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Effects of Chlortetracycline and 4 —epi —chlortetracycline on the Growth of Rape and Its Accumulation in
Seedling

WEI Rui—cheng, SHAO Ming—cheng, CHEN Ming, WANG Ran"

(Jiangsu Provincial Key Laboratory of Animal—Derived Food Safety, Key Open Laboratory of Edible Agricultural Products Safe Monitoring
and Control, Ministry of Agriculture, Key Lab of Food Quality and Safety of Jiangsu Province, Nanjing 210014, China)

Abstract; Effects of different concentrations of chlortetracycline(CTC) and 4—epi—chlortetracycline(ECTC) on the growth and the activities
of antioxidant enzymes in rape and the accumulation of CTC and ECTC in seedlings were studied by using water culture method. The results
showed that seedling height and root length significantly reduced, compared to the control, and the root elongation could be recommended as
a sensitive indicator to assess crops eco—toxicity of CTC and ECTC. The activities of antioxidant enzymes as superoxide dismutase (SOD),
peroxidase(POD) and catalase(CAT) induced by CTC and ECTC at concentration ranges of 1~30 mg- L™ were higher than the control. When
rape seedling was stressed by 1 mg+L™ and 10 mg- L™ of CTC and ECTC, the activities of SOD and POD were enhanced, but declined by 30
mg-L™. SOD, POD removed oxygen free radical in coordination with CAT at concentration levels of 1 mg+L™ and 10 mg-L™ of CTC and
ECTC. However, at a concentration of 30 mg+L™, CTC and ECTC would cause certain oxidative damage on rape seedling. The difference of
antioxidant enzyme system suggested that ability of rape seedling anti—CTC stress was stronger than anti—-ECTC. With the concentration of
CTC and ECTC increased, the contents of them accumulated in seedlings were increased, which could result in a potential food safety risk.

Keywords: chlortetracycline; 4—epi—chlortetracycline; rape; antioxidant enzyme system; accumulation
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PR A,

PR EHUE R ELD & ESUEREFE
=) 14%™, 45 % (Chlortetracycline, CTC ) &% 3524
Wy vb B A S AN N0 R 3k B IRl 3 B AR
ShEKER. ;_é[’njﬁ%%(4—Epi—chlortetracycline "
ECTC) REBRNAMYZ—, HEEHRTESE
£, N BRI T 5 AR IR, CTC # ECTC 7E
FEME | A KPR R — AR, BRI
CTC 7P B9 DU PR 28 28 P04 A A Y 2 BRI BIF 5T
ZEP T & AR ARG BT
P A B B ) 112020 i ECTC X A6 4 i) A2 2834
o7 ] AL e DA TE o AR LA AL, i@ i 5T
CTC F1 ECTC FE/K 35 414 T XS fh 7 & 2 4l d Ae
K PUEAERE R, AR TR SR B 2R,
FETMZERT CTC #l ECTC MBURFREE, BRITHIA R
HACHM R AR AR A A B 0 22 57 FNBR B RFALE

1 #BREFZ

L1 ##
111 258555

Pl SR Tl 16 5 & E/ R (CTC) iz
In] 4 % 2 (ECTC)An i i (AL Z5 M LK 1) B
Dr. Ehrenstorfer, 4 & /355 CTC 99% ,ECTC 97% ; #8
A AL EE(SOD) i3 A LY (POD) 3 AL R
it (CAT) FiE (= o & 20 s 12050 & W B B mt @ lAkE
Y ARAE; ROEMIELEE (PVPK30) Iy A1
BASF A7) ; IR (99% ), BRi& % ; L g A BE , 23
2% ,ROE SCIENTIFIC INC (Newark,USA);Na,EDTA .
Na,HPO,,NaH,PO, FFEERR A1 £ BR Z TR M43 HT 48 s 7K R
LK,
112 {88

Waters Oasis HLB 500 mg 6 mL [H A5 BUAE ; N-
EVAPTM112 EEIRAX ; Milli-Q #R4t7K4Y ; Biofuge &
BB FLgs DAD Kl 2R Agilent 12008 =808
FEEAIEAN EST IR Agilent 6410 =T VUL FRHEY o

HiC H.C
CH;

