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Summary

The objective of this work is to investigate the degration characteristics of
antibiotics, such as sulfonamides (sulfathiazole (STZ), sulfamethazine (SMT)
and sulfamethoxazole (SMZ)) and fluoroquinolones (ciprofloxacin (CIP) and enro
floxacin (ENR)) using dielectric barrier discharge(DBD) plasma reactor. For this
purpose, the effects of operating conditions, such as working gas type (dry air
and pure oxygen), gas flow rate, applied voltage and initial antibiotic
concentration on their degradation are examined. Moreover, their possible
degradation pathways are proposed by identification of the intermediates formed
during their degradation by means of LC - TOF-MS. The results obtained are

summarized as follows.

Ozone concentration and its generation rate increase with increasing applied
voltage. With increasing gas flow rate, ozone concentration decreases,
regardless of gas type, and its generation rate increases when a pure oxygen as
a working gas 1s used, and increases below a fixed gas flow rate and decreases
above the flow rate due to the scavenging effect of ozone by nitrogenous

compounds formed, when a dry air is used.

When a dry air as a working gas is used, the degradation rate of STZ
increases in the range of flow rate of 0.1 ~ 0.5 L/min but above the flow rate,
decreases because of the decrease of active species formed and a short contact
time between active species and STZ. With increasing applied voltage, its

degradation rate increases sharply in a early stage and slowly after the stage.

The degradation rate of antibiotics is higher for a pure oxygen than for a dry

air as a working gas, is generally higher for sulfonamides than fluoroquinolones,



decreases in the order of SMT > STZ > ENR, SMZ > CIP among the

antibiotics, and decreases with increasing initial antibiotic concentration.

With increasing the treatment time of DBD plasma, the absorbance at Amax of
each antibiotics gradually decreases, indicating that its original compound is
degraded into mineralization; the pH of the solution changes more greatly for a
pure oxygen than a dry gas, as a working gas, and for fluoroquinolones than for
sulfonamides among the antibiotics; the conductivity increases nearly linearly
for a dry gas and for a pure oxygen, it increases rapidly in an early stage and
slowly after the stage, and increases more rapidly for sulfonamides than for
fluoroquinolones; the removal efficiency of TOC is higher for a pure oxygen

than for a dry air and for fluoroquinolones than sulfonamides.

From the mineralization of antibiotics by plasma treatment, ions (SO, NO3
and NH;') and organic acids (acetate, formate and oxalate) for sulfonamides,
and ions (F, NO3 and NH;") and organic acids (acetate, formate and oxalate)
for fluoroquilnolones, are formed. The above ions and organic acids increase with
increasing the treatment time, and increase more rapidly and their
concentrations are higher for a pure gas than for a dry air, as a working gas.
After 60 min treatment time of DBD plasma using a pure oxygen as a working
gas, the transformed ratio of sulfonamides into SO,* is in the range of 66.9 ~
86.4%, and decreases in the order of STZ > SMZ > SMT among the
sulfonamides, and the transformed ratio of fluoroquilnolones into F is in the
range of 91.0 ~ 97.49%, and decreases in the order of ENR > CIP among the
fluoroquilnolones. And the transformed ratio of antibiotics into NH;" plus NO;3 is
in the range of 157 ~ 33.2%, showing a lower transformed ratio, compared
with that into SO, or F, and is higher for sulfonamides than for
fluoroquilnolones. It can be found that the nitrogen contained in sulfonamides
trandforms into NH;" than NOs; but he nitrogen contained in fluoroquilnolones
trandforms into NOs than NH,'.

The concentration of organic acids formed from the degradation of antibiotics

_Xi_



decreases in the order of formate > oxalate > acetate for STZ, ENR and CIP
and in the order of formate > acetate > oxalate for SMT and SMZ, indicating
that the concentration of organic acids formed varies depending on the
antibiotics. And it can be found that with the treatment time up to 60 min of
DBD plasma, the concentration of acetate and formate reaches to a maximum
and then decreases slowly, and the concentration of oxalate increases

continuously.

