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B, YRR AL JE A 0.017 mg/kg, k=2, F 8052 T Tk ER K RA LS5 H AR RERES , 5 G SR 2 RZ,

KB KT E; B RABSF B TR (ICP-MS) ;48 ; R % B i
RESHEE TS254.7  ERIRED A
TEHS  0517-6611(2021)21-0207-04
doi: 10. 3969/. issn. 0517-6611. 2021. 21. 053

FFAERE (RIRAR S5 ) #7345 (OSID)

Uncertainty Evaluation for Determination of Cadmium in Swimming Crabs by ICP-MS
WANG Jin-cui
Abstract

JIF 1059. 1-2012 and CANS-GLO06:2019 evaluation and expression of uncertainty in measurement, uncertainty analysis and evaluation were

(Heilongjiang Province Tianrun Inspection and Research Institute Co. , Ltd. ,Harbin, Heilongjiang 150009)
Cadmium residues in swimming crabs were determined by inductively couple plasma mass spectrometry (ICP-MS). According to

carried out from six aspects, including standard solution preparation process, sample weighing, sample preparation, calibration, measurement
repeatability and standard addition recovery, a mathematical model for uncertainty evalution was established, then the uncertainty was quanti-
fied and synthesized. The results showed that the content of cadmium in the swimming crabs sample was 0. 61 mg/kg, the expanded uncertain-
ty was 0. 017 mg/kg, k=2. And it was determined that the uncertainty component with the largest contribution rate was the preparation of the

standard solution, followed by the addition recovery determination of the blank sample.
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B K RS2 78 RB/T 214—20171" . CNAS-CLO1 2018
TR ) ST 565 2 o ) S8 SR 5000 1 BN SRR, B P
DU ASHA 2 B T A o M AT [ 5 M A 25 S P Al R o 2
B, 7K b PR TR R PR B B R 2 FEAG I A v, 2
HH BRI SRS, Q) e 50 14 v P A T DA T E A
XFFEEME HENEH L AR T Bl K 565 7%
B R T o e 2 R T {5 R A T B S
B R A B A2 7 bR ICP-MS % 8 A S i
WO i AR B F 2O 6 1 55 1% 98 I R )
ICP-MS YEZ MM I B, FLs B i R U =, R 0E
K= BT e A S AR BT . S AE ST ICP-MS 7k
I R T B AR BE RO A B AR JOF 1059. 1—201211
il CNAS—-GL006:2019'™ | /347 ¥ 1- rh 47 5% B4 1 0 1 7
R ANTIfT R O TR, A 5 AN R B OIUR,  BE  KG 06  i
HER RIS
1 #R5H%
1.1 {428 NexIONI000G 7 H JBf &5 55 85 i ( &
B4R BN LA BRA ) s MDOM AU T8 fig 3 ( B35
SRBHE A (R A BRA R ) 5 VB24 JEERRAYL (b 5t A 2 F)
AR ;AUY120 BRI FRF (B IR = 1)) s B
BN A G HZKE B
L2 ifAr  SRxt B (VRSN 100 pe/ml, 55060 6.4 )8 M
L FRER AR s ) 5 4006 BE S (R R 1 000 we/mL, 17
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1.3 #RAERERIEH

1.3.1 SRbpiERIIAI . TIBOKEE S 100 pg/mL fRARAER
W 0. 10 mL, DL S% TR WM B E 25 2 100 mL, 5535145
HWH 0. 10.0. 50, 1. 00.,2. 00.5. 00 mL % T 10 mL 2 HH )l
L DL 5% fiFd R 7 WO B 22 20 B, A AR vk B 1.5.10,20,
50 ng/mL FUbRIE TAER

1.3.2 BRI, HREES 1000 pg/mL 1 88 bR E
BOE LR RAT AR I (=5 ng/mlL)

L4 @A ROBIE B2 78 1 ke, thptshdkm, %
56, RNIEJG , AT 3 43 B 0 34 0T, TR & 3950, R %% FR I
0.5 g T4 i fE , UM ABE BR 5 mL 3 AL & 1 mL, K
2 mL, 100 CHUHAE 1 h, RIS BTG ARAL 4% F5 7 11 i
SERIS U ARRE , LA 2 mL Kk N o 5 — RO AREN &
AELRAN 22 52 P T a2 WIDAR R T R LA K e e i 2 9
PIKSERS 2 25 mL, $857, RIAAE A . AARTR] D7 2 45k
A,

