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W OE: BR @ RO AR S S R AR TR E ORI S S R T . Bk REAL
ZAYPRIZEL, % Dionex lonPac AS7 A EHE, 5 mmoL/L F1 10 mmoL/L B B2 B4 %5 W A A i s AH HEA 746 8 UMK,
TR (385 8, BRI 55 B AR RS A T PR E ST SR 7E 1.0~100.0 pg/L VR B 3 1l P4 25 Al A5 6
PERLEF, HICERECr LT 0,999, Tk bR EIICR N 84.5%~112.1%, MM ARMER 22<5%. S5 AT sr
7 I ER . ATEE L SRERE, E T OROK th IR A A Y 0 A
KB WOAR I BB S IR, B B A KK

Analysis of arsenic morphology in rice by liquid chromatography-inductively
coupled plasma mass spectrometry

LIU Jing-Jing, ZHAO Lan*, Z0U Chun-Miao, FU Yu, ZHANG Yu-Bo, SUN Han-Wei

(Heilongjiang Center for Disease Control and Prevention, Harbin 150030, China)

ABSTRACT: Objective To establish a method for the determination of arsenic morphology compounds in rice by
liquid chromatography-inductively coupled plasma mass spectrometry. Methods Samples were extracted with nitric
acid, using Dionex lonPac AS7 chromatographic column, with 5 mmoL/L and 10 mmoL/L ammonium carbonate
solutions as mobile phase for gradient elution, and the samples were separated by liquid chromatography, and
inductively coupled plasma mass spectrometry was used for qualitative and quantitative analysis. Results Various
arsenic forms had good linear relationships in the range of 1.0-100.0 g/L, and the correlation coefficient was higher
than 0.999. The spiked recoveries were obtained from 84.5% to 112.1%, with the relative standard deviation was less
than 5%. Conclusion This method is accurate, reliable and sensitive, which is suitable for the quantitative
determination of arsenic morphological compounds in rice.

KEY WORDS: liquid chromatography; inductively coupled plasma mass spectrometry; arsenic; morphology

compounds; rice
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2B RAPE BN —FICER, BREEMEE iz £ [arsenic acid, As(V)]. — H ZEHi2 (monomethylarsonic
LA ARAHZERA, TRMEHET, YOG WIE acid, MMA), —H JLAfifig(dimethyl arsinic acid, DMA), il

il

“RITWEE: B, L, FAEE, FZHFRTT AR L 24 . E-mail: zhaolan75@163.com
*Corresponding author: ZHAO Lan, Ph.D, Chief Physician, Heilongjiang Center for Disease Control and Prevention, No.40, Youfang Road,
Xiangfang District, Harbin 150030, China. E-mail: zhaolan75@163.com



6514 B dn 2 4 R R I A 4R

F10 &

fIE 5 (arsenochline, AsC). i &t 3% 5 (arsenobetaine, AsB)
S AP CHLA AS(ID) . As(V)REVERGSRY, [ By iF
T RSO TS N — R BUEY R, — B LR
MMA , —HUELAZ DMA #EERZ; fHGR AsC ., AiFi=e
B AsB 38 H AN ICEE AT, TR I R — A SR )
TN REI TR R PR A XU B IE B PEAN, 0 R
SRR RIS S G &, DUbskiE i a2 e
WHALIRE X,

FOREBRK K LS, AR ARG W0 EZE Rk
PRI B A R K Rk 41 4 (Food And Agriculture
Organization, FAO)E 2013 445 th i B A B Rk
e P, RO IR R F K 280 R Bk )
o MBS/ HOR BTN B N BRI R, 2015 48
P EHE A P IGHLAR BRI 48 A B [ R bR AE R, IEF
2016 4 3 HIERX L, HAET, JOKTHRIES SR Z
PL 2~5 Fifb ol 00 A SE B BOR (03 - i S
B 5 B R ST RS I FH R A 2 oK Al Y 6 RO R AL
AW As(ll), As(V). MMA, DMA, AsC. AsB, FF7ELA
PR R LA b, PRET ARG, SR, 18 AR 0 44
Tde RMIEESITHARBR T Z ik, #—P58E
B ARVEPF N BRI, LU 20 B JOK th B 2514k
Y AR 252

