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Photodegradation of Ciprofloxacin Hydrochloride in the Aqueous Solution Under

UV

DUAN Lun-chao'*?*, WANG Feng-he'*** | ZHAO Bin'*”, CHEN Ya-jun"*”

(1. Department of Environmental Science and Engineering, College of Geographical Science, Nanjing Normal University, Nanjing
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Center for Collaborative Innovation in Geographical Information Resource Development and Application, Nanjing 210023, China;
4. Productivity Centre of Jiangsu Province, Nanjing 210042, China)

Abstract; Effects of ciprofloxacin hydrochloride ( CIP) initial concentration, Pb (NO,),, Cd(NO,),, PbCl, and CdCL, on the
photodegradation of CIP using UV irradiation were investigated. The experiments results showed that UV irradiation could lead to
effective removal of CIP, but there was no CIP degradation in dark. The photodegradation rate of CIP reduced with increasing initial
concentration under UV irradiation. Ph(NO,), and Cd(NO;, ), (except for the experiment group of 0. 006 mmol-L ") could enhance
CIP photodegradation, and the half-life of CIP gradually increased with increasing molar ratio between heavy metal and CIP (with the
decreasing concentration of nitrate). With increasing molar ratio (with the decreasing concentration of chlorate) , PbCl, and CdCl, first
promoted and then inhibited the CIP photodegradation.

Key words: ciprofloxacin; UV-Vis; photodegradation; Ph(NO,),; Cd(NO,),; PbCl,; CdCl,
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Fig. 1 Structure and speciation distribution of CIP
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Table 1  Effect of initial concentration on the photolytic kinetics and constants of CIP
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photolytic performance of CIP

F2 CA(NO,), EAT CIP @B EARREY RS, ,
Table 2 Effect of Cd(NO5 ), concentration on the photolysis of CIP and Photolytic kinetics and ¢,,,

e ¥ /mmol - 1L 7!

1,,,(0.006) 1,,,(0.012) ¢,,(0.06)

FiAv

0. 006 0.012 0. 06 /min /min /min
25 In(c/eg) = —0.032561 -0.426 In(c/cy) = —0.03147:-0.281 In(c/c,) = ~0.014 14, -0.043  21.3 22.0 49.0
1:1 In(e/cy) = —0.024 441 -0.806 In(c/cy) = —0.040 361 —0.564 In(c/cy) = —0.03388,-0.036  28.4 17.1 20.4
1:2 In(e/cy) = —0.036 661 —0.510 In(c/cy) = —0.03810-0.442 1In(c/cy) = —0.02886:-0.001  18.9 18.1 24.0
1:3  In(e/cy) = =0.03376:-0.582 In(c/cy) = —0.03827:-0.375 In(c/cy) = -0.02377¢-0.057  20.5 18.2 29.2

D11, 1:2 1:3, BUEESR LG CA(NOy ), CIP R 1, 1/2:1, 1/3:1

;0. 012 mmol -1 ~" CIP SZ50 41 1) 2 ) 34 /N F 28
FIZHAY 22 min, H & BE R HLRYES K[ B Cd(NO;),

WS D8/ ] 2 B G K. X T 0,06
mmol - L ™' CIP SZE6 4, Cd(NO, ), A H2 75 1
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2 HH B EER 49 min 299870 T 20 ~30 mjn,ﬂl},@
L PEIR AT B Cd(NO, ), M8 B/ ] 2 2 4
B X EEE T Ph(NO,), AT AR
L EAEH, WA BT HRGE AR Tk R R
i LA W T, BB T LA SR B R R A R O
fie > AT RB MR BUAE R e g
b AEA—FOGCHGN , 7GRS T RS ERAR VT A2
ST PR A IR, A5 X R v AT LA PR R
gty FE B AR DEAE 2. SR, PR R BRI Y
M) G B ML S B S O J& Y. — 7 T, A R
ART DA s i i e A 28 5 S WSO BE G o ) 4841