The possible degradation pathways of antibiotics are proposed by
identification of the intermediates formed during their degradation by means of
LC - TOF-MS. From these results, it is considered most intermediates may be

the products formed by the reaction of hydroxylation or oxidation.
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il e Fek=vuHplasma)Bhal B8] -9, $-Foll Al Hol= gl B2 Zefxe
Fefol Qithar e gioh®

ol &3l¥ 7lx~o Aol &9 WA (glow discharge)ol] tiak A 1930\ th Michael

e
(g

Ru)

>y
N
)
m

i

e

k)

O

o>”

Faradayell ¢lste] &8, =2 % Ampere(1850's), Hittorf(1869), Crookes(1879),
Thompson(1890) 2 Townsend(1903) &< AFAEe oste] Ao Fow,

9149 Zejzup= 2RI oA S 2ta gl AE FAVFE Fo FAUAR
Al FEAHOEN YA g Jlon, SEtEvks AAT=E dast v

o ouo A Za}=nl= Table 13 Zo] 112 =2} =nk(high temperature plasma,
HTP)¢} A& Z#t=vl(low temperature plasma, LTP)¢ ¥ 7}#] 1F o7& EHF

@ % 9tk HTPE: A4, olest 3494 R57k 9402 Jg9 ool & A%



olmstH, LTPE thA] w4 o2 d¥ ol Q= 3 E2h=vHquasi-equilibrium
plasma)&t 1% E2]9-= 9 Z2F=vH(thermal plasma)@t ¥ & Z2}=rH(nonequilibrium
plasma) ¥ A& Zd}=n(cold plasma)Btil s 8] $-= ¥l Z¢t=rk(non thermal
plasma)Z Y& F At € Z=ve] FFE of2 Z8=vH(arc plasma), =0}
EX](plasma torches) ¥ 2}t 2. T35 F- =4 FEFet=Hradio frequecy(RF) inductively
coupled plasmal s°] 1o, AL ZF=vle 22 $(glow), Z = (corona), 3 A
= ¥4 (dielectric barrier discharge) So] th®

dEdtzrts AR o], FAYARE FAE VAR A AATE ¢F 10,000 Kol
o2+ RN AL FelzulE BAAT7] fldte] FYEE A= g A fFY

<

exsol o Eepxvlol sl vjg 2o



Reactor Wall
l - Contact lonization

.-‘-‘-‘-—-""‘---..
Chemical Thermal Energy . .
Beams
Electrons,
Ions,
Neutrals
Photons
Heating of Electrons
[ Electrical Fields ]& -----------
Fig. 1. Principles of plasma generation.””
Table 1. Classification of plasma™®
Plasma State Example

High temperature To~T =T, Tr = 100-10° K
plasma > 109 ;3

(Equilibrium plasma)

Laser fusion plasma

Low temperature plasma

Thermal plasma
(Quasi-equilibrium
plasma)

Te=T =T < 2x10* K Arc plasma, plasma  torches, RF
n > 10° m?® inductively coupled discharges

Glow, corona, APPJ(atmospheric
pressure plasma jet), DBD

Non thermal plasma . v 1 — 300 10K (dielectric barrier discharge).

(IIIaOSr;ae)qulhbnum ne =~ 10" m™ OAUGDP(Cne atrmosphere  uniform
b glow discharge plasma), plasma
needle etc

Te: electron temperature, Ti: ion temperature, Ty gas temperature, Tp: plasma
temperature, n.. electron density



il
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disie), Fefzubo A dojys HHg-E9 T8 FHE 5EHES-(homogenous
reactions) ¥} ©] & WHS-(heterogenous reactions) 2. =
FAE FE(heavy species) = FAS £5 Ho] 59 A= <lste] 7] A4
ANA dojup=d wralf, o] FWhES Feb=np T3 AL Afo]

DBD+ A& Z <l v#HE Za}=vk(non-equilibrium plasma)®, & 7]7} 4= A
oA DBDell ¢]&te UV7ZF A W™, 2pFd 7L & - Fole, &, HOy, &5 5%
22 Whg Aol & ATl AAHET ol o ol &dFe] A g g

WA EE e Au gn

0,7~0" +0 ()

0° + OQ~>03 )

0° + H,0—~OH® +OH° (3)

O +H,0—~0H°+0H" )

O +H,0—->HO,°+0H" 5)

2H2Oe—>H202 +H, (6)

03 +H202—)OH° +OQ +H020 (7)

0, +HO,*>OH’ +0, +0; ®)

hv

O3 +HQO—>H202 + 02 (9)
hv o .

