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Abstract

Oxidation of Ciprofloxacin, Trimethoprim, and Enrofloxacin by ozone was experimentally investigated to observe the effects
of background water quality (such as ultrapure water, humic acid, and biologically treated wastewater) and water temperature
on the removal rate of these antibiotics, and, thereby, to be able to provide design information when the ozone treatment
process is adopted. Initial concentrations of the antibiotics spiked to 10 ng/L, and the ozone dose was 1, 2, 3, 5, and 8 mg/L.
While the removal rate of Ciprofloxacin under ultrapure water background by ozone oxidation was over 99%, the removal rate

under humic acid and biologically treated wastewater background was markedly lower, in the range of 49.3% ~ 99% and 19.8
% ~ 99 %, respectively. When water temperature is decreased from 20 °C to 4 °C, the removal rate is reduced from the range
0of 19.8% ~ 99 % to the range of 7.5 % ~ 99 % under a biologically treated wastewater background. The effects of background
and temperature on the removal rate of Trimethoprim and Enrofloxacin were similar to that of Ciprofloxacin, but the degree
was different. Therefore, it is concluded that the background of water to be treated, as well as water temperature, should be
taken into consideration when the design factor, such as ozone dose, is determined, so that the treatment objective of the ozone

treatment process can be most effectively met.
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1. Introduction
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Table 1. Characteristics of antibiotics
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2. Materials and Methods

21 =3

2 AT A3 FHMEZ L Ciprofloxacin, Trimeth-
oprim, Enrofloxacin 3%&©]t}. Table 141 UERA uke} o
Ciprofloxacin QIA/FE Z&olW 57 &%, AT,
g8 59 XFo AEEHI BE A< 135 100~400 mg
o2 19 23 Fo3tt) Trimethoprime AA/FE ZAE]
o A4, Fold, dAF 9 Az AHEEHI 18 10
mLE 19 23 12A]3teit FeFALGHEE Enrofloxacine
&R & HA, JtEFY 23], £57], 2ERUS
Az AHgET o, HFdFodAe T ngl FELE
SHF AEHA steAYd FRFAME A 5 gLt
A A& wWEA, & AFdA e 2IEEE
spikingdte] Z+ 7o W& Q=43 AAGES B4, H
7Fetd . AE% B S-S simulation 7195k 27 EEE

100 pg/LZ spikingdt AP = AA AT

22 HHE=A
SEAYA AYEEEA] FBEE 9o wWBEEE

Antibiotics Molecular formula MW (g/mol) Molecular structure Apply
Ciprofloxacin Ci7HsFN;05 331.34 Human/animal
Trimethoprim CuHisN,Os 29032 N2~ OCH; Human/animal

H?N/J%N OCHs
O O
F
Oy
Enrofloxacin Ci9H2FN303 359.39 (\N N animal
(N . A
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Table 2. Characteristics of biologically treated wastewater in Daejeon wastewater treatment plant

pH Water temperature BODS5 COD
o ) 6.6 13°C 1.7 mg/L 11.9 mg/L
Water quality in Daejeon S TN TP
wastewater treatment plant
2.3 mg/L 13.354 mg/L 0.221 mg/L

Q&G Fofste] ©EG AE(ozone demand)sHE
2 AFGRGTY wF 2 e F8sth B dAFdAE 2
g 7|22 gtal gy deds WA S simulation
9] o] H2)14 (humic substance) 3 mg/LE ZA&
H gAYy dRTe dAdseARd dRTE AME

F24 2 AldrichAFY] humic acidE AFE3IH AL o
il 0]'#‘7‘1?4’8' I 2L Table 201 YJeER) ATH

3l Liquid Chromatography/tandem
mass spectrometeri 4000Q TRAPE AR&3l¥om 71719
AtSFH B2 Table 391 JERASIIL Fig. 19& 3%
G EZ gt chromatograms 53+ th

PN

SENFLAGA = LT
71, LEFE F37], ©#871E2 FHHNLH AEE 1L,

Table 3. Specification and analysis conditions of 4000 Q
TRAP

<Machine specification>

TurboV source

fon source (TurbolonSpray (ESI) + APCI probe)
Scan speed Max 2400 [QIl and Q3 in RF/DC mode]
(amu/sec) 250, 1000 and 4000 [linear ion trap mode]

Dynamic range 1 cps to 4 x10° cps (pulse counting)

Mass range (m/z) 5 t02800 [Ql and Q3 in RF/DC mode]
70 to 2800 [linear ion trap mode]

