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1 ZE:# 5 QuEChERS X Fl &K A & Bkt &AM SR FI B fi& i bty ik, HRZRABRALUKES
10% = A B PR ER (1:1, V/V) 2R, B, BREFEZRT QuEChERS 44L& (7944 LA 400 mg
PSA. 400 mg C,; EC. 45 mg GCB. 1199 mg MgSO,) ¥4 N FEMik, 2B T okt e EtiThn. £xL90,
T #BR A= 0% 210 AP £ 1.00~100.00 mg/L Z 18] 2 I RIFEA KX R, MARHH KT 0999; F ik Hmaih
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Determination of Arsanilic acid and Roxarsone Residues in Eggs by
QuEChERS kit -High Performance Liquid Chromatography

ZHAO Ying, LI Diandian, ZHANG Dawei, WEI Yue®, MA Jingjun”

(College of Science and Technology of Hebei Agricultural University, Cangzhou 061100, China)

Abstract: The method of using QUEChERS kit in combination with high performance liquid chromatography for
determination of arsanilic acid and roxarsone in eggs was established. The sample was mixed and extracted with methanol
solution (1:1, V/V) of acetonitrile and 10% trifluoroacetic acid, centrifuged, and the supernatant was taken and purified in
QuEChERS purification tube (containing purification packing 400 mg PSA, 400 mg C,; EC, 45 mg GCB, 1199 mg
MgSO,), and then detected by HPLC.The results showed that there was a good linear relationship between arsanilic acid
and roxarsone in the range of 1.00~100.00 mg/L, and the correlation coefficients were all greater than 0.999.The detection
limits were 0.044 and 0.063 mg/kg, respectively.The quantitative limits were 0.149 and 0.211 mg/kg, respectively. The
recovery rate of arsanilic acid was 92.32%-~95.95%, and the relative standard deviation was 1.54%~
4.92%. The recovery rate of roxarsone were 89.84%~94.91%, and the relative standard deviation was 2.19%~5.87%.The
method has high accuracy, good precision, simple and rapid, and is suitable for the determination of organoarsenic
veterinary drug residues in eggs.This study provides a method basis for trace analysis of banned organic arsenic

preparations in animal-derived foods.
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Bal 8 8 ( arsanilic acid, ASA) Fl & 7o ¥> fif
(roxarsone, ROX) ZE A LA I8 2 H TH &
Az, g B SRR A AR, TR SR
PRI, T E AN ASA Fil ROX
PAEL, S PR N B S ST SR B A PLRIS
YyJ5a, I B RV E PR AR ZE B LGS AN [R]
FREE IR, FRETF 2017 4 7 H 31 H ARl
IEfFH ASA F1 ROX AEMARPERES InFvl g2, {H H
X 3 b oY R R AR RIS, ilan
SaucedoVelez 4511 1| FTHE 5l B 25 BB AR BRGR=3%
WAR ST TR ASA . ROX R A ARAs iRt
ATIREI RS ; FA25ET SR SO (s ERER BTy
ARATHTAG R H ROX 5% BE i M AR 5% B AR, i
XTERZEITTE IR L, PR A D B ST A A I XS R,
Y ASA 1 ROX 095, S 5e3% s IR rE e bl b
B EJFEY ST RESR EHOR A

JELEAR, B T8 TP PILER R R 0 22 BT R
A [EAHZEH (solid phase extraction, SPE )P d# 7S
PR ENZEGENC | A AR B AR, AR
SEFE BN 7 1R o E B e AR A B, AN AR o
fLEAIRESL . 2003 4F, Anastassiades ZE PR T
T QuEChERS( Quick, Easy, Cheap, Effective,
Rugged, Safe)HALIE J5 2 FH T AR Ak 245 5% B ks
W, Z 7R, =R, 284, FERTESE Hydi/b T AL
ERME AR, T UAER st e s b
255 BE 43T