H,0,—OH° + OH (10)



Table 2. Gas phase reactions involving electrons and heavy species™

)

Name

Reactions

Description

Excitation of
atoms or
molecules

et Ay, = As'+e
etA — A'+e

Leads to electronically excited
state of atoms and molecules by
energetic electron impact.

De-excitation

e+ Ay — Aytet+ hv

Electronically excited state emits
electromagnetic radiations on
returning to the ground state.

Energetic electrons 1ionize neutral

species through electron

lonization etA; & Ay +e .
2 2 detachment and positively charged
particles are formed.
Inelastic electron impact with a
Dissociation etAy, —> 2A+e molecule causes 1its dissociation
without ions.
. Lo Negative ions are formed when
Dissociative .
etAy, > AT+ A+te free electrons attach themselves to
attachment .
neutral species.
Dissociative Negative ions can also be
L. et Ay = Ate produced by dissociative ionization
1onization .
reactions.
Loss of charged particles from the
Volume ..
.. et A+B— A+B plasma by recombination of
recombination .
opposite charges.
Penning .
dissociation M'+A; = 2A+M Collision of energetic metastable
- species with neutral leads to
Pegnmg M'+A — AT+ M+e ionization or dissociation.
ionization
Transfer of charge from incident
Charge . . .
A™+B - B"+A ion to the target neutral between
exchange . . ...
two identical or dissimilar partners.
Regombmamon A+B > AB Two colliding ions recombine to
of ions form a molecule.

Electron—Ion

et A"+ M — A+ M

Charge particles are
plasma by recombination of

recombination .
opposite charges.
lon—ion lon-ion recombination can take
. A"™+B+M — AB+M place through three body
recombination

collisions.

lost from the



70
il

o
o

2]

)A
B

ST v w717 grot

=
=

2 s Yk

=

o] B, o

HAl AFg-<l 7}

[}
HA e =3k A3 el 7R

°

Ner gy g
Foll A71dS do7l™| 0°, OH°, N°, O3, Ny', N*, OH, O, O,

<]

A
Table 37 o] 723k 213}A]

&t7] el 4

=
SN

S

o

T

71 €]
o wgt
|=IR=]
T

oL

o

Wg- A o] A o)

=
oh

< OH°, O°,

Mo

A

3

=

o] OH°°l™ I txoz 0% Ozt o=

el

o

]

=
s

1A o]

ool 4]

=14
L
7]
RUS

=]

oL

7|2 dE
[¢)

=

)

i

=

7}
gJ

™
=

-
T

Al A}
| DBD

A2 e o, A7HA R o

9

o

R

3] OH°

o el ek

S

s, 5
bl Abg sl A glom, 471 gHe 2

2kghA o] o,

°©

=

R

w4
EEE

b whgol w

°©

0

-

0]
o =
=]

7ol

3}

e =

057 HyO
QFEZ
B o=



® Q=& wrego}, vlolg 2 S Aol ®= F 7L QU

°FE Y AES FE 4
wH o g ole wale] A n Qovl, 3717k Bk AS 115 Wl

St o= A W7 FS 7] 9 FA7F AR (NOY = AFslE o] @ EAA S

ﬂJE

O

wa] sl 27 QA (scavenger) = ZFE-517] wlEo] BT} Ba gl
A7 ofste] AGd Hake] 7B 8 92 0.8 NoE o 7]417]1 3L &g
A7l AolBE) 037 NOgol A dojA 7Hg WA dojuy= vh&-9o dA =

A (0D 2 A (A2)9F 2ol 09k No7b dxpe] Szl ofske] el == Aelnt.

