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Abstract: Graphene oxide (GO) supported zero valent iron nanoparticles( NZVI) , NZVI16-GO1(F16G1) , were successfully synthesized by using liquid
phase reduction method, and exhibited excellent adsorption of ciprofloxacin( CIP) in water. The structure, chemical composition and micro-morphology of
F16G1 were characterized by using X-ray diffraction( XRD) , field emission scanning electron microscopy ( FE-SEM ), energy dispersive spectrometer
(EDS) and thermogravimetric analysis (TG ). It was found that the agglomeration of NZVI was remarkably inhibited by the introduction of GO. The
electrostatic attraction showed significant influence on the adsorption of CIP onto F16G1. The effects of pH, reaction time, initial concentration and dosage
on the removal efficiency of NZVI were investigated. No obvious change of adsorption capacity was detected with the pH ranging from 4 to 5.The maximum
adsorption capacity of F16G1 was determined to be 656.66 mg-g™", which could be fitted to the Langmuir adsorption isotherm. Furthermore, the inherent
magnetic property of NZVI contributed to the easy recovery of composite adsorbents.

Keywords: graphite oxide ; nanoscale zero valent iron;adsorption ; ciprofloxacin ; isothermal
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TEIREE RN 5 B A% (Hirsh et al. , 1999) , 551k A2
)1 48 HE . L 40 M D 0E K K ik S R e
( Kummerer et al. ,2000;Cox et al. ,2002).1t4h, K
B RN T R A 5 e v 2 S 0P 24 M AN e 5
(Diwan et al.,2010) ,XF 7K B A AN A 5200 PRt
AR LKA HETCSZ B A R

H A, Z2BRIE K th BRI 7 L 1) b B 7 125 40 475
IYESVE (Avella et al., 2010) . B4 A 1L B ( Witte
et al., 2010) JCAEFL R f# ¥ ( Van Doorslaer et al. ,
2011 ;fnf 5545, 2011) F B 72 ( Carabineiro et al. ,
2012) 5. b W Bk PR B A ] B PR AR T 1 B A
RBE , oA Ry S Z B IE K v 3R N VD B 1 — A I
S 715 (Zhang et al., 2011).

T K RN 70 B 2 5k 09 4% 458 W B 50) A5 5% 1
7% ( Carabineiro et al., 2012) A3 #E K ( Zhang et al. ,
2011) SR WE 4 8 KL ( Reynaud et al., 2011) {5
A4 (Li et al., 2011) K -8 %) ( Wang et al.,
2011) JorE BV ER T R T 28 (Khoder et al.
2010) JEf#EAR LK ( Carmosini et al. , 2009) FR4N
K& (Kumar et al., 2009) } + 3 ( Carrasquillo
et al., 2008 ) 55 I P A R RS /0N HE LA [ i K -
AL 1R (800 ~ 850°C ), BRI 1 HEAE /K Ak B o (1 1
H (Shim et al. ,2006) ; K + & ¥y 545 35 5% 79 35 7K
PE B LA RO RURE 7E W BT 2 el i rhosE T 43 2 350
K (Sun et al., 2013) ; i 4 55 KW 8 39.76
mg-g ' AFLE B S5 1 T W B 5 2 B (B ok A
42013 s BRANKAT ORI AR Bt 100 mg- g™
(TR 55, 2012 ) 5 4804k A 85 s 17 2803 2 4% e I
B AR 11.8 mg- g™, MR A (] 4 3% 24 h(Wu
et al., 2013) ik S b BHER A7 FE — LE G o, A2 {8 B i
UNGESS RN iL T g

A A BRI R — R R T2 sp? 2R IS FY 48T
AR AN L, HA AR KA be 3R AR D0 8 A AL A
PEREFNRRIR 1 ) BRAL 22 FEME (Li e al. ,2011) AE R
A SBIEN—FEAIE X, S a B E 52 E
BB, Iy gk R L AR A0 | S S0l R AN 5
T ERY AU, T ELX K 5 A G Yl 2 g
{57 55 19 VE F ( Ramesha et al., 2011) .32 4F 2 (1 WF 5
LW, "G BIEXF F Pb* [ Cd* ( Deng et al.,
2010) . Cu™ ( Yang et al., 2010) , 2K F} (Li et al.,
2012) FIE 5 (Liu et al. ,2012) F7KRT5 Ye 45 A
A LR I R R AT R B SR A SRR TS G )
Z I8 PR 52 45 T — S ML B f A A IR S

(Ramesha et al.,2011) . S % 1E FH ( Hartono et al.,
2009) . # 1 2 8/ F ( Hartono et al., 2009;
Goncalves et al., 2011 ) 1 m-w H#E FLAE A ( Chen
et al. ,2008; Yang et al., 2006) 5.

