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Uncertainty evaluation for the determination of cadmium in fresh shrimp by
graphite furnace atomic absorption spectroscopy
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ABSTRACT: Objective To evaluate the uncertainty for the determination of cadmium in fresh shrimp by graphite
furnace atomic absorption spectroscopy (GFAAS). Methods After microwave digestion, the sample was diluted and
injected into a graphite furnace with atomic absorption spectrophotometer. Cadmium content was determined by
standard curve method quantitative. The sources of uncertainty in the process of measurement were analyzed, and the
components of uncertainty were evaluated and quantified. The synthetic standard uncertainty and extended
uncertainty were calculated according to the mathematical model. Results The content of cadmium in the sample
was 1.6 mg/kg by GFAAS. The expanded uncertainty was 0.2 mg/kg (k=2), and the result was expressed as (1.6+0.2)
mg/kg (k=2). Conclusion The determination of cadmium concentration in the sample solution is the main source of
uncertainty, followed by the repeated determination and standard recovery of the sample, and the uncertainty caused
by other factors can be ignored.
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1 51 &

RS — R ARG TEK i e sh ), B ek, &AL
BEEREARMESEERYR, BRERER, XaTH
YET et e —FhaEtE R KM ERRITR, HAEY)
FEMERIEEERSVED ), FEUF 55 B AR o FRIEDA K™ e
7 AT W ER Y PR R, GB 2762-2017¢ & i % 4 H 5 bR
e TS YL R ) PIRLE AK 7 sl Hh R A S
Ll 0.5 mg/kg. WLAEk, BEE KM RFIRELITR, K™
oty B 4 S A O AR AR DU A R R, SRR SR AR
I EEEREE,

I EE i 28 42 [ S8R SR FH A0 2 0 B 7 D 5 IR O
7% 7 (graphite furnace atomic absorption spectroscopy,
GFAAS)IHI B S84 25 89 1 B % 2 (inductively  coupled
plasma-mass spectrometry, ICP-MS) Nl 55 rh 84 J& o
R X2 MO EHARIMRT, REER . SrTk
REJISR . AT BE PRAEAS A, S A IR R T B R R O T
PSR o DU AN S B2 e RAE I 5 (B B A 2, 5
TEEIRAT G o IR AN R R X R 5 R A E T
AU T AN S AN TR B =, AR 53,
B U ) 285 SR AT BE AN A IR 0 e AN X
WEMARE S E ML, FOA & T o & B 5%
(EAH I ANH 2 B 1 I e 25 SR A 58 86 1 L A7 3 Lt

KT A S T OGS I 5 £ b SR R B
VA RGBT, (AR R e A A R, AR —
S T) {0, LA £ 45 SRR 18 29 B HOR A5 A B2 1R AL
—H B EY RATEEZT 2 A
FIARHE BB LA IER 45 . JJF 1059.1-2012 (il
R B 5RR ) USRI, ZEARIR TR R,
Rl B AT T HELAE 2 B H R A 5 AN R B2 AR — 2
I AR BOYT RN S BT I 1 ALl 2 A RO 1B
LYIPREAN E B R AR TR AR R RER AL A & 55 2 o
A5 R 2 E Z AR GB 5009.15-20145 4
FE A0 S840 R RO TS, 255 Tl T ik 125 D00 7 i A v
AR, ARYE JIF 1059.1-2012 (AN E B AT E A
For ) U1 CNAS-GL006-2019 (A2 4 Al 2 P A
S ) VTR O RS SR AR A TR RS, R R e
EANIE A RN R, JEmMRLEET], DU S5 % T
PR AR | ER . nTEEROARTE, PRUEDN & 25 R A S

2 MR5EREE

2.1 KGR
2.1.1 KA EKRE

FRBRUER (1000 pg/mL, [ ZEBBM L1 I i e
L), FER(hgat) . WA A G an (T MG ),

SEH KB R A3 B L g % — oK .

ZA3700 Ji W A 6O BE T (H A H A7 2 D),
WX-8000 il i1 g (X (¥ 0z SeAN AR B 4 2 e A BRAA H));
BSA224S HLFRTF-(FEEFE Z A A,

2,12 ERH

SRR S T T MK T .
22 KWK

it R AE T AT ER 4, WPRIR G AT, PRI AL
0.5 g(fEHH % 0.0001 g), B TREIHMEED, N5 mL iHR
M2 mL WAL #ER 1 MR E R I i
THR TR, REHMRER HUS AT, HALREE T, i
BT, A RMBRER0%, V.V, TR EGE 3
W, KRB E 25 mL Fafd, FHFHMRER1%)E
HEZIE, RAEM; Rtz g, iR
FHRH R VS T (1%)F B, TR AR F WU o S 6 BE 3 B i
o BIEEAR)E, WRl 228.8 nm HRHRL . 7E— B R Y
P, T R (O TR (5 49 2 B B L, SR FH A il R 0
ERITT