e+ 0,—»0 +0 +e (11D

e+ N,—»N+N +e (12)

F71 A A E N2 4 (13)3 A (14)8] wk&3 o] Oy = 039 wH&-3tof
NO7F A4 =t

N+ 0,—NO +0 (13)

N + 0,—NO +0, (14)

M
AC)
!
(i,
b
>
L
e
o

NOSH NOs&= 4 (15) ¥ 4 (16)3} 2 =3hikg-o] 2]}

to
i
o
k=)
i
>
oy
)

NO + 0,—NO, +0, (15)

NO, +0—NO +0, (16)

NOE= 4 (17) % A (18)3 28 wrgo] elafe] 2u@uu, 4 (19 ~ 4 @D
2o wkgol oste] AT,

_10_



NO, + 0,—NO, +0, a7

NO, + NO,—N,0; (18)

NO + NO,—NO, +NO, (19)
N,0, —NO, + NO, (20)

O + N,0,—NO, +NO, +0, (21)

LES FIAIE E g W oZE A (22)9 22 ¥kl 9t

NO, + 0,—NO, + 0, (22)

O +NO;—0, +NO, (23)

2% 5 ole] 7bA QAo olshe] RsHL
$9e % 744 Yejsl DBD X 743 ofe] 7hA Aol hshe] @
WA B BAS ATF A3}, A7kE AGE FAAIAW 0.9 S} F7hsted
9 @ 0% Oy At st £3 §97kne) AFARE FAE
Qo] FEE F/HAW, UFT FFIFOE SRS AP E LERPSEE
a5 ™, NOx 94 Q7bel kst 7kl §39) F7he vl Srkskga

o) pRga end e oA SEE @A) 2AANGL B

s} AT

(2) OH &t Z(0OH°)

OH°, O3 O°, H:0, 53 22 AT TollA OH = XTI A7 256 VE
u]-$- el st AlstAl e Gl A glon A7) (electrical discharges)®%% )] H~47

photo- fenton® 5 1=A 2 FH(AOPs)ol A= th&-3 28 o8] 714 ¢] w7 Zol
osto] AAEGY

_1‘]_



A7 oM = 7k Tk dagle]l OH = 4 (24)9F 2ol AA7F HyO0l
s=oto] OE sielrzi o= =™, 4 (25)9 2ol dApel oste] o] 23}
| H07F A (26)3 o] vh&E H,0% whg-ate] A7 =

e+ H,0>H +OH® +e (24)
e + H,O > H,0" + 2e (25)
H,0* + H0 —H,0" + OH° (26)

A9 7] (oxygen atmosphere) Woll A OHCE 2] (27)3 7o) o 7] A e o] Ak
AAOCD)I o5t H07F sfgl s o] AAE $=%

0(D) + H,0 — OH + OH (27)

Eg, of2 3 EASY A4 OH: 4 (28)3} o] of 7] ele] o}
Aol olste] H07F sle o} AAE% Gk

rH

Ar’ + H,0 — Ar + OH° + H (28)

Sun %€ fenton AFs}EA A Q] FH ¥HSS A (29) ~ 4] (35)¢} Zow o]t

Wl Slshe] OH7F 4457 shv] 2w 7w @k washsich

H,0, + Fe?* — Fe®* + OH° +OH~ (29)
B 4+ OH®° — By (30)

Fe’* + H,0, - Fe’™ + OOH® +H™ (31)
Fe** + OOH° — Fe** + 0, + H™ (32)
OH° + H,0, — O0H® + H,0 (33)
HO,® + OH° — H,0 + O, (34)

_12_



OH° + Fe?t - Fe’™ 4+ OH (35)

229 A ¢ ST 23E 7Y %121, photo-fenton

HES-oll lojA OH ] ARk 4 (36) # A (@73} 2okl Halsksin

H,0, + UV —20H° (36)

Fe’* + H,0, + UV —>Fe*™ + OH° +H” (37)