KRB (1~100 nm) HA LRI i
SRR A, 2 I T BB TS R 9 TH BR (B IR 55,
2014) B FHAFERAR RN, 76 ) 25 2 A v b A
B KA RSN, I, w] DL pECH H [ e T
A B0 b DU RO & SO i M. 5 TR 4
AT S50 B BN R A R DR B AT B A A8 T [T
I HAKRRA) T AR IRKRFEAR T A B, A E5E
455 A A SRR AR B AT RO AL, DR A A
S0 T BT M 9K R WA O ) R AR A A 2R
I35 55 25 N R BRI B 550 1% 3 T AR e | 2 B G BR TN
b R 2 BRAKRE S AL

2 ##5 7% (Materials and methods)

2.1 I AR

A AT 20 (GO) il & >R F Hummer 3 il £
GO( Hummers et al. ,1958) , M<K HF 70 mL 98% I¥) ¢
WRERAN 1.5 ¢ NaNO, LA 250 mL [5edr i, i3 =
NaNO, 76 &5, K Redh & T vkok i v, Y L B
2 4 CIEAIE, A 3 o 4158, B FERS I 208
30 min; RJGZEEIMA 9 g KMnO, , #3515 W IR JE A
55T 20 °C BEEER B 90 min, VAW N 40, BB
MUK H B T 35 C IR A B BiEFE O 30
min , RS e 64 Z 54 138 mL KB /KN
AEIBERRrf T P i 7E 98 °C LATF, 4k 2k 8t £ 30
min J57 , FHHRACK 7 W BE 2] 420 mL,ﬁj?)ﬁ%‘f‘;'iﬂﬂ/\
3 mL 30% B BUEUK , BEAHR A9 B4R R 4 P8 4.
W 10% g ER TR A1 2 85 /K e = b ik, I 3L
BT 60 CHES T TS 2k .

T ARER (NZVD) 1 il % 8 100 mL 2585 F
JK A 50 mL JC/K ZEEEIE = IR, 78 N, 553 30
min. B —E 5 1) FeSO,-7H, 0 il A = B3, 7E N,
PRI T 1ERE 30 min, B 38 VR B B NaBH, 15 1 5
SR 3 0 BV W TN 6 B R Ak SR FE RV 50
min, R J5 FHIC/K L BEELZS g Ve 3 ¥k, T 80 C 1Y
BN HET 20 h A2 A7, 45 51 2B €68 AR 19 41
BE B BT

A B R BN GOKRER (F16G1) [ 4%
B 50 mg AL AT 854 B R 70 HUTE 50 mL 2585 1K
HOBERE 20 h, VO E T = DB R, R InA
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100 mL 285 T 7K H1 50 mL Jo/K Z 1, 56 N, #5930
min J&5 ¥ — %€ 2= ) FeSO, 7H, O JNA 2% W Hh 4k 22
P 30 min; SR 560 2 IR Y NaBH, 7 2] H 2%
P RN B R TN e B AR SRR RN 50 min,
FEHTOK OB EZS g e 3 K, T 80 CHEZS 4%
ERHET 20 h 2240, 45 B 2R 08 AR A R} % B
TRAF A A SR S ol 201 401 8111211,
16:1,32: 1 & A M 8o 518 A 0k, 4 5ilid hy
F2G1.F4G1 F8G1 F12G1 .F16G1 F32G1.
22 ERUrk

3 I ER— 52 VR B B PR VD B VA T T AR
o R pH @ S pH 3T NaOH AT HCI 97,
N, REJE A —E /Y F16G1 4 AR o i & T 1H iR
PRGEFRAE D 76 25 °C R LA 300 remin” (55 R
— 5 B[] BURE S5 0, P BR300 7 PR P 7
FLHEE F16G 1 X 7K H R TR Vb AL 1) 25 o5 38 R I