#= 1 =EMNEEERERF

Table 1 The program of automatic microwave digestion

AR TR /°C T st (8] /min LRI ] /min

1 120 5 5
2 150 3 3
3 180 2 5
4 200 2 30

2.3 MEHHFER
FS P00 38 B Ny B A A R R AR A BT
Az (DHFR:

(Co = Coe) X f x Vs

Cd) =
@(Cd) mx1000

(1

U o(Cd)—HE i R Y R0 48, mg/kg;
Co—— MK PRI, ng/L;
Co»—2 IR PR BRI, ng/L;
Vas FE S TH AL IR0 SR T, mL;

S— TR T, 10;
m——FE R, go
2 A PR e EE ISR 0.000 pg/L, JI=C(1) AT
5h:
Cox f x Vs

o(Cd) = 2
mx1000
Z R EFF Frep MEIE Rec, ﬁ(Z)ﬂgﬁﬂm]:
CO(Cd):C0><f><V25><Frep 3)
mx Rec x1000

N B)EI GFAAS I 5 AN o B2 1 Bl i Y
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3.1 MEARHEEREBED
MG RTLAE H, FR AR 00 AN o

PRkt sim, g TERFRY,,, mL
7. yB
K T
REEENE \ EaSiieii

FER AR m . ERRTR Vos . BE SRR R 0 I v
B Co FNHAL IR RER T o 3 4b, AR S IH AL O BTk
I8 Rec) FIkE M B2 RIS Frep Wi R AT E B, ANHiE
FERUEANE 1 P .

FERE BRI E MR EEC,, pe/L
Ptz

PR

PR £ TR E

» (Cd), mg/kg

EREMHEFFrep

THAHBFR BN T

Bl ZRec, %

1 W E BRI

Fig.1 Sources of uncertainty

T A B ST, th A3 AR A B BT
NN WF

2 2 2 2
u@) T _[uc) +[u<m>} L[u029)
C(J(Cd) CO m V25 (4)

N u(Frep) ? 4_[14(Rec)}2 N u(f) g
Frep Rec f

A u(w) B e AR EARE R, me/kg;
w(Co)——IMiaVE T P FR vk FE AR E R RE JE, ng/L;

u(m)—HE A FRBCE ROPREAN B 2 L, g

u(Vs) THALIB R TR W R AN 2 4, mL;
u(Frep) T I PR AN B, me/ke;
u(Rec) [l Se S R AT 22 B, %%;

u(f)—F R DR T I AR AN B

32 THEESERITE
321 HRRE m F R EE ulm)
(DRF43 BT A AN E T u(a)
KV 53 BEAE F£0.0002 g, F&3 515341, 5 b it
TR 5 BE K- u(a)=0.0002/ /3 =0.00012 g.
Q)RR TR A S = A AT E FE u(b)
FAARUERARD(100 g)fEIZ KT AT 9 YR FRIEE: 99.9999.
100.0005. 100.0010, 99.9990. 100.0008 . 100.0002, 99.9998
100.0001 , 100.0005 g, K3 2Z R *4 0.0020 g, WLH L IE
I3, BEFAGE RB C=2.97, WIASShPARIEWZE J:
R/C=0.002/2.97=0.00067 g, Bl u(b)=0.00067 g.
DA BTG A

u(m) =[u(@)] +[u®)] =~/0.000122 +0.000672
=0.00068 g.
TFREE S m BIFE IR AEABA R BE pea(m)
u(m) 0.00068
T 0.5254
322 H&BIHEE Rec 7 Rt R L u(Rec)
1T A T AR R 58 4 B Al R 3 B0 f Bk B
Yol BERES AR RBE 100%30E A BN E W o AR SEIR
FE W E B AR R 4R S, AR Ml R R 102.5% |
104.8% . 102.0% . 104.9% . 103.0% . 102.3%, “E¥{H N
103.2%, [BICRIFREARTNE B u(Rec) N :
Zn:(R —-R)?
i=1 —
T AR Ree BAHXTAR EANTE JE 10(Rec) N :
u(Rec) 0.013

U (Rec)—— ——=0.012
rel (Rec) = = T om

323 4£A 25 mL ZEHE AR S IRR A G T L
u(Vss)
u(Vos) B F AL IE P~ A A HE B . B TR

B ZNE S AR ER 22 SDas . FAE RIS R
S 5 AE S AN [ 5 | S (R AR RS R B 0y — B o

25 mL A A L 22 H40.030 mL, % =51
B AR HER 224 1,=0.030//6 =0.012 mL;

FE TR B A RO AR S 10 IREA
g, HARS AR 22N SD)s 1 =0.0084 mL;

