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9 U=(0.166+0.010) mg/kg, k=2; JHZEAER 4 & fE I 45 RAHH 2 FE Dy U=(0.0599+0.0033) mg/kg, k=2

51 LN E AT AL FHSRAE R rh R O i R S 1) SRR IS bR v A VR R RO i A R e R
R 58 B R TS 00 2 i AEAE AR A SEAE R vha & b T FE i

KEIR: iAEAER MSEAERY; FUBHR G R IR, AN B R

Evaluation of the measurement uncertainty for determination of cadmium in
2 kinds of bee pollens (lotus pollen & rape pollen) by inductively coupled
plasma mass spectrometry

LI Er-Chun’, LIU Yue, ZHANG Xiao, LI Zhuo, WANG Tao, ZHANG Ya-Feng

(Xi’an Institute for Food and Drug Control, Xi’an 710054, China)

ABSTRACT: Objective To assess the uncertainty of cadmium content in lotus pollen and rape pollen samples, in
order to improve the accuracy of the measurement results. Methods The analysis of uncertainty evaluations for
determination of cadmium in 2 kinds of bee pollens was carried on Nexlon 350X ICP-MS. The mathematical model
of uncertainty evaluation was established. The major sources which affect uncertainty evaluations were attributed,
such as sample weighing, standard solution preparation, calibration curve fitting, and repeatability of measurement.
Finally, combined standard uncertainty as well as expanded uncertainty was calculated. Results The uncertainty of
determination of cadmium content in 2 kinds of bee pollens were (0.166+0.010) mg/kg (k=2) in lotus pollen and
(0.0599+0.0033) mg/kg (k=2) in rape pollen, respectively. Conclusion The most important factors of uncertainty
for determination of cadmium in 2 kinds of bee pollens are standard solution dilution and sample repeatability tests.
Inductively coupled plasma mass spectrometry is reliable for determination of the cadmium in 2 kinds of bee pollens.

KEY WORDS: lotus pollen; rape pollen; inductively coupled plasma-mass spectrometry; uncertainty; cadmium

SRS ZRE, Wi, TR, FEU M. 250K, Email: 120810605@qq.com

*Corresponding author: LI Er-Chun, Master, Engineer, Xi’an Institute for Food and Drug Control, No.26, Yanta Road, Xi’an 710054, China.

E-mail: 120810605@qq.com



2048 T e T 0 =

5510 &

1 531 &

TR AL O T T A, — i 36 06 06 o DY AU AR 4K
%, 7€ GB/T 30359-2013 { Hh e A R AN (R G brifk WAk
Ky ) Wl i 4e ks SO, FE e ph T R 42 o — ol il
VI FAEY e G, R AL B IR A BT R A Y
WAL, K08 P REEYHRY, Bahk
KT FHMAE . WA S AR S A TR,
LA B A T R S T A B BT AN RN P, A4
PUAALTE LS Bt Pt O P U,
i, B Z N HFEZ . & el Sl

AT E SRR TERESY, ol eyl .

EEMBR fE NRNE S RETIRBHER . 1
L EREEEREL O T RIER L L 2 A,
T HERAI A TP R o H SR

LR A 45 B TR ST (S 20 20 80 4R40 K SRk
B TCHLICZE AR Z A R, BRI ERa B OB
AN FL B B S S TR R P B R B R b
HHE LS AL BT B — R s RBUE S BR . R BAR
BARMRAR R FHERN /N, REFRHNE 208
Bl A LR A S P T R PR I )7 2 A S5 A, AT AlRR
Moy b PR R E SRS E e, AR ES
B TR AUA B T B 0 RS 5 . o SR A R
FERRE A, AT H AR S I e Y LA SR
iy -9

WA, Bl I AN B R Y R, I AN
£ B FHAORAER 2 AR A, B NAMEIE A T el
SN E BEPEE SRR ) U9V, JIF 1059.1-2012 (A &
FEPEE SRR )PV — R B bRiE, (A5 B PR
SRR I SE B — A B E F ) TAE. ARSI GB
5009.268-2016 [HZ bR (Erfhh ZocE e ) B, 2494
TEH B ARHIESE, KA Nexlon 350X i Jal & 45 2
TR 2 A2 ff AR AL AN SR AR R BE i P AR (CA) Y 7 =,
AT FEAEAS RIS A B S A48 A LI 3 AR P AT BEAEAE
FIARERE B, AN S AR TR AT e A B E i, T
BT &G AR EAT E MY R, Wi H
AT ELEE T 2 Bl BT H ELAGHIN % 75 BT Ay o it B A
KBS 24K, IR SR 2y A R e R R

2 MHEREE

21 UES5EHF

Nexlon 350X HLIEHH & 55 2 TR (3518 Perkin
Elmer A #]); ETHOS-One fil i} TH X (35 I F] MILESTONE
N HD); BSA124-CW HLF oM ROV [ 2 FIHTRL AU R (AL T)
AR F].