A () A(2) For.
CO - Ct
R = x 100/ % (1)
Cy
c,-C)V

K, R NN BB 3R g, I W BT A7 Ao 1 R
it (mgeg ) C, M C 32 W BRSBTS T
EIIHE (mg- L")V RIEWRARBL(L) ;m h F16G1
M (g).
23 ZHHE

Has T4 (DZF-6020, b —fE Y 2SR A
BT E IR IR H 3246 (ZHTY-70, [ W22 ge
IR E) B RO AR B ( Agilent Technologies
1260 Infinity, ' [ 2 5E (& BH A BR A ) ; pH T
(UB-7, ZEFHMBIER AT ) 5 X FEATHHL (X Pert
Pro % ﬁ_L PANalytical B.V. /N=IDIRL MR . Cu
Ko £ (A=0.1541 nm) , LK 40 kV, L 40 mA,
PR 1o min™' FHREF 20 = 5°~55°; k&
S L 5 A0 (S-4800 % H A Hitachi 24 1)) ,
MRS HE L TR 0.5 ~ 30 KV ; Zeta L7 43 BT X
( Zetasizer Nano Y | 9% [E T JR SC /N w]) 5 X B 2R g i
¥ ( Genesis XM2 %!, 3&E EDAX A H]) , i 414
HLE 15 kV, LR 10 wA ; FESHT{L (TG 209 F3, 7
BT Bt AR 28 1)), I 2 1k - A N, 3R
4 20 mL-min~' ,ﬂ‘/ﬂ%‘l@%y‘:’ 20 K-min™’ , I R
JEVE IR 40~500 °C.

3 R 51318 (Results and discussion)

3.1 X S &AT4 (XRD) o 46 F

Kl 128 B4 (GO) FF16GT Y X SHERAT
SF(XRD) AN 1a 7T LLBA 55 |, 7EA7 53 71 20 =
10.36° 40 H B0 — R IR LT 5 06, 6 Ry Ak A 2
I B IE . TR 1 R TE 260= 4472040 H B A A7 5t
W SRR X AT G bR o B A — 3,
HCRTHn, E A Bk B T Rk B b 7E 20=
33.16° 1 20 = 35.64°4b H BRAY LTS 1) Fe, O, B AT 51
W 15 B T AR A — i R T Ak

Ca

.TJ gﬁ%“ﬂ
AV

5 10 15 20 25 30 35 40 45 50 55
20/(%)

Intensity

1 GO(a)#1 F16G1(b)# XRD &
Fig.1 XRD patterns of GO(a) and F16G1(b)

3.2 R A A RS (FE-SEM) 241 4 %

WL AT EM KA F16G1 A SEM &K%
T AR R A E A A B30 P 0 BT DL R A R
TESEAT A3 M. i P 2 W] L, 4 K ks 7 32 w1
B[] R R 0 B 3Tk ) AL RIVE T, HL B A 5 1A

B2 $AEBEEE(a,b:F16G1, ¢,d:NZVI)
Fig.2 SEM of F16G1 (a,b) and NZVI (c,d)
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R A A BIE R T RO R 98K Bk
FEA I8 o BUtE 2 B U RE 4 b
3.3 “afhELNER

K 3 AL A BRI AT F16G1 LA E.
BT, A AT SRR TE 3430 em ™ BT A — N ECTE .
5558 B W AL UG X U1 JE T —OH. A 1 45 IR Bl 0 ; 7
1725 em™ Ab 40 A SR IE R IE 1Y C =0 A4t
B 7E 1630 em™ B ISR T C—OH 1Y 25 il 4
BRI  7E 1110 em™ B IE R C—O0—C MR B
Wl T F16G1 BR4HA 4k A 5065 19 B fe 1 4h, 1
600 cm™ 22 A5 I Fe—O 8, Ui S AL A7 BB IR 5 &
WA KRR S5 & £ T Fe—O0 R 5EM.

Go / “’UA\W?
A

3500 3000 2500 2000 1500 1000 500
Wavenumber/cm !

