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Determination of ten arsenic compounds in poultry food by high performance liquid
chromatography-inductively coupled plasma mass spectrometry
ZHENG Chenyang, TANG Yun, HAN Jianlong, TAN Ying, MA Bingjie, WU Pinggu
(Zhejiang Center for Disease Control and Prevention, Zhejiang Hangzhou 310051, China)

Abstract: Objective

To establish a method for the determination of arsenic compounds in poultry food by high
performance liquid chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS). Methods The
sample was microwave assisted extracted by 10% methanol and 1% nitric acid. Ten arsenic compounds were separated by
DlonexlonPac As7 (4 mmx250 mm) anion exchange column with 0.5-200 mmol/. ammonium carbonate for gradient
elution. Results The linear ranges for 10 arsenic compounds were between 1-20 wg/L with the linear coefficients(r) more
than 0. 999 0, and the detection limits of the method were between 0.24-0. 80 pg/kg. The relative standard deviations
(RSDs) of precision ranged from 1. 0% to 5. 7%. The recoveries were 83. 77%-114. 21% in chicken and beef substrate,
spiked with the three levels. Conclusion With high sensitivity, simplicity for pretreatment, good reproducibility and
accuracy, the method was suitable for the determination of ten arsenic compounds in poultry food.
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AT R e SRR (3 - P SRS 7 45 S 1 A ot
1% (High performance liquid chromatography-inductively
coupled plasma mass spectrometry, HPLC-ICP-MS) Bk
FHECA I (8 A il B A B, Xk 7 & 8 il P L
fif & g R B BT AT, B s A
LA VAL PR A —E B AR

1 #RE5AE
L1 AR A 5

NexION 300D HL & HE & 45 & 1 1 Bt 3% 1
(PerkinElmer 2 7] ) , Bt A [A) /0> 25 Ak &5 1 6l 48 Sz 17
i, Series200 155 5L AH 1% [ (Perkin Elmer 23 #] ) o
DIonexlonPac As7(4x250 mm) B B F 22 0 8, 33 +1: A1
DIonexIonPac AG7(4X50 mm) Fil AL . Millipore 4l K
K E Millipore 23 7)) 5 77 73 2 — 23 B K ¥ (i
HERF A | 5 i ER ¥ 4 (15 E Heidolph A F]) 5 1H
T (BINDER 22 #]) ; KQ-500DE %5 45 8 75 I
HUE A (R I 5 A A BR A ] ) s HC-3018 57 3 25
O HLCZ B R AR AR A R A | ) s ETHO31
TRl T AL (Milestone 23 #] ) o

ARUSER BT S A AR AER S BBk AR
WA RKRAN Y KEL . HRSKIET-20 €&
AR A& M o R W Lo o A b R - 38 A
(GBW 10018, 1[5 [ 5 b iz ¥y it p o0 ), il I 25 B
WE 5 A8 R MR (Arsenate, AsO,'~ , GBW08666) , il
fifl B2 #2 (Arsenite, AsO,’~, GBW08667) , — HI JL fif
(Monomethylarsonic, MMA, GBW08668) , — B Bk fifi
(Dimethylarsinic, DMA, GBW08669) , il & B
(Arsenobetaine, AsB, GBWO08670) , #f JH
(Arsenocholine, AsC, GBW08671) ¥ iy [ 1 [H 11 &
B A F 5 Bt 5 & K I R (ASA, Bepure) , il < il iR
(NPAA,TCI) , # 5 V0 (Rox, Sigma) , & [ I (CBS,
Sigma) ; fiff iR . FHBE (DL 4k, BR v ) Bk R % . 1E C e
(¥R oy bt [H12y), ik (F5H GB/T6682 HliE
M —HK) .

