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Summary

Photocatalytic degradation characteristics of enrofloxacin, which is one of
fluoroquinolones widely used in humans and veterinary medicines, using UV
reactor with installed TiO;—coated screw type sheet, were investigated. The
UV reactor was also equipped with 4 ozone UV lamps (UVassigs nm), taking
the light intensity of 63 MW/ci for each lamp, In addition, effects of
independent variables affecting photocatalytic degradation of enrofloxacin and
optimal conditions for its removal were also studied, using response surface
methodology (RSM).

Removal efficiencies of enrofloxacin were increased with the increase of
light intensity in the range of 63 ~ 252 @/cr, and were similar in the
concentrations of 1 ~ 10 mg/L, but decreased greatly at 20 mg/L in the
effect of initial enrofloxacin concentrations. They decreased in the order of pH
7 > pH 5 > pH 9 in the effect of pH, decreased with increasing NaCl
concentrations in the range of 10 ~ 30 % in the effect of NaCl
concentrations, and increased with increasing up to 25 mM, but decreased at
50 mM in the effect of H.O, concentrations.

The RSM-central composite design was applied as the method of statistical
analysis through experiments, and the major independent variables applied for
treated concentration and removal efficiency of enrofloxacin, were UV
intensity (/V/cr), initial concentration (mg/L), H:O: concentration added
(mg/L), and reaction time (min). With the results of multiple regression
analysis, the difference in confidence intervals in which each independent
variable depends on the experimental value and predicted value for treated
concentration and removal efficiency of enrofloxacin, with high correlation of
determination coefficient 96.2%6 and 89.7%, respectively, indicating that

photocatalytic reaction used in this study directly affected its removal

,VI,



efficiency and independent variable was affected each other.

When drwing a contour plot between variables and response, UV light
intensity of 126 (W/cnf, initial enrofloxacin concentration of 10 mg/L, reaction
time of 120 min and concentration of H20O. concentration of 25 mM were set
to a fixed value and the remaining variables were analyzed. The removal
efficiencies of 99% were obtained under the conditions of UV light intensity
of above 200 M/crf, lower enrofloxacin concentration, reaction time of above
120 min, and H2O, concentration of 25 mM, through the interaction of
independent variable with all fixed values. For H>O, concentration added, its
removal efficiency was increased up to 25 mM, but decreased above 25 mM.

Finally, a satisfactory operating parameters were derived from photocatalytic
decomposition process used in this study using response optimization in RSM.
From this results, optimal removal efficiency of above 94% could be obtained
under the conditions of UV light intensity of above 200 @W/c, reaction time
of 165 min, HyO, concentration of 10 mM, when operating at initial

concentration of 10 mg/L.
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1. Enrofloxacin

1) Enrofloxacin® 574

Enrofloxacine ©]% W= (hetero aromatic) ¥ ©]%%H(bicycline) 7+%% ztil
%+ quinolone] A Tese MAstr] fstA(E7IA Aol taiM = -
T G e Holu A Alrtel disiA= vl eksk &4e K<l quinoline® 6
WAl s FR O ASE frd e WMe7E v% Wolx 241 quinolone
o1 fluoroquinole Al ¢] €Al 3438+ @ W A o] t} B4

FluoroquinoleA ¢] 34 2]l 2+ enrofloxacin, ciproxacin, norfloxacin, ofloxacin
pefloxacin 5°] oW, Al¥e] DNA supercoiling % DNA A& walste] 3
B G G)etoll sl dd=E S 7HA AL e, E. coli, Mycoplasma,
Pasteurella, Enterobacter, Salmonella, Staphylococcus 5 TH&¥3sH HAA A+t

of EapA ol B9 Q1zt @ el A EFN, WA R A AHS Azt

=3
ol Ad A SdHZ A7IHA mF Al Al AJdE

TH AEdd=olE olHT AdEde AT + A=

AA] o} o] Ad FAA| = ciproxacin, norfloxacin, ofloxacin, pefloxacin % 4

ol diske] 2008W 7TEILFE Ul Axe FUS AW AT R oAt

S AlTte]l AR Qo FEgor ofdYs A

Foglom, B8 184 olske] FadelA: AFAFN] WAT 5 Jomz
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Table 1. Marketing amounts of fluoroquinolone antibiotics during 2015-2019.>”

Fluoroquinolone Marketing amounts (unit : kg)
antibiotics 2015 2016 2017 2018 2019
Cenfloxacin HCI - - - - -

Ciprofloxacin - - - - -
Danofloxacin 6 8 8 6 5
Enrofloxacin 36,592 34,437 35,850 31,465 35,896
Marbofloxacin 3,494 1,866 2,055 2,979 2,480
Norfloxacin - - - - -
Ofloxacin - - - - -
Orbifloxacin - - - - -
Pefloxacin - - - - -

Sarafloxacin HCI - - - - -

Table 2. Marketing amounts of enrofloxacin (35,896 kg) with use and animals

in 2019.°7
Use Animal Marlileltrilriltg: a}gg)unts
Cows -
Preparation of formula Pigs -
feed Chickens -
Fishery -
Cows 211
Prescription of Pigs 1,289
veterinarian Chickens 4061
Fishery -
Cows 381
Self-treatment and Pigs 6,755
prevention Chickens 21252
Fishery 1,220

471 =3 upel o] LT S AREH L = enrofloxacin A 2f2t
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HJvta Bausta glod) Sturini 572 ol&lole] Po riverdl A 37+5 ng/L,
Ticino riverel Al 27+4 ng/L, 183 Pena 5%& X 2Z%Z Coimbra ¢l:t9]
Mondero riverel Al 67~1025 ng/L, Yi S%& 3x%9 2 n}7}lo o] FEEof A

2.8~83 ng/L A=At B skl
2. RN ME|7|=
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pH 6914 1A13F ool 100% & 2=, pH 4914 80%°] F2ss Helt
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e; 66)
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13} 3L, Yasini 58 aminobenzyl purin®. 2 &9 3}¥ nanocellulose®l] <3k
50~200 pg/mL¢] enrofloxacin® F2s2 HFZAIE, F2AS] FHF F71E
T%, pH7}F #adss S7bedla, & ddel SolA 1000 pg/mLe
enrofloxacinZ}#] & 23t 4 Qrta B339 oW DasSharam 5% I3yl 7
ARRE Az G4ds o]&35to] enrofloxacin® F#es HEIF 23 10
mg/Le] enrofloxacin®] W3] pH 6, 25C, 3 g/Le] FYZFA 140 rpmolA
97.58%9] AA&S Hlrha AASAT E3 Dolar 592 59| enrofloxacin
of AAF stolld AAEH 3-471A 9 FeitEd & AAFH B ol g 9
a HES Ay AAFHE/AE dmodtel] s 99% o, dAiFR/AAR
Ur=ojaho] 92% ol AR Bastdth ey o] 3k skt A g

st7] f1gk §7HA Q1 A 7leEe] SH T
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a9 Aoz wustlon, Cho 57 F3d AT F e INEL T
cefaclorg A A3t7] 9ste] UV/H0, A4S AE&s A3 w24 g #nt
olUzl CO, ¢ H09 ez Fa3t Fdvta Bustgli, Jung 578 L&3

UVE o]&3sle], AAe] #A|Ae o] Aol Eao £  Antibacterial
activity W3tE R7bstaial spala 1 Ad FEe a&o =4 dHeuva B
23kt Kim 592 4 34 =28 FAAE a2 AAL F Ade
Al TRl e AFNEES I Ay UVeAS = AgoA /4%, &

5 AA B9 §52 dy At & Ae® Hustgoen, Son 57 Y
T AFEE AFAYE= pilot plantd H4 Ry FAHe Fdo] UVe
UV/H:Op &8 S A A3} tetracyclined] FAEZ 7% g AAEAS H7}
3 A FAYA AAN FEI v)Eolgn Bustgrh £3 Peng 5V AAS
= 2P 21490 E(FesOy/monmorillonite) & A %3}l o]9] -3k &z 2 =
ms 2t BEAAS087)9  abstel o3 FAEE F4 el 9§
enrofloxacin® A AE&S HES Z3 30 mg/Le enrofloxacin®] ™3] 0.1 g/Le
Fe;04/monmorillonite, 5 mM¢] S,0¢% Z7o]A 60% 2o 90%<] enrofloxacin

o]l AAHE T "¢ ¢ AALES BT Hise]
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CATALYST PARTICLE
BULK SOLUTION f
Cb . .
e- Reduction reaction
CB A
0O -
Bulk 2
recombination H20 2
Band
Gap
Energy
Surface
recombination
OHe
VB excitation | y
ht / Orxidation reaction
Vb
hv HZO/OH

Fig. 2. Simplified mechanism of photocatalytic reaction on a

photocatalyst.”