_18_



Table 3. Oxidation potentials of common oxidants

Species Oxidation potential (V)
Fluorine (F») 3.03
Hydroxyl radical (OH®) 2.80
Atomic oxygen (O) 2.42
Ozone (Os) 2.07
Hydrogen peroxide (H-O») 1.78
Perhydroxyl radical (HO»°) 1.70
Permanganate (MnOy ) 1.68
Chlorine dioxide (ClO2) 1.57
Hypochlorous acid (HOCI) 1.49
Chlorine (Cly) 1.36

_14_



=
(VOCO)2] AlA, T w717k~ dol Al NO&F el FA AlA 2 F7]9f B9 &5
T 2 BANAE st ALt B FHE LejA gy
A 7E(SOx, COr 5), FLAF7IEZ(VOCs), Falldx 9 nAdE 53 22
HrledEde] Aojol= oA 7HA FHe] A7HS o] &3 A7t I Fo
om, FAE FoklME Jhedk AgrleR A7 A AR EE Sek=nbrt
AA AFH At ZZ YA (corona discharges), 4 A 4994 (DBD), Zgo]d

%2

o} = (gliding arc), % s

FaE b o Wt A A o9 gL whgldN Fepxoke 4
Yo Al m A 99 AN A mE EYNSIINAE 4A 2 S1A 6 A

A EH, A el A7 ALe edEE A BHAQ LT MH, 0°, OH°

b
Ok

2994 (contact glow discharges) 5 thokalk 7] &}

o

AL, FAukel 2 vgFe Bl 9Fs dod)E Ao

7| BAHN A ] A7 o= R A E = v EEetznt HA] AA R AR
ol 4 e A S Qe Y Sekzule] o3 WEEE Wl i &
ATS Fslo] OH° 2 09 Aol THEAL? O3 © H00 Aol Hg 75
ATEFP wak GZ oA phenols®? 7] AT S} ko vhaksl 78 o]
Abste] diaiAE ATElon, ZTetzus o]gd ooEde] Eeje o

Krause S99 o&] dA7s e, 2 299 corona Ao o8

ofd
o
2

4
08‘:;“
i)

O

7\1::

¢l carbamazepine, cloficric ¥ iopromide 59 & & 73}

_15_



. ZdA

) A ER7

- A8

2,

o AurH o v tATgel N Aashe BAL weke Qo o
B9 4G AAAL AL = A BAL Fekn P olu @ 3184

Z A 3Fo] “antibiotics”2h= £o1& A S0 2 ALE-3}

i

[e3

il

o

o

F-A3] AiE vl AES st S 273 penicillin ©]% methicillin, streptomycin
5 M AERRE A7 ARE) AZE ol g2 FFE A A Qe

Aduba o 7 A A= sk zel| upel 2 A sulfonamide], quinolone?], B-lactam”,

of
i
r

aminoglycosidell, macrolide], tetracycline”l, glycopeptideZ, lincosamideZ] &2 =

FEY 5 otk

(1) Sulfonamide#|

Sulfonamide?] &A= 1932 Hx2 g ol of 600001 F0] 7H= Ao

FEAOR Uspdol /18 AT 9 folFRE Hol Yo A, 15

5 o) frol el whElPo} W JlE} MR V] F R AU AR 0@

T2 sulfonamided] @AA|= sulfathiazole, sulfamethazine, sulfamethoxazole,

sulfacetamide, sulfadiazine, sulfasalazine %] T}

_16_



|

’

