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PR A fib AR5 3 s 345 2K 24 ) 3 B RS R, S ek A B Sk S B H VB AR T, R BRSSP H
BAREE ., R 6 FMIEEZE25 WK 3 0~24.2%, BRERREEIN 0~964 pg/kg; Hor a2k A 5%
P, ik 964 pg/kg; FESSFERR IR 2GRNSR Z, K 4 Bl SRR I RE 18.2%; Mo N T
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Analysis and risk assessment of 6 quinolones residues in aquatic products in
Zhejiang province from 2018 to 2019
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ABSTRACT: Objective To evaluate the analysis and risk of six quinolones residues in aquaculture products in
Zhejiang province from 2018 to 2019. Methods Aquatic products in 658 aquafarms of 11 region in Zhejiang
province were sampled from 2018 to 2019, and enrofloxacin, ciprofloxacin, ofloxacin, norfloxacin, pefloxacin and
lomefloxacin were detected. Liquid chromatography-tandem mass spectrometry was used for detection, and the
residual range of quinolones was calculated by isotopic internal standard method. The actual daily intake range was
obtained by comparing the literature with the maximum allowable daily intake. Results The detection rates of 6
quinolones in aquatic products were 0-24.2%, and the residue were 0964 ng/kg. The residue of fish samples was

highest up to 964 pg/kg, and the kinds of residues detected in turtle samples were the most up to 4, the highest
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exceeding standard rate was 18.2% in frog samples. The detection rate of the 6 quinolones in aquafarms in Huzhou

was the highest up to 29.6%. Taking 75 g of aquatic products per person per day as an example, the intake of

enrofloxacin ranged from 0.58 pg to 115.73 pg, accounting for 0.16% to 31.11% of the maximum allowable daily

intake. Conclusion A certain amount of quinolones is detected in aquaculture aquatic products in Zhejiang

province, mainly limited to enrofloxacin and ciprofloxacin, with low health risk and relatively safe level. The

detection rates of ofloxacin, norfloxacin, pefloxacin and lomefloxacin are low, but the residual contents in individual

samples are high, and the maximum allowable daily intake are not clear, which have potential hazards.

KEY WORDS: quinolones; aquatic product; Zhejiang province; residue analysis, risk assessment
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1 MR5RE

1.1 HmE&E

2018—2019 4, FEWVLAE AT . T3 IR L 252%
WML B4, &fE L WK, ML AR 1 ALK 658 N5
B A SR BEK SR AT 1289 HEYKk, A 6.5 38 Filr
WR 6 Fl, MRS 3 R B 4B BRI 3 AL HAK
T, AT A N 93%LA B RFREE A FP . A RE L A bR
HERAE . AEREE AT, A I RV B 1289 HEWK, RN
R 1270 bk, AR TP A 1158 #Eik, BRI E 1130 #HEk,
SRR 1127 Lk, WSEV A 1127 #Eik.

1.2 SLIeHR
Rinb 2 WAV E . ARV E . s A, B

AL EDRARER98.0%) . BAE . RNV A . AR
VR VDR R R %Y R R R RN bR
(98.0%)(f% €] Dr.Ehrenstorefer 2y /)); Z . I ke, HER
(99.9%, [ Merck 23 wl); Prime HLB [ A2 (3 mL/
60 mg, 3&[E Waters A H]),

AB-4500 Qtrap W AH A 3E- AR EX T T%{ (3¢ E AB Sciex
A )); Accucore Cis RP-MS 3% 4E (2.1 mmx100 mm,
2.7 pum). AllegraX-12 KA &t &L HL(ZEE Thermo
Fisher /A 7)); N.EVAPTM 112 B & WY (3% E Organomation
NEINE
1.3 BIERE

FREL S g(HEHaE] 0.01 g)FEdh, A 8 mL (&
0.1%M 2), WHEPR P 20 min, 8000 r/min #5.0> 5 min, H

[y id Prime HLB BIAHZE O, WAR AL )G B Is A
40 CAKIFHEETRKET, M1 mL 20%H BKIBERE
%, T 2 mL 1E 2 4%, 3000 r/min £5.0> 3 min, 5.0
JE M FJRIEC KT, W2 0.22 pm I8 M5
J i 434

14 Fgoth

6 0 2R, g HE R Accucore C 3 RP-MS {3
(2.1 mmx100 mm, 2.7 pm); FEIAH: ZIEH 0.1%H R
KW S mmol LFR%R); ik 0.4 mL/min, i 40 °C;
PEREE 2 pL B EE LRI, 254 0~1 min, 5%Z)1E; 1~2 min,
5%~20%Z.M; 2~5 min, 20%~90%Z.fif§; 5~6 min, 90%Z. Hi5;
6~6.1 min, 90%~5%Z.JiE; 6.1~8 min, 5% -

