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Influence of pH and DO on UVA-LED photodegradation of
ofloxacin: Kinetics, mechanism and pathway
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Abstract: The photodegradation process of ofloxacin in ultrapure water at different pH (3,7 and 11) and
dissolved oxygen concentration (DO=9 and 0 mg/L.) was investigated under UVA-LED irradiation. The
results showed that the photodegradation follows first-order-kinetics, mainly direct photolysis. When
dissolved oxygen exists, the self-sensitized photolysis could significantly promote the photodegradation.

Under different DO conditions, the photodegradation efficiency and rate were the fastest at pH =7,
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followed by pH=11 and the slowest at pH=3. The main reason for the difference is that the photonic yield

of ofloxacin varies with pH value. The analysis of degradation products and their formation process showed

that the degradation pathways of ofloxacin was mainly demethylation, piperazinyl ring cleavage/oxidation,

hydroxylation and decarboxylation. The degradation pathways and products of ofloxacin under different pH

and DO conditions were slightly different, but have a significant influence on the process of products

generation and further degradation over time. The above research results clarified the effects of pH and DO

on the photodegradation of ofloxacin.
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Fig.1 Photodegradation of OFX at different pH and DO
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Fig.2 Photodegradation first-order kinetics fitting of

OFX at different pH and DO
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Table 1 Effect of pH and DO on the kinetics of
photodegradation of OFX

pH{ DO/(mg-+L ') %/min ! R? L%/ %
3 9 0.005 0.980 7 27.0
7 9 0.007 0.980 0 33.1
11 9 0.006 0.995 5 32.7
3 0 0.002 0.991 8 13.2
7 0 0. 004 0.987 5 20.0
11 0 0.003 0.998 7 17. 4
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Fig.3 Optical analysis spectra of OFX at different pH

MR pH B 557 529 0 52 40— 7T I i
WOGTE (B 3Ca)) AT LA i, pH AE N 3 AR 2
WO B e fer » HOROJE pH (BN 11 B B J5 2 pH (EH
7B, ARG R R SCR AR RHE pH EN 3 g, 1M
pH {H N 7 5, B W J0 32 FH WO B ok g B W) pH
BB A D B R MR A8 R 1Y) 22 5

T ' 63 e S At 45 ) A AL 1% 95 0 345 I 28 BT A= 3R 1Y
T R B AR R 22 TE S 0 & = % 2 5 o2 HOk
AR R pH (AL A FZ R V22 AT R
# pKa, .pKa, 2398 6. 1.8. 377, 4 pH<pKa,
A, 2 R B B faf (OFXH, ) MHE 748, 5 &
pH<{3.5 i 4 & OFXH, ' ;4 pKa, <<pH < pKa,
B, Z2 0 L R PR I T B S B A (OFXHD
M pH K 7 .25 83% F OFXH; 4 pH > pKa,
W, Z R (OFX DS 74, 5% pH>
10.7 Bf 4k OFX ™, Wammer 2048 T 2R
BEARAAEE SN & 7R, AR BT 296~
450 nmPE B 1y 6 B F 7 R PR B AN B s
(0.003 0 0.000 2), H W J&EFH B 74 (0. 002 1+
0.000 3) . 1M BH &S F &A%, LAl 0L, SR T & 1)
L AR pH (H 2 T 51 R G &+ 77 R a8,
JEIE U R pH B 200 T A D B OGRS il 3OR 22 7
(8 32 I I T 5 Ok B RN oG .
2.1.2 DO ®&ra IR A B GREE7E A R
B OCREMR H AR R AE AR W pH 5T L 38
I AR R R R R P R AR E (DO =9.0 mg/L) .,

THE AL R A AR TTERS, WE 1A 2
M 1l A L EARR pH AT A A
Wi figk 3550 %6 S R 389 B G AU (R SR A AT B A
(14 I8 gt 255 SR U0 W R0 3R VD L A R i K v 2 O B
JCRE AR . B BBk O R A O B A o R At G A
YEH .