2 MH5REE

21 UESEHF

U3000 7 HH 2,751 (3¢ [E] Thermofisher Scientific 23 wl);
iCAP Q HiL/EHE G 458 F IR BT 1% {X (3% |®  Thermofisher
Scientific A F]); Sartorius ABZLKALHHL . BSA124S HFK
(1% Sartorius A F)); HWS28 BUEE/K IS (Fi#g—IH
2y wl); Beckman Avanti J-251 & 2% Uk B0 HL(E H
Beckman Coulter 23 #)); KQ-500VDE B 7 i i vk s (B L1
P AR AT PR A )

FRifESh: AR As(IIN[(1.011£0.016) pmol/g] . FIFRAR
As(V)[(0.233+0.005) umol/g] . — H 3L i MMA[(0.335+
0.011) umol/g] . 1 KL DMA[(0.706+0.024) umol/g], #HifiH
B AsC[(0.374+0.015) pmol/g] . il §f 5E 68 AsB[(0.518+
0.015) pmol/g]( 1 [l i1 it B} 2 BF 5% B ); T 1% 94 I W
(1.0 ug/L, F=[E Thermofisher Scientific 23 wl); #AZli7K (HLBH.
F 182MQ-cm); MR (LR 4L, FEEERTEN A); TR
(99%, BRI A wl); FH (RS AE, AR EER e A A,
22 EWHE
221 AREEREA

HEF R BGOSR 6 MBS 6 WhniEy i, DLk
BC i B B A 1.0 mg/L AIARHERE 45T . HETRAS TBGE 2 it 2%
W, VUSRS >0 0.0, 1.0, 5.0, 10.0, 50.0.

100.0 pg/L FITRA PR UEA TR o
222 RAEE-LRABESF B TIRAEL

(1) WBAHEE S

fEHE: B F2c#A: Dionex lonPac AS7(250 mmx
4 mm), P£3741; Dionex lonPac AG7(50 mmx4 mm); i sfiAH:
AFHN 5 mmoL/L SkIREZ R, B AN 100 mmoL/L fkIREZ
W WM 1.0 mL/min, PEFRRAR: 20 pL; BRI VEIREY:
0~3.6 min, 100%A, 3.6~7 min, 100%B, 7~15 min, 100%A .

(2) HBHRG S B IR S

EFEAHTR R ShEEI A (kinetic energy discrimination,
KEDWR, A #rBiieCh 75As, 340i(radio frequency, RF)L))
N 1550 W, BERERIE N 5.0 mm, AL HH: 1.05 L/min,
RHRE: 14 L/min, FHIIAHHE: 0.8 L/min, fEH#H<(He)ii
#: 4.3 mL/min,
223 Hang®

B IOKRZEM NS, FRELZY 1.0 g #E8 T 40 mL
BT, JILA 20 mL AERRIE(0.15 moL/L), ¥R (5
FEOMRIAEIRBOR T, T 90 °CKIE IR 2.5 h, 430 min
PREE 1 min, JEBSEEE, BURREIZE IR, 8000 r/min B.0
15 min, B FIEW, £ 0.45 um KAH BB 38 5 SEAE I E o

3 HRED

3.1 FgEHMmk

FEBRHLIZIONT, B e T Bk A e Ah, AR DR A U
HIVERRPE RN R AU . L 1.0 pg/L 8% (Ba, Bi. Ce. Co.
In, Li, U)Ef7IE, 46 ICP-MS 25, A iRESHHE
KRS B, fREE . AP B fr
FLRIFF AR ER, N As HA—FIREE 75, #kit
miz=75 JFANE T, RN 40Ar F 35C1 AT RETE AL
ArCI(m/z=75) R THE, ARSLEGHER KED A=, L
He 1E A Rl#ES M
32 BERHMRL
32.1 AshAafe bl XeykE