AR 5 $21oR Fl QUEChERS 4 Rif 40 3 5 %, BX
A AR A 3% B R (high performance liquid
chromatography, HPLC) % = 43 #7 X% &5 +H JE & 19
ASA F1 ROX, SIS I £ il A HLE S 58 25
5% B PR AR
1 #RERFE
1.1 MRIEEE

. . =8, Yhaigal, g2y
SR B A IR A W3 ASAL ROX 4l = 99%,
Vg S AT A AR A IR A F]; ZREARAIKEE 4l
B =97%, T E R B AN A DLk 2 A R A A
QuEChERS 43 HiC [ AH 2% B Ak 120 50) &r (5515 5982-
5022, PI &5 AL TR 400 mg PSA . 400 mg C, ¢ EC.
45 mg GCB. 1199 mg MgS0O,) [ Agilent 2\ F];
QuEChERS #E B & (815 5982-5058, Bl Lk
Z B B MgSO,. NaCl) 3£ [H Agilent 2\ #] ;
DIKMA ProElut C,q 08} Jbatilt B LR A R
"l P R A R LS IARHECA BR
4\ Fl; Waters Oasis MAX [ A#H ZE BUAT: (LA« 3cc/
60 mg) BRSNS AR F] .

1525 AR SORAR (354, TICAT 2998 SiGHE —ARAE
FEF) KI5 9% [E Waters 2\ 7] ; ZORBAX Eclipse

Plus C,g ¥ #H 2 3% 4+ (1.8 pm, 2.1 mmx50 mm) .

Agilent 6460 7 HA ¢ —H PUBRAT BT, Bic Agilent1290
TR A (O35 22 Agilent 23] ; HC-3018R % &
W HRES DL LB hRH PR AR B H

HGC-12A BIEWAY  H R & A B F s MX-
S MU i g fX & E SCILOGEX 4y ) ; Mill Q

MK RZSE 22 E Millipore 2 H); KQ5200E BUA
Py BT A GEEE A R AUY 120/220
BRI AASEERHCA RS F; FG-12 BYE AH
FEWAN A R E WA BB AT B 4S |l 5 SHZ-

1 PEMKEAS R IS S g0 e B R A5 bR

INFE o

1.2 KWHE

1.2.1 PRUEVE I 20 I FREC 2.5 mgCH iy 3]

0.1 mg)ASA . ROX #rifliiti 28 25 mL ZEHHr, H P
REZE, Behi A 100 mg/L AU bR HEAS & W, B8 CLRAT o

At 25 W H B R BE A 1.00. 5.00. 10.00,
50.00. 100.00 mg/L ¥ RINbRME TAEE AR .

1.2.2 FEShATARRE

1.2.2.1 SPE %  HY 0.5 gCKSAfi %] 0.1 mg) X IEAL N,
B 50 mL BB, ITA 10 mL RS 5% =5
LPRKEEW(9:1, V/V), iRHE 5 min, 10000 r/min &5
A 5 min, B LI E 10 mL .04, FRiE
FIMASREGR 5 mL, T4 R0, 53¢ IS, &
TEZE M4 5 mL, B35 Cig HE . MAX AEFIE T
ZRERRINAAEFEXT ASA . ROX i1 ik o 386
SPE % & 4k 3. B 5 mL W EEE AL 0.5 gORS i
%] 0.1 mg) FAFEEU/IMNE; 5 mL i W 3EAT L AE;
5 mL FELSK(1:1, V/V) keS8 ; S AL i e
a3 i 5 PP iR (60: 40 , V/V) 5 mL A T3EME, Wse
Ve, W HI Y 1 mL/min. 30 °C FZ& Wk &=
1 mL VI, HFEEZRZE 1 mL, i 0.45 um FHLUE
i, {4t HPLC #6:7

