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Comparation volumes of the different arsenic species between raw and
cooked rice using AE—HPLC—ICP—MS
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WE A HMEMPRR - SAERM —LEBEFE T HRA
#(MAE—HPLC—ICP—MS) @l & kX & F & # % &5 4%
09k, A T MOR R E R R R B AT AR, £
80 °C .600 W .20 min # ik &4 FTH B RAERRKR,
AsC[[) .DMA MMA As( V) 4 F# 50 & 69 47 o w9 & & 12
BAF MR AR @K & £ 86.15% ~109.80%, Bz s kS
GB/T 5009.11—2014 Y& & 3. & A 7 = w4745 AsCIlD) .
DMA As(V) &2 R 23 £ 5%, @ AT & 7 %X 04749 MMA &
F 0 FHF GB/T 5009.11-2014 85, ARIE AT & 7 % 5 A w2
ARFBAFTERVEPGEL T AAXRRELIAXSE
As(l[) A= DMA b€ F &, % MMA # As(V) k€ L4, %
AR ETHT 8.77%,

KB AR AR HBESME:IHERE —LRABLES
T 1k ik
Abstract: Microwave-assisted extraction-high performance liquid

chromatography-inductively coupled plasma mass

(MAE—HPLC—ICP—MS) method was developed to determine the

spectrometer

contents of arsenic species in rice. Treatments in optimal conditions
of 80 ‘C, microwave power of 600 W, for 20 min, As([l[), DMA,
MMA, As(V) could be completely extracted. Linear correlations of
AsClll), DMA, MMA, As(V ) were satisfactory. Recoveries was
between 86.15% ~109.80%. The determination of AsC[[), DMA
and As(V) by the proposed method in this study was comparable to
that by national standard (GB/T 5009.11—2014). MMA determined
by this proposed method was higher than that by national standard,

indicating a better extraction. Our results showed that different arse-
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nic species could be detected in both raw and cooked rice, and the
proportions of As([[[) and DMA were found declined, but As(V)
and MMA increased in the latter respectively. The total arsenic con-
tent decreased during cooking by 8.77 %.

Keywords: raw rice; cooked rice; arsenic species determination;

MAE; HPLC—ICP—MS

AR R i 2 HR T A A PR R R DA R e AR 2 (1
HELA S e Z Ak Sk 2, R HER
[ T T 25 T 5 R ke R XU 8 48 o o 22 4 4303 1) O 5%
P,

MYER B AR A h R A BT . i 5 WA
AR, — Mok UL, THLE ) B i K T A AL ™, bR
J A F AT o0 B 2B G R AL A8 T RB0UR Y %
B — B R AR R (MMAD R T iR (DMAD 1] 9%
JE AV AE B SUBE P S L X 4 RN R A 1A R OK
FEMILAEN LA KR R wh A KRS L HAE A K E, P
B R KK 9 A 7= FTH 2 KL A 652 9 N A B Oy &=
B0t ROk A R AL &7 T A A JCHL RN A
602650, phAh N E B B R A TS S BUORE KOk AN
LN T E R e o I N 1 2 A 07 N [ 5 A L
ARI L TR IR 5T KOK 25 2 TS A8 25 1 28 1k L X T A 4 B
WEIBAE —EHFSEX.

AT 2 5 0 B2 B T 3 AR SR O R O
PRI s 75 70 RE 0 DA RO B AR Ok N, MR T
S At B BT 3 P U el B R BB M) A b R B L 2
B A R} v T RE Y B IR B R VR R R R D
G WRELTCTS Y A TR A AT WA B L A s R L
TR U R IR E A R UG
(AAS) 258 T & 5 % 3% 4L (ICP—AES) | J5i 1 %% 56 X

73



Ze5wN

2016 % 6 4

(AFS) J % 55 F IR i 1% A (ICP—MS)H, H i ICP—MS A
A RE R P T YBE a2k B T e
HE GB/T 5009.11—2014 g 5%, 15 i #5 i 5 F K 3K £ 78
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B FERE , T ELIR$ESZ AR R 52 K. A K50 01 8 37— Fh 6%
B2 % O R BB — 1 IO A — R A B R B 9 K
oK v A IO A5 0 2 B 1Y 5 1%, A T 43T 45 R AR 4 R 2% 4R X
15 20 S A R, 1B DR S A A DROK A g XU
1 #RLS 5%
1.1 35 fn bt

