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Determination of 6 fluoroquinolones residues in aquatic products by solid

phase extraction and ultra performance lquid chromatography
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BR A2 b i A RIRA LRIk 2 SPE AL Rk 4 B L 5%
BN 0.205 89 B K %R 7 #E A UPLC 4475 it ) BEH Cy
(1.7 pm, 2.1 mmX 50 mm) & &4, AARAIL A 93 1 7 #
0.05 mol/L Ax#2 8 +0.1 mol/L Z 8 4% # i&-T Wk K ik 3h
A,k A 0.42 mL/min. #EAERARA 0.2 pL. B A 50 C,
AW BN K K Alex=278 nm. Aem=465 nm, & F E
A 2, R A e B A 63.69% ~90.83%, FAKA B IR A
0.5~1.8 pg/kg. #0347 f 4l £ & T 10%.
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Abstract; Based on solid phase extraction (SPE) and ultra high per-
formance liquid chromatography (UPLC) technique, a method has
been developed for the simultaneous detection and analysis of 6 fluo-
roquinolones residues in aquatic products. The optimized process and
parameters of this method were as followed: treated aquatic products
were extracted with phosphate buffer, the extracting solution were

purified by SPE and concentrated by blowing nitrogen, and the resi-
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dues were then dissolved in 0.2% formic acid solution for UPLC a-
nalysis; Chromatographic column BEH Cis (1.7 pm, 2.1 mm X
50 mm) were applied, and citric acid (0.05 mol/L)-ammonium ace-
tate (0.1 mol/L) buffer were used as the mobile phase with
0.42 mL/min. the sample volume was 0.2 pl., column temperature
was 50 degree centigrade, and the excitation and emission wave
length of fluorescence detector were 278 nm and 465 nm,
respectively. The proposed method is simple and effective, with re-
covery rate range between 63.69% and 90.83%, limit of detection
range between 0.5 and 1.8 pg/kg, and relative standard deviation less
than 10%.

Keywords: solid phase extraction; residue; ultra performance liquid

chromatography; aquatic products
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25 5% R A NY 50712002 J6 2 2 £ 5 ¥ A 245 ) f
FHUED YA 4 Fo 3 S 2R 258 . B A T 2015 4E R
TH 2292 504 B RIEEVY R R E ARYD R s
PR 4 FhEE IS WAE R S . B R
Hh RS K e R U R R AR R A B TR VD R Y R
FR B SR B 100 pg/kg.

FE 37 7 (A A Ak R RS I 9 o 2 R K i v g
B2 2 ok R W P o mn S 53Rt . HoAn, SCEkiRE R 2 —
F A 5 T v 315 T 2 24 0 1 A6 I O 9 L n B 8 A A kT
BAE R IKES R BOR A @S % (HPLOY ™ A 4 3%
R RE T g Hoh HPLC Jy v Al X 3 16 58 3% 36 . 1
HEAE R AR U RO B AEAE N . R RO 3
AR (UPLC) & —Fh 8% 5 HPLC Jy ik 55 R g0 B s 1) 43
BTy PG B AR 1 & J8 A% K A SR % HPLC 1k
Br—ACE S D M B AR bR . D Ah 7 R T I 2 2 4 ok
FE R H A o T AL B % 80T 1 22 O WO AR IO R AR
24 FE o T ELRG 68 B2 S v 5 TAT [ AH 25 R (SPED £ R & 78 £ i %2
SR Iz R AT S B AE L T I A A I (SPED 1
18 BB 6,33 CUPLC) A » 8 37 7T [ B 0 5 7K 7™ i o 5 6
VEAHRVE AN DE BHRDEIEEDE BHDAE 6
Fo g e o T 245 245 40 5k B R 9 SR K PR Y 2 4 B AL
ARG,

1 #e S5k
L1 #E5iRH

Fith B fh B A B LTI

ARV E KRV E GERYE BIEDE AN E
RV BARMER W : 2 E A ChemTek 23

Cleanert PEP-2 [ AH % I A #1 B it 200 mg, # fR
6 mL, AN EARIRAH

N ksl 26 18 TEDIA A #];

WRIR — AU AP IR L LR (R IR S X O PR AT Al
1.2 us5i&%

R e 8 35 A (B FLR 2856 A U 28« Acquity
H-Class %, 3¢ [/ Waters /A #) 5

AR 8 3% # . Acquity UPLC® BEH Cy (1.76 pm,
2.1 mmX50.0 mm) , % [E Water /A7 ;

