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ABSTRACT : In order to evaluate a removal characteristic of chloramphenicol, salicylic acid and ketoprofen according to dose of
oxidants, Cly, O3 and O3/H;0» are used as oxidants in this study. In case of that Cl, is used for oxidizing pharmaceuticals,
chloramphenicol, salicylic acid and ketoprofen is not removed entirely at Cl, dose rang of 0.5~5.0 mg/L for 60 min. However,
removal tendency of salicylic acid is so obviously at Cl, dose higher than 1.0 mg/L. In addition, as Cl, dose and contact time
increase, the removal rate of salicylic acid is enhanced. When O3 is used as oxidant, chloramphenicol and ketoprofen is not
eliminated at O3 dose range of 0.2~2.0 mg/L. On the contrary, 30~70% of salicylic acid is removed at O3 dose of 1.0~5.0 mg/L.
Only 30% removal of salicylic acid is achieved at contact time of 5 min, however, the removal rate is enhanced remarkably at
contact time over 10 min. In experiments using O3/H,O; as an oxidant, we can find that O3/H,0O, is much more effective than O3
only for removal of 3 pharmaceuticals, and the efficiency is raised according to increase of H>O; dose. On reaction rate constant and
half-life of 3 pharmaceuticals depending on Cl,, O3 and O3/H,0, dose, experiments using O3/H,0, show that oxidation of
pharmaceuticals is less effective as the H,0,/O; ratio increases to above approximately 1.0 related to reaction rate constant. An
oxidation of salicylic acid by Cl, and Oj particularly has a comparatively high reaction rate constant comparing O3/H,O,, and thus
salicylic acid is easily eliminated in oxidation processes.

Key words : Pharmaceutical, Oxidation Process, Chloramphenicol, Salicylic Acid, Ketoprofen, Reaction Rate Constant (k), Half-
Life (t112)

Qof 1 H Ao A= thkst AFSkE Ao A] chloramphenicol, salicylic acid ¥ ketoprofen®] gt AAEAS H7I5I
of —r(ﬂl"‘Eoﬂ w2 oorEA 3% AAEAS A4HE 23 chloramphenicol¥} ketoprofen< 0.5~5.0 mg/Le| ¥

2 B s oA HFZAIE 604 B2t A8 AARA $% salicylic acid= 1.0 mg/L o149 @4 s eollA AAHEEF
o] F3lo] U™, HEAF 9 d4 BUAF =T S7HESF AAES S7183th oE Boskol e YorEd 3%9 A
7AEAE AR A3} chloramphenicol¥ ketoprofene 0.2~2.0 mg/Le] & FlsZoliE AAEA kron,
salicylic acid®= 1.0~5.0 mg/L9] 2& FdErolA oF 30~70%2] AALE 2t o&/Iskra BEYsedz HE
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Table 1. Characteristics of chloramphenicol, salicylic acid and ketoprofen

Therapeutic class Compound CAS—-No. Structure Formular M.W.
Antibiotic Chloramphenicol 56-75-7 [ ] C11H12CI2N205 323.1
Analgesic/antipyretic Salicylic acid 69-72-7 - C7Hs03 138.1
Analgesic—anti-inflammatory Ketoprofen 22071-15-4 C16H1403 254.3
sfof AAF O fUEo] QJOFRAE AS B4kl F Y eF/mMEGeA FHY olgatel Z7e] Alsk £
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Table 2. Characteristics of influent waters

pH | Turbidity | DOC Alkalinity Temp
- (NTU) | (mg/L) |(mg/L CaCOs)| ()
Sample water 7.2 0.19 1.46 35 21
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SE AMBRE AT} o] ol BYHE ABHAIE ARA7 = HEAZPER 500 mLA A430] Na2S203 (Junsei

S oz AA A fARE 245 17 iAol Chemical, Japan)& AM&3lo] AFEAE 1A T B Ao

o], Aol AFE f-4=2 EA4& Table 20 UERSITt AH8-3H3iTt,

2.2, e 220 OXF ul QE/TIAISIAA MEAIS

2.2.1. G4 MEME Aol AHgE o2& 9 oE/TASReA FEHRO| HAE
i a7tagE SRl &8iAA AT AIxE £ Fig. 1o Yetisleh, A52E 10 L 859 of=2d A4

Adof| ARttt A4 FEHAFL 7j3o] AAg 300 mL ZABLE Y& T 0 E2T IS ASE daFog IH

BOD®& Mgt Zk2e] 271utet 300 mL BODH 5H= semi—batch 4otk HE2E 24 10 cm, &°] 150
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Fig. 1. Schematic diagram of O3 and O3/H202 contactor.