Albini 277 | Salma 251" | Araki M2V 0F5R T
T TR 2R T AR RO i A R 25 A AT Y
WFFE AL, B2t — P A A T I R B b
A R A 4 R . SR B2 DO G &
P KR A A COFX Y ), 1l 3 & 51 %€ % ] L[]
FEE (OFX) , A L3 ok R [ 8 8k (ISO TP B — E &
COFX" ), OFX i o] L 58 41 B 42 B i ol 5 5 4]
SRR L ROSsCL O, » O, )T H 8k iR, &
R 3 MRS O, B .G (D,
e M OFX" R BB A CO ERPLET A
O T OFX™ #58 2° 0, , A2 1A 7P
AEHEFAHREOFX HABEAEA/HIEC 0, )X
(3), W M KO, B OFX" ¥ # 3 K o 3t &
OFX. O, fAFERT A 30 Be = 5% B8 FL il T B2 35 By

PRI ROSs JE MR TD 22 1 A B fii DA i £ 2
TRACRE AR LR

POFX" 470, —> OFX +'0, (D

POFX" 40, —> OFX™" +- O, (2)

'OFX" +0, —> OFX +°0, (3)

I

h
OFX —=— 10FX' —2—s 30FX' —2—.(”

sc 0, 'O
02
Hi%
b2 oA 4 BEUERR

B4 SEDEHRLERLLE

Fig. 4 Relevant processes to OFX photochemistry
2.2 BEEFUMERE

XY B AEA AR A pH BT LA
R pH B 24 F 60 min P [R] s i) fi) B 11 0
WA 7= W1t 4T LC/MS 2387, —JLR I B 7 Fp =4,
BRGEBL LR 2. DO=9 mg/L % F.pH {4 3
PRI 3] 6 A= 9. pH (H 0 7 IFAR I 2 7 A= 4
pH {H 2y 11 BRI E] 7 474 DO=0 mg/L &
TLpHEN 7 WA E] 6 S, T E R
JF%5 175 3575 4.0%%% 6 TS THOFE 3 F pH
A DO A T HRAELE

Lid LC/MS 23 Mréi SR A0 T AT Y 9 Ve T R 26 47t
R B RS, KB UVA JaRE iR A 5 &2
P R BT 4 A AR ANEL S R g R



% 34 BkAE4F , & . pH A DO 3 UVA-LED R AR 2% oh .3 h F B ARKRZ 145
1) 5 S Ny o AR R VD N R R B b A R e — G A BN S SR Iy e - Y Ak /) I (BN 1 W

AR E R EE A S 1 BOA N SR IR R ER N-47 i
R AR US> P45 2 TRRE DR R 31 N-4 7 F L
FEFEBUCH =) . 2) WR WE R 1 2 AR AL B . 4R
FAUD B B0 8 IR 18 B A D' ik 0o R P ) e R
AL . 5 3 BEA J J2: R 18 B0 Bl S AL e 45 44 19
FEPI S 4 FIFR S 5 AT AE R I R 198 BE UK
WRIRTT IR W) . 3) IS . P 6 7 H O

TER YD B4 F o 7 5 B 4, A 9T I Ol % B
FE M TR PR 105 A 5T A A T 2 T B
WR W IR 10200 ) R NG . Zhang S50 7E 4540
IR PR R fift S0 70 B R A T 31 HCOO—, 1 B 403
RN T SR N, EAR KR, P57
T fil 2 0 T TR B R Y

x2 TRARBEHETERPELRB~YIIX
Table 2 Photodegradation products of OFX at different conditions

{5 63 i} ] TR DO=9 mg/L DO=0 mg/L
i3 ¥ H5ERUENER
R(/min m/z pH=3 pH=11 pH=7 pH =7
1 1.628 4 347.128 1 Ci7 His FN3 Oy —(C.2H) i NG N N
2 1.745 9 363.123 0 Cir His FN; Os —(C.2H) ;+(O) X N/ N N
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Fig.5 Possible photodegradation pathways of OFX
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Fig. 6 The peak area of ofloxacin photodegradation products

vary with time under different experimental conditions
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