VAt R ARV VR AR V) R (GBWOS666) | B i AR T8 Y A v )
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T bR E ) 5 (GBWO08669) « 8,33 4t , v [ -8 B 52 I5¢ 5
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1.3.1 RN AR A& P m okl R A 2 R S A R AR I VR
W T AR VA VR A ) T — B I YA o R R
LA Vb HE A 5T 43 I B 400 pg/ kg R JE SR BUR &
RIA5 3] 100 pg/kg 1 1R A B VS UK . 76 W0 2 19 43045 2% 1
TARKIEIR 5.0,10.0,20.0 pL {1 15 A A THE VA T - 10 5% £ 3% 141
I BB A PR 4K {2k 22 4% Plasma Lab +H2 W m AR, DL i R
Cae) A Rl s A 7 45 2 4 T o R 32 Cy s g/ k) S AL A 2 1
AW ik e 2 AN =D 2N
1.3.2 RORBERMHI 4 05 B KO8 Wl 3K 09 RS K TS 3
3R HR A P LR 58 28 20, R 1 AR R A BOR — [ E AT 8 R
T ML SRS 43 ) v R AT T MR S A K R BOR A A R
0k 80 B AR Ry KOKRKE S .
1.3.3 JOOKAE fit v 4 1 285 1) 2

(1) i % B B2 B« M 4 AR IBCRE i 5.00 g, & T 100 mL
B = EBSE A 50 mL 0.2 mol/L 9 HNO, ¥ i Fl i 1
PR T . BWMOR A 58 25 B 1 0 2 B AR 48 AN TH]
S HEATHOE SRR, BRI RHNEEZRERE A
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50 mLIES.OE H L FE 8 000 r/min 5544 F B0 15 min, Mg HL
VWL 0.45 pm YE MRS L FEI

(2) EFrEE(GB/T 5009.11—2014) # B FRBOR K FE
5.00 g. BT 50 mL BHREEOLEP . MA 50 mL 0.15 mol/L
HNO 5 8- % F . T 90 CHEfRAE h#Z42 2.5 h, % 30 min
AR 1 min, JREUE RS B R I E =R L 7 8 000 r/min &
T B0 15 min, W E WAL 0.45 pm 8BS R,
L.3.4 8OO — H R 5 S5 2 T R S Y I E 2 8

HPLC. {& 3 #£. Hamilton PRP X 100 (250 mm X
4.1 mm,10 pm);HiiE :1.0 mL/min; AL 50 pL; B shAH .
40 mmol/ LB R & — #e /K W (pH = 905 P I Jr 2« 45 2 1k
I VI 14 min, ICP— MS, 8 3% 1 - Fh % 430 3%
1400 W; Z b #5544 :0.80 L/min; 28 i :0.80 L/min; &
WEE T As,™ ArClL ¥ Se, ¥ Kr,
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L71.1.61 1 7.90. 3K F 1.5, B IA 3 P k1 43 B 2R

2(tgy —tr1)

A
R— &

£ o —AH AR P 04 Hh Ji5 — W 1) £ B8 B ] min;

£ gy~ AH &P T 0 o i — W ) £ 7 B ] min;

wy vw, — FI 4B B I 11 1% K 58 » min,

VB RIS o Y2 VR 3 5 R I A 81 i 0 T AR 5 ok B SR AT 4R
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2,21 OEEEER T HERFRIE R IR 80 H i AR
5.00 g, fEHF 600 W, $& HUAT [H] 20 min &, 3% 5 130 3 Ik
50,60,70,80,90 °C , 25 Z it Vi B Xof R oK 4% P A5 A & o
B2 A5 R LA 2,
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Figure 1 HPLC—ICP—MS chromatogram for 100 pg/kg

arsenic mixed standard solution
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Table 1 Linear regression equation and correlation
coefficient of four arsenic species
Ui RN AHRFREL r®
AsCID y=0.000 250 1x+0.617 0 0.999 9
DMA y=0.000 223 92 +1.915 5 0.999 9
MMA y=0.000 221 92 +1.837 4 0.999 8
As(V) y=0.000 210 1x—0.126 2 0.999 9
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Figure 2 Effect of microwave temperature on arsenic

