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Removal of Residual Antibiotics - Erythromycin, Squamethazine
and Sulfathiazole - from water by Ozone Oxidation
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ABSTRACT

Oxidation of erythromycin, sulfamethazine and sulfathiazole by ozone was experimentally investigated to see the effects
of background water quality such as ultrapure water, humic acid and biologically treated wastewater and water temperature
on the removal rate, consequently to provide design information when the ozone treatment process is adopted. Initial
concentration of the antibiotics was spiked to 10 pg/l and ozone dose was 1, 2, 3, 5, 8 mg/l. While the removal rate
of erythromycin under ultrapure water background by ozone oxidation was over 99%, that under humic acid and biologically
treated wastewater background was markedly reduced to the range of 59.8%~99% and 17.0%~99%, respectively.
When water temperature is decreased from 20C to 4T, the removal rate is reduced from the range of 17.0%~99%
to the range of 9.4%~97.4% under biologically treated wastewater background. The effects of background and temperature
on the removal rate of sulfamethazine and sulfathiazole were similar to erythromycin, 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 to meet the treatment objective in the
ozone treatment process.
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2F 2SS Erythromycin, Sulfamethazine, SulfathiazoleQ| @EASIA|A

Y eraabsieo] 20089 e 2012W7HA] 2ARG 4
Fol oJslH Sulfathiazole®] sl 2| F-U4 s
Ao 5.51 pgl, Wi T Y 2.77 wyl7Hx] HEH
v glon WA el HFol A= Trimethoprim
o] |t 5.19 ugl HEH U E3F Ak #H4A
YA HWhE o A= Trimethoprimo| |t 77.23 ug/l,
Ciprofloxacin®] Z| o 26.87 ug/l, Sulfathiazole-2> 2|t}
3.96 ugllo] HE=E R tHMyeong, 2006, Kim, 2008,
2009, 2010, 2011). ©-g|ube}2 zaksh fEro] w7}
oA ZrFEEAol et 712 uhEo] A A
T 7]&d 7ol it Bhalo] EobA|aL QU dl=A A
N2 A5 =24 T Trimethoprim®| w42 7|&
2 1100 pgl, P27 EL2 60 pg/l=, Erythromycin
= T4 23 g, T3 0.05 pgl= A|QkE o] Tt

e E2AY = s, AedeTY ARFEEE A
Ao @A o]t Hubers-S SulfamethoxazoleS 3E3F
gt 9 7RA] oJoRERe] gk o W AR
(AOP)9] A Bja-gof tfsle] X i13}$ th(Huber, 2003).
ol SollE o2 LEEAEA AR do7)
AR @Eo] EaliE= oA BAEEH=
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CHKim, 2010). 2 o) 4+= Ciprofloxacin, Trimethoprim,
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Arstof 7]91gk =20] @ |
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2.1 SH=x]

2 Aold AR FA=E-2 Erythromycin,
Sulfamethazine, Sulfathiazole 3Z©o|t}. Table 19 Ef
W BRel o] Erythromycin <A/ & H-go™ 4
71=A8F, s1=dAE, uE 92 g e 49
TS A&m 9 FurE g oo AREE AL FAL
A AL 15~20 mg/day= FAFGHC}. Sulfamethazine-2
TEEOR HA9 Ad AT 54 B9y A
2o AFEEH 13] 0.5g2 Fositt. Sulfathiazole>
Fegol Aat g dee A=mof g AHEE
13] 2g, 1Y 6g7}A] Fofgir). o, Aol A
T gl FEoR FuF HEEIL sheA A W
FrolAe A 4 w7hA] AEE e oebA, 2 o
ToA= 27]5EE 10 ng/l= Spiking st 7} =7
of ThE oA} AALES B4, WAL 1k
% 2 Simulation 317] 951 27]% %2 100 4l
& Spiking?t A= HA|5FITH