<Operating conditions>

Column type C18 (2.1 mmx 150 mm, 5 pm particle size)
Mobile phase (A) 0.1 % formic acid in water

(B) 0.1 % formic acid in ACN (acetoniTRIle)
Flow rate 0.4 mL/min

Column temperature 40 °C
Dose 10 pyL

S UVEd 9 0ZM-70002.2 =33
1 LE $8% & Sl gas washing bottle

Chromatoeram Non-condensing
£t Detection limit (ng/L)
Ciprofloxacin LC-MS/MS 57
20004 |
'ISOO:
§ 100 0.01
500 1 [
oo o ~ o
2 4 6 8 10 12 14 16 18
Time, min
Trimethoprim LC-MS/M$
5173 Rék
. |
¢ 4000
g
c
= | 0.03
2000 0.45
N N . NS | e | " NP
2 4 6 8 10 12 14 16 18
Time, min
Enrofloxacin LC-MS/MS 609
4000 i
3000
§ 2000 0.01
=
1009 0.76
0’,, S S— | W— e
2 4 6 8 10 12 14 16 18
Time, min

Fig. 1. Chromatogram of antibiotics.
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3. Results and Discussion

3.1. Ciprofloxacin

311 HHASA DY £20] LEMEHAHS0 O|xl=

Fig. 3& 20°C% 4°ColA x&, o, 7432
EZ 2 319 Ciprofloxacin 27]1&% 10 pg/Lol gt &
AAAEE TR ZE Rl Aot

20°CoM Z&4 w39 3
o A&IAlEAHA 9% °)F AAFIAL, F
9] Aoe 2EFUE 1 mglLelA A=
A 493 % AAHJL 2 mg/LAA < AFFE
A 94.4% AAHRLH 3 mg/LAAE FFET 022 pg/lL
7HA 97.8%. 5 mg/L D 8 mg/LAAE AEIA A 99%
ol AAHA st wiFY Fole LEFUE 1 mgl
N FAFEE 8.02 ug/L7HA 198% AAFAIL 2 mglL
NHE FFHEE 576 ngL7tA 424% AAGQLH 3
mg/LAAE FFEE 3.09 ug/L7HA 69.1%, 5 mg/LollA]
= ZFEE 024 pg/L7bAl 97.6 %, 8 mg/Lole HAE3
AloltE 99 % o] AARA BFEL] AMAL WA=
FEF2 ¢ 2 Aoz et

st vl @St Al 0] 20°Cet 4°CH W& v EH
20°C9] A9 LE2FUE 1 mgLlold JFEE 8.02 ngl
7HA 19.8% AAHJL 2 mgLar e FFEE 5.76 ug/L
A 42.4% AAHILH 3 mg/lolrde FFEE 3.09 1
gL7HA 69.1 %, 5 mg/Lollie JRFEE 0239 pg/L7kA
97.6 %, 8 mg/LolAE AEJAZA 99% o4 A=
H 4°CY Afole SEFUE | mg/LlA JIHRFE 9.25
BgL7AA 1.5% AAFHAIL 2 mglolde FREE 7.54
ug/L7HA 24.6 % AALDRALH 3 mg/LAAE AFEE 497
ug/L7kA 503 %, 5 mg/LA= HFE% 026 ng/L7tA
97.4%, 8 mg/LAXe AEJATA 99% ol AASA &
20| AAg v E dTF2 i e ALZ YEyth

4°ColA 3t 2 FAA S wlFEdE & o oEMS
AAgS F244 wWEdy 3 £ 1 mg/LolA &

Ozone
Generator — Ozone
o || %
Dn . ®
S )

0.

Detector

<Reactor>
Fig. 2. Schematic diagram of bench scale ozone oxidation
experiment.
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779 pg/L7HA 221 % AAZJL 2 mg/LolMdE
3.99 pg/L7AA 60.1 % AAFDQLH 3 mg/LollA
= 2.77 ng/L7HA 723 %, 5 mg/L 2 8 mg/Lol
AR 99 % ol AA=JT st WA F
AE 1 mgLlolA IFEE 9.25 ug/L7HA 7.5%
AAHRL 2 mgLAMdE FFEE 7.54 ngL7HA 24.6 %
AALHALH 3 mg/LollXe JFREE 4.97 ng/L7HA 503
%, 5 mg/LolAE ZFEE 0.26 ug/L7MA 97.4 %, 8 mg/L
AME AEMAA 9% ol AA=HA wWiFEZ o] AA
g A= FTFS ATk