Cl HO A\ Cl HO N
ccn T Non /1\ QCH N\ oH

OH O OH O Ny, OH O OH O yy,

& 1 CTC #1 ECTC {244
Figure 1 General chemical structure of the CTC and ECTC

1.2 Ab3E

AT 0.3%XUAKIHEE 24 h, FHZRIEKYGE
FE PR — W RR B T 3 RIS
(B2 9 cm)H B0 70 &%, HUEFPFBF, SREFFI IR
A SFIAE K7 M 2 HZ , CTC FHEAR Y ECTC 4b
FEMEE Y 1.10.30 mg- L7, K L il A7 W X 57 3 im A
FIEFRMA, L 5 mL, DIZEE KX E FER
FEFeaah 25 CREAbIER , I 3 MK . 4 H B
NV IR AR IR IR 4RI . SEI A R , ok,
TA A AR I E o
1.3 MEIERFTFTE
1.3.1 KEFFIAERKIEIR

PR FHRAE RS  EME H BINIE
B R R R TR B 4R SEIR A BITE
% 3dME TdGEHFFRER, HRAFHRMEHF
o AT : KEFF(%)=(H 3 d KEFFFREUHE
AT EBEOx100% ; K2 3(%)=(H 7 d KRR
BRI FH0x100%, L5658 d B ICRA , HIL
FEPLERI 5 BRAE AR — B 9 Il E AR bk
=, PRI 20 BRI E IR A T 70 CHET R E
#H,WHTE,
1.3.2 HUAMBEE I E

Wi5E 2 B8 Xue XMW T HE . ACFREE 8 d B ERATH
Hi_EER4 0.5 g, A 5 mL ¥4 9 0.05 mol - L™ pH 7.8
BRI (& 1% PVPyo) , UKV FP BT L3R , S A5
ABLESR 4°CTF 10000 remin B> 20 min, F7HE
WA AR, BT 0~4 CIRIFF . EEEEEKN
WxE >k A% S5 i G-250 ¥, W& 595 nm T OD
fH. SOD IEMEAIMIELL 37 CHRME T BZF RN
SOD il Z3% 50%FHF i % Bz 4 SOD &g 1 4~ SOD
&SI BAL(U), WRE 550 nm T OD fH, POD {4l
FELL 37 CHRF T HZRHALEAT BN A 1L
A1 g IRMIRIER R 1 NG 1B, AR
Fil (CAT) B9 %€ SR F W] W6, LEAPPR N Aues 731
1 wmol Y H,0, By & H—MEHERAL(U),
133 4tk niiAERERENE

BRI 2 B 2 TR K e PR R 22 N FE R I Y CTC
1 ECTC, 285 FRURARIE TR 1K 5, B 5 & . #
i b 2 B Martinez—Carballo %P9 ¥, HER AR AL
0.5~1.0 g WFEERE, S0 10 mL Na,EDTA —McllIvaine
(pH4.0) YW 10 min, 12 000 r-min B.(> 10 min
(4°C), %% FERES—AE, BEEEN 2K, 67
F¥EW . A 5 mL BEER 5 mL K{EfLEAHZEBUME,
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IASREUR B9 L350, KU 5 mL 7K 5 mL 5% B2
TR WM YE , F] 8 mL B R ZR=1:9(V/V ) i W
Vel BEMRRATE 40 CKBHAIKT, M 0.5~1 mL
HBEVA AR B, 13 0.22 pm BEARJSfE LC-MS W%

a3 5514 : Agilent 150 mmx2.1 mm C18,5 wm &,
A ; Agilent 4 mmx2.1 mm C18,5 pm {£3P4F; FiH
0.35 mL-min™; £ 30 °C; #EFEE 5 pL; WA
0.1% A ERIK (A)-Z JiF (B), YW H6 4 :0~8.2 min
13.5% B—11~16 min 98% B—20~25 min 13.5% B, %t
A T SRR (ESTE (+) , SURIREE 350 °C, <A
P 10 L-min™, 54k #8 JE /7 310 kPa(45 psi), capillary
voltage of 4 000 V ; Wi Bi 3 2544 3% 1.

