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Analysis of Four Arsenic Species in Different Types of Rice Based on Liquid
Chromatography-Atomic Fluorescence Spectrometry
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Abstract: A fast analytical protocol for the simultaneous analysis of As(Ill), As(V), DMA and MMA in
purple rice, red rice and common brown rice was established based on liquid chromatography-atomic
fluorescence spectrometry. For the first time, three mobile phases (i.e. KH,PO,, (NH4),CO; and NH;HCO3)

were examined to obtain separation conditions. The results showed that NH;HCO; is the most effective
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eluent achieving the separation of As species with improved resolutions within 10 minutes. Bond elut carbon

bulk, bond elut carbon and C,g were compared in view of their purification and adsorption capacities. The

results showed that the C;g column can fully remove the pigment and macromolecular impurities. Four

arsenic species had good linearity in the concentration ranging from 0 to 50 pg/L, and the correlation

coefficients were all greater than 0.999 1. The limits of detection and the limits of quantification of the

method were 0.002~0.01 mg/kg and 0.007~0.033 mg/kg, respectively. The recoveries of the four arsenic

species at three spike levels in three rice matrices ranging from 75.2% to 104%, with the relative standard

deviations is less than 9.9%. It is suitable for the analysis of the content of 4 arsenic species in various types

of rice, and provides reliable technical support for accurately assessing the risk of arsenic intake in rice.

Key words: rice; arsenic species; purification; liquid chromatography-atomic fluorescence spectrometry
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fLH (KOH, 4% =99% ). fikiiR & % ( NHsHCOs3,
4ifE =98% ). WEFR &4 (KH,PO4 3H,0, 4
=99% ): igBTHL T AR R A RA F ;. H
P (A5 ): IR v A A 5 iR 4 ((NH,4),COs,
i =99.9% ): KA AE; 1 HkH
(100 gm ). {78+ (500 mg, 6 mL), Cg
(100 mg, 3 mL ): EEZEERPHLA ] ; W
th ( BWZ6808-2016, 1 000 pg/mL ). Fifl fig £h
( BWZ6824-2016, 1 000 pg/mL ): Jbgifik it
FARBFF B ; — F XA ( GBW08668, 0.335+
0.011 umol/g ), —H FLfifi ( GBW08669, 0.706=+
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M I R AL A BR A E  EE AL K
ThermoFisher A ; fHIRAR . IR 22 LRk &5 A
BN A 4lizkAY (18.2 MQ): [ Millipore /A 7 ;
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1.3 &HEEIEEH

WA ERE S HE 30 mmol /L BRERE
A (A AH) F1 150 mmol/L BRFRE % ( B #H ) 4.,
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1.5 HAESER RN

AR FP2E YRR AR S AL B2 BR GB 5009.11—
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BT B As(T) . As(V)A .DMA Fl MMA 4
v 25 (21013101 R ) 245 B B LE € A 1 A
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Fig.1 Separation chromatogram of mixed standard
solution including four arsenic species (10 pg/L)

R OIEAE A 2V, gk Ardn. ASCER A8
A . A SRR IRAE A Cig HE 3 Bl R R A F 1L

4
0 As(Il) As(V) DMA  MMA

40 ; -
As(]]I) As(V) DMA MMA

BHEATHAL B 2()~(d) S5 RE W], R EK |
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Note: (a)~(d) were extract of samples and purified by bond elut carbon bulk, bond elut carbon and bond elut C,g , (e)~(f) The
result of spiked recovery in three rice matrices after purification of bond elut carbon bulk, bond elut carbon and bond elut C18.
B2 Z=#ar i gL s R K% R 1E A

Fig.2 The purification effect and adsorption of three materials
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PRUEI L. # 1 45RRY, 4 FEIEELE 0 ~
50 pg/L ¥R 3 [l P 5 0k o 06 T B 5 B A 1 4k
KEFR, MERE (r) BKRTF0.999 1. RHEH
R R BOR FC I AR AW, LA 4 FRERIE S 0 %
WEEME L (S/N) 3 A5 H1 10 435 X5 R B9 FE 43591
Rt BRI B PR . S5 RRI, 4 FhafIE ATk