2, IR AR T K 7 V80 v s s i S B A 2R 1 ol fe
R 7, AEFRAR 2 G T 0] LA A 1 A o
ROS , 18 52 SRR FH Jom sk s 32 i 288 0 A 2 0016 e
R ARSI B EE R HEAYRE K[ B CA(NO, ), T
FERIIE/INT, Cd (NO; ), 1R A G HOR 7™ A 10 16 1 S8 4
Ji ROS (U -OH A0, ) F1i% P & ¥ 5 (NO A1 N, 0,
) WD O CIP BB fg AR VR /N0
2.5 Pbh(NO,), ¥EEXT CIP YLFEARPERE M 52 m
ANFEVEEE Ph(NO,), R THESEY CIP 3%
(IBEJR e, ANFEMEEE Ph(NO, ), Xt CIP SR fe
FIs2 & 6 gk 3 FiR.

&3 Pb(NO,), REX CIP MEMBHEENYMEEYEEH,,
Table 3 Effect of Pb(NO; ), concentration on the photolysis of CIP and photolytic kinetics and ¢, ,

Ay e/ mmol - L~ t1,2(0.006) ¢,,,(0.012) ¢,,,(0.06)
0. 006 0.012 0. 06 /min /min /min
=H  In(c¢/cy) = -0.032561-0.426 In(c/cy) = —0.03147:-0.281 1In(c/cy) = —0.014 142 -0.043 21.3 22.0 49.0
1:1 In(c/cy) = =0.02224:-1.020 In(c/cy) = -=0.05302¢-0.376 1In(c/cy) = —0.03549: -0.023 28.4 13.1 19.5
1:2 In(¢/cy) = =0.02722¢-0.746 In(c/cy) = —0.037 63: —0.405 In(c/c,) = —0.027 95¢ - 0. 006 25.5 18.4 24.8
1:3 In(e¢/cy) = -=0.03452¢-0.482 In(c/cy) = —0.03396¢-0.432 In(c/cy) = —0.024 02¢ -0.018 20.1 20.4 28.9

1)1:1,1:2, 1:3, BPEEJR L Ph(NOy),: CIP SH1:1, 1/2: 1, 1/3:1

M 6 A 3 Al Al 3 Ak B CIP 7E A
Pb(NO,), /5, CIP SEH0 2 (R 0.006 mmol-L ™" & &
A1) 23 24 H BUAS TR AR B A8 /0S , i B mT LA
Pb(NO, ), BIIIANNERE T CIP (1Y R fiff ik 3.

0.006 mmol-L ™" CIP 25 [ 5% 46 41 i > £ )
21. 3 min, MAITARIEIHBE B Pb(NO, ), J&, B & B
IRECIIBE TN BP Pb(NO, ), ¥ BEIREAR ], CIP (12
W WE/N , HAEEEREE A 1 LA 1: 20, 2 3 1)
KT LK, 20 Ph(NO,), Xt CIP (KR
FEAE T INRIVERT ; WAEEEJR G 12 30, CIP A2 )
NUNFZS FSEE A, H/NRB . Ph(NO, ), 1ER
GBI EOGIBE T X CIP 1% [ At [ A LA W96 T
HAEHPLEIR Cd(NO,),.

0.012 mmol-L ™" 1 0. 06 mmol-L~"' CIP %5 |4 5&
2 B2 WA 58 22,0 min 1 49.0 min, =R

F4 CdCL, KEX CIP SRR IERE R

APb(NO,),J5,CIP iy 52 A 3 30 T AR, H Bl
FEEIR LRSS [ BN Pb(NO, ), AY¥E BER#AR ], CIP
P T LR I35 T 1 n ) A A ik SR B[R] — CIP W
JEF,Pb(NO, ), M BB &, XF CIP 196 B A 12
PEVEFH#BE 5. 0. 012 mmol-L ™' CIP 25 (4 4H 78 Jin
APb(NO,),J&, s A T 10 min 22
A MM 0.06 mmol-L™' CIP 25 H 4 7 I A
Pb(NO,), /&, BRI AW T 20 ~30 min,
FH U AT LAAE T, 7E AN TRk B /Y CIP 2 (8], 5 CIP AH
XTI Ph(NO; ), W& FE 18 X5 CIP O % il A1 i AR
AN
2.6 CACL, HPEXT CIP YGR&f bt AE il 5
ANFEREE CdCL, Yo TEAJE Y CIP 35 A

