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W OE: BB BB A S - IR T 96 )6 g B (high performance liquid chromatography atomic fluorescence
spectrometry, HPLC-AFS)FNAH i - B Bl & 45 88 IR i s (high performance liquid chromatography inductively
coupled plasma mass spectrometry, HPLC-ICP-MS)BiFl J7 X REK P RE A ME . 53R ROKRAEFZE 0.15 mol/L fil§
PRV TRARIN, 433 5% I HPLC-AFS B, AR 15 mmol/L (Y #IR — 2% 2% i T (pH=6.0), % CNWSep AX [f]
BT A AL 2 A [, SR HPLC-ICP-MS B, JshAI % 5 mmol/L L BERRARHA . 20 mmol/L A1 45 HR
(2 0P W (pH=4.3), L UHEME Zorbax SB-Aq SUMTEIGHE BTN . &R Wi kil 4 Fhifie57E 5.0~
100.0 ng/mL 3 FE N e itk BL 4T, AH2C R EITE 0.999 LA | HPLC-AFS B iy4 i FR2:%14 2.3.0.6.1.0 #1 1.1 ng/mL, il
PRI ZETE 85.1%~106% 2 7], ABXIHRUEN 2% (relative standard deviation, RSD)34/NTF 5%; HPLC-ICP-MS ¥ [t FR
3507 0.1, 0.1, 0.1 F1 0.2 ng/mL, JNFRIEICRLE 82.8%~106%2 1], FHXTFRAEN 2 (RSD)A/NT 5%, L& WiFh )y
TRARAT LA AL BEOK P 4 FiA TR A5 AR DU, 7 S B 100 v BT AR AT R S e R I A A vk
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Comparative study on the detection methods of arsenic in rice

CHEN Ling-Feng’

(Institute of Grain and Oil Quality Supervision and Test of Fujian Province, Fuzhou 350012, China)

ABSTRACT: Objective To compare the determination of arsenic species in brown rice by high performance liquid
chromatography atomic fluorescence spectrometry (HPLC-AFS) and high performance liquid chromatography inductively
coupled plasma mass spectrometry (HPLC-ICP-MS). Methods Rice samples were extracted with 0.15 mol/L nitric acid
solution and separated by HPLC-AFS with 15 mmol/L ammonia dihydrogen phosphate buffer solution (pH=6.0) as mobile
phase, and determined by CNWSep AX anion exchange chromatography column. Meanwhile, the samples were separated
by HPLC-ICP-MS with 5 mmol/L sodium hexane sulfonate and 20 mmol/L citric acid buffer solution (pH=4.3) as mobile
phase, and determined by Agilent Zorbax SB-Aq reversed phase chromatography column. Results The linearity of the 2
methods was good in the range of 5.0-100.0 ng/mL, and the correlation coefficient was above 0.999. The detection limits of
HPLC-AFS were 2.3, 0.6, 1.0 and 1.1 ng/mL, respectively, the recoveries were between 85.1% and 106%, and the relative
standard deviation (RSD) was less than 5%. The detection limits of HPLC-ICP-MS were 0.1, 0.1, 0.1 and 0.2 ng/mL,
respectively. The recoveries were between 82.8% and 106%, and the relative standard deviation (RSD) was less than 5%.
Conclusion Both methods can satisfy the detection of 4 arsenic forms in rice, and the corresponding detection method can
be selected according to needs in actual situations.
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LR ZWATET AR AT, KERBRIKAKIN, A
MR AR e AR IR BT R, SRR AS B R
2K, W EELATHS R RERER As(V). WAIERER As(ID),
VA AT HLZS ) — FH LA (monomethylarsonic acid, MMA), —H
L (dimethylasinic acid, DMA)& K FEAE, HapER/NEI
A As(LID>As(V)>MMA>DMAP B I ik v 45 F g 25
PEATHER I E Pk | 8 R PEIN H M, IR TG B e 2 X
S AL AT -

X T T 285 A 00 3 5 2 3 o R 0 ) 0 B AR A%
T A0 8, ML UGG T HLECH
N 5 5 ORE € 3%- TR T 2 S 1 v RO € 1% - o R
ST RTEILED T ARSI R . MR . R R LA
T B A 2% BE S5 5 T, X L AR ME GB 5009.11-2014¢ £
2 A AR E i P R B KL I E ) Ul R
WA 3% - B % % J6 % ¥ (high performance  liquid
chromatography atomic fluorescence spectrometry, HPLC-AFS)
5 WA 535 - F RS A 45 8 4R B 7% (high  performance
liquid chromatography inductively coupled plasma mass
spectrometry, HPLC-ICP-MS) #4757 e xt, DA Ry 46 A
B HTREA T SRS

2 MHERE

21 & I8

HPLC-AFS JEJFH: ROk H AN [RIE 25 0o 22 7 A R 12 X
S5, VAR EIEEAT 43 8, 40205 0 B AR & W TE YR 5
T 5 KBHy )b, ARG, DURF 90 0EGHTT
Mt

HPLC-ICP-MS i J5i 3 K i W) 45 1 i 2 g 1R
PRIUE, MR BeERS IR E8 5 B 85 T8 U7 AL 0 e Ak T 1
T AW, XA AR B B KM 1T A b SR A AR 81 T
SrEL IR B B AR E MBS E A ICP M4
v, ik e JRF . RESELRE, KA
IEHRMIESF, 28 FRERGE AT, TR
o A b A T s .
22 RAFISHR

R s AT . AR 20K, AR, &
LElR R o A AL TEl, I8 March 2 H]); AHRR(HEZ4t,
¥ March 2 Al); SEIG K R Ak, 5 alE\ R (4
[#>99.99%) . =4l % < (L1E>99.99%)( [ March 22 F]).

