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Simultaneous determination of five arsenic species in infant rice flour by microwave extraction-
liquid chromatography-inductively coupled plasma mass spectrometry
WANG Wenhua'?, LIU Tongz, XU Xiuli’, YANG Qingli1 , HOU Xijudan', GUO Wei*, ZHANG Feng2
(1. School of Food Science and Engineering, Qingdao Agricultural University, Shandong Qingdao
266109, China;?2. Institute of Food Safety, Chinese Academy of Inspection and Quarantine,
Beijing 100176, China)

Abstract: Objective A pretreatment method based on microwave extraction combined with liquid chromatography-
inductively coupled plasma mass spectrometry (LC-ICPMS) was established to accurately determine the five arsenic
speciations of arsenobetaine (AsB), arsenite (As (III) ), dimethyl arsenate (DMA), monomethyl arsenate (MMA) and
arsenate (As (V) ) in infant rice flour. Methods The samples of infant rice flour were extracted with 1% HNO, and
microwave extraction at 90 ‘C for 60 min, centrifuged through the membrane, and the extract was analyzed quantitatively by
LC-ICPMS. Results The established method showed good linear relationships in the range of 0.1-50 g/l with the
coefficient of determination R*>0. 999 9 for the five arsenic species. The recoveries at different spiked levels were 95. 20%—
102. 00%, and the intra day and inter day precision was less than 5%. The limits of detection of the method were 0. 006~
0.012 mg/kg. Conclusion The microwave extraction pretreatment method was simple and fast, and the quantitative
analysis was sensitive and accurate, which was suitable for the determination of arsenic species in infant rice flour samples.

Key words: Arsenic speciation analysis; microwave extraction; liquid chromatography-inductively coupled plasma

mass spectrometry; infant rice flour
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5k T 9B R . A R 4L SURHIE B T
A L EUT R i AR N R G & 52 B 22 (Joint FAO/
WHO Expert Committee on Food Additives JJECFA) HE
SE 1 TC LA B SR i 52 5 A il 15 pe/kg  BW P
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P XU o F R it 22 4 IR AR Bt Hh s e )
BREE)(GB 2762—2017) Ml T 4 LA K4 B &
fi TP LA B RN 0.2 mg/kg, {2 EF X B 4L
Ky I 25 g A B8 SCRR B /D, 5 i B Al L A
TS A b B LK R v i RO S R AT
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b BTk DT TR AR BB R Bl AR R
TR A AR UH R, SR S AR AR AT AR Y
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BB PR UE (Liquid chromatography-inductively
coupled plasma mass spectrometry, LC-ICPMS) , % 57,
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NexION 2000 ICP-MS . Flexar LC( 3¢ [H 3 4: ¥2 /R
RS T]) , Mars 6 % i i%mmmmﬁﬂst%@
CEM 722 #]) , Milli-Q 4f 7K &b 3 2 45 ( 5 [H Millipo 2
Al ), Allegra X-22 2 T g 15 5 & f IL‘HL(;%@
Beckman Coulter A #] ) .

G g i R (Merck 2 Wl ), 0 BT 46 B R
(Macklin 22 7]) , & 7K (Acros 2> &) ) , # 4l K (g BH &R
18.2 MQ-cm) , AsB As(V) . DMA MMA & & %
PR e 5T (b [ 3 R BB . GBW (E)082204)
As (I bR #E 7 % (ALADDIN A A, 1. 011 pmol/g) ,
KK 1853 43 B s e 0 e (b ] 3 2 B = 0F 9% B
GBW(E)100353),

1.2 W &1
1.2.1 ICP-MSlE &1k

{¢#% . PerkinElmer NexION 2000,RF I13%.1 600 W;
KRR 6. 80 mm; ¥ S HE : 17 L/min; 5 S
W 1. 35 L/min; 55 AL : 0. 94 L/min; Alf 8 <
A, e~ 100 mL/min,