1.2.2.2 F& 5 [& A 4 B0 EE B (matrix solid phase
dispersion extraction, MSPDE)  [a) B35 MM A A a4 i
A 0.5 gCHERfE 0.1 mg) InkrAE S, 43 73H 0.5 g
g 0.1 mg) HF HEE+5 0.5 gCE#IZE] 0.1 mg)
PEAEALER DRI g fh, SRS S min, flAE 5L 5
HUBLE AR S), IR G WA B2 . B
HHER(60:40, V/V)FEBELLT, 7ZEE SIEA T X B
YT, FES A 10 mL 25048 AR VeI . Uk
4 3mL J5,30 C AWK ZE 1 mL DIT, FREERE
1 mL, it 0.45 um AHLUEML, Y TEE 5T

1.2.2.3 QuEChERS i#fl&ik 1 0.5 gOitifiE 0.1 mg)
XS FE S F 50 mLQuUEChERS #£HUAS (il A 48 L 2K
BUECEE MgSO,. NaCl) 1, Il A 15 mL &5 10%
SRR B (11, V/V), IR HE 5 min, TN
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A QuEChERS Gl & iy #2 BBUECEL, 10000 r/min &0
5 min, I FJE# (2 5 mL) T QuEChERS %14
(& EAEIEERE 400 mg PSA | 400 mg C 3 EC. 45 mg
GCB. 1199 mg MgSO,) 1, J"#E 5 min, 10000 r/min
B 5 min, BHEFERTERWRE S, AAKE 1 mL
IR, FEERZE 1 mL, i 0.45 um A HLIERE, 157
A&

123 HPLC Kol £  Agilent ZORBAX Eclipse
Plus C, g #AHG4E(1.8 pm, 2.1 mmx>50 mm), £
20 °C, #FEEE: 10 pLo RAMEHSh 260 nm. FishitHh
RS 0.1% —IRIR/KEH(30: 70, V/V), SERESGE
1.2.4 UPLC-MS/MS il 554 i 45k WishAH
M 0.1% R AFEKIFR(A)S FEL(B), SRV
K A 5% B(70:30, V/V), Wit 0.2 mL/min, #EAF
2 plo BIikscf4: mmiss e IR (ESD), g1
i, HEFLHE 40 V, BAEHE 3.5 kV, B TSR
JE 350°C . RMHZ R Wi (MRM), ASA
AEMEE N m/z 123.03, fiffERER 16 V, &2 m/z 107.16,
Wi fe RN 34 V; ROX E M T8 m/z 123.26, fif
FEREE N 25 V, S m/z 153.07, TiERER: 34 V.

1.2.5 JrsATm

1251 FEm&EEE . R RAmEER  H
ASA . ROX prufifiti s Mg B il e B2 4353124 1.00. 5.00.
10.00. 50.00. 100.00 mg/L HIFRAE TARERE, HEES
HIVEbRETZE, J7754F 1.00~100.00 mg/L 75 B £k
PERAT . B IARAR BE B AR BN I A it v i 2 £
Lk, DA 3 fiF R (Ren=3) 8 2 B BR (LOD) | LA
10 515 (Rgy=10)Hfi xE E = BR(LOQ) -

1252 PIBCRFRG % B LLZS 11 38 kR & B 4T
1.00. 50.00. 100.00 mg/L 3 /KB A0AR Bz 56:,
FEIE 6 U, 87 1 7 A FRARE 5, D I 15
[FT RIS 25 2

1.2.6 SEBROGEFEMIE e | Se
SEBRAE SR IE, ST AIRE T 4 4y R IEAS R XS FEAE
A EATIN A o G S R YR S ) 0 SR 1,
WL P T AR B2 T b5 w2 2, Wrdbasg e i
KRBT ; HHE XY 3, T db A e i 9239 1y; m
XGHE 4, WA ORI AE TIT; S AR 1, Wb R
TR FENG 75 SEXGEE 2, A e T & T 15 483
3, Wb A T R R T ; SEX R 4, Wb e
iz,

1.3 BRI

K FH Microsoft Excel 2019 #4347 85 P 5% 34
5381, SR Origin 2017 il EEAAAEE
2 BRS5HH
2.1 fRACEEECHTALIE TS %