B 5 pg-kg™ CTC F1 25 wg-kg™ ECTC # B m
e, PIRMEE A BN R 53 ) 72.9% F1 87.5%,
HAXTAREMR 2 RSD #3/hF 10%, CTC 7E 0.005~0.2
pg mL? ECTC 7£ 0.025~0.8 wg-mL™ ¥ 75 B N5
MERMA R LM KRR, HRXAREK =099, WE CTC A
ECTC # MQL 53514 5 pg kg™ 120 pg-kg, fF &4
SRR
L4 ¥R

153 By S 56 B0 45 A SPSS 16.0 Fi1 SigmaPlot 11.0

TG BT FER
2 GRESH

2.1 AERE CTC 5 ECTC 3ih3E KBS h
2.1.1 XHHERRF RS

H3 2 AT %0, 1~10 mg- L™ JEE A , BEE AL BRVR
4, CTC #1 ECTC A FFFFrI¥ & ,10 mg-L™ 4k
A SX RAML, CTC HRFEMAFRERTT
2.08%%1 2.43% , ECTC } 0.34%%1 0.70%; i 30 mg-
L7 bR TP & ZE SR R 2R 33 LU BT R, CTC
4y 3k 3.13% F1 1.38% ,ECTC 43 Bl K 2.43% i
2.08%., EARMZERIF MR EHFEFRZEIMA
CTC #1 ECTC fy&m, H5XBMELERAEE, U
B R R AR B
2.1.2 XSl ik AR R

3L vk S FIR K39 EE CTC A1 ECTC 4b
BV B R THE W, 24 CTC A 1~30 mg-L™!
Bf, £ A0HRAH MR AR K Z B R R EMH, 10
M30mg-L' AhHEA SN RAIGAEREEESR, W1
mg- L7 AbHEA R AR K R A EZ R A B E . Ul
BITZEASCIR S5 T, TSR A bk s FIAR R 32 S R 5

% 1 CTC 71 ECTC 9 MRM B5ill ik &% 44
Table 1 MS/MS multiple reaction monitoring(MRM ) analysis conditions of CTC and ECTC

EL] {%Fﬁ BT“ET_I . HEF Precgrsor ion/  FEBET Proiuct ion/ Fragmentor Collision Energy/ [E] R EER N{QU
Drug Retention time/min m-z mez eV Recovery/% ng-kg!
ECTC 7.5 479 98 120 32 875 20
444%* 120 17
462 120 11
CTC 12.3 479 154 120 25 729 5
444* 120 15
462 120 11
¥ HERBE T, Note:*Quantitative analysis ion.
£ 2 AEIRELEHEE KRN
Table 2 Effects of different concentrations of CTC and ECTC on the growth of rape
HH]  ¥EPE Concentration/ K ZF#H Germination & ZEZR Germinating %E HRE W +&
Group mg-L?! percentage/% viability/% Shoot height/mm  Root length/mm  Fresh weight/mg Dry weight/mg
pajiiss 0 96.00+0.00a 96.33+3.06a 68.27+6.69a 31.53+£5.45a 34.27+3.12a 2.75+0.26a
CTC 1 95.67+2.31a 96.33+4.62a 69.67+3.33a 30.00+1.40a 39.15+2.25b 3.29+0.21b
10 98.00+1.73a 98.67+1.53a 57.73+1.10b 22.67+1.33b 34.70+1.20a 3.21+0.15b
30 93.00+6.00a 95.00+4.58a 53.40+1.91b 20.40+1.31b 32.50+1.02a 3.20+0.30b
ECTC 1 94.67+3.21a 97.33+2.89a 82.73+6.70b 40.00+5.03b 44.17+2.45b 3.25+0.15b
10 96.33+0.58a 97.00+0.00a 81.73+4.92b 39.27+4.10b 42.33+4.17b 3.00+0.12a
30 93.67+2.52a 94.33+3.79a 73.47+6.89a 31.20+4.45a 37.56+1.34a 2.84+0.08a

