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Comparative study of uncertainty evaluation for the determination of
cadmium content in Lonicerae Japonicae Flos by inductively coupled
plasma-mass spectrometry and graphite furnace atomic absorption
spectrometry
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(X?’an Institute for Food and Drug Control, Xi’an 710054, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of cadmium in Lonicerae Japonicae Flos by
inductively coupled plasma-mass spectrometry (ICP-MS) and graphite furnace atomic absorption spectrometry
(GFAAS). Methods The cadmium contents in Lonicerae Japonicae Flos were determined by ICP-MS and GFAAS,
respectively, and the uncertainties were analyzed and discussed by the mathematical model of result uncertainty
evaluation which was established. Results It resulted that the expanded uncertainties of these two methods were
0.0096 and 0.0162 mg/kg (k=2), respectively, when the determination results of cadmium were closed to 0.217 and
0.226 mg/kg. Conclusion The concentration of the solution to be measured and the recovery are major factors in
calculating the uncertainty. The relative standard uncertainty introduced by ICP-MS method is less than that by
GFAAS, which can reasonably evaluate the uncertainty of cadmium in samples.
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4Rt (Lonicerae Japonicae Flos) iy Z 4R} 4¢ @M
W) 2.2 (Lonicera japonica Tunb) ¥ T AETE 80 1 FF 178
PEH IR, HAWERMER . BmOAE . 505 i i 555
UL, WalR ER T2 FhEbEps, ks | R I %, R
AR AR (B B K R4 AR AR AT B 4 G B A L
AR E R T Wb R S AR, TR T
SERACIM (0 SRR R 88 o TEPRIEZT M e 4 B 27805
BT, anfer s E S S RS H S EE,

H HT4R & 1 e 7 i B8 A S0 R OOE A
(U g hhaf WA YRR | AUk - ok
e o R S5 8 AR T 1% (inductively coupled plasma-mass
spectrometry, [CP-MS)!" 3k 45 HGIG JFRE | 4G Hh BR A R 8
PSR AR, X — 8 M B 5 B N A A P AR A R 22
Fo Rl AR PRI S AR R SR A R G R, R
wAET

EILAER, WA T E bR 2 i R R, i g
H 253080, SR FAANT 2 B R 00 o 65 SR 1 m {5 A B
DR WA GUMO3 (MR & R d5mg ) 1 (fk2F
W SO N B BV AR ) UYL JOF 1059.1-2012 (il
A e G oR ) U — ZRGIbRAEM AL, AT
RSB AR, OS2 50 3 1 5T et A SR 5T o DR IE Y A
FNALE . ERHEED | TS S HIR e — ST
Weikisl ICP-MS I 254 s & AR 2 B2, 3 i
AR EENEEFR, MZEatrlgdfEARSE
o ANRZAAE T RIS LEA RS AL [F] — R S B A
8 B, AR SCR P A RG4S IR BT 5 7 (inductively
coupled plasma mass spectrometry, ICP-MS)FIf7 3} i -
W% 1% 5 (graphite furnace atomic absorption spectrometry,
GFAAS)X 4 A6 Th 40 & /B AN FE b AT 40 BT, &1 4
B 2 AR BRI G0 it HAG I Y HERR B, Oy
6 N 5L AR S 56 % % {3 2 A B ARG 7 TR SR AR

2 MHEREE

21 UES5EHF

Nexion 350x HLEHEA & 2 IR FRRE (L (€ R 41 43K
IR ES AT PR T]); ZEEnit700P J5T-WR G REAY (1 [
RSB A 7]); BSA124-CW HL TR F-(T FEFE &
FIHRLFA AL ER (L) A BRZA Fl); ETHOS-One Sl 7 fi4Y
(BKFE /R )

FRAFREVS W (GBW(E)080119, 100 pg/mL,  [E {8}
EWETERE); MRR(DLRat, SEEBRyE A W), AR (S 4k,
TR B2 I A BR A FD); L5 KN — 20K .

