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Evaluation and improvement of method for uncertainty
in the determination of lead in tea by ICP-MS
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Abstract: [ Objective] To evaluate the uncertainty in the determination of lead in tea by inductively coupled plasma-mass spectrometry
(ICP-MS) and to improve the method so as to enhance the quality of the analytical results. [ Methods] Based on the mathematical model
and the experimental procedure, the sources of uncertainty components were analyzed and combined. [ Results] When the lead content in
tea was 0.346 mg/kg, the expanded uncertainty was 0.026 mg/kg at a 95% confidence level (k=2). After method improvement, the
combined relative standard uncertainty decreased from 0.038 to 0.019, and the expanded uncertainty decreased from 0.026 mg/kg to
0.013 mg/kg. The measurement result was (0.341+0.013) mg/kg (k=2), indicating a significant reduction in uncertainty. [ Conclusion]
Calibration curve fitting and sample weighing are the main sources of uncertainty in this experiment.
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Figure 1 Causality diagram of measurement uncertainty

assessment of lead in tea
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Table 1 Uncertainty introduced by sample weighting
VIR v 1% 22
RRRE  AREAREIERE  RRERE ARMEAHE
alg u,(m)/g alg u,(m)/g
+0.000 5 0.004 1 +0.001 0.000 82
2.1.2 FESHIRIOE 2SR AR AR MEA T B 0, (Vos)

E ot T R R S 2 % TR A S A R 4 B 05 B 0 R
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Table 2 Uncertainty introduced by constant digestion

solution volume

P AR Rk
AMERTE WBHEATERE  RERE AR E R
+AV,/mL u(Vy)/mL ne u(T,)/mL
+0.03 0.012 +5 0.015

213 AR UERE WG A AR X AR S 5 B (s) i
B G TN bk R ) T R A AR B U ORI
TR P AN A B8k 2 28 o 4 0T 3 v W B A o AR B
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1A B R XT bR E N B E R
AR R AT E RN 0.7%,
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(2) T2 i A 1 2 B0 7 T B AR X B o S i s T
e ()« TRC 5 H 28 570 0 YR 435 B 5 0 A o DR 72 Ak
PSS BE 23 ik, 1% B 2RI SE , A A A 2 IR 2.1.2 95 o
o MRS 1.2.2 W AR WA BT 7 14 , Sl i 7 Hh 3
M BEEE AR AT 1 mL 2> BE AR A S mL Zp I 4 L 10 mL
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Table 3 Uncertainty during preparation of the standard series solutions

S i Y5 T LU SR A A, T B S
W SRR ZEEAV/ML FRMERHE R u(Vy)/mL R EIR2E/C FREARNE R u(T,)/mL E (s, v)
1 mL W4 4% 3 +0.008 0.003 3 +5 0.000 606 0.005 8
5 mL W4 2 +0.025 0.010 +5 0.003 03 0.003 0
10 mL W 4 4 3 +0.05 0.020 +35 0.006 06 0.003 6
100 mL % & il 8 +0.1 0.041 +5 0.060 6 0.002 1
U (5)=1+/0.005 82+ 0.003 07+ 0.003 62+ 0.002 1> = N (c—c)
0.0077, 5 1 36 WL 7= A 1Y AL A o R 72 B e (5)= ﬂ”ifﬁ*;*gf;jjf’ (4)
U (5 = e (57 = /0.003 5 + 0.007 7 = 0.008 5. e
204 BRI A LA B R 0 1) \*/Z Ly—(atbe) s)
o 28 45 5000 2 0 PR T v L 7 nol
B HE TR bR EAS T B (o) Fe =0 (4) =l (5) #4731
R R LA B WLk 4 G A b o i 22
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Table 4 Data of fitting calibration curve

C/(pg-L™") &y, c;i— ¢ (e,— c())z a—+ be; [y, —(a+ b))
0 0.0005 —16 256 0.000 54 0.000 000 001 6
1 0.0122 —15 225 0.012 04 0.000 000 025 6
5 0.059 2 —11 121 0.058 04 0.000 001 345 6
10 0.115 4 —6 36 0.115 54 0.000 000 019 6
30 0341 1 14 196 0.345 54 0.000 019 713 6
50 05805 34 1156 0.575 54 0.000 024 601 6
Pl 2 0 A ¥Y=0.011 5X-+0.000 54
LEES-$1 r=10.999 9
b BRI A AR R () — ) — O 30,
p—ﬁ%?ﬂ'ﬂﬁiﬁt%& p:6~ c 346
" 205 R 5K AR M B2 1 o pre)
fﬂ(n:6><2:12)' [P WAL S 2 (B A s o i 22 SCR) 422 I 28R 82 3 (5 (6))
R 8 L VG S c=3.46 pg/L; VTS ITSCR IR B v AN 5 JEE ARG s AN i i B2 45 (7)
ciﬁmggju%ﬁggfﬁimgm,pg/L; A (8) T A, [ b AR B ¢ 4G 6 0 DR - 24 [ g 2 75 5 1.0
R R 1 TR T co—19.17 pg/Ly A BEEZESE A (O PR LR R S
— Y it % 7 A R X R R B ww (pre) =,y (R )=