L5 Si&EsE AOES TAESEUS , DU BRI & 5

FREg g8

2 BER554F

2.1 AHEENSER BT8P ENTTEDT:
_ CxVx1 000
“mx1 000x1 000

L X R & B (mg/kg) 5 C kg B I e 0 R
(ng/mL) ; V R REF I HUE 2 (mL) 3m Kt RE i (g) o
2.2 TEERERIRIR  AUEH T BB R LR AE b,
VR TR PR T Th AR O AN S B S ) AR N
D I iy B B S AT ) 1, (S) 3 QBE SRR wn (M) ;B
R AL B AR 0w, (V) s @FHETT 5w, (X) s FE S E
WSE . (rep) ;@7 FIRES BRI E w,,(R) o
2.3 BRAETHEESBHTEE
2,301 G i T X HE AR A 7 | A B ARDG R o S 1
FE w, (S)VFAE o X HE % BV T ) 3o R RS W 3
B PRI S B WL 7 R P s e 2 LA B
X R S SR E RS A
2.3.1.1 XSRS SIAMAIEE v, (S) . XTI A &
SIABIARTE B B A E A0 B UE B AR AN
FER£0. 5% k=2, 45 BRI 57 47 A, FAR X An AT € o0
u,,(S,)=0.002 500 O,
2.3. 1.2 FRUEBRECHID AR E B u,,(S,) o bRIEE
Y R R ZE b TR 119 3 R L T 100 mL A 1
Y10 mL 284 5 U .S mL B IAY 2 UK. 1 mL SIS 4 K,
T B Ao 7 D ) B0 1 L9 TR P B0 A A R JIG
196—2006 " KisE , 9454 A b, 539515040  BUdL 3 1N
T k=3 i B ES  ABIAHRSE BE IR A w( Sy o) ) =
AR/ B3I

1E(20+5) °C IR BE R, 2K I Bk 2 80k 0. 000 21/°C
(20 °C) v VR0 ISC ) T Y02 5 2 s v S A 5 3 S R By

BI A FE S TR w (Syenn ) = B XS5 Cx0. 000 21/°C//3
T
TEbR e 7 W IC ) o FE b, A B R MR W A
ar g LAY AR XF bR fE N B AR A X w, (S,) =
W (S e ) T (oo ) 7V T, b e T AR 75 R B
Behl 51 A B A B0 8 BE ISR 1 34T w, (S,) =

u.z.l( Sz(ﬁ‘ﬁl) ) +ui-,|(52<'f;+jz> ) +ui:]( SZ(’{f‘fﬁB) ) "’u.z»(-,l( SZ(’ﬁ‘jﬁ )
0.009 529 0,
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Table 1 Uncertainty caused by standard solution preparation

Aufz il

=Ly Pa=A s e
AR B ity ok M BREEAT &
Meter Capacity Relative standard
tolerance ~ Use .

name m . times uncertain

2 Vol- 100 0.1 1 U1 (S3 1) )= 0. 000 837 2
umetric flask 10 0.02 5 1,1 (S m2) )= 0.000 617 1
W 5 0.025 2 U,y (S i3y )= 0. 000 837 2
Pipette 1 0. 008 4 U1 ( Sy 14y )= 0. 004 658 0

2.3.1.3 5% R B R R R I 1 5 LA BRI RE XS s HEAS 7 2
B, () PEAE. 2835, u, (S) = Jul(S)+ul,(S,) =
0.009 852 0.,
2.3.2 FEFFRES|APAHRFREARTEBE vy (M) PEE,
A R R I T 43 2 — R R 2 UK, T 5 i A
FE—FC A 22 MS105DU, FR A BE i B & 43901 4 0. 501 4
0.500 6 g, RV fe K faifFizzs i+0. 000 15 g, #35) 41
1 B &N k=3, H 84 u, (m)=0.000 1727,
u,(m,)=10.000 173 0, u, (M) = A/uil(m])+uil(mz) =
0.000 244 5,
2.3.3 FESHTACBELSRRS | A BIFHXS PR EAS I E R w,, (V) T
FE o FEMETALELT B A 25 mL 258 1 K, PEE T A
[[“2.3.1.27 25 mL KA B /2220 0. 05, B 5 i 4b 7
SRR R AN R w,, (V) = 0..000 606 9,
2.3.4 KRB ARIAIRRHEARTIE R w, (X)) TEE . %
AIFFE LABRIE H 2 0 A A o , DA R 9 T ARV Wi Hp
TRV TR P AR B8 5 R B L SRR A AR (X)) RN (S
R 7 L b ) S-S5 A A A A (V) 806 A b o PR 2k 28
P,

FrvE TAE M ZE BN A 5 A B A X B v A B 2 5 422 R A 2
(=0 [ L (O s e e

a p n E:] (ci_;:)z

DU (B s e o s T 8 Y 52 B 5 ¢ R iR SF 24 9
¢ AFRUEGS TR BEST- Y ME ; ¢, AR WERS WA TAE MR
a APREMZ AL, S, AinuE 4 ik 2 briE2E, B4k
AT EEWATEERIE, S, TTHEAKXN S, =

S[Y~(bra+X,)
- - LAY AR RS A5
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FR55 BRI BE LA b S AREE s n ARV I R TR K
A5 R M 23k o, W im o 1 22 B v J3E AR
3 A B AH R R A 22 e, L3R 20 AR EIAREM S V=
5.337 2X-0. 347 1(r=0.999 5) , ¥4 T-HEKE S 220 52 6
UK, FARE T 2 A A5 A VR B I 12,162 9 ng/mlL, 1
PRHE N 5 ng/mL, % 2 EHRICA L, 15 S, =0.046 27,
u,,(X)=0.004 237 0,
2.3.5 HE MRS AR EREREE R u,(rep) TERE o
2 M R R 2 A7 B A RS G AE R A B
DL S N VR RR T SE R R s md AR S E A M E 5 A
BT E R A 2508 IRRINARE &, JE 2204 T 11 YR,