Table 3. Analytical conditions of LC/MSD

Description Analytical condition
Mode API, negative
Fragment voltage, volts 100
A Water
. B : 0.3% CH3COOH, 99.7% water, 10 mM tributylamine (pH 3.76)
Mobile phase . - ) )
C : 50% Acetonitrile, 50% MeOH, 10 mM tributylamine (pH 10.34)
D : MeOH (pH 7.0)
Time A B C D
0 0 100 0 0
10 0 50 50 0
12 0 50 50 0
Gradient program 15 0 30 70 0
19 0 0 100 0
22 0 0 100 0
221 0 0 0 100
35 100 0 0 0
Flow (mL/minute) 0.3
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(79% protein, Sigma—Aldrich, U.S.A)E A& 1 L9 0.5

mLE FUsE] IpAtefeio] S WA 20

2.2.3. YU=H oA F&5 Y LC/MSD 24

AlE4+= 500 mLE Asto] YR 249 AlAE fIst
o] 0.2 um PEH B (Millipore, U.S.A)E 473t 5 5
% NasEDTAS 4 mL H7FsIth %) NasEDTA H7h &
40% SHike Aol Al&4=9] pHE 3 o]ste 243 & 11
AL 224 (Autotrace SPE Workstation, Tekmar,
U.S.A)E ARS8t TA4 FE(solid phase extraction,
SPE)Z sF¢ith.2)

TAA; 2L Oasis HLB extraction 7HE 2| A (Waters,
U.S.A)E A3t o™, SPE 7FERX] 9] conditionings
3 W=k 10 mLet 0.5 N HCI 10 mLE 34171 & 3%}
S5 10 mLE AIASHITE A4 A 52 A=
% 500 mLE 10 mL/min®] %22 loadingd}te] SPE 7}
Eg 7)o ookEd 3FE S2AHLH, 0.1% formic
acid/MeOH &% 20 mLZ SPE 7tEZ| Ao &2+
sulfonamide?] FYEES §EAA ALE57] (Turbo
Vap LV, ZymaZ}, U.S.A)E °©]&st 1 mLE2 553}
LC/MSD(Liquid Chromatography/Mass Selective
Detector) = =433k,

LC/MSDE Agilent 1100 SL (Agilent, U.S.A,) ZHo]
), oekEd B g flote] 28 SXEY pore size 3 um,
U7 9 Zo]7F 2.1 mm x50 mm?! Atlantis dC18 column
(Waters, U.S.A)& AH8-8F3H 1 919 LC/MSD #4124
< Table 30| YetHSiTh, Qo4 359 calibration ¥ 4
o 7b7ko] BAo] 7kx] = 1183} fragmented molecular
ion [M+H] & FZ3] W& EIC (extracted ion
chromatogram) B E=Z Al on Z7+9] fragmented
molecular ion< chloramphenicol, salicylic acid ¥
ketoprofen &2 321, 137, 253°]|t},

3.1. g4 FisEE MEAZ M2 2USE A
EA

Ao Atgd oeFE2A 339 chloramphenicol,
salicylic acid @ ketoprofend] thsl] €4 FHsEHE A
Ao W2 AAEAL S B7FeE A& Fig. 20 YebSitt
oJoFEA 322 chloramphenicol, ketoprofeng 0.5~5.0
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Fig. 2. Residual ratios of chloramphenicol, salicylic acid and
ketoprofen by chlorine oxidation.

mg/Le] A4 FEFroll A HEHAZE 607 53k Fiol o4
ARSH- A AR A Al AAEO] 0%% YERRT ey
salicylic acid= 0.5 mg/Le EYEEE Aol d4 &
YsEdZ HEA|b| whet A AZ o] Fglo] vreptkaL 9l
o 44 1 mg/L FYA HEZAZE 10+, 304 H 6040l A]
AAE0] 3%, 6% D 10%= YEFFO ™, 2 mg/Le} 5 mg/L
B0l HEAZE 105, 302 & 60ENA A7 &o] 22
%, 14%, 21% 2 17%, 57%, T5%% et} 27]1%%=7}1 100
pg/L D A5 5 mg/Le] GaA 22 FEHATE 60% 52t