1.2 FEk
1.2.1 e &

WERFRBURE 5 0.5 gCR A 21 0. 000 1 g) i A fsk
P R E L NN S mL SR LV T AL A R, % R Y T
AT OB T o T o8 UG BERR 2 ¥ T, Ttk
FEAR A 20 mL, BRI 2 ASFAT, RIS o
W, ICP-MS EHLINAE .
1.2.2  ffAYHEHL

HERAAREL 0. 5 gCREH %) 0. 000 1 g) FE 5T 50 mL
BN LN 10% FEER 1% 5 RIR AW 5 mL, ik

WIRAT, T 90 CRUBA B4R | h, 2 20 = %,
AECH 2 mL, #R#E 1 min 5,12 000 r/min .0
5min, 5% FJZIFEC K. WICF)ZWE R, 3 0.22 pm
SRR B, ] I AER BOA 25 1 ) IR, B AL A o
1.2.3 HPLC-ICPMS 4t 514

Z Ak #% W @ 0.88 mL/min; RF 4f Jii I &
1300 W5 W i 8% m/2=74. 9(As) ; 25 85 TS
18.0 mL/min; % B X i i3 1.2 mL/min; Cell gas B
L 1.4 mL/min; RPQ 0. 45 8000 & 2l , 40 >
99.99%. DlonexlonPac As7(4 mmx250 mm) [H & ¥
WA AR s WS A A 0.5 mmol/L % R % B:
200 mmol/L il R & 5 B B U6 B 45 14 DL 3% 15 E R 1A
20 LA 1.0 mL/min.

1 PSR R A

Table 1 ~ Gradient elution conditions of mobile phase
5[] /min Wi A A/ % i 2 A B/ %
0 100 0
2.0 100 0
15 0 100
12 0 100
2.0 100 0
8.0 100 0

2 #HR
2.1 BSR4k

T FH 80 30 YA T AL 8 1 45 I A L T R L SRR
E B F RIS L (Inductively coupled plasma mass
spectrometry , ICP-MS) I (% 47 L 50 4 47, fli A &% R
BORE AL RUHL A 3 B 30 45 45 T4 A ik B i
7 R SR AR L 1.2.3, R FEHEE B &
hmEA - EmN CLL RS 4 M EsAaAss &4
Cao TEIEWHFEFZMET AT MEAEAREZETE
T PACL F PCa”Cl (m/2=75) , 2 T PAs" i
Mo BRI TP, I an S5, - R A i
T T BR B R, (a) & HVE BE (9 39 ) B 1E ) o
(GBW 10018 ) 58 1 fi# 5 (b) 2 1 ¥ BE (14 3 PR A )
it (GBW10018) 4 UM 4 UE 78 o P A IR = A
ICP-MS, H 10 pg/L ifi b fE 3 WAE 2 1L, &2 o0 EAE
W AR, 7 KED £ 20 Xf "As" L & DRC £ X F
XF U ASO HEATIN B . SEERAE R WL 2, AT AR P A
R, PR 0 o B2 (T W 35 25 5 L (L A O
X TFWETRERMBREMN 2. ERRES
F AR 1 A I A e AT R B, 4R O FE DRC
T E RSN IE B T AsO AR, H 30 min PN R
55 {5 RSD N 9. 3%, i KED filf 1% 8 2058 hy e
DL 1. P, 78 2% i RO RS S LT S R IE
SEE R E M ERER IR AL, RIS KED filf
TH I UL B Bl 4 R R AT IR, e A R BLAE Cell
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2 PR BE T ICP-MS B9 B T
Table 2 Mass spectrum interference of ICP=MS under
two experimental designs

KED DRC 5
{8 /(mg/kg)/CPS M {f /(mg/kg)/CPS

GBW 10018 7 fif i * 0.100/6 000 0.102/12 000
GBW 10018 # B 0.096/6 122 0.099/13 111
H:* GBW 10018 &L 1% 1:(0.109+0.013) mg/kg
15 000

:!IJ\ 91Aso+
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Figure I Dynamic monitoring intensity of GBW 10018

extract 'AsO" and "As’