1.2.2 LC@E &M

X %% . PerkinElmer Flexar, @ #% # . Hamilton
PRP-X100 BAE T3 HrH: (5 wm, 4. 6xX150 mm) ; Ji s
A4 K , W B4 B: 10 mmol/L NH,NO,+10 mmol/L
(NH,),PO,(pH=8. 5) ; 1 B PE L 2T : 0~2 min: 80%A,
20%B—2~2.5 min: 100%B—2. 5~10 min: 100%B—
10~10. 5 min:100%B—10. 5~16 min:80%A ,20%B; i
ARV : 1 mL/min, JERERE . 100 pL.
1.2.3  bRufEd ol 25

AR50 1% HNO, B BRVE N 25 1, 43 50 R
b IR ) 5T C R LA VR B IR S AR ET UL 0. 1
0.5.1.5.10.20.50 png/L.
1.3 B ST Ak 3

B 200 mg FE 5T A BCHE S, M A 12 mL 1%
HNO, & B , 90 “CHfis # L 60 min $& WU H 454 ,
RPGEEFARHEER,F 4 °CF 10 000 r/min &
> 10 min, ¥ _F B 0. 45 pm K RIEB S LML,
EINERYEIE I G S
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F BB AS R BOR R 4 $2 BOSCR (n=3)
Table 1  Extraction efficiency of As species from different extracts by microwave extraction (n=3)
FEHOH AsB As(1ID) DMA MMA As(V) sAs FHOEHR/ %
K ND 0.12 ND ND 0.15 83.33
1% HNO, ND 0.11 ND 0.03 0.17 94.44
R -RIEWL1:19(V/V) ] ND 0.12 ND ND 0.15 83.33

T s sAs : B P B8
F 2 AIE HNO, B TR 25 19 R RO (n=3)
Table 2 Extraction efficiency of As species by different HNO,

concentrations (n=3)

o AsHEIER
BREGRWE  AsB As(II) DMA  MMA  As(V) sAs
R %
0.5%HNO, ND 0.10 0.02 ND 0.04 0.16 88.89
1.0%HNO, ND 0.1 0.03 ND 0.03 0.17 94.44

2.0%HNO ND  0.12  0.02 ND 0.03 0.17 94.44

SRATFLAY WV BE AR, TV 2 R 1% F1 2% 1 HNO, fE
Sy B ORI, i A B BT AR X AR L 3xX 5 ek [ 10]
38 1 25 FARAF , T 53 B 0 TH I 25 S i
1o P 6 R A 5 3 BRI 19 HINO, 1 S S A% B
) 2 TV WAL o
2.3 TR ABUR AT R R A

A WO B B R] O U FE R A G B S
B HE R AR HE DA S K e R B Ok i
TR K s B R RIE S B AL . MA S
8RN, 90 CHl M A& BUBE fi AR B $2 I H B 22 1) i
T, HOAE#E G it BE o & 5 R R S 4k, A
U, AR S5 R 90 “CAvilie A% LR A , AN T] 2% B[]
(30.60.90.120 min) 47T T H %2, 450 WK 3 iR,
24 A% JUAS [A] 3 8 (30 min) B, As(V) & BRI 3X
AR R B R 58 4 s 7E ST [H] 2y 60 min B,
e T 285 114 B2 WU 6 5K ) e vy, A 82 185 in 2 BT (1] O
AR A R TR BUORCR o B AR S 5 e 4¢3k L
1%HNO, .90 “CHUSE 25 MF T A B 60 min S FE i o fif
TE 25 (0 i Ak B 7 9

23 S [ IR 1)k A 245 £ B USCR (n=3)

Table 3 Extraction efficiency of As species by different

extraction time (n=3)

B As T

N AsB  As(Ill) DMA MMA  As(V) sAs |

[i] /min ME /%
30 ND 0.14 0.02 ND ND 0.16 88.89
60 ND 0.11 0.03 ND 0.03 0.17 94.44

90 ND 0.12 0.03 ND 0.01 0.16 88.89
120 ND 0.12 0.02 ND 0.01 0.15 83.33

2.4 VR AH G ShAH ) BE B

FEAN [R) AR 25 0 B B - sc e a5 b, H AR 1Y
4 B3 1 Ii) 37 B 3 22 [ 2R 0, A0 £ 3 A A 2 A
oG I AETE LS A pH (H A ARSI
PEFE PRP-X100 BH B 43 A A 3 T H A 800 Y