FEARIEI RIS GBW(E)080119, 15061, 100 pg/mL,
hEGE R R R WA HEY B (S GSB
04-1728-2004, 174042, 1000 pg/mL, FEZA (048 K TR
SIHTIHL); T RIEAER LS 20180522, HiA%: 250 g/iff,
B VG 2 W A R W BL A BR A R, T SR AE M (HiE S
20180703, #iA%: 250 g/iffi, BEVG Ztefc EYRHARRATRD); M
FRO3HTal, EEBRTAR]); ATl EA%ER), 5
% 7K Milli-Q A4tk .

22 RWHE
2.2.1  AREIER G B

1 pg/mL BERFRAE RV A 1 mL SRR
FEE LI 1.00 mL KA 100 png/mL MGARER TR, BT
100 mL 253, F 2%A0 ANO; I E A E 2%, 531%
wIRE N 1 pg/mL B ERERUEH B

100 ng/mL MR PRIE FIETR: 1 10 mL BAFRE IR
EAEHE WL 10.00 mL ¥R 1 pg/mL A REHRIEH R,
BT 100 mL AT, F 2% HNO; KR E A £ 2,
FRB] TR B A 100 ng/mL BYARATR R FIVA W .

FEbRER B 43P 1 mL 20 BRI A W O B
100 ng/mL FIERRAER S 0.50, 1.00 mL; FH 2 mL %]
BRI IBOK Ty 100 ng/mL HIERFRER IR 1.50.
2.00 mL; FH 5 mL (Y2 EERSMEAE WU B2y 100 ng/mL (1448
FRUER R 3.00 mL, BT 5 ARG 100 mL A5,
BERESAA 0, 0.5, 1.0, 1.5, 2.0, 3.0 ng/mL AI5EHR
HERSN A
222 HmETAE

RERE TR 05 g A£F, BEHMHEN,
8 mL HNO; il 2 mL H,0,, o FH Gl 1 A AR it i A 7
T R, Fe RIS AR EOR A TR P THR (L2 1), TR
SEHE, TRIHMREASAERUY, BT HRESHER, HILR
BRASIRE G, HABAK RN, R
W |, F 140 °CHI#A 90 min #FAR, ZiE T, F/Knpyt
THRGE, 203K, WEREH R S0 mL AT, FHKE
KR, MR [t
223 MBELH

SRR A 1% HNOs H 1 pg/L 19 Be, Ce, Fe, In, Li,
Mg, Pb, U 1E TR - (a8 kR G, it X-Y fhje
RS AR, RS IR, AT E
AR S8, (RSB R 2, B8 NARIK (20
ng/mL)VE R AR, FFEICERERIG, #ikmas . bR R
UGS . BRI D 5 AALER, 22 hI bR iR, A4 A
A5 Ay BT A LR W AR BUR B . bR RGE L =
1 AR S TERIR A A TR A LB A S5 B AR
224 SEENE N EELFAER

e B AR W= S x107

m

P Weg IR FE PR IS B, 5070 mg/kg; C A
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Table 1 Condition of microwave digestion

(1923 LA 1) /min /W TRLEE/C
BBt 15 1800 130
Bt 2 5 1800 130
Bt 3 15 1800 180
Bt 4 20 1800 180

#< 2 Nexlon 350X B RIBAEE T RIZSURMER G
Table 2 Operating conditions for NexIon 350X ICP-MS

B EE 211 ALIER
VIR 1200 W
FAb T 0.80 L/min
o By A R 1.20 L/min

G T RARRE 18.00 L/min

[T EDLENIN -1787V
ok e L 900 V

FYE/ P i Bl
EEEIF/€ ¢ 20 K
BRI EL 1R
GiV-2/¢ 3
Li =iy il 25 ms
] 1000 ms

J B Cd'M0 [ Ge Y

e WS IR (2045) °C, AHRHEREE <60%.