G ER A LSD q M3 (P< 0.05), AR FRMRA B E R R ERE

Note: The different letters in the same column mean the significant difference at P<0.05(LSD),
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Y1 CTC MM AEMR BEA N, Rk A5 & A
BB B E (<1 mg-L) Y CTC X4
AR R AR EEA A MHIVE R , A AR B AT BB A
FEFIEHAEMF A, WBLSAE ECTC AbFRL R IHE
R, 1~30 mg- L7 ¥k EF ) ECTC {23 T3 i A4
K, HHRES A X REE T 21.18% .19.72% I
7.62%, AbFEZH 1,10 mg-L7 5 30 mg- L™ AbFRAH A%
MRAHAH L 22 57 B3 s SRS A L, TSR AR {UEE 30
mg- L B 32 B HIE X B, AP AR A
¥ B B R HEE A » CTC #1 ECTC flif [ N 7EThSE
e ERZESR, UL CTC F1 ECTC X3R4
AR ICHRRI MR AAEMHIER, B CTC MfifE
FH ECTC HEHE .
2.1.3 XIS A Py A R

ARSCIYREET , CTC F1 ECTC XHSE4) i fof 5 A1
FEAMRIER R ER B, R E T =, B E
TR, BR 30 mg- L™ CTC 3& B4 B o B TXF
MR A), FHAH CTC F1 ECTC Ab 384 ff 55 #4555 F
XTEEZH ,1 mg-L'CTC ZH HEXTREIEER T 14.24%, 7
B2 ECTC ¥EEH 1,10 mg-L™ F1 30 mg-L™ B, Jih3E
4T B £ EE 43 ) H X BESE iN T 28.89% .23.52% FN1
9.60%, AIFIEZREE . MIMELHHE 952
CTC FIECTC ¥ E & T i, Hod CTC Azt
BN B, 7E 10,30 mg- L CTC 3SRt EL Tk
EXT R FEARTZ BT, TEH X RS T
16.73%%1 16.36% , 3+ HZ 7 B#& . 7€ CTC XAHPRM}
SRR AR KGR T ECTC/EAT , 2y st
FERE T 5 B 2 B N A LA TR ZER AR SE o
2.2 AR E CTC 5 ECTC 3¢ih3E % ¥ SOD.POD
0 CAT ;& MR RN

FB A AL Y ;AL T Superoxide dismutase ,SOD )&
1969 £y McCord F1 Fridovich KELH), T EEE
FRREM 0; 25 0, Fl Hy0,, G HE BAR Hm I, H

&l 2 A1, CTC #1 ECTC 4hFH4H i SOD &4
BIR T 5t 1 mg- L™ ¥k BE bl B 3E H SOD JE 47+
B, X RIET 7425%M 49.02%, H A xt
CTC MR N2 5 F ECTC; 10 mg- L™ ¥R EEAL Y
3R SOD {EME &R, 43l X AR T 131.23%
F1 131.48%, K& a8 M B A FHis , SOD &4 T B3 30
mg- L™ YR BEAL IR ISR SOD JE AN Xt A8 T
46.40%71 90.67% ,CTC £ SOD 1% F e #0 B 5
F ECTC 4, CTC #&4bFH4 SOD FEHSXHER T

201247 A
2501
B Xt v
| dcrc
200" & perc |
1500 b b'e!

a’b’ b
100F

aa’
o %
0 1

0

SOD/U *mg™ prot

10 30
Y& JE Concentration/mg- L™

RRVNE FEERRAL BRI 2E 555 0.05 BEMKF,
abe Xth CTC,a’b’c’X}h; ECTC, FH]
2 AR E CTC #n ECTC Xtim3E4h 8 SODEMEHIR M
Figure 2 Effect of CTC and ECTC on the activity of SOD in rape

= AR ERR 1,30 mg- L7 M) 227 A B3, Hinddy2
S B%; W ECTC 4bFE4H 10,30 mg L™ 5xf li 2% &
B3E,1 mg- L WP RN R ZE R A B3 ,1.10 mg-L™
2R EE, TEERH T CTC il ECTC XHh3ExE i,
THME, 3k TIEHE R A4, 1~10 mg- L CTC
M ECTC 5% T SOD &M ARG R4 M 3 HE,
M 10~30 mg L™ i SOD & 142 2l , CTC 2H F f&
AR, BHAS T SOD J&Fx B HZEMIEES) , iR B A] 4k
Tk EE AR , S A= A LEE T e