(2) Quinolone”|
Quinoloned A A= 19621d &g obA|2l chloroquines A3t A
ZHE2 H¥ g3 1,8-naphthyridine, 5 nalidixic acid’} &Alo]™ & Aol =
2570 o] el fEAEo] Atk o] Adel FA A= 4-quinoloneS EH O & wPH
kA 2 o] T = (heteroaromatic), ©]% 3H(bicyclic)= 7R Qo™ 13k FA T,
O SAT W oH Ay F7ATE G AHEYS zhe Qg AR
AbgHEE ek oy} 7S 2 AR AE8HoRE ARSH I b et d e
DNA gyrases < Alsto] Aat28-& Hepiy A4 Ao A5 A AAAC=Z
e AFgH L e FAA S
F8 7F= A fluoroquinolone ] A A= o] vk 587 AW A s,
Ardatd S S, @AM E g A9, FeEE, g FE5e ol 2
AREH 0w AR o)A lom LoM = VA HE, =5, AT AT
So 2oxa dok® tx A el A ZE ofloxacin, norfloxacin, ciprofloxacin,
enrofloxacin, danofloxacin, orbifloxacin, cenfloxacin, perfloxacin &°|9¥, 7}5 %
FAg o R oA el ALEE I e FBA ST
FluoroquinoloneZl &= theksh Aol thate] B 9t A AFRE 1 9= A =59
o7t Aol A ek s] el = A e8> A A= wiE 5™, quinolone ring®] 3}3}
Al kA kol ek AA wiel AL AES ASAE F e A
Aol giet?
(3) B-LactamZ7l
B-LactamZ] &A= olvl7]| e} 7t 25 47]7F 2 o] @ukgol o) FAH
490 welgte aglehe 553 722 2ha Qe AgEE dy AFgE I glen®
Hleteter el = b o] g wol 3pEH o wkE-sly] A SAS 7L Q7]
il 34 To= wlEE AS uE gAY oz wEegy 1yt gy
Hol Reo FxE fA37= Y
7H¢ x4 2 & penicillin7l, cephalosporinZl, carbapenem”|, monobactam”| &
_ 47 -



otk o] GAAE TP T

LI

dt

WE,
o

, ¥ d717d Alstol Fetdo] T2 A=

gl glom® o s AAA FAAAN TN 65%E AT TF D ARGEH A

et

(4) Aminoglycoside7]

!
Lo,

11:_}1;114

=5

()

F4 AAAR el 1Y

of &2 HefolA ARg5E

AminoglycosideZl &A= 24 Al

T Be aAgSAT o w gty o

A

9lom @ ZF 2= gentamicin, kanamycin, neomycin, streptomycin 5°] 91t} 1]
of AlFe I A= grEFe AF st Aot e Bjaie F457F
& 71w WAL 7hsAdol ot ARl ShHE stk FAAR QA EHL
ATE m3E o] Al FAAE o5 AFEAe] JFoz st Yol

AGH o7 AMGH I YA REED Zablo| M g G e Avd 2a S

-

A7 BAow dy AFREHIL Jon AAENI oS BHow Azudtg
o Ry AL ¥ gtk

(5) Macrolide#]

nfaZetol =gk “Atkgt gl (large ring)"gh e KO=2, 14 ~ 16248 ¢ gEaE
(lactone ring)alg]eol] T F 3} opw| mFiul olyg} =AY A7 7|9} AlE7]7) &
o] = dejo FAAR Ao @AY E dAsEe FES I

MacrolideAl A A= Mycoplasma®t Clamydiazd< 13 FA o= FH 9 3s
A4S ety 529 a9 Mol v efd 28-S st o] g o] fr =
SENA AFA B AEEFNS AT AARHTHA S22 AFEE L ot <A o
S eSS fabsk 4= glom I Y-S AT T e ReRe
a4 drt® FHFEE erythromycin, roxithromycin, josamycin, kitasamycin,

oleandomycin, tylosin, spiramycin %©°| 1t}.
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(6) TetracyclineZ]
TetracyclineZ] A2 AAL= 1948\ Streptomyces aureofacienso| X F=%
chlorotetracycline®] # & A7/E QoW S rimosustts LFo] B WAt A