TAREIR M As(IIN)(GBW08666) . As(V)(GBWO08667) .
MMA(GBW08668) . DMA(GBW08669)(H 1t BRI £ 55 b)) »
4 FTE S IR A AR ERE 0 FAARAIKCK: 4 Rl TE 2585 Bl
WWREER 1 mg/L(Lh As THMIRAFR MR, BT 4 °ClK
Fa RGO . IR A AR E TARE RO R L

B KB B3 43 B AR HE ) BT (GBW(E) 100352) (4R 4
TSR BE A ATl 5807

23 X &%

SA 20 WAHEHE-AFS 922 B 2R, BB F58
Hefa itk CNWSep AX(250 mmx4.0 mm, 10 pm)(JL 507 RALRS
HBRAF]); 1260 =5RB0RAH B RE{X-7900 HLIBAE G 55 55 140
WY, %HE1E Zorbax SB-Aq SAH (A IEHE(250 mmx4.6 mm,
5 um)(3E E Agilent 22 H])o
24 UEBEH
24.1 AAREIE-RT R

i 45 CNWSep AX 5 F 0474 (5.0 mmx4.0 mm,
10 pm), CNWSep AX B T35 # B354 (250 mm=4.0 mm,
10 um); I & 15 mmol/L Bl — A &M thik, FI&
K ZE pH=6.0; FEYEM; W 1.0 mL/min; #F £ &
100 pL.

JEFIN TAES A R 300 V; Tk SME: 80 mA; &
HL /A I 80/40; SRk KBRS LRI
HiiL.

U 10%MERE IR, Wik 4 mL/min; BJ5H: 15 g/L il
SALEAE, i 4 mL/min; #APEE 300 mL/min; BRI
Wik : 500 mL/min.

242 FABGHE-BEABEF B FIRREE

g F: e Zorbax SB-Aq AHAIEF: (250 mm
x4.6 mm, 5 pm); FahH: & 5 mmol/L & BEiE R 4N .20 mmol/L
FREER I E thill, R A LA ZE pH=4.3; SFREVEML;
1.0 mL/min; ##FfH: 5 pL.

ICP-MS TAE&1F: RF Ph&: 1550 W; ZAbgs: BRIsfE).0
FAbds; IR 0.5 v/s; AL 1.03 L/min; SREFRE:
8 mm; Z AL S R T AR A R I B A B mVz=T5(As),
m/'z=35(Cl).

25 HmrE

B B0 5T R K A R L R 40 B R, HERRBREL
1.00 g BEKAF 5L T 50 mL BB Y, iIlA 8 mL 0.15 mol/L
TSERS W, B . F 90 °CIEHIBF P #UR4RE 2.5h, £ 0.5h
PRFE 1 min, RECTEE, BURARHEZEE 8000 r/min .0
15 min, I EJZIHW, £ 045 um AHLIEEL IR, 7H—#
YEITAEZS I8, 4334k HPLC-AFS H1 HPLC-ICP-MS M7
M
2.6 FREHZLE

S35 FIBEEAKE 4 B IR A AR ERE & IR G R, T
TR AN 5.0, 10.0, 20.0. 50.0, 100.0 ng/mL KRG FRUE
TAERERS, LHIbrErL .

3 HER5SH

3.1 FiEHIZR M TEE RS LR

B4 FRE S FIRA TR AR RS, fEmtER S &
T, 2% H HPLC-AFS Fl HPLC-ICP-MS HFARE 52, 5 45 5
DA TEAS 1 R B MRS ABBR (X, ng/mL), WETRIFECAINARER(Y)
filbrE £, BRI PR R B RILER 1 Mg
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2 LRI, 2 RN RE B AR S HT FE A I A o 12 vk B ST
FEL N Y B AP M E R, & o BT b v i e 1 4 6 R 8
BIAMIET 0.999,

A FPPTE S0 A MR BE Y4 10 ng/mL 5 HPLC-AFS % &

LB 1, R —AEE AR 15 min 2245, DL HPLC-AFS
(I E SN 3.1 B IR iy (8 i B A PR (L2 1),
TEFERERE N 100 uL B, As(IIl), DMA ., MMA Fl As(V)*f 1 Y
K BR (LR 20508 0.6, 1.1, 1.0 F1 2.3 ng/mL,

1 HPLC-AFSE 4 #HRSHEMTEE. &MtriE. HXR#(). KER@OLOD)

Table 1 Linear ranges, linear, equations, correlation coefficients (r), limits of detection(LOD) of the 4 arsenic species detected by

