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Products and Mechanism Analysis of Ciprofloxacin Degradation in
Water by UV-activated Persulfate
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Abstract: Long-term ecological and physiological toxicity caused by the residuals of fluoroquinolones
(FQs) in the aquatic environment has raised much attention. Ciprofloxacin as a typical FQs was degraded
by UV-activated persulfate, which was a new advanced oxidation technology. The degradation products
were characterized using qualitative and quantitative methods,and the detailed degradation mechanism and
pathways of ciprofloxacin by UV/persulfate were proposed by using the analysis results of quantum chem-
istry and mass spectra. The results revealed that the optima condition for CIP degradation was pH 9.0. Af-
ter a 30 min reaction, 13 intermediates were identified in the solutions,including alcohols,phenols,ketones
and amides. The concentrations of several intermediates exhibited an up-and-down trend. Oxidations
mainly occurred at the C-F bond and carboxylic acid on quinolone group,as well as piperazine group. The
degradation of CIP by UV/PS mainly included four pathways,and a series of defluorination, photolysis,

substitution,addition and deamination were observed,leading to the final open-ring reaction of target com-
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Fig.1 Effect of pH value on degradation of CIP by UV

activated persulfate
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Tab.1 Ciprofloxacin degradation products by UV activated persulfate

ivciaa N REfERE R B B[]
B HAE R A5 B ) R OEY
(M/Z) /V /min
o O
F
OH
1 263 245(100) 20 31.12 |
K
2 264 247(100),221(57),193(27),191(26),223(19) 15 15.97 (\’V\/C]:&°
AL
3 288 270(100) 15 31.63 J
]/\N N/
HN\) A
o 0
B OH
4 306 288(100),268(11),245(12),263(2) 20 21.85 . . )
NH, 4 A
“~OH
5 316 298(100),199(3),227(2) 15 28.82 ~ g
NHz
‘OH
6 322 304(100) ,284(7) ;256 (4) 15 26.56 [/\\,lij\jjé
NHz n )‘\
OEEG
HO .
7 330 312(100),286(40),243(11) 20 21.86 N . |
HN._J A
OH
* 332 288(100),314(93),245(38),231(12),268(11) 20 23.70 I
N
W TR
-
8 334 317(100),316(90),273(27) 15 19.36 (\N . |
NHp |\o A
(o] (o]
HO | OH
9 344 326(100),303(5) 20 25.67 N N




556 W SRS UV/PS T2 R K Hr 3R T8 70 B 04 7= 4 S AL FE 43 A 153
gkl
A L - R AE I {5 B2 e i)
e PR AE T A 15 ‘ 23t
(M/2Z) /V /min
Oy
10 348 304(100),330(41),261(28) 15 23.84 Q g
HI
OH
OH
11 348 330(100),231(3) 20 38.89 (\ _
N s §
“OH
12 348 330(100),304(31),247(9),261(7) 20 28.48 (\
HN\iOH i
= H
13 362 344(100) 15 27.13 {;Cijj\o
HN.
o
* —CIP

WM 15 BTN, 58 AN 33 B R £k B ik 28 T
DB 7 ) A G A A B R R B A 2R TN Y R R
T 255 B = 2L 213X F2 02 W J 1l IR R A
AR . — 5 1 Bk R A TS AT LB R R IR N v
B 5y — D7 AR SR AN BRI R L SRR VD L R
HREH &AL B T BB IR AT, AR U R A RS
MRS Z 5] - SO, I Az 5 22 1) 4R
=gy

S OO L B R R B A R TS VD B RN )
FALFEFE R R /N J0 IR AR i B2 (R 107,127
K 137) (B2 G=H) 97 ) RBEMR G2 57 .87) . &
A TE SRV A L A B 2 G 7 ) LBER GT
117, D B iR W 5 DA R 9t s v ) 5 A 1) F B 24 e )

Y217 ~4F L 67).

R 25 545 e ) 7 ) A B S I T 0 5 6
FEAE rh ] 7 0 e BE AT T W, 7 A v R I R
I R) ) A2 fan 1 2 s

A= e W T R AR A LR 7 g ek R B
S B[] R 28, 52 B0 K AR T a5 i e 47
77 K 117 By B S T e BRAR B B, SR =
H oy A ) W) TR T B B B A i I (] S
R T B R IR B — DA S, P ) TR
S0 A JE 2 SR W) K SE AR VE T AR R 2
BN TR i R, R BOHUR BT B JF A2 0 Dy
FaE M=)

/‘
»
I/.
L
/./
L
0 5 10 15
{7 / min
Ca) W T PR >10° (b) W A=>10°

B2 B ELIRREEBIRAYEWZH LC-MS/MS % & &R %4

Fig.2
2.2.2 ETFHRFHH

BIETE 5 A1 PO o R ER A B N Vb A Y

Integrated LC-MS/MS peak areas of products from degradation of CIP by UV/Na,S, Qg process

il % 42, W58 2% B Gaussian 03V A& ChemBioffice
2000 P ITBETHRYEN > FHIE.HRAYEN



154 WP R 2 2 4 CA IR B2 O

2017 4

et 5 4 HE (HOMO) LA K S A% A& 5 38 3l (LU-
MO) B4 F R s B E 3 FiR ARG R 7
g, EAL AW 4 T, HOMO | % | 7 RE i it
B BT 3 ARG N, BT DL BN k. A5 AR B
LUMO 7EFI A A S #E TR R AL, A 5 8%
L, PRI P 08 e e 2+ L A R T RS e
J1, PEE 25 4y TB) RN 1 4[] B 1) S R AL 2
B HOMO #UiE K LUMO $UiE fig #8164 0 R
—7.729 eV } —1.897 eV, H/r FHJFE T LM
BN 2 R,

A 3 CIP# HOMO A LOMO % F#iE =& A
Fig.3 HOMO and LOMO molecular orbits of ciprofloxacin
®2 BNAVESFERERFLWBEEH

Tab.2 Atomic charges of heavy atoms on ciprofloxacin
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Fig.4 Proposed Pathways of ciprofloxacin degradation by UV/Na, S, Os process
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