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KH, PO, (45 mmol/L)-Na, HPO, (5 mmol/L)E m ik R zhHl , A 4 N4 BRI 7E 7 min AT
LOB HAFET pHME. RETEAMYEELG FHTERKENRRMERR. TRERE
W, % 4537 2~10 ng/mL JEBEI R MR R BIF MR R EHN 0. 998 8~0.999 8, & 4 43 M K i L 43 7))
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Speciation Analysis of Arsenic in Rice Samples by Microwave Extraction
Coupled with High Performance Liquid Chromatography-Atomic
Fluorescence Spectrometry

WEI Hongmin,ZHEN Changwei, LIAN Xiaolu, LI Yinhe, CHAI Gang
(Beijing Haiguang Instrument Co. , LTD. ,Beijing, 100015 ,China)

Abstract A method of high performance liquid chromatography-atomic fluorescence spectrometry (HPLC-
AFS) was established for the determination of four arsenic speciationin rice. The sample was extracted by
microwave with 0.15 mol/L nitric acid solution for 50 min. After centrifugation, the extraction was
separated by Hamilton PRP-X100 column using KH,PO, (45 mmol/L)- Na, HPO, (5 mmol/L) buffer as
the mobile phase, and the four components of arsenic form could be separated from the baseline in 7 min.

And the pH value of mobile phase was no need to adjust. The conditions of hydride generation were
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optimized, and the carrier current and reducing agent with lower concentration were used. The

experimental results showed that good linear ranges of the four arsenic forms were obtained ranging from

2 ng/mL to 10 ng/mL, and the correlation coefficients were between 0. 998 8 and 0. 999 8. The limits of

detection for the four compounds were 0.29, 0.47, 0.62 and 1.16 ng/mL, respectively. The relative

standard deviations (RSD) of peak area for the four arsenic forms were less than 3.1%. The spiked

recoveries of the four compounds were in the range of 85.3%—113%. The rice standard material was

analyzed, and the accurate test results were obtained. Finally, the comparison with extraction and

measuring conditions used in GB 5009. 11—2014 showed that the method was fast,environmental and high

efficiency.
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ARRAED CEHERES O BT (b 4 & BT
BB . pH I B,

BR_A% . BR_EH. T ZKEHREAZ
o E A ERRR (R 2, L AR T VAR (AR
Gal) TREAE, Bk 5 A UL, BT AR 38 8 4 i
g, HIK T E A£G BRAH .

T B 25 Vo Wb Y ) B3 A 36 T b [ 3 R R 2R A O

HPLC-AFS; speciation analysis; arsenic; microwave extraction

BY : 7 i iR A [GBWO08667, (75.7+1.2) pug/gl, =
I LA R GBW 08666, (52. 9+ 1. 8) pg/g], B A
iz [ GBW08669, (25.1 & 0.8) pg/g], B R 4R
[GBWO08667,(17.5+0.4) pg/gl, &®BBLL As it.
1.2 HEmETE

FRELZ 1.0 g B &b T80 TH AR 3 b, i 20 mL
TS PR YA W (0. 15 mol/L) , A I MY 90 C T iER
$REL 50 min, REGEEFRHEZIR, T 8 000 r/min
B30 15 min, BUEVE W, 3T 0. 45 pm 3B RS, {8 FH ¥ AR
5% - 5 1 9O G TR R A AL AT W 5E .
1.3 Sw&EH

ISR E KR 1 .

*1 WESUERH4G

Table 1 Conditions for determination of arsenic morphology

VY8 e
35+ /mm 250X 4. 1
WEAH/(mmol » L™1) KH; PO, (45)-Nay HPO, (5)
i E/(mL » min!) 1.0
HCI&HV/V/% 10
HEF /(g L7H KBH, (20)-NaOH(5)
XT HL 3 /mA 60/30
fEmE/V 300
HARE/(mL » min™1) 300
B M/ (mL » min~1) 900
RS R/ (r » min™1) 60

2 #REWe

AR SO 5 A W Y SRR R AT T AR AR, AR RE S
HUAL R WS A e S R A R
2.1 REEHMMEK
2.1.1 FEShATAL 3

TE A 43 BT B AT AL 3 — g BEAR R B I 4 4> N B &
AT ARFA, BT FEREOKREE S (F As(TID Al
DMA W%t B #5443 » i I 75 A5 B2 4 A7 32 BL, B 5%
T IR PR RN B SR B A T
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PORRH R 1.0 g B4 T 50 mL .0 H
H A 20 mL AEER ¥ (0. 15 mol/L) , B R .
F o0 CHEHEBAPHEIR 2.5 h, & 30 min IR
1 min, $2ESEE, BRI EZEIR, T 8 000 r/min
B30 15 min, R EVEW 3T 0. 45 pom JEIR, 4 AR
g IR F PG E I B AT I € .