A 759712 AA7F 7V AL Uebt
3.2. 2F RYsEYE HEAIZ| WE o2F=F A
A

ook 3%l el @& FYsEHE HZA e A
AEA4E H7Ist 2& Fig. 30 YR SIT}. Chloramphenicol
< 0.2~2.0 mg/Le] & FYdFrolA HEAT 207 &<t
AAE0] 0%5 HEFHACH, 5 mg/Lo] 2& FUEEolA
= ASAIE 57, 104+ 9 202 AAEo] 2+t 4%, 1% 2
16%=2 UERGT) Salicylic acide 0.22} 0.5 mg/Le] 2%
EsEols & HEAIE 208 B¢t A 2%} 5%
AALE YebfQla, 1.0, 2.0 ¥ 5.0 mg/Le] 2& Fls
T XE ASAIZE 550l 2+ 28%, 46% H T1%] AAE
< Bolow, HEAIZE 108 202l 22 36%, T0%,
87% % 56%, 93%, 100%2] AA&E Ue ot
Ketoprofene 0.2~1.0 mg/LY & EdsToAE
salicylic acid2t PEIZFAI R HEZAIZE 202 53 AlAE©|
0%2 UeEPgal, 22 B9s%x 2.0 7 5.0 mg/Le] £&4 2
of oJafjal= HEAIZE 5, 105 U 20=0A 2+t 4%, 5%,
% % 15%, 26%, 37%°] AAL&S Uehfgict. &4 e

9J3| chloramphenicold} ketoprofen 22 WES|A 2JoF
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Fig. 3. Residual ratios of chloramphenicol, salicylic acid and
ketoprofen by ozone oxidation.
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3.3.

wA T

[atitetrA EUSEE HSAIZ| ME ot
HAH EH

ooF=4 3%l s e&/atskra BsedE HE
Azt W2 AAELS B71eE A& Fig. 49} Fig. 59 Yet
ot Akt A BAEEE 0.5 mg/L, & FsEE
0~1.0 mg/L ®9= sto] &/TAikstpa F74 oA 9
chloramphenicol, salicylic acid & ketoprofen®l th3t At
3agS H7Me Fig. 45 29 chloramphenicol®
ketoprofen &1 ARSI EQlsE7t ZH2F 0.5
mg/LY 735 HEAIZE 20200419 AlAEC] 1% E 13%2
et ZHibslea Q] glo] 29 0.5 mg/LY] vE F
Qgt %) chloramphenicol® ketoprofen AA-&o] 2+
ZF 0% A} vwsiA= A& gol FE &
o, IMEeA FES 0.5 mg/LolA 1.0 mg/LE Z7HIZ1
79l chloramphenicol® ketoprofen®] Tt AHsla-go]
12%2} 15%2 Yeht diteleag 0.5 mg/L FU% 35
H} Aks) - AAAL] 242 1%9) 2% F715H= AL e
st

E3E TAERAE 2.0 me/L, 222 2.02 5.0 mg/L2
EQ5te] &/l Aa FA44 2] chloramphenicol ¥}
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Fig. 4. Residual ratios of chloramphenicol, salicylic acid and
ketoprofen by Oz/H202.
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Fig. 5. Residual ratios of chloramphenicol, salicylic acid and
ketoprofen by O3/H202.
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Fig. 6. Pseudo—first—order reaction plot of salicylic acid for
various oxidation process.

Table 5. Pseudo—first—order reaction rate constants, half-
lives for chloramphenicol, salicylic acid and
ketoprofen degradation for various oxidation

process
(a) chloramphenicol
Oxidant dosag Reaction rate constant, k | Half-life, ti/2
(mg/L) (min-1) (min)
03 5.0 0.0093 74.5
03 0.5+H202 0.2 0.0009 770.0
03 0.5+H202 0.5 0.0059 117.5
03 0.5+H202 1.0 0.0066 105.0
03 2.0+H202 2.0 0.0175 39.6
03 2.0+H202 5.0 0.0240 28.9
(b) salicylic acid
Oxidant dosage Reaction rate constant, k Half-life, t1/2
(mg/L) (min—1) (min)
Cl2 0.5 0.0001 6930.0
Cl21.0 0.0018 385.0
Cl2 2.0 0.0039 177.7
Cl2 5.0 0.0250 27.7
03 0.2 0.0011 630.0
03 0.5 0.0024 288.8
03 1.0 0.0438 15.8
03 2.0 0.1243 5.6
03 5.0 0.2463 2.8
03 0.5+H202 0.1 0.0372 18.6
03 0.5+H202 0.2 0.0573 12.1
03 0.5+H202 0.5 0.1483 4.7
03 0.5+H202 1.0 0.1753 4.0
03 2.0+H202 2.0 0.6153 1.1
03 2.0+H202 5.0 0.7279 1.0
(c) ketoprofen
Oxidant dosage Reaction rate constant, k Half-lite, t1/2
(mg/L) (min”") (min)
03 2.0 0.0036 192.5
03 5.0 0.0229 30.3
03 0.5+H202 0.5 0.0071 97.6
03 0.5+H202 1.0 0.0075 92.4
03 2.0+H202 2.0 0.0241 28.8
03 2.0+H202 5.0 0.0310 22.4