1 &k ¥ ¥ (Peroxidase , POD ) , 2 — & E #1] H
H,0, St SR AR R, ESHEYNERK R
B DAt = DE R AERYIXR,

H & 3 AJ %0, JM3E4IHT POD {EMESZE A CTC
1 ECTC Zmn, Hr CTC iai5S POD iEHHRE 12
38F ECTC, 1~30 mg-L™* fy CTC Ab3E POD JE 1Y
XA EAE, 455 XA T 51.28%
71.68%7i1 43.62% , 45 AL BEA POD 15 RN R 7 8
2 ;1 ECTC 55 POD & Mt 355 X4 B, 2 i3 m
T 33.74% .46.25%F1 15.57% ,10 mg- L™ kb FRL [F] %
Bk EREE, 2[R B E

1 F A = B (Catalase, CAT) 235 Br i EAL E 1Y
HEREE, ek 00, 43% 8 HO F1 0,, E5 SOD,
POD 45 RIVER , B RUHIE BRI MTEMEE . CAT &
—ﬁfﬂﬁ? HJLJEE@E"J Km ﬁﬁ,@?b‘iﬁﬁﬁﬁ H202
WP S ERE R B R R

M 4 AT LAFE H,1~30 mg L™ f) CTC Ab B AY
CAT & ¥ 43 5l b X B F+ & T 40.38% \17.12% #I
30.79%, £AbFRL CAT WEHERIXNBERARE,
ECTC i55 CAT {EHAE 1 mg- L7 8 FIEMRE, M
XTRRE) 172 %, 5XTRAEKAHEAER B E ;10
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Figure 3 Effect of CTC and ECTC on the activity of POD in rape
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Figure 4 Effect of CTC and ECTC on the activity of CAT in rape

mg- L7 AbH L CAT {5 M RIXT BEAH L L&A 2 1k,
TR T 0.39% ;30 mg- L™ AbPRALH) CAT 152X
HRAY 1.09 fiF, X AT BB B FImEEG ik CTC J5 )
il T CAT ByI5 %, WikE#E CTC ¥ B A3 , 4=
T ZH H0,, T E R 10, XiESR T CAT iE
HERFE
2.3 CTC 1 ECTC FEBEH EEHH ER

% 3 frn ,CTC A1 ECTC 4b ¥k & 78 1~30
mg- L7 B, ffi# CTC F1 ECTC AbFR Mk B 75 , By fif
HIMSEA AN ETE CTC A1 ECTC ¥k 3 o A8 v 14
i, &R SRR E . HReikE CTC F1 ECTC b3
WA RN IR A Y 09 & B 5 Bl R B R B Y
47.84 £5F1 44.51 £, TIMEAI AN ERE CTC 2
ECTC f#) 0.98~1.06 1%, Fi CTC AbFRMILN B IRNIR T
A CTC 3% 85 , A 2154 ECTC, A ECTC 4b#
114t ARSI 3] — S VR B A B BT AR  CTC,

3 e
— AN, {5 YRR & A T A K B R

% 3 CTC 70 ECTC il 4 A RR
Table 3 The contents of CTC and ECTC in rape

CTC AbFH4H Treatment group ECTC 4b¥4H Treatment

ﬂf};%ﬁ?/ of CTC/pg-kg™ group of ECTC/pg-kg™
CTC ECTC CTC ECTC
0 0 0 0 0
1 2.08+0.16a  1.32+0.11a  1.23+0.06a  2.10+0.36a
10 23.10+3.38b 14.47+1.43b 12.91+1.03b 23.09+2.32b
30 99.50+4.31c  63.58+0.55¢ 53.49+1.08¢ 93.48+1.96¢

WGtk A LSD q 15 (P<0.01), AR TR Bk B
EREREE,

Note : The different letters in the same column mean the significant dif—
ference at P<0.01(LSD).