Intensity

B3 GO # F16G1 ML 5h ki E
Fig.3 FTIR spectra of GO and F16G1

3.4 Zeta BLHG AT E R
T GUK R 55 LA A28 8.0 (Bang et al.
2005) , ARG 4 AT 501, F16G1 Ay %5 By {67 5 24 K
4.5 418U pH /NT 4.5 iF O o TEAE, A1k
T JUrets L Aor Ay D HL A, B pH Y 3G 0, I FRL i D
W

TTe— pHigp

— P

N

Zeta potential/mV

-
L L I
4 6

pH

b =

El4 FI6G1 K] Zeta FI{I %X
Fig.4 Zeta(C) -potential of F16G1

A2 pH KT 4.5 B, LR R Sl MRk 1 T
A HL A Ay B HL Ay
3.5 RHEHKASENNELER

XFTF F16G1 & =EAINE , ABIEFE BT R 9 77 1k
SERE AT B Sa AT, BN ACREBREART
JN#RZE 400 °C, T A &1 Fe, 0,11 Fe 0,5 1L
R 2.6% ; L 5b ATAL A B TE /AR
FAE 200 °CAbA A S K EE, H R A R i O E A
Bl 2 30, D PR SR A A B o AR 2 ARk 3
VA, Bt T 1 T v SR A 35 T 0 i ik . — A A B
SR B Se T4, F16G1 7E AT I E 400
C H B RE 7.6% R AHEER T A1 F16G1 £
TN 94.27% , SHISAE 94.12% FE A — 5L

| . i
L i o -
1| . I ”‘, ‘b'll | '
il HV A A L il £
L} | r‘-!-‘," i bl.l_r.. M | &
I-"\II ™ "||"l.'l'FI "'4Wﬁ"| il LN PP
oy 1 | o B
5ot 4:!\.\“{ | | |",!!i .ili‘f 2.6% 5
i | |"f)1?f\'|li| I EN
| iy T~ <)
! T 040 K
90% L 1 | ]
100 200 300 400
g C
_ b .
Y Jo
e W N .
80%| W[ -
|
E 60%- 1-02% g
3
40%}- 89.96% )
B Yo %\
20%}- hf {-04%E
\\./\-k\__,\ Ao )J'UN\\A_,_ =
0 1 1 L L
100 200 300 400
i HE/C
T . I_In
1 i
H-"!u-ll'u' Uy'“ 1A IJ1|'IIIi T
1 Lt =
1 .".W\f'lmﬂ' 'll| ‘ill W E
MM ' 5
W ‘ =
8 os%t ' 7.6% 00,8
5
T~ i)
T )
=
=3
90% . L . L 040,
100 200 300 400 e
i fE/C

B 5 NZVI(a).GO(b).F16G1(c)H TG #1 DTG Bh£k
Fig.5 TG and DTG curves for the NZVI(a) ,GO(b) and F16G1(c)
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3.6 AfEEEREENE W

A BIG R ER TN PR B RS
M 248 A AR Fry S g 3 M. DRI, 40 il 2% T 4R Ak A B
W SN YK LR 1:2.1:4 1:8.1:12.1:16,
1 320 A A S0 T M A KR 10 mg #KL
A3 AN 1 EABR EUE IR TS VD R T (50
mg-L™",100 mL) , 7E 300 r-min”" BY4E K FHE IR (25
C)ELLIRS 3 h. i E 6 rl A, gk kbl 1:16 i &
SR e SoLES

. F2G1 v F8G1 —a— F16G1
- F4G1 +—FI12G1 —»— F32GI
50% «
A
— -r/ .
40% . _0_-———f”f
— ey — T ——
> Y
3 30%
&
20%
—a — a
10% | —
ok
| i 1 L | 1 I I ]
0 50 100 150 200

tmin

6 FHEEHABENIADERMEIZIE
Fig.6  Effect of GO content on CIP adsorption

3.7 pHt¥%w

pH 2 50 W B P TR R T RESE pH I
SN ¥ 25 mg F16G1 A48 5 A8 i A PR A
JE B pH=2~ 11 BIFRI VD W (50 mg- L7, 50
mL) , S 3 h, WF5E pH XF R P b B2 0 B 1% 5 e (1]