. o= E 332 L5t S

—4 A-280] oJ51H Fig
In(C/Co) vs. time®] Z‘H@EE el 3¢ pseudo—first
order rate® F& 7Ps3sitt R uslict wekA Fig, 2
~Fig. 504 =24 217+9] Abslgrg ol Al At B9l el
chloramphenicol, salicylic acid ¥ ketoprofen®f gt At
S} AAES ol-&ste] Z2He] 2 A 9 ARShEel L4k
A (D= FoH3e

7t
o] 4= B

JJQ'E

;; m oK

[op)

(reaction rate constant, KE
C/Co=exp(-k - t) )

07| A AHIL CRFAIZE & 5 52)¢} Co(R75%)7F 2
= T(C=Co)9] grolE= 101‘34 ki AFRHES X4,
HEEAIZHmin)ole, A ()& o]&ste] of2] AfxdolA =
=49 294E Qﬂ—ﬁr’»ﬂs}‘ﬂ AEEY ST ks okt
T3t chloramphenicol, salicylic acid ¥ ketoprofen?]
50% AAAIAR] §RE7] (half-life, ti2)8 4 Q)& 3192
E’% Table 401 Z}7+9] Atskg- o4l o] &4 2 Aksls|
4 k)2} W7 (ty2) S HERH ST

tip = 0.693/k @)

AA o0x .

a2, Ju =

& & /A4S A
chloramphenicol, salicylic acid ¥ ketoprofenof gt At
shtsl &=/t v71E UEhd Table 5a~cE HH
chloramphenicol> @45 5.0 mg/LY -2 FYste]
607 Aefstoi= A A|A7E HA] kol AtehRsl St

T 022 ULt Table 50 E7]5H4] ¢kgron, 242
o] AL 5.0 mg/LA 0& BEYFro|A Akt &Eik4
0.0093 min " ,HH7] 74 5EC 2 YEREL T o]l =
ol M= AAEA okt E3t, o&/aHibsla FA oA =
LEFEE 0.5~2.0 mg/L, HAgFL BEYFEE
0.2~5.0 mg/LZ H3}A|A chloramphenicol®] AFSHE3|
&AW 7|2 244 AT} 0,0009~0.0240 min |
T70~28 902 YElston @23 3Aske40] FoF
T7b 7Kl wheh Ak STt STkl o o
[AHkeka o] BQIH|7E 1 o) doll M= Atk &=Atao
Z7180] H243| 31531}, Salicylic acid®} ketoprofen
o M= o]} fARE HFE UEUsle
acid®| A= A4t eEA Y| i E BlwA F 4ke}
ol SEATE et o] AR olA A AA7F 7Fsgt
Ao 2 ZAE QT

Fels

, £3] salicylic
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4. 4 =

i, 0E 9 OF/IMATAE o] 83 ABkg Aol A 7t
Z+o] A Y E = HEAKte] w2 chloramphenicol,
salicylic acid ¥ ketoprofen®] 4133l E44& RASE 2

3 oheh e AR A8 5 9t

1. g4 BY% =0 ©E chloramphenicol, salicylic acid
4 ketoprofen® AAEAHAES AHE 43
chloramphenicol¥} ketoprofen< 0.5~5.0 mg/L<]

& FAsEolA HFAIZE 60% 58 A AAEA
AQr O} salicylic acid:= 1.0 mg/LY] ©]49] g4 &4
SOl A AAZ ] F3lo] YEkaL glom HEATE

[e)
4 @4 BYFErt S71EE AAELS SUlsH

2. 22 Esxo ©Z chloramphenicol, salicylic
acid ¥ ketoprofen? AAEAL A4HE A}

chloramphenicoli} ketoprofene 0.2~2.0 mg/L%]
& Bl sEollA= AARA gsken salicylic acid
=10, 2.0 95,0 mg/LY & FYsLoA o 30~
0% AAEE HHAL, HAEAT] BE 9= 4
B HEAZE 5EA 30%9] AAES Aot A
FAIZE 102 ool A =& AAES YErH IR

3 L&/ B FEEE JHZ A TE
chloramphenicol, salicylic acid ¥ ketoprofen?] A
AEANS AR A oRTEEC HTH FRAS A
—'?—"doﬂ utet A AEo] Sk

4. 94, 0F W QZ/IASIEA EY%EH chloramp—
henicol, salicylic acid ¥ ketoprofen©] thah AFshE
o S/t W71 AT i da, 02 diE T
doll wlste] BitstpaE YT B FURIZEL oM
MM Akl =449 F7Heol 543] w2E
t}, 53] salicylic acid®] 4% A4t L2429 9
A= Hlw A F ARSREE] SRS UE o] ARk
oA DA AAF 7Hs5k3A
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