TR R B« A o AL 3 ik A B i, 0 1) 4R R
T 20.30.40.50.60 min,Z5 300,50 min B, H R
HorEHEARRTELR.

PR 7 ¥ 22 3 % He a0 A R B BB R S R
PR R 5 RAH 2, B TR R R R 4R . T+
st B Ak BB P P [, B 8 6 P T A SR BB, LR BB (]
& 50 min,

2.1.2 WshM
2.1.2.1 WENAHAIERE

AN IE Y TC R TB A BA R [ i 384 B A
AFEES S YRS E F kAo smmE
BREE TEEEW pHAET MG YRS 7E R
AP HRE, UARE FESEETKERD. &
HLXTRSAA W ER . DT EE A ER
VA B, O SR AL B T AT M T 0 Y 5% PRV TR 5 2D X B
W B A 7 [R] 14 U JBE BB 77 BB A 43 B A v AR R BBUAR
R EAGEMNE FIRE, IEH & Binsa
Pro o fR B a] . B A0 He o 1l — MR AT LA & Fh 3R 2
A9 22 v WA T 3 AH L 8 O TR B s MR AL pH
1B 25 13 BE 5 DA KGE o o 2 f2 A ALV 3R 46 18 i % B
I3 AT B 43 B e B A DU R IR B BB R 4
RS,

{8 F Hamilton fH B Fac ¥4, P4 15 mmol/L

BERR S 4k (pH=6) R W 3 A1, 73 8 W & 7 o0 K 19
4 MR (AsTID ,MMA .DMA F1 As(V)) , 43 #r it
2924 15 min, D4R R0CR S 5 4B i 8] , X 35t 3 AH
AT T . S BOCES, BT KH,PO,-Na, HPO,
ZWERR,FERTHAHESSBEHEmN, A
SE W 3 AH 4 58y KH, PO, (45 mmol/L)-Na, HPO,
(5 mmol/L) , i FI Z M s AHR B 45 4 >4 43 BB 5 72
7 minPN 35 B LR 4 B, 434 B[R] A AR T B KA
“GB5009. 17—2014” 1 44 i 521 12 min,
2.1.2.2  WBHAHH

NH, H,PO, (15 mmol/L,pH==6) . #H 1. 7g
NH, H,PO,,% T 1 000 mL /K, A& k¥ pH
H% 6.0,

KH, PO, (45 mmol/L)-Na, HPO, (5 mmol/L) : &
B 3. 026 g KH,PO, #10. 895 4 g Na, HPO, « 12H,0,
VT 500 mL K H RS, B pH B 5. 91, B
2.1.2.3 ¥WshHHitik

3R 2 B Lo ) I A W 3 AR (pH (E SE I E 5 &
WA 43 s b 3R T B0 R X e TR 25 A o VR
FTUENL, LC-AFS By H AW e & 0% 1. W& 45
WA 1, AN EZT X R s A B pH & 551 Kk
5.29.5.59.5.91.6.24.6.47.6.64.6.81.9.18, N\
Al DREE WA A pH E R K, As(TTD {R B
R 18] B AR AR AR AR, As (V) By A B Fif I 328 7 455 085 2)
pH {E4 5. 91 B , & 20 43 43 B RCR B4 5 3) pH (%K
fIKET , As(IID #1 DMA 43 B AR 475 4) pH {8 5 55 i
DMA #il MMA 4B AR IF, EEZ W AIEETELES.