R R VA VRO 5 R I IR RS ) 5 AR

ey (m) = =0.0013

u(Rec) = s(Rec) = =1.3%=0.013
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RN 25%2.1x107%%5 = 0.027 mLOKIEFEMK ZEh
2.1x10°%°C, {BUE S S IRIE N 25 °C), fE95%E MR T,
P IF PR MEAR I E R 1,=0.027/1.96=0.014 mL,

AL E 3 TS A

DU i 78 SRR AR R R HEASTI 28 B wtrer(V25) A

u(Vys) 0.021
Uy (Vas) = (1/25) =—5 = 0.00084
25

3.2.4  MKBER T 4R Cot) FAZE u(Co)

B PR AT E . w(Co) EEA 3 PRI,
— & FH AR HEAR A VR B AR A AR A B u(Con),
TRARE RSB AW ORAATEE w(Cy), R
RIS 7= HE B AN AE BE u(Cos)o

()b HEAE A WS H s YEE A 25 VR B 22 3R 97 A s v
TR A E E u(Cor)

AR BUE S, WREEN 1000 pg/mL AERPRIE
BT BAHERE A 4 pg/mL, &K T =2, ¥l
FRUEATNE BE N 1(Cyoa)=4/2=2.0 pg/mL . AR HEAE 5 W%
(1:10)43 5 WHAFASE] 10 pg/L TAEFRMES R, e A
B PR T B 1 R 4

5 WHF IR A 10 mL B A1 100 mL 252k 58
i, B

CO] :Cstock/(ﬁOXﬁOXﬁOXﬁOXﬁO);
S10=V100/V10=105

K Co M 10 pg/L FEFRIRHREE s Cooo HTRIENS R IR IR EE;
Sio AR REEF.

H A IEGE 515 10 mL A28 1 100 mL 25 &) A A
K AR AT 28 BE 43514 0.0016 A1 0.00052, Hli:

“o) \/{"(VIO)T + {”(Vl‘m)r ~+0.0016% +0.00052°
fo Vo V0o

=0.0017
s T8 5 T TR A V980 A B AR X s AN 1

FEH:
2 2
u(Cor) _ \/{u(cm)} +5{u(ﬁo)}
COl Cstock flO
—0.00232 +5%0.0017% = 0.0044
W u(Co1)H: u(Cyy) =0.0044x 10 = 0.044 ug/L
QPR iE RN E T R AT EJE u(Con)
FETELR 228.8 nm &b, FHZS FUEWIATE, A%t 6 Flss
FRVE RIS WHIT T 3 IREE N, 3% 2,

®2 WINERIIRESRLE

Table 2 Concentration of standard cadmium series standard and absorbance

C/(ug/l) 4 (¢;-C) A= (By + B(C) [4;—(By + BCHP
0.0601 4.340 0.004360 0.00001901
0.500 0.0602 4.340 0.004460 0.00001989
0.0603 4.340 0.004560 0.00002079
0.1060 2.507 0.009890 0.00009781
1.000 0.1054 2.507 0.009290 0.00008630
0.1057 2.507 0.009590 0.00009197
0.1829 0.3403 0.006050 0.00003660
2.000 0.1834 0.3403 0.006550 0.00004290
0.1824 0.3403 0.005550 0.00003080
0.2522 0.1736 —0.005390 0.00002905
3.000 0.2529 0.1736 —0.004690 0.00002200
0.2536 0.1736 —0.003990 0.00001592
0.3455 2.007 0.007170 0.00005141
4.000 0.3447 2.007 0.006370 0.00004058
0.3463 2.007 0.007970 0.00006352
0.4110 5.840 —0.008070 0.00006512
5.000 0.4118 5.840 —-0.007270 0.00005285
0.4114 5.840 —0.007570 0.00005883
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5, S5 AR R IO A

TE LR P4 S B R E T 7401

BB TR RIS A0 T B o A
A=0.08074C+0.01537; AHKFREL 7=0.9982
Hrf B1=0.08074, By=0.01537; A NI HE; C HIEK
EP%nE’J(iU“ pg/Lo
DAL — i MR AE 5 R, X R R A R T 2 YOE,
P W B i 5 B T RS Cp =3.336 pg/L, NI Cop BIARHE
ANHE R
[eo-e]

3o

=1

H(Coz)—* *+*

o B, =0.08074

c=Fl__2583
18

%(c, —C)? =45.63
j=1
P=2(%F Cop HEAT 2 URIMNRY), n=18(15 i 2 91 e 3 1
73R, H:3x6=181K), WIkRHERFNLMRLE A AR
/’Emﬁﬁ?jﬁ M(Coz)iﬂi
2
-]

Sp |1 1
wWCp)="R [ > 7
(Co2) 2 |7

1 n n 32 -
i

0.015 \/1+1+(3.336—2.583)2
0.08074\2 18 45.63

Q)AL HESR T 7= A AN 2 & u(Co3)

AR EIE - E1S GFAAS [ BHERAT, HY B
FEBE U=0.4 pg, k=2, #EFERR 20 pL, 55 BT HEANT €,
M 1(Cy3)=0.4/20/2=0.010 pg/L.