NIFDC-PT-141 R I BGEEE L : 45 AA0010111(40H)

REES), T EE 2SR E B .
22 ZWHE
22,1 ARG R AL

PRUER 25 HERRAS IR FROC RIS RARMED) BT 1 mL,
FAERBLG 0 2% A5 IR (LR R A O B e A &
100 mL 540, BTk R 1.0 pg/mL,

PR R e B LA AR MEN 45 10 mL,
WA EL 2% 0 IR (LA I O S ) TR B 2 5 2 100 mL
ZAHEM, BRI 100 ng/mL.

FRUETAEW: 20 50H 1 mL 2SR E 0.5 mL,
1 mL AR FLE 1 mL, 2 mL SRS L 1.5 mL,
2 mL HARERREEBI 2 mL, 3 mL RARZKR RSB
3 mL, #EMBEEE FRARE T IR, 3 RAERRSEL 2%
TS ER (LAWK R A ZEME )RR BRI E 452 100 mL ZE R H
A% 0.0, 0.50, 1.0, 1.5, 2.0, 3.0 ng/mL HRiEZR SR
222 RS E

FEEFRAL 0.5 g SHRIERE S E TRIUF CERES,
A 8 mL f8l2, 2 mL S(HER, & B0 A h i ey
HEATIIR, WA LR LM a)E, WHIEZRUE,
BT 140 °CEIR AR FHERE 1~2 mL A EEREE
HABE R 2 25 mL i, FA K 2R TR
HE, VeI AR, EREZE, 5, 5, H
IS A AT 525
2.2.3 ICP-MS =M E 45 ¥ 69484 %

# ICP-MS W ZE i TAERE, LI (Ge) N INFRITE,
FHNERARE T, IR 2 BRVESR0F, 435I E 2.2.1 i1 2.2.2
HbRii . RS R A TP AR R

R WORHBRG

Table 1 Microwave digestion condition

i A =il e
B ﬁmfﬁlm Wﬁmm WEW R
/min /min
Bz 1 15 - 1800 130
Gt 2 - 5 1800 130
BrEL 3 15 - 1800 180
YL 4 - 20 1800 180
=2 ICP-MS FET ¥
Table 2 Operating parameters of ICP-MS
CESE BB IR(E 20 BEE
) SRAFHE RN
SRR W 1200 \ 3
T
ey =
FE TR 18.00 ez <2%
/(L/min)
% B A/ (L/min) 1.20 BLH, faf <3%
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D, SF LB S AR MBI A SR s OB R E SR AR PR S BRI BTG R LR 2379

224 & ZPRIHEMAELENELBL T G4EEE
H 9 GFAAS WLERVETIE, AL SR EieAE TR,
RNFRFRE S, HelRgR 3 FHRAF, 4 BIE 2.2.1 f12.2.2
HbR R AR RS R SR P
225 HFHRBGES
B S AR A R LA R R A S
Yo CxVxf
mx1000
o XOIRAE P AR S i, me/kg; C PRSI AL TR 2
P&, ng/mL; VM THAGIBRE B, mL; m FE
i, g SR RRAEEL 1000 S R 5.
2.2.6 AT R IR AT
R A A W00 3 A K 38 RV T 5, S e A i T
BRIy MR | FESRR L RS T AR AR
FRR M C RIARTRE . ik IeR,
(1) W EEE M
FERRFREE . AN EDIE RS . BT . AR
ARSI R R M BB HLAR N Y 2 R M I 2 R . A
W I, WO F B SRR A IR, R
AR EZ TR
(2) FEMFRE
PR R E B E R T RO HIRR AR 2.
(3) FE A TH RRIBE R
I AR A AN B R TR AL A S I BB A AR I AL
YRR, MR =R,
(4) FRMRHREE C BT E JiE
T 7 o A 1 % ) N P R R AL A T S AR )
JO P AN 2 T v AR TC ) S AN [ s v Y ) T
FEARE C RIS R AN B AN R BR T MR B -
Wi SO (B Y 2Rk AT C Bt BT P2 A RO RSB G
(5) JrikEhis
P it 7 I A B AR LA R 5 BT R AR Y SR T
A 2 B 3 TR A TP

3 HER5SH

3.1 THEESENITE
3.1 MEE LM T EE u(rep)

R SR I i e BEATLRN 5 | A AN S B 7T DA 3
SR E S ME ST RN, WERFR A SRR A 6 ), FiiR
2.2.2 A AR TN AE . A5 IR 4.

