0.50+ 2.50. 5.00.
10.00 mL 0.1 pg/mL B EARAERIR, 287K
BERZIE, $51, 521 E N 0.00, 0.0010. 0.0050
0.010~ 0.020 pg/mL FRFIFRZHE 2875 -
1.4 SEBHEE

FREL 0.10 g(FE#IZE 0.0001 @)= 244 e s, BT
50 mL VYR OMEHEM A, NN 2.5mL B & BRI,
1E AR PRI RE, BUR, AH, FKEAN
50 mL BRI BN H, A RA NARER 2.50 mL,
MEBEFKERZZE, ®5), £ 1CP-MS I, H
i b 2k I e OB VR 45 0 3R B IR
THHSITCRNTES S BERAE S (IR

2 AR RRIE T

2.1 BUEERE S
FIF ICP-MS X malid: i 4 B ATl e, &F5
Motz g BT U A ()T R
Wwer=p Vx10"%/m (1)
L wep HRFEPRENTE R ESE, % p N
POENAR PRI CER P EIKE, pg/mLs VOl
SEREIAR, mL; m MBI E, g.

22 FAHEESEITE

(1), A5G BE 5 HU A E R IR
4: ORERE m FATEE; @QWRERER R
TR MR EIREE p FATENE; CWMBNAR E&A
VAT EE; @OWNSEER TN E .
221 FiE m BATIEE ue(m)

(1) RPLNED BRI EE ui(m)

TP RIERAH £0.15 mg o=, 24
P o B WA R B3 2 A, e SR R b T e 2
0.15//3=0.09 mg, ZE R, N 825 HX,

15
u1(m)=,/(2x0.09%) =0.1273 mg ()
(2) FREEEVERAER u(m)
RVHNGET Fegth TIREEENM, Hirdh 2=
90.1 mg, PR E m BIANE 2N

s (m)=ud (m) +u3 (m)
=v0.1273% +0.12

=0.1619 mg (3)
FREGRFE 0.1000 g, AHXT AN E BN
uret(m)=0.1619 mg/1000 mg=1.62x 10" 4)

222 REHNER R FFNCR R EIRE p IATE
& ure(p)

2.2.2.1 bRUERECH] 5IN AN E FE wi(p)

(1) BT bR A& L 51 N AN

E Uja, rcl(p)

I & PR B R FE N 1000 pg/mL, UE 45 H
A 0.7%(B & K F k=2)s u, ei(p) = 0.0035,
(2) BRI NBIAHE E wip, rei(0)

HFRUEI B RREE 10 pg/mL FrifEiaEwad 2

FRRTAEIR | mL B . 100 mL 25 &5f. LA 100

mL 5 BN AR TR 28 B A B AT T B (S

FERELE £4CHAR, B3k 5.

IKEERUIK 2B 2.1 X10%°C, MK RZET

NIRRT 52 A

0.10 mL/~/3 =0.058 mL )
8 FH 5 458 T B I B AN ) 51 ON ) MR BUAS i o T
100 mLx4°Cx2.1x10*C"/+/3 =0.048 mL  (6)
AR PR B AN BN«
0.058% +0.048% =0.075 mL (7
RS TE, 1 mL B AR S A 2
FEA:
J0.007/4/3)2 + (1x4Tx2.1x10* //3) =0.041 mL(8)
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M BRI 2 AR RS 10 pg/mL FRUEE IR
MR I R 51N BRAE R AN 5 N -
Unb-1.rel(P)= J(o.o75/100)2 +(0.0041/1)* =0.0042 mL(9)
MIEJTETFSE, B 10 pg/mL ARAE T ROR e 2]
0.1 pg/mL ARAEE R FESLRE 51 N HIFRXS AN E
FER:

Urpa, ()= J (0.075/100)* + (0.0041/1)*

=0.0042 mL (10)
KN 5 mL B A 10 mL B Kb s &
AHHEFESY 379 0.0090 mL #10.013 mL, #H 0.1
pg/mL AR AL R RE 21 F AR I R B B I AR T
NIRRT AN 2 A -
Ulp-2, rcl(p)
:J(o.o75/100)2 +(0.0090/5)% x3+(0.013/10)>
=0.0042 mL 11)
B AN 5 P A«
Utp, rel(p)= \/uzlb-l,rel (p)+ leb-z,rel(,D) + uzlb-S,rel(,D)
=1/0.0422 +0.042? +0.042>
=0.0073 mL (12)
RISV I VR EC A1 I 5 1N B AR X B AN 2 B2 N«
U1, el(P)= 110t () + 101 () =+/(0.0035 +(0.0073)
=0.0081 mL (13)
2.2.2.2 TAEMIZRIUA B 5] NFIAH E E ua, re(p)
TG, KRR 2 & VA MR FE B FEAR O R
BRI, HHTERMERD IRENE, SR RAE L
PR AN T = 250396.5927 (R} ) X x(i & )+
97987.9412(8iFH), R*=0.9998, XiHf VAT 10
PO, RGP EIRE po 9 0.00103 pg/mL.
H CAE &G SR RN I T R R EIRE p
B HEAT SE BE ua(p) N

uz(p)zi- l+i+i—ip°_;7 (14
N gi(pi_p
e AR 2R P v 2
J S0t~ (bp, +aF
s=\*= (15)
N-2

T RGN E e TSR E, o 9 TAE 2 aE,
b N TAEMERIER, p NP SRR ERE, p
o NBEMICER FEIREE . p AR R B TR 4 0 T
FOPRIREIREE, N AT A 2R s e
S IREL, BANPRUES RN 2 2%, ) N=2X5=10,
P ONRHA N B IR, P=10, K& BRI 2

XA, HEAEE] uy(p)=0.0001949 pg/mL, N
Uy, rei(p)= 0.0001949/0.00103 =0.1888  (16)

RSB R A G TR B p (AR AN
E &N

s, (P Y= 111 () + 12 1)

~/0.0081% +0.1888
=0.1890 (17)
2.2.3 WURHAUE BE V IR EARTEE (V)

WENAM G, MBI ER T 50 mL A&
o, HAEIEEMRE “2.2.2.1Q)7 HitE %,
THE T34 0.00075.

2.2.4 M HEZEGNIFRHEANEE we(rep)

FE S R S 10 I8, 85550 51174 0.00105,
0.00111. 0.00096. 0.00101. 0.00099. 0.00106 -
0.00102. 0.00115. 0.00094. 0.00103 pg/mL, ¥
fE79 0.00103 pg/mL, WK HE D12 /R 2 20t 55 8 &
NI E E u(rep)=0.0000203 pg/mL, -

ur(rep)=0.0000203 /0.00103 =0.0197 (18)
2.3 B AREAH E

urel(w): \/ufel (m) + urzel (p) + ufel (V) + urzel (rep)

(16210 +(0.1890) + (0.00075) +(0.0197)

=0.019 (19)
24 ¥ RAHEERNESLERER

A AR T k=2, WH BAH -

U= kXue(w)=0.38 (20)

M 2 (D) THEAS 2R S 2N 0.00005%,
0.00005%x U= 0.00005% X 0.38=0.00002%, I
S RN =4 R R RN w=(0.00005+
0.00002)%.
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