WA TiO, F=riel FxAitel o3 dA-Agde] ANk ofef ot
ot

TiO; + hv — TiOz + h'y, + € oy (1)

h'y, + HHO — - OH + H’ (2)

h'y, + OH — - OH (3)

eewv + Oz = =02 (4)

20y + 2H, O — HyOp + 20H + Oy )

HO2 + ey = OH + - OH (6)
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3. HI2FHE A (RSM, Response Surface Methodology)
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2 &) el 2H(Factor) S £3to] w432 (Response Value)7} £&2 02 €57 ¢

e AGAA 7} Az o] Fo]gok s} B

Adjustable Factor

L]

Factor — Experiment Response Value

Non- Adjustable Factor

Fig. 3. Schematic diagram of design of experiments (DOE).™
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B Ak A8 A2l enrofloxacine Sigma-AlorichAHUSA, >99.0%) A &<

R

TYste] AHEetd o, of Z4d°] 44 Table 39 #t.
Enrofloxacin &< dA %S F3sle] HPLCE& WES A %S 71sle] Hojar o
= 7Fske] 1000 mg/L stock solutionE A Z3}% a1, ol& S5

~50 mg/L7} H =5 A8l

pH d&F= AEs7] s A& dS&A(@EH 59 49 CHCOOH %
CH3COONa, pH 79| 7-%- KHPO49 Na,HPO,, pH 99 4% NH,O H % NH,CI),
718} WhE-R12ke] @3S fla] AFE¥ NaCl, HoO: 2 71EF A9k Al S5 0=

A glol At

Table 3. Properties of enrofloxacin used in this study.

i, CAS Molecular Structural
Type Antibiotes No. MW formula formula
(o] (0]
. Enrofloxacin 93106 S)mF
Fluoroquinolones (ENR) 260-6 359.39 Ci9H22FN304 g m T
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Fig. 4. Schematic diagram of experimental apparatus used in this study.
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of Yolx WAt WE 3 A7t 185 nm UV HEZE 559 0.2 HEH &
AETer oF #Hxel Eejojxy, FFv FHA AAE= AH3HAI(-OH,
‘Oy) el 2 AstAI¢l Oz whgoll st edEdS FaAEd F 2
.

B AFoA] Abgd oE=;MI (o] e UV FA7]E=  Radiometer
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arn TiO:

%} Coating
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1.2cm
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50cm

Screw

(a) (b) (c)
Fig. 5. Schematic diagram of UV photocatalytic reactor with installed TiO,

coated screw sheet seen (a) front side, (b) upper side, and (c)

wrinkled TiO, coated screw sheet.
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Fig. 6. Absorption spectra of enrofloxacin (1~20 mg/L) based on
the UV wavelength (200 - 400 nm).
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B AFo A= quinoloned A EZQ enrofloxacin®] W3 gAksaA <l
TiO, F=u] WEE7]E o] &35l A|A F&E v A= QAR UV FA 7] (W/

cr), 271 &%, pH ¥3L A2 sk, H0.0 FAFl & g AAZES Ao
1

gtow, olE EdZ WEEARAYY E 4
W ARE ol HEAES B U A5 wae PEsar

1. Enrofloxacin®| UV =0 =35

Enrofloxacin®] UV FZu] Wk o]9]o] A A EF5 A oJRE Aol V)
13te] 10 mg/Le] enrofloxacin &9 2 LE Al&5& =0 7t UV FH4E A
| &2 FHE 8AIZFES TiO7F 2”0l | whg-7]ek si® o] HA &2 w¥hg7]
& o= sto] Aol wel gk Ay UV o] A A 82 7450

A1 7F o] 3¢ enrofloxacin® AA &L 2% olstz= wj$- mH|d AL u TS

N

=23 #AZstHth wekA enrofloxacing AAE UV 2 UV/3Zuje] oJ3kel A
oz Addd 4 QAo 7t QAo JTFS HAESA

TiO, #=vje] 38 5o wE enrofloxacin® #A|AEES olR 1z UV
Az gk N7 WAEE Tyt 2B E FE5H w8719k TiO, ZWeo] A & &

Zu wkg-7]9o HkSA 7k W& enrofloxacin® FE=W3EE Fig. 7o e A T
A HoX = upel o] FFufrt IHE HF 44X 39 AAZE

55.3% = F=wi7t A”HHA F2 B0 AALE 222%HTF 25M =2 AAE
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&5 BT o= TiO, #=vl wg= AA¥ OH 2tdZ(0OH-) % 0, &l
U0, )3 & fHEZoA A== Ol o7 &3trk UVagel o3 gis a3
(UV + 083 ET 2 Zlaes Bds & 5 3

c/co

Time(min)

Fig. 7. Effect of TiO; coating on the photodegradation of
enrofloxacin for the UV system having one UV
lamp in this study (Co : 10 mg/L).
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2PE TiO, UV ZFw) w879 2Ry £=444= 000336 min ‘2 295
A ¢¢& UV ¥kg7]19 000105 min ' 2ot 320 W=7 €S 4 5+ Atk
ol gt Ay= PAHS dF<2l pyrene 200 pg/Leoll i)

2 F/AS u FES S0} 159 Sobekitin mad Kim™e Awte} &

Arael

O g [ ]
o ) [ ]
o n
]
no o o L] ™
02 - |
o
= 04 o]
g o
- 06 o
o
-08 m Ti02 Uncoated Conc. o
O TiO2 coated Conc.

Time(min

Fig. 8. Pseudo first-order kinetic plots of enrofloxacin with
the presence of coated TiO; for the UV system
having one UV lamp in this study (Co : 10 mg/L).

Table 4. Apparent rate constant (kapp) values with the presence of coated

TiO, for the photodegradation of enrofloxacin.

Type k app (min 1Y) R?
without coated TiO- 0.00105 0.9966
with coated TiO, 0.00336 0.9995
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2) UV FA 7] (@W/cn) o] g gk

TiO, Z®o] ¥ screwd FFu] ¥b&7]e] UV FA 7] (W/ct)ell mE A AELE
S Yot 7] 9@ enrofloxacin® %715 %=(Co) 10 mg/L. £HS Aoz 3o
% 17 L/min, €% 20+1C=2 dASA FAAZ] & 2 qkg7)o] JAd &
WA UV HEZ(UVasgiags o) FA17] 63 M/ei(UV 3 170 alld), 12 640/ e
(UV "z 2709 ai9), 252 @/cr(UV JZ 4700l )= wsta|glo] we g3k
& Fig. 9o vYetdlon, of& 290l #&ato] & FAF 13 £=22 Fig. 10
7 23, Fig. 102276 9 #2x7] ek 2475 (R)E Table 50 AlAl 5
A

Fig. 99 Holx|= nle} o] UV ®EEZIUe] UV FA 7 (W/a)E S 7Fstol
we} enrofloxacin® AAELES S7HES ¢ F AL, ¥ 4N F9 AAR
&2 UV FA7] 63 /e, 126 (W/cem, 252 (W/cotell tal]l 55.3%, 83.4%, 92.4% =
2t Won §%& e&@ UV BZ(UVassass am) 270 2 254 nm 24 UV
Wz 2AE AER AA3ske] 1976 mg/m’e] 714 toluened] Td&S AES 4
¥ 254 nm A UV #HZ 27), ETA UV HEZ(UVasiags nm) 270, A2 H
A UV #EZ(UVossigs nm) 2701 2 254 nm HA UV 3z 27] 9 1
6%, 57%, 64%°] AALES Ho £ AFNA AMES & UV #FxZe= o0F
FEHufk-gol A AT OH- 2 Oy - dsaEdel o 7174 toluene®] &3) ¢l

1-0

F 7+

=
N
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[e) O A = =] O o 2~
T e gl RIS & UATh

Table 5l &%= (k,,) % 2AAFR)E debH At enrofloxacin® k&=
UV A7) 63 @M/, 126 @MN/ct, 252 @W/cxell thall ztzb 0.00336 min', 0.0075
min !, 0.01073 min 2 UV 3A7] 252 MN/cii7t UV A7) 63 W/crt, 126 @N/cit
H}h 3194, 1.438] enrofloxacin®] #&E&|7F w24 AP & 5 AT}

,26,



C/Co

120 180 240
Time{min}

=
=]
=]

Fig. 9. Effect of UV light intensity (¢4V/cr) on the
photocatalytic degradation of enrofloxacin used in
this study (Co : 10 mg/L).
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Fig. 10. Pseudo first-order kinetic plots of enrofloxacin with UV
light intensity (#W/en') for the photocatalytic
degradation system used in this study (Co : 10 mg/L).

