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Determination of inorganic arsenic and other arsenic species in infant
cereals by high performance liquid chromatography-inductively coupled
plasma mass spectrometry

LI Feng-Biao, ZHENG Ju-Rui’, ZHOU Liu-Jin, ZENG Yong-Fang

(Guigang Center for Disease Control and Prevention, Guigang 537100, China)

ABSTRACT: Objective To establish a method for investigation of inorganic arsenic and other arsenic species in
cereal-based complementary food for infants and young children (infant cereals) by high performance liquid
chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS). Methods The arsenic species in
infant cereals were extracted by 0.15 mol/L nitric acid solution, separated by gradient elution with different
concentrations of ammonium carbonate as the mobile phase on anion analysis column, and analyzed both quantitatively
and qualitatively by HPLC-ICP-MS. Results The established method for 5 arsenic species analysis had good linearity
in the concentration range of 0—100 pg/L, correlation coefficient of all the above 0.999 with the recovery rates of was
89.0%—-110.0%, and relative standard deviation of less than 5%. The main forms of arsenic species in the infant cereal
samples detected were inorganic arsenic. The content of inorganic arsenic in the samples investigated was all far lower
than the national food standard limit. Conclusion This method is simple and accurate for the detection of inorganic
arsenic and other arsenic species in infant cereals and could be applied in monitoring practice.
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mRE—FE EFLR, HARBERNSHEESEY
X, ARIESRRAYRfE2EFRAN, g oL
By RN K, W0 B ER M [arsenicus acid, As(IIT)]FIRIERHE
[arsenic acid, As(V)], 8 HLAH A HEPE R /N EE, Gn— FF A
(monmethylarsonic acid, MMA)FI — H 25 (dimethylarsinic
acid, DMA), T ! il 3% #% (arsenobetaine, AsB) . i JIH H%
(arsenocholine, AsC). FHBHSE #WHA N ELFENZY, GB
2762-2012 (@A EAFEZAME s YRR ) B e
HUARBREZER N 0.2 mg/kgo S0 BT B o A A d4
faFE R M AR S A EEE .

W R B4 LA S B 5 LAROR SR A o 22
JEARL, R BRAN LG H AR R AU 1 BRI R
BE SRR RN IL, PR BN RO B LS
BT Bl A R Y 4 ) R A R A 2 S B AR
RFMSCHAE, IR ST 58 3 Z A e g U A
R OIS % BR 40 LA 2850 Bl 2 b i ] 25404 SC
BRI B A /D o A5 R A = S50 A 63 - F BB B 55 8 IR
A I A B4 LA S 4 B £ oh S RN TE AL ) 5
T A LA B S R LA RS B0, B R BRAELE
S LCTR T B i B b O A B )1 7 e G O A S LT 41
MBI B B i AE T S h i, (RBE 240 LA fe e
A

2 MR5EREE

21 ¢ #

Ultimate-3000 TS0 AH (L . iICAPQ T HLIERFN G
B TR . HeraeusMultifuge XIR 5 V2V B /O HL
(22 Thermo 2 w]); ORTEX3 JiE iR R S X (£ F IKA 2 w));
GR-246 fH IR ML (RS0 A FRA F BRSP4 )
22 RAFEH&RA

TSR (ST, i Merck 23 w]), BRERER(LR AL, h
EPE IR AR, FEE(EGL, o E WA ), i
bR HE T T (= 99.3%, o B IT 5 AR S F 5T B ) R AR
As(V)[GBW08667, LATiI(As)it: (17.5+0.4) pg/g] . Wi Rtk
As(IN[GBW08666, LA(As)it: (75.7+1.2) pg/g]. — 4k
it MMA[GBWO08668, LIfi(As)}T: (25.1+0.8) pg/g]l. —
JLfif DMA[GBWO08669, LAMi(As)iT: (52.9+1.8) ng/g] At
308 AsB[GBWO08670, LAFHI(As)it: (38.8+1.1) pg/g]lh K i
AT EFREVA R (GBWOS611, 4l )¥ =99.3%, [ EF}
W 5EBE); SupelcleanTMENVITM-18 /(3 mL)(3 [
Supelco 22 H]); S5 KK Milli-Q #B4liK

PR AT . RETG R MALE HIERENIREE 5 7
B LA SR

il

23 ELWHE
23.1 BLEH

(1) BB AH 1% A 4

BAES T35 #hl: DionexlonPacTM AS7 FHE 735 #ekt:
(250 mmx4.0 mm, 10 pm); HZHAH: A AH: 3.5 mmol/L
(NH,4),COs., B #H: 100 mmol/L (NH,4),COs; ¥iti#: 1.0 mL/min;
HEREIRFR: 50 uL; A 35 °C.