A B8 K L T SPE % . MSPDE % M
QuEChERS & A [RIEHEIEDELT H ARA HLAR 5
AR, 45 R 1 iR SRSV g T £
BEGRINAKE (MWCNTs)VEA SPE HUELXT A8 25 119

B
FIT SRR EA PR R i LBk H

Fig.1 Comparison of different purification fillers under three
pretreatment conditions

W B RE T, 250 3 B A G v AR e e -
ARG LS T Cgn MAXP! HI MWCNTSs 0BT
H AR P 50 4 AL, 45 SRR, C g XTHIFR
B A G e B RO 22, HE B 35 i K 1 s MAX
TR BRI ET, (RS S0 B ARIITEIE T ok, 5 4E
B MWCNTs HURRgH AR RE 7 B 00 T e ok,
FH O PR R RO, WeBfRE J13ca, XA ik
B e E A RE U, (B 7E HARME S BT 2 A7 A
—SERREE A R TR, ELIRISCHIRT QUEChERS 7k,

£ MSPDE % th, 43 5 £ 1k b 5 3 22 B hk +
(Florisil) 5t PE AR AR ORI iR, — 3 ¥k
SRR BT, XA ML AT — e SRR Ty . 4R
ZEBH, BN Florisil X ASA | ROX A4 i [ mi W (B 558
Hio (HREALRY Florisil HALRESh S, BB A 5
AT, AR EHE RO, BRIYRE J1 5855 -

QuEChERS #: i/ /il QuEChERS 5] & 47 ¢
A PRIBGAH M, BRAETI A, 4 H% T SPE Hibkyk . BEEAE
YR, WD T ST IITE RS R R A O, ELRTARERER
L5 [FBHZ A LT MSPDE 2495 T4/, b8
BOEPE A PSA. GCB 2540 S EURIA 2215 T3
HRES AR BERR A S AT, WA R
T IR . A K 1 QUEChERS 7L 7R
AbFIRRAE . 22PFEDY BTG B ZE G 53 A
XgEEH ASA . ROX &, HIZA s A1, Hiks:
P AL S PR R R 2, BRAE R, A b
QuEChERS 72 & & Fp AR A, JoHs 2 444584 B
HER RS -

AR I B by, 3 5T B bRk A i Pk
/e FHIE 1 AR, 3 RO IR TRl 1 mg/L
XA S AR, T QUEChERS EAZRAS A4 i 1/
{H B &, I ALAE RS2 50 4504 T H AR RNl )5k
F| 80% LA o Ny Tl HARY) MBIk B Befd:, 75t
QuEChERS #Ei#t—361k .
2.2 QuEChERS JASHFHIIL
22.1 AEGAHS SRR H WA DL RG]
ALFELliZK . FF A A — AT HILIE R Bl A BLIES 7R K 44
— i W BIIR G - AIESTE Eom 450" WF5E 114
FLAith b, A8 R — PR B LA X AN [R) 25 BRI 2H i 24



Ba2% %M

B B, % QUECHERS 55 - iRy ROBORH (i A X B Hh B R A s v i s B8 - 255 -

B R KR ARG T RS, 20 5
H A RHRBOR R TS, (H i TS ERS P AR S =
B, MR PELAE AR TEARUE, B s
IR R B TR UTVERR I, IS = O Ak
FLOF By 3 M 0.05%. 1%, 5%, 10%. 15% 1Y) FF B
VRO B BT U E A B AR A BRI (F 2) .
ZEERLHH, MR ZE S 10% =R M BEIRE
PR IR BUSCREE L, ASA . ROX [ A1 3 44 5 5|
91% L) o

120
100 |
80 -
60 -

MR (%)

40F = — ASA
201 ROX

0.05% 1% 5% 10% 15%
B IR & = TR S TR AR TR 4L
P2 eI 46 1T ARG BT [T A 52

Fig.2 Effect of extractant concentration on the recovery under

the same experimental conditions

222 FEBGN LGRS 1 I 4502 oy 2 i 4
G g A B LA i 55 A BB, MO B IEAEEL
FE4x, IR b T AR EL B B ARG, aniEl 3 R, 2.
IE5 10% =AM FEEE (11, V/V) RS, Al fx
R B Hb G A L TP R B ASA L ROX, HELH
TN, IR HE AR R B B ZE BRI S0, &
IFRBOR S Z 0], ZEBCR N FRE, PIRef2H T4
PR ot 5 3L TAH BAEH, S8BT ik,
ORI T — IR B . FESR AR ZE BGR B3]
T, PIF HAR0 DBeRER 3] T 93% LU .