Kt BRAE & R 518 0.002 ~ 0.01 mg/kg Al
0.07 ~ 0.033 mg/kg. JoHlAf (As(IIDHFT As(V)Z
F) Ak H BRFNE # R 5 GB/T 5009.11—2014
WA 35— I 5 I 1 12 0 2 A oK o JCAIL A A
R (0.02 mg/kg ) FE PR (0.05 mg/kg ) A2,
AISEAT L . R TR AR B B il e R

F1 4MEMESHEEER. KEFE. BXRE. RHRMEER

Table 1 Linear range, linear equations, correlation coefficients (), LODs and LOQs of four arsenic species
BIEE KR/ (ng/L) LI MIXRE (7)) KthM/(mgkg) M/ (mg/kg)
As(1ID) 0~50 y=1043.165 1x-500.222 5 0.999 1 0.01 0.033
As(V) 0~50 y=412.872 9x—605.855 3 0.999 8 0.01 0.033
DMA 0~50 y=1779.346 2x-508.904 7 0.999 5 0.002 0.007
MMA 0~50 y=1250.461 5x-575.870 7 0.999 2 0.002 0.007

2.3.2 D7 HERR EEFOR

HI T 20K AN SOK T B AR ED BT, AR S0
43 530 R HBUVAS A [ WS 23 AR 94 2 ) s 19 o =%
T VE I HERR B o SE36 1) AN [R] 28 (%) A K ot v
INACHE RS, PR K 4 FhE S
WL, 28 1.5 $eHUREfb 22 585 , R HPLC-AFS

SR, TFEAIAR ISR . AR EEACEIE 6 1K,
M TR TR, SCRas Rk 2 iR, AJrik 4
PRI ZSFEAN [FIARE K JE BT A s LSRR 75.2%~
104%, AEEE N 1.5%~8.3%, ZLEREH, AL
Y HE ST Y 4 FhAROE AR R Ty i B e i A
FOKE 25 B2, PSS bR S AR 28 00 23407

x2 AMESMESZSHERERS 3 MRRKTER B ENERE

Table 2 Average recovery and precision of four arsenic species in different rice matrix at three spiked levels

7J<7TFE€ A AIRE R BT WA iR EEE 7J(7TF5 A KRG RIRKE MEE BRI
2k /(mg/kg)  /(mg/kg) /(mg/kg) 1% /% || Bk /(mg/kg)  /(mg/kg) /(mg/kg) /% /%
0.050 0.203 82.7 5.5 0.050 0.072 80.8 3.7
As(Ill) 0.162 0.100 0.252 90.1 6.1 DMA 0.032 0.100 0.136 104 2.8
0.200 0.364 101 2.7 0.200 0.229 98.3 2.9