& 2 KH,PO,-Na,HPO, & &K
Table 2 KH,PO,-Na, HPO, buffer solution

A
10 9.75 9.5 9.0
B — 41 (1/15 mol/L)/mL
B
0.0 0.25 0.5 1.0
BERRE —44(1/15 mol/L)/mL
pH{E(18 C) 4.49 5.29

8.0 7.0 6.0 5.0 40 30 2.0 1.0 0.5 0.0

2.0 30 40 50 6.0 7.0 80 9.0 9.5 10.0

5.59 5.91 6.24 6.47 6.64 6.81 6.98 7.17 7.38 7.73 8.04 9.18

Jo 3K E AF M 4 B AR, 7 KHL,PO,
Na, HPO, HfIK 9 = 1 B4 , X i sh AH 347 76
BURMKE F®RE. LB T SWKE N 50 mmol/L
A1 25 mmol/L W EHAH, H pH EHH K 5.91, 3 5
FAE A 1/15 mol/LURMREE A 66. 7 mmol/L) K

T sh A AT X AT, B A A B AR LA 2,
M 2 AT, BEE TR S TR R BE A RRAIR , 45 441 3 88
BACSRAS G, (H 0 2 43 1 B8 Tsf [ SiE K L e e B 7™ B
LA EWET 50 mmol/L[KH,PO, (45 mmol/L)-
Na, HPO, (5 mmol/ L) W Z w:AE R ahHH .
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Figure 1 Effect of mobile phase on the separation

efficiency of arsenic speciation
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Figure 2 Effect of ionic strength on the separation

efficiency of arsenic speciation.

2.1.3  SALRNL &M
2.1.3.1 #H®

DAER R R 3R » BT 9T 1 o BT A 4% T 25 168 T AR
BISEMT . A 3 AT, R K BE Sy 2 06 i, U T AR
B/, AT BB R T RR R BE A A S5 i AR A 3 B B

2.1.3.2 ®JEH|

B SRR R — E KR E T i T R BT
SRS Y. 5T KBH, %Wk B X2
BEmROL . WA 4 770, & KBH, EEH
20 g/LA 40 g/L i, & 414 B I T AU B . 5
JBE 40 g/L WS AL BB BRI, R BB B,
REBWEHET 20 /L B KBH, fEAEEH. X4
KBH, ¥ &R 10 g/L W, i B7 5 #B 4 4K » 3 7] BE R
TS SRS R B 2 KBH, ¥ BB i, AT
AEE T R ML A AR ERAmBET T
e R DT B R B oA e TR AR A
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Figure 4 Effect of concentration of reducing

agent on the peak area.

2.1.3.3 &K

I IE T B X 4% 2 4 W T AR R T
MNP 5 BRI, B I Y 3, 4% 2 4 G e T A
HRZ AR, HEWE N 200 mL/min B -2 53 59
WA TR R B K 5 S 3 Hh & BRI E O 200 mL/min i,
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Figure 5 Effect of speed of carrier gas on the peak area.

2.1.3.4 BREK

BRI R KIBTERARE . PFR T B S R
B & S A . B 6 B AT, BRI
WA 900 mL/min B, 4 ~2H 43 A W TH AR ¥ B K
AL, %6 900 mL/min 24 B3 2E .
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Figure 6 Effect of speed of shieldinggas on the peak area.

2.2 HEREER
2.2.1 LRMEHESKEHR

By B AR R Y R AR H PR (DL 3 B 4R
MEFE L) L S5 R IR 3. B — RIS bR
BES HRBE R 2.4.6.8 F1 10 ng/mL, &I FR 2,
SRR, K HSENEEENL M RR BIF, X
R KT 0.998 8, KR 4354 0.29.0.47,
0.62 #11.16 ng/mL,
2.2.2 GBS

Xof ] — Vi BE B T 25 b VEE VY VR T SR HEARE T IR,
W e TR AR 52 45 SR B K 4 b, DA TR RSD 5 &
EEFEHME., NE 4 8%, 4 1E M RSD KT
3.1% , R FEEHERL,

®3 HMEESHRHER

Table 3 Linearity ranges and limits of detection

R/ Rt R/

CEE I = S N
As(1ID 0.999 8 2~10 0.29
DMA 0.998 8 2~10 0. 47
MMA 0.999 2 2~10 0.62
As(V) 0.999 6 2~10 1.16

R4 FEBEETH
Table 4 The precision of the method

/(nVes7')