species content detection in rice

A P 2 WD B AR R R P R KOK Hp TE A
P4 B At 32 5 3 0 , 7E 80 °C BRAS fe R HR I I, Bl 45 $2 IR
WEN T &AM S & A TR, X2l T 48 BUR 7
90 °C B 23 & A= il I THT 38 0 — 2 o 01 A 451 2 o R UG AR 3
& 80 CF 4TSI $2 A .
2.2.2 fEERIA S S TEROEIRE 80 C T 600 W 1
M A SR TR R B B 18] (10, 15,20, 25,30 min) X}k
K & RIS E R, 45 R A 3,

dy &3 AT GG I TRIZE 10~20 min B, B & B[] (19 3
o BT B P 45T 25 A b B 22 R L 2 B IO ) 5
20 min J§, RAFERPEEEMETRBTRE. BTE&%S
B B 20 min AR R 56 1 D B TBUR ]
2.2.3 BRI E B HAAEEERAE R T B
AT 45 B 3 2. (400,500,600, 700,800 W) Rt K K h & FE &5

FrR R 25 R LA 4,
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Figure 3 Effect of microwave time on arsenic

species content detection in rice
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Figure 4 Effect of microwave power on arsenic species con-

tent detection in rice

T 2 A PR AT, P R B A Bl B R0 K, 77 AR 1 80 T
S T RE T R AT I 7 BB OR L S R UR R T
2.3 IR

SR R A 3 R A 32 4 % ) — SRR R i v 1 45 TR 3
IR EBONE 45 R R 2. BA Y IR AR MMA 1
WA RS AL AR MMA & B8 & T ERE;
As(ID .\DMA I AsCVOIY & & W JE B3 22 55 (¢« kx5 . 3
AR T E AR 2.5 h A BRI, A0 I8 4l 11 32 R 55 22 20 min,
PR I Z AR 2 AR TR A B, AT DUA E A 50 i
T3 AR T E AR 2 0 =R
2.4 hnwE YR I8

TERKFER M A 50 pg/kg BIBIR & Fr HEE WS . R

FHIT 2 5708 75 300 58 IR KR i v & T8 25 Al 8 5 3, 15
tH AsCIID \DMA MMA F1 AsCV ) AnAR A g %l 86.15% ~
109.8% ,AH R RSD 49/ T 5% (WL 3D, ik [l i 25 50 4 oy
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Table 2 Comparison of experiment results using the proposed method and the national standard method

AsCIlH® DMA® MMAP As(V)?
ViR R/ R/ e/ TR/
RSD/ % RSD/ % RSD/ % RSD/ %
(pg - kg™H (pg - kg™H (pg+ kg™ (pg = kg™H
A i 108.80 1.42 26.47 1.35 3.46 40.49 2.06
[ 47 32 109.06 0.91 28.74 0.68 1.17 45.34 1.24

T a SRR PRI RE T i 0 N 2 28 5 s b FR IR E Jr kA L S s a=0.0L(M A .
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Table 3 The results of the spiked recovery test
in rice sample
MEA [/ % RSD/%
AsC[lD 94.18 2.13
DMA 90.32 0.47
MMA 86.15 0.16
As(V) 109.80 3.53

2.5 HERFRKPEMEEHENE
A T A 0 A B AR SR AR 20 0 AR R OK A
ity P A RO A5 Bl AE AT SR IR AR I L S5 R I 3% 4,

T4 EXRGBAPIMESHEHNUESE
Table 4 Four arsenic species content detected in raw

rice and cooked rice

72 18/ 7
FE L3 RSD/ %
(pg - kg™ L1l / %%
AsCID 90.48 58.42 2.20
DMA 29.55 19.08 0.28
Aok
MMA 2.48 1.60 4.77
As(V) 32.37 20.90 5.11
AsCIlD 79.90 56.55 0.34
DMA 25.91 18.34 2.62
ok
MMA 2.50 1.77 1.51
As(V) 32.99 23.34 3.02