6 YCOTATIN A 285 S I AH X Fm i 22 RIS 22 22 445 1A
AHERE, HE 4 Z5Ra A,

ICP-MS #:: HRUEANHHEE u(rep,)=0.00082 mg/kg;

AERI AR AN RE B rei(rep))=0.377%

GFAAS 7 FRUEAHEFE u(rep,)=0.0022 mg/kg;

AERIARAEAI E FE wre(rep2)=0.974%

3.1.2 BT IR u(m)

WRHR A TIG 1036-2008( H, 7K -z J AR )%,
BRVERBIEE R 0<m<50 g, /RMEIRZEN0.0005 g,
FHUE 5, AT k=3, 2 WHREE SRR R
(V-3 2t e R i ) AN 2 ), HC b o A 0 2 T A
%=9@%ﬁé=wwmm,i%%m%osgﬁ&,w
AAXIBR A E B ,e(m) = 000082,

3.1.3 Ao il MR FARAR G| AN R T u(V)

R T A MR B AT S W R R A
TR ZE R S LT 22 5. BB I S b e AN o
ADE AR 2 w(VA) NG AL 1522 w(VO4LA, BD:
W)y =ut V) +u* (V)

1) R4 SO A S B

WHRZC RO A IE B AT, 25 mL A AR A2 it
S22 420,030 mL, BUETE 5370, WA S 00 A 2 JEE 43

u(VA%)=9£§=0017 mL.

g

R 3 GFAAS RENEAREF
Table 3 Temperature-rising program of graphite fumace atomic absorption spectrometry (GFAAS)

IR THE 1 T 2 T3 KA A% JRF1E [P35

i EE/°C 80 90 300 300 1100 2450

FHiR# %/(°C/s) 6 3 50 0 1500 500

-t /s 20 20 20 6 3 4
F 4 HRNELRmg/ke)
Table 4 Determination results of samples (mg/kg)
ICP-MS GFAAS ik
W& 18 FHME brifE2E RSD W& 18 EHME bR RSD
0.216 0217  0.216 0229 0225 0227
0.217 0.00082 0.377% 0.226 0.0022 0.974%

0.218 0.217 0.216

0.229 0.225 0.224
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2) RIEZEGI AT E E

20 °CHI K BB BB 0=2.1X 10, (R FE
PRI W BTG I AT=2 °C, Z M B % 75 AR Bt
N, UL SH A AN R ) A

AT 2.1x107x25.0%2
“<Vc,25):aV _ x107" x25.0x%

V3 V3
B A B B A

u (V59 =0.017% +0.0061> =0.018 mL;
FEFS L AR AR B AR AN R B
ults) _ 0018

Vs

H T A Ja M BB M VE L, A 2 mL AR R i
BRI 2 mL £ 10 mL AR 75, FH 2% e 2 2 20 .

NFE, 10 mL A EMEAPREARTEE w(V)=0.012
mL, MXRAEARTEE B 1re(V10)=0.12%

2 mL BABRZR I it A AR AN 2 1(172)=0.0058 mL,
AR ARAEAE S wre(V2)=0.29%

R, R S T AR R SRR 5 | A BN 2

=0.0061 mL;

e (Vas) = =0.072% °

U (V)= \/(0.072%)2 +(0.12%) +(0.29%)* =0.32% -

3.1.4  FRRIRE C 8T ZE 1(C)

(1) PRUERI IR B BIASH 5

R R4 B A% 45 W (GBW(E)080119) b7 HE ) T iE 5 |
o5 H G AT U VR VR B (100 pg/mL) Y X S i A E R
U=0.888(k=2),