gas B=1.4 mL/min 31552 & RO s 1L 10 T bR £

JE 5~ PN R S AERE A R e e

2.2 @B
ARIEE T DionexlonPac AS19(4%250 mm) |

DionexlonPac AS7 (4 mmx250 mm) B B 1 5 i {4, 1%

BT N B AR AR MR B pH S 1 S R AR Y

3 5 (5 I8 B B B 5 A R v DL i 2 1k

BT B W AR R B R R R IR AR RN

MRAER), Lok
% M DionexlonPac AS19 {0345, {dF F A W) A9 7L

SAR RN, LA R R W] — R 2N i sh A 2% 22 L pH

{H (8. 0~10.7) P (1. 0~1. 2 mL/min) P& J7 2 55

G e g 4. H & DionexlonPac AS19 {2

AR SRV S A R T As(ID 5 DMA J6i%

SE4 0T B, AsB A1 AsC ff B I [H) & (18] 2a) s RR

HAKZR T As(II) . As(V) .DMA  MMA A8 4 2 5>

B L2 AsB Hl AsC 7 B ) (A # & (18 2b) 5 R

DionexlonPac AS7 A+ , 75 ik R £k 1K & F el 242 Ui

By A Y MR B TR (1. 0~1. 2 mL/min) | 3 i )y 20 %

FAF AT R B R LS Y . (AT RERR SRR

N KORAEAE AsB Hl AsC RAEST B, H As(V) R

BOEAR (A 3a) R R . B A 0Nl W s A0 A

0. 5 mmol/L B 2 % , B: 200 mmol /L Bk & #i¢ ; 16 & Uk

JId 7 3 S5 5 3% S5 F o ISR AR R TE 32 min A SE

BT R ZS B R4 B OF BB X AR AR

RAGE (L 3b) o

2.3 HiAbE ORI
il 245 DN v I 9 Sl KR K

F AR A SR OB 2 A VR B R P B BB el B
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27500
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00 4 9 13
Time/min
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b: BRIERER L AR R (10 pg/L)
K12 DionexlonPac AS19 W 6 Fififi 2 45 1R 4 4 1fE
el R R
Figure 2 Chromatograms of DionexlonPac AS19 mixed

standard solution for determination of six arsenic forms
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Figure 3 Chromatograms of DionexlonPac AS7 standard

solution for determination of six arsenic forms
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T PR P IR B A R R R
A, H PR RS B GB5009. 11—2014, 7R 47
HOCR 60 “CHE 7 25 3 h, S0 il Bh A U0 Sk 76 1%
AP LR RR 90 CRUIE AT B AL 1 h, 484 HR L
FGEXT GBW 10018 3 R A7 UE b 18 4 5T Ay 44 s 5
T B 2 e AR IO v, L3 3. th B v AT, 1% il
T2 VRO TC LA A 35 0 A B IO, 10% H i TR fig
U B IO A BB S 0T 10 FARE A, 10%

BT 1% SRR G 0 W LA IR B HEBUR . R
TR A 7 W B B, A2 R bR DR TE 65, 129%~
95.71% Z [0] ; 60 °C i 7 42 HL 3 h by [ Wi #6 7
63. 11%~90. 78% 2 1] ;90 “CHUIE 4T B AEHL 1 h, [F[k
HAE 77.50%~95. 26% Z [0] , H 45 T8 &0 & {5 Z Al
(0. 106 mg/kg) 5 & il A E [ (0. 109+0. 013) mg/kg]
BEAR —F A R E TR A SRR, A
90 CHREI AN AEE 1 h AL S AT AL PR A

3 A RBURRE PR AR Dy UT R S R CR SR

Table 3 Results of the extraction rate of arsenic form from each extraction solution under the hot extraction method

i S & ik 10% B 1% fiF§ R 5 R 10% F B AT 19% fitf B2 1
As(TII) 60.62 56.03 78.11 76.51
As(V) 40.13 3422 82.63 83.53
AsB 50.73 58.10 87.26 82.47
AsC 38.07 59.06 84.42 81.12
; i s DMA 67.66 67.98 89.48 94.74
CBWI001S BEARUF /% MMA 60.53 58.99 93.20 95.71
ASA 23.20 65.63 54.10 69.95
NPAA 25.70 67.32 57.46 65.12
Rox 26.21 68.07 55.18 70.16
CBS 34.96 70.24 59.11 7741

Fd A PEBOR W AR A R B U SR S R HCR SR

Table 4  Extraction rates of arsenic form in various extraction solutions under ultrasonic extraction mode