ST RS A5 1 b, HL T 2% B T UK (electrospray
ionization, ESI)IE & FHC(ESI +); £ by Wi il (multiple
reaction monitor, MRM); HBIZSH £ 5500 V, REHE
300 V, fffEE M THUE 20 V; SAREE 550 °C, 6 Rl
W25 K Ho [R5 2 AR MRM 2500046 1 iR,

1.5 BUREEMOH

SKH Sciex-Analyst F/4x 5 T2 #IT5H, Excel
2019 A XF B A TR PEAN 3T
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6 MIEIEENE KR EE M ZAF: MRM £
Table 1 MRM parameters of 6 quinolones and their isotope
internal standards

s BET
fetrmats

THT CRERN EEHRIE RLERER

/Da /ms vV leV
316.0 70 28
Rsh A 360 25
245.0* 70 38
N 288.0 70 27
WNTPA 3323 25
245.0% 70 34
318.1 70 28
HWUE 3622 25
261.1%* 70 40
. 276.1 70 26
WEE 3202 25
233.1% 70 36
N 316.1 70 28
WBmURE 3342 25
290.1* 70 26
308.1 70 25
WEWE 3522 25
265.1% 70 35
BB A-DS 365.0  321.0 10 70 30
NV AE-D8 3400 3220 10 70 30
ARIWE-D3 3652  261.0 10 70 40
VP E-DS 3250 307.0 10 70 35
BEVE-DS 3572 270.1 10 70 35
EHEIPE-D3 3372 293.0 10 70 25

s SRR T
2 BRERH

2.1 [REHEH
BPEAZSE | HRS | B2 | A MR Nl PO in A 0L v i
PIRFIN 2550 13 mISCR A INER KP4 10.0 pg/kg, “F-H[E
e R SRS Y BR (limit of detection, LOD)FIAE 1B (limit of
quantitation) /L3 2. 13 2 Al R LA R BUE R .
2.2 FREKFGT 6 FEIEENA ARG L 1E
1127 FUEE TP LA 1127 HEUIK 3500 AR S P 3
AR 2 B, BARK SN IR 3,
23 A REIFERM 6 FEIEIRAX AR L ER
38 P 24 PR RIRTD A, 9 PN A, 1

lvker ARV D AL, o o ik 2 FPL R 255R R, 6 FhRs
4 PG H R AL, 3 RS HER N VDAL, Horp 3 FhG s 2 Fib
VL E25R R 3 Rl ke o By IR VD AL, HAth,
FGSH AP 4 Fifalsdsrh, TR D AR
RV A, ERVA . RV 4 Faiskes; mssnst
B, FaF 6 FEsiFmiZ 2y sk iR S ik 4.

24 AREIFEMM 6 MEEIHLXAPREESHE
(ES

AL B P 2 B R AR B R E ), R R
A BR A (LB VD AR N VD B T 100 pg/kg, T
FRID R WU AL BRI SR R RLE AT
oo 6 RIS AG i A FHAR RGO IR 5. BIRTD
FETEBREER 0 BT A K S A R, R i AR R AR
XL, 35 18.2%; TERIN U R BREE S A2 M A HoA
IR ity ARG e SRS Y A i g T A 2K Y AR A
R, ARUE. WRDE ., R R BRUA 4
A% FH 0 25 0 vh S0 0D BRIV VD A A Hh AR, )
A TR

F2 6 MEEEAAYMAREIE. KHRFIEZR0N=3)
Table 2 Recovery rate, LOD and LOQ of 6 quinolones (n=3)

YZFR  IERIEEER % KR /(ug/kg) 2R BR/(ug/kg)

B 2 88.4~111 1.0 2.0
WHNT AR 76.8~106 1.0 2.0
ATV A 79.2~90.7 1.0 2.0
HRID AL 82.0~99.7 1.0 2.0
REvb 96.2~110 1.0 2.0
KEDE 83.0~99.3 1.0 2.0

R3 6 TIEEERI AR ML R

Table 3 Detection results of 6 quinolones

YIHFR R KAt K% R B (ng/ke)

Bastb AR 1289 312 24.2 2.0~964
WHUYE 1270 102 8.03 1.2~136
ARUAE 1158 36 3.11 3.01~984
WRIE 1130 10 0.88 2.4~25.0
RO E 1127 FR oAy / /
WERVE 1127 At / /

R4 TREFERMEL 6 MIZIETHKRE S S (ng/ke)
Table 4 Residue contents of 6 quinolones detected in different aquatic products (pg/kg)