(2) LB G A B TR S5 1

B A5 ) 2K (radio freqency, RF): 1550 W; &6 il H [ :
1150 V; Y31 14 L/min; #HBI T 0.8 L/min; %
A 1.0 L/min; ZE3#: 40 r/min.
232 ALA WA AR R 6 B

YERIFRIR 0.13210 g WAHFRMR[As(IID)] . 0.57143 g TR
HR[AS(V)]. 0.39841 ¢ —HIHEEAI(MMA), 0.18901 g — FF FLff
(DMA). 0.25775 g TfiEH3ERR(AsB)SRIEE R ZE 10 mL FE (%
HfH, A E 25 2 20 5 Be il e B2 1.0 mg/L(LAR
PRI A B FR T
233 HBETAEG®

FREBUEA LA MBI A2 1.0 ¢ F 50 mL SR B0
R, A 20 mL 0.15 mol/L RRIAWE, TIMAESURAIR,
BT 90 °ClEIRMA P HURE 2.5 h, BR 0.5 h BUE R
1 R RIGBUR S HIZE SR, 9000 r/min £5.0> 10 min, B F
2L Cg /M, fe)Fid 0.45 pm JEREEJERER,
v ROW A A - R A S R T R X (high
performance liquid chromatography—inductively coupled
plasma-mass spectrometer, HPLC-ICP-MS) 34T, TEAFR

Rl SRR TS OL T, e W) — B e s ke .
234 SitoAr

B R FH SPSS 24.0 AFMAT S50 0T . THERAHX AR
MR 25
235 R

T 20 25 52 7 VR A [l e 3R R AT A 22 R A X B
W 22, DAICAI 25 S 2 75 A6 AR 228 T 1B Sk 5 42 5L 00 1Y)
HERf T

3 HREHR

3.1 RahERNEE

LS L EUE F R AL, Bk K E X%
FHES ML AT o0 18 o 28F Sl 2ok BH 5 7 58 et 3
FEBT, ANTRATE 2 B 20 S RORBR T IR BH & A8 46 (i A
S EYEREA SR 2Z A, W A A RPN B 5 Rt R )
HA B O M EE R R AR 3 BU(NH,),COs 1A
WEhM, AEMESCEL S M A S B, 43 R A R st IR 2
AR BN IR EEK, B 1 ik ARG s A i S Fhai e 4%
e SR RO RS 5 I AR 75 GB 5009.11-2014¢ &
ity HR B S JCALA I ) U SHEFE Y LC-ICP/MS ik
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Fig.l Separation chromatogram of five arsenic species standard

3.2 BRELGERRSELE

NTRIE 5 FhETEA o B RCR I HAa s it i), 4
WSEMEA T 3.5 mmol/L (NH4),COs YEN i 8 A . 100 mmol/L
(NHy),COs VE R BAH B IR e, Rebdai i shtavk
JRRE ST, BEMEHA A 20 o3 (O BRI i), SR P e APk FE 1l
PR IR TRAE AT sh ), iR, WEN 1.0 mL/min $E17H6
VR, VERARTHEILE 1,

x1 BERRERF

Table 1 Gradient elution program

st B/%

A A%

A [B] /min
3.5 mmol/L (NH4),COs 100 mmol/L (NH4),COs
0.0 100 0
3.0 100 0
3.1 0 100
8.0 0 100
8.1 100 0
15.0 100 0

33 FERGMTEE RS LR

Fic i BLR E R 0.0, 2.5, 5.0, 10.0. 50.0. 100.0 pg/L
MRS PR E RSN, 43 BITE<2.3.1 (AR, XF 5 F
TEAMERER AT 0T, DAETR AR IALER . X 2
Oy R AR AR AR TAERRZR . R B4l LA 2% Bl
B ARSI 2.3.3 FESATALER iR AL PR IS X4 HEA T
TR AR BRI E, IFRIARIE 3 AN o SR A A
A B, G 45 R % 2.

34 FENBEE

BT NRE S, R 2 AL LA 2 BT
JFARFESEATINAE 6 IR, 5 FPIEAS 1 RSD BI/NF 5%, i
IREERPEN SR 3, G5B, Ok A B R 5

R2 5 MMESEMERYTFIZRELIR@#=6)
Table 2 Regression equations and detection limit of five arsenic
species (n=6)

T o HX RLfRK R
s ki FHr Apgke)

AsB  0~100 Y=4362.3453X+1286.4323 0.9998 0.520
As(Il) 0~100 Y=3611.2187X+4975.1284 0.9992 0.692
DMA  0~100 Y=4271.4711X+2698.0586 0.9993 1.750
MMA 0~100 Y=5302.3930X+1292.4846 1.0000 0.909

As(V) 0~100 Y=3018.6010X+9149.0205 0.9995 0.722

®3 BEEMNELERM0=6)
Table 3 Results of precision determination (n=6)