91N o

fr K

2.2 Hig=2

LEATA A EREdd AL o wWiB=
A e Eqtelibgol Fojste] 2EE Ak(Ozone
Demand)SEL2 A 2] e/ ==2] w72 -9 F83}rt
2 AFoAE 2E4E 720 R 511 sty A
22912 WAS Simulation 17 9]8k0] 4] 2 (Humic
Substance) 3 m/1E ZASHH W shEA R YR
 didsteAe Y BResE ARSI AR
AldrichA}2] Humic AcidE AF&SFH AL of ] 2]
& HR AL Table 20 YR Rich
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Table 1. Characteristics of antibiotics
HEE HAA M.W (g/mol) 7z Sy
Erythromycin C37He7NOs3 733.90 A=
RV N |
Sulfamethazine C1,H1N,O,S 278.33 \siN Sy =
ION
HN
P
HzN al
Sulfathiazole CoHaN;0,S, 255.32 =
¥ LY
SO
H
H,N
Table 2. Characteristics of biologically treated wastewater in Daejeon wastewater treatment plant
pH T2 BOD; COD SS T-P
sl ey WaRe =3 6.6 13C 1.7 mg/l 11.9 mg/l 2.3 mg/l  13.354 mg/l 0.221 mg/l

Table 3. Specification and analysis conditions of 4000 Q TRAP

<7)7|AF>

Ion source

Scan speed (amu/sec)

Dynamic range

Mass range (m/z)

TurboV source (TurbolonSpray (ESI) + APCI probe)
Max 2400 [Q1 and Q3 in RF/DC mode]

250, 1000 and 4000 [linear ion trap mode]

1 cps to 4x10° cps (pulse counting)

5 t02800 [Q1 and Q3 in RF/DC mode]
70 to 2800 [linear ion trap mode]

<2HZxA>
e T C18(2.1 mm X 150mm, 5¢m particle size)
ol (A) 0.1% formic acid in water
(B) 0.1% formic acid in ACN(acetoniTRIle)
5 0.4 ml/min
oy 2= 40C
UL 10ul

pp. 347-356

SHAE2 B4 93] Liquid Chromatography/tandem
mass spectrometer= 4000Q TRAPS AR5t o 7]
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| & 01 HFLESE Eythromydin, Sulfamethazine, Sulfathiazole| @ZH2HA

e =51
Chromatogram and mass spectrum 5= dEtA
(&)
- Erythromycin LC-MS/MS
30
1 |
f 0 .
10| I.
PP Y L Y.L 5L W O L T L
2 4 8 8 10 12 1 16 18
Tirrhia, Friiny
S 0.05
o e JAH MLJE
|
‘I‘:‘I
0.0 : : : . ‘ . : :
2 4 6 8 10 12 14 16 18
Time, min
_ 0.01
é‘? i
=°:z>flm°L“ m JAAJ{N ‘;;4, “::L: TFh e
Sulfathiazole LC—MS/M?
1.6e4 4.8
|
510e4 |"
= il
I‘u‘l
0,0 — T T I\ T B T T T T T—
4 [i} 8 10 12 14 16 18
Time, min
— WIARE i rern Sarnisies 1 Sf 8. muifatilaEcies WAt (TUrise Ssresd TAm. & . Gwe G, 0'03
B . T
- ::A:,J*”» S— h; < A“: Ot mﬂwiﬂ el ,,th, ST ‘VE: e

Fig. 1. Chromatogram and mass spectrum of antibiotics.
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Fig. 20 Yeld vle} Zro] @ ZASIAFAA] = o )
THY7), e 47, W2 FAEENeH 3.
AEe 1L, 22 4T 20C, EFYES 1,2, 3, H
5, 8, 15 gl 319] AW SHshark
4; Fig, 3. Effect of backgrouna on ozone oxidation of erythromycin
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Fig. 2. Schematic diagram of bench scale ozone oxidation
experiment.