FeoEt, AT 2 M H TS S I>" . BTk
A i €8 3% 5 B AT R, LAKCR TR B AH A IR H 58 T
Pl 10 mmol/L Y (NH,),PO,.(NH,),HPO, NH,H,PO,
4315 10 mmol/L NH,NO, IR & 1E MR 3141 B i Ay
g A . B 1 R T A = ROR RN S A B
B 252 T AP AR 25 (10 wg/L IR A A5 M 15 ) 1943
BTG OL o = I Sl AR A [ RO 25 Y O B I [R] 5
M) AN Kt W MU AR T . Hevp, >4 (NH,) ,HPO, 1R i
SAH B B, MMA H A5 06 3843 X, i 24 NH,H,PO,
YEV B AR, g 13 {8 AH X (NH4) PO, 34K, 2545 e 2l
0 AR R N, A SE 5 B ¢ 3R £F (NH4) ,PO, 5
NH,NO, IR & W AE R i s B,

140 000
—— (NH,),PO,
120 000 DMA — (NH,),HPO,
—— NH,H,PO,
MMA
100 000
£ 0000
% AsB
= 60000
= s(III)
40000 |- As(V)
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Figure 1 Effect of different flow phase on arsenic separation

2.5 VRBhAH B pH Rk B Ak

ARSI IR AL T s A B £ A6 pH {H (8.0,
8.5.9.0) Fl ¥ ¥ (5.10.20 mmol/L) £ 4 T %} i &
BB, g g5 R A 2 Fros, 24 3h A1
pH=8. 0 B, B AR B AR (9 73 25 i Ml 4, {1 AsB 5
As(IID W IEAFHEESIHE WA T 20T 4l
M B pH>8.5 B}, AsB 5 As(II) 7] 58 &4 & , [H &
BE# pH {H 34 K (pH=9. 0) , It 3% i b B A% . [H] itk ik
PR S M e pH {H R 8. 5.

MRS B AR 5 mmol /L B, AsB 5 As(I1D)
ANBETE A I3 B o Y S A BE A 10 mmol /L Al
20 mmol/L B, B f#) 5 FPIE AR AE 08 52 B 58 & 00 55 .
{HR: Bl 25 It 2l AH MR BEHE K, A o B B [R5 K o AR
B 5845 BTG OL T, AR 52 30 5 28 e 5 53 15 I [ A X
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B 10 mmol /L AE R B S AH B M B . AF i
W TR B AR S R LI B4 A2 /K ;3 sh A B: 10 mmol/L
(NH,),P0O, 5 10 mmol/L NH,NO, IR &IF M (pH=8.5)],
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£ B8 B 8] /min

RAARMER WP AR S 0 kg 3 s, vl DL7E
10 min NEEHE 5 FPAIE S 52 20 5 .

2 120 000 20 mmol/L
<
& 80 000
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= 40000
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Figure 2 Effects of different pH and mobile phase concentration on arsenic separation
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Figure 3 Chromatograms of five arsenic forms mixed standard

solutions under optimized conditions (10 pg/L)
2.6 7 I StV R RN A Hh BR
Bt 1) 5 v B 4y Bk 0.1.0.5.1.5.10.20,
50 we/L BYTRAR , ECL 2 I E 5447 F , % 5 A by
YEV WA AT 50 A, LAV D R R G\ A A, DA VAR B3 Oy
AR AR E TAEINZR . LA 3 %515 M bk S

FR. 5 FhEHIEZSAE 0. 1~50 pg/L RN LML R R
U E BB R KT 0.999 9. MM XA H
FROL % 4, M FRFE R N 200 mg, & AR AN 12 mL
I, ik i PR UL 4.
2.7  JrEEER S M KO bR iR

YEBE H bR & A — Oy B INER 10 pe/L
il 6 Or FATRE S, SR HOLAR 5 B Jr ki e 5 Fif
A 0 & & TR MR A RSD, 25 3 an 3k 5 BF
N, 5 R E 2 B i As [BHIRCR AE 95, 20%~102. 00%
Z I, RSD {8 ¥ <5% , U6 W1 i% J5 vk B A B4 94
2.8 SEBRAE A I E

