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20 mL 0.15 mol/L FI BRI T 90 °CHHIEAH FIZ 42 2.5 h, £ 8000 r/min L[> 15 min, % Agileng Zobarx Column
A 412, LA S mmol/L CUREfE R AN 20 mmol/L ¥R (2 & keI pH & 4.3) hTishH . mEBGRESE
FARTREALIEA T2 BT AL & i R MR A E 1.0 ~ 50.0 png/L MREVE LM G R RAF,
PR R B 5014 0.9998 FiT 1.000; =AY IR 1R H7 91% ~ 108%, HIXIARMENZE R 1.5% ~ 4.3%; H
Wi g BHE A 85% ~ 106%, FAXTAREM 227 2.4% ~ 6.4%., G5 Zy iy, REL, @4 THEEN
H IEALA S R B E
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Determination of inorganic arsenic in food by high performance liquid
chromatography inductively coupled plasma mass spectrometry

LIU Tao, LIU Hua-Mei"

(Jiangxi Food Inspection and Testing Institute, Nanchang 330002, China)

ABSTRACT: Objective To establish an analytical method for the determination of inorganic arsenic in food by
high performance liquid chromatography-inductively coupled plasma mass spectrometry. Methods The sample was
extracted by 20 mL 0.15 mol/L nitric acid solution in a 90 °C incubator for 2.5 h, centrifuged for 15 min at 8000
r/min, and separated by Agileng Zobarx column using 5 mmol/L sodium hexane sulfonate and 20 mmol/L citric acid
(pH adjusted to 4.3 with sodium hydroxide) as mobile phase. The content of inorganic arsenic was quantitatively
analyzed by inductively coupled plasma mass spectrometery. Results Trivalent arsenic and pentavalent arsenic had
a good linear relationship in the concentration range of 1.0 to 50.0 pg/L, the linear correlation coefficients (r?) were
0.9998 and 1.000, respectively. The standard recovery rates of arsenic trivalent were 91%-108%, and the relative
standard deviations were 1.5%—4.3%. The standard recovery rates of pentavalent arsenic were 85%—106%, and the
relative standard deviations were 2.4%—6.4%. Conclusion The method is accurate, sensitive and suitable for the
accurate determination of inorganic arsenic content in bulk food.
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FIEXfFAETARRD, K. B R ARG
FHPL As,S5. AsySs. As,O5 BV IR R (ASIIT) . AR £
(AsV), — H FL A1 iR (monomethyl arsenic acid, MMA)FI —.
FH L f1 1% (dimethy] arsenic acid, DMA)RIIE R AFATE,
HEALG Y s HTEARZ) . BRER . RAGH, 52 F
65 4P 2 Bl S A P OO AE AR I AR B o A 2 £ B
HEA AR DY %5 1 B R 4 5 3t 7 — 7 10 3 o AN DE A1
il b G, FL AP 22 BRI As(IID)J2 14 WL £ i %2
S BEMIE A, AsILE) Bl S0 R AN Y
As(VPY . Tl 4k & B 19 2k B0 5k SE Bt (median  lethal
dose,LDso) i, HEE P AR BN /MK UK Sk 04 iR 2 (AsIIT) |
fil B #h (AsV) . — W B @ i (monomethyl arsenic
acid, MMA), — H ZEMifik (demethylarsinic acid,DMA) ., i
H & (arsenical choline, ASC). &% (arsenical beet,
ASB). HPr THLE R R, ERRREAERZE 2D
H AL S N R BUE Y P EALAP BB, T AsB
I AsC BN KT N, AsB X AMIEE, ZHO0EFE
Py b 2 LR A TS R R [RE A R A
BAE N9 = PR, & FORRIES i BAA A
[ ) = Pk, TR L A 09 T 28 40 B B ok B 32 B 6 . GB
2762-2017 ( EZE &M bl iR RE) +
ME T 2258 i b OHLE A BR AR AR DL A 1F 9T & 4%
Jig AP AR S R 0.36~35.91 mg/ke, {H LUK
B 0 JC B 1 it i S 0 Ao SR A LRI SR AE, A HLED
RS R 90%LL ) miAOKR H i B DL =M, R
MR — O S S AT

H T 32 2 A 15 R 4 R S TC AL £ A, A
AR 3% - I F 9 Y61 4 (Liquid  chromatography-atomic
fluorescence spectrometry, LC-AFS)¥% | JiAH (5,1 - F A &
B T BUi% 5 (Liquid chromatography-inductively coupled
plasma mass spectrometry, LC-ICP/MS)*1 | 54 (1,343 55 -
FRL IR £ S8 8 - AR T TR R IR LS sl v - S b & A -
JEF IO J R R TR 3 - IR U e
5 RO @5 - RS 55 B TS, T GB 5009.11-2014
(e BRI 15 REh & ICHLER R ) [
TR (0,33 - BRI G S5 T B A R B A A R
&, HArE 5 AENEESREIEK, X FEBHEI TR ERE
SR FERTHC . FORMK. B TUAFRRA 5 mmol/L
CLERRREH+20 mmol/L FHARER(N A LI pH = 4.3)
RS, 4 Agileng Zobarx Column G148, Jrikth
FERAL . HERG . R BRRS MR S AT S S &, )
o HE WA R I PR LR AR SRR .

