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Determination of Arsenic and Cadmium in Powdered Rice by Inductively
Coupled Plasma-Mass Spectrometry and Evaluation of the Uncertainty

ZHANG Zaiping, WANG Yu
Jiangsu Institute for Food and Drug Control, Nanjing 210000, China

[ Abstract] The microwave digest technique combined with inductively coupled plasma-mass spectrometry (ICP-MS) was
used for the determination of arsenic and cadmium in powdered rice. The measurement uncertainty was evaluated by
establishing a mathematical model. The measurement results of arsenic and cadmium in powdered rice were (0.182+0.012)
mg/kg and (0.262+0.016) mg/kg, respectively, with the coverage probability of 95%. The major uncertainty components
were from standard curve fitting and test solution measurement. The research method can be used for measurement of

harmful elements in powdered rice by ICP-MS.
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Agilent 2% 7] ); Mars6 5 J& 2 8 714 ¢ 42 (3¢ = CEM
5 H) ) H T K (d=0.01 mg, £ [ Sartorius 23 ) ;
d=0.1 mg, ¥ -LHEFI 2 A

il 2 (65%, 75 [ Merck 22 A] ) ; SE 5 = H KN
Milli-Q #8 4l /K ; 1 (As) 0 2 bR fE I R (5 -
191010-4, 1000 pg/mL, FEZK A 4 )& K fi T 415
T3 0 ); R (Cd) ot R AR ER R JE S
191037-4, 1000 pg/mL, E %A A4 )&% S i1 AR
T ) A AR (& Bi. Ge. In, Lic,
Lu, Rh, Sc. Tb, it : 50-025CRY2, 100 pg/mL, 3
Agilent A7),

1.2 REHZE
1.2.1  AR/BEER B BLA)

D) & W A TC 1)

B 1 mol/L AR E 2 50 mL i A 1+ 4 23}
A, KRG B R, B4 U BT R ARV TR
SR ST EARMEVA TR (1000 pg/mL) 4 0.1 mL & Ti%
RLZR AR, SRS BAROE , $550, 1949 2 pg/mL As
I Cd TR A bR ERE 28 T T -

2) B AR R 1 T

5 £ 1 mol/L iR 29 50 mL 43 Bl in A
[F] 1 ¥ BEORL 25 2% RS 9% KOE 593 ) i 0.025,
0.10, 0.15, 0.20, 0.25 mL & T iR R #R AR
KB FRAE, F25), AR EE 4 312924 1.00. 4.00. 6.00,
8.00. 10.0 (ng/mL) FIARE T AR -

3) PR I YR 11 T )

K% 5 100 pg/mL Ge, In JRA AWK 0.25 mL,
BT 50 mL &I, 1 mol/L Y BR IA TR i R i€ 5
BN, F25], 154 0.5 pg/mL Ge, In IR GH M . FEL
IMANFRE R, % AR E N SRS N
5], POARVE IR S5 SR TR & TG AR JTC R MR L2
25 ng/mL,

122 Foeaj 4

SR FRIOE T s, WA AR S, TERE S 3 AR
HWL 0.6 g, FEBFRE, BT 50 mL K¢ R G M
fEAR T, A 6 mL g2, B A 1, I T AR
HHH R, THRRT UL 1. RS, IPT R, T 100°C
R IR AP I HGEE R 30min, HCHE I AR, 768 X
i RV, T AR R R & 25 mL R, DR
TK PRI R FEROR, VR A IF TR, FKH R 2
ZIBE, 4550, ME R A

K FHAHTR 77 AR A 25 1
1.2.3 ICP-MS M & 44

SR 1500 W 55 B SR it (RS0

6] *

15 L/min; Ff B R (30 1.0 L/min; 250 i i
(55): 1.0 L/ming S EEHE AR BUAE . 458, SRR IRE .
10.0 mm; & REL: 3 W RS AR A L, &
S E: 5.0 mL/min; B (7 As) B[] 0.3 55 4@
("' Cd) S E]: 0.1 s,
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Tab.l Microwave digestion program

HE T RE/C TR s} i) /min LRIFET E])/min
T 120 5 15
P 180 5 20

AT, P OB AL 28 5 = e A TARIR A,
LR (72 Ge) Sl (M5 In) A NBRITER, 43 000 A A
TRIFRE AR (75 As)., B (M Cd) 19

2 KBWERSSH

21 ZMXR

ITFIOC R 5 AR T R A5 S 0 L E Ak
P, RN T 2R AR B2 D R A A, A5 B R 1 e Pk [l )5
TR WA Ya=0.0182C; +1.9921x107%, Yc4=0.0092
C; +3.7232x1075, RV 1~ 10 pg/L, F K 24k
0.9995,
22 BEEXR

il & 6 A i s WA T I , B 2 K,
5L RSD YI/NT 2.2%. RSB BESERUNER 2 FiR.
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Tab.2 Experimental results on precision