120
100
80 -
60 |-

40r = — ASA
20} ROX

IR (%)

0

9:1 7:3 1:1 3:7 1:9
FEBGA L)

3 MRS A G HAXT IR R 52
Fig.3 Effect of extractant in different proportions on the
recovery under the same experimental conditions

2.3 HPLC &HHIEK

it AR MESIAE AR X ASA . ROX 1RE R
HEVS W AT A v A, 58 R AE 260 nm &b
ASA. ROX FH#EGRWIA . I Waters Atlantis T3
5 pm GiEFERT AR5 ASA . ROX #HAT4085 . 24
PR RIS /KET, ASA HIERT AT S, HOgERELE
T Az A AR s R AR s AR TP S — 2
SIS W |3 S iy S5 R = 1 L = i D P 1 N

SCgG AR R B T F IS S S AR S B0 0.01%.
0.05%. 0.1%. 0.15%. 0.2% 1 = LR /KIS WRAE N
T AR H AR 00 06T L, e 2R IES 0.1%
= PRKIEW (30:70, V/V), 7E 10 min N SZFLPH
b B AR BLIF53 B, ASA . ROX R 85 i 4] 43 1) A
3.298. 6.174 min, FERLEL S, WERIJSEIRTRR, L P
Fa, JeAEHPCaniE 4) .

0.3 1-ASA
2-ROX

=) 0.2+
<

#

Lot

0 : : : )
0 2.5 5.0 7.5 10.0
A 18] (min)

K4 nbsisEredhr) HPLC &
Fig.4 HPLC diagram of standard egg sample

2.4 UPLC-MS/MS &49ffit

J T EEKI ASA . ROX B #8718, a6
WA T UPLC-MS/MS X AE AT RE o T sh AR
R = SR LR T A IR, I H A B TR A RS
BT B ARG, SRR A B S 0.1%
ZROTRIKEEWR (30:70, V/VIVE N BIAH, 25 5 3k
5, B IE AT S3ES JCHH BACR, B A (i 444k

SRR ST R AR, % A MRM TR, [R]RT
Xt ASA . ROX A7 B Tl 18 50T, (e HEEE N
HER; PR BLMIY) BT 2 55 1R M 5 5 R iR, R 4%
PRt B A, IR A A mi 55 B8 15, B Il BAIR
BT3P, e X i i s | Rl e A A ST
PRIREE SR T T U0, e e it 45
R, ALK T, LL 3 53 (R=3) #i 2
LOD. L 10 {512 3% (Rg=10) i &£ LOQ. ASA 1Y
LOD 4 0.122 pg/kg, LOQ & 0.372 ng/kg; ROX [
LOD & 0.254 pg/kg, LOQ &y 0.760 pg/kg, %7
A RRATG . 2 AR vy, (EARG I BAS 55 55, EL ARG J&] 40
B, ANFITF )/ N s ASIN A L. S T RE
AR A K 2 8 381 vk i 52 P, A i56 (8 FH HPLC
FEARST AR R H AR o
2.5 FEFIEN
2.5.1 kMG MEERE R BRAE IR K ASA.
ROX VR A& b HEAif #5 W T W B2 73 B B e 52 28 1.00,
5.00. 10.00. 50.00. 100.00 mg/L #J F 5 brAEW,
NUFEEENRE 5 IR LIaiRgmfROY) g AEpR,
ASA. ROX M B2 (X)) s A brgs il bt Ze . 7E
HPLC ALK 5510 T, ASA Zi 07 2l y=3.59x
10* x+1.33x10°, R=0.999831; ROX £k 14 J5 #& N
y=2.23x10*+6.59x10°, R=0.999562, 7E £k V4 i [H
1.00~100.00 mg/L kM0 R RUf. MRIE 1.2.2 F 5
AT AEBET7 3%, LA 3 4% I 5 (Rg=3) i & LOD, LA
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Table 1  Sensitivity comparison of different methods
WREE  RER bR ASA ROX S5
AY 1 AR — — S I
" ! LoD  MBRFICE(%)  RSD(%) LoD MBRFICHE(%)  RSD(%) !
QuEChERS X Img/L  0.044 mg/kg 92.32 1.54 0.063 mg/kg 90.16 2.19
FARHAEHCREAR Dk 20pg/g  0.095 mg/kg 88.6 6.2 0.19 mg/kg 86.0 4.7 [9]
IR I 0.5 mg/kg 2.4 pg/L 922 4.6 4.1 pg/L 89.3 3.9 [12]
OB AE L W8 0.1mgkg 0.1 mgkg 83.5 3.4 0.2 mg/kg 84.5 1.81 [20]