Fi AR S 00 T A 5 VR AR URE B L TR AR A T X
e 8 B L LK By rh 5 Fal IR S #E AT I E
R 6, BRERWLELGILRB P EIE S £
PLEHLEN [ As(TTD A1 As(V) Z F1 1 F1 DMA & £, &
FAEM) AsB, o 2 SRR S DMA 175 5 55 A
B b O =, AT RE S DA 2R A LK Ry oh B £ 7 A5 A R
T A ) 45 SR O o EL T AT RE R JC LA B A

K4 ITILEAEN B R
Table 4  Linear range and detection limits of the method
LIS LU/ (pg/L) LT JUE ZHUR? AR A R/ (ng/L) TR R/ (mg/ kg)
AsB 0.1~50 Y=4.77¢'X~6.01¢’ 0.999 939 0.1 0.006
As(IIT) 0.1~50 Y=8.78¢*X~-7.45¢’ 0.999 965 0.1 0.006
DMA 0.1~50 Y=8.65¢*X~1.95¢* 0.999 926 0.1 0.006
MMA 0.1~50 Y=8.91e*X+3.89¢* 0.999 987 0.1 0.006
As(V) 0.1~50 Y=7.91e*X+9.65¢* 0.999 939 0.2 0.012
K5 ISR 5 B 2 AR
Table 5 Recovery and precision results
fif ¥ %5 R/ (ng/L) bt/ (we/L) WA/ (ng/L) [ % /% (n=6)  H M RSDs/%(n=6) H I RSDs/%(n=6)
AsB 0.31 10 10.51 102.00% 0.14 1.28
As(III) 0.58 10 10.53 99.50% 0.45 2.11
DMA 0.23 10 9.74 95.10% 0.13 2.35
MMA ND 10 10.02 100.20% 0.84 3.09
As(V) 0.68 10 10.20 95.20% 0.32 2.88
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Table 6 Arsenic speciation and inorganic arsenic content in 8 kinds of infant rice flour sold in the market (n=3)
e & R AsB/(mg/kg) As(II)/(mg/kg) DMA/(mg/kg) MMA/(mg/kg) As(V)/(mg/kg) TeHLA /(mg/ke)
L5 HE g 0.01 0.03 0.11 ND 0.04 0.07
25 HE 0.01 0.05 1.99 ND 0.03 0.08
3SR 0.01 0.04 0.18 ND 0.05 0.09
445 R i 0.01 0.04 0.15 ND 0.04 0.08
55K il 0.09 0.08 0.03 ND 0.02 0.10
65 FE 0.09 0.04 0.03 ND 0.03 0.07
TSR 0.10 0.05 0.03 ND 0.03 0.08
8 T AE fik 0.01 0.06 0.03 ND 0.02 0.08
80 000 DMA 80 000
25 S
60 000 - 60 000 r
i pou
= 40000 | = 40000 |
= E
20000 | 20 000 +
AS(”I) AS(V)
As(11T) As(V DMA
. AsB L/\/\_/Q/\ 0 AsB/, - . : - ; - i
0 2 4 6 8 10 12 14 16 0 2 4 Z]JEEHTSI‘EH/ .10 12 14 16
A i 7 B [A)/min
LR BN ] /min
4 453 S PR i g i ]
Figure 4 Chromatogram of some actual samples
3 i plasma mass spectrometry[J]. Journal of Food Safety & Quality,

AT 53 38 3 P Ak R 2 ISR 1 A 0 A%
P BN T — o T O A R AL By L A5 A TR
AH €815 - F BRI 5 A5 B T R T % vk (LC-ICPMS) |,
B I 2 22 407 )L oK Ry h A i SR B8 ( AsB) I A R A (As
(I)) , - H LR (DMA) ,— B LR (MMA ) 1 i
TR (As(V))5 R IE & 0 J7 o %07 L gt 52
FE 60 min PN 2B FE G A g S 0 PR B . %
05 ¥ i Ak B 5 v TR R, B R 0 A 1 R A
e RS 5 B3 T T 2R Al LK R rh R 2 i e
TE o AR T ST R S 4 LK Ry AR S A P R
ER E B 53 A BT B DE O S AR T A HOR S
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