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UV and UV/H,0, photochemical degradation of ciprofloxacin

in aqueous solution

GUO Hong-guang GAO Naiyun ZHANG Yong—i SUI Ming-hao
( State Key laboratory of Pollution Control and Resources Reuse Tongji University Shanghai 200092 China)

Abstract: To solve the problem that the slight pollution of antibiotics in aqueous solution was hard to be
removed with the traditional technologies the degradation tests for residual ciprofloxacin ( CIP) in aqueous
solution were carried out with the UV technology and the oxidative degradation rate of CIP was studied.
The effect of initial concentration of reactant pH value of reaction solution adding dosage of hydrogen
peroxide as well as different anions and cations on the removal rate of CIP was discussed. The results
indicate that with increasing the initial concentration of reactant the reaction rate of degrading CIP by UV
decreases. When the initial concentration of reactant increases from 1 mg/L to 20 mg/L the degradation

rate constant reduces from 0. 032 2 min "' to 0. 014 7 min~".

In addition the neutral pH value is the most
suitable condition for gradation. In the UV/H,0, system the optimum adding concentration of hydrogen
peroxide is 1 mg/L. The anions and cations have different influence on the degradation of CIP by UV. The
reaction degradation constant in anion system shows the order of NO; >S0;” > CO>™ and that in cation

system exhibits the order of Ca’* > Mg>" > Cu’" respectively.

Key words: fluoroquinolone antibiotics; ciprofloxacin; UV degradation; hydrogen peroxide; kinetics;

influencing factor; anion; cation
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6-9
( Ciprofloxacin CIP)
H DNA ;
DNA
3-5
1
1
1
Tab.1 Structural formula and physicochemical properties of CIP
pK, " pK, " 25C " /(mgL™)
NHTY Y
U~ N
| 331.346 6.15 8.66 86
F OH
O O
uv 254 nm 75 W.
uv N
45 min.
10
uv pH 0.1 mol/L HCI
uv 0.1 mol/L NaOH 7.0( £0.05).
30 pL
(0.01 mol/L) 2h
1
1.1 Waters26952489 UV/
( 98%) Wates XBridge™ (C183.5 um 4.6
TCI sigma-Aldrich X150 mm) ; (Milli-Q )
pH NaOH. V( )/V ( H,0) = 20% /80%
( 0. 8 mL/min 40 C 278 nm.
) .
Milli-Q . 2
1.2
1 2.1
( Philips) UV UV/H,0,
12-13
BHMNTE ’
7Y 7Y uv
d
BT AT - dc’ =2. 3L, e, (1)
BEHEARRET A t
i — Lot ;
B L .
o 1, ;
1 b— ;

Fig. 1 Schematic reaction apparatus
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CIp pH
CIp 1.5.10
120 min. 2
CIpP t

7.0(£0.05)
20 mg/L

app >

0 20 40 60 80 100 120
t /min

2 CIp
Fig. 2 Effect of initial concentration on
photochemical degradation of CIP

2 CIp

Tab. 2 Fitting parameters of pseudo first-order Kinetics

model under different initial concentrations

CIpP /(mgeL™") k,,/mn"' R 6,,, /min
1 0.0322 0.9922 21.526
5 0.0252 0.9930  27.506
10 0.0235 0.9905  29.496
20 0.0147 0.9921 47.153
2
1 mg/L 20 mg/L
0.0322 min "' 0.0147 min~". uv
CIP
CIP

" CIP 0 ~20 mg/L

k o

app

k., = —0.0009¢, +0.031 6
(3)
R?=0.9558

2.3 pH UV
CIP 5 mg/L

pH 2.25.4.0.7.0.
9.18 11.0 pH

RZ

| —=—pH=2.25
0.3} ——pH=4.00
| =——pH=7.00
0.2r . pH=9.18
0.1t o pH=11.0

0 20 40 6I0 8I0
¢ /min
3 pH CIp
Fig.3 Effect of pH value on photochemical
degradation of CIP

100 120

3 pH CIP

Tab.3 Fitting parameters of pseudo first-erder kinetics

model under different pH values

pH k., /min - R 60,,, /min
2.25 0.001 1 0.976 1 630. 134

4.00 - - -
7.00 0.0135 0.9929 51.344
9.18 0.0113 0.998 7 61. 340
11. 00 0. 009 2 0.998 8 75.342

3 pH
pH

CIpP pH pH =7

M. Mella  T. G. Vasconcelos

o6 120 min pH =7

CIP 81. 08% pH

2.25.4.00.9.18 11.00

11.61% 1. 26% 73.56%  65.92%.