W bR
fil0.184 0.181 0.183 0.185 0.175 0.182 0.181  0.0036
#0262 026 0265 0267 0271 0275 0267  0.0058
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A2 0.3 g, 6 17, K% FRE, B 50 mL R e
IO T AR T, IABRAERS &K 30 pl, #21.2.2 #E i
A B 5 30 o 28 A A R, 5 R As JT R 1Y Tl
K 93.7% ~ 107.3%, Cd JLE AY [HIR Ky 94.7% ~
119.7% [RS4SR N 3 FiR .
24 HEmilE

X3 A RE S EA TR, AR I A 2 W B S
ELERANFE 4 PR
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TLEHRX)=(C-Cy)- — 103 rep-R



© 62 Metrology Science and Technology, Dec. 2021, Vol. 65, No. 12
F3 ERERLHHER
Tab.3 Experimental results on recovery rate
s PRt (g) AsliF55 (ng) AsilAft(ng) ISR (%) Cdilli5# (ng) CdM A (ng) ISR (%)
R1 0.3044 61.5809 61.1883 100.6 60.3856 61.9014 97.6
0.3044 61.4809 61.1883 100.5 58.6106 61.9014 94.7
R2 0.3027 57.6022 61.1883 94.1 58.9048 61.9014 95.2
0.3027 61.1022 61.1883 99.9 58.8798 61.9014 95.1
0.3053 64.2108 61.1883 104.9 74.1122 61.9014 119.7
R3 0.3053 62.3858 61.1883 102.0 65.8122 61.9014 106.3
R4 0.3046 63.368 1 61.1883 103.6 63.1554 61.9014 102.0
0.3046 59.8931 61.1883 97.9 61.4054 61.9014 99.2
RS 0.3035 58.6010 61.1883 95.8 65.709 61.9014 106.2
0.3035 65.6260 61.1883 107.3 71.059 61.9014 114.8
R6 0.3033 59.6888 61.1883 97.5 63.9892 61.9014 103.4
0.3033 57.3388 61.1883 93.7 60.4892 61.9014 97.7
B 99.8 102.7
Bt 22 422 8.00
F4 HERMNEER
Tab.4 Sample measurement results
Pt (g) Asgg (ng/mL) Aszpy (ng/mL) As(mg/kg) Cdgg (ng/mL) Cdzsp (ng/mL) Cd(mg/kg)
0.6038 4.530 0.1865 6.342 0.2621
0.6038 4.385 0.1805 6.316 0.2610
0.6063 4.442 0.0245 0.1821 6.311 0.012 0.2597
0.6063 4.367 0.1791 6.313 0.2598
0.6056 4.462 0.1832 6.431 0.2650
BifE 0.182 0.262
it 22 0.0028 0.0022

Kb, X AR TR & i, mg/ke; C HEETZ
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Co A% AT TR BT B, mg/kg; V oAilAE
R L8 AR, mL; m RS BURE 2, g5 rep A
FHEH L R AERICE, %,
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FERBFRE S ARSI E BE ure(m) . FERE 5 A
A EE wa(V). EEMESI AN EE ua(rep)
AN | AT E FE urel(R)o
3.2 AN PR EFINEG AR R EJE 10,(C)

B e B (C) B AN B 58 8 DA U T b o I TR
P TR VR T T R A S b o R R A& = AN D T

1) TEEARER S R A A E E urea(Ch)

2o, T R IC R AR RV BOIE B E A X
AHEE N 0.7% (k= 2), M ure (C1) =0.7% /2 =
0.0035,
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a Be Hilfif B 5 A I AR XS AN € E 14re1(Caa)

IR R my, 2 12g) BT RKF L,
2R, BRI mo( 24 50 g) 1) 1 mol/L fiFf & %5
W, PR S A | FAR 2 0.1g, ikt H 4
UORR LT A (25 52, ¥ R BR 2 2 2 UK A o ¥ TRFR
). BT RFPLPREM d=0.01 mg, KK UEIE
IR, 5~ 20g B KPR K AR 2 6, = 0.10 mg,
20 ~ 120g B K- K e ifFiR 22 6, = 0.15 mg. P il
it & W5 A B0 8 B weea(Crg) B 4 IR R 5
AL TR A0 % 08, k= V3, B ue(Cro)=