0.0052, £>1(95,3), E&%i’a@ﬂﬁz%ﬁmﬁﬁ%ﬁﬁﬁ,
2o HHE s, %90.002 1,u(e)h 0.11 pg/L K20l iR LRI A IE R (f = 1/ R) B IE Kl 245

£S5 HEREBINNTIHEE

Table 5 Uncertainty introduced by sample digestion

[l i #& R/% - 35 TR R/% S(R) /% u(R) u,4(R) 1(95,3) i
93.4,92.5,91.2,91.7 922 0.96 0.004 8 0.005 2 2.79 16.2
/z,, (Riﬁ)z A OHATIHE P E SR I K6,
S(R)= [t (6) 22 ARETHEESTRAWEE
_ AEXT A5 BUbR 7 AS B 2
u(®R)=S(R)/Vn. (7) : e
ua(R)=u(R)/R, (8) 6 HRESHNEINNRHEE
= 1—R (9) Table 6 Uncertainty introduced by repeatability determination
W(R) -4 X/
. . WA E/(mg-kg ! S ) uy
206 A I B A A R ER MR I e (rep) M/ (mg-kg ") (mg-kg") (z)  ulrep u,,(rep)

Xof 2% KR S EAT 6 UM ST I L RE S T A S R RS SY 0349, 0.348, 0.339, 0.346 0.0055 0.0023  0.006 6
1t X M 0.346 mg/kg, 3% A KPP, uy (rep) ML (6)~  0341,0354,0345

U (X )= Jtt (m )+ 1,0 (Vs V' t0,q (5 ) 4 st (¢ ) + s (pre ) + w,q (rep ) =

0.0172 -+ 0.000 77% + 0.008 52 + 0.032% + 0.005 2% -+ 0.006 6 = 0.038.
B PR WE R T B u (X )=X X uu(X)=0.346 X 2.3 FHERHRERDIH

0.038=0.013 mg/kg, WUE [FHEA Ny 95% , k=2, W & J@ A~ WP 25 BT 7R, A 0 TR I R 8 E R Ay K/ HE
Wi E B U=kX u (X)=2X0.013=0.026 mg/kg, K  JPRK MMM LIS FEMFRE bR R EE N
e, A TR A A A BN (0.346+20.026) mg/kg, k=2, FE RE T AR R R ST R A R HEM RIS SR
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I ¢ b F R v it 2 B AR B S , BB (o) B A
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Figure 2 u(c) and uy(c) under different lead concentrations

FE 3 0 b N i R SR VR BT i RCEE  WOKSE BR AR T S
HEINZ 0.35 g AT N M A AT M S IR B A, IR
B I % 0, 2% AR o B AR I i o 4 W R ISR o PRI
I RRIRCT B /I8 0T, BRSO R 1 R X R oS B E
oy () B8, UGG H T o () B HE w0 o) BT 1
JERE/IN FRRE T I A T e R AN B R S SR TR

233 ARAEEW B ARE RIS A
Hic ) 500 pg/L B % 5 fE H B, 10 mL W 545 5 100 mL
255G O B e () AR AR ZE AL A 2+ 4 W
o PRS2 b B o 4 04 A R OB D T G R R IR
RHERRAA B () VTR —E B . 2
TR [ 25 B AR R [ A VE 22 N TR] 7E VO
) o 2 vy B A /DN 4 e 3 e 0 1 UK, A
GV vR 1 B B A U bk v ) SR T oA, T
AR

234 HEEMWE AAEZWEEE KR AR
FEMEMEEE o 6 A HIME] 104, I 78 R AR 128 4
HERZHCR JEATIE ¥ 45 W 7, uq(rep) M 0.006 6
R4 0.004 4, 120 (6)~20(8) TT 0, 1 AR i o 4 ) At
F n 7T LAREAR S 0 2 E o (rep) , I8/ B BB BIL 5 22 1Y 52
W), LS AR o T i A o 4, 78 R ICP-MS 0 A7 i ik s
11 0 3R 32 B 0 B Al RS TR AR T A5 T 1y
{8 X 80 e AT B T R . Ok
AR IR R A A LB TR AT LA Y BT X
3 I AR B o3 B L B A 22 S (&) AR A, wu (rep)
B Z AR

235 PR RR R MR BN AE S ECE n T
REARAS I 5 BE L WOTE 6 (3 SR AS KR UE BT P A 100 pg/L 1)

KT AHEUHERHEREEMNEITEER

Table 7 Results of repeatability determination after method improvement

MR/ (mg-kg )