EL/EA s SN U ENRO AR R WD R Wb 2 BRI R
il Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg
hRk 964 2.03 595 579 120 283 984 6.14 282 / / / / / / / / /
WR2 824 228 765 408 3.09 12.7 / / / / / / / / / / / /
g / / / / / / / / / / / / / A
LE2S 211 679 84.0 532 327 17.6 / / / / / / / / / / / /

fau s 206 2.00 374 137 231 292 79.1 3.01 265 848 240 452 / / / / / /

HAb(G2) 146 146 146 / / / / / / / / / ll

F: Max: e KfH, Min: f/ME,  Ave: FI(E,
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2.5 HAARREHIX 6 MIEILERH2E A4 B 1FR
MR A2E 11 DX 658 DN, 4 203 Mg
TAAES AR, G EE 30.9%. MHBIXE, KM 29 4,
P74, WM 24, 24154, WM 604, FE421 4, &
18154, WM 16 4>, AN 44, Tk 134, SRl 11 4.
Forp, L BTN R 2L SR S M R A e &,
XSGl XK SR R K, T R R A I R
T B IR SR AR K SR Hh XA A A,
F WU AR SR FE St Pl A 1 A T 288 ) A XS TR K A A e 20
GAE . GM L K R X A — R A, R
WS A AR K SR T i B B H s, A T
HBIX 4% M TR A B0 R AR R B A E LR 1

K 11,5.4%
MK 13, 6.4%
aGM 4,2.0%
T 16, 7.9%

= 15,7.4%

B 3N 21,10.3%

= WM 60, 29.6%

4%
M
T

15,7.4%

2,1.0%
17, 8.4%

B 29,14.3% , ,
0 10 20 30 40 50 60 70
SIS EUR

B A 1A SRR e S h Boa ke

Fig.l The percentage of aquafarms detected in 11 regions

2.6 HERSHR
2.6.1 JKF SRR R K 24 3K R BLK

K EMEFETZE Y TSR T 20 thad 70 48
RIS 40 AEREE [ KT FR A LR BE AR R, 57
B AR T, FRAE ERE VS Y ) S B B s A
J U0, W TR S 2 4 oA A R (TUFR B2 | B BEREE)
MIECHA T3S, 5y, M4 . iR . mIVE R AR A
PRIGRE, 230 KI5 P bk

BT, X7 i o v R 2 2 W 5% B R B o R
ARSI 5 2 9 T ok =D ik T 5k i R G A M A 4
Rz, B RIFEE AR, ZUTgh £ ARksy
BridoR, WEVETRE 25 WITEFR A FR 5K ™ it b i A T
2, WA, IR, s 2k IBSERE A, L
B 37 A EAR G R 25k G DL LA BE TV B L RNV R
E, FISCERIRE (5 BRI, AR R R A
WA, FEAE PR EE | OB ARk 3 AN
R R R RNEAERL .

BIgv R . BRI EAENAESE A, HAETRHEAK™
Al Y AR B A KCOT AR O # R, EA] DGE S R 2 F 2 B i
K2 AT S8 31 AR KO o (HA R PR B R, R AR 5
T3 37 F0HR T3 25 7K 7 i 30 405 T il G 7 £ 28R o, LR
WP R . RINVD RS 2 i 51.3% 1 26.1%, bR
K O12.2%; UFSEFESL L 2 RRZG KT IR 31.3% R
21.8%, MFRRE 12.9%, i T 57 58 S ks R RE o 25 4 5%
FEKF-o BRI, T 7 308 40035 174 WA 5 T 25 2 W B B ) AR
X F IR AR SR E R, IF BRI K™ b b BT
B R AR 3R N v RAR AR 30 ) 2%, T2 B4
Al REEE N
2.6.2 Kb e R K 2h M4 B R TR

Binvb BN R, AR LR s 2 R
TR B BT, R CHR ER, s A AR A H
& K o i B A & (allowable daily intake, ADI) 4
6.2 pg/(kg'bw), NEKELITFY 60 kg 715, W& H KR
W RRRAVHEAR N 372 pg. (hEEREETER)
AW B A R AR 40~75 o7, ¥k 3 puAIHME
T, BV B By B AT B S EihE B il
WA HS ADI HAE N 6.

FIE A K 7= S i B v A DU KA T, A RIS
Ik 0.58~115.73 pg, 5 ADI ) 0.16%~31.11%. TMifEJH#,
A i RS K i B ARIAT IR E] 75 g MK,
X F K= S RS A . R 2 REEA, HRTHM
Jb T AEXT 2 A KT

*o6 RiELESHAIFRAES ADI LR
Table 6 Comparison of daily allowable intake with ADI of enrofloxacin

L B B S E RO A R H -4 A = i ADI H i KA = i ADI
N(nglkg) I(ng/kg) ug 1% /ng 1%
(eSS 87.8 1543 3.51~6.59 0.94~1.77 61.72~115.73 16.59~31.11
HR2 53.5 864.8 2.14~4.01 0.58~1.08 34.59~64.86 9.30~17.44
[ 70.8 264.2 2.83~5.31 0.76~1.43 10.57~19.82 2.84~5.33
ol 66.6 343 2.66~5.00 0.72~1.34 13.72~25.73 3.69~6.92
H A2 14.6 14.6 0.58~1.10 0.16~0.29 0.58~1.10 0.16~0.29
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