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Uncertainty evaluation for the determination of 16 kinds of elementsin
aquatic product by inductively coupled plasma mass spectrometry

ZHAO Yi-Lin, LI Shan’, HE Shuang, LI Ji-Long, WANG Zhi-Xiong

(Guangzhou Quality Supervision and Testing Research Institute, Guangzhou 510110, China)

ABSTRACT: Objective To analyze the uncertainty of 16 kinds of elements in aquatic products by inductively
coupled plasma mass spectrometry (ICP-MS). Methods According to the actual situation and JJF 1059.1-2012
Measurement uncertainty evaluation and representation, the uncertainty factors affecting the results were analyzed.
Combined with the analysis of the sample quality, volume, curve fitting, measurement repeatability and other factors
on the uncertainty model of influence degree of components, the uncertainty was evaluated. Results The relative
expanded uncertainty of each element was in the range of 1.89%~7.81%, which could meet the requirement of normal
work. The uncertainty mainly came from 2 aspects: the fitting of the standard curve and the repeatability of the
sample pretreatment. In order to reduce the uncertainty of standard solution curve fitting, the quality and
concentration of internal standard elements could be changed. Conclusion This method accurately reflects the
confidence and accuracy of the measurement, and provides reference for the daily actual inspection work.
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Fig. 1 Test flow chart
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Fig. 2 Cause and effect relationship of each component of uncertainty
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Table2 Standard deviation of the sample standard solution for
|CP-M S measurement elements

C So Upre (C)
Na/(mg/L 8.35 0.0945 0.0046
a/(mg/L) p—
Mg/(mg/L) 6.49 0.0641 0.0040 b— , b=13.2143;
Ca/(mg/L) 7.48 0.2833 0.0155 n— , 6 , 3
Fe/(mg/L) 0.188 0.0035 0.0077 ; 18, n=18;
Al/(mg/L) 0.113 0.0016 0.0060 { ’
c — ,C =835mg/L
Sr/(mg/L) 0.152 0.0041 0.0110 c
( 5
Zn/(mg/L) 0.203 0.0023 0.0047 c_ . C=031 mg/L:
Cu/(ng/L) 9.98 0.1525 0.0062
As/(ug/L) 14.86 0.4725 0.0130 m 5
A —(a+bC;
Mo/(ug/L) 3.17 0.0799 0.0103 ]Z:JI[ j J)]
Cd/(ng/L) 1.08 0.0438 0.01657 SR= m-2
m— , 6 S 3
Pb/(pg/L) 1.98 0.0882 0.0182
R 18 , m=18;
Ni/(ug/L 0.86 0.016 0.0079
Vet 7 7 b— ,b=13.2143;
Se/(ng/L) 5.80 0.0913 0.0064 a _a=2.1315;
Cr/(ug/L) 13.85 0.2597 0.0077 4
Hg/(ng/L) 1.07 0.0631 0.0241 Usra(C)
3.3.3 AR/ R BEB TN AR Use(C) &4 ICP-MSUETEIEHMEMAIINNTHRERE uza(C)
6 Table4  Uncertainty of ICP-M S measurement element working
’ curve fitting
ICP-MS , 3,
; C Sk u;(C) Usrel(C)
Na/(mg/L) 8.35 0.4658  0.0208 0.0025
£3 WIRERRRESHMEEERE Mg/(mg/L) 6.49 0.2171 0.0158 0.0024
Table3 The concentration of sodium standard solution Ca/(mg/L) 7.48 0.0011 0.0219 0.0029
and the corresponding signal strength
Fe/(mg/L) 0.188 0.1528  0.0014 0.0077
C(mg/L A A A A
(mg/L) ! : : A Al(mg/L)  0.113  0.0363  0.0042 0.0370
0 1.974 1.965 1.978 1.972 Sr/(mg/L) 0.152 0.0972  0.0036 0.0226
0.5 8.589 8.602 8.635 8.609 Zn/(mg/L) 0.203 0.1839  0.0033 0.0162
| 15.16 1521 15.05 15.14 Cu/(ug/L) 9.98 0.0117  0.0421 0.0042
As/(ng/L) 14.86 0.0011  0.0354 0.0024
2 29.05 29.26 29.15 29.15
Mo/(ug/L) 3.17 0.0031  0.0367 0.0116
5 68.30 68.12 68.15 68.19
Cd/(ug/L) 1.08 0.0022  0.0183 0.0013
10 134.5 133.0 135.0 134.2 Pb/(pg/L) 1.98 0.0015  0.0317 0.0160
A=13.2143X+2.1315, r=0.9999 Ni/(ug/L) 0.86 0.0014  0.0288 0.0335
Se/(ng/L) 5.80 0.0001  0.0483 0.0152
6 >
Cr/(ng/L 13.85 0.0022  0.0183 0.0013
8.35 mg/L, (ne/L)

c ) Hg/(ug/L) 1.07 0.0000  0.0246 0.0243
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Table5 Determination of the uncertainty of each element in aquatic productsby ICP-M S
Urei(M) Ure (V) Ure(C) Ure(F) Ue( ) U/%
Na 0.00026 0.00360 0.00884 0.00076 0.00958 1.92
Mg 0.00026 0.00360 0.00853 0.00177 0.00943 1.89
Ca 0.00026 0.00360 0.01727 0.00761 0.01921 3.84
Fe 0.00026 0.00360 0.01371 0.00681 0.01573 3.15
Al 0.00026 0.00360 0.03837 0.00632 0.03905 7.81
Sr 0.00026 0.00360 0.02647 0.00579 0.02733 5.47
Zn 0.00026 0.00360 0.01888 0.00545 0.01998 4.00
Cu 0.00026 0.00360 0.01139 0.00440 0.01273 2.55
As 0.00026 0.00360 0.01572 0.00489 0.01685 3.37
Mo 0.00026 0.00360 0.01769 0.00633 0.01913 3.83
Cd 0.00026 0.00360 0.01869 0.00426 0.01950 3.90
Pb 0.00026 0.00360 0.02569 0.00522 0.02646 5.29
Ni 0.00026 0.00360 0.03544 0.00588 0.03610 7.22
Se 0.00026 0.00360 0.01860 0.00501 0.01960 3.92
Cr 0.00026 0.00360 0.01155 0.00417 0.01280 2.56
Hg 0.00026 0.00360 0.03530 0.00884 0.03657 7.31
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