%ﬁ%wﬁmﬁﬁ@xm%gw:%F0?=M%o

(2) FEHIL TS| A A 5

HRYE 2.2.1 AREIREC KRR, R AN Y 32 2
KIEATE: B RVFIRESIAMAREATEE uw(V,y), BE
BRZZBI AMIBREATE B u(Ve) AR 3.1.3, 455840
%5,

o, W% a B 5 A WX A 8RR A E R

~ \/2><(0.0040)2 +(0.0029)° +(0.0029)* +(0.0012)” +

(0.0092)” +(0.0046)” +8x(0.00063)”
=0.013,
(3) FRIEIIZAE T AR A E B
PRI ZR A 5L A RN 22 B4 LA A 232 :

(c-0)*

s |1 1
“—;J?+;+—TT——T?
Zi=1(ci_c)

1 n
Sy= \/EZH [A—(a+be))P

R B e 22
PR AT 5 VR
bR 25 PO RO B R
bR 2R R
a- B £ O TR
c-H B BT TS R e
R T
- T R 51 P M e
AU 45 A R I PSS
) R S BR FE T  (GFAAS 1)
F5 HEAMMNTETHEETESR

Table 5 Relative standard uncertainty of each volumetric

glassware
PSR E w(V)/mL  w(VoymL  AFE(mL) K wa(V)
Ll #AR 0.0040 0.00024 1 2 0.0040
W ' ’ :
2 mL HipRZk
o 0.0058 0.00048 2 1 0.0029
i EES
3 ml 52 0.0087 0.00073 3 1 0.0029
WA ' ’ ’
10 mL R 0.012 0.0024 10 1 0.0012
WA ’ ’ ’
Ll 2% 0.0046 0.00024 0.5 1 0.0092
WA ’ ' ’ ’
2 mL %I
o 0.0069 0.00048 1.5 1 0.0046
)\ EES
100 mL f:f5 0.058 0.024 100 8  0.00063
LA ’ ' ’

3 ICP-MS :H1 GFAAS il Ebniisk, trvk
MG T AR E B LR 6. £ 7.

I, AR C BIARAREIEE w(C) 3 Hh:

ICP-MS ¥::

1 (C) = (0.4%) +(0.013)% +(0.0116)2 =1.79% ;
GFAAS #:

01 (C5) =/ (0.4% P +(0.013 P +(0.0224)% =2.62% -
3.1.5  FiEENKE T R ZE ua(R)
A IFREISCSEESE, 43R A ICP-MS 5 GFAAS
PO E SRR A RIE R R, i B R 5] AR E
BEARTE JIF1059-20120224445:
(b* +b)? )
12

u*(R) =
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TSR L3R 8. ICP-MS ¥:

32 AAHERE uX)
WA FIAGBAEE, 286 0PN RES]
ABIAHEE RN ARIEAT BT T AS25 A 5 A7 e A1 HAR X

urelz(repl )+ urelz (m)+ urelz(V)+
urel2 (Cl )+ Z’{rel2 (Rl )

(0.377%)* +(0.082%)* +(0.32%)* +

e (X) =

FRUEAT0EBEANZR 9 Fin o BRI 2 ik 06 ok X At = s =221%"
0, 0,
R AT (1.79%)* +(1.20%)
#F 6 ICP-MS Ein R RNEL R
Table 6 Determination results of standard solutions by ICP-MS
MR B /(ng/L) 0.0 0.5 1.0 1.5 2.0 3.0
Al(cps) 0.000026 0.012432 0.026082 0.038501 0.050983 0.075911
bt £ ¥=0.0253X+0.000198(0.99996)
5,=0.00042 5=0.0253 P=6 n=6 ¢=0.872 4=0.0101 1=0.0116
7T GFAAS EIRERRNELER
Table 7 Determination results of standard solutions by GFAAS
R B /(ng/L) 0.0 0.5 1.0 1.5 2.0 3.0