6 I 5, I
\/(?Xm) +3X(Exm) =0.000005 67,
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X 5, 1 : 5, 1 :
j‘jurel(CZ-bl)_\/(Exm) +3X(%Xm)
=0.0000054. H5fE TAEW WA 5 AW BE &, il
trel(Cop)=V5%0.00000542=0.000 012 ,

PRI I, o o 5 W TEC ) 51 A 0 A X S i
rel(Co)y=\u2,(Cyy) + 122,(C5,)=0.000 013,

3)FRAE T Z AL 7 A AR XS AN R B wre(C)

X6 ANAEHE (B2 1) MARE TAER R E
M E 3 YR, A5 FIAH R A 1 T 2 -5 AR R AR Y B
FAH Y, BUA WAL BNE T FE R Y=aC; +b, Hir
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Tab.5 Arsenic standard solution results

Ci Y; aCi+b [vi-@ac+bP C;—C; (Ci—C)?

0.0000 —0.0001 0.000199  8.95E-08 —5.1070  26.08

0.0000 0.0004 0.000199  4.03E-08 —5.1070  26.08

0.0000 0.0003 0.000199  1.02E-08 -5.1070  26.08

1.0387 0.0193 0.019104 3.86E-08 —4.0683  16.55

1.0387 0.0203 0.019104  1.43E-06 —4.0683  16.55

1.0387 0.0202 0.019104  1.20E-06 —4.0683  16.55

4.1906 0.077  0.076468  2.83E-07 —0.9164 0.84

4.1906 0.0808 0.076468  1.88E-05 —0.9164 0.84

4.1906 0.082  0.076468  3.06E-05 -0.9164 0.84

6.3956 0.1225 0.116599  3.48E-05 1.2886 1.66

6.3956 0.1228 0.116599  3.85E-05 1.2886 1.66

6.3956 0.1183 0.116599  2.89E-06  1.2886 1.66

8.4367 0.1549 0.153747 1.33E-06 33297 11.09

8.4367 0.146  0.153747  6.00E-05  3.3297 11.09

8.4367 0.1525 0.153747  1.56E-06 33297 11.09
10.578 0.1798 0.192719  1.67E-04 54710 29.93
10.578 0.1985 0.192719  3.34E-05  5.4710 29.93

10.578 0.1965 0.192719  1.43E-05 54710 29.93

FH A5 7 1 2R A5 7 A B S 2 T w(Cs) sk
(1),

J—)
1 1 Co—-C;
M(C3)=& —+—+u (D

a |p n Z”:(Ci_a)z

Hodr, Sy AR HE I R AR 22 bR 25 Cy MEE
HRICR AR, FES TP ROC R IR E Cya=4.437, FF
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We i Co B9 52 B, p=5; n Fy b HE V65 TN 3 VR 88,

n=18; C,}y t5 i I W S 2 ok B2, BT R 1
18

C.=5.107, Z(Ci—a)zzzs&s, % IC £ 1Y C,=5.166,

i=1

18
Z(Ci —Cy=264.5.
i=1
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Tab.6 Cadmium standard solution results

Ci Y; aCi+b [Yi-@c+bP C;—C; (Ci—C)?

0.0000 0.0001 0.000037  3.94E-09 —5.1660 26.688

0.0000 0.0000  0.000037 1.39E-09 -5.1660  26.688

0.0000 0.0001 0.000037  3.94E-09 -5.1660  26.688

1.0508 0.0084  0.009705 1.70E-06 —4.1152  16.935

1.0508 0.0102  0.009705 2.45E-07 —4.1152  16.935

1.0508 0.0107  0.009705 9.91E-07 —4.1152  16.935

4.2395 0.0392  0.039041 2.54E-08 —0.9265 0.858

42395 0.0405  0.039041 2.13E-06 —0.9265 0.858

4.2395 0.038 0.039041  1.08E-06 —0.9265 0.858

6.4702 0.0567  0.059563  8.20E-06  1.3042 1.701

6.4702 0.0636  0.059563 1.63E-05  1.3042 1.701
6.4702 0.0585  0.059563 1.13E-06  1.3042 1.701
85351 0.0772  0.078560 1.85E-06 3.3691  11.351
8.5351 0.0788  0.078560 5.75E-08  3.3691 11.351

8.5351 0.079 0.078560  1.93E-07 3.3691 11.351

10.702  0.0957  0.098496  7.82E-06  5.5360  30.647

10.702  0.0988  0.098496  9.26E-08  5.5360  30.647

10.702  0.1039  0.098496  2.92E-05  5.5360  30.647

Sp B ANA(2)