TEAE— PRI B T SR S8 1 A v o B T R 0 1 2
N®,CTC 1 ECTC AE RN E VLIS e, i BA
RN . ABFFTLEARIHREE R CTC F1 ECTC e
THEER B AN, 7£ 1 mg-L™ CTC flHAT,
PRBEMEEvR S AT, R AT E S5 R
EZREE, RFEE R FREMRKZ 3 —& B H1E
Fi;7E 1 mg-L7 ECTC ffia T , R HF 3R & 2R 3. Ak
R BB AT E , S0 A R R 2R AR
EZR¥BE, RFHZH—EMMEIER. 7€ 10 mg-
L WA T, CTC 1 ECTC {2 TR R FH Kk
TR BEMTE, RS AR KA CTC 4323 8 &
#il, #17€ ECTC % T A BERAEKMEES . 7£30
mg-L™ i) CTC 1 ECTC BT, K& R FRFMR
KBS, T B in , bRis Ffs EAE CTC 452
i, 78 ECTC dh g ik, It X fp 7w & figh
AR P EFERR LSRRG , & BURR R AR H e H At
fehnxf CTC F1 ECTC AT MR, JLHEHER KX
AR5 Y i af BT 223 B AR AE SR B T i AR S TS
NFERR , AR FREE T A , X 5 #H 5
MEFREEP T UA R E R/ NEMEFRAE
ARSI LIRS R,

SOD.POD #iI CAT 2HEWENEHAER RS
WY 3 PP EE AR, HE AR A R R T
YiAE 5% B VR R T X R 5% i A0 A B 3
NP, AT EE SRR SR P 3 MR LT
PR AR AV R SMIE TS G A S T 38 i B A AR R TR
BT, HBE CTC il ECTC ikl T F=A: T, K
#4538 SOD . POD F CAT WRITE IR , KPR B b/
HHENERFEEWATIRENGE; PIREPET,
FEAKEE SOD F1 POD 5 ¥ (1) 34 58 R 7 bk i A Ak 45
E; BVRE CTC 1 ECTC M T =AM E BHE, B
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ZARREHA BB, NI FBOMELH S E L
5. W4T H SOD.POD 1 CAT J& ¥ 7E CTC 1
ECTC il T Br 2 B0 H A9 15 1 22 5 W) A e 3 A o4t
CTC 8 i 8E J13% T ECTC,

— PRI R TR ERER S, ]
AR BB 8 B b _b TR0, AR SLIG B AR XM
WREFHAER S EHFTNE  (BENCFH CRE , AR
R YER Y RTA& Bm TR AR TR
CTC.ECTC R PRI ST 55 3 1 L , 52 Ml AE 49 F) 1
WHRK, %2 PRt RS R T X — 5,
YR PR AR K . ECTC 2RI CTC [ #ER AN
HES 5T RERBGAERN =Y 22— (RRAERE
2233 ECTC Ab3 AR K B T ECTC MFFFE, AT
CTC [n] ECTC #AbAE—E 554 F 27T i3 1™, ZEAE
ECTC 422 ()9 3 . b5 43 A 2] 7 8k 25 1
FTE. BEE MRS AEFTHE R, CTC il ECTC 2%
SRS R R YR R A R R —
AT S

4 it

(1)CTC #11 ECTC i3t Xt # bR A i 32 R0 719
A AR AR TR, RFH RZFR RM
K Wk B AT R AR RUBOR R, TR K
BB CTC FHiA BRI A STEHE R BN, X
Fem RIS AT HAEY

(2)CTC #1 ECTC il XF i 32 A& SOD,POD #1
CAT B@IEMEIA MW, 55t R 5k
5 , EALHI A E VLA TR EHE— 5T

(3)CTC Ft ECTC AT g ih 34 R s L 2, H.
YA TR R, I R BB, RENAY
AT DATERE R 9 & A AR

S0k :

[1] Kiimmerer K. Significance of antibiotics in the environment[J]. J An—
timicrob Chemother, 2003, 52.5-7.

[2] Xu W H, Zhang G, Zou S C, et al. Determination of selected antibiotics
in the Victoria Harbour and the Pearl River, South China using highper—
formance liquid chromatography spectrospray ionization tandem mass
spectrometry[J]. Environ Pollut, 2007, 145.672-679.

[31 785 TRAHAS ISR L R 22 M. JE 3T - e E AR i Rk, 2003.
HOU Fang-liang. Feed additive application[M]. Beijing: China Agri—
cultural University Press, 2003.