pH

2 4 6 8 10
T T T T T T T T T T

100% =

ol S T
1/ N
60% P/ \\

% ¢ \
* .* \
0% | \
Il|I —a— pH \
f —e— |
20% [~ /.' i \'.
| L
0 1 L 1 1 1 1 1 L |
0 50 100 150 200

t/min

B 7 pH {EH0 5 A % IR D 2 R H B 520

Fig.7 Effect of pH and reaction time on CIP adsorption

7). AT AE pH=4~5 Z[8] W0 pH X W it
(R SE A AR /N, I B o 2 3 L 25 B SR 8 T DA 2ot
90% . AN TP BEAEKA T Ak 24 45 3508 pK,, =
6.10,pK,, =8.70.24 4<pH<6 if , IR Vb 2 T EAYIE
FEJEAS Ry CIP™ Wi pH>pH,, , F16G1 1 & A H
o SR 0 T L 5 | S8 R o 2 R A A
3.8 KRB 8] Hy % v

SN R 6 2 5 Wi R B £ 1) 0 2 R R OB 25 mg
F16G1 #EHIMAGH i A AR AU AN T B I
(50 mg-L™",50mL) , )i 3 h.tH & 7 A0, 7200 46
15 min P, ZFRFIAEF B BT 15 min, KRR SR
X EZE M TR EL, 78 F16G1 WA 72 1Y
W2 BRFASE A, (LB o s () P 65 0 8% RS 57 o508 fe il /0> |
PRI T 25 B 2t 2 R AT, L3 380 52 B0 SF- ) Fsf [] 3)
30 min.
3.9 HmEWPH

8 AN F F16G1 b % T3 9 vb B £ B
FRASEI. ER AT RN A A A% R AR RN AR 1 L
T,F16G1 #AnE 1 0.1 - L' 83 1 g- L7, W 3
h, WA R 50 mg - L7 AR TN V0 B A9 L BR R
42.91% 14 % 90. 19% ; F16G1 % fin = 14 fin 8] 0. 5
g LT IRV BB L BR AR KRS, ) 3 h /]
ik 91.39% ; H4 K F16G1 WIREMEE 1 ¢- L7 3N
YR I EBRFR F16G1 & Nih 0.5 g- L7 B 3EA

100% ———
v — . -
p e e
80% - //;_f
¥/
J’f —— -
0% K oot I
ﬁj Illlll /'
%ﬁ I |'I"'( -— .-
Haowl ) AT e e
||.'I
|'.'|-
0%/ —=0lglL! —a—05gL"
| jlx —e—02gL" ——10gL"!
oL
1 L 1 L 1 i 1 I ]
0 50 100 150 200

1/min

E 8 $HinEXTINFEIDE WM
Fig.8 Effect of dosing quantity on CIP adsorption

T F16G1 5K H ¥R P9 ¥ B 1) I 2 [ 9 5+
TS SN, AT RNH S N R 5 F16G1 By 3R THE A A
FEFE X, F16G1 I NE A, F16G1 1Y = 1w
RUER N R P2 QL A R VAW 192 AN G i w7 NS R S
(1) BRSO (B FE SR N VD B AR TR — 2 1
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BT, BT o5 B9 W B M7 s St 2 — 2 Y,
F16G1 B4 M3 — 5 Hm it i 3% v 7 5 5L A w] L ik
SRR BR P U0 L 1 F B B AA R A AR
i, RS W W
3.10  RBLF-H ik £ o % o

K9 &7 F16G1 BN 0.5 ¢- L &M T
XoF R PR V0 L P A R R e TR AT, F16G T X 3R 1A
U B 1) RS S 39 il 2 T e B 7 v T 2 A5 1S .
DO T F16G1 A 2 4% 1 16 AL 1T LLS 3R
VbR A B AE R 0B o A B 0 TR, T LA R
()3 AL A R 8 B B, d5 J BV B T V0 L 1Y)
VR RN, AR S O 22 3 P 7 A T4 T I A
FH T L -k e ok e s 11

600~

400

qilimg-g ")

200 |-
—u— bR
— &

PR I R NN N R R TR N T RN TR N |
0 100 200 300 400 500 600 700 800 900
« c[ mg- L ! ]

