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Abstract; The distribution, accumulation and transfer dynamics of Ciprofloxacin( CPFX) in water, sediments and biota in
a simulated micro-cosmos system using different exposure techniques were studied. In addition to photodegradation, some
CPFX released into water was assimilated by aquatic organisms and some was deposited in the sediments. The concentration
of CPFX in water decreased rapidly, and the highest concentration is less than 15. 30pg-L™" from the three exposure
techniques. CPFX was adsorbed and accumulated in the sediments and could maintain at high concentration up to
2379. 67 pg- L~ ' with feed administration. There were differences in the distribution, accumulation and transfer dynamics of
CPFX in different aquatic organisms: water seed Echinodorus amazonicus adsorbed CPFX mainly by its leaf instead of its
roots and the highest concentration was found to be 899. 83ug-L™'; carp Allogynogenetic crucian and clam Corbicula
fluminea had the ability to accumulate CPFX, which could stay in the tissue of organisms for a long time. Significant
differences of CPFX bioaccumulation between the viscera and the muscle were observed, and higher concentration of CPFX
was found in the former tissue. The bioaccumulations of CPFX in Allogynogenetic crucian carp were shown to be different
using different exposure techniques with the following order; feed administration > mixed administration > water

administration.
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FEAK PR FRFEA  , Hi ke 2 B i 24 SRR BN N, S TR B R y7 Ak 2 s 4 B i A e e
BB STEK =PRI B, BERE R W AN F= 4 5 FE IR IEF ALBURE W R A =AW 25,
AR T ARBIR T HEIT s Rk =5 T 3 a2 e DURB S R e A & ZEE S HRE A
Wi, HEEBM AT TA RSB YAERFED ), 2002 ERERIV IS EIF R Y B L) Nk = FeE2E A
2™ (XU R RS AR R R R RIR TR R

¥R ¥ & ( Ciprofloxacin, CPFX) X4 3 A IR BR, 245 =R AU B IR K H WS s 2z —1
B, B R Y BRPTE EBEEREZYRES hE R e — R E R B E LY MR A
GiKFE LRMEA R EFEKAE P RIEEERWIRE, AN AL EEHNKEMTHE S, IR TR
VW ELKIEA D SRAMB A A% 3 HARIKA L T RIENKBEREEBKESREFHIFRITHE
1k, BFEIF A Y BIEKE TURY AR SEAF S AR EYEAFREAA BSEPHIHRERLEIR 2B
SETUNR, HEFHIANRA R Y BERE PR E 2% 58 YRR R RS R R R 2
5o
1 #R5HZE
1.1 {UEAHR
1.1.1 FEMHEGREF

Agilent1100 F B 0B FE (34X , i 92 YR M 28 (FLD) , Agilent ChemStation &% T.#E % ; KDC-160HR %
FERHE L,

1.1.2 RBAEY

FH 4RI (Allogynogenetic crucian carp) 3 JWR ( Corbicula fluminea ) ; 2 558 ( Echinodorus amazonicus) ,
1.1.3 KFKETR

BEHUKAERRESLE FAKNES 24 h DB BEXRKIRIER B & B/ HIE, &HKERH.

1.1.4 Rz 5 550

SR HIMRABY E (T ELFRAF,EE 99.5% ) , LRI R I B AR (Sigma A F], 485
99.9% ) ;42N ZHE A ik 4k, IEC HE.85% BB S /AWM. = LIRS A b g, W ah A K R
Millipore #4}i /K ,

AV B AR 2% - T FREGERERIA TR V) B AR 50. 07 mg F 500 ml iR A B, ALK #
HEAZZIE, R 100.0 mg-L™' WL BRI R W EARER, FHT 4CHAM b, I AR R A Bk i
BARFIRETAER

0.1 mol-L™"BEFAYEW (pH 12) MY BRI : B 85% B2 6. 8 mL F#B4i KM B2 1000 ml, 1 mol-L ™' S &4k
HhvEwoE pH 2 12,

1.2 ATHEBUKERRENEIT

ATEHKERRAERAZENE KBRS, £ 300 L(P12:80cm, 5 :60cm ) F IR ZH6 K IRFE
A S em HETE, IMABRSERK 250 LR B, #8 1 A5, BRA20 RETEE, RGRES, K
EFNHAZYNL K 6 ~7 em B 7T 440 30 B, W 60 H, 5% R KR 26 ~30C,FH 6
mg O, L' B b, 478K, pH 7 6.8 +0.2, SAHRKBE 3 MEATRBKEM, 1 = HM R,