[4] Alcock R E, Sweetman A, Jones K C. Assessment of organic contaminant
fate in wastewater treatment plants:I. Selected compounds and physio—
chemical properties[J]. Chemosphere, 1999, 38.2247-2262.

[5] Tolls J. Sorption of veterinary pharmaceuticals in soils: A review[]]. En—
viron Sci Technol, 2001, 35.:3397-3406.

[6] De Liguoro M, Cibin V, Capolongo F, et al. Use of oxytetracycline and ty—
losin in intensive calf farming: Evaluation of transfer to manure and soil
[J]. Chemosphere, 2003, 52:203-212.

[7] Hamscher G, Sczesny S, Hoper H, et al. Determination of persistent te—
tracycline residues in soil fertilized with liquid manure by high-perfor—
mance liquid chromatography with electrospray ionization tandem mass
spectrometry[J]. Anal Chem, 2002, 74.:1509-1518.

[8] Mackie R I, Koike S, Krapac I, et al. Tetracycline residues and tetracy—
cline resistance genes in groundwater impacted by swine production fa—
cilities|J]. Anim Biotechnol, 2006, 17.157-176.

[9] Schmitt H, Stoob K, Hamscher G, et al. Tetracyclines and tetracycline
resistance in agricultural soils ; Microcosm and field studies[J]. Microb
Ecol, 2006, 51:267-276.

[10] Sengelgv G, Halling—Sgrensen B, Aarestrup F M. Susceptibility of Es—
cherichia coli and Enterococcus faecium isolated from pigs and broiler
chickens to tetracycline degradation products and distribution of tetra—
cycline resistance determinants in E. coli from food animals|J]. Vet Mi—
crobiol, 2003, 95:91-101.

[11] Teuber M. Veterinary use and antibiotic resistance[J]. Curr Opin Mi—
crobiol, 2001, 4:493-499.

[12] Dolliver H, Kumar K, Gupta S. Sulfamethazine uptake by plants from
manure—amended soil[]J]. J Environ Qual, 2007, 36:1224-1230.

[13] 84, FR &, W57, IR REHAERI/NER FHSRMK
HYRZIALT). H EERSERLE, 2008, 28(6) :566-570.

BAO Yan-yu, ZHOU Qi—xing, XIE Xiu—jie. Influence of tetracycline
kind antibiotics on the control of wheat germination and root elongation
[J]. China Environmental Science, 2008, 28(6) : 566-570.

[14] Farkas M H, Mojico E E, Patel M, et al. Development of a rapid biolis—
tic assay to determine the changes in relative levels of intracellular cal—
cium in leaves following tetracycline uptake by pinto bean plants|[J].
Analyst, 2009, 134 :1594-1600.

[15] Boxall B A, Johnson P, Smith E J, et al. Uptake of veterinary medicines
from soils into plants[J]. JAgr Food Chem, 2006, 54 :2288-2297.

[16] Kumar K, Gupta S C, Baidoo S K, et al. Antibiotic uptake by plants
from soil fertilized with animal manure [J]. J Environ Qual, 2005, 34 :
2082-2085.

(17) fa3E 3, 2223, TMNE, 4. B AHZEB R B0RAH G B TR 3K

6 PRSI A R [J]. 3REML2E, 2010, 29(3):513-518.
BAO Yan-ping, LI Yan-wen, MO Ce-hui, et al. Determination of six
sulfonamide antibiotics in vegetables by solid phase extraction and high
performance liquid chromatography[J]. Environmental Chemisiry, 2010,
29(3):513-518.

(18] R/NE, BEMME, 223, 5. BRI PSS HiAE R R 5 X

ReIPHr - LU N T S B[], PRI AL, 2011, 32(6): 1704~
1709.
WU Xiao-lian, MO Ce-hui, LI Yan—wen, et al. Investigation and heath
risk assessment of quinolone antibiotics in vegetables:Taking super—
market vegetables of Guangzhou city for an exemple[]]. Environmental
Science, 2011, 32(6) :1704-1709.



H3BH T

SR U 1295

[19] &R 8, MEZE, PRBkal, 5. B24575 Y L 3xh/NEf S ik

T B BBV, R FRIERL 244, 2009, 28 :1358-1362.
JIN Cai-xia, LIU Jun—jun, CHEN Qiu-ying, et al. Toxicological effects
of veterinary drugs in soil on the inhibition of root elongation of wheat
and Chinese cabbages|J]. Journal of A gro—Environment Science, 2009,
28:1358-1362.