= YR VR B0 HL . Multifuge X1R AL, 83K /R B L
hEE RA A

[ AH A B B . DG-24 #, 26 [H Supelco A

B 407 K. TX223L B, H AR EAH;
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1.3 HFEESR
1.3.1 6 Fh el v 14 i 25 25 4 UPLC 43 87 2% 4 19 00 Ak M A
28 114 2

(1) UPLC 43 #7 £ 14 19 A8 Ak L & ¥k & 3 500 ng/mL
16 il S A T 24 0 0 TR B B M VA TR T R AR B
0.2 pL AE M Jy 50 C, 4% W P K Aex = 278 nm, dem =
465 nm, S L SCHR TR Y T A X IR Sl A 1 2 B
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Table 1

Preparation of mixed standard solution of six

fluoroquinolones

PRUEFE AR L / (ng « mL™1)

254 %4
g 1 ) 2 g0 3 90 4 % 5

W R 40 80 160 320 640
AR B 40 80 160 320 640
HNT B 40 80 160 320 640
i R 10 20 40 80 160
WEDE 40 80 160 320 640
BB R 20 40 80 160 320

1.3.2 R b Hb 6 G5 v B 2 0 A DU i Ak B Dy 5 A ST

(1) [EAHFE BN AR B TE oFF 2 mL ¥ B 500 ng/mL
F IR G b ME VA TR TT W TR 3h 2% 0l R B 28 10 mL A Jy 85 40 42
BOR 2k SPE /N HHTA> 50 6 mL HEEFI 6 mL /K& 16D
T4 3 mL 5% H Kk VE . B J5 6 mL BRBEVE . 4
BRI BB & 1 mL i 0.22 pm YR
AL T G v - o G R A D SIS 2 1 A D I D [ AR
AETURE R

(2) PEWOTT e FE - MERR AR I 5 g 400 B 1 £ IR B
GHmFR AL FD L 23 Bl A 10 mL B4k 2 (2% B R Eh
(1 mol/L) ., U T %R 1k 4% (3 mol/L) Fl # B2k 2% vh 15 K
(0.1 mol/L,pH 4.5)4 B A6 %7 i e 5) 1 min J5 8
(40 kHz, 50 W) #£ B 10 min, FF 10 000 r/min B >
10 min B FVEWR - EE R 3 K. A IFIRBOK . % [ iR SPE
BAESAT AL B 2 E Rk 4E 2 T )5 . 5% 0.2 [
B2 KIS WO R S5 0.22 pem JE R4 UPLC 4347
1.3.3  JrikitH

(1) %5 Jm [ml i 30 A 8 2 PR  FE R 2 TR ALBLC
3 WA A N KT o 6 25 18 T A0 PR T AR VR W
ANTIMAKCEESE 3 W, R s mks . % BT AL i 7 32
PEAT B AL B T B #5709 UPLC J7 ik K6 0 960 s 45 15 245 90 1
S, TSN BRI T vk i E B BE L 22 ORI A S
(7] WAr 28 AH Xt s o i 22 (RSD) 31 J7 1k B A %% B

(2) eI PR R f IR o BT - 2 56 [ EPA ARk
rPOR A B Bk B T R RO T 0 R AT e IR PR R e IR i
B Ay 0
134 KRG 6 Bh M TE TR 25 W R R de R
1.3.1 1 1.3.2 PO Ak i €335 77 1 R A A 375 1%, 43 1) 6] it e vl
SR W 1) By S £ G0 £y | R PR AT RN U 2 25 A
2 BRI bT
2.1 6 MEEEImEZLY UPLC S &S MR K iR 74

LEN

RN T T 285 24 ) A R A R R RO OR W i LA TR

B =
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VA5 < [ RH A2 T 8 o 2800 A (2 5 325 00 5 /K 77 il v 6 o 9 s 1A TR 26 25 ) 5% 7

P S T TSR AR AL 25 VR €01 2 B ok — o M
R A0 5] P A AR 56 SR T i Sy By Lk 3% 04 3R O
FHBR PR WA AF R . S BR Bk O WV BE L = L W % 2 Fh i
FEAE R s Al . ZEA I A 2% 320R I 2 A0 il 2 A IBC L
T . e AR R LUARBIEL Dy 93 1 7 19 0.05 mol/L #7
KR+ 0.1 mol/L & W2 % 2% v Wi- & W o it 8l Al - I 78
0.42 mL/min B}, £ Waters Acquity UPLC® BEH Cg #&
(1.7 pm, 2.1 mmX50.0 mm) I 10 min N¥§ 6 Ft 56 v 375 B
RKGWA RS (B D, 545800 HPLC J5 2 AH o 4 T %
R W R DU ARSI, 200 1301 iU 1 TR 3R 41 3k
JEE PR b O T TR 15 B 6 il g 0 A R 245 ) 1) b o th 2k 07
PR UL RA R R PR B L 3% 3,