B9 TEREXNARFDEXRIZE

Fig.9 Effect of equilibrium concentration on CIP adsorption

301 hkENs% AEhE BHERENLE BE AR
T K 2k AT 0 B R BOR Y R
K 25 mg F M AR R A AL A S
F16G1 BRI A & B S BR B SR IN VB W h

100%}- e e
Jop= | /
g
I
60%F || P
K gonl | / .
L F/ —a—NZVI
20% / *—F16G]
o J,f —A—GO
- II.’."
s
1 1 1 1 1 1 1 L |
0 50 100 150 200

#/min

El10 NZVI.F16G1 # GO M ib B K EBRBR
Fig.10 Result of NZVI F16G1 and GO on CIP adsorption

(50 mg-L™",50 mL) , 57 3 h. i & 10 AT %0, ZE R0 46
15 min P, 4804k A7 350t 1 & & 0 KR B RR A
W2 A7 i 7 A At I o 3k 3 A0 P 5 8 A K K 11 55
HL {7 5 240 8.0 ( Bang et al., 2005) , FR 0 B AEK
A A A 53 )R pK,, =6.10,pK,, =8.70. 24
pH<8 B}, RNV B EE A AETE AN CIPT, LA
pH<pH . , 2K AN ERIR T & A Ly 1, 75 25
HLHEF , [RIB, 90oK 40 4k ) B 114 1 58 o, i L 1
AN 1 B30 ok 2 i B I AR AN A
3.12 FREBARE
J T HESE F16G1 XFPR N Vb 5L 10 S5 TR AT,
e Langmuir 7718 (3) X 4174005
C/q.=1/q,K +C/q, (3)
K, C RN B AWIRWE (mg- L") 54,1 q,,
A3 ) 2 SF- fi5 W B 6 S R0 R 5 6 B R T B RE 1
(mg-g™") ;K 5& Langmuir W fff -5 0 (L-mg™ ).
IG5 B w8 R, (X (4)) dE— 0
Langmuir #7124 R =0 B}, 150 B W Fff o 2 AS 7] 3
2R TEO~ 1 22 [8), 158 WY W B ok A% Sy 00 35 W B 5 >4
R, =1 W} Ui I B i R M £R A B s 24 R, > 1 B, 33
R, =1/(1 +K,.C.) (4)
PIEEER W2 1, F16G1 5 R 7D 5 % i 1k 5]
YERI R B AL T 200 2 R B o 7R A, 20 B
R AT 0~1 Z[E], ULV B 25 5 Bk F16G1
JIT R i

®1 TEFZMET F16G1 RH A D 2K Langmuir %585
S
Table 1 Langmuir isotherm models parameters for adsorption of

Ciprofloxacin by F16G1 at different dosing quantity

) / K,/
?&j][]f/ 4m L R RL
(g-L7") (mgeg™)  (L-mg™)
0.5 656.66 4.08x107*  0.937  0.25~0.98

4 &5 (Conclusions)

F16G 1 38 13 # F 05 |V F T A 2L 2 Bk h 3R TN
VRIS YY) W B o AR AT A Langmuir 55 I W B
BRI NZVE 5 GO LBl 1601 B W BR800 fefe |
WY pH(pH=4~5) X W i 08 A KR s H fig
FRRAE . F16G 1 X ¥4 P V0 22 119 o5 K Bff £ 656.66
mg-g "

SEEEENZ4AE, 5 B P ERF R A ST R
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FOHETRR AR A EEANER T AGABRE T
FKE AR e A LE K% T @ SR R e
TRMA.

£ % Uk ( References) :

Avella A C, Delgado L F, Albasi C, et al.2010.Effect of cytostatic drug
presence on extracellular polymeric substances formation in municipal
wastewater trealed by membrane bioreactor [ J ]. Bioresource
Technology, 101(2) :518-526

Bang S, Johnson M D, Korfiatis G P, et al. 2005. Chemical reactions
between arsenic and zero-walent iron in water[ J ]. Water Research,
39(5) : 763-770

Carabineiro S A C, Thavorn-amornsri T, Pereira M F R, et al. 2012.
Comparison between activated carbon, carbon xerogel and carbon
nanotubes for the adsorption of the antibiotic ciprofloxacin [ J .
Catalysis Today,186(1) :29-34