HPLC-AFS
IR LA/ (ng/mL) LI r LOD/(ng/mL)
As(II) 5.0~100.0 Y=3043.3X-4810.1 0.9991 0.6
DMA 5.0~100.0 Y=2156.0X-10350.0 0.9997 1.1
MMA 5.0~100.0 Y=2619.8X-4873.7 0.9999 1.0
As(V) 5.0~100.0 Y=1512.4X-1800.1 0.9996 2.3

2 HPLC-ICP-MS JUJE 4 i SR MSER . Z&ith71E.
HEXRH(). RHIRLOD)
Table 2 Linear ranges, linear, equations, correlation
coefficients(r), limits of detection(LODs) of the 4 arsenic species
detected by HPLC-ICP-MS

R3 BWHFENE GBW(E)100352 1 4 fhifi A S EFHENTHR
HERZE (n=6)
Table 3 Contents and RSDs of the 4 arsenic species by
HPLC-AFS and HPLC-ICP-MS in GBW(E)100352(n=6)

HPLC-AFS HPLC-ICP-MS
e . . )
WA AfGRegnl) g RODem MEL  GBW(E)I003 o, GBW(E)I003  RSD/
) 52/(mg/kg) 52/(mg/kg) %
As(V) 5.0~100.0 Y=4010X  0.9994 0.1 As(III) 0.125 23 0.129 12
DMA 0.027 1.0 0.014 9.2
MMA 5.0~100.0 Y=3816X  0.9999 0.1 MMA ND* ND* - ND*
As(III) 5.0~100.0 Y=3110X  0.9996 0.1 As(V) 0.035 8.6 0.040 4.5
TeHLAf 0.160 2.4 0.169 1.9
AR .

25 b, PR OIEER AR R B ROR T Y 4 FEPIEAS, AR
BABESNREE ., P, HPLC-ICP-MS ¥k HA HHAY />3
T R B AR ARG H PR
3.2 FARERM

AT G 8 1 X TR A3 S HT AR HE Y BT (GBW(E)100352)
PRI o 2 5% 2 P e . fi 3% 3 WA, HPLC-AFS
F1 HPLC-ICP-MS X HR#E 5t h FCHLi 2 FI(AsD+ As(V)I
W5 25 B ZE AR T (0.15+0.02)mg/kg (936 Bl 4; HPLC-AFS
F1 HPLC-ICP-MS X471 47 5t v S i 19 0 o &5 SR 3 7E AR HE(EL
(0.19£0.02)ymg/kg HIFEEIZ N, WEBAPIFN 7 LA ERf M R 4T .

596.8 |-

487.0

3772 | As(IIT)

HE/mV

2674

157.6 | A

2.‘80 S.lSQ 8.‘38 l].‘17 13‘96
il min
1 10 ng/mL 4 FifJEZA LA %) HPLC-AFS & &l
Fig.l Chromatogram of 4 arsenic species by HPLC-AFS(10 ng/mL)

x10* As(V) MMA

DMA
. As(1I)
S

N

20 40
Hil/min

%2 10 ng/mL 4 FpjE 4654 HPLC-ICP-MS &[4
Fig.2 Chromatogram of 4 arsenic species by HPLC-ICP-MS(10 ng/mL)
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AT FE LEREKAE 5 4 B 100 ng/mL ) 4 FpTE 25 1
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3.4 (FRHEZFEXEE

HPLC-ICP-MS JETEAL#% 2% ] F W] & T HPLC-AFS
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M S5, HPLC-AFS L 2R — H i g, T2 H
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BB NG T R, 7B KR R4, HPLC-ICP-MS ¥ H JFE X
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Table 4 Recoveries and RSDs of the 4 arsenic species spiked in rice(n=6)

B RS TE M T TR Y 4 FIBESU 7T Hdp
HPLC-ICP-MS EA R s} (A1 A R BRAR AU, 75 2 Aani ok
AR B M R I T A2 125, HPLC-AFS X AR,
A, RATFEAEZR TR, 64 49 BRI

HPLC-AFS HPLC-ICP-MS
Jinks /g TLE 5 /(mg/kg) B R /% RSD/% 5 /(mg/kg) [T /% RSD/%
As(IIT) 0.125 90.6 0.5 0.129 104 4.0
S0 DMA 0.027 98.9 2.0 0.014 84.8 3.9
MMA ND* 87.1 2.2 ND* 83.7 3.6
As(V) 0.035 86.7 3.3 0.040 86.8 3.3
As(IIT) 0.125 103 0.9 0.129 105 3.5
100 DMA 0.027 96.2 3.2 0.014 88.4 3.1
MMA ND* 92.1 2.1 ND* 86.1 1.4
As(V) 0.035 89.3 2.7 0.040 86.9 43
As(1ID) 0.125 85.1 0.2 0.129 106 1.3
200 DMA 0.027 88.9 15 0.014 83.8 3.3
MMA ND* 85.5 22 ND* 82.8 2.0
As(V) 0.035 106 1.8 0.040 84.3 2.2
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