FHEE X/(mg-kg ") S(x) u(rep) u,(rep)

0.344,0.342,0.337,0.336,0.341,0.348,0.346,0.335,0.336,0.345

0.341 0.004 7 0.001 5 0.004 4
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HY BRI I 0.5 mL, SO A 100 5030 o R 0 bR AR o 403 2K
IR 43 B8 25 6 40y e, RS 6 5 B P A 45 SR UL 2K 8, uy (pre)
490.004 3, {EAR X b o AT o0 JBE A 53t S G R 25 5
>1(95,5) E MRS 1.0 4 B E P25 5, 0 A g
MOE B T8 IER S5 5 . W T RE AR o8 4 e R
Z B0 PR BE AR, T ik ek 2 U O 2 AR iR R
HO R G, L B A IR 1 43 HOPE L R D 25 S(R) AL,
U (pre) oAb T 42 I [

23.6 FERWMBRER LDKRERREBRIETERSA
DA ARG R RE 2 25 405 R (0 4R X b o R B B L (2 ik
AR MEIM LI AT A ATE T, WERENERE
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50 mL, 8 1155 BE a8 25 7 A 0 R R A S o R
0.000 72, 5 5 75 % 25 mL B A L AR f0 R O, E R ok il 4k
LA 77 2 1Y AH X BR HEAS T 8 B u (o) 1 0.010 38 in =
0.024, B AL K, 45 & % B W w5 R B HE
25 mLo B 5 M B0 B TN B A RS B TS B R A
AN EE AT DL AN

WA DL b7 O AR A R TS B R B 1 (X))
M 0.038 [ 4 0.019, 4 BUbR E AT E JE u.(X) M 0.013 mg/kg
[% k3 0.006 5 mg/kg, I AR i & BE M 0.026 mg/kg &l
0.013 mg/kg, Ml 45 54 (0.3414+0.013) mg/kg, k=2, 75
RS A I A5 SR L L 9.
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Table 8 Uncertainty introduced by sample digestion after method improvement

SR R/ -2 FECR R/% S(R) /% u(R) u(R) 1(95,5) HfH
91.3,90.1,89.6,90.9,90.6,92.3 90.5 0.95 0.003 9 0.004 3 2.45 24.4
x99 AEREHEIERITLE
Table 9 Comparison before and after method improvement
. . R e iR
KT i B B4 " A T .
FR i b
JFEMHERT BRI A1 0,1,5,10,30,50 pg/L, p=6,c= m=025g, {1 1 mL W% 445 39K, 5 mL W 5 4% X=0.346 mg/kg,
3.46 pg/L,c;=19.17 pg/L,5,=0.002 1,u(c)= 1,y(m)=0.017 2¥K,10 mLW 4 3% ,100 mL & W p=6, u,, (rep) =
0.11 pg/L,u,y(¢)=0.032 8 U, 11,0 (5)=0.007 7,1,,(s)=0.008 5 0.006 6
T HtE R A $10,1,3,5,8,10 pg/l, p=10,c= m=035¢g, 1 mL W B4 3¢, 5 mL W B X=0.341 mg/ke,
477 pg/L, c;=4.5 pg/L,5,=~0.001 2,u(c) = uy(m)=0.012 23,10 mL = 17R,100 mLERH p=10, u,, (rep) =
0.050 pg/L,u,,(c)=0.010 TR 1ty (5)=0.007 1,u,,(s)=0.0079 0.004 4
. R it 1 i B it T iR U/ X/
5k o U (X) u(X) . .
puN WE (mg-kg ') (mg-kg ")
TR n=4,u,,(pre)=0.0052  v=25 mL,u(V,;)=0.000 77 0.038 0.013 0.026 0.34640.026
U n=6,u,(pre)=0.0043  v=25mL,u,,(¥,,)=0.000 77 0.019 0.006 5 0.013 0.341+0.013
3 B gl A M R R . i T ARMERS B &b H ARG 4> 5 Y

Fic IR ] G o R0 P rl SRR G 45 B A BT 1 0 %
A B R I ORI G AT TP E . SRR,
250 YA S R 0.346 mg/kg B, TR R B E E A
0.026 mg/kg, Ml 45 5 4 (0.346+£0.026) mg/kg, k=2, il
Ik R o v i 2R R YT 7E 6 O R T 4 TH i RE AT 4R
T Y0 R B A T R S A XA SRR iR
iy 72 B M\ 0.038 F& 4 0.019, ™ JB A i 52 J& M 0.026 mg/kg
K%k 0.013 mg/kg, Pl i 455 4y (0.341+0.013) mg/kg, k=
2, W T BRI, AU RR i O RE AR IR /N T
BEAT M A , 77 7 W0 I IS REHE It S U5 FIAE B R 1 IR 2 02
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