3. Zut A nE

3.1, Erythromycin
3.1.1 HiZSE0| LEMSIH|7120] 0[Xl= BE
Fig. 38 20Col| A 242, 31, HAAS w4
2 3}o] Erythromycin 275 %= 10 pg/lof gt @ E4
SHAAEE 2gz= Yehd Zolth 234
e HE eEFUEC diste] HETA A
99%0]4 AAE L, FAH wjA o] Hos eE2F
& | mgloA AFEE 402 ugl7HA] 59.8% A|A =
AL 2 mglof| A= IR 1.44 ug/l7hA] 85.6% A A
Eow 3 mg/lofA= s 1.01 ugl7hA] 89.9%,
5 mglof| Al FEEE 0.10 pg/l7HA] 99.0%, 8 mg/lof A=
AZE3FHA 0 81 7FA] 99%01AF AAE Tt 3F4 v <l
A9 LEFYE 1 mgloA HFsE 830 ngl7t
A 17.0% AAE QI 2 nglo| e ABEw 7.54 ug/l
7] 24.6% AAE QoM 3 mglo|As 2T 6.01
LI7FA] 39.9%, 5 mglof| A= A2 319 uglrhA|
68.1%, 8 mg/lef A& HETHA O8] 99%01d A|A
wlo] Wi Edo] AAE v FFS e F A

O2 e

]
[¢)

o N d
1o o g

at 20C.

3.1.2 55~ HiASIOIA ~=20| LEMSIK[HZ20| 0IXl= B

Fig. 4= dh= w75l A =& 20T, 4T=E 3l
271 % 10 pglof o3t Q&SI AES JZ2
UeRH Aolth 20TCoA] al= vj7g 2] Hf-ole o
FUE 1 mglofA s 830 pg/l7hA] 17.0% A|A
QT 2 mglo| A s REET 754 ug/l7hA] 24.6% A
A= Qe 3 mglofAs RrsE 601 pgl7bA]
39.9%, 5 mg/lo A= AR 319 ugl7hA] 68.1%, 8
ng/lof A= AETHA OIS7HA] 99%0)4d A A = Sk
4Co] A9 22FYE | nglo]q AFEE 9.06
vgI7FA] 9.4% A AE QAL 2 mglof A= Frsk 7.96
Lgl7HA] 20.4% AAER e 3 nglofA= sk
6.33 pgI7HA] 36.7%, 5 mgloj s A 396 ug/l
A 60.4%, 8 mgloA= RBm 026 uglrkA]
97.4% A A= 0] f=20f wetA AAE v|x]= F&F
2 A ¢ A2 YEYT

5= (ug/l)

Fig. 4. Effect of water temperature on ozone oxidation of
erythromycin for wastewater background.
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2F 2SS Erythromycin, Sulfamethazine, SulfathiazoleQ| @EASIA|A

2715 % 10 pglof gt LEASIAAES djz2
UERH Aolct FA14 w7 o] 49 2E2FYUE 1 ng/l
oA ZREE 3.11 ug/l7hA] 68.9% A A= QI 2 mg/l
o= ARk 1.01 1g171A] 89.9% A A= Yo 3
ng/lof| A= FFsk 0.77 pg/l7kA] 92.3%, 5 mg/lof| A=
A2l 0.03 pgl7HA] 99.7%, 8 mgloAs FEEn
0.02 g17}A] 99.8% A A= At ot w7 o] 9 <
EFUE 1 mgloA FFsE 9.06 ugl7kA] 9.4% A
AT AT 2 mglo s FEEE 7.96 ugl7tA] 20.4%
AAEROH 3 mglo A= FReE 633 ugl7hA|
36.7%, 5 mg/lo| A= FEew 396 ngl7tA] 60.4%, 8
ng/lof| A= ZHREE 026 pg/l7bA] 97.4% A A = o] Y
AEA] AAL vX= FF wf$- Fit

Fig. 5. Effect of background on ozone oxidation of erythromycin

at 4C.

