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Abstract: [Objective] To reduce veterinary antibiotic residues in domestic sewage and livestock breeding
wastewater, and screen aquatic plants which can better remove veterinary antibiotics in water for plant
restoration and artificial wetland. [Method] Four commonly used aquatic plants (Pennisetum hydridum,
Cyperus alternifolius, Canna indica and Pontderia cordata) and three kinds of commonly used veterinary
antibiotics (amoxicillin, florfenicol and doxycycline hydrochloride) were selected to construct the hydroponic
experiment system for evaluating the tolerance and removal efficiency of antibiotics in water. [Result] Four
different aquatic plant species had a certain efficiency on removing the selected veterinary antibiotics after 14
days of hydroponic culture. Three kinds of antibiotics had a positive effect on increasing plant height and
chlorophyll content at low and medium concentrations of 0—100 mg/L, and inhibited plant growth and decreased
chlorophyll content at high concentration above 100 mg/L. Besides, there was significant difference between the

treatment groups and the control group. The highest removal efficiency was observed for each plant at 14 days
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after 100 mg/L antibiotics stress treatment. P. hydridum, C. indica and C. indica were the best selected plants to

remove amoxicillin, florfenicol, and doxycycline hydrochloride respectively, and the removal rates were 55.0%,

56.2% and 48.3% respectively. [Conclusion] The efficiency of four kinds of plants to remove veterinary

antibiotics in water was in order of C. plantsiana>P. hydridum>P. cordata=C. alternifolius.

Key words: aquatic plant; veterinary antibiotic; chlorophyll content; plant height; removal efficiency; tolerance

PrA 22 Ta AR W B B M ) A AR il AR
Hh e AR () R DK A A i T AR i i B AR T
s o PUAE AT BLS T AR Sh i 4
PRI BTG, AT LR Dy sh P v 77 v () A KA gk
Ao BEHURI WA 3 RA /NGRS A7 AE TR
s K AW UE BEAA BRAC T =4 1 T 2Bt 38 R
He b Aok, I & B B el gk NI ST
A FHENFREE, X KT R A B ORI R
W, #5A8 Je i Ab B, S0k N R A AE R B 7 AR AR K

U . HEGETE, TR GUA R B A 2R
SEREIN, 40 2010 FFREPUAERE S RERN 185 T t
PVHE 11.8 J5 t: 11 2013 ERIFLAE A= gk
BT 24875t HNHEFE 16.2 77 to KIHEEE.
B~ NI RE IS FE R S DY 2R 2% 2R RN i 25 0 )
5B 26% 21%. 17%. 7% A1 5%. HTFHiEER
()3, 75 22 B o o] DURS U 2140 28 3R A7 AE,
WX & AR, LRI ARTE K S, S N RR .+
B MK Y Z R A S 22 ETT
THI 3 8 7E B PR RN BB S, Bk
2 BRI G e, KIS AP RN
IKVE 2 5o N AR 9% R G5, BRARMLAR 3% 77, 5t
N R A fa 5 .

HAl, e KR A EE
TEEV B R AR A= 5 A TR B (ICPB R W B4
EHUS s 0 N T 53k, Hod,
SN TR B AR R Oz B 175 4
YIEB, W2 50K Sedum alfredii 5 5K EFD
AT DL PR L g SRR A S =Y R
FPESEDS B LR A, B TR b RIS

I P E 9] K R R BRI e, SR (TN,

A% (NH, —N). 55 (TP) FIkER £k (PO, —P) [1)F
BB BN 37.6%. 51.6% 54.1% 1 41.4%.
FH T AN [F A A0 %65 A [5)35 G B AN R 1 25 BRAOR,
BRI IEEAE N T3 %) 82 FH 5 0 98 A, 60 R P %of
LBRISKF A RRE E R B REE, ARY
FEN TR R G0, A YO N TR 1A
R EBREE S RE & T OEFE N TRk,
B R HEAAR F BB WU K AR AR R, 9F

BAR R m] LR AT AE R w5 S5 B AR
B, AW PE— N g T2 0] DLR FH R G AE Y A0
R K Cd &5, ZFRFBHEE AL 35.8%: Bk
AN FE KB K AR KIS Pistia stratiotes
FRHRIE Eichhornia crassipes 2 /KFER Z FpiAd
R, S5 R R WA KRR BT A =5 R KR 3R
P T AN FRE B B E D e, o, RUIR ST ER R
PUR 3= 1 25 BR 22 T 90%: Liang 25" #F 50 K L.
KEEFEW) P 35 Phragmites australis. 75 3# Typha
orientalis~ TR E Vetiveria zizanioides F13& N &
Canna indica X N T A R R fie FEOR e 26 B 26 0
WEZER LN 3%

AT FUAR A HE R ASAL F5 5 1 55 245 1 52 s A
15 O, e UE FH B 25 P AR RBT 5S4k, SRR 2 1Y
AR e B AE 5 e, i 4 P N TR
R AEAS R FE B A 3R %A T 24T K855, DA
FHREABRMIAER LRSI KAEREY, I
M SE TR AR B 2% .
1 MRI5REE
11w

Bl AE 2 SRR 2 IR 2 0K Je 75 A ] 52
PO AR, 3576 3 1 5 5 Mk A B 7 Sl Hh B A T
2o Hp, BREURE TR RZEIER, 5T
3 CpoH,sNLyO5CL AN 43 F i & 512.93; AR Je %
BT RERIPUER, 70730 CH ,CLENO,S,
Xt ¥R 358.205 B SEPUME T - BEIZSE ST
A2, TR C gHpsN;OgS, FHXT 43 F i & 419.46.