Table 5. Apparent rate constant (kapp) values with UV light intensity

for the photocatalytic degradation of enrofloxacin.

UV light intensity (/W/cm) K pp(min ) R?
63 0.00336 0.9995
126 0.0075 0.9854
252 0.01073 0.9826

,2’7,



off
2

to

A== A s=e= 4% dAvid vE27] il Bgd =9
& 1T} enrofloxacin®] & =0 WE AAZES HESZ] 154
% 20£1C=E UV A7) 252 /e o] Z7oA enrofloxaxin®]
Z7] FEE 1 ~ 20 mg/LZ HWH3IA|A o] £ enrofloxaxin®] AAZE&ES
Fig. 110 Yepiglom, AdA434E 299 FAF 1x HE2ol A&t -8
o) R AAAFR)E Table 60l WERAATE FE7F 1 me/L,
5 mg/L, 10 mg/L, 20 mg/LZ S7}&d wet AA T & 27d+= aA #Fash
o}t 2400l A= Z+H2E 95%, 94%, 93%, 60%= H.o], 10 mg/L °]stdl A= Al
Haes % kapp(0.0125~0.0107 min ol & Apo]lE HolA ot 20 mg/Lol A=
&

2L
et
F}O ‘h‘
O

o\t

o2 F5o vlE] wl$ 3 AASE 2 SE4459(0.0037 minHE AT o]
3 Aate Li 5% =83 TiOy ZEE Ag7A Rz 249 953 ¢

T Z9 FEs g 7IE o8&t dEdld E2<A methyl orange (MO)2] 3
5~25 mg/L= S 7F&el wat 180
ol A 982%¢°l A 55.0%= Atk A3 2 10 mg/L olstell A= Abol+=

DARE FARGE AAEE Rk,

g:\l

£(0.0216 min!, 0.0181 min )& ®.lar, o] oA
o] F2(15~25 mg/L)eA= wl§ @& AAR .0098~0.0045 min )< X
A Aol oF fASEATE o= E ¥k FH

gstol A= A3 YHF(OH:, O, )& AAHoz dAHsAN FE7
gholl mal FFHuje] SR Fr1EA] FHHFS FteA

o
ar
o W3 o we s YAE ne wEo] FEu Beree istn 0 &

mnqo
=]
o

& FEsh F7HF] mat 24 A 5L A BEW EANN FYA

QS AL oAt BEu] RS S AL Bish glvk

,28,



C/Co

Time(min
Fig. 11. Effect of initial concentration on the photocatalytic

degradation of enrofloxacin (UV Light intensity
252 (/).

Table 6.

Apparent rate constant (kapp) values and determination

coefficients (R?» with initial

concentration  for the
photocatalytic degradation of enrofloxacin.
Intial conc. (mg/L) K pp(min™) R?
1 0.0125 0.9617
5 0.0117 09775
10 0.01073 0.9826
20 0.0037 0.976

,29,



EdA FEuigr&ol A pHe FE50 whgEko] 3¢S vx= Fag 8l
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Fig. 12. Effect of pH on the photocatalytic degradation of
enrofloxacin (Co : 10 mg/L, UV light intensity :
252 (W/cr).
Table 7. Apparent rate constant (kapp) values with pH for the
photocatalytic degradation of enrofloxacin (Co : 10 mg/L,
UV light intensity: 252 /@W/cm).
pH K gpp(min ) R*
5 0.0126 0.946
7 0.0145 0.9364
9 0.0057 0.99
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Fig. 13. Effect of NaCl concentration on the photocatalytic
degradation of enrofloxacin (Co : 10 mg/L, UV
light intensity: 252 (MW/cm).

Table 8. Apparent rate constant (k,,) values with NaCl concentration for

the photocatalytic degradation of enrofloxacin.

NaCl conc. (%) K pp(min ") R?
0 0.01073 0.9826
10 0.0071 0.9172
20 0.0052 0.9345
30 0.0045 0.9199
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Fig. 14. Effect of HxO» concentration on the photocatalytic
degradation of enrofloxacin (Co : 10 mg/L, UV light
density : 252 @W/cnf), pH 7).
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Table 9. Apparent rate constant (k,,,) values with H,O, concentration for

the photocatalytic degradation of enrofloxacin.

H>02 conc. (mM) K pp(min™) R?
0 0.01073 0.9826
10 0.0156 0.9142
25 0.021 0.9092
50 0.012 0.9292
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Table 10. Results for : Regression 4 factor(Experimented Effluent Enroflaxacin(mg/L).

Predictor Coef SE Coef T P
Constant 41733 0.9961 4.19 0.000
UV Light Intensity (/WV/cr) -0.011504 0.003172 -3.63 0.000
Inf. Enrofloxacin(mg/L) 0.3137 0.1171 2.68 0.009
Hy02(mM) -0.38829 0.02331 -16.66 0.000
RT(min) -0.014865 0.006238 -2.38 0.019
Inf. Enrofloxacin® 0.025831 0.005142 5.02 0.000
H.0,* 0.0057954 0.0004428 13.09 0.000
RT? 0.00008142 0.00001939 4.20 0.000
Light Intensity*RT -0.00002221 0.00001805 -1.23 0.222
Inf. Enrofloxacin*RT -0.0023820 0.0002347 -10.15 0.000
H:02*RT 0.00026309 0.00007373 3.57 0.001

R-Sq = 96.2% R-Sq(adj) = 95.8%

Table 102> 2 &3 enrofloxacin®] H&® F&F = kel 2o daf F
Ad 37 Agod, SHEFE X, ¢ UV FAZ (W ar), Xy @ Z27]5 % (mg/L),
X5 ¢ HoOo(mM), Xyt WA ZHmin) Wstel]l theh G3Fs Z=3h5]A & AAG
o2 yed Adeltt. o714 R-Sq(AAAT)= 3 AR
ANEFES B% = sto] FHEAFA AgE = el A=

i 96.226(R*=SSgegression/ SStota) 1 M, R-Sa(adj) (578 2 74 7
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Y = 4.17—0.0115z, +0.314z, +0.388z, — 0.0149z,, -+ 0.0258, (10)
+0.00580,2 +0.000081z,2 — 0.000022z, 7, — 0.00238,2:, — 0.000263,z,
Table 11. Analysis of Variance(Experimented Effluent Enroflaxacin(mg/L).
Source DF SS MS F P
Regression 10 1766.68 176.67 215.73 0.000
Residual Error 85 69.61 0.82
Total 95 1836.29
DF : Degree of Freedom
SS : Sum of Squares
MS : Mean Squares
Calculated Effluent Enrofloxacin(mg/L)
= 0.1518 + 0.9621 Experimented Effluent Enroflaxacin(mg/L) (11)

7 20
> -
S
£ 15
S _
S
o
°
o 104
=
[45]
t,—i 5 Regression
e T Y 2 2L Pt — 95% PI
3
= S 0.844086
S o4 R-Sq 96.2%
(&) -
© r s R-Sq(adj) 96.2%
o T T T T T
0 5 10 15 20
Experimented Effluent Enroflaxacin(mg/L)
Fig. 15. Comparison between the experiment data and

predicted data of the RSM (Experimented Effluent

Enroflaxacin vs Calculated Effluent Enrofloxacin).
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Fig. 16. Analysis of residuals of predicted and experimental values(Experimented

effluent enroflaxacin).
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2) Enrofloxacin® #| A& &

Table 12. Results for :

Hke- g g

o =

S|
o

Regression 4 factor(Enrofloxacin removal efficiency(26).