D Y= (@C +b)r

Sg= n_2 (2)

i 0 2R A B o T8 TR EL R0 25 AR U 22 Spoas=
0.005 04; 4 JC 3 11 b #E 45 W Lb 58 5% 22 19 b o 22
Sp.ca=0.00211,

W A BUEARAR (1) 5, Boc R br e dh LA
P AN 52 B uag(C3)=0.131; 48 70 25 A 1 Hh £k $U1
B AN E B ucq (C3)=0.117,

i 7T 2% A o 2R A6 ™ AR 1 A R B

C
”rel—As(C3):u(C 3)20029 5;
0

8 70 2 b it 240G 7 A B AR R R W E

C
Urel-Cd (C3):u(c }):0018 4,

0
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HH I, B B2 (C) 51 AR R XS AN
JE tre1a(C) threr-ca(C) 53 31R:

urel_As(C)=\/ur2€](C,) +ul (C))+u2,(C3)=0.0297;
tret.cd(O) =i (C) + 12 (C) +12,(C5) =0.018 8.
322 HBARFI AR uy(m)

KB HREBURE S ma(2 0.6g), ikt 2 RFR P
1 (5 Bz Xt b B i), KPR HEE 3 /s e R Au iy
R 5;=0.5 mg, & WAL i k=V3IHE, ure(m)=

2% % ;:000068
k&~ msx 1000 ' °

323 SR ARG AT R ZE uq(V)

DA MBS RPN 25 mL &5, 2 A
G, iz R ZAT R AR JJG-196-2012 [ EEK,
H A 2% M +0.030 mL. % B8 = 18 40 4 % &,
k=6, I Ak 5 R H 51 B M X R B E B A
urel(V1)=0.00049 .

2) 1 BASHETR E S 20 °C, T 5256 % i IR R N
(20+5) C, IK AR FRIZ K R E0CH 0.00021 /C, & fiAH

T A, W BREE IR 51 AR A XS AN 2 wra(D)=

5x0.00021/4/3=0.00061

A A BE B RG] ARY H X R B
Uret (V=12 (V) + uZ,(T)=0.00078 .
324 HEEZING AR R EE ug(rep)

3 2o YR T A 2 2 00 B N i i AR B A
HIARTRE B . 28 A A0 2 BT, W
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Urel-as(rep)=0.003 6><—/0 181=0.008 1;
K % 5 /\E’J’fﬁfﬁ? (19 AH XN B o B
rel-ca(rep)=0.005 8X7/0.267=0.008 88,
325 EnkcEGIAE gam‘x 1 el (R)
P TSGR SF- AAEL E fld 22 D0 PPAk R it T Ak
RS A EE ue(R).
U (R) = S
Vi V7
o, S, A ISR A AR i 225 n g ]SO 3R S 30 X
UEL, n=12; R ISR (A
Fie = (3) THAA, I e Bl FR 5 A B 0 T &R Y A
KEANHAE FE threras(R)=0.0122;
H [l 0 2 51 A0 5% o0 R I R X O B E B
Urer.ca(R)=0.0225,
33 BHEEMNRERHEE
B AT AREA 2 P e (X) =
\/ w2 (C)+u, (m)+u2, (V) +u, (R) + v, (rep)  (4)
P T MK BE Ay i Kb e Ol . #5K (4) 1t

(3

B, PR T 2R A R B TS B0 R E et as(X)=
0.033;

58 70 3R B0 A X A S B wrer.ca (X)=
0.031,

xRT THEESERAL
Tab.7 Uncertainty budget

L s , ; fH
AN By AT R HH —
i 7 Eb(%) i) i (%)
AR B 0.0035 6.4 0.0035 6.4
Ure(C) Bt AR By BEC B 0.000013 0.02 0.000013 0.02
FrRfEh A5 A 0.0295 53.9 0.0184 33.6
Uy (m) B B 0.000 68 12 0.00068 12
(V) FERES B 0.00078 1.4 0.00078 1.4
Uy(rep) WA 2 A 0.0081 14.8 0.0089 16.2
U (R) W IR A 0.0122 22.3 0.0225 41.1
34 PRRWEE ®8 TRTRER
B Tab.8 Expanded uncertainty
AL O BT A2, U TR A2 T v P
_ SEMMEX /(mg/kg) 0.182 0.262
U= (X)X X' X2 (5) £ AT EREAR B E g 0.033 0.031
A, X MRS OT R B S, M s 2] ICP-MS PIRAHEE U 0.012 0.016
Tl 25 R (k=2) 0.182+0.012  0.262+0.016

TR RE AN HH BRI 55 1 ) AN S BE AT AR DL 8.
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