2 Hﬁ;ﬂj ! RSD/% | ,Hﬁ;”r"jz RSD/%
W Y18/ (ng/kg) W5 ¥ 18/ (ng/kg)
AsB N.D. 0.00 8.032 4.04
As(IIl) 20.320 3.01 7.233 3.93
DMA 19.780 3.21 10.400 3.20
MMA N.D. 0.00 5.484 2.92
As(V) 5.927 471 11.274 4.12

TE: N.DFRAK

3.5 FHAERENEE

h BRI R I S LA R E T, RS
FIEE SR RIBEML 1 3 B4l LA 0 B dhBE ih Q#FE )
53 SR IS TR) VAR 32 1 B T 285 o 8 R (g BB o VS VAR R
4500, 20.00 i1 50.00 pg/L FIMIER, BEATINAR), Fs2m:
D7 R IEATAREE I E RE A R RS, TR DGR, ks
IR L 4. ME 4 07 H & InAx B AE
89.0%~110.0%Z ], PEHIZ T ERE . A4,
3.6 Zy)laLEHMRRPHESSE

VEECHT 5 RS LA JEHE B ah, FT ALY
HPLC-ICP-MS 43#7 )7 k% 52, FHorh iy FoHLah e FAh fh e
BOAMEHENR 5, BREH, THEEYILALHE
i A R JC ML 1 5 S A IR 1 A 2 4 T AR I B A
HORE S rP ML T8 A 2 421
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Table 4 Recoveries of five arsenic species in sample (#=6)
AsB As(IIT) DMA MMA As(V)
ﬁlﬁj mﬁ”% /“—"I‘l 1—“-‘“ r‘—-‘l‘l /—‘——‘I'l r‘—-‘l‘l
/(ug/L) S I e 2./9% SICE Bl 22/% SEE 05 2/% SIEE ] ke /% SEE B 2% /%
/(ng/L) /(ng/L) /(ng/L) /(ng/L) /(ng/L)
5.00 4.92 98.3 5.20 104.0 5.20 104.0 4.60 92.0 4.45 89.0
2 20.00 20.40 102.0 21.20 106.0 19.90 99.5 20.00 100.0 20.20 101.0
50.00 49.90 99.8.0 48.90 97.8 53.00 106.0 54.00 108.0 48.10 96.2
5.00 5.77 107.0 4.83 89.4 5.02 90.0 5.22 98.9 5.33 95.3
24 20.00 18.90 92.5 21.00 103.0 19.80 96.4 21.90 108.0 22.40 109.0
50.00 54.40 108.0 54.40 108.0 48.35 95.7 50.80 101.0 55.60 110.0

T & 3 4RI

=5

2R BB (A RS AsB. As(Ill). DMA., MMA., As(V)@& =454 0.402, 0362, 0.520, 0.274. 0.564 pg/L.

By AXHEHMERIHESSE

Table 5 The morphological distribution of arsenic in infant cereals

pen ASB As(1IT) DMA MMA As(V) JeHLAE JERS PSR JoHLep G e
/(ug/kg) I(ug/kg) /(ug/kg) Mug/kg) N(uglkg)  [As(D+ As(V))/(pg/kg) 7 E/(ng/ke) L A51/%
1 N.D. 20.320 19.780 N.D. 5.927 26.247 46.027 57.0
2 8.032 7.233 10.400 5.484 11.274 18.507 42423 43.6
3 2.567 5.090 N.D. N.D. 2.600 7.690 10.257 75.0
4 N.D. 10.854 5.620 5.652 7.891 18.745 30.017 62.4
5 N.D. 5.905 5.643 N.D. 9.986 15.891 21.534 73.8

W ML S As(IID+ As(V) &2l N.D.FERRK .

4 ZiL5i1tie

ATRGTHENT T 12 SO 0 1% - B 5 55 B TR
P B4 LA 250 B B P AL B A A TR 25 8 43 A
I, I BETE 0~100 pg/L JEEN BA RIFINELEXR,
AR r £FLE 0.999 LU, JAR ENSCRAE 89%~110%,
AHXF AR (R 22 RSD<5%. M5 5 4~ 85 B4l L 2kl
B & d B MIE RS, & BRI LAT 285 B & bl R R 2
JoHUR A T, JCHLER SR G BRI 43.6%LL E . AR
F 5 I A T 65 R 40 LA 24 B B i R AL B 38 1K
TFHERZEEMFEGRE, 754 GB 2762-2012 ( &t 4 H
FARMER SIS YR L ) R4l LA 285 B £ S LA
<0.2 mg/kg HIER

ARS8 1o ST B A LA S B PR S A
Jride, X B LA A B & S IR ST 4T, )
BT B S TR R A, B2
83 B iy H G LA W I B 4 R A S
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