Predictor Coef SE Coef T P
Constant -1.74 10.89 -0.16 0.873
UV Light Intensity (/W/cr) 0.09946 0.03468 2.87 0.005
Inf. Enrofloxacin(mg/L) 1.454 1.281 1.14 0.259
Hy02(mM) 3.9096 0.2549 15.34 0.000
RT(min) 0.43585 0.06821 6.39 0.000
Inf. Enrofloxacin® -0.11448 0.05622 -2.04 0.045
H,0,* -0.058262 0.004842 -12.03 0.000
RT? -0.0009865 0.0002120 -4.65 0.000
Light Intensity*RT 0.0003066 0.0001973 1.55 0.124
Inf. Enrofloxacin*RT -0.001740 0.002566 -0.68 0.500
H:02*RT -0.0026959 0.0008062 -3.34 0.001

R-Sq = 89.7% R-Sq(adj) = 89.5%
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FA 7 ((W/em), Xy @ 2715 Emg/L), X3 @ HyOo(mM), Xy @ 8F&A7Hmin), & 470

Y= —-17+0.0995z, +1.452, +3.912;+0.436x, — 0.1143622 12)
—0.0583z4” —0.000986,” +0.000307z 2, — 0.00174z5, — 0.0027047,
Table 13. Analysis of Variance(Enrofloxacin removal efficiency(%5).

Source DF SS MS F P
Regression 10 72170.6 7217.1 73.70 0.000
Residual Error 85 8323.1 979
Total 9% 80493.7
DF : Degree of Freedom
SS © Sum of Squares
MS : Mean Squares

Calculated Enrofloxacin Removal(%5)
= 6.275 + 0.8966 Experimented Enroflaxacin Removal(%5) (13)
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Fig. 17. Comparison between the experiment data and

predicted data of the RSM (Calculated Enrofloxacin

Removal vs Experimented Enroflaxacin Removal).

,41,



7ol AAATE 897%= udEwtern, 2302 s ArtEo
enrofloxacin ¢ A& & thet AFA e A% Alole] A4 HEES 9|5t
BAELS Fig. 179 YEFATE Table 13014 P-#& 1edste] A9 oRr=
Hsl= oS F-7HPI Predict Interval)e] 95%7F A& H3low, AdS &3 A

o

Ag&e Ayt WgRds F3 FA3 Atolo FudAE yERd Aotk
I Holko] A= Hom R A Fel dlow, dAAdet o

A7F &2 FAES g & AATh

AFA e} o SHe g ZdA2 (13)22 Yepon, o Sxe A A e zt
2o thek A Fig. 189 Zt}h. FRsfol <3 enrofloxacin Al A Z &0l o3k
A e} mAA(13)0d] tigk A AFEEE SIFow, Jak= - 24%9 A
25% Aol = LHERRL

Normal Probability Plot Versus Fits
99.9 50
99
90 _ 251 . «® e
E 504 % 01— aa a0 b o ~°“ '.:. ':- ‘!“
o é “3. ) T *ea
104 o5 .
i
0.1 =50
0 25 50 75 100
Residual Fitted Value
Histogram Versus Order
121 a0
-~ 9 _ 25+
g L
z B R
o 14
w
3 254
0 T T T T T T =50 T T T T T T T T T
-15.0 -7.5 0.0 7.5 15.0 22.5 1 10 20 30 40 5BO 60 70 80 90
Residual Observation Order

Fig. 18. Analysis of residuals of predicted and experimental values(Enroflaxacin

Removal Efficiency).
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Fig. 20. Enrofloxacin removal process optimization by Light Intensity, influent

concentration(mg/L) and reaction time(min), Concentration of H;Os.

Fig. 20 Minitab 15 Z21# S5 &3

S
ol
ox
o
rE

oo

< HAsE Yede 2=
2, 5HWHFQ UV FA7 (W), =715 %=(mg/L), ¥F-&A]ZHmin), H.0, X 7F=F
enrofloxacin A A2 &4 43 (Response Optimizer)E A=

PN
T

shelch RSME B3l 28S Ay, dagste] AFHor WeEEL we A4
HO

o g e WHor SHWSY FHA FZxFe AMEste WHolth =
HHATE H UHHEE AFste] 53 w5 (Coposite Desirability) & 3 ¥ 3} gF
o2 HAS BAS AAEAaL, oF FalA HAY SHHs =S g
?’E']_‘ 5": g}]\ }\]—;‘I_‘Ql,94114>

= ATl AFEE TiO7F Z®E Screw Seet UV WEG7] 3ol A ¢
enrofloxacin®] A A& whEHsls SARIAE A=A, 1 A 27| LEE

FA71 200 W/t o], BESAIZE 165+, HoO, 10 mM=E & o A 74 2 &0

G v W Y] FHE 2ol BUY & vk

o



TiO, & FZBW S A F(screw) FH O AAAE A UV dg7]E o] &3}

2.

. Enrofloxacin®] AAZE&> UV ZFA 7 (MW/cnr)7t 57kl wet F7kskal i,

271529 FFANAE 1~10 mg/LlA= FAEE AAZES BIdou 20

o -
me/L FEAE FA gass FEe 1Y

AE&L pHe JFNME= pH 7 > pH 5 > pH 99 so =
#HA3A AL, NaCl 5%7F 10%o1 4 30% = < 7Fgell wek #2439 oH, HO,
7 (10 mM, 25 mM 2 50 mM) 2] FEgd A= 25 mM7FA] S7Fgkel ute)

Zrbehg ot 50 mMAAE @35d gass J9S ne

Enrofloxacin®] A

>

9o % AN o WeRWEAY - FARAAIN L 4 g

™ enrofloxacin A8+ & 9 AAZES Rd =9 ZYHAxE UV

of
X
E
o~
(@)
=1
N
N
f
al
5
R
E
=
S
8
=
o
Y
N
—_
o
rE

S A ZHmin), F 47191

A2 o2 AEAE A e golo g 7ol =@MS=7} enrofloxacin

,48,



Hr

WEAES FelA UV FA717F UV A 71 7F 200 @M/ crtol

7heF 25 mMeoll A AlAZE°] 99%

A
of =gl out H0, H7bge] H527F 25 mM7HA|

20 °]7, H.0,9

1

ol

[

%

F7bshet

-
R

& el A

=
=

TiO, &

o

, LAY 27]EEE 10 mg/LolA A

al

[ex]
ps

—
file)

=
=

}&_

o

o

vl
of
)|
o
M

m}

UV FA7] 200 @N/crt ©]

el

B

X

el

R -y

]l A A EE& maximum 94% °]<]

I

0

7

M
Ao

2]
"
o

olo

,49,



—_

SRR

M

. Y. Zhang, C. F. Marrs, C. Simon, C. Xi, Wastewater treatment contributes to
selective increase of antibiotic resistance among Acinetobacter spp., Sci. Total
Environ., 407, 3702-3706(2009).

. K. S Kim, C. S. Yang, Y. S. Mok, Degradation of veterinary antibiotics by

dielectric barrier discharge plasma, Chem. Eng. J., 219, 19-27(2013).

X. Hu, J. Yang, C. Yang, J. Zhang, UV/H;O, degradation of
4-aminoantipyrine: a noltammetric study, Chem. Eng. J., 161, 68-72(2010).
. T. Deblonde, C. Cossu-Leguille, P. Hartemann, Emerging pollutants in
wastewater: a review of the literature, Int. J. Hyg. Environ. Health, 214,

442-448.(2011).

. F. Santos, C. M. R. Almeida, I. Ribeiro, A. P. Mucha, Potential of constructed
wetlamd for the removal of antibiotics and antibiotic resistant bacteria from
livestock wastewater, Ecolog. Eng., 129, 45-53.(2019).

. I. Michael, L. Rizzo, C. S. McArdell, C. M. Manaia, C. Merli, T. Schwartz, C.
Dagot, D. Fatta—Kassinos, Urban wastewater treatment plants as hotspots for the
release of antibiotics in the environment: a review, Water Res., 47(3),
957-995.(2013).

. S. Shaw, The use of antibiotics to treat bacterial infections in dogs and cats,
Companion Anim., 17, 37-41(2012).

. K. Saraiva, S. Lopes, M. Ferreira, F. Novais, E. Pereira, M. J. Feio, P. Gameiro,

Solution and biological behaviour of Enrofloxacin metalloantibiotics: a route to

counteract bacterial resistance?, J. Inorg. Biochem., 104, 843-850(2010).