P HEY) : BAT R Pennisetum hydridum- A%
5 Pontderia cordata = NEFR AL Cyperus
alternifolius, X BRI AN R bl N, 3594 KR
A R, [FM 8RR AR 0P E  For et
RN EEAR—,
1.2 RIERE

KBRS K FH & 60.0 cm. B B4R 34.5 om,
JEH B4R 26.0 em M TF R, & FLERA 06
VAR SRR 5 AR, AN ER S AR5, DART L
FEARME R 3 AR, A 2R 4 A Bl A [ o T 2 k) 25



6 W]

JE it x4 FR AR IR B PUAE R B BRBCR LR 69

B iR H AR B A, ORFF 24 h IESLE A
JcH 1/2 Hogland & #2708 W) 3 d, 2 J5 80N
56 4% Hogland B F2 W, 5 10 NAS R ot & 9K B2 (1) 21
Fi% % U IR 22 SRR JE 25 FIR B 5 AR, B fi A R0
B 43 ) 00k ). 0.1 1.04 10.0. 100.0. 500.0 Al
1 000.0 pg/L, AN REWRERKE 3 NES . KE
WG 7E R A K 22 R = AT, IR 16 hy HBHE
8h, 30 C /KE: 7 #1 14 d.
1.3 MEmMB 575
1.3.1 #Zalz KR 14d 5, WEHFHE
J S AR Ak =
132 st E4EmME SHELHEEY k.
Bl P R gl s v, BT 0 25 B ik s BY B
0.2 cm /£ 47 55 40 2278 53450, FREL 0.10~0.20 g 4
22T 25 mL HhEa . fEELEAE I NIRSRIR S
(NS oK CEEVARRRLE 201 18 E)10 mL, JF
W 0 PR AE B B (R I P BE BRI, 7 OZE
IR AR 24 h, HIEBEBh 4~5 UG I H R g4
HA DAL RAMNGR ORI TE) EHR
PWE R ZE 25 mL, 25 C. 12 000 r/min &> 5 min,
Wk EIE WG AR K 645 A1 663 nm Rl E Y%
(D), RSB E W N B % Nt E Y
F SRR B R (wr):

Wa = 12.72Dg63 nm — 2.59 D645 nm »

Wp = 22.88Dg45 nm — 4.67 D3 nm >

wr = wa +wp = 20.29Dg45 nm + 8.05D¢63 nm »

A, w, Bl wy, 224425 0 FIHFS428 b &8

14 d JGUEE S A HKFE, T 4 °C 0 T A7 KUk
££117KFE, 5 0.1 mol/L ff) EDTA-Mcllvaine 223K
FARFALE 101 A FEHRY 5 min J5, 68 5 ZEHL
30 min, 4 ‘C. 10 000 r/min %> 10 min, Y& b &
Wi biEWE HLB [E A0 ZE UM (Waters Oasis,
3 mL, 60 mg; KRGS 5.0 mL 3 7 46 FF v
1k HLB /M), JEW LA 5 mL/min 38 B #, 75 3
se4aii it Ja, F 6 mL Al K ph s B A AU, %
BT 15 min, Rk 28 K64 )G, F 1/5 B ARF
(19 40 At 4 F AT e B, e MG 0.22 pm A BEREE,
FHE-20 C UKFERFM o 1 ZOR AR €01 — 5 R i
(HPLC-MS) 7 #iKiE h i A K BE o 4% F it 55
PR L.

ERrE = (Po —p)/p0 % 100%,

i, p, FPUERIBIGREIR L, p /K55 5T
AR IR R B R
1.4 BB

K H Microsoft Excel #E4T 481170 #7, 15 B A4
A Sigma Plot 12.0, J5 Z 4> Hr ¥ f49 SPSS Statistics
2.1, M Duncan’ s % & LB AN R AL BRIEAT 2
PRI o

