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Abstract: This paper investigated the photo-degradation performance of Ciprofloxacin ( CFX) under simulated solar irradiation and the effect of inorganic
nitrogen in water. The results showed that the photo-degradation rate decreased with the increase of initial concentration of CFX and dissolved oxygen.
Nitrate accelerated the photo-degradation rate whereas nitrite inhibited it and ammonium had little effect on it. Along with the increase of pE value

nitrogen form changed from NH; to NO, or NO;  the photo-degradation rate of CFX decreased at the beginning and increased afterwards. The
experiments showed that there was no interaction between NH,;" and NO; . When NO; and NO, coexisted the photo-degradation rate of CFX was lower
than the theoretic rate which indicated that the facilitation of NO; was inhibited because of the existence of NO, .
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Fig. 1 Scheme of the photoreactor ( 1. condensate water inlet 2.
condensate water outlet 3. sample outlet 4. aerates
buccal 5. water cooling quartz apparatus 6. reaction

. . . equipment 7. 500 W xenon lamp 8. tripod 9. magnetic

stir bar)
3 ( Experimental results)
2 ( Materials and methods) -
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Fig. 3 The effect of dissolved oxygen contents on the photo—

degradation of ciprofloxacin
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Fig.4  The effect of NO, concentration on the photo-degradation

of ciprofloxacin
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Fig.5 The effect of NO, concentration on the photo-degradation

of ciprofloxacin
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Table 1  The effect of different pE value on the photo-degradation of ciprofloxacin
N /( mmolL ") k
pE - - N . _1
NO; NO, NH, /min
5.64 0 0.02 0.23 0.01200 8.97% 9.02%
5.82 0 0.125 0.125 0.00882 33.07% 33.13%
6.15 0.0125 0.2375 0 0.00675 26.16% 48.82%
7.15 0.125 0.125 0 0.00912 -15.85% 30.86%
7.68 0.23 0.02 0 0.01618 —-68.84% -22.67%
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Fig. 7 Two photo-degradation pathways of ciprofloxacin

4.3
4.3.1 4
200 nm 310 nm
(6) (7).
(8)
( Mack et al. 1999; Nelieu et al. 2009) .
_ ' _
NO; —— NO; (06)
" NO; —NO, +0(°P) (7)

H,0
"NO; —> NOy +0+ ——>NO,s + *OH +OH"-

(8)
4.3.2 5
( Mack et al. 1999) .
(9) .(10)
NO, + *OH—NO, +OH" (9)
2NO,s —N,0, (10)
4.3.3 6
4.4 pE
1 pE
pE
1
(pE 5.64 6.15 )
(pE 6.15
7.68 )
5 ( Conclusions)



2414

31

2)
3)
4)
(1963—)
130
SCI. EI 50 ; 2 E-mail:

guoguangliu@ 263. net.
(References) :

Agrawal N Ray R'S Farooq M et al. 2007. Photosensitizing potential
of ciprofloxacin at ambient level of UV radiation J . Photochemistry
and Photobiology 83(5): 1226-1236

Al-Ahmad A Daschner F D Kummerer K. 1999. Biodegradability of
cefotiam ciprofloxacin  penicillin G and sulfamethoxazole and
inhibition of waste water bacteria ] Arch Environ Contam
Toxicol 37 (2): 158-163

Alonso A Sanchez P Martinez J L. 2001. Environmental selection of
antibiotic resistance genes ]
(1): 19

Araki T H Kitaoka H. 1998. ESR detection of free radical and active

Environmental Microbiology 3

oxygen species generated during photolysis of fluoroquinolones J .
Chem Pharm Bull 46(6): 1021-1026

Bongaerts G P Hoogkamp—Korstanje J A. 1993. In Vitro activities of
BAY Y3118 ciprofloxacin  ofloxacin  fleroxacin against gram—
positive and gram-negative pathogens from respiratory tract and soft
tissue infections J . Antimicrob Agents Chemother 37(9): 2017-
2019

Cardoza . A Almeida V K Carr A et al. 2003. Separations coupled
with NMR detection J . TrAC Trends in Analytical Chemistry 22
(10) : 766-775

Dodd M C Shah A D Von Gunten U et al. 2005. Interactions of

fluoroquinolone antibacterial agents with aqueous chlorine: Reaction

kinetics mechanisms and transformation pathways J . Environ
Sci Technol 39 ( 18) : 7065-7076