C. Ding, J. He, Effect of antibiotics in the environment on microbial

populations, Appl. Microbiol. Biotechnol., 87, 925-941(2010).

,50,



10

11.

12.

13.

14

15.

16.

17.

18.

A. Iglesias, C. Nebot, J. M. Miranda, B. 1. Vazquez, A. Cepeda, Detection
and quantitative analysis of 21 veterinary drugs in river water using
high-pressure liquid chromatography tandom mass spectrometry, Environ.
Sci. Pollut. Res., 19, 3235-3249(2012).

Q. W. Bu, B. Wang, J. Huang, S. B. Deng, G. Yu, Pharmaceuticals and
personal care products in the aquatic environment in China: a review, J.
Hazards. Mater., 262, 189-211(2013).

M. Gros, J. Mas-Pla, M. Boy-Roura, 1. Geli, F. Domingo, M. Petrovic,
Veterinary pharmaceuticals and antibiotics in manure and slurry and their
fate in amended agricultural soils: finding from an experimental field site
(Baix Emporda, NE Catalolonia), Sci. Total Environ. 654, 1337-1349(2019).
D. Gu, Q. Feng, C. Guo, S. Hou, J. Lv, Y. Zhang, S. Yuan, X. Zhao,
Occurrence and risk assessment of antibiotics in manure, soil, wastewater,
groundwater from livestock and poultry farms, Bull. Environ. Contam.
Toxicol., 103, 590-596(2019).

K. M. Messenger, M. C. Papich, A. T. Blikslager, Distribution of Enrofloxacin and
its active metabolite, using an in vivo ultrafiltration sampling technique after the
injection of Enrofloxacin to pigs, J. Vet. Pharmacol. Ther., 35, 452-459(2012).

K. Kummerer, A. Al-Ahmad, V. Mersch-Sundermann, Biodegradability of some
antibiotics, elimination of genotoxicity and affection of wastewater bacteria in a
simple test, Chemosphere, 40, 701-710(2000).

A. Duran, J. R. Monteagudo, I. S. Martin, Operation costs of the solar
photo—catalytic degradation of phramaceuticals in water: a mini-review,
Chemosphere, 211, 482-488(2018).

M. Wy, C. Que, L. Tang, H. Xu, J. Xiang, J. Wang, W. Shi, G. Xu, Distribution,
fate, and risk assessment of antibiotics in wastewater treatment plants in
Shanghai, China, Environ. Sci. Pollut. Res., 23, 18055-18063(2016).

L. Lian, S. Yan, H. Zhou, W. Song, Overview of the phototransformation of

wastewater effluents by high-resolution mass spectrometry, Environ. Sci.

,51,



19.

20

21.

22

23.

24.

25

26.

21.

Technol., 54, 1816-1826(2020).

S. Pasieczna-Patkowska, B. Czech, ]. Ryczlowski, J. Patkowski, Removal of
recalcitrant pollutants from wastewater, Appl. Surf. Sci., 256, 5434-5438(2010).

. Y. Z. Zhang, X. Y. Xiong, Y. Han, X. H. Zhang, F. Shen, S. H. Deng, H. Xiao, X.
Y. Yang, G. Yang, H. Peng, Photoelectrocatalytic degradation of recalcitrant
organic pollutants using TiO, film eelectrodes: an overview, Chemosphere, 88,
145-154(2012).

E. S. Elmolla, M. Chaudhuri, Degradation of amoxicillin and cloxacillin
antibiotics in aqyeous solution by UV/ZnO photcatalytic process, J.
Hazard. Mater., 173, 445-449(2010).

. S. Mozia, K. Bubacz, M. Janus, A. W. Morawski, Decomposition of 3-chlorophenol
on nitrogen modified TiO, photocatalysts, J. Hazard. Mater., 203, 128-136(2012).
D. Friedmann, C. Mendive, D. Bahnemann, TiO, for water treatment:
parameters affecting the kinetics and mechanisms of photocatalysis, Appl.
Catal. B, 99, 398-406(2010).

K. Nakata, A. Fujishima, TiO; photocatalysis: design and application, J.
Photochem. Photobiol. C, 13, 169-189(2012).

. A. Fujishima, X. T. Zhang, D. A. Tryk, TiO; photocatalysis and related
surface phenomena, Surf. Sci. Rep., 63, 515-582(2008).

Y. X. Chen, K. Wang, L. P. Lou, Photodegradation of dye pollutants on
silica gel supported TiO, particles under visible light irradiation, J.
Photochem. Photobiol. A, 163, 281-287(2004).

P. Du, J. T. Cameiro, J. A. Moulijin, G. Mul, A novel photocatalytic
monolith reactor for multiphase heterogeneous photocatalysis, Appl. Catal.

A, 334, 119-128(2008).

28. M. H. Li, K. J. Czymmek, C. P. Huang, Responses of Ceriodaphnia dubia to TiO;

and Al,Os; nanoparticles: a dynamic nano—toxicity assessment of energy budget

distribution, J. Hazard. Mater., 182, 502-508(2011).

,52,



29

30.

31.

32.

33.

34.

3.

36.

317.

D. Zheng, N. Wang, X. M. Wang, Y. Tang, L. H. Zhu, Z. Huang, H. Q. Tang, Y.
Shi, Y. T. Wu, M. Zhang, B. Lu, Effect of the interaction of TiO, nanoparticles
with bisphenol A on their physicochemical properties and in vitro toxicity, J.
Hazard. Mater., 199, 426-432(2012).

M. A. Behnajady, N. Modirshahia, N. Daneshvar, M. Rabbani,
Photocatalytic degradation of an azo dye in a tubular continuous—flow
photoreactor with immobilized TiO: on glass plates, Chem. Eng. J., 127,
167-176(2007).

Y. Ku, J. S. Chen, H. W. Chen, Decomposition of benzene and toluene in air
streams in fixed—film photoreactors coated with TiO. catalyst, J. Air & Waste
Manage. Assoc., 57, 279-285(2007).

X. D. Wang, F. Shi, W. Huang, C. M. Fan, Synthesis of high quality TiO,
membranes on alumina supports and their photocatalytic activity, Thin Solid
Films, 520, 2488-2492(2012).

Z. H. Zhang, H. J. Wu, Y. Yuan, Y. J. Fang, L. T. Jin, Development of a novel
capillary array photocatalytic reactor and application for degradation of azo dye,
Chem. Eng. J., 184, 9-15(2012).

Y. M. Wang, S. W. Liy, Z. I. Xiu, X. B. Jiao, X. P. Cui, J. Pan, Preparation and
photocatalytic properties of silica gel-supported TiO;, Mater. Lett, 60,
974-978(2006).

T. Kamegawa, R. Kido, D. Yamahana, H. Yamashita, Design of TiO, -
zeolite composites with enhanced photocatalytic performances under
irradiation of UV and visible light, Microporous Mesoporous Mater. 165,
142-147(2013).

Y. J. Li, X. M. Zhou, W. Chen, L. Y. Li, M. X. Zen, S. D. Qin, S. G. Sun,
Photodecolorization of Rhodamine B on tungsten-doped TiO./activated carbon
under visible-light irradiation, J. Hazard. Mater., 227, 25-33(2012).

C. Zhao, Y. Zhou, D. ]. de Ridder, J. Zhai, Y. M. Wei, H. P. Deng, Adventages of

TiOy/5A composite catalyst for photocatalytic degradarion of antibiotic

,53,



38.

39.

40.

41.

42.

43.

44,

45.

oxytetracycline in aqueous solution: comparison between TiO, and TiO/5A
composite system, Chem. Eng. J., 248, 280-289(2014).

M. F. J. Dijikstra, H. Buwalda, A. W. F. de Jong, A. Michorius, J. G. M.
Winkelman, A. A. C. M. Beenackers, Experimental comparison of three
reactor design for photocatalytic water purification, Chem. Eng. J., 56,
547-555(2001).

K. Kobayakawa, C. Sato, Y. Sato, A. Fujishima, Continuous—flow photoreactor
packed with titanium oxide immobilized on large silica gel beads to decompose
oxalic acid in excess water, J. Photochem. Photobiol. A, 118 65-69(1998).

T. K. Lee, Application of screw—type photocatalytic reactor for effucuent treatment
of landfill leachate, Jeju Island, Final Report of Jeju Green Enviroment Center (17
—18-02-15-19), 1-51(2017).