WP EROCR TR B, FACN ng/mL; V AR SN TH RIS
HESRTR, A mL; m OFE R B FRRE R, AR g0
225 RHEJEERRAL ST

HSE B R AN AR v U Y, R BB R AR
RE . B FRERFIERECH SR, Bk, SRA
HE JEH & 45 B TR % 1Y (inductively coupled plasma mass
spectrometry, ICP-MS)I &2 4 76K o 4 I AN 1 2 R IR A
DI JUASJTH: FERFRETIARMAEE . M ERTIA
FIARTRE S . AR AR . AR VISR R . AnrfEh 4k
PLEBIAMATE, BTSN E S AT E R

3 HREDM

3.1 HaflESIANTHEEITE
3.1 AFSARE TN AR

FESARE R T 73 2 — B 7 RF, a1
JE o B AL KA e KON (HIRZE Uy v N Uy 3T

Ums DI U SEROSENE . AP, PREEIEE . RUF T
Jyhni gl 2 ATt o MRS TR A E AR, XA
AR AR E LA T, AR 3.

*3 BTFXFO=0.1 mgyfREEHEBHITETHEREITE
Table 3 Standard uncertainty of each component for
electronicbalance (d=0.1 mg) measurement

- —
L . FRifE
g FRRE o s
/mg AW E g
-3
TRAE Ui £0.5 3 Qo mex1o” 0.00029
V3
Jei Wl 3
RELE 1.0 3 Lomexl0T 0058
Um2 \/g
JAS A -3
I 0.1 3 umexl0T 00058
Um3 \/g
3
TRER Una +0.5 V3 % 0.00029
3

FRUGRE i 2822 RS 2 PR, DRIERL | 4 05K
PRUEANTH E B -

um:\lzx[wml)2+(um2>2+(um3>2+(um4)2]

= \/ZX(0‘00029)24—(0.00058)2+(0.000058)2+(0.00029)2
=0.0010 g

TrAEAE R RE SRR 43 M 0.4515 ., 0.4545, 0.4518,
0.4513., 0.4510. 0.4540, 0.4532. 0.4563 . 0.4528 . 0.4530,
0.4539 g, FHI{E N 0.45 g;

TMSETER R PR 43 2R 04575, 04525, 0.4527 .
0.4532, 0.4539. 0.4553, 0.4535, 0.4520, 0.4542 0.4538
0.4532, F-Y{E N 0.45 g;

U PR R 5 A B AR XA v AS T R

Uset,m(iey=Urel,m(i=0.0010/0.45=0.0022 .

3.1.2 Haew madAR g e R TR

FESE MR E R R 50 mL A HH(A SR fep, H
AW AR AR AR 225 AR E B . IRk
IO AN o

R AVFR2ZESI A AHE Y . L= ek A
50 mL A BRAYHRZE N 0.05 mL, RA=MA5M1H5,
FH 2 (R 5 B U,,1=0.05/4/6=0.020 mL.

TP S8ONE 5 A AN B B S B e R R, TR AR b
+5°C, MUK R BN 2.1x107%°C, BBERE L
O A, W IR RN 51 A MOR i
Uyp=2.1x10"*x50%5/4/3=0.030 mL.

DRI, A i A 25 3 R v 7 2 R A R v A A

J[uv1)2+<uvz)21 J[(0.020)2+(0<030>2]
Urel,v(ii )= Urel,v(il#)= v = 0

=0.00072,
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3.2 EHIFRERRSIANNIHEEITE
3.2.1 ARBEAEER T A GARAT AR R
FRICEAREY) FUATK (100 pg/mL) B bR HE4) JBE 35
A, IRAARER R R PR R B AN N
0.08, K+ k=2, M EFRHEY) BT I BYARXTFR HEA
SE T Upeg (i iey=Urel pii=0.08/2=0.004 .
322 MHAEBRBRFHEIRFIANTHLE
IR E B FEORIEALEE: R RIr RS AW
PRUEARHARE BE Uy, TBEDR 225 | A BRI E B U iro
TR 2 5] A BIARHE AT EE U, WIE TG
196-20061%%, 2875 20 °CHL . % 2% AR E 2 1k
(20£5) °C, KIKIEIKRBCH 2.1x107 /°C, H¥ 5104 % &,
NI 4,

BEWE 1K, AT 100 mL BRARZRZE RO 7 K.
H1 2% LG AR RS 5 BUPR T AN S 2

Urel tr(iiey=U rel (i)