3.1.4 SR HZslolM +-20] QEMHHS| OlXls
o5t
oo

Fig. 62 A4 vj7dstol A =23 20T, 4TE s}
o 27)%5% 10 pglo] gt LEASAAES 12
2 e Zoft} 20T 9] ¢ LEFUE 1 nglofA
AZE 402 pg/l7HA] 59.8% A AE QI 2 mg/lol A
L AFET 1.4 uglrtA 85.6% AAER ™ 3 myl
o A= XFEE 1.01 pgl7hA] 89.9%, 5 mg/lof| Al 2
=5 0.10 £gl74A] 99.0%, 8 mg/lol A= HE&3HA 0|5t
THA 99%0)d A AE Tt 4T 9] A= 2254
E 1 mglo| A ZFs 3.11 pgl7bA] 68.9% A A= Sl
2 mglof| A= s = 1.01 pgl7hA] 89.9% A A=
Qo 3 mg/lof| A AFZew 0.77 ugl7bA] 92.3%, 5
ng/lof A= 2= 0.03 pg/I7HA] 99.7%, 8 mg/lof| A=
s 0.02 pgI7hA] 99.8% A|AE o] =20 AA
ol u|R= FFE A AU

5&(ng/l)

Fig. 6. Effect of water temperature on ozone oxidation of
erythromycin for humic acid background.

315 DEEY 0 REFAS0| 2 SEMEHIHES

Fig 7 20CoA 245, 48 HIZBAR dhof
271%E 100 o] et o EABA AR T ER
bl Zlolth, 244 Hj4e) A9 BE 0EFUE
o thstel AEAA I %9.9%014 AAE L,
sk W] Aol S EFUR 2 mgloA] A
= 1545 pg7kA] 84.6% A A=A, 5 mg/l, 8 mg/lo]
A AEIACIIAA 9%l AAEE AoR
ekt o] Aoeln B 0F ) Wl
NH FE3 AARES BHT 5 U2 AOR WG

g,

120

100

se{ug/)

Fig. 7. Removal rate of erythromycin by ozone oxidation for
high concentration at 20C.

3.2. Sulfamethazine

3.2.1 HIZSEO0| LEMIMHE0 O|Xl= Fet

Fig. 82 20 ol 4] 244, 314 SAHS w724
2 3} Sulfamethazine Z7|%% 10 pg/lo] thdt <

ABHAAES 2 =ZE Yeid Aotk 24 viA
o A9 wE ezEUE dete] AEAAlNAA
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99%017 AIA = AL, FAH vl ol L5
Q18 1 mylo|A] AFew 0.23 pgl7tA] 97.7% A A=
AT 2 mg/l, 3 mgl, 5 my/l X 8 mylof A= AZETA 7L
A 99%0)/ AAE AT st wig o] Aol o=
FAE 1 nglof A s 2.68 wgl7HA] 73.2% A7
3 2 mgll, 3 mgl, 5 mg/l E 8 mglo A= A&
olatR 99%old HA = miF =l AlAE v
© Gl v e AR Yt

Fig. 8. Effect of background on ozone oxidation of
sulfamethazine at 20°C.

3.2.2 5t
b=

HiZSHIM 20| 2EMEIHHEN O|xl=

oo o>

Fig. 9= dt4= v stol A &5 20T, 4C= 3}of
Z27)%% 10 pgllof] it LEARMAES Q2=
LPebd Zolch 20T 0] A9 02U | nglo] A
Fhw 268 ugl7hA] 73.2% AAEAIL 2 ngl, 3 ngl,
5 mgl 9 8 mglof| A= HETHAZFA] 99%0]/d A A=
AL} 4T Aeol= 2E2FYE 1 mgloA] AFse
6.76 ugll7HA] 32.4% A E QL 2 nglo| A= AREE

s=(ug/)

o oL J\
124

325 ug7HA] 67.5% AAE QoM 3 mglo]As FE
e 211 pgl7hA] 78.9%, 5 mglo| s EEE 117
Lg/l712) 88.3%, 8 mglol A AT 0.14 ugl7hA]
98.5% A|AE o] g=2-0] A A& A= FF %
& ACRE YERT