J. W. Jeon, S. K. Kam, M. G. Lee, Removal characteristics of single and
binary vapors of acetone, toluene, and methyl mercaptan by -cylindrical
UV reactor installed with TiO2-coated perforated plane, J. Environ. Sci.
Intern., 24(3), 317-322(2015).

Y. S. Won, J. W. Jeon, D. H. Lee, M. G. Lee, Photocatalytic decomposition of
toluene by cylindrical UV reactor with helically installed TiOs—coated perforated
planes, J. Chem. Eng. J., 50(7), 589-594(2017).

Y. Xiao, H. Chang, A. Jia, J. Hu, Trace analysis of quinolone and fluoroquinolone
antibiotics from wastewaters by liquid chromatography-electrospray tandem
mass spectrometry, J. Chromatogr., A1214, 100-108(2008).

H. Y. Kim, M. S. Shin, H. J. Choi, S. J. Park, J. S. Song, S. Y. Cheong, S. H.
Choi, H. J. Lee, Y. S. Kim, J. C. Choi, Analysis of fluoroquinolone antibiotics
in foods, Korean J. Food Sci. Technol., 41(6), 636-643(2009).

J. H. Kim, M. H. Cho, H. G. Kang, S. W. Son, H. S. Lee, Matrix solid phase
dispersion (MCPD) extraction and HPLC determination of enrofloxacin and

ciproxacin in pork mussle tissue, Korean J. Vet. Res., 37, 195-202(1997).



46.

47.

48.
49.

0.

ol.

o2.

93.

oA

0.

ECDC/EFSA/EMA, ECDC/EFSA/EMA second joint report on the integrated

analysis of the consumption of antimicrobial agents and occurrence of
antimicrobial resistance in bacteria from humans and food—producing animals,
EFSA J., 15(2017).

National Veterinary Research and Quarantine Service, Restriction of
fluoroquinolones using for animals, Available from http://enews.nvrgs.go.kr/
main/php/index.phy?pageCode=articleView&idx=364. Accessed Oct. 10(2008).

N. Hamad, The antibiotics market, Nat. Rev. Drug Discov., 9, 675-676(2010).

S. K. Kam, S. K., Distribution characteristics of residual medicines in water
environment of Jeju area, Final Report(11-2-30-31), Jeju Green Environmental
Center, 43-51(2011).

Ministry of Food and Drug Safety, National antibiotic use and resistance
monitoring —Animals, livestock and seafood, 10-14(2015-2019).

X. Van Doorslaer, J. Dewulf, H. Van Langenhove, K. Demeestere,
Fluoroquinolone  antibiotics: an emerging class of environmental
micropollutants, Sci. Total Environ., 500-501, 250-269(2014).

E. Guinea, E. Brillas, F. Centellas, P. Canizares, M. A. Rodrigo, C. Séaez,
Oxidation of enrofloxacin with conductive-diamond electrochemical oxidation,
ozonation and Fenton oxidation, A comparison, Water Res., 43,
2131-2138(2009).

E. M. Golet, I. Xifra, H. Siegrist, A. C. Alder, W. Giger, Environmental
exposure assessment of fluoroquinolone antibacterial agents from sewage to
soil, Environ. Sci. Technol., 37, 3243-3249(2003).

R. H. Lindberg, U. Olofsson, P. Rendahl, M. I. Johansson, M. Tysklind, B. A.
V. Andersson, Behavior of fluoroquinolones and trimethiprim during
mechanical, chemical, and active sludge treatment of sewage water and
digestion of sludge, Environ. Sci. Technol., 40, 1042-1048(2006).

S. Babic, M. Perisa, 1. Skoric, Photolytic degradation of norfloxacin,

enrofloxacin and ciproxacin in various aqueous media, Chemosphere, 91,

,55,



o8

60

1635-1642(2013).

. S. Rakshit, D. Sarkar, E. J. Elzinga, P. Punamiya, R. Datta, Mechanisms of
ciproxacin removal by nano-sized magnetite, J. Hazard. Mater., 246-247,
221-226(2013).

. B. Shao, D. Chen, J. Zhang, Y. Wu, C. Sun, Determination of 76 pharmaceutical
drugs by liquid chromatography-tandem mass spectrometry in slaughterhouse
wastewater, J. Chromatigr., A1216, 8312-8318(2009).

. W. J. Sim, J. W. Lee, E. S. Lee, S. K. Shin, S. R. Hwang, J. E. Oh, Occurrence
and distribution of pharmaceuticals in wastewater from households, livestock
farms, hospitals and pharmaceutical manufactures, Chemosphere, 82,
179-186(2011).

. M. Sturini, A. Speltini, L. Pretali, E. Fasani, A. Profumo, Solid-phase extraction
and HPLC determination of fluoroquinolones in surface waters, J. Sep. Sci., 32,
3020-3028(2009).

. A. Pena, D. Chmielova, C. M. Lino, P. Solich, Determination of fluoroquinolone
antibiotics in surface waters from Mondero river by high performance liquid
chromatography using a monolithic column, J. Sep. Sci., 30, 2924-2928(2007).

.R.YL Q. J. Wang, C. H. Mo, Y. W. Li, P. Gao, Y. P. Tai, Y. Zhang, Z. L. Ruan,
J. W. Xu, Determination of four fluoroquinolone antibiotics in tap water in
Gwangzhou and Macao, Environ. Pollu., 158, 2350-2358(2010).

L. Migliore, S. Cozzolino, M. Fiori, Phytotoxicity to and uptake of
enrofloxacin in crop plants, Chemosphere, 52, 1233-1244(2003).

. D. F. Cummings, K. F. Archer, D. J. Arriola, P. A. Baker, K. G. Faucett, J.
B. Laroya, K. L. Pfeil, C. R. Ryan, K. R. U. Ryan, D. E. Zuill, Broad
dissemination of plasmid-mediated quinolone resistance genes in sediments
of two urban coasted wetlands, Environ. Sci. Technol., 45, 447-454(2011).

. D. Li, Q. Zhu, C. Han, Y. Yang, W. Jiang, Z. Zhang, Photocatalytic degradation
of recalcitrant organic pollutants in water using a novel cylindrical

multi-column photoreactor packed with TiO.;—coated silica gel beads, J.

,56,



60.

66.

67.

683.

69

70

71

72.

73

Hazard. Mater., 285, 398-408(2015).

S. Sayen, M. Ortenbach-Lopez, E. Guillon, Sorptive removal of enrofloxacin
antibiotic from aqueous solution using a ligno—cellulosic substrate from wheat
bran, J. Environ. Chem. Eng., 6, 5820-5829(2018).

S. A. Yasini, M. H. B. Zadeh, H. Shahdadi, The antibacterial activity and
toxicity of enrofloxacin are decreased by nanocellulose conjugated with
aminibenzyl purin, Colloids Surf. B: Biointerfaces, 135, 518-524(2015).

D. DasSharma, S. Samanta, D. N. Kumar S, G. Halder, A mechanistic insight
into enrofloxacin sorptive affinity of chemically activated carbon engineered
from green coconut shell, J. Environ. Chem. Eng., 8, 104140(2020).

D. Dolar, K. Kosutic, M. Perisa, S. Babic, Photolysis of enrofloxacin and
removal of its photodegradation products from water by reverse osmosis and

nanofiltration membranes, Sep. Purif. Technol., 115, 1-8(2013).

. J. Wang, D. Zhi, H. Zhou, X. He, D. Zhang, Evaluating tetracycline degradation

pathway and intermediate toxicity during the electrochemical oxidation over a
Ti/TidO07 anode, Water Res., 137, 324-334(2018).

R. Anjali, S. Shanthakumar, Insights on the current status of occurrence and
removal of antibiotics in wastewater by advanced oxidation processes, J.
Environ. Manag., 246, 51-62(2019).

M. Pirsaheb, H. Hossaini, H. Janjani, An overview on ultraviolet persulfate
based advances oxidation process for removal of antibiotics from aqueous
solutions: a systematic review, Desalinat. Water Treatment, 165,
382-395(2019).

M. F. Li, Y. G. Liuy G. M. Zeng, N. Liu, S. B. Liu, Graphene and
graphene-based nanocomposites used for antibiotics removal In water

treatment: a review, Chemosphere, 226, 360-380(2019).