Ge LK Chen J W Wei X X et al. 2010. Aquatic photochemistry of
fluoroquinolone antibiotics: kinetics  pathways and multivariate
effects of main water constituents J . Environ Sci Techol 44(7) :
2400-2405

.2001. 642 J.
23( 10) : 632-633

Ge X C Cao S X. 2001. Adverse effects associated with ciprofloxacin:
analysis of 642 cases J . Ningxia Medical Journal 23( 10): 632-
633 (in Chinese)

Halling-Sorensen B Nors Nielsen S  Lanzky P F et al. 1998.
Occurrence fate and effects of pharmaceutical substances in the
environment—A review J . Chemosphere 36 (2): 357393

Hartmann A Golet E M Gartiser S. 1999. Primary DNA damage but
not mutagenicity correlates with ciprofloxacin concentrations in
German hospital wastewater J . Arch Environ Contam Toxicol 36
(2): 115-119

. 2009.
J. 29(3) :619-625

Jin CX ChenQY LiuJJ et al. 2009. The eco—oxicological effect of
two common veterinary drugs on crop germination J . Acta
Scientiae Circumstantiae 29(3) : 619-625 ( in Chinese)

Kummerer K. 2004. Resistance in the environment J . Journal of
Antimicrobial Chemotherapy 54 (2): 311-320

Kummerer K~ Al-Ahmad A Mersch-Sundermann V. 2000.
Biodegradability of some antibiotics elimination of the genotoxicity
and affection of wastewater bacteriain a simple test ]
Chemosphere 40 (7) : 701-710

Larsson D G de Pedro C Paxeus N. 2007. Effluent from drug
manufactures contains extremely high levels of pharmaceuticals [ .
Journal of Hazardous Materials 148 (3) : 751-755

Levy S B Marshall B. 2004. Antibacterial resistance worldwide:
causes challenges and responses J . Nat Med 10: 122-129

Mack J Bolton J R. 1999. Photochemistry of nitrite and nitrate in
aqueous solution: A review J . Journal of Photochemistry and
Photobiology ( A: Chemistry) 128(1/3) : 1-13

Martinez L. ] Sik R H  Chignell C F. 1998. Fluoroquinolone
antimicrobials: Singlet oxygen superoxide and phototoxicity J .
Photochemistry and Photobiology 67(4) : 399403

Martins A F  Vasconcelos T G  Henriques D M et al. 2008.
Concentration of ciprofloxacin in Brazilian hospital effluentand
preliminary risk assessment: a case study J . Clean-Soil Air
Water 36 (3): 264269

Nelieu S Perreau F' Bonnemoy F et al. 2009. Sunlight nitrate-induced
photodegradation of chlorotoluron: Evidence of the process in aquatic
mesocosms J . Environ Sci Technol 43(9): 31483154

Parck HR Kim T H Bark K M. 2002. Physicochemical properties of
quinolone antibiotics in various environments J . European Journal
of Medicinal Chemistry 37(6) : 443-460

Tong L. Li P Wang Y et al. 2009. Analysis of veterinary antibiotic



11

2415

residues in swine waster and environmental water samples using
optimized SPE-LLC/MS/MS ] . Chemosphere 74(8): 1090-1097

Vieno N M Harkki H Tuhkanen T et al. 2007. Occurrence of
pharmaceuticals in river water and their elimination in pilot-scale
drinking water treatment plant J . Environ Sci Technol 41 ( 14) :
50775084

Watkinson A J Murby E J Constanzo S D. 2007. Removal of antibiotics
in conventional and advanced wastewater treatment: Implications for
environmental discharge and wastewater recycling ] . Water

Research 41 (18): 41644176

.2010.
I 30( 10) : 1333-1337
WuYS YuY Yuan H X et al. 2010. UV photodegradation of p-tert—
octyl phenol( 4-OP) in water J . China Environmental Science 30
(10) : 1333-1337 (in Chinese)
.2005. A
J. 25(6) : 816-820
Zhan M'J Yang X Yang H S et al. 2005. Study on the effect of
natural aquatic humic substances on the photodegradation of
bisphenol A J . Acta Scientiae Circumstantiae 25( 6) : 816-820
('in Chinese)