24 W@t A 0] 20°Ce 4°CYE HE v
HH 20°CY A LEFYE | mg/LdA IAFEE 507
ug/L7hA 493 % AAEFAL 2 mg/LelX = FREE 0.56
ug/L7HA 94.4% AAHRLH 3 mg/LdXe ek 0.22
ug/L7hA 97.8%, 5 mgL 2 8 mg/LolXe HAEIMA A
99 % o] AARNHE 4°CY Folle LEFYE | mg/L
ANA ZREE 7.79 ug/L7HA 22.1% AADAD. 2 mg/lL
AE FREE 399 pgL7tA 60.1% AAZHQLeH 3
mg/LAXE ZFEE 2.77 ngL7HA 723%, 5 mg/L 2 8
mg/Loll A AEFIAAR 99% o] AAH 20| A
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d Aotk 25 WAEY F9 BRE LEFYE At
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3.2 Trimethoprim

321 HIASEL =20 2LEMIHAHE20 Ol A

Fig. 5& 20°C% 4°ColA z&=, b7, F42&
E4 =2 39 Trimethoprim %7]5% 10 pg/Lol g
AFAALEE 2HZ2 YJeRdE ol

20°CAIA 2= WEY B EE 2EFYY
o AEHACIAA 9% olF AAHRL, T4 w3
9 Bfole LEFYE | mgLdN JRE 36 ug/L
7HA 86.4% AAHAL 2 mg/L, 3 mg/l, 5 mgL 2 8
mg/LAME AEI}AITGE 9% ol AAHA &
HZe e SEFYE 1 mglolA JHREE 6.65 1
gL7HA 335 % AAHRIL 2 mg/LAA e IFEE 2.14 ¢
g/LAA 78.6% AAHALH 3 mg/LlXe FFEE 111
ug/L7HA 88.9 %, 5 mg/L, 8 mg/LolXE HAEIA 052
99% ol AA=H wAEZl AAL WA= FTF2
e 2 ALZ YEsTh

she Wi Akl A F20] 20°C8 4°CY W E wws| A

fo Z 0%
'iN ox

_0|L

o s
X

bt

ol



& 0|2k ZFEEE Ciprofloxacin, Trimethoprim, Enrofloxacin®| ZEASIA|7 153

12

10

concentration{ug/l)

<
2 3

a
4 5 6 7 8

Ozone injectionrate{(mg/l)

—®— Ultrapurewater(20°C) —*  Humicadd(20°C) ~—®  Humicadd@°C) —® wastewater(20°C) —E— Wastewater(4°C)

Fig. 3. Effect of background and water temperature on ozone oxidation of ciprofloxacin.
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Fig. 4. Removal rate of ciprofloxacin by ozone oxidation for high concentration at 20 °C.

20°C9) A% 2EFYE 1 mg/loald IHREE 6.65 g/l
7HA 33.5% AAHAL 2 mgLAAE FFEE 2.14 ng/L
A 78.6 % AATRLH 3 mg/LAAE FFEE 1.11 pgl

74A] 88.9%, 5 mg/L, 8 mg/LAME AEIAZA 99 %
ol AAEWH 4°Ce] Beolles LEFYE | myLolA
ZAREE 7.68 ng/L7AA 232% AADJIL 2 mg/LANE=
{P%—%E 6.09 ug/L7hA 39.1 % AASA2H 3 mg/LellA
7S 4.78 png/L7HA 522%, 5 mgLolAe FFRE
2.64 ngLAA 73.6%, 8 mg/LAAE FFEE 1.55 1
gL7AA 845% AMAH F2o] AALd v ¥
e & ALE YEuth

4°CoA st 2 FAZS WFELR T o L&
AAEE A4 WEY B LEFUE 1 myglolA

FE5E 286 ug/L7HA 714% AAHJL 2 mg/LlAE
AFEE 029 pgL7A 97.1% AAZASLH 3 mglL, 5
mg/L 2 8 mg/LAlAE AZEIHAOI7A 99 % o4 AA

ftorlr

o
rlo

e

HAck a5 wlF Y FA9ole SEFUE | mg/LolA 7
FE% 768 ugL7bA 232% AAHYL 2 mgLolde
ZRES 6.09 ng/L7hA 39.1% AAHYSH 3 mg/LolA
L AREE 478 ngL7tA 522%, 5 mgLiAE AFE5E

2.64 pg/LU}Z] 73.6 %, 8 mg/LolA+ FF{FEE 1.55 ng/L
7HA] 84.5% AAH wlEEZ] AAL mAE FTI
W & ALZ eyt