R BESIRAR u,(rep) = S/ (Vnxe) AT, ME LS
L3 3,11515 u,, (vep) = 0. 004 826 0,
R2 ARAEEETIBRE

Table 2 Standard curve measurement data

MRS NIRHE Z Wi 13 {8 1 Response value ratio
2 Concentration ratio of
l’\iﬁ external standard to 1 2 3 FEfE
internal standard Mean
1 0.2 1.0045 1.0042 1.0043 1.0043
2 1.0 5.0878 5.0872 5.0888 5.0879
3 2.0 10.668 6 10.667 9 10.668 1 10. 668 2
4 4.0 19.936 4 19.936 0 19.936 1 19.936 2
5 10.0 53.3676 53.3667 53.3668 53.3670

*3 NMHHEREEENEER
Table 3 Repeatability test results of 11 samples

P SR ot e o B

No. Sampling mass Concentration Content Content mean S n u,(rep)
g ng/mL mg/ kg mg/ kg

1 0.501 2 12.301 2 0.613 6 0.610 6 0.009 773 11 0.004 826 0

2 0.500 4 12.065 4 0.602 8

3 0.500 9 12.105 2 0.604 2

4 0.501 0 12.301 2 0.613 8

5 0.500 2 12.365 4 0.618 0

6 0.500 3 12.1359 0. 606 4

7 0.501 2 12.056 5 0.601 4

8 0.501 1 12.543 4 0.625 8

9 0.500 7 12.060 1 0.602 2

10 0.501 4 12.058 4 0.601 2

11 0.500 3 12.557 9 0.627 5

2.3.6  JnAs IS IARIAXTAREATTE B w0 (R) PEE.
23 AR RSO BT, AR AL S B NAR BRI 07 ST 07
VIR R R L = e ML O =, A [T e i 07 A A
AR TR A AT A R AR G, B TS e, T 6 (A
FURES R, 2AC 0. 50 mL 3R BESN 1 pg/mlL B FRAR A,
FERRCL 37 ~ 157 5k e 2 R L3 4,
F4 MIREE
Table 4 Standard recovery rate

e Wik alres
M Measured amount Recovery rate
Sample
ng Yo

1 0.465 3 93.06
2 0.463 1 92.62
3 0.466 3 93.26
4 0.462 6 92.52
5 0.468 9 93.79
6 0.459 1 91.83

6 YT ITST AR 45 58 (4 s ofE Al 22 (S) 9 0. 678 0%, [n]
WA (R) g 92. 85% , 25 [AHETUMINAR M5 A B AH T
Pl A 2 SR RN w, (R) = S/(Jn xR) =
0. 007 562 0,

2.4 THHEEMAR R T8 bk NE %
A S FEE 3, o Rt B X it R R 7 5 L S
JEBR, INBR TSR U B A B 5 LA BN B 5 BE 1 LB

NVEER W 5. B, B AR MEATE R w,, (S5) =
uil(s) +ui1(X) +ui1(M) +ui=1( V) +uil(1‘ep) +ufel(R) =0.014,

x5 WNTENENTHESE

Table 5 Relative uncertainty components of detection process
AN AE 43 IR ANTE BE
Uncertainty component Component source Uncertainty
1, (S) K B R VAR 0,009 8520
(M) R PR 0.000 244 5
(V) R TAL B AR 0. 000 920 6
U (X) b TAE 24 & 0.004 237 0
(rep) R A P 0.004 826 0
U (R) FE AR e 0.007 562 0

2.5 FRABEERFAHEERT KM ICP-MS B:JllE
M T s B o, YOI B R AR A il 0. 61 mg/kg BT,
B IRFRUEAHA E BE = 0. 61 mg/kgx0. 014=0. 008 54 mg/kg,
$ie R JF 1059, 1—2012, 75 95% 1) & A5 K7, B & B
E=2, 4" AR B U=0. 008 54 mg/kgx2=0.02 mg/kg,
PRI, HCZ5 R TT 3275 7 (0. 61£0. 02) mg/ kg (k=2) ,
3 &ig

SWPEE RS ICP-MS I E 42 7 P iR Ak B B
RVFEVE VA T 46 R o AP B A A B R BT A RS
TR B e A i i o AR 2R R i T S
T 23 FARE S TR Tl S0 S5 AN AR A T W 5 456, 4
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B SRR BEAY S MR L, 8 5 1 B R A B A, TR A e
VFROHTEE T, 304 v VA VR IC 1 5 ) 3% TR BRURIDSE 254
B A I B R, LA D AR R IR B 5 | B AN B 22 1 5 ]
P e A DN B3 16 7, S i 25 5 0 I AC R, A i v
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