3.2.3 4CollM HHZSZO0| 2EMSIN7Ig DIXl= F&

Fig. 102 4TCoA] 3, BAAS s 4 EL R 3lo]
2755 10 pglol tigt S EASA|ALS J=2 U
ER Zlojch FA14 w7 o] 9 2EFRE 1 mglof|A]
AE2=t 144 pg7HA] 85.6% A AE QI 2 my/lo A=
25T 075 pgl7hA] 92.5% A AE 2™ 3 mglof| A=
ZHrEte 037 pugl7hA] 96.3%, 5 mgll, 8 mglof| A= HET
AZHA] 9%014 AAE]QILE ala= vig Q] APo= o2
FUE 1 mglo| A ste 676 ug7HA] 324% AJA =S
312 mglol| A= JEte 325 ug7HA] 67.5% A|A = 9.0
™ 3 mglof| A= = 211 ng7HA] 789%, 5 mg/lof| Al
= AREE 117 ngl7bA] 88.3%, 8 mglo| A= AHisk
0.14 pg7}2] 98.5% A|A =] o] viZd =& o] A|AEol v|A|
= ggo] uj¢ Z AoR Yehytth

ol

Fig. 10. Effect of background on ozone oxidation of
sulfamethazine at 4C.

3.2.4 BAE HiFSI0IM 20| LEMEINZ0| OIX|=

o >

[=]
=
b=

Fig. 112 2412 wjFgstoA 428 20T, 4C=2
sto] 27| % 10 pglof digh L ARSI A &S T8

Fig. 9. Effect of water temperature on ozone oxidation of
sulfamethazine for wastewater background.

2 e Aotk 20T 9] A9 2E2FYE 1 ng/lof
A AREE 023 wgl7HA] 97.7% AAE QI 2 mgl, 3
ng/l, 5 mg/l D 8 mglof| A= HESTA A 99%04 A
AL R 4T Fo= LE2FUE 1 nglofA &7
e 144 ugI7HA) 85.6% AAE QI 2 mg/lof A= &
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2F 2SS Erythromycin, Sulfamethazine, SulfathiazoleQ| @EASIA|A

Fig. 11. Effect of water temperature on ozone oxidation of
sulfamethazine for humic acid background.

325 1= I REFAUSO| ME LEMANHE

Fig. 125= 20Col A 254, steE viA =4 = 5t
Z7]% 100 pg/lof] tieth LEARSAAES 21z =
e Zoftk 2 v o] B9 HE LEFYE
tjste] HETHA 0I5I71A] 99.9%014F A A AL, Bk
Hj 74 o] Hf-ole @ 2FUE 2 ngloA FAREE 2.28
117 A 97.7%, 5 mg/l, 8 mg/lof A= HEZ3HA o] 817HA]
99.9%01/ AAE ] 28t oh v EiFolA &

EABL WS & ot o 4 gIglTk

——EEZ0T) -3

Fig. 12. Removal rate of sulfamethazine by ozone oxidation
for high concentration at 20C.

3.3. Sulfathiazole
3.3.1 HiASZ0| LEAMSINI7E0| O|Xl= et

Fig. 132 20CollM 2, sk, FA-S v =2

& 3}o] Sulfathiazole 7155 % 10 pglo]] thgt LEASHA|
AgL AHZR vEpdll Aoty 4 w7 ¢
= eE2FYE tisto] dE3A0Is7HA] 99%0]4
AAE QL FA12 w7 o] ol Zeg=0f npzlrA|
2 HE eEFYE diste] HETA0ISHHA] 99%0]
A AA= S dh= v Q] Hfolls 2EFUE 1 mgl
of|A] ZH-5te 438 pgl71A] 562% A AE AL 2 mglof| Al
L AFew 067 ugl7kA] 933% AAE .01 3 mglof A
22w 031 pgl7hA] 96.9%, 5 mglof| A Atlsw
08 1gI7}A] 99.2%, 8 mglo| A= AETHA ol8H7HA] 9%
g AAE ] 2Eget HAE v ol A= A AEo]
S =9rom 4 iAo A& Sulfathiazole2 @ o