Carmosini N, Lee L S.2009. Ciprofloxacin sorption by dissolved orgnic
carbon from reference and bio-waste materials[ J ].Chemosphere, 77
(6):813-820

Carrasquillo A J, Bruland G L, Mackay A A, et al. 2008. Sorption of
ciprofloxacin and oxytetracycline zwitterions to soils and soil
minerals ; influence of compound structure[ J].Environmental Science
&Technology ,42(20) ;7634-7642

Chang X, Meyer M T, Liu X, et al.2010. Determination of antibiotics in
sewage from hospitals, nursery and slaughter house, wastewater
treatment plant and source water in Chongqing region of three Gorge
Reservoir in China[ J].Environmental Pollution, 158(5) :1444-1450

Chen J Y, Chen W, Zhu D. 2008. Adsorption of nonionic aromatic
compounds to single-walled carbon nanotubes: effects of aqueous
solution chemistry [ J ]. Environmental Science & Technology, 42
(19) :7225-7230

Cox C E,Marbury T C,Pittman W G, et al.2002. A randomized , Double-
blind , multicenter comparison of gatifloxacin versus ciprofloxacin in
the treatment of complicated urinary tract infection and pyelonephritis
[J].Clinical Therapeutics,24(2) :223-236

Deng X,Li H,Luo F,et al.2010.The adsorption properties of Ph( Il ) and
Cd( II') on functionalized graphene prepared by electrolysis method
[J].Journal of Hazardous Materials,183(1/3) :923-930

Diwan V, Tamhankar A J, Khandal R K, et al. 2010. Antibiotics and
antibiotic-resistant bacteria in waters associated with a hospital in
Ujjain[ J ].India BMC Public Health,10:414-422

Goncalves M, Oliverira Jardim E D, Silvestre-Albero J, et al. 2011.
Ammonia removal using activated carbons: effect of the surface
chemistry in dry and moist conditions[ J].Environmental Science &
Technology,45(24) ;10605-10610

A7 o5 3, X0 O, SRR, 45 201 1 K M R [R]JE 25 5 3R T v 2 0
WOCREME [ T] R4, 31(11) :2413-2414

Hartmann A, Alder A C, Koller T, et al. 1998. Identification of
fluoroquinolone antibiotics as the main source of umuC genotoxicity in
native hospital wastewater [ J ]. Environmental Toxicology and

Chemistry, 17(3) :377-382; 383-393

Hartmann A, Golet E M, Gartiser S, et al.1999.Primary DNA damage but
not mutagenicity correlates with ciprofloxacin concentrations in
German hospital wastewaters [ J ]. Archives of Environmental
Contamination and Toxicology,36(2) :115-119

Hartono T, Wang S,Ma Q,et al.2009.Layer structure graphite oxide as a
novel adsorbent for humic acid removal from aqueous solution [ J ].
Journal of Colloid and Interface Science,333(1) :114-119

Hirsch R, Ternes T, Haberer K, et al.1999. Occurrence of antibiotics in
the aquatic environment[ J ].Science of the Total Environment,225
(1/2) :109-118

Hummers W S, Offeman R E.1958. Preparation of graphitic oxide [ J].
Journal of the American Chemical Society,80(6) :1339-1339

Khoder M, Tsapia N, Domergue-Dupon Vet al.2010.Removal of residual
colonic ciprofloxacin in the rat by activated charcoal entrapped within
zinc-pectinate beads [ J |. European Journal of Pharmaceutical
Sciences,41(2) :281-288

Kumar S A, Wang S F.2009. Adsorption of ciprofloxacin and its role for
stabilizing multi-walled carbon nanotubes and characterization [ J ].
Materials Letters,63(21) :1830-1833

Kummerer K, Al-Ahmad A, Mersch-Sundermann V.2000. Biodegradability
of some antibiotics, Elimination of the genotoxicity and affection of
wastewater bacteria in simple test[ J].Chemosphere 40(7) ;701-710