. I. H. Kim, Removal of Pharmaceuticals in Secondary Treated Wastewater with

UV and UV/H202 Treatment. Journal of the Korean Society of Urban
Environment, 12(3), 179-187(2012).

,5’7,



74.

0.

76.

7.

78.

79.

80.

31.

32.

33.

C. K. Cho, I. S. Han, An Investigative Study on the Characterization of Cefaclor
Decomposition in UV/H>0- Process. Journal of Korean Society of Environmental
Engineers, 30(10), pp.1039-1046(2008).

Y. J. Jung, W. G. Kim, B. S. Oh, H. Y. Jang, Y. H. Choi, J. W. Kang, Removal of
the antibiotics and changes in the antibacterial activity by ozonation or UV
radiation’, Korean Waterworks and Sewerage Association, no.1, 132-135(2007).
W. K. Kim, Y. J. Jeong, H. Y. Jang, Y. Y. Hwang, J. W. Kang, Water treatment:
Characteristics of antibiotic removal by UV in UV process. Joint Fall Conference
(20007), 144-148(2007).

H. J. Son, H. S. Yoom, S. H. Jang, H. S. Kim, S. H. Hong, W. S. Park, Y. C. Song,
Removal of Tetracycline Antibiotics Using UV and UV/H>O, Systems in Water.
Journal of Environmental Science International, 23(7), 1359-1366(2014).

G. Peng, T. Li, B. Ai, S. Yang, J. Fu, Q. He, G. Yu, S. Peng, Highly effluent
removal of enrofloxacin by magnetic montmorillonite via adsorption and
persulfate oxidation, Chem. Eng. J., 360, 1119-1127(2019).

A. L. Linsebiegler, G. Lu, J. J. Yates, Photocatalysis on TiO2 surface:
principles, mechanisms and selected results, Chem. Rev., 95, 735-758(1995).
X. Wang, K. Maeda, A. Thomas, K. Takanabe, G. Xin, J. M. Carlsson, K.
Domen, M. Antonietti, A metal-free polymeric photocatalyst for hydrogen
production from water under visible light, Nat. Mater., 8, 76-80(2009).

C. Zhou, C. Lai, C. Zhang, G. Zeng, D. Huang, M. Cheng, L. Hu, W. Xiong, M.
Chen, J. Wang, Y. Yang, L. Ziang, Semiconductor/boron nitride composites:
Synthesis, properties, and photocatalysis applications, Appl. Cataly.
B-Environ., 238, 6-18(2018).

M. J. F. Calvete, G. Piccirillo, C. S. Vinagreiro, M. M. Pereira, Hybrid materials
for heterogeneous photocatalytic degradation of antibiotics, Coordinat. Chem.
Rev., 395, 63-85(2019).

Y. Liu, Z. Liu, D. Huang, M. Cheng, G. Zeng, C. Lai, C. Zhang, C. Zhou, W.

Wang, D. Jiang, H. Wang, B. Shao, Metal or metal-containing

,58,



34.

30.

36.

817.

38.

89.

90

91

92

nanoparticles@MOF nanocomposites as a promising type of photocatalyst,
Coordinat. Chem. Rev., 388, 63-78(2019).

S. Yamazaki, A. Yoshida, H. Abe, Photocatalytic degradation of chloroform in
the gas phase on the porous TiO: pellets: effect of Cl accumulated on the
catalyst surface, J. Photochem. Phorobiol. A: Chem, 169, 191-196(2005).

M. A. Lillo-Rodenas, N. Bouazza, J. Berenguer—-Murcia, J. J. Linares—Salinas,
P. Soto, A. Linares-Solano, Photocatalytic oxidation of propene at low
concentration, Appl. Catal. B: Environ., 71, 298-309(2007).

S. W. Verbruggen, S. Ribbens, T. Tytgat, B. Hauchecorne, M. Smits, V.
Meynen, P. Cool, J. A. Martens, S. Lenaerts, The benefit of glass bead
supports for efficient gas phase photocatalysis: case study of a commercial
and a synthesized photocatalyst, Chem Eng. J., 174, 318-325.

J. Mo, Y. Zhang, Q. Xu, J. J. Lamson, R. Zhao, Photocatalytic purification of
volatile organic compounds in indoor air: a literature review, Atmos. Environ.
43, 2229-2246(2009).

Y. Zhang, J. C. Crittenden, D. W. Hand, D. L. Perram, Fixed-bed
photocatalysts for solar decontamination of water, Environ. Sci. Technol., 28,
435-442(1994).

A. Fernandez, G. Lassaletta, V. M. Jimenez, A. Justo, A. R. GonzalezElipe, J.
M. Hermann, H. Tahiri, Y. Aitlchou, Preparation and characteristics of TiO,
photocatalysts supported on various rigid supports (glass, quartz and stainless
steel): Comparative studies of photocatalytic activity in water purification,

Appl. Catal. B, 7, 49-63(1995).

. N. Negishi, T. Sato, T. Hirakawa, F. Koiwa, C. Chawengkijwanich, N. Pimpha,

G. R. M. Echavia, Photocatalytic detoxication of aqueous organophosphorus by
immobilized silica gel, Appl. Catal. B, 128, 105-118(2012).

J. A. Lee, Removal of hydrogen sulfide using photocatalytic process, MS
Thesis, Pukyong National University, 67pp,(2019).

J. Y. Kim, A study on the photodegradation of pyrene, chrysene, and

,59,



benzolalpyrene in water, MS Thesis, Cheju National University, 52pp(2002).

93. S. H. Park, J. W. Kim, Mordern Design of Experiments Using MINITAB,
Minyoungsa, Seoul, Korea, 587pp. 9-11(2018)

94. D. K. Ko, Optimization of the synthesis process of PoK-g—-NaSS cation exchange
membrane by response surface analysis(RSM), MS Thesis, Chungnam National
University, 66pp,(2020).

9. J. H. Cho, A Study of Machining Error and Draft Angle Modeling by Using
Response Surface Method, MS Thesis, Incheon National University,
61pp,(2011).

96. D. H. Seong, Identification and characteristics of Bacillus bacteria for the
removing of food waste odor, MS Thesis, Pukyong National University,
72pp,(2015).

97. S. H. Kang, J. H. Kang, H. G. Kim, H. H. Jeong, J. H Kim, J. H. Ahn,
Effect of Calcium Ion and Initial pH on Phosphorus Removal using TiCl 4
Coagulant. Journal of Korean Society of Environmental Engineers, 39(3),
164-168(2017).

98. C. H. Lee, S. K. Kam, M. G. Lee, Adsorption Characteristics of Sr Ions by
Coal Fly Ash-Based-Zeolite X using Response Surface Modeling Approach.
Journal of Environmental Science International, 26(6), 719-728(2017).

99. K. Natarajan, T. S. Natarajan, H. C. Bajaj, R. J. Tayade, Photocatalytic reactor
based on UV-LED/TiO, coated quartz tube for degradation of dyes, Chem.
Eng. J., 178, 40-49(2011).

100. D. Li, Q. Zhu, C. Han, Y. Yang, W. Jiang, Z. Zhang, Photocatalytic
degradation of recalcitrant organic pollutants in water using a novel cylindrical
multi—column photoreactor packed with TiO.—coated silica gel beads, J. Hazard.
Mater., 285, 398-408(2015).

101. S. Merabet, A. Bouzaza, D. Wolbert, Photocatalytic degradation of indole in
a circulating upflow reactor by UV/TiO2 process-Influence of some

operating parameters, J. Hazard. Mater., 166, 1244-1249(2014).

,60,



102. O. W. Li, H. Y. Z heng, Q. H. Wang, X. Wang, W. Z. Jiang, Z. Y. Zhang,
Y. N. Yang, A novel double-cylindrical-shell photoreactor immobilized with
monolayer TiO2 coated silica gel beads for photocatalytic degradation of
Rhodamine B and methyl orange in aqueous solution, Sep. Purif. Technol.,
123, 130-138(2014).

103. A. Franco, M. C. Neves, M. M. L. R., Carrott, M. H. Mendonca, M. L
Pereira, O. C. Monteiro, Photocatalytic decolorization of methylene blue in
the presence of TiO./Zns nanocomposites, J. Hazard. Mater.,, 161,
545-550(2009).