[20] X538, 15 £, AR, SR Y PR % SERHE SR R
RO, B A A2, 2009, 20 943-948.

LIU Ji—qgiang, ZHUGE Yu—ping, CUI Li—na. Effects of exogenous te—
tracycline on rape soil enzyme activity and rape quality [J]. Chinese
Journal of Applied Ecology, 2009, 20.:943-948.

[21] BRH AL, AT, K B, 5. AR S BRI LBAEFHAK

e R B T X AR B A A SRR BN ST T]. RV IR AL A4,
2009, 28.:1800-1805.
WEI Rui—cheng, BAO Hong—duo, ZHENG Qin, et al. Chlortetracycline
and olaquindox residues of manure—derived antibiotics in the aquatic
water and their ecotoxicological effects on Koi Carpl[J]. Journal of Agro—
Environment Science, 2009, 28 . 1800-1805.

2215k 3, % 4 JARE. RN EGEMPNAORGHERKET

RO AR M) TR, 2011, 32(8):2430-2435.
LIN Lin, AN Jing, ZHOU Qi—xing. Ecotoxicological effects of tetracy—
cline on the seedling development of Chinese white cabbage (Brassica
rapa L.Chinensis Group.)in soil[J]. Environmental Science, 2011, 32
(8):2430-2435.

[23] Xu W H, Zhang G, Li X D, et al. Occurrence and elimination of antibi—
otics at four sewage treatment plants in the Pearl River Delta (PRD),
South China[J]. Water Res, 2007, 41:4526-4534.

[24] 2280 ESAB, £ 8. BLARE M. L. BEREEARN
Riit, 2002:393-412.

LI Jun—suo, QIU Yue—ming, WANG Chao. Residue analysis for veteri—
nary drug[M]. Shanghai : Shanghai Science and Technology Press,

2002:393-412.

[25] Xue Y F, Liu L, Liu Z P, et al. Protective role of Ca against NaCl toxici—
ty in Jerusalem artichoke by up-regulation of antioxidant enzymes[J].
Pedosphere, 2008, 18:766-774.

[26] Martinez—Carballo E, Gonzalez—Barreiro C, Scharf S, et al. Environ—
mental monitoring study of selected veterinary antibiotics in animal
manure and soils in AustrialJ]. Environ Pollut, 2007, 148.570-579.

RN E s LEPROTER TR RHASEETRHER]]L
RV FREERL 244, 2010, 29:261-266.

WANG Min, TANG Jing—chun. Research of antibiotics pollution in soil
environment and its ecological toxicity[J]. Journal of Agro—Environment
Science, 2010, 29.:261-266.

[28] K4, BRIRTE, 300, 4. FEFCIMSE X/ SR S AL P

AASRA BRESHR AR MA]). LEA5% 41, 2008, 28:4524-4530.
ZHANG Qing—zhi, CHEN Zhen-de, WANG Wen-—jiao, et al. Effects of
chlorpyrifos stress on antioxidant enzyme activities and some related
compound contents in pakchoi[J]. Acta Ecologica Sinica, 2008, 28 .
4524-4530.

[29] Herklotz PA, Gurung P, Vanden Heuvel B, et al. Uptake of human
pharmaceuticals by plants grown under hydroponic conditions [J].
Chemosphere, 2010, 78.:1416-1421.

[30] Migliore L, Godeas F, De Filippis S P, et al. Hormetic effect(s) of tetra—
cyclines as environmental contaminant on Zea mays|J]. Environ Pollut,
2010, 158:129-134.

[31] Arikan O A. Degradation and metabolization of chlortetracycline during
the anaerobic digestion of manure from medicated calves|J]. J Hazard
Mater, 2008, 158 :485-490.

[32] Speborg T, Ingerslev F, Halling —Sgrensen B. Chemical stability of
chlortetracycline and chlortetracycline degradation products and
epimers in soil interstitial water[]J]. Chemosphere, 2004, 57(10) :
1515-1524.