2x(0.0040)24(0.092)2+(0.0021)2+(0.0033)2+(0.0033)2
+(0.00093)2+7x(0.00046)2

=0.092.
323 AR KA T NG AT R A R

4 B2 100 ng/mL (4 8RR HE 5T FH VA 53 700 88 ik B2
40,05, 1.0, 1.5, 2.0, 3.0 ng/mL BY5% R FIbRMER R, M
FARERN R LA B O 25 1 X 5l AR v I VR AR B 5 A AT
FEREE/ANT Y BESI AR E R, AIZMATT, EA
AN B B R AF 55 BRI R AR5 0 LB, YRR T
AR ML IR Y=0.025343X+0.000198, r’=0.999816, #}

& b=0.025343, #HH a=0.000198, HE LR LE 5,

X hRdE TAEA R AT &, AT R (8, SR AR
AR TF %ot V40 M 7 - SR A MR B c(ng/mL)FEATERAE RIS o h T AR
Hi 2R 78 305 | ST R MR BE ¢ AOAR VAN X2 BE uChas B A 3B A

Uy =T PR IR 2E/K fH
Uy, i =IR IBU AR xR A8 A 22 (< Mk R 280k B
DA 2 T 1A B R W A ANl S

2 2
U :\/(uvl,ﬁj +(uv2,ﬁj A
AR A B4 T o5 S e
urelvﬁ:uvﬁ/v, itqj V?"J*Z?@Mﬁﬂo u(ﬁ\'ﬁﬂ)_g E+ﬁ+ n (C-_ E) 2
i=1 1

R RSNR A PRUEE R SRR, A 28 1 mL HibRgk
BWAE 2 I, 1 mL ZIEW A 1R, A 28 2 mL AR
1R, 2mL ZIERAE 1 YK, 5 mL ZIBER4% 17K, 10 mL %)

2
H _ Y [A-athe)] . < YRc,
Hrs , P S

x4 FEREMTETHEEITESER

Table 4 Relative standard uncertainty of each volumetric glassware

LN G AUUEN A f224/mL k A Uy, i/mL Uyz,/mL Uy, 4/mL R /mL (W) Urelv &
A 2% 1 mL AR /(1.0) +0.007 V3 0.0040 0.00061 0.0040 1.0, (1) 0.0040
1 mL %I B W & 45/(0.5) +0.008 V3 0.0046 0.00030 0.0046 0.5, (1) 0.092
A2 2 mL HARERREIRE/(2.0) +0.010 V6 0.0041 0.00086 0.0042 2.0, (1) 0.0021
2 mL ZIJEWRAE/(1.5) +0.012 V6 0.0049 0.00064 0.0049 1.5, (1) 0.0033
5 mL 2|4 /(3.0) +0.025 V6 0.010 0.0013 0.010 3.0, (1) 0.0033
10 mL ZI B 1% 47/(10.0) +0.020 NG 0.0082 0.0043 0.0093 10.0, (1) 0.00093
A 2% 100 mL bR A +0.10 NG 0.041 0.020 0.046 100, (7) 0.00046
*=S5 FRERTBRROELS
Table 5 Results of calibration for standard solutions
; . e Friloe . " e - e
W C/(ng/mL) WRN{E Ai/(cps) M EKEL n T C Co(ffEAERY)  co(ZRAERY)  FrufEZE S I
0.0 0.000026
0.5 0.012432
1.0 0.026082 _
6 1.333 0.542 1.499 0.00042 ;lgfzﬁfgngg
1.5 0.038501 » =0
2.0 0.050983

3.0 0.075911
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A, S WFRIERRIES 22, A AR §AFRIER IR IR BL(ES C
1 ARHER A (ng/mL); b CAARHEHIZEAIRLR, a
bR HERT L AGEE, P O IR A AU n AR
WIHIREL; co FRES PRI EE (ng/mL); ¢ AR AR UERE
TR (9-F- 3 {E(n 1K)

=0.00042;

N A A7
o |EEL[AR(0.000198+0.025343c)
6-2

c=1.333 ng/mL; Co##=0.542 ng/mL; Cox=1.499 ng/mL.