o 27k vimd F dolde & 4 U

frr

=]
x

o]
Rl

i

o

i

s=(ug/l)

Fig. 13. Effect of background on ozone oxidation of sulfathiazole

at 20C.
3.3.2 sl HiASIA 20| EMSINIZZ0 O|X|=
8

Fig. 14+= 3k v stoll A =25 20T, 4TC2 3t
o 27)%5% 10 pglo] gt LEASIAALS Tz
2 UEhd Zolt} 20T 9] ¢ LEFUE 1 nglofA
A2 e 438 pg/l7HA] 56.2% A AE QI 2 mg/lof Al
L REET 067 wl7HA] 93.3% AAEACH 3 mgl
A= s 031 pgl7hA] 96.9%, 5 mg/lo| A= %k
FEE 0.08 ng17hA] 99.2% A A, 8 mg/lof| A= AES
AR 99%0144 AAESALE 4T Aol = 2EF
UE | mglo|A R e 547 ngl7hA] 45.3% A|AE
AT 2 mglo e BEEE 1.62 pg/l7HA] 83.8% A7
Folom 3 myloAs FEer 1.01 ugl7HA] 89.9%,
5 mg/lof| A= A2 0.53 pug/l7HA] 94.7%, 8 me/lof| Al
= HETATA 99%01d A A= o] g=20] AL
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Fig. 14. Effect of water temperature on ozone oxidation of
sulfathiazole for wastewater background.

3.3.3 4CollM HHZEE0| 2ELSIH7ig0 DIXl= J&

Fig. 15&= 4TColA sl FAEE s o2 slof
Z7]5 % 10 pglo] gt LEASAA LS AR
LEbd Zojt B4 w7 o] B9 eEFYE 1 ny/l
ol TFE 1.54 ng/I7HA] 84.6% A A= AL 2 mg/l
A= ZFEE 1.05 ugl7kA] 89.5% A A= em 3
ng/lo As 22w 0.77 pug/l7hA] 92.3%, 5 mg/lof A=
At 0.50 pg/l7HA] 95.0%, 8 mg/lol| A= A&3HA
THAL 99%01 AAEGeE st vl o] A eEF
& 1 mgloA AFEE 547 ugl7hA] 45.3% AAE
AL 2 mg/lof A= REe 1.62 ng/l7HA] 83.8% A
F9lom 3 ngloAs FESE 1.01 ugl71A] 89.9%,
5 mg/lo| As ZEE 1 0.53 ug/l7A] 94.7%, 8 mg/lol A
= HETATIA 9%01/d A|A = o] viH Aol AA
gof vAe T2 vug 2 FAoF eyt

Fig. 15. Effect of background on ozone oxidation of sulfathiazole
at 4C.

3.3.4 2AIR HiFSt0M 20| LELEHZE0] OIX|=

gt

Fig. 162 HA1Z wjAFslo|A =22 20T, 4T=2

OO L J\
\ 0

sto] 275 %= 10 pglo] tigh L2ASAIAES 18
Zg yehdl Aot} 20T A9 HE LEFE
skl HEFHAOISI7HA 99%old AAE AL, 4T
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Fig. 16. Effect of water temperature on ozone oxidation of
sulfathiazole for humic acid background.
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Fig. 17. Removal rate of sulfathiazole by ozone oxidation
for high concentration at 20C
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2) Sulfamethazine: <= Wi sto A= e 2EF
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