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Effects of enroflixacin on microorganisms in wetlands
WU Yin-Bao' , WANG Zhi-San' ,LIAO Xin-Di', CHEN Zhang-Liu> (1. College of Animal Science, South China Agricultural University ,

Guangzhou 510642, China ;2. Guangdong Key Laboratory for Veterinary Drug Development and Safety Evaluation , South China Agricultural University, Guangzhou,
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Abstract: Enrofloxacin is a widely used antibiotics in animal production. Animal excreted residual enrofloxacin which can
adversely affecting the environment. The effects of 5 concentrations of enrofloxacin (0, 0.2, 0.5, 1, 2, S5mg:L"') on the
aquatic microorganisms and their degradation rates were determined in a constructed wetland to assess the ecological risk of
enrofloxacin on aquatic ecosystem. The results showed that enrofloxacin was rapidly degraded in the wetland environment in the
initial stage, with more than 50% degraded within the first Shours. And thereafter the degradation rate of enrofloxacin slowed
down. The results indicated that enrofloxacin concentrations of 0.2 ~ Smg* L™' had no significant effects on the population of
aerobic bacteria, fungus, actinomycetes, nitrite bacteria and nitrate-reducing bacteria under aquatic environment. The ecological
effects of enrofloxacin on aquatic ecosystem were also discussed.
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Kk, AR, BRGERBEVES , FEUBBUERE HRUFFRY EME NS (R)HEWE &4,
MEMFETHBFED B REES T BBV B Xt £ R ¥ 6 BN s i B (MIC) B /DR Bk B (MBC)"
B I AR SO A /N BRI E R K AR S R B8 (BT 7, Microcosm) , TR BB W BEEH T MEMR R HMT KES A4+
BAEYRERBEBRER, FHXFHMATERYFEAKTE G KEMEYHESHN, VBEDENES
BB VR4 32 HEAR 3R

1 HE5AZE

1.1 ##

1.1.1 Y% & 3B A % (HPLC) : Waters 600 Controller, Waters 717 plus Autosampler, Waters TM 474
Scanning Fluorescence Detector( 3% [ ) ; SR2000 & i ¥4 T/ L =8B &

1.1.2 25 REUEMELS . F8 100%,#5 H051200, FEEZ5 WM AT, BBV EFEHZ . 88 99.4%,
5 20010515, Wi L EFRE 25T ; Z B : Fisher scientific worldwide company, 81545 ; PU T E R4k ek JRE 288 %
B BERE ZH  LKBREE LKBRESY NE =S4,

1.1.3 EKFAIESFE  REhAE . FREL 4.8845¢ PO T R LS T 850ml S K+, i Z B 150ml, RS /5 A
85% WIBERR A pH = 3.0, 3 RS /EHFH.

HEAHRAERBIEEFE AERARKERE HAERARK 1 SR, 2HAERAEEL
WE T BOAEFRE M AE R BRI FEE T RS RE. R M AR A MPN(Most Probable Number)
BIEFR
1.1.4 MK KKK BHE 10d L EMBERK, FEBAKKEE N 0.6mx0.3mx0.4m(K x % x &H), &
R60L, JEIR B AR KERINEE  REHYEFDIT R  WKEERASRIELE. BEREXTY
B, EBRBRKNATFRIEY.

1.2 A®F*

1.2.1 KEFRFEHEL HEEEFR 7 MKEBFEH, FAMART, KB FRE, FEEEH Sem BEH
W+ (F23.75kg)  HF EHBRKEEYMF T M TP, BEHEEAKRKSSL, B3d HARKHEEE
KK. 30dfa, BEIRB R PGREK H —HKABY (DKAHF), KFEBRFEEMNEL FEsY BAEEHN
Y, SEAEYF ML, R IIEEME,

1.2.2 RBHH KERFHEFELEFT 2 M, FEBREERATIRBMEEN 6 MIFHAEERRR,
F1IANTEBHAMABBYE) MNE2HAE 6 H, KEFBIEDEKRESH X 0.2.0.5.1.2 mg/L # 5
mg/L, RAKHAEFIYSEH 30.5C,