104. R. Du, P. Chen, Q. Zhang, G. Yu, The degradation of enrofloxacin by non-metallic
heptazine-based OCN polymer: Kinetics, mechanism and effect of water constituents,

Chemosphere (accepted article, https://doi.org/10.1016/j.chemosphere.2020.128435).

105. J. Y. Kim, Studies on photodegradation of pyrne, chrysene and
benzolalpyrene in water, MS Thesis, Jeju National University(2002).

106. J. Nahi, A. Radhakrishnan, B. Beena, Green synthesis of zinc oxide
incorporated nanocellulose with visible light photocatalytic activity and
application for the removal of antibiotic enrofloxacin from aqueous media,

Mater. Today: Proc. (acceped article, https://doi.org/10.1016/j.matpr.

2020.05.253).

107. T. S. Anirudhan, J. R. Deepa, S. Anoop, Fabrication of chemically modified
graphene oxide/nanohydroxyapatite composite for adsorption and subsequent
photocatalytic degradation of aureomycin hydrochloride, Nair. J. Ind. Eng.
Chem., 47, 415-430(2017).

108. A. H. Buschmann, A. Tomova, A. Lopez, M. A. Maldonado, L. A.
Henriquez, L. Ivanova, F. Moy, H. P. Godfrey, F. C. Cabello, Salmon
aquaculture and antimicrobial resistance in the marine environment, PLoS
One, 7, 26-28(2012).

109. X. He, Z. Wang, X. Nie, Y. Yang, D. Pan, A. Q. W. Leung, Z. Cheng, Y.

Yang, K. Li, K. Chen, Residues of fluoroquinolones in marine aquaculture

,61,



environment of the Pearl River Delta, South China, Environ. Geochem.
Health, 34, 323-335(2012).

110. J. Aufartova, 1. Brabcovi, M. F. Torres-Padron, P. Solich, Z. Sosa-Ferrera,
J. J. Santana-Rodriguez, Determination of fluoroquinolones in fishes using
microwave assisted extraction combined with ultra—high performance liquid
chromatography and fluorescence detection, J. Food Compos. Abal., 56,
140-146(2017).

111. J. De Laat, T. G. Le, Effects of chloride ions on the iron(II)-catalyzed
decomposition of hydrogen peroxide and on the efficiency of the Fenton-like
oxidation process, Appl. Catal. B: Environ., 66, 137-146(2006).

112. J. Machulek Amilcar, E. F. Moraes Jase, C. Vautier—Giongo, A. Silverio
Cristina, C. Friedrich Leidi, A. Q. Nascimento Claudio, C. Gonzalez Monica,
H. Quina Frank, Abatement of inhibitory effect of chloride anion on the
photo-Fenton process, Environ. Sci. Technol., 41, 8459-8463(2007).

113. J. Soler, A. Garcia—Ripoll, N. Hayek, P. Miro, R. Vicente, A. Arquez, A. M.
Amat, Effect of inorganic ions on the solar detoxication of water polluted
with pesticides, Water Res., 43, 4441-4450(2009).

114. J, Y. Jeong, Optimization of Rutin Extraction Conditions from Buckwheat
Shells Using Response Surface Analysis, MS Thesis, Pukyong National
University, 41pp, (2020).

,62,



PN
T

A

k=

=

=

s}l 9l
vl

el 23 ol me o

o}

]

S

Eo

)

2015

o =
T T

PRAL AL b

=

=

771l

-

R

&t

[}
FARE gE o] aiuy

3l of

°

.

1)

A

W e

[e)

™
=
2} &

2

=5

)

dZkell Al

= X
.

AL A o

il

il

ol
G
<A
N
el

oz

o] Yo 717+A AdA =

3

H

il

A X

i
file)

o
oy
o

g
¢

<

e

W Aol A Al 718E FAla, upm

i

o & mhy-e7} Hoj7kal l=A

2= = =
T, i =1

B
M

)

ok

¢+
o

el
=0

B
U

<

Nfo

Jl
—_
o

o

B3

sl o} o

=

=

A

—_

Nt
fuy.
LS

N

o
g8
B

==

fio

AlaL, S-aj el A

N

ey
N

&l

A e A8 7 =

il w58kl

BE

=
=

gRE A

o 2
< i}

F

1

==

.

=z

BAE
HH]», DO:]

A}
=
& 2.

=

=

=
QLN

A=Y,

1

=i

7z
Aol =

0]
s

PN
T

CEEE FEHE A



7]

==
=

1

k9
pul

ol FEof ;e el A 3

]

HEE gt 2

oA

=] T
o

At 2 arete

5

T

=

5
ok

N

X
ol
<V
X
i)

o

1

o]
, S, Aol AE

Hr

2] aL

g

A

=
T

Stio

TR
™

1

il
A

, AF R A gs deA o

il

XA

o
Nlo
4

™

o

w
NH
_

o

R AV = e E R

=

=

=
=

-9 7t

]_

)

s

s Wb AY A

J—

T
™

%)
il

=
=

A A

A}
=

) 2A
= T

-
R

21

of #@&o] u

=
1=

\

ukoluA 4]

o]

tH Al

)

(e}

TR

e
i
il

| Hojz 2y, U7k AE WA we e 244

il

0
ol
X
ol
il

~d

o]

Aol &,

3l

&
Tl

R

-

W7k A ob)

o
ilin
—_

o

el
oy
i

Yt} A1 o



	Ⅰ. 서 론 
	Ⅱ. 이론적 고찰 
	1. Enrofloxacin 
	1) Enrofloxacin의 특성 
	2) Enrofloxacin의 환경 중 농도 

	2. 항생제의 처리기술 
	1) 처리기술의 현황 
	2) UV 광촉매 기술 

	3. 반응표면분석법(RSM, Response Surface Methodology) 
	1) 실험계획법 
	2) 반응표면분석-중심합성계획법 
	3) ANOVA(analysis of Variance) - 분산분석 


	Ⅲ. 실험재료 및 방법 
	1. 실험재료 
	2. 실험장치 
	1) 실험장치의 구성 
	2) UV 광촉매 반응기 

	3. 실험방법 

	Ⅳ. 실험 결과 및 고찰 
	1. Enrofloxacin의 UV 광촉매 분해 
	1) TiO2 광촉매 코팅의 영향 
	2) UV 광세기(/)의 영향 
	3) Enrofloxacin 초기 농도의 영향 
	4) pH의 영향 
	5) 염분농도의 영향 
	6) H2O2의 첨가량의 영향 

	2. 통계해석을 통한 Enrofloxacin의 결과 해석 
	1) 영향인자간의 반응모델 해석 
	2) Enrofloxacin의 제거효율 반응모델 해석 
	3) 변수와 반응사이의 등고선도(Contour Plot) 
	4) 반응 최적화를 통한 결과해석 


	Ⅴ. 결론 
	참고문헌 


<startpage>12
Ⅰ. 서 론  1
Ⅱ. 이론적 고찰  4
 1. Enrofloxacin  4
  1) Enrofloxacin의 특성  4
  2) Enrofloxacin의 환경 중 농도  5
 2. 항생제의 처리기술  7
  1) 처리기술의 현황  7
  2) UV 광촉매 기술  10
 3. 반응표면분석법(RSM, Response Surface Methodology)  14
  1) 실험계획법  14
  2) 반응표면분석-중심합성계획법  15
  3) ANOVA(analysis of Variance) - 분산분석  16
Ⅲ. 실험재료 및 방법  17
 1. 실험재료  17
 2. 실험장치  18
  1) 실험장치의 구성  18
  2) UV 광촉매 반응기  19
 3. 실험방법  21
Ⅳ. 실험 결과 및 고찰  23
 1. Enrofloxacin의 UV 광촉매 분해  23
  1) TiO2 광촉매 코팅의 영향  23
  2) UV 광세기(/)의 영향  26
  3) Enrofloxacin 초기 농도의 영향  28
  4) pH의 영향  30
  5) 염분농도의 영향  32
  6) H2O2의 첨가량의 영향  34
 2. 통계해석을 통한 Enrofloxacin의 결과 해석  36
  1) 영향인자간의 반응모델 해석  36
  2) Enrofloxacin의 제거효율 반응모델 해석  40
  3) 변수와 반응사이의 등고선도(Contour Plot)  43
  4) 반응 최적화를 통한 결과해석  47
Ⅴ. 결론  48
참고문헌  50
</body>