Z BN R B A AE FI R Iy =X 4 s e . ARE SC
BRI A, 454 LC-ICP-MS [0, ARSIk IRER T
3 PRI TR SIAEAED T E As(I) . As(V). MMA
DMA AsC.AsB 6 FIHIEZ, 43714 (1) Hiai#H: 10 mmoL/L
TR RSN . 3 mmoL/L FMERSH . 10 mmoL/L BfR —&4H .
0.2 mmoL/L Z —Ji U Z. R — 4}, pH=10, EREVRML; (2) A AH:
1 mmoL/L §RER%%, B AH: 12 mmoL/L FlEREH+BERR A — 4%, ¥
FEVEIIE; (3) AMH: 5 mmoL/L BkER%E, B #H: 100 mmoL/L IRFREL,
Tof B UM

3 FPART 4 B TR A 1 TR k(1) 6 Fh
MBS A E 208, T, AsC 5 MMA &6 43 F
i AsB. DMA Fil As(II)FFFE 2% H 0t [a] $2230T H BRH Jrie



%519 4]

XU, S WRORT (G — AL 5 5 B T IR B R A ORI S

6515

T, MERCRAE. kQ) BB B 6 MEIE, B
AsVIIETERE 58, Ik (3) RENESEIN 6 PR 541, 1E
KB, REER. T, ARG,
3.2.2 HAEEBLEG AL

TE—EJE M, pH MERWEEXT AsB. DMA Fl As(TIT)
B HH DG IS RS2 RSB (2, T MMLA Tl As(V)BES pH FiER ik
BE R, gt E] S 4 A T, BT LSRR AE As(ID) i
U6 S5 %5 B AH o IR B 25 TR MR B B AR 43 B AL AR B L AE,
DA% A B WIFHIAIMREE 22 AR, AN B2 AsC . MMA
L As(V)3 B SOR TN WERT [ I ATER T, RUREE Sy A AT
Myt A, DAV IN e BE SR X 40 A B RE, [ B 4 e A
KT . 76 6 MRE LA ETBIER, LI A MY
MO RERARB B RS 5 min DAL, DIRIE S SEPERE AR E T o
ARRELEGAE 9.5 min K, 6 FIIEA LG 43855 i,
T LT, BARERLEIT IR 15 min, SEERO0 0 A4 B e
B 2.2.1,
33 ZMCERGHR

BeilHe EE > 0.0, 1.0, 5.0, 10.0. 50.0, 100.0 pg/L
REVHEERIT Y, HATEREEESEE, 2R RH, AF
e 1.0~100.0 pg/L FUm kBT EIAN, Zetk RAF, etk

KEBr BT 0,999, KB RED:, 7351 5E AR e
JET 6 FEfE LG PRI fEME EL(SIN), RASS (g g (515t
SIN Sy 3:1 I Ffrof 1oy AR LA HAE A HH B, SEBG AR LR 1.

34 FEERE

439 LA 225 ) 5 R0 AR IRl ISCR B A Oy =%
RS
341 AELRF IR AGRE

FEBUR AN B4 b W) T GBW(E)100348, %5
ZYR T ICHL R SR S . RS T ey
AT EAT I E, WMARRE S A M SEY R
As(lll), DMA HI As(V) 3 F, LL As(UD)AT As(V)IMAFIERAS
TEHLEFIN 2 45 RAESHEIEF N, H As(Ill) . DMA Fl As(V)
3 FEIE SR INAGA R B S B EEE . AR RES
Y E kR L 2,
3.4.2  JwAREDCE G R

I 3 Gy AN M KO FE &, B0 2 A FAT, F
A bR S B8, 2 BT IS TR v BE bR eV T, TInbmk
R 1.0, 5.0, 10.0 pg/L. HeArE 7 kb B e w1k
Gk, IR R, 25 R ER, 6 FiE SIS
B NER EDSCRAE 84.5%~112.1%2 1], FEIE L 2.