i 4 AT AR KRR i R R BB i D 154,88 pg/kg . B
KN 141,29 pg/keg, BIVROK 2853 28 20 TG Bk LR AR T
8.77 V0 » I PRy AF KK 7 2 1 i v B0 AR B T ROK K R
IR SRR o PR K 28 AT R 25 T 25 o B
T RIBOK P AsCHID A DMA FCE A BT BT As
CVOFT MMA {9 FEE N b T, 38 X A2 A1 ) Dt P 4 0 A
U HA O £ SE A Tl s R R EA —, P
HE R AL @ =N AsCID Z #mE A8 1
AsCV) LR AsCID & 5980 T AsCVD) & a3
3 i

A 56 SR T Bl e i I 4 BBOIOK R il v 25 R 25 6 O
AR IO AR HE AT Al 2 R AR W A
80 C,Zy# 600 W TR HL 20 min J5 15 3 1 I 2 45 5
. 5 GB/T 5009.11—2014 3 5E B IOKR A h 25 F TR 25
A B BEAR LG . AsCID JDMA VFI As(V) I i 3 22 =, MMA
0 R 5 SR U SR A U8 P ik T R AR, HLAS IR R 4R
P ) 50 [ b 3 S [ N 45 A B, R BB ARG A i 6 45 2R
RN IZ T BB R NS HE ) R . R AR ok
A KRR Hh A R TR 25 A 5 L A B2 T B OR BB
BETR B T EL AR A 0 e 2 A AR AL SRR 5 28
e B AT R AR OROK P A AU L A g TR R . AR

76

S8 AT 08 28 RO0E K vp Y R R AT T 0 8 WE 5T AT R AN T

ZRA IR AT T SRR M R AR AT — PR
£ % 3Lk

(1] ZPE . kA, M. 5. SOk RaLapn e rEmsl)]. 7
HWFE, 2010, 39(3): 316-320.

[2] SMEDLEY P L., KINNIBURGH D G. A review of the source,
behaviour and distribution of arsenic in natural waters [J].
Applied Geochemistry, 2002, 17(5); 517-568.

[3] MARSHALL G, FERRECCIO C, YUAN Y, et al. Fifty-year
study of lung and bladder cancer mortality in chile related to ar-
senic in drinking water[J]. Journal of The National Cancer Insti-
tute, 2007, 99(12): 920-928.

L4 AL o e 32 SR B 7™ XA KoK o B A R R 25 9 B 1 6 0
HBEFEMAID] R RIVE T K%, 2013,

(5] M, BT, AR, FE S IR stk Hr[J ], 2 R&
¥, 2011, 10(3): 84-85.

[6] LI Gang, SUN Guo-xin, WILLAMS P N, et al. Inorganic
arsenic in Chinese food and its cancer risk[]J]. Environment In-
ternational, 2011, 37(7).: 1 219-1 225.

(700, 2P0, BokE, S5, 0 U A0 3 A vh i i ¥k B LR 25
FAEY TSR R LT AN M, 2013, 8(2);
132-137.

[8] NARUKAWA T, INAGAKI K, KUROIWA T, et al. The ex-
traction and speciation of arsenic in rice flour by HPLC—ICP
MS[J]. Talanta, 2008, 77(1) . 427-432.

[9] WELNA M, SZYMCZYCHA-MADEJA A, Pohl P. Comparison
of strategies for sample preparation prior to spectrometric meas-
urements for determination and speciation of arsenic in rice[J].
Trends in Analytical Chemistry, 2015, 65 122-136.

C100 whgEo, DD, SRR, 5. Bk i i — el IR & 45 B3 I
JEE B SRR AELT] A E SR, 2012, 28(8);
1 084-1 087.

L1 A o Al % B 2% B2 4. GB/T 5009.11—2014 €3 dh 1 5
i R JEHL A A e (S, Jb st o EARME AL . 2015,

(12] K22 G2, pAe NRILHE 25, —FB[S]. 2010 4F iR
Jent: v E B 2GR B kL, 2010 B 5 36-37.

(130 fi v, sk R B, VLA, S5 B — i v Im] 2 TR b B 3 7l
A B AR IOCR A AT L) ] SR D B4, 2015, 36(18) -
261-266.