1.3 i
1.3.1 KIRSE

HEHRFRBI R R Y 2 125.0 mg F/KB®E, MARBAKERIHRRY, FRAPEBRARVERE N

0.5 mg-L™",
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1.3.2 Bz

HEFFREER R R Y 125.0 mg, I A2 R B2 P i B 2 900 mg-kg ™' BYZ51H,22 d #IR5E,
1.3.3 BRE%H%H

WP FRBELRRIF RV 2 62. 5 mg KB, AR KB HIRS, fKPHRBRIARYERE N 0.25
mg-L ™" ; [0 HER FREUERIRFA IR U 2 62. 5 mg, A 28 4RI b il 26 W )8 O 450 mg-kg ™' B9Z51H,22 d
MR SE
1.4 FEFEEHFRHNRE

RIIET 45 d, I HE 4 H 3R 2 (AP 9:00 11500 FHME 1K) , H MR EHAKER 3% 3+ (K
PR 2 BRE BRRE, FRHA 2 AR B A RR AR, BRRE aiEED o

SWFMETF 1.7.15.30.45 d B BHREIRZ 8] 43 BIBUKEE Bk, KT 2 #1804 5 B8, i 10 H, 43K
TR 2R A B UL P L PR 5 TR UL B PR IR T S R AH OB R o, B RE ISR 3 AR X
FRBURER B T - 20°C vk4H PHRAE S,
1.5 otk

£23%4% ; Hypersil ODS 434745 (250 mm x4.0 mm i. d. , 5 pm) ;3 3h4H:0. 05 mol - L ™" B4 ( F§ = Z. Bk pH
F2.4) 520 , R SEOh 4, I8 SO ES , KB 280 nm, ZHHEK A 452 nm; HR :30°C 5 3
FEE 10 pl; %3 :0.8 mL-min ',
1.6 #rifE R4
1.6.1 & JURE fobm v h 2 59 2= 1l

AR 100.0 mg-L ™ EBAFR R YD EARME TAEW , KUK A 3 3B A B 0. 005.,0. 01.,0. 05.0. 10.,0. 25,
0.50.1.0.2.5 pg-ml ™" By —ZR3| TAEW , 2038 RO G A1 T, BAVKEE B /B R GWRF , #4610 wl /£ HPLC
0T, KERBRF RV E AR (S) 5 TR WK E (C) (EELIE H , 15 3 br vl 28 i 8115 7 B A AH
REH
1.6.2 JKEEAR ZEMHRURIRHE Rbn dh 0 441

TAER YR R iR B 4 0.01.0.05.0.10,0.50,1.0.2.5.5.0 pg-ml~' , KA #RF 1.6.1,
1.6.3 KPR N2 4]

TAEM 5 HvR RS R B R 0.0025.0.005.0.01.0.05.0.10.0.25.0.50 pg-ml ™', At #F 1.6.1,
1.7 HESR T
1.7.1 & ke i BiAL

MRRKFE BN, ZR T BARE. FSEITE, RS, R 2.0 g SEFERT 50 ml
BRAELET, A 10 ml ZJE, FEBEHE, EIRIRA 2 min, B4 10 000 remin ™' 3 & B.0 10 min, R E2E
BBRTA—BLED, RATRE DRABREEERR 1R EFHRERN LEREIF, A 10 ml EETE, Bl
BOGBe BEFE LR, A 10 ml ECBEERAE 1K, TEBRAE4OCKEFHAKKT, -20C K
RN, WERFE 1 ml JEHAEEEAE, LA 10 000 remin ™' SEEFES.L 10 min, FIEWFT 0.22 wm B94F LR
FLUBES LR , UE VR & HPLC Rl 2 F o
1.7.2  JKEAR ZEMFURIRAE R AL

MRRKFE FBUEH R, ZR T BREE. FSRVITRH, MBS F REAEFERS AT , AR
2.0 g SAER T 50 ml BFBEBLE S, WA 0.1 mol-L™" AYBERRY M (pH 12) 3.0 ml, BB, RIEMA
7.0 ml ZfE,J&iREA 2 min, 2L 10 000 r-min "' S EFE.L 10 min, RIEH LERTH —BOB . RBER
FREBAEEERR K, AHFRBI LER, B LEBE 70CKBHHRIKT, -20CKERER
W, PR 1 ml 3 ShAERAE, LA 10 000 r-min ™ 3 B0 10 min, EIEWH 0.22 wm 94Tk AL 28t
U8, UE W& HPLC I F o
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1.7.3 KR FRALF