K

0.050 0.106 80.2 8.3
As(V) 0.066 0.100 0.144 78.2 4.6
0.200 0.244 88.8 1.5

0.050 0.038  76.0 53
AR 0.100 0.075 752 2.9
0.200 0.158 792 1.8

MMA

0.050 0.070 83.7 3.2 0.050 0.063 81.0 6.9

DMA  0.028 0.100 0.129 101 2.4 As(Ill)  0.022 0.100 0.122 99.6 1.5

0.200 0.217 94.7 5.2 0.200 0.214 96.2 5.2

0.050 0.039 71.9 3.8 0.050 0.067 71.7 4.1

MMA  Kkiih 0.100 0.079 79.0 1.8 As(V) 0.028 0.100 0.112 83.9 1.6

0.200 0.205 81.9 3.5 Kok 0.200 0.202 86.9 2.6

0.050 0.194 80.5 6.2 0.050 0.056 97.2 2.6

As(Ill)  0.154 0.100 0.246 91.9 3.6 DMA  0.007 0.100 0.113  106.4 1.9

a3k 0.200 0.349 97.7 5.4 0.200 0.195 93.9 7.0

0.050 0.113 78.2 3.8
As(V) 0.074 0.100 0.161 87.2 4.7
0.200 0.241 83.7 1.5

0.050 0.040  79.8 53
K th 0.100 0.080  79.6 6.9
0.200 0.063  85.8 3.5

MMA

AN, F BEAR g X JCALE 2 i AR AN TR Y
B~ RAKK b S % Y Bt GBW(E) 100361 Al

GBW(E)100349 “FATIISE 6 UK, #t—bsaiFi% iy
TR ERG R RO R . R 3 S5 REM, PR




315 2023F £ 64

?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

BFOEE

Yy i JCHLER ( As(TDAT As(V)Z A1) SFH4s

Ui
514 0.090 F10.182 mg/kg, TERMEYFIEFE 4

SN IR ED B As(TT) . As(V)
1 DMA & I 2 25 B A9 % B2 24 /NTF 9.87%

x3 REYMRPH 4 MBESUELSR

Table 3 The results of four arsenic species in the CRM-rice

—_— GBW(E)100361 GBW(E)100349
o WE45{E/(mg/kg) 72 {8/ (mg/kg) HE 5 % WE45{E/(mg/kg) W52 {8/ (mg/kg) KRB/ %
As(II) / 0.057 8.8 / 0.116 8.8
As(V) / 0.033 9.4 / 0.066 9.9
DMA / 0.028 5.7 / 0.053 4.5
MMA / ND"* / / ND /
iAs?® 0.089+0.005 0.090 / 0.19+0.03 0.182 /
I a:iAs A As(IIDAT As(V)ZFl
T b: ND Fom KK
Note a: iAs is calculated as the sum of iAs(II) and As(V).
Note b: ND represents not detected.
800
2.4 SEREFERSH As(Il) DMA GBW(E)100361
- - ops 600 - As(V)
SR A S0 i g 7 1) 5 v T 4 1 BE LI %
LY 10 AR IR . S5 R 4 Fs, 10 = 400
ANFT e T ANFRE RS > AN f ! L 1 | i |
MREOREES A 9 NEESR H 3 AR RIE B, 00— e a0 T
TN 0.051~0.193 mg/kg, BT GB2762—2017 {REmEs
o s = 800 [ .,
(EMEEER i hE R ) P2 BIbERE S,
R CTHUR < 0.2 mg/kg )o 4 HURE G B 25 5 £
HEAR/IMEEH As(II)> DMA > As(V) >MMA, T a0t
0 100 200 300 400 500 600 700
0.150 mg/kg, ZETCHLEH P BT 7 L9118 76%~100%, [RER /s
52 A DR 25 AN — 20, SeRRAR S o 1000 As(Il) "
| TERF R
() ST R« B i R BH PR i i e i L LI 3 g 300
Zeoo DMA
T4 FRKHES o IOR BT S 2 R a0} AS(Y)
Table 4 The results of four arsenic species in real
rice samples me/kg 00000 200 300 400 500 600 700
FRA% BERSES  As() As(V) DMA MMA iAs® fremmls
1 0.150  0.043 0.053 ND® 0.193 3 FRAEYR. PBEERMAEERT 4 THHRESHEIER
ok ) 0.051 ND 0.030 ND 0.051 Fig.3 The chromatogram of four arsenic species in
3 0.084 0.024 0036 ND 0108 CRM-rice, negative and positive samples
4 0.054 0.013 0.020 ND 0.066 3 é’?:ii’kf
FAP/N 5 0.074 0.014 0.020 ND 0.088
6 0.111  0.035 0.047 ND 0.146 ARG AR AT S AH R 2R, R
7 0.054 ND 0018 ND 0054 DIBR PR V2 0 Ui s AR BE VIR 4 B S, mIgk
8 0.126  0.021 0.029 ND 0.147 " . . ., -
Bk R RUE R, B, ROk, a
9 ND ND ND ND ND N . _ = . N
0 0001 0007 0061 Np oos  CEETTERERN Cg AR K RRE B LR

¥ a:iAs i As(IIDAI As(V)Z Al

E b: ND FoR A A

Note a: iAs is calculated as the sum of iAs(Ill) and As(V).
Note b: ND represents not detected.

ZERRM, Crg EBRRETE 7 B FRFERL P LR AR
Oy TR, WRERRAR 4 Fh e 25 A I 1 2k 2
32— 25 2R IR [T AT 400 SO e 45 S 6 % 4%
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