Trace (s)/3#7No 4:10 ppb—Z5

16 AsC MMA

28 /cps (107)
S

6l — - o
0 100 200 300 400 500 600
A ] /s
Trace (s)7317No 23:“5 ppb”
75 As (1) © PP
2500
2000 (D ASB 5 DMA ® ‘,MMA
& |
&? 1500 ,Q (@) AsC
|
1
% ‘5)00 H | (3)As3 ’\ |” (6) As5
00 w 1 ‘
U Ll A |
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EIS
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75 As (1) © PP
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Different ways of chromatogram separation
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R1 HMEEEREEHR
Table 1 Linear range and detection limit
M LRI LIPS 2R MV /(ug/L) o B A(ug/L)
AsB Y=1913.53X+384.91 1.0000 1.0~100.0 0.08
DMA Y=1853.13X+53.412 1.0000 1.0~100.0 0.09
As(1ID) Y=695.65X-351.84 1.0000 1.0~100.0 0.02
AsC Y=948.48X-1202.11 0.9990 1.0~100.0 0.01
MMA Y=1760.67X+275.11 1.0000 1.0~100.0 0.09
As(V) Y=1543.40X+5327.18 1.0000 1.0~100.0 0.07
Trace(s)ZHTNo 24:4S2”
75As(1)
1000 As5
800 W
g
L 600 As3
2 400 | \
i "
200
as UL ACMMA
0 100 200 300 400 500 600 700 800 900
B ) /s
K2 FEaEEE
Fig.2 Sample chromatogram
F2 EERZIBLER
Table 2 Results of recovery tess
IFRR/ (ng/L) g5 AsBIEIRA/%  DMA k& /%  AsAIDEIE/%  AsC /%  MMA BEE/Y%  As(V)EIR/%
1-1 97.8 95.3 86.5 87.2 102.5 95.5
1.0
1-2 101.6 104.1 90.0 90.4 97.0 86.3
2-1 99.3 105.5 90.5 89.5 96.4 84.5
5.0
2-2 95.4 99.9 89.7 94.5 93.7 90.2
3-1 107.6 89.7 93.2 104.7 88.8 103.5
10.0
3-2 112.1 93.5 90.9 101.8 91.0 96.4
PR . IR

35 FAEIM

DK % 2 2 - BLME, FH 2 PR KORRE S A R F
FEXFG, HEER R & A 6 PR, SoreRe s Hom
A2 PR R R B TR A b e, 1 85 2 i IO TR 2
DYEERRE i o BROMRESRATINGE 6 Wk, THERE h A
JE 2510 & ¥ 08 FE X5 A5 UE i 22 (relative standard deviation,
RSD). Z5% 87K, RSD 7F 1.5%~4.3%2 4], & 3 h—HHl
FEfh 6 IREE MGG SN,

Tihh, FERARE LI Iy R B, DL R AL
FESL BTSN S, S BT d )y AR B 2 d EE A R
1k, RS S BRI A TR 2, JESLE
3 WK, TEEERE A A BT S A A 0 R R A D 2
(RSD). MI%E 455 RSD HYI/NT 5%, FILAT W% kg %

3.6 FEAHEE

FRAE JIF 1059.1-2012 (I AN 22 BEPEE 5 3R ) Al
BAAEAY RORE (01— P BRI 5 5 B U I S Rk
RIS M, HARS AR A H 2 BE AR IR A 35 A
From . JRBORMBSBUARL . PRl BIA . FEfbaE . 2
B P AT AS 2 B A R T2 [BNISCR LA R ) o ) R 4
e mES M. JRBUR PRI E A AR
TRV C L AR 1 T A 4 Ay 0 AN A A B ) R BRI,
LI 5 2ok 2 5 LA AN B 2 B 1 X AR B 2 495 T A X B
FO-221 Sz KOKAE SR As(IIT) . As(V). DMA 543
B4 0.137.0.040. 0.063 mg/kg, 7F 95%MIE(Z X HF, H
PIRAHIEE /354 0.011, 0.006, 0.007 mg/kg, k=2
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Trace of FTi%4 %
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K3 M 6 REEMEEERME
Fig.3 Chromatogram fold figure of Sample 6 times repetitive

3.7 EPREERNE

KA A 12 i IOk 6 FipIE S EY S
YR, SCER AR WoR, M M OKEES R BB S
HIEPTEZ LS As(IID). DMA F1 As(V), # HRE S B
AR 10 4. 8 A S s

4 &

ﬁmﬂﬁﬁiT&m@%—%wﬁA£%¥%ﬁ
FEIKH 6 MBI G, FETT
BRIOKEESRIOMIE . IR . ML, RE
B, ZOrik R . TR, HLHAGIRMERE . SRR . &
PEREMER R AL, 35RO T Z R 50T .
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