IRH. ANEIHEE CdCL, X CIP S R A4 B it 52 i 4

7 3 4 s,
YmMREEER,

Table 4  Effect of CdCl, concentration on the photolysis of CIP and photolytic kinetics and ¢,,,

WHD e /mmol - L 7! 11,,(0.006) ¢,,,(0.012) ¢,,,(0.06)
0.006 0.012 0.06 /min /min /min
=H  In(c¢/¢y) = -0.032560-0.426 In(c/cy) = —0.03147:-0.281 1In(c/cy) = —0.014 141 -0.043 21.3 22.0 49.0
1:1 In(e/cy) = —0.03087t-0.476 In(c/cy) = -0.0318:-0.3109 In(c/cy) = -0.0149:-0.029 3 22.5 21.8 46.5
1:2 In(c¢/cy) = =0.0356:-0.3294 In(c/cy) = —0.03329:-0.269 In(c/cy) = —0.013 67t -0.052 19.5 20.8 50.7
1:3 In(e¢/¢y) = =0.03159:-0.407 In(c/cy) = —0.03144:-0.268 In(c/cy) = —0.013 59 -0.049 21.9 22.0 51.0

)11, 1:2 123, BIEESR HE CdCLy: CTIP M1, 1/2:1, 1/3:1

mE 7 M4 2,3 FkER CIP 76 m A
CdCl, J&5,3 Pk CIP SEE A P i 5 25 AL A 2

AN, T HL 32 SR B AR, T LA A A
CdCl, BMAZE—E R LA T CIP [RCREf#.
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Fig. 6 Effect of Pb(NO; ), concentration on

the photolytic performance of CIP

0. 006 mmol-L~"F10. 012 mmol-L "' CIP 25 [{5¢
B H A 435900 21,3 min 122, 0 min, Mi0A
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WEIREAR) |, CIP ByF 3 2 Je /N a3 K, B
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Fig. 7 Effect of CdCl, concentration on the

photolytic performance of CIP
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%5 PbCl, iREXT CIP FFEHF

MR IMEEY RS,

Table 5  Effect of PbCl, concentration on the photolysis of CIP and photolytic kinetics and ¢, ,

WeJE/mmol - 1!

112(0.006) ¢,,(0.012) ¢,,,(0.06)

FiAY
0.006 0.012 0.06 /min /min /min
=H  In(c¢/¢y) = -0.032560-0.426 In(c/cy) = —=0.03147:-0.281 1In(c/cy) = —0.014 141 -0.043 21.3 22.0 49.0
1:1 In(e/cy) = =0.03492:-0.411 In(c/cy) = =0.03374:-0.307 In(c/cy) = -=0.0164:-0.008 4 19.9 20.5 42.3
1:2 In(e/cy) = =0.029 07t -0.493 In(c/cy) = =0.03362:-0.259 1In(c¢/cy) = —=0.013 591 -0.022 23.8 20.6 51.0
1:3 In(e/cy) = —0.021 62t -0.570 In(c/cy) = —=0.03085:-0.349 1In(c¢/cy) = —=0.01249:-0.056 32.1 22.5 55.5

D121, 1:2 1:3, BUEESR L PhCLy: CIP A1 1, 17201 1/3:1

-05 | (a) 0.006 mmol-L™"
-1.0 -
3 -15 |
-1
50 L ® 0.006 mmol-L™'CIP, R?=0.9842°
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=25}
1 1 L 1 1 L
10 20 30 40 50 60
(b) 0.012 mmol-L™!
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E
-15 +
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S 06 |
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E 8 PbCl, iREXF CIP Hp& gt 88 M5 M
Fig. 8 Effect of PbCl, concentration on the

photolytic performance of CIP
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