0.00408 0.02946 0.06245 0.08474 0.10963 0.16280

W ERE A 0.00375 0.03056 0.05881 0.08628 0.10736 0.15978

0.00294 0.03077 0.05713 0.08812 0.10855 0.16278

WS E A A 0.00359 0.03027 0.05946 0.08638 0.10851 0.16179

P ot £ Y=0.0526X+0.00493(0.99949)
5,=0.0022 5=0.0526 P=6 n=18 c=0.915 u=0.0205 1=0.0224
#8 EWEIINNTHEEITHER
Table 8 Uncertainty aroused from recovery rate
I /% o
ik S TR %% ARR bR v D 22/ % u(R)/% ue(R)/ %
e/ ME RAE

ICP-MS ¥ 96 100 96 2.89 1.15 1.20

GFAAS ¥ 100 108 104 5.44 2.31 222

TE: IR SIGTERR L 0.2 g BIRHIAE S P IIA 50 ng/L B4R MERI 0.6 mL, [FJI A IE Je 2 (920, #2206 2.2.2 ik 3

*9 ENENEERNTHEENIE—R
Table 9 List of uncertainty components that affect the results of determination of cadmium
- . AHXS bR A 52 i
AN BE 0 i u(xs) AN R SR A
ICP-MS GFAAS ¥

u(rep) FEfFRiE . REIES . BIREGN . R R A S BE N B 0.377% 0.974%
u(m) Rk 0.082% 0.082%
u(V) TE R 0.32% 0.32%
u(C) PRAERI BT . ARRECH] . BRiiLE 1.79% 2.62%
u(R) A 3R N 5 7 A ) BT 4R 1.20% 2.22%
Urel(X) FAXS AR A A B 2.21% 3.58%
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GFAAS #::

_ \/urelz(rep2)+ e (m)+ 10,7 (V) +
ey (X) = ) 5
e (Co)+ttyer” (Ry)
_J®9M%Y+®o&%f+mn%f+

V(62%) +(2.22%)

MR 9 HATLUE t, ANREASHE A xT 2 Fhoy 5]
AR AR AT E BEAR ] . X 2 FhiE ik, Dy ikl
e RRIRCHR S | MR A S BERER, R BR BRI
FIANHRE B /N o AR, ICP-MS 755 AARSTAREAS
W BRI
3.3 HRFzTE

25 ICP-MS ¥ 5 GFAAS ¥ 6 Y S i) V- 2408 53
W X1(0.217 mg/kg). X»(0.226 mg/kg). 7E 95%E A5 K
TR, AEHET =2, W R A E S R

ICP-MS
U(X) = e (X )% Xy x k =0.0221x0.217 x 2 = 0.0096 mg/kg ;

GFAAS ¥
U(X) =t (X )x Xy x k = 0.0358x0.226x 2 = 0.0162 mg/kg o

)2 iy i R A5 SRR 3 ICP-MS 7k
(0.217+0.0096) mg/kg, k=2;

GFAAS #:: (0.226+0.0162) mg/kg, k=2

=3.58%.

4 &

2 4 AR AE P A o R, SR Y R E N R
ke FEMNROHR B (B SRR UEY) T . ARIBEC ) S AR AL« O
BEICR, MEE M AL B FR RS AR AT bR
WEASH 2 BEAR R I/ . TR e 2 5 B3R Ead R H, BT Ui
gif X 2 PR BT s, R R AR R i R A IR
ORI S5 5L AN B, DA T AR UE 25 51 0% A 2k

UEAb, 2 IR iR A B 45 SRR, ICP-MS
B AN H 2 BERUE Y /NT GFAAS . JRIN AT g2
ICP-MS 75K FH AR IE I #E i, LT HiREF75 . A
FRAIR . o 3 RIORG 88 P 5 v, AU 5 ok DU ) B A
A B PE, AT SE R o T GFAAS 0 4
TR A, DA IR AR AT DA 2 5 | A AR R
AHRERE

MR A2 45 5%, b 4 B AE A & o B B 0 4 SR
A EARMED IR <0.3 me/kg BYFRE R, JFH AT fERAE
Fe b A b B R I DB IE R 2, A RS
TR AR LR R AR, DL RS i A A KRB R
B

SE B
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