1.2.3 R SHEABKHENNREYLEREAA RSGE, ELHEHHEREKRE, REKFENIEN 0.0.25.
0.63.1.1.21.2.3.4.7.12.20.30 .41d,5 5Lk, B A REMNKE IR KE, IRFERKRBSHHE, A TK
BB RKRESR . ATFHEDREGN G RESEN 1.2.3.4.6.9.14.23 414,

1.3 Rl

1.3.1 KEERTAFEF B KEEESHSE, B 4m T 12000r/min .+ 10min, B - ¥ %t 0.22pm K IEE,
AT UM 1ml, A HPLC ¥ #E#E 50l S E KPP E

1.3.2 @EEGRTEER KNS RS, BMAKK(1,)278mm, &5 EK K (],,)452nm, RWH 10,
#8350 645 €A% A : Hypersil BDS C18(S5pm, 4.6 x 250mm) , K MK FI| 458} 22 {88 A PR 2% Bl %6 5 1034 : 1. Oml/min;
BAKNR . BiEYELARYEH N 0.002mg/L,

ELARBMUFZAET BB REVE AR ESKETHRERSSIT, BEVENARY E BIEERE
i &) 435124 4.9min A 4. 3min,

1.3.3 KEFREBEVERARNDERENE SARAFREEIRBEKE, 1.3, | KGR KL
H 5 # 4T HPLC 4347 M BE D E R R AR B m AR AR LR BNE B9, 18 B A8 K
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BHZMRE, MAMEREIERE S SNREEORES, ARIAHREHERNELRE,

4.912[enrofloxacin] 5.005[enrofloxacin]

4.281[ciprofloxacin]

3 4 5

B[] Time (min) 0 1 2
B[] Time (min)

Al BEUVENARYERGRERGIEE
Fig.1  Chromatography graph of the standard sample of enrofloxacin and

B2 AKEHELKEHEE

Fig.2 Chromatography graph of the samples of water
ciprofloxacin

1.4 HitFHHE:
XA 56 BT B8 B B 4% A SPSS10.0 for Windows #H T &I 4, EEHERAMERHTERER RS
(DMRT ), #| A Microsoft Excel 2000 # T #i & #14 ,

2 GRESW
2.1 BgUEEERKESRGEHHER

ERTHEPMARRRENBESEBR  WEAFRRENEXFBEDEREW /AL, ERWE 1R
o REFFHN  BHLENERERRR ERXBITHRE ShERKRKBECLEEEREERN 50%UT,Z5H
B (] #E 75 , EAR EEE B A R, I BLTE MR AT A S K BT (] . MIAAMK R, Bl B AR Bt 17 1
B A o X R AL R 5 A B A KK b s RE M AR
2.2 BEYEX KA R R
2.2.1 HEAHE EAREE,RE AR REBEDE KSR RN S, IR BUE S R ]
AEE3, AT, EREREEEAN, FRABRHAFAAESRN EHCEES ST a @MU, Kixdirg
PREESBETEMABFUEE THRERK EZEEAMRR, REXEL THIBTRE  FEIMMEER
EFER(p>0.05), MEABRHEHTEZELE WEINMRASER, KUARBKRELEEN , KEPREVED
AR X i B B AR mE /D, XS BIRYBE KPR PHRERE X,
2.2.2 HEMBEE EARRREAE,SXRANGHEFHFNREEHNRRTRMOER 2 Fim,

F1 ERBEARELENREER

Table 1 Changes of enrofloxacin concentration in water in experimental trials

XK ad A (d) 0 mg/L({CK) 0.2mg/L 0.5mg/L Img/L 2mg/L Smg/L
0 ND 180.97 493.59 931.27 1818.61 4105.80
0.25 ND 138.34 252.23 368.56 599.94 1890.99
0.63 ND 80.00 126.85 176.44 354.41 1412.55
1.00 ND 55.67 104.66 140.83 217.01 1070.34
1.21 ND 37.39 71.04 80.18 167.09 714.85
2.00 ND 15.55 38.25 44.89 69.99 505.62
3.00 ND 12.26 24.29 24.98 34.06 301.34
4.00 ND 8.79 11.31 14.61 16.62 137.18
7.00 ND 4.55 3.88 8.03 8.55 65.90
12.00 ND 3.42 3.51 6.37 7.94 19.45
20.00 ND 3.04 3.19 3.79 4.13 7.20