MAERKAE FBULEES , ZR T BERBEF. EIRIES 2 min, REUDCEKEEH 0.22 pm 94 L5010
FatUR , VB WL £ HPLC Rl 2
1.8 BEPIRFVENIE

MR, A RR 2 HPLC Rl Brig R3R TR YD 2 3 04 T AR LR I AR v Bl 2R AR, SRR 14
SEERPARRVENERRE,
2 ZREitig
2.1 AR CPFX ZEKMK JE IR % TLHLAE A1k
2.1.1 Kk

3 FARRAZ TR CPFX FE/K R Bk E LE 1, KIRAH SRR AXFFAZE SR, Hokk
i CPFX S E—HE TH#E, %25 1 d JGKE CPFX ¥R 45 i ¥ 44 #9 500pg - L' 71 250pg - L' f& 3]
15.30 pg-L7'19.48 pg-L~", CPFX ZE/Kk#k b TR # Mk s (BB A A 25 41Kk krh CPFX & 8 T REHIT 58,
XNZSRAHHHBRAWHEK KR RALGEAE X, ERBHAZ RS REFHE 1 XA
7 CPFX W& & ,BHE S EZW 7, B8 7 RAFIE(E, § 8 10.01 pg-L™' 2 E X8 T, BEX
Ui,3 HARRBZ KR CPFX & &4F K, BISL 5 45 R K R #R R A 3 CPFX Y3k B &, LA
CPFX # AKM)E S B gR TR R B K S B A RR B R, (R B o F CPFX A2 7E SR T A S P f 1
RV S3T kR CPFX W B TR

_ _ 12 - .y

B A ik 12 B ggpaz R C Bamzs
- Water administration - Feed administration 10 Mixed administration
2 2 10 - D
25 & &
bt Z 8 z 8
2 5 5
=] L g N g

o4 L W 4
a L 41 41
oS < >
= ) B2

& A
© O O

0 ! ! 1 | 0 \ ! l I | 0 |
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Bif ] Time (d) it fB) Time (d) it fB] Time (d)
B 1 sk CPFX izl
Fig. 1 The change of CPFX in water borne
2.1.2 KR

3MARAHHFAT , REH CPFX B R e aE 2 TR N, KEGHHTAT,1 d BIREH
Y& Bl ik BIG(E , 2590 8 ik 385. 57 wg-kg ™', JiBA CPFX BB RKM . PG CPFX & BBEWHIK, B
15 d XA BIF, HIEE G THE B TAd R EEEN AT U A RE O RESER. ZEHT
MEHREPEEYXT CPFX WML K CPFX B SYFREMEIER, IR CPFX S BN EB T, B4
2T ,CPFX 7E)E RIS BAKTE, HZE 30 d 54 B FF%,30 d BHER S CPFX & 851k 2379.67
pg-kg ™!, X FAEE T REF CPFX R B ES5ZEMINA BIEMX, 5 B ZHE7E 22d BT (308,
ST SRR 2R AT AE B 30d Fi, JIKIEH CPFX IS BE ST 30d WEE ., FABHAZI4 N CPFX A8tk aigt
— U TR IBA CPFX BLA P VE R, i B CPFX e R P KB ER, BAA/L R TIREKN
CPFX Hy5R AL s SABHAZ T AR, BRAHAZ 1 d BIRIEH CPFX &2 itik 256.73 pg-kg™',
ERFUEHABA 24 IRTE S CPFX & &, XN % 5B A 45 25 7E I I 16 L5 Bk K R i AL CPFX 2457
%330 d BRI CPFX & BH1A 1672.33 pg-kg™ 2GS EBW P, N3 FAZ TR UE H, %t
CPFX R, IRIEAMUEARIE R R BEM,F2/5, CPFX 78R T8 4 1 R Af B 45 40 M 2218 , T HL M K
RS 819 CPFX W iBA IR IBH B9 CPFX i LLBER #E A KR, 4t X s i B 2R 5 — M ——RBs
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3 . wA[2,12
YRR AR RS A —B ™",
A KIRERZ 3000 B fiRta 2 C BRB%HE
450 Water administration r Feed administration 1800 Mixed administration
TB” 400 TB” 2500 L o 1600
o 350 - o 1400
= = =
= 300 = 2000 - = 1200
S 250 5 S 1000 |
El g 1500 | £
O 200 O O 800
B 150 & 1000 - E o0
100 X > 400
= 500 - =
o 50 | O T 200
0 | | | | | 0 | 1 1 | | 0 1 1 | | ]
0 10 20 30 40 50 0 10 20 30 40 30 0 10 20 30 40 50
IHE] Time (d) IHE] Time (d) I ] Time (d)