2 MREREE

21 UESEHF

7900 HLJEHE G A5 B IR BT (SEE Agilent 24 F));
HPLC 1260 = A (035 (35 [ Agilent 22 7]); CR22N /&4
ZREDHL(H A HSr AR, Milli-Q #8 4k &5 (3£ H
Millipore /A F]); DHA-9420A H #as X T4 40 (Eilg— 1R
AU PR AT

CUBERR IR (HPLC 2K, v RILFAF), —KEFF
B . SR ga, 255 AL ERAa RA ),
SER (L2, FRM ShH AL 22 A PR ), SR AR AsIIT,
AR AsV AR08 AsB | H ZE R (methylarsonic acid,
MMA)F1 — F JL R (dimethylarsinic acid, DMA)([E ZKbrifi
Yk, hEHEREEIIRER); 4K 218, 2 MQ-cm, SE5
= Ao

Tk BYJUEFRM AL, i, Badhmis
B
22 LWHE
221 #HgwErazels

(KK FRECAKFESL 1.0 g T 50 mL 25.045,
A 20.0 mL 0.15 mol/L FIRSERIER T 90 °CHE IR P42
2.5h, B 0.5 h #RFE | min, BUKREZEZEE, £ 8000 r/min
B0 15 min, BCEEHEW, £ 0.45 pum AALIERE S ES
B, TRTEARBEZS

QZBYILE B 5 MBUEFRAMES 1.0 ¢ T
50 mL B.04H, DA 20.0 mL 0.15 mol/L FIFSMRYAR T
90 °CHEA FI=2 4 2.5 h, £ 0.5 h #ZFE 1 min, FUHEHZE
R, 2 8000 r/min 5.0 15 min, M 5 mL FIHRE T E.0
B, A 5 mL IEC%E, #R¥% 1 min, 8000 r/min 5.0
15 min, FH EZIE Ok, HILEBRER K, WITEE
W, 2 0.45 pm A HLIEBLLIE K Crg /MEGFL G UERE, [k
AEPEZS

QYK=Y P b FRBUK = ShAERE S, 1.0 ¢ F
50 mL B.0%H, A 20.0 mL 0.15 mol/L HIAYERIA R T
90 °CHE R4 P2 42 2.5 h, 4 0.5 h IEHE | min, BURBRHIE
i, £ 8000 r/min 2.0 15 min, BX 5 mL F i 2= T 5.0
B, A 5 mL IEC ¥, #R¥%E 1 min, 8000 r/min &0
15 min, FFHCEZIEC B, b R ER 2 — R R 25
W, £0.45 um AHLIERELIE KX Crg /IMEHL G HERE, Wik
ARFRZS .
222 kARG EAEBAREF B T HRR IS

(1) WBAH S S

IE 54> B A R 1] Agileng Zobarx Column {033 4
(4.6 mm %250 mm, 5 um), FENAHR 5 mmol/L C ez &M
+20 mmol/L #EMR(FH AR pH £ 4.3), dFFEEN
10 pL, FEWEE A 1.2 mL/min BI50FF PEATEEREVRERR .
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M1 pg/L B RERALAL 5 19 ICP-MS 19 TAESEL:
SHAR)A: 1550 W SF R RS 15 L/ming 30
0.90 L/min; SRFEIRE: 9.0 mm; FALFIRE: 2 °C, Mt
X FRUEREA (No Gas #x0),

3 HER5SH

3.1 RzhiE pH Ik

B A% 5 T A EE AN TR s A pH b 4.1, 4.3,
4.5 i, A[E pH (ERF & AL S/ B AR, 4 pH b 4.1
Bt H A ASV 5 MMA AEEREFI4TF, T4 pH K 4.5
B = (ASII S MMA RREIREFAY 43 FF, {H2 pH 7E 4.3
B 5 FOR RIS S4B ACR AT, 4B ACRELE 1.
3.2 FHAERNZMTEE. KEHREESR

ALK EH T 1.0, 2.0, 5.0, 10.0. 20.0,
50.0 pg/L 1Y AsV Fl AsII FRUE IR, LEDLAGI S0 2644 T
HEATINR, 1.0~ 50 pe/L ATEREIN, LRVEHICRE(r?) o
90.9998 A1 1.000, AsV HHZ N Y=2.841x107X+

2.334

111

oMl B 1]

2.601x102; AsIIT HiZk )5 FE R Y=2.285%10" X+ 2.365x107,
FHBRFERT AsV F ASIT AREA A TR R, 4R
FIOK . Bk . BAHARMEETE, £ AsV #
ASTIT BIE M (SN K TF 3 B A H B, 78 AsV Fll ASIT
B (SN R T 10 B e R, Z5RIL%E 1, WFE 1
AT LA HRORFE F2 K M R Hh PR e R PR BEA — 3%, e
o, St TR E 2R, R BRI SRR IR
TIORFEFKH
3.3 FEMBEE RMAREYER