2.2 KFEM™OMEEEWNAMENLESRZNET
2.2.1  BEAEZEBUNE R BOCR IR [ A ZE B0 R O
520 PR 2R B JEURE S AU A L AL f 455 SFORE R AR LA R SRORE IR Y

F2 HMEYGRIEH 6 MEAEEMEAYN
Ak FigE

Table 2 Spiking levels of six fluoroquinolones in

A A R O AN ] R [ — 285 R[] A A BUAE T BB 4%
FEAEARTR AR . AT 5T F AR o V8 WA Ry B 4DLRE O o % T 3
F19 Cleanert PEP-2 [ A BOUNE#EAT T A ZCME R A, 45
R AR A MR IR P A A 6 Rl S v s T L T VR
JBE TR 6 i g s B R S 24 0 0 % R S T B AR A AR i 3R
9 95.9% ~100.7 Y6 (& 4) . 6T % FH A 151 AR 2% BORH: A 3L

x4 EHERIEREMHSBERD 6 HRMEFRTE
HYMEERERE
Table 4 Concentration and recovery of six kinds of fluoro-
quinolones in different part of solution during SPE

process (n=3)

S/ (ng e mL™1)

LR — ———— [l 2/ %
R AR WRUER CEBLIR®
Wi 2 EN oAy EN oAy 166.77 100.1
IR R ARG AA H 159.90 95.9
AN R A A A 164.56 98.7
B 7 AA E ok 162.22 97.3
HEDR E N oAy F A 167.88 100.7
Bt 2 A A E N oAy 161.14 96.7

recovery test

pg/kg

A5 WHRYE AR E AWV R BRDE SRR BWDAE

A 10.0 10.0 10.0 2.5 10.0 5.0
B 20.0 20.0 20.0 5.0 20.0 10.0
C 40.0 40.0 40.0 10.0 40.0 20.0
12
11
10
o 9
Hy 8
=28 7
HL\EQ 6
=g S
= 4
3
2
1
0 t i
0 1 2 3 4 5 6 7 8 9 10
P ]
Time/min

R B VAR B AN B I8 R BWIE N 160 ng/mL; ¥ b
BN 40 ng/mL; BiEY B E Jy 80 ng/mL
B 1 6AREERLEYIFESGRAEFA
Figure 1 UPLC chromatogram of six kinds of

fluoroquinolones standard

x3 CHEBEMAAYNREMELATENEZETE
Table 3 Standard curve equation and linear range of six

kinds of fluoroquinolones

L B =y R? LT/ (pg e L7D)
WHEIDE Y=926X+14 200  0.999 2 40~640
ARV E Y=370X+3 140 0.999 4 10~640
HHRPE Y=696X415 100 0.999 2 40~640
RV R Y=1810X+4 450 0.999 1 10~160
WEWE Y=566X-+10700  0.9990 40~640
BEETPRE Y=1740X+8890  0.999 0 20~320

T oa ¥ 2 mLYREEFS 500 ng/mL AR 5 bR fE VWO W R h 2%

WORAR B 10 mL AR BIIRE S AT AR b Yk B R R AL

6 mL,
2.2.2 BRICHFERMBERE BT AL FE 2 AR O [R] BY $2 IH
FIPRICAE DA AR K 22 %, HAT & MR BN R E AR 2
DT B R R 2 el U R R L U D S KR R
BLE L. R T SRR SR IBURE v 6 b 3 nds 135 I 25 24 4y, A
WS H R T Ak S B (20 B ) LR 12 (1 mol/L) P4 T 2 i
k4% (3 mol/L) FI#E B2 5 22 #h ¥ (0.1 mol/L,pH=4.5) 4 Fi
PRI T A PR IR S R R 5. R 1k 2 g 4R B L+
it 2R TR B DR U e BT I B R R AR R
FE A 1 mol/L iy 5 B2 7 R 5 BB, 38 IO v s i A AR
o A 2 O b AR v o JE B v Ak e R b B B S TR A IR 5 T
VT AR VR A B R BERR AR 2% v AR U ORI . SR F IR
e PR TR £ 25 WA M (pH 4.5) 1 J e A ng 4R A 7).
2.3 FiETEMH