30.00 ND 2.25 2.56 2.99 3.96 6.52
41.00 ND 2.15 2.22 2.28 3.95 5.51

* ND H AT M ND means “Not Detectable”
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%2 FZLRANR.BEWBEM(CFU/ml X)
Table 2 The sum of fungus and actinomycete in water in experimental trials

P Omg/L 0.2mg/L 0.5mg/L

Img/L 2mg/L Smg/L

BE gw  owRE | H® MAEW 2 OHE 0 MRE

HE PR E AHE PR HW AW

(d) Fungus Actinomycetes Fungus Actinomycetes Fungus Actinomycetes Fungus Actinomycetes Fungus Actinomycetes Fungus Actinomycetes

1 0 0 0 0.1 0 0.1

2 0 0 0 0 0 0

3 0 50 0 0 0
4 0 0 3.5 1 3 0

6 0 0 0 5 0

9 10 0 15 0 10 0
14 11.5 0 0 1.5 0 0
23 0.5 0 3 0.5 0.5 0.5
41 10 0 9 0 0 0.5

1 0.95 0 0.05 0 0.05

0 0.5 40 0 0 0
50 0 5 0 5 0

0 0 0 0 0 0

5 0 0 0 0 0

0 0 0 0 10 5

0.5 0.5 0 0.5 0 3.5

1.5 2.5 1 2.5 0.5 0

1 0 1 0 3 0.5

HE2IDES NZB4HIRKEBRH, HE ML
HRBBRABL ., BHMBIELU g+ DERXBR)S,
HATLESFTMEERE . EREXA,. 204 5H_HER
RARENHBREUXEERLZR ., XHEH EREK
EAER, BFYEMEEMRRENRES KRR
EBEEW,

2.2.3 HhAE BEVENEAAENEWOE 4
i, AR S, SR BRAELARLKE LRSS
A, sd EEHATUBER  AEERAE, FENF
U A ABRASTHAZAMNELNBEREREE
F(p>0.05), XRAARRKEBEN, BV EXE
HAEEB BN RAEE .,

2.2.4 FWALHE HEXRFEREERE, &R H TG H

6 BIWEKMBIEE Enrofloxacin content
—— Omg/L(CK) —8— 0.2mg/L
—a— 05mg/l. —%— 10mg/L
—»— 20mg/l,.  —e— 50mg/L

S0 B BUE

Logarithm of sum of aerobic bacteria
("]

0 1 1 1 —l 1 1 i 1 —
0 5 10 15 20 25 30 35 40 45
Bt 1] Time (d)

H3 By B Ean N

Fig.3 Effect of enrofloxacin on sum of water aerobic bacteria

AEXBENEAINRI i, FESTRU, SHRERAEE(p>0.05), XRUELXKIKELEN,
BFUEMASERIWER/NRSERKEFHACAEGRR T

%3 BFERAWLANSMOMNYME

Tr BEKAREME Enrofloxacin content

2 6 —e— Omg/L (CK) —a— 02mg/L Table 3 Logarithm of sum of nitrobacteria in water in experimental trials
gg :g:gxi o~ ;;825,{ RHEME(d) OmgL 0.2mgl 0.5mglL Imgl  2mg/l  Smgl
#% 3 1 4.0414 2.0414 0.8451 1.4771 3.0414 1.6021
gg 4 2 1.4771  1.6021 0.8451 3.1461  2.3010 0.9542
g § 3 3 1.4771  0.4771  0.0414 0.1761 0 2.3979

g“g .1 4 1.3010 1.5441 2.1461 -0.1549 1.1761 0
lﬁf—a 6 3.1461  2.1461  3.1461 3.0414  1.6021 1.6021
_§° 'r 9 1.4771  4.0414  4.0414 2.4771 2.6021 2.3010
0 0 1’5 3‘0 4’5 14 4.1461 4.1461 4.1461  2.6021  4.1461 4.0414
B ] Time (d) 23 2.8751 3.6532 1.5441 2.3010 1.3010 3.1461
Ha4 BEEvEMKEEARENERS 41 2.5441  4.4771 3.4771  3.6532  3.1461 1.6021