FA4 wjFstel A F£2o] 20°CH 4°CE wWE wns)
BH 20°CY A LEFYE | mg/LdA FFEE 136
ug/L7tA 86.4 % AAEIIAL 2 mg/L, 3 mglL, 5 mgL %
8 mg/LellAe AEHACISHA 99% o) AAHIA 4
°Co Ftdle LEFUE | myLolA TFFEE 2.86 ug/L
A 714 % AADAL 2 mgLAAdE ZFFEE 029 pg/L
7R 97.1% AADNLH 3 mg/L, 5 mg/L 2 8 mg/Lell
e AEFACIGAA 99% ol AAH F2o] AAEL
o e 9FS A F ALRE YEETh
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Fig. 5. Effect of background and water temperature on ozone oxidation of trimethoprim.
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Fig. 6. Removal rate of trimethoprim by ozone oxidation for high concentration at 20 °C.
322 s I 2EFUSM ME 2EL PEWI?-IE o AEFA A 9% ol AAHIYL, F42 wF
Fig. 6= 20°CollA %%, s¢E WAELZE 39 % 9 ALdE 2EFYE 1 mylilA TFEE 6.55 ug/l
715%E 100 pg/Lell tigt SEMASAALES T ZE YEL A 345% AAFJL 2 mg/LAAE ZFEE 3.79 pg/lL
W Aot} e WiFY B BE LEFUE ot 7] 62.1 % AAZALH 3 mgLolre FFEE 4.11 gL
AEFA ISEA 99.9 % ol AAHAL, st WA 2 7HA] 589 %. 5 mg/LollAe AFEE 047 ngL7tA 953
e LEFAE 2 mglold FFEE 301 pgL7tA %, 8 mg/LAAME AEIIAOISA 9% ol AMAHI
69.9% AAHAIL 5 mg/L, 8 mg/LolM= AEA 57t o sk WA Y Feede LEFUE | mg/LidA IFE
21 999 % olF AAHE ALZ e aEES Fedl & 853 pug/L7tA 147 % AAHAIL 2 mgLelXe T
E 5 o FY WY WA FR3 AAEES 24 BE 589 pgL7kA 411% AAHRLH 3 myLAAE
d FUAS AeE dddn THEE 411 pgL7bA 589 %, 5 mg/LolM e IFsk

3.3 Enrofloxacin

331 HHE=E L 20| E—E— EWI}IEOH O|Xl= A&k
Fig. 72 20°C9} 4°ColA %44, 34, 542 S )

R

E2 =2 3l Enrofloxacin _724_7]%5 10 ng/Loll tigk o=
SAAES 2HZZ Yepd Roth
20°CollA 25 WiFY F&

EE 2EFYEC st

BIE=&EaR| M4 HM25, 2018

0.69 ng/L74A 93.1 %, 8 mg/LolA = AEEHA olsl74A] 99
% ol AA= wFEZA] AAL "R FTF
+ 2 Aoz Yeth

St vl A skl A 0] 20°Ce 4°CE W& v RH
20°CY B 2E2FYE | mg/LilA FAFEE 8.53 ng/L7t
A 147 % AAHIJL 2 mg/LdAME FREE 589 ng/L7t
2 41.1% AAHNLH 3 mg/LodE FREE 411 ng/l

‘ITO—‘—
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Fig. 7. Effect of background and water temperature on ozone oxidation of enrofloxacin.
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Fig. 8. Removal rate of enrofloxacin by ozone oxidation for high concentration at 20 °C.

A 58.9 %, 5 mg/LeldE IREE 0.69 ug/L7HA 93.1
%, 8 mg/LAlXE HAEIA ol7kA 9% olF AAHA
th 4°CY Addle LEFYE 1 mgLiA JFEE 8.92
pgL7bA 10.8% AAHUIL 2 mg/Lolde FREE 6.28
ng/L7HA 372 % AAEILH 3 mg/LiMe AFEE 4.66
ug/L7AA 534%, 5 mg/Llde JFEE 092 pgL7HA
90.8 %, 8 mg/LellA+ AEIMAICIEAA 99 % ©1 AAT

o] #2o] AAL A= FF2 HHTF Ao e
4°ColA a4 2 FAZL wjAERAZ T u o=
AAEL F42 wWEe ¢ 22FUE | mglalAr