T H As(IID DMA MMA As(V)

1 10137234 7952055 7258277 5082871

2 10183569 8424183 7449939 5325814

3 9914442 7984643 7183843 4927039

4 10028442 8077518 7167439 5149599

5 10654272 8462322 7571790 5120460

6 10209677 8013031 7240500 4842051

7 10209677 8075228 7342284 5024730

RS SR 10191045 8141283 7316296 5067509

xR 2.3 2.6 2.0 3.1

RSD/ %

2.3 ZERERDH

P BSL I T ¥R AT 3 AT B RORBE R DL K 2 A
REKPES MG RICE TR S . NE 5 iR
AT, E BT I R AR S P, As (TID #B A A . DMA
M As(V) 4346 MMA 3 Rk &y, B BT Ak
A B TE LA 8 & B R “GB 2762—20127
L B R G R A JREK L ROk B T
PLE Y BR &K 0. 2 mg/kg) .

£5 HRUEHR

Table 5 The determination results of samples

/( mg-kg™!)

B As(IID' DMA  MMA  As(V) HBIHLA
mEAK1  0.107  0.013 - - 0.107
AiELANK 2  0.054 - - - 0. 054
AEAK3  0.100 - - - 0.100
BEKBER 1T 0.082  0.012 - 0.055  0.137
BEKBER 2 0.078  0.010 - 0.053  0.131
KRS R 0.232  0.019 - 0.066  0.297

T3 B X FE K AR HE Y BT AT €, b HE Y TR
F th BT HLE R (0. 298+ 0. 008) mg/kg, — FF H:A
1% (0. 018 6+0. 000 8) mg/kg, SZFRIE M TCHLERE
M 0. 297 mg/kg, DMA K& &~ 0. 019 mg/kg, 7]
U025 R AE N 5 BE Y R A, U B3 O ¥R 0 TE PR
BN 2 4 SRR

[ B %o 7T B R OK A it R DK AR 5 BEAT b (B
WL B, WS IN7KSE R 2 ng/mL Fl 4 ng/mL, FR AR
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Table 6 The recoveries of target analytes inrice sample 1
/( ng+mL™")

Hor  RERRHEE RRE MRS SRE EERER/X%

EE B3 8, MiZ3E 8 Al 4, 24 S I i 346 3 1 ik
Tl R L , A A FR B TB) 08 L 40 B B R R, 8 A R
T v B AR

KT HEXERINMFEEDKRUELER

Table 7 The recoveries of target analytes in rice sample 2

/( ng+mL™")
2 7.008 100
AsdD— 5. 004 s 8. 818 963 W RRRMEE MREE MRRIRE B %
2 5. 996 94. 5
DMA i 2 1. 861 93.1 As(1ID 4.106
4 4.076 102 4 8.618 113
2 1. 706 85.3 DMA 0.576 2 2.435 93.0
MMA ) 4 3.701 92.5 4 4.076 87.5
As(V) 2 1.916 95. 8 MMA } 2 2.221 111
s 4 4. 202 105 4 3.701 92.5
- 2 4.452 86. 2
2.4 FiEbkE As(V) 2.729 A . 511 103
EST R IR B 5 GB 5009. 11—2014 %
®8 FHiEkbk®

Table 8 Comparison of the proposed method with the other method

TH BRFFOCIEE GB 5009. 17—2014 F 3
£ AT AL BERT ]/ min 50 150
WahH KH;PO, (45 mmol/L)-Na; HPO, (5 mmol/L) (G ¥ pH &) NH,H,PO,; (pH=6,15 mmol/L )
4347 B [8] /min 7 15
HCL W% V/V/% 10 20
KBH, 3& 5] (m/V) /% 2 3
3 gél: 'E% Administration and Technique of Environmental

St GB 5009. 11—2014 5 #yRE 5B 4 ¥ 7 5 B
TR 20 & W K R AT TR, T
TR BB R A A B Bk, 7E B A R X REOKR A
it BEAT TN R , B A 5 AR S AN [ W S S T,
WAE T 2T B WA SN . SRR BN
B At PR K 2% BE RN A [ R SE AR AR I R AT, 1
BB 7 52 2 W] DL T REK h A B S T E .
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