=0.15png/L

M(Co)j‘]

u(Cp) =u(Cop)* +u(Cop)? +u(Cpa)?
—/0.044% +0.152 +0.010% = 0.16 pg/L
P S B AR X AR VA G BE R 14,00(Co)=u(Co)/ Cy=0.16/
3.336=0.047.
325 MEEEM TP R RAZE u(Frep)
EEEMELHT, STIZESET T 6 WM&, 47
& BRI 1.6, 1.5, 1.5, 1.6, 1.5 1 1.6 mg/kg, H&
ARSEIIE R 1.6 mg/kg.
BRIt YRR N E T R

u(w;) =s(w;) = =0.037

S BRI A R RO AT RORE, RS A Y
FRUEASH E JE R (n=2):

u(w) = 0.026

R AR B v AS A 2 B A
u(Fre 0.026
e U
3.2.6 HALRMHER T fF R AL u(f)
PIRE SR AR R S R TR 2R e M, AL
WA 10 AR RE, 1 mL B | mL Mg, s

10 mL 7550, GESR I . TIRGRE IR 5 R AN R BE A

s \/{umo)r {u(VI)T
f Mo "
WEHBR 1 mL BB 10 mL 2 2R AFREART E
43502 0.0033 mL 1 0.016 mL, &SRR E
JE 450k 0.0033 1 0.0016, WIVEAIEHE BRI F 7 Sk i AH

ST HRUEAN B o E Ay
Uy (f) = u(f) =\/{”(V1°)T {”(V‘)T =+/0.0016 +0.0033>

f Mo "

)= 5@ _
N

DAY 5200

Ul (Frep) =

=0.0037
33 THEESTEREMK

BOFRAE 3 I, O3 I 7 A A B AR A B2 4 REEATI A, 019 3 B
#3 WHERETTEE
Table 3 List of relative uncertainty components for cadmium
AN E FE R U5 AN FE 4y AAXS AR A 22 B JIACE-J5 F s H /%
W vk B 1:(Co) 0.047 81.7
FE S FR Urer(m) 0.0013 0.063
REEALLNA trei(V2s) 0.00084 0.026
EEME url(Frep) 0.017 10.7
g tra(Rec) 0.012 5.3
TREE T (f) 0.0037 0.51

TR AP T RS L R4 A A X AR UEAS 5 o BE 23 (EL A 05 o HFOT R 23 L
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AR RE B B RO J5 F S L 81.7%), T4k B2 1)
D b A b S DA il R R ML 5 L A AS I o B e R
SR R ) B 5 SR AN A B R DG B  FRUOR A S
IR BT B S 8 E BE CIn A O # L 43
10.7%F1 5.3%); FRAEm . HAIB0E AR T R HAG B i
KA 5 BE T LA ZEASTT o BRIIL, e vf il 2k e ) 2o A
rh A RO P A AR ) S BT ARG R A I 2
JEFNRS RS, T O TS T FRS IBURR MR, I AR i 2kt
N R A RO AL T TAE M2 i Bl 3 Y B bR R
A1 e JBE R A B, R o P A 5 R BUR ik #
0.999 LA I, AT LAV /IS b o i 2R £ A 35 0T P AR B R
T B

s AR (), 15

2 2 2 2
u(@) || u(G) +{u(m)} | 1as)
w(Cd) Cy m Vas

N u(Frep) : +|:M(R€C):|2 N u(f) :
Frep Rec f

uw) \/0.0472 +0.00132 +0.00084% + _

= =0.052
o(Cd)  \+0.0172 +0.012% +0.00372
u(w) =0.052x1.6 = 0.082 mg/kg

34 TRIAMEERGERTR

A4 JIF 1059.1-2012 (I A E BEEE 5 5m )1Y,
£ 95S%EMRAKTT, BEEET =2, MEIFhE SR
P IRAH R S

U=2x0.082=0.16 mg/kg=0.2 mg/kg.

DU R A Sy R S T R O

(1.6 £0.2) mg/kg, k=2,

4 &

A FE RS A7 Sy I WSO T 0 0 2 i AR v i
AU E BEEAT T VFSE, XPRERR AR | BB | ARvEE
WBCHI AR RS . RS EL AN | IAR[EI . ARIERZ
AN RHATLRE I HE . AHE B £ EOR IR R A
VAR P A L I, HL R R A E IR [l i S
s LEAESEBR A o AR, A DR 2R 5 A ) AN 1 5
AT LLZ0
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