B2 JRIEH CPTX ik
Fig. 2 The change of CPFX in sediments

2.2 REAHTTE CPFX 7EKE AL A A AR AR F 2Rk
2.2.1 JkE

AR Z T CPFX ZEKE R B SR IE 3 fin, KEGHMBAAGHAELZ L dFKE
R ZEMH CPFX & BRI , BT, KRS 254K AR 20 259 & B 43 )2 217. 47 pg-kg ™' 71 795. 43
pg-kg ™ RAHAUKER ZEH PSR HR 77.34 pg-kg™ ' f1261.97 pg-kg™ (HKIRAZHAKER,
it CPFX 2R B8 B7ERE /S BT RI L B W PR, TR A AL KE S CPFX S8 BHE SHBAZAEKR
FoEFE, NRZGFI6F 15 d 250t b CPFX 3R B BH AN L7+, 15 d BHR-A A 25 AR Bk 45 25 4 K 2R op
CPFX & 84353k 492.53 pg-kg ™' M1899.83 pg-kg™' , Z /5B T M, /KEMRH CPFX &8 NIRRT ihis:
¥, B3 30 d JFA BEREAS, XU T REE 2R AR B, 2K 2R BEAS T R 24 PR BURE | 8 2R 4
IV RAE KRS iy CPFX 254, (B REE 2545 1L, 7k CPFX & B8/, REALAA Kk 25 25 ik 4 25 4y Bk
Z AN E R BB TR, M/KERE CPFX KRB SRS CPFX & &2, K
EIRTRRBIF S MR M CPFX,—E 3 30d G E R R 25 Y & B W REIRMBEMR, KEXS CPFX &
F BB SE LR T AR B A R K AR R SR R A AKERN . 783 MAZE P E R,
IKEZEM AR A A ER R BN, X TR 52 BAFE R R MR ERA ; Bk T LA, K B XY
CPFX iy ZFI R RELAWR BHE R b £

—e— JKHEEZEN Leal —a— 7KEfR Root

B faEtn C REAYH
900 - A IKIRAZ Feed administration 600 — Mixed administration
~ 800 Water administration 900 -
2 900 = 800 & 500
on on 700 on
2 600 2 = 400
= € 600 =
2 500 8 2
& § 500 8 300
< 400 © 400 ©
iz iz i
4n 300 41 300 4 200
> > <
£ 200 = 200 =
=% =% =51 100
© 100 © 00 ©
0 J 0 | 0 ! ! ! l |
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
B 1] Time (d) I} ] Time (d) ] Time (d)

B3 JKER CPFX g4k
Fig. 3 The change of CPFX in aquatic plant
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2.2.2 R

TP AEFIALIA X CPFX AR RUNIE 4 BiR . MBI PR L, DR 25 40 53R 40 25 4 P I L P BE A ALY
Xt CPFX B RAALHER, —HE EFHE#, 15 d RXPRFA R %2575 X BT IE AL 5 CPFX B8R
BRI 72.69.55.34 pg-kg™' M147.69.34.41 pg-kg™' fEKIRAZG LGP ERILPY oh CPFX (5% B 2%
e B T, 1 d BRSPS ERILA B 25 & B 53 B2 48.56 pg-kg ™ M1 21.46 pg-kg ™' B 15 RIEH
B EFF, X ATRES IR CPFX & 8w B A X, ML 2sY CPFX R R /2, i T AR B
BRI 25 Y e sk AR SIRIRA BB KR BB, Wil TREVKAEZRGKREZ, WK
BT, 230 d A1 45 d TR EdRsh K .

—e— JA[ ALY Muscle —a— J[i Py B Viscera

60 - A 7J(ﬁ§?{:‘\§f ) ) 9~ B oyaE s 60 — C REAYH
R Water administration ~ < Feed administration — Mixed administration
50 4 ) 50 |
Ei 27 Ei
= 40 = 60 = 40 -
5 g 5 5
= = =
30 30 -
S S 40 S
o 0 & 30 polled
e o)) e
o N o o
o 10 & o 10|
O O 10 O
0 | J O | | 0 | |
0 10 20 0 10 20 0 10 20
5 ] Time (d) ] Time (d) 5 ] Time (d)

B4 FYARIELRS CPTX KL
Fig. 4 The change of CPFX in different tissues of river clam