4 UV UV/H,O0, 471
CIP [0AY CIP
15 min 39. 65%
pH 7 . CIP UV/H,0, 15 min
98.41% uv
pH
pH H,0,
(E°=1.77V) CIP
e ; H,0, uv
. ( *OH E°=2.70 V)
2.4 Uuv
17
A% H hv
v 202 H,0, —2+0H (4)
cIp H,0, +*OH ——HO,* + H,0 (5)
uv C1p H,0, +HO,-——-OH +H,0+0,  (6)
4 .CP 2-0H ——H,0, (7)
5 mg/.L H,0, 1 mg/L 2HO, - H,0, +0, (8)
120 min. da | -OH + HO,*——H,0 + 0, (9)
% (1)
) de, .
1.1 —Ez(Z. 3LI,pe +k, OH )¢, =kt (10)
1.0
0.9F kr OH
0.8
0.7 —=—1mg/LH,0, uv
£0.6 ——UV
30.5 —o—UV+1 mg/L H,0, H,0, CIP
ol 5 mg/L 0.1.2.5
0.2} 10 mg/L. H,0, 120 min.
0.1 T 4b ( 3%
0 20 40 60 80 100 120 ).
t /min H.0
a BMUV.H,0, TZKUV/H,0,l}RITZ 272
2
1.1 kapp N R 0\,
1.0 —=— JTHIM 4
0.9 —o— 1 mg/L H,0,
: ——2mg/L H,0, 4 CIP
0.8 —« 5mg/LH,0,
0.7 ——10mg/LH,0,
f0-6 Tab.4 Fitting parameters of pseudo first-order kinetics
° gi model under different dosages of hydrogen peroxide
8‘; H2 02 /( mg* L~ : ) kdpp /min - Rz 01 2 /min
0-‘1 0 0.0268 0.9908 25.864
0 20 40 60 80 100 120 1 0.2791 0.9973  2.484
t/min 2 0.2548 0.9977  2.720
b AR BEH, 0,34 5 B 1 5 0.1741 0.9931  3.981
4 uv 10 0.1020 0.9927  6.796
CIP
Fig. 4 Effect of single UV and cooperative process 4b H,O0,
with adding dosage of hydrogen peroxide on H,O0,
photochemical degradation of CIP H,0, 2 mg/L
1 mg/L H,0, CIp 15 min
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0.1.2.5 10 mg/L. H,0, 5 5
CIP 27.31% 95.29% 94.36% -
86.24% 72.71%. 0.1 mol/L NO;
Sharpless ' UV/H,O0, Cco;~ CIP
H,0, UV S0O2-
( * OH) H,0, . 45 min \S02”\NO;
uv o2 cIp 80. 48% .
2 81.34% \85.83%  32.88%.
H,0 -
22 CO;
Uv
H,0 uv -
22 oy CO% 19
*OH
UV/H,0, H,0, “OH +CO>" =CO.” +O0H" (11)
I mg/L. -
25 v 0.1 mol/L COs;
CIP 2
5Smg/L. CIP
0.1 mol/L Na,SO,+ Na,CO, . ) '
’ NO, Uuv CIP
NaNO, CIP ’ B
Na, CO, NO;
pH 7.0( +0.05) NO,
20
120 min. 5
kapp N 1
R’ 0.2 5 NO; —>NO, +0 (12)
1 e NO; N0, +0° (13)
. —— { N
0.9 —o— 0.1 mol/L SO 2NO, + H,0 —NO, +NO; +2H" (14)
0.8 —— 0.1 mol/L NO; .
0.7} —— 0.1 mol/L CO}~ 0+H,0 2-0H (15)
$0.6 0~ +H,0 —HO-+HO" (16)
< 0.5 r 2 -
0.4r 50,
0.3f S0;~
bt 0.1 mol /L,
. . . \ : 19
0 20 40 60 80 100 120 ’
t /min 3
5 CIP NO; >S0;” >CO; .
Fig.5 Effect of anion type on photochemical 2.6 uv
degradation CIP
5 CcIp Smg/L  CIP
0.01 mol/L.  CuCl, . CaCl, MgCl,
Tab. 5 Fitting parameters of pseudo first-order Kinetics CIP .
model with adding different anions pH 5.0
kp, /min ! R 0,2 /min (+0.05) 120 min. 6
0.0313 0.9918 22. 145
S0;~ 0.0320 0.990 8 21. 661 [N R’ 0.,
Co3~ 0.009 0 0.999 7 77.016
NO; 0.038 2 0.9737 18. 145 Cu®® Mt
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1.1 CIP 96.59% .93.29% Mg*
1.0
0.9 80. 83% Cu®”* 29.74%.
0.8
0.7 —=—LYR N

$0.6 —0—0.01 mol/L Cu*
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. CIP
0.3 ¢ 21
0.2 7 . Al-Mustafa
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0 20 40 60 80 100 120 FTIR
t /min
CIP
6 CIpP 7a
Fig. 6 Effect of cation type on photochemical CIP
degradation of CIP Uy
6 cIp Ca’*
Mgz +
Tab. 6 Fitting parameters of pseudo first-order Kinetics
model with adding different cations Cu
k,,p, /min - R? 0, /min CIP
0.0226 0.9979 30. 670 7b
Cu’? 0.0030 0.9939 231. 049 2
Ca** 0.028 5 0.998 5 24.321 CIP 3
Mg** 0.0145 0.9970 47.803
Caz+ Ca2+ >Mg2+ >C 2+
120 min Ca®"
Y
. (N N
[ NH, |
N N . 0
|
Ox, Cl,

! N+ A ek

O~M,O Cu ,Cl\l e NiR SO CIH

. g

(N N N NTY
H,N A A (_x~n
a CIPSH &R ME A RALA b CIP5Cu™ ¥ Z A B AL iR
7 CIP
Fig.7 Characteristic chelating ligand formed between metal and CIP
2.7 CIp
51523 CIP
CIP CO,.NH, H,0 CIpP
CIP 8
3
CIP uv

UV UV/H,0,



474

33

HN¢ A

8

CIp

Fig. 8 Reaction mechanism of photochemical degradation of CIP

0.95

pH < “H,0,

1) UV CIP
pH

2) UV/H,O0, H,O0,

I mg/L

H,0, ;

3) Uv

NO, >S0;™ > CO;~ Ca’* >
Mg >Cu’*.
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