KK Asv & & Kk AT & & R
0.104 mg/kg). Z4ILE T (AsV & AR 1, AsIIT
FhHA 0.0399 mg/kg) ISR (AsV A 0.0678 mg/ke,
ASII &3 AR HOHEFT T AR BSOS, %80 2.2.1 #£50
HIALBE, £EIORFE S 43 /R 0.05. 0.10. 0.20 pg
) ASIIA AsV, 7E3E4) L8 37 Ky 1 B8 v 43 531 8 S v
0.04, 0.08. 0.12 pg By AsIIl Fl AsV. UL 525 5%
PEXTAE S AT AL, MRIF 2 AITHE ASTITRT As(V) I
FOKG % B, AR BER Hy 85% ~ 108%, AHXT 7 i M 22
7 1.5% ~ 6.4%(F 2) .
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Fig.l Separation effect of ASV (pentavalent arsenic) asiii (trivalent arsenic) and other forms of arsenic (pH = 4.3)

®1 FEHEREHRESR

Table 1 Detection limit and quantitative limit of different products

FE i TeHLIE A {EME L =3 MR/ (ng/L)  [HMEEL =10 PR /(ug/L) 6 HH BR/(mg/kg) € 1 FR/(mg/kg)
AsV 0.25 0.75 0.005 0.015
Kok
AslII 0.25 0.75 0.005 0.015
gl LS AsV 0.25 0.75 0.005 0.015
Ak AsIIl 0.25 0.75 0.005 0.015
AsV 0.3 1.0 0.006 0.02
B
Aslll 0.3 1.0 0.006 0.02
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BERGNT R 30 K 2~4 T LIE H, 1538, W, safh
FPILEELIA LR ASB(RIFHSRAR) A 32, HICHLR 5 1Y
T B KA b e bR RR R

3.4 o
AR BEICT IO . B LB AR RS,
s, [AI o B OHEASM LU E AsIIL, AsV 1975,
£ HEOBEEMELE®=6)

Table 2 Precisions and recoveries of the method (n=6)

) ) [ R /(%) RSD/(%) S TSR /(%)
FE it W/ (ug)
AsV AslII AsV AslII AsV As IIT
0.05 91.7 ~105.7 92.9~96.5 5.4 1.5 98.2 94.8
KK 0.10 85.4~99.8 95.5~103.7 6.4 2.7 92.0 99.8
0.20 89.2 ~100.0 95.3~102.4 3.7 3.0 94.6 97.9
0.04 94.5~100.5 91.2~95.9 2.4 2.1 96.1 94.0
iy L‘”‘
%@J”ﬁ% 0.08 95.4~102.8 99.7 ~108.4 2.5 3.5 98.8 104.5
KH
0.12 90.6 ~ 103.1 91.5~100.3 5.5 34 95.7 96.3
0.04 91.8~105.6 96.7~107.5 34 2.9 98.4 102.1
i 0.08 94.6~106.3 92.8~105.4 4.6 4.3 100.2 99.4
0.12 92.3~98.8 95.5~104.9 2.8 3.1 96.1 101.6
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Fig.2 Separation effect of five arsenic forms in porphyra
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Fig.3 Separation effect of five arsenic forms in kelp
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Fig.4 Separation effect of five arsenic forms in cuttlefish
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Table 3 Analytical results of marine products
FE AsV AsIII JCHLAR 2t
KK-1/(mg/kg) KA H 0.0571 0.0571
FK-2/(mg/kg) E oA 0.104 0.104
Kk-3/(mg/kg) A 0.0765 0.0765
B4y )LE 37K MR -1/(mg/kg) A 0.0399 0.0399
B LB SR -2/(mg/kg) ek 0.0246 0.0246
B4 LB IR K -3/(mg/kg) 0.0257 0.0825 0.108
3 /(mg/kg) 0.133 0.199 0.332
W /(mg/kg) 0.0767 0.189 0.266
B A0 /(mg/kg) 0.0678 A 0.0678
4 i{»} [3] VRIEWE, FHE & P8 A R ICHURD AR EE Pk i 9 i SR 0]
=A

AHFFERESL T Agileng Zobarx Column {646 4355
— FRUJBGHE B 55 B TR T R I FH B AR B e Aok - 4L
BRI AESE, W, Sah IJCHLR RN 2. A
F GB 5009.11-2014 ( &M L2 EFARME &5 amh kT
MU A5 ) U s — R JeHUm I e 55 I ik, AR
D7 AE AT ) SR, AG s BR A E PR T
bR, ARSCGARFZE T ARIF pH FSiHIXT 5 FhIE A5
BIRCR, RBAET A pH N 4.3 BB UR R, RIS
B IA U FE2E S min, AR E L PR REE AT R
K B LE FRKI ISR, Watr, S JCHLRIE o
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