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Uncertainty evaluation of cadmium content in kelp (Laminaria japonica)

by graphite furnace atomic absorption spectrometry
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Abstract: Objective: To improve the accuracy of the results of
cadmium (Cd) content in kelp (Laminaria japonica) by graphite
furnace atomic absorption spectrometry (GF-AAS). Methods:
The concentration of Cd element in kelp sample was measured by
using GF-AAS after microwave digestion according to the
standard of GB 5009.15—2014. Combining with the experimental
process and mathematical model, the possible sources of meas-
urement uncertainty were firstly identified, then the components

of each standard uncertainties were calculated, and finally each
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parameter of uncertainties was synthesized, and the whole uncer-
tainty was evaluated. Results; when the value of Cd concentration
in kelp was 0. 202 mg/kg, the expanded uncertainty was
0.008 mg/kg (k=2). Conclusion: The uncertainty of the method
is mainly derived from the determination of Cd concentration in
the sample solution, which is basically introduced by standard working
solution preparation. Moreover, the uncertainty caused by the sample
recovery rate is also large. So the quality control of the parameter of
uncertainties should be strengthened in the future.

Keywords: uncertainty; cadmium; kelp; graphite furnace atomic

absorption spectrometry

B — R R B, WK EE RN E SR
/B E YN R N R SR PPN LN IR i
PR RS L SN R AR R i R
FIMBER T R KM AFEED A EENERM
HAM LR EICEN . 2020 4F v 1 72 B2 5 RS
FEFH T W 63,1600, L HE AR A W A 5% B A B4 N
2.10 77 hm® , J= 520y 82.79 5 t, 24 i 4 [ A B 7 R
50.13% 5 K= SR T R A R EE A, d
T B M) LI K b R W AR R R N AR S i R
oK F BT 00 T 22 4, R I X T o A A 0 A DU
WEE,

i AN £ TR R S R R LT I A R
JR T W U % 3% 15 (graphite furnace atomic absorption
spectrometry, GF-AAS) il L 8 £ 45 B 1 PR B it o Cin-
ductively coupled plasma mass spectrometry, ICP-MS),
X2 Rl R RAUE R R 2 T AR /N SRR
Home il R E PR ROCR A TR, Hop L 6T

47



48

L& 5#% 7 SAFETY & INSPECTION

GF-AAS 3l 5 £ 5 i & i A B 3T e R B4R
FERLARD T R PEETY BRSO T R g . iR A B A
KA TR0 5 7 v W 7K ™ i o i B BEAT TS T
FoB R GF-AAS 100 2 4 A it 1 I R i 7 i A
15 T ICP-MS i, 5% 0 5 D 2 AS 8 0 B2 1 3 2R IR OF A
FR— B U A A o AR 2Rk R K L
HE S B T REE OCHE R K . H ALV BE SR A
ol (S D0, T B SR A R AT A B AT R
O TF U R T S S A B I ST RGE

WFFE 8L L GB 5009.15—2014 ¢ £ & % 4 B & b W
it PR I ) S R AR A L SR A GF-AAS 3k X il o
e AT A . 2 BR O JTF1059. 1—201 24 &2 K i 2 )%
PEE 5 £ 7% ) CNAS GL006 ; 2019¢ fk 2% 43 H1 v A ) 2
JE W PEAL B8 R ) 1 BRI E L A A SRR R L
AN RE BE REAT AR VE R+ TR I AT 5 o 0 e 46 SR o R 1k
PGSR PR 2R Ry 9 T O a4 )RR T PR R
W 235 1 P PR AR AL IS KA
1 #e 505k
L1 KF5REE

T B AR N T VT2 R R A IR A X

FEARVERE 453 : 1 000 pg/mL, M Xt B A A & A
0.7% (k=2) , [E Z A (0.4 Ja Je 7 0 RE 5 BT I3 o0 5

AR - 2R al s 1 i BT R0 T A AL RL B B A FRA ] 5

A1 28 P RO 35 A : PinAAcle 900Z Y, 3¢ &
PerkinElmer /A 7 ;

O f# AL . TOPEX B, Bz 2 (U BB & A
LA 5

B RE IR NP RS . G-400 B, | I SEAL RSB R
JEA BRAF 5

HL 7 KP AL204 BY M4 8 —FE R 2 A48 C RO A
MR
1.2 HEmATabE

28 GB 5009.15—2014 H {0 i I8 8 i 64T
1.3 #RfE TAE A MR 4

W B3 A VR 45 (1 000 pg/mL), i 194 Al R
B RN 4 pe/L SRR 0 FIW, i IS A 3l i
FERE BB 0.0,1.0,2.0,3.0,4.0 pg/L MFRUER S L
YEW
L4 BERNE

AR T 30 min BREJT AR UE AR W2 I FEWR
IR 5 V85 80 ) A B I Ak 2 v DU ROk A
R A A T 2R A5 30 i Y o 4 0 R
1.5 SR

TR R i A R

o XV

m X 1000

D

BE 2478 | 2022 F 5 B | R@SHH

A
X— il FE i 1 & & . mg/kg;
o aURRE T Ak VB A SO e B O SRR A
R R g/ L
V— i FETH B E 5 R T mL;
WA . g
1 000— P 5T R EL
2 RS0
2.1 MELER
o ¥ R S HEAT 12 RIE W E S R gk 1 TR .

m

x1 BEERPEONEER

Table 1 Results of Cd content in kelp sample
AR AT R/ i
5t (pg+ L7  (mg-kg 1)
HDI1 0.304 0 0.129 5 2.487 0.205
HD2 0.304 5 0.127 7 2.453 0.201
HD3 0.305 8 0.131 7 2.531 0.207
HD4 0.307 3 0.132 7 2.550 0.207
HD5 0.304 2 0.125 6 2.413 0.198
HD6 0.303 0 0.128 1 2.461 0.203
HD7 0.303 9 0.128 2 2.463 0.203
HDS8 0.304 3 0.129 4 2.486 0.204
HD9 0.304 1 0.123 7 2.377 0.195
HD10 0.305 8 0.126 1 2.424 0.198
HDI11 0.303 1 0.128 1 2.461 0.203
HD12 0.303 6 0.124 0 2.384 0.196
FHYE 03045 01279 2458 0.202
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Figure 1 Causality map of measurement uncertainty

assessment of Cd in kelp
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Table 2 Results of Cd series standard working solutions
fm‘(’ﬁ‘{fa*m‘(j&ﬁ/ W 5E W' BE e A
(pg+ L7H 1 2 3
0 0.002 0 0.001 0 0.000 8
1 0.056 2 0.054 8 0.058 7
2 0.106 8 0.1059 0.1075 y=0.052 192+0.002 07 R?=0.999 6
3 0.157 7 0.158 7 0.161 9
4 0.209 1 0.210 2 0.209 3
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BT RS ENE N RAHE E U=rku.(X)=2X
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Table 3 Components and their uncertainty
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