Fig.4 Effect of enrofloxacin on sum of water aminate bacteria
3 g )
3.1 BiBUEMKEMEYEERNE R

BUKAEMERENERYE RS, WKR SAARSE BEMTMAFS Kk w Do 5%, &
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AREP, FAHSEARASKBEDNELEAHAMN, EEELER XV AERREELEAN, KixF B
WO EVMBERENBBEASEZEWEKEREDBEN T, HERTRESBEDERE KA EDEEZRE
Ko AXHFRIBYEAKEFHUBEEER0.2~5mg/L, TERANBIBEYERIGIF A ERH(HYE
ARFAEBHHEIMENRKET AR  BEDEASEPHENEEREREN 41 .45mg 1", B FBIH
AKREES R, B LRk BB ENKREERTARXRTRANBERFRE, SHERR(PEAR
ICFE BRI E WIET R, BHE Y AKIER BiE Y ER S SR YR & B B,

HEE RS Dijek %' MBS REM, MALES BRI ER RN EES R AK P S s
mE N, HUARRNER, EMEZEAN WARER, BERE K BEDE (1mg/kg ) Xt -+ 158 6902 % 46 F |
BUAERABEAERABAEARBENMBIER THRAZ W L ENSEM LR B — e ST,
Wollenberger E A"V MR S E R HEAMAELPRM 20 +BE BB BEREESW KRS BEY
AR,

3.2 BBV EWKE WA SN

KAEEDMBREZKEBMFHWERART ;. BEYEH#HAKKG, 77 68 K # KK F0s 97 7% M
UiRE JERREH EYREBRANEYEESERRER. AR B TFTREVEERTHEFPHEBSHAEBRK
(V) PRIERAEL, R\EKEF BBV EB AN EERBRRMEM ., FT, X BED E R HiAR
R, HEKMPWBIBYERRMIERM, EHEBIRS &G T 0RMF&af R 330" RKRBRALER
BRIFMGE ShEAKEFTBRBEVEMNKRECERZEREEN S0 UT , XEERAFAKEBTFENBERDE
EMARBERBRXERME, RO KB HER, BE, RERM T EEEKFEPHENEHMEREZN,
Kummerer' "' SR E ¥ N 1 B #F AKIKJG , B IRBY TR M, KK P EEMWAR B EDH 65%# A 85 R
b, BBEYEAEKEDHERNFIN,F B EAKE. S TREYEMNMERLERA YT, Bk
AR BIEY BT RFERAE, FTEIRRENBREANKEZEBRRBEYE, XUEBRTARRK
BB EEMFEE PRI MIRES, RS A A KR AT R KA E,

BEVEAMRKE TREEKE, RAMKEFMAYMEBREEREEL W, B LYK et E 5(%
WEZYEM, RESRBMEY WA EN =4 ; ), BEBEYVENEXRE/ KSEAKETH, BiELE
BH—EWERYE RS EEDEN R, BLEWALKEE, Miglore £ WA XN, BIEWETUELE
VP EE HEAE —-ENEDEYE. R  BBEUTEFAKEE  KREE—ENESRK,

REKBHFHEFAFET ARKAESRENEW SR BSHELREZNEEHFEES , HRELER
ShHERT LN IR BTSN B R RLITEEMN A EEE R WA YEREMEH  BEERERE N HRERGEM
B, AU —THRE  EZEELFTHEBRYFARERMNKESEENTEE MK ¥/IESHT
HAEER LB EAMHSRRNE —EE7S, XHEA (8 AT BIE0 E #1745 KB M,
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