2 BRSTH

2.1 AR EYRSHRE
HIZ% 1 AR, BEE KB P i A 3 s IR A
BEm, SLulED 2B RO EE S KR

1.3.3  RikAZREMN T EREHEIT 0.7 M IREE (0~0.1 pg/L) BriaR, EARAEKEA I EZL;
1 k% 14 d FARHE BRI RIRE XK B EIIRE AR
Table 1 Effects of different antibiotics and concentrations on plant height at 14 days after hydroponic h/cm
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p(ﬁq:‘%)/ /frrjlilﬁmffn Fi?:e)zjil Doxycyc?:f}f;joiloride
L) TRAET RAE R R AEE AR BT WA AET AR R Wi
content yperus  Canna Pontderia Pennisetum  Cyperus — Canna Pontderia Pennisetum Cyperus — Canna Pontderia Pennisetum
alternifolius indica  cordata  hydridum alternifolius indica  cordata  hydridum alternifolius indica  cordata  hydridum
0 51.20c  49.30c 50.20d  53.60bc  51.30c  49.30d  50.10d  53.10d 51.80cd 49.10de  50.10d  53.40d
0.1 50.97d 49.40c 50.37d  53.53¢ 51.93¢  50.10cd  50.73d  53.57d 51.83cd 49.27cd  50.03d  53.63cd
1.0 51.90c  50.13b  51.10c  55.00a 53.07b  50.77¢ 52.17¢  55.57¢ 52.73bc  50.40bc  50.93¢  55.37b
100 5447a 5330a  51.87b 54.57a 55.10b  52.07b  55.33a  56.20b 54.50a  52.60a  51.53b  55.23b
100.0  53.17b  49.40c 52.50a  52.67d 55.17a  53.20a  53.47b 58.80a 49.80d  52.50a  53.57a  56.63a
500.0 48.83¢ 4593d  49.63¢ 51.73e 4747d  46.80e  41.20e  50.83¢ 49.07e  4820ef 49.33d 51.27d
1000.0 41.37f 42.63e  4237f 42.80f 4333e  43.47f  36.80f 46.70f 4777 4627g  45.20e  47.20e

DR B R R B FRHRTAILN £ 7+ 2 F(Duncan” sk, P<0.05)

1)Different lowercase letters in the same column indicated significant difference(Duncan’ s test, P<0.05)
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Changes of chlorophyll contents in plants at 14 days
after treated with different contents of antibiotics
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Table 2 Antibiotic residues in hydroponic solution of different plants at 7 and 14 days after different treatments

PAE R ) s/ (g L)

pAEZRY 7d 14d
BUEE (el RATE RS R EAE . iR AER Rfal RN
Antibiotic ~ Antibiotic Pennisetum Cyperus Pontderia Canna - Pennisetum Cyperus Pontderia Canna
content hydridum alternifolius cordata indica hydridum alternifolius cordata indica
el S PL AR 0.1  0.09a 0.07b 0.09b 0.08b  0.08b 0.09a 0.06c 0.08¢ 0.07c  0.07c
Amoxicillin 1.0 0.95a  0.66b 0.85b 0.83b 0.07b  091a 0.56¢ 0.76¢ 0.71c 0.60c
10.0 9.71a  5.93b 6.30b 7.60b 6470  9.25a  5.00c 5.13¢ 6.33c 5.13¢
100.0  96.58a 56.00b 62.00b 65.67b  59.00b 93.15a 45.00c 50.00c 53.00c  46.00b
500.0 484.22a286.33b  331.33b  375.33b 290.00b 422.31a 265.33b  301.33b  355.00b 266.00c
1000.0 968.74a 664.00b  724.33b  821.00b 696.33b 944.15a 634.67c  681.00b  786.00c 659.33¢c
e 0.1 0.08a  0.09b 0.09b 0.09b 0.07b  0.08a 0.08a 0.08a 0.09b 0.05b
Florfenicol 1.0 091a 0.75b 0.83b 0.86b 0.80b 0.82a 0.70b 0.75b 0.81b 0.69¢c
10.0 9.11a 6.40b 7.57b 7.27b 6.58b 837a 5.10c 6.63¢ 6.20c 5.77¢c
100.0 95.16a 50.60b 67.30b 59.80b  55.40b 91.55a 43.80c 59.70c 48.10c  45.30c
500.0 493.59a 395.30b  382.00b  323.30b 360.87b 481.33a 365.00b  342.00c  306.00b 338.00b
1000.0 974.58a 849.70b  824.70b  805.70c 777.00b 954.32a 791.30c ~ 760.00b  774.00c 745.70b
R VIR 0.1 0.09a  0.09b 0.09b 0.09b 0.08b 0.08a 0.08c 0.81c 0.08¢ 0.07¢c
Doxycycline 1.0 0.96a 0.80b 0.84b 0.84b 0.73b  094a 0.71c 0.79¢ 0.74c 0.64c
hydrochloride 100 9.83a  6.00b 7.70b 7476 590b 9.5la  5.00c 6.97¢ 6.50c  5.40b
100.0 98.77a 60.00b 64.00b 63.50b  51.70b 95.54a 47.30c 56.30c 57.00c  45.00c
500.0 487.52a332.30b  384.00b  358.70b 314.70b 473.22a 315.30b  357.00b  327.30c 285.70c
1000.0 974.31a 795.70b  788.70b  794.00b 754.00b 949.36a 770.00c  716.30c  766.30c 708.30c

D)A8 R B 18] | RIAT R JG R ) AN B 5k w4032 4] 2 F 2 % (Duncan” si%, P<0.05)

1)Different lowercase letters in the same row and at the same time indicated significant difference(Duncan’ s test, P<0.05)
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