R de | VLA BT I5 , 452012, 2L I Btk 40 K 45 X BR N U0 B 1Y
W BT R SRR )] AL T AR, 63 (11) :3571-3672

BEORAR , =TSR A AR, 5. 2013 T 2R 1 M R0 o0 B - A
Foo MOFCEBR Y V0 B W B PR RE [T ] BRI ST 25 4R, 27 (6) «
579-581

Li Y H,Zhang P,Du Q J,et al.2011.Adsorption of fluoride from aqueous
solution by grapheme [ J].Journal of Colloid and Interface Science,
363(1) :348-354

Li Y,Du Q, Liu T, et al.2012. Equilibrium, kinetic and thermodynamic
studies on the adsorption of phenol onto graphene [ J ]. Materials
Research Bulletin,47(8) ;1898-1904

Li Z,Hong H, Liao L, et al.2011. A mechanistic study of ciprofloxacin
removal by kaolinite [ J]. Colloids and Surfaces B: Biointerfaces, 88
(1):339-344

Liu T,Li Y,Du Q,et al.2012.Adsorption of methylene blue from aqueous
solution by graphene[ J . Colloids and Surface B: Biointerfaces, 90:
197-203

Martins A F,Vasconcelos T G, Henriques D M, et al.2008. Concentration
of ciprofloxacin in Brazilian hospital effluent and preliminary risk
assessment ; a case study[ J].Clean,36(3) :264-269

Ramesha G K, Vijavya Kumara A ,Muralidhara H B, et @l.2011.Graphene
and grapheme oxide as effective adsorbents toward anionic and
cationic dyes[ J].Journal of Colloid and Interface Science,361(1):
270-277

Ramesha G K, Vijavya Kumara A ,Muralidhara H B, et al.2011.Graphene
and grapheme oxide as effective adsorbents toward anionic and
cationic dyes[ J].Journal of Colloid and Interface Science,361(1):
270-277

Reynaud F, Tsapis N, Deyme M, et al.2011. Spray-dried chitosan-metal

microparticles for ciprofloxacin adsorption: kinetic and equilibrium



2450 * B F

36 &

studies[ J].Soft Matter,7:7304-7312

Shim W G, Kim C, Lee J W, et al. 2006. Adsorption characteristics of
benzene on electrospun-derived porous carbon nanofibers[ J ].Journal
of Applied Polymer Science,102(3) :2454-2462

Sune S P, Hatton T A, Chung T S.2011.Hyperbranched polyethyleneimine
induced cross-linking of polyamide-imide nanofiltration hollow fiber
membrances for effective removal of ciprofloxacin[ J ]. Environmental
Science &Technology,45(9) :4003-4009

Van Doorslaer X, Demeestere K, Heynderickx P M, et al.2011.UV-A and
UV-C induced photolytic and photocatalytic degradation of aqueous
ciprofloxacin and moxifloxacin: reaction kinetics and role of
adsorption[ J ]. Applied Catalysis B: Environmental, 101 ( 3/4):
540-547

Wang C J, Li Z, Jiang W T.2011. Adsorption of ciprofloxacin on 2: 1
dioctahedral clay minerals [ J ]. Applied Clay Science, 53 (4):
723-728

Witte B D, Langenhove H V, Demeestere K, et al. 2010. Ciprofloxacin

ozonation in hospital wastewater treatment plant effluent ; Effect of pH
and H,0,[ J].Chemosphere,78(9) :1142-1147

Wu S L,Zhao X D,Li Y H,et al.2013. Adsorption of ciprofloxacin onto
biocomposite fibers of grapheme oxide/calcium alginate[ J].Chemical
Engineering Journal ,230:389-395

Pl ZE WAl 2014, 4K 2 4 4k 2 BR K e N-IE il ik — F e £ F
FE[I]. P EPREERF: 34(7) :1696-1702

Yang K, Zhu L Z, Xing B S.2006. Adsorption of polycyclic aromatic
hydrocarbons by carbon nanomaterials[ J].Environmental Science &
Technology ,40(6) :1855-1861

Yang S T,Chang Y, Wang H,et al.2010.Folding/aggregation of graphene
oxide and its application in Cu®* removal[ J].Journal of Colloid and
Interface Science,351(1) ;122-127

Zhang C L, Qiao G L, Zhao F, et al.2011. Thermodynamic and kinetic
parameters of ciprofloxacin adsorption onto modified coal fly ash

aqueous solution[ J].Journal of Molecular Liquids,163(1) :53-56