F5E 697 ngL7HA 303% AAHAL 2 mgLolHe=
ZAFEE 530 ug/L7HA 47.0% AAFRLH 3 mg/LolA
AFEE 3.80 ug/L7HA 62.0%, 5 mg/LAAE IFFE
0.71 pg/L74A 92.9%, 8 mg/LollAE AZE3HA e E
9% ol AAHAAY. sk WMBY B LEFUE 1 mgl
ANA FAFEE 892 ng/L7HA 10.8% AAHJIL 2 mg/L

b

re FFEE 628 ngL7tA 372% AASHJLH 3
mg/Lol A= ZFEE 4.66 ng/L7HA 534 %, 5 mg/LolA

L AHEE 092 pgL7HA 90.8 %, 8 mg/Lolds AES
AlolStE 99 % o] AA= wMAEZD] AAEd HA &=
—‘%];0 017]- o]_‘:_ 74 o= 14,5}_1;)\1-1;]_

B W @steld 0] 20°C% 4°CE WE vl
BH 20°CY A LEFYE | mg/LdX AFFE 6.55
NgL7HA 345 % xﬂlﬂ'ﬂiﬁ# 2 mg/LelM e FFs=E 3.79

ugL7AA 62.1% AAHRLH 3 mg/lilxs TFEE
220 pg/L74A 78.0 %, 5 mg/LlAE ZHEE 047 ngl
7HA 953 %, 8 mg/LellAe AEA IR 99 % o]
AAHJTE 4°C9 FFle LEFYE | mg/lollA &/
BE 697 ug/L7HA 303 % AMAHAL 2 mg/LolAe 3
FEE 530 ug/L7tA 47.0% AAHAL™ 3 mg/LAA =
AFEE 380 pg/L7HA 62.0%, 5 mg/LdMe FIFEE

0.71 ng/L74A 92.9 %, 8 mg/LolA= AEgHA olsl74A] 99
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89.9% AAHNIL 5 mg/LAXe FFEE 031 ug/L7HA
99.7%, 8 mg/LAlXE FFEE 028 pg/L7hA 99.7% A
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4. Conclusion

o

Ciprofloxacin, Trimethoprim, Enrofloxacin 3%¢ A&
Ao d& 2, FAR, seAdd GRS 22 WA
B3} Fgo] L& Zﬂﬂ?@f"ﬂ m 3=

IFE 2=
10 ng/L, LEFYE 1, 2, 3, 5, 8 mg/Lel thate] APH
o7 MG 23 e 22 2ES 42 F AAH

o
1) Ciprofloxacin - Z&F H|ZsME ZE QLEFYE
21 99% ol AAE v FAZ wjF 9 FAeolle AAE
49.3%~99 % ©14, skl gl Feelle A0l 19.8%~
9% oldez AstEY wAEL] AAL A FF
2w Ak = sk WA sl 20°CEHY AAEE
19.8%~99 % o]0y 4°CE Yol wl= 7.5%~99 % ©]
Fo 2 AAE At B e F244 wjAe Fdx
AR AAEAS vttt ot wiFstelA 27l s=
100 u/LY AEEY FRolE SEFYES 5 mg/l oldS
2 FF99.9% o3 AALES @4T F ATk

2) Trimethoprim - Z&F W@l e RE LEFYE
ANA 99 % ol AAR v F2d wiF 9 Feolle AA
&9l 864%~99% oI, aFulF e B AAE]
33.5%~99% ooz A AsHJC TS S5 A
StollAl 4°CE o] dold Ao AAE] 232%~
845 %2 AatEo] FEFTFo] AR UrtHTh 4°CH
A= WFEdo]l AAE A 9FS e =34tk 2L
TEY BFdE 2EFUE 5 mg/ll oA 99.9% ]
&4 w2 AAEES 295

3) Enrofloxacin - &5 W Zsto e BE LEFYE
A 99% ol AA" W F24 WA Aede AAE
o] 345%~99% °l%, struid e Frele AAEl 147
%~99% olFeg IA Aste Ut g sk vl F st Al
4°CR2 o] Yobd Aol AAEC] 10.8%~99 %= L}
B AAE Aste A LAt sk i@l 2715
100 p/Le AE5E9] FARNE SEFYUE 2 mg/LolA 89.9
%, 5 mg/L FHENA 99.7%2] ¥ AAES Aok

4) 354 FBEZA thoto] _7-:4:—/1: WgstlMe BE
RLEFAEAA 9% olFe] AAHJLY T4 wjF st
ol A= Trimethoprim>Ciprofloxacin>Enrofloxacin 22 A

fri
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