WIEEGY afi kK 10% H BT 1% il TR 1 T 10% P15 i1 1% fitd B2 V5
As(1II) 51.35 61.18 70.13 76.22
As(V) 42.90 20.44 78.35 87.41
AsB 40.63 49.26 80.25 86.07
AsC 28.01 47.07 78.51 88.08
) I DMA 54.13 56.33 80.59 90.15
GBW10018 4RI 3 /% MMA 36.96 58.82 82.70 90.78
ASA 29.00 64.21 67.24 71.88
NPAA 40.42 69.25 61.02 63.11
Rox 33.13 48.15 52.14 69.94
CBS 37.86 70.28 55.67 79.03

F5 A PRI WAE O i B A IO 3R BRSO 45 2R

Table 5 Results of the extraction rate of arsenic in microwave—assisted extraction

WIS EY afi kK 10% PR 75 1% RS TR Vs WL 109% PP s 1% il R 15 T
As(1II) 57.90 68.55 87.07 88.15
As(V) 70.74 69.59 89.65 82.59
AsB 73.23 91.34 81.97 86.39
AsC 75.08 101.02 72.90 95.26
I DMA 60.75 109.78 112.15 93.17
GBW 10018 SRHR A /% MMA 60.13 88.13 78.63 93.94
ASA 40.70 84.13 64.37 81.67
NPAA 37.04 71.86 59.98 88.84
Rox 28.97 40.72 47.04 77.50
CBS 44.42 44.12 62.07 79.69

2.4 JFIELRMEVE E AR H R

TE 1~20 wg/L #e B2 5 Bl 3 0 Ol 1.2.5.8,
10.20 pg/L &4 10 Fi B S0 G Y 1R G dn HE T
R, LAV BE R0 T AR AT it 2, S Il I 2
W% 6. R M B %M B L L K M R (Limit of
detection, LOD) [ {H #i 4f5 28 L LOD=3(S,/Y) C, 3k
TR, SRR M Y AR Y& &, C, &8
WPy e B, 10 B A OE AS A AS K R 7E 0. 024~

0.080 pg/L Z I . LAMUFER Ny 0.5 g, FE W IA TR
5 mL, 77 2K H R AE 0. 24~0. 80 pg/kg Z [H] .
2.5 JyikE PR R AR

R T 2 BT VR AT RE M AR S50 AR IS B
AR P A R I 1. 2. 2 J7 12 EAT bR [l g 52 56
BT FESLTATINE 6 W S54RI 7.5 8. 10 Ff
i 25 A6 & W0 b [0 OR FE 83, 77%~114.21% Z
[&] , A6 X 45 E 1l 22 ( Relative standard deviation, RSD)
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F6 Ik AR H R #8 AR 10 EIE A B IR BT (n = 6)
Table 6  Linear equation and detection limit of the method Table 8 Spiked recoveries of 10 arsenic forms in beef (n = 6)

LDIES EAEvip XA Rr KB/ (pg/ke) 0.02 mg/kg 0.05 mg/kg 0.10 mg/kg

As(ll)  y=48 265x-15 602 LRl 0.48 W/ KEgE/ W/ K/ ek R/
As(V) y=50 150x+47 686 0.999 4 0.36 % % % % % %
AsB y=20 005x-5 981.7 0.9993 0.37 As(II) 9512 4.1 9175 4.4 9075 1.2
AsC y=23 516x—1729.4 0.999 5 0.24 As(V) 9994 46 10177 2.6 8042 23
DMA y=28 206x-6 265.7 0.999 6 0.45 AsB 105.15 49 9620 3.4 9716 2.9
MMA y=29 970x-3 693.3 0.999 6 0.34 AsC 104.82 40 10024 2.9 0882 11
ASA y=14 866x-5 805.6 0.999 0 0.72 DMA 100.18 3.4 10192 1.9 10079 1.5
NPAA y=18 367.7x+1 089.1 0.999 6 0.44 MMA 95.67 4.1 96.06 2.8 98.20 2.1
Rox y=17 189x-2 4554 0.999 5 0.77 ASA 95.78 4.6 98.33 3.1 100.24 1.9
CBS y=17 833x+2 340.8 0.999 6 0.80 NPAA 95.65 4.1 94.16 2.8 92.22 1.4
, ~ R 100.74 3.8 96.46 2.2 88.91 1.0

F7 AT 10 R A5 IR 1 (n=6)

CBS 109.98 24 9460 25 97.16 1.9

Table 7 Spiked recoveries of 10 arsenic forms in chicken (n=6)