S 14_1+
Uer™p 11176

2
(cp-1.333)
)
n(¢-1.333)
THSEAER:
2
000042 [1 1, (0.542-1333) )
ufﬁi%,c0.025343\/_+_+—0-010,

63 (g1333)
faf AEAEH -

2
(1.499-1.333)

ST A AR S, WES RN 6,
34 HNARIETREENE

WA A2 B B I AT B SR L3R 7

0 ot R A AN A B s e T AR
T A XS BR AN 2 -

um @, e, e, 2 (o)), D2, )

_\/(0.0022)2 +(0.00072)2 + (0.004)?
Uy =

+(0.092)2 + (0.018)2 + (0.038)2 0105

__ |0.0022)2 + (0.00072)2 + (0.004)2_
Uit j+(o.o92)2+(o.oos7)2+(o.o19)2 0.094.

3.5 HXMTET RAHEENITE

AR 11 AT RS SE IR ZE IR, RE ST Cd i i
M ¢ mifE=0.166 mg/kg. cil2£=0.0599 mg/kg, HF-+y

x71 BEFEMEMNTETHEE KR

_ 000042 1 1, 1 4-1-00) . Table 7 Relative standard uncertainty of each component
ufﬁ?t,c 0A025343\/11 6+Zn (c-1333) " 0.0085; Y P
i=1 171 . o ‘ %({E
Rl i, A HP b v R 2R 4806 B A A X o v AN 1 5 T AN BRI IR e,
- T AEAEH ML
430 R
S - _ _ . Urem FE R 0.0022 0.0022
ISAER U e Uy 3z /C0=0.010/0.542=0.018; !
. _ _ _ Urelv FE il e 4% 0.00072 0.00072
WEAEAERY: Uy g Ui g.o/C0=0.0085/1.499=0.0057 !
.o e Urets PRUESE # 0.004 0.004
33 HRESHIANTHEEILTE R
R R . Ureli BT IR 0.092 0.092
XA IAE S, FEMLFREC 11 Ay Efr b ~r i, X5 Fm y N 0018 0.00
> - N N rel,c N 2 .01 . 57
G LN T R R GE B R, R ' ’ "
> =9 un
A ETBRME (R 22 BT RT, 11 2R 0 A TR b i 2 0% Ura e 0.038 0.019
#z6 MHBEEMMNEERMO=11)
Table 6 Results of sample repeatability (n=11)
. "\‘T!I = - o L . M "\‘T!I =N - "
g BORIRBRRE paon omgoee, o, e IRERIEE e copiee e
/(mg/kg) /(mg/kg)
1 0.160 1 0.0580
2 0.157 2 0.0620
3 0.165 3 0.0595
4 0.170 4 0.0596
5 0.168 5 0.0595
6 0.171 0.166 0.0064 0.038 6 0.0586 0.0599 0.0011 0.019
7 0.176 7 0.0601
8 0.164 8 0.0598
9 0.170 9 0.0587
10 0.155 10 0.0608
11 0.164 11 0.0608
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Up i tey= Uy /Y 11==0.10///11=0.030;

Up iity= Upuse/V11=0.094/4/11=0.028 .

BRI 95%, AL R+ k=2, JUAESE BRI bR
HEY RN E 2R

Ur, tarie ) =KX Uy (15£)=2%0.030=0.060;

Ur, e =KX U, iy =2%0.028=0.056 .
3.6 MET RTAAEENITE

FRUED" AN Tk

U se= CwiexUr 1m21=0.166x0.060=0.010 mg/kg;

U we= CunexUy (g1 =0.0599%0.056=0.0033 mg/kg.
37 THEERS

i A6 AL Ky R S W E 45 OROR 8 E
U=(0.166+0.010) mg/kg, k=2;

MR AL Ky R S I E 45 OROR i E
U=(0.0599+0.0033) mg/kg, k=2.

4 F5iTie

AL P IRANE AT AT, R R AR
JOT T 00 S A A6 A6 53 FIIH S TE M Hh B T S B AT
faf A6 AL A H 8 2 DU SE 45 SRS E T O U=(0.1660.010)
mg/kg, k=2; VALK H AR o D A SR AN R
U=(0.0599+0.003) mg/kg, k=2, —FHRIAHHEE FERIFET
FREVA TR T | NS 8 B R i PR B I AR
B, UL, FERTIN AR, AR AR TN 1 S A B A
BORRSWAE | 2w o AE AN 8 B LA o =,
FE T PR RN E R PR S R AR E I R B A5 T A
PRI AR AN R FE /N o ) R SRR A 5 B AR B
FEAEAER FIHSEAE R th R & 1, S5 AR AR

SE
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