2.2.3 SEHH

BERUK A R G B 5 8 SR 25 W AR B — 05 T AE S IR R MK AR eh B RS, B — S T AE
BEGESUKSTBEYBTRHE , mES TUSH, ARSI RAZ, 5588 AU X CPFX
BB R RIMF , it B — WA 2R B S A 25, stk i CPFX & BZETF IR 255 Bk Bl B i,
/G MAR T, ERARNAH T RFBNAKNNEYREBREBERR, MAKAL T, %4
1d JEfa LA AP IR 2 Y& BAUE 10. 15 pg-kg ™' M142.19 pg-kg™'  MABA AR AR FRANA .
PIREHR CPFX & & 435I 72.89.645. 37 pg-kg ™' f1 43.43 pg-kg™'.368.17 pg-kg™' s ULBAZE KRGS TR P,

—e— AL Muscle —a— fi i Viscera

SO A AKIKEZ 800 - B K% 150 - C BB

~ 45 Water administration —_ Feed administration —_ Mixed administration
DN Ty 700 & oy 400
== == =~
E 2 600 & 30
5 £ 500 z 300
g g ‘g’ 250
S S 400 S 200
i 1 300 e
§<ﬂ §<U <>r<u 150
200

= = = 100
@ C 100 © 50

0 | | | | | 0 0 1 1

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

fif ] Time (d) Mt 8] Time (d) I 6] Time (d)

Bs5 #ARHRAD CPFX ik
Fig. 5 The change of CPFX in different tissues of fish
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SR YIH R RRERA R, 3 AT SFBNA KNG YRERELRIE K /DZFHE, KK
R ARRE 2 > RAHA > KRG 2, MR AHNRBET R TS 25A, RE 5 AN RFRE 25
KRB LGR A B

CPFX 7E R F SREV A Y SR B BB LB 2, AL Sk R CPFX & BB L LU RSB BMAF X, 5
CPFX e £a kP I RS2 R %, RS BIAT T CPFX 7edlla e py 12 3l F 4 , 4 v iR 10
mg-kg ' ¥ CPFX Jg , B SE M AR 350153 510 0. 31.4. 59 b, TS LA 10 mg-kg ™" B3] & 5351
L5 BEFFTE CPFX UKW . 1R CPFX /K¥S ¥, 1 ik CPFX FURHI, B9 B 3 Fh4a 2575 20 T 8% CPFX YR IR
T BRI 519 0.16.,16.47,0.31,6.47,0.53,14.47 h, PEBIARRT CPFX BRI T R 2 )5 AH 2

CPFX 7E LA P B AR R R EH PR, T EL3% B IR Y AL X FT BR-SAE R P B A5 3
AR, BNRA—HI Y RANRS BT AR EZ R kMY . ARRES AR st
YT HRE R DL A R B, # 2R 0 B A e A B (AN S8 B8 B R ) S 2E47 9 RUHE PR 3 CPFX
AT R RS B T e ARG, BB SR B R B R P b ML B v B it LR Y, b 24 CPFX DA
B REDLBIHERR Y, R o AP G , BB LA 5 CPFX iSRRI 1/3 ~ 1/2; Rk %" % CPFX
e 8B EmZH SR P 5k B BOTHBR LR EAT T PR, S R BUR , BB R R CPFX 3% B B /MR ETT > B i
> WLPA, T ELRB A0S Bl CPFX fy 5% B8 it 18] EL AL P AP 52 B B TR o
3 4ig

ARELERA 3 FARBATRHRT CPFX TEERKESRETMHE, AWHEAKKE, RO RE
TR, TR R TR R R TR RS WUk |, 3 86 B PR OB W) BRAUK A2 2R W TR M, B DUREZE A R TR
B, KPR 2R BTG T R, S BARME, B RBSIERKAES REAR K S BEMET REARBRENEE5R
Fo HLURTR TR R FIER 9 B 2., T LA I 16 B R BRI vk B, ERH 1 AN B 2, PR LA 7 R i 24 9
R FFR KRR IR L 2 RBIHEEE W, KAEEYI% CPFX A A FRE N B EMER R, KEXH CPFX B ik
R, IHIEM A #R5), W AR R LAY B AR A O X, XA — PR LRI E . TR, FfRXT CPFX A H
BHTR R, I BN BT BR BRI AU s A R4 CPFX IR IR BT B i 22 3 , HAE Py b R
REHNHERR.

3 B2y, KRG SRR R Bk CPFX F - B A8 40 BB I 18] 4 T2 7 ARG s 1R B 45 25 PR &
L IRIE A SR b CPFX & B LS a0, 725 0 BUA R, UK IR B & B R AR, IRIE & B &, M7EJL
AW T X LK E & B, L A RN & BAENBK, 3 AT AFBNAKRNGYRER /MR
KR ARG Z > RSB > KRG,
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