0.02 mg/kg 0.05 mg/kg 0.10 mg/kg
msR/ KGR/ MR/ KSR/ R/ W% R/

% % % % % %
As(IIT) 90.30 5.0 89.02 3.1 90.34 0.8
As(V) 97.06 3.6 93.95 2.0 83.77 2.0
AsB 109.73 3.8 92.93 5.7 94.84 33
AsC 114.21 3.9 103.53 33 98.57 2.1
DMA 104.10 4.3 100.26 1.6 103.84 1.6
MMA 89.62 4.5 92.73 3.6 96.28 2.1
ASA 89.77 4.2 91.38 3.0 96.20 1.8
NPAA 96.62 3.1 90.13 2.2 90.25 1.0
Rox 94.72 3.4 89.48 2.6 86.90 1.3
CBS 108.65 2.8 94.49 2.9 97.59 1.5

TE 1. 0%~5. 7%, 52545 W 3 0 5 2 I i 45 SR R g
AR, TRUCIIAY SR, TR R A IR S bR HE Y

T HEAT WE B VPR 3% 5 YA TE R G0k 04 i A D A
TE— € B
2.6 SLBREES P

R 75 B2 T 7 Wk A R L X ok A A% R A
AT KB REGA Y NSRS
10 HE v HE A7 8% 25 & 5 A0 E |, IF R A 1CP-MS
FE VAR5 ULER 90 NE B AR S R A D Al AL G
Y%l As(TIT) .DMA, ASA, Mfh & 28K T
K& WL R EAE (0. 5 mg/kg) , TTHLA B
BI/NF0.05 mg/kgo I AN 2 A2 M5 1ICP-MS
P4 0 R A — K, LR XS P 2 R A AR A
B WLE 4,

29 SLPRAE &I A2 45 R (mg/ke)

Table 9  determination result of real samples(mg/kg)

e As(Il)  As(V)  AsB AsC DMA MMA ASA NPAA Rox CBS  THLAp* AEZE B B
XA 1 0.016 ND ND ND 0.012 ND 0.016 ND ND ND 0.016 0.044 0.048
X4 2 0.005 ND ND ND 0.004 ND 0.016 ND ND ND 0.005 0.025 0.030
X4 3 0.013 ND ND ND 0.043 ND 0.026 ND ND ND 0.013 0.082 0.088
X 4 0.043 ND ND ND 0.020 ND 0.034 ND ND ND 0.043 0.097 0.104
XA 1 0.042 ND ND ND 0.022 ND ND ND ND ND 0.042 0.064 0.077
X AT 2 0.036 ND ND ND 0.036 ND ND ND ND ND 0.036 0.072 0.075
XT3 0.029 ND ND ND 0.030 ND ND ND ND ND 0.029 0.059 0.066
4P 0.007 ND ND ND 0.019 ND ND ND ND ND 0.007 0.026 0.030
42 ND ND ND ND 0.021 ND ND ND ND ND ND 0.021 0.025
43 ND ND ND ND 0.018 ND ND ND ND ND ND 0.018 0.018
TE:ND MR R R T R ;R R As(TH5 As(V)ZH
4000 3 i

- AR TAEHSL T LA DlonexlonPac As7(4x250 mm)

>

= 7 B8 22 48 (8 3% A VR R 43 Fr A, 0. Smmol /L ffk 2 % -

2 - 200 mmol /L 5 i 6 2 UL , 7 5 £ oo 9 B AR

= | b — [As(ID ] AR AR [ As(V) ] — LR (MMA) =1

0 | e ) i ba )
0 10 20 30 40 FL A (DMA) A 32 0% (AsB) A A% (AsC) & K

Time/min
Pl 4 HPLC-ICP-MS X% 1A 2 B il ] 245 00 5 £ ] 3%
Figure 4 Determination of arsenic speciation in Chicken

samples by HPLC-ICP-MS

B R CASA) Al 2K B R (NPAA) LI 52 ¥ B (Rox) Al
FE M (CBS) AP i 2 25 UE A7 $E B 20 88 5 46 DAY
Trik o AL T REAS BT Ak 38, A 3E T AR S T A T g R
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