TERE UPLC 4387 25 A4 A K 7 it e 6 ol 960 s 345 T 245 47 4
B AL S HT AL B R EERE b AT U — A R A
T A B ORG  RER R AR EAT TR L A5 R R 6. W
& 6 T 6 F g5 v 5 R 25 ) 0 VR i B i 28R 63,69 % ~
90.83 %0 , Fe AR A By 0.5~ 1.8 g/ kg, AR X o it 22 441K F
1090, 22 WI O % 0 o o B L RS R RN R B B AF 5 GB/T
27404—2008¢ 3L 2 Jf 45 FH UL T A B AR RG I ) Y 4 36
2.4 WEAHESAT 6 MEEIEEIEYRRN

Fie B 13,1 R0 1.3.2 IO A 5335 J7 ik R R A8 3 T kL X
BT X R T B Y A e B fR B A 4 Bl OK R
HEAT T 6 i S nds v I 245 24 40 % B ARSI A OG € 3% TR LI 2,
SRR GEFDE AR E AR E BRI E EED

79



Ze5WN

2018 % 5 #

FRRBARBRM R LR

Table Comparison of extraction effects of different extractants
. wm R/ %
e ) o — \ Sy o o
WRPE ARYPE ARVPE KRR KEUVDE RBEVAE

Bk 2 (2% iR PRIBCH A P i A A R R
5 (1 mol/L) PRI AL I 35 3E SPE /M EE
YT AR AR 4% (3 mol /L) 65.9 54.7 73.2 68.8 73.8
R 5 22 v (0.1 mol/L,pH=4.5) 86.2 90.8 74.0 74.0 88.2

R6 KFROMABEREAAYRUIFT A ZERE REENRGETNER

Table 6 The accuracy, precision, and sensitivity of the analysis methods for 6 kind of fluoroquinolones in aquatic products (n=3)

WS K S S A ] W % B A K / S R/
S 545 A J(T/ e ’JI‘UILIAIK/ RSD/ % mﬁﬁhﬁfﬁ ﬂx{EﬁAtﬂifﬁ/
(ng+g 1) % (pg = kg D (pg* kg™
76.79 5.59
R 75.75 2.62 1.3 5.2
87.08 3.93
78.55 01
ARV R 75.52 4.09 1.8 7.3
77.24 .00
63.38 .85
WNT B 77.76 5.18 1.2 4.6
90.83 54
66.26 64
SRETRUY: 68.44 47 0.5 2.0
75.03 .95
63.69 68
KRV E 66.11 4.86 1.3 5.2
76.14 4.43
83.52 7.00
B 2 79.13 7.19 0.8 3.0
88.63 0.59
3.07 30T
25F a5t
- 201 = 201
2 % 157 2 % 157 .
- = < iy
o g ol o g Lok 2
'l : =zt &
0.5r = 051 =
0.0 WM 0.0 i/\‘ .
1 | 1 L 1 |
0 2 10 0 2 6 8 10
i ] i [
Time/min Time/min
(b) filifa
3.0 30T
25F 25
e = 201 = o 20F
== S @
=% 15t SR
o> o>
gz £ 1O0f gz £ 1.0f
= o =
0.0 wm 0.0 b P
L I Il L L I
0 2 10 0 2 6 3 10
f ] i ]
Time/min Time/min
(d) #kfa

B2 4 b REZMELSHEGENEEE

Figure 2 UPLC chromatogram of fluoroquinolones determination in grass carpa
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VA5 < [ RH A2 T 8 o 2800 A (2 5 325 00 5 /K 77 il v 6 o 9 s 1A TR 26 25 ) 5% 7

5 AT WIAE 4 FhOK 7 A P R B U R TR
g S fh B 0 TR AT A L B AR P OR AR L b R Y
B AR TSI 3k 1 e VK IR £ 0 £ 1 5k B )
H 5.158,7.083 pg/kg. IR T RvE VS BAEAK ™ 5 LA Y
BRI BRE (100 pg/kg) .
S

A WEFEFE T B AHZE L (SPE) #0808 4 3% (UPLC)
LT AR A A 6 Rl JR e T TR 25 ) Bk B A AR T O vk L O
FHZ RS 4 Flvdy WL T 65 K™ dh BEAT T 0. SRR
W7V W R AL BT AR AL B LAY BT R AR S Y
HPLC 43 #7 #E B B (5 45 48 (10 min B AT 58 B4 5 5 4B
R R R B 0.5~ 1.8 pug/ke) 5 T J& 1 e i VA
AR SR S 0 [ AR S 63,69 6 ~90..83 06 o AH X A o ff
ZEPRT 1006, LEA UL %7 TR A B o S0 o8 B 2K 25 )
HESP AT 5 s S AR AR S A 255

S &k
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