10 5135 (Rg=10)#fi LOQ. ASA. ROX ) LOD
5% B A 0.044. 0.063 mg/kg; LOQ 43 51 4 0.149.
0.211 mg/kg. RIGIA Lbe T I JLAEA RS A 0y
REPUE, W 1.

252 PICRFKRE®E  LUas (ERTRE T 3 Pk
SR EIRGRES:, EAREWIGE 6 UK, T 1 ik Ab
AL, IE I HEE RSCR ARG 3 B UL 2. 455N
F: ASA Y B R 92.32%~95.95%, AH X Fx HiE i 2=
1.54%~4.92%; ROX [A] i % 89.84%~94.91%, AH X}
PR E 22 2.19%~5.87% JIl X% 26 £F i B9 HPLC
EWLE 4,

K2 FEAIAR IR RO
Table 2 Recovery and precision of standardized samples
HaEY AR (mg/L) AR (%) MR 22 (%)

1.00 92.32 1.54
ASA 50.00 95.13 4.63
100.00 95.95 4.92
1.00 90.16 2.19
ROX 50.00 89.84 5.87
100.00 94.91 4.73

2.6 SEFRABEMMNE

A T B E XS AN LSRG & ASA FIT ROX 9H7
B, S RSRAE T 4 G0 IEAS IR BORE S A T4 3
5o T SERRAS SRR AR AR FARAATRAY L | AT 3%
i M. {He R T IGAET b, SRAEH S FE9 1
T3 ] BEAFAE B = Wi B S, A P XY T 255k 7
A ASA. ROX ZEmPEHAS NG i IR) R, {8 422 B8 e~ 11y
J7 ikl SRR S, &2 HPLC 4387, K4 ASA. ROX
Ktk (58 3) o S5 R R & XS B AL XT Y 25 1
MfEE

*3 O EPHERIIE (mg/ke)
Table 3 Actual sample determination(mg/kg)

FEM ASA%iE ROXFiE KRS ASATE ROXF&E
EILE S ND ND  HHEXE] ND ND
Sy TE2 ND ND TEASE2  ND ND
SNy E3 ND ND e A 3 ND ND
Sy EA ND ND M3 NG 4 ND ND
i “ND"FmRARH
3 g

K QuECHhERS 55 &5, B 0 A0 AH e iy

KRG RS ASA. ROX MR & i, 271
R P, A, HAT RFPIEETERIRS S E . ik
SRR ASA . ROX 435124 0.044 ., 0.063 mg/kg; &
B 43 5] S 0.149. 0.211 mg/kg; AH XT bR UE i 22
1.54%~5.87% Z[a] o AR HH B9 WA (i
PRI, A AR, HASSZAE S5 A RN RS P
B 242%, S3Ar B e, ml T H e s P £l
1 ASA Fl ROX A .
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