AAY FE<Ql oxytetracycline®] 2] ¥ AT}, tetracyclinel A= 185¢d 2

o
oX,

9] S JAsk= FHLS A A EZ ol who] ZE2=eH (mycoplasmosis),

5
23] 2 3| E}F=(spirochetosis) 2 954 A3 A 5= 397t e AoE dHA

o] A= 7Y AHS oW 2 AASZIAAE FRESSH AFEEH = A
o] B8 22 2= tetracycline, oxytetracycline, chlorotetracycline, doxycycline,
methacycline, demeclocycline 5©°] 1L, o] Fol A tetracycline, oxytetracycline,

doxycyclined QFFgo® Aol 7o ALgHT}®
(7) Glycopeptide Al

Glycopeptide Al @AY A= s}st+-2%] o
g o FE=E FAskar o Z4zbe opn it Wil arelol = 3, A4, HEY|
o] Tl wef = dAH de= 724 S-S AL Ak Glycopeptide)
FAA = Mt My RS SAlste] 288t ZFE e A E, teicoplanins
Actinoplanes teicomyceticusol| A AAbE G ABA 2 vancomycin} 7] HYA 1
2+ FA 7121 methicillin resistant Staphyilococcus aureustMRSA) X 5 A 2 < Afol A
e AbgE I ok

ERAe ZFEaPE| = YA F=HEE vancomycin, teicoplanin, telavancin,

bleomycin, ramoplanin ¥ decaplanin 5 ©] 1t}
(8) Lincosamide”|

LincosamideZl A A= Clostridium perfringens®| 23+ I AR %< (necrotic

enteritis)ol] E A <1 A= ubgg| ol A 508t} XH50S ribosomal subunit) <}

_19_



Agste] MGG Aol did FAES RSt 7P RbA <l A ool
thate] Aol et®
Lincomycin Streptomyces lincolnensis A F-2] % 33 $) 312 o]w ¥ clindamycin,

lincomycin, pirlimycin & ©°] 24

9) 71E}

ol@]o| &= rifampin, oxazolidonones, streptogramin, bacitracin, chloramphenicol,

trimethoprim, polymyxin, mupirocin & &3k A A7} 7)dbxlo] AL&3ta Qi)

2) A ALEF

Table 4= St A kY 3ol A #| 3-8k A% A o] AL A (20056 ~ 20099)S
Uebd Aotk 2009 AR A F cephalosporinAl, penicillinZ], antifungals <}
quinolone Al 7} A 8k= H]&2 Z47}; 44.8%. 16.5%, 10.82}F 10.1%6 2.2, cephalosporinZl
> penicillindl > antifungals > quinoloneZ > macrolideZ¢] o & vheby:
CephalosporinZl, quinoloneZ], macrolide] 2 71€} B-lactamA|= H]lA Axp8 o=z =7}
= FAIE B9 aminoglycoside), tetracyclineZ], B-lactams7] % chloramphenicol

Ae #ashe FAE B

Table 59} Z2th® #ujd A& wgoz &8 YA AEFS FH8 Bd

‘03 =7 S vietALE Al2E ) ATHA R B

ME
£
%
oo
NS
5
{0,
>
o
oo
lo
M
lo
fru

A s Alzg A7 R 9odgo] vsidk ol tiE s AR s
049 = o] F A7HA R B oGl Hlgte] mjdAtR Alzo] AbE o] AiHom
o 5dM A7 R B G ) wgAL R AxE ) T AEe] o= UE
Uk Al AR Al g o m AR E = A= 1029 R 48%, '03W = 47%, '04d =
44%, 05 &= 44%, '06\d &= 43%, ‘07 % 40%, ‘08 %= 37%, ‘099 e 24% = A A}

sk S Bola vk AA S48 A T wiAbR AlxE FAA 09

rr



237TE o2 05 (683% )l Ml & oF 65%, '02:(741E) ¢l M]3l M = oF 68% 74
stl=tl, o= ‘06N FHEFAE A FE 2 widAtE %8 A
AEA Aol wet wFAls AxE FAA 7 "AAF A0 49 53F-25F
'09.19 25%—18%)3t3 3, HACCPA %= %=5)
At AT 7E A ZsE AT Wi
Ul FAhg A el digk 2002 ~ 2009 W
Table 62 2tL® %38 A7)0 Avjeke Avry F2 A}
7t A§7tEo] AAFHE HISE HA > ) FAkE )
=38 AR vEshs Qo2 Buskok® (02d =5-E (099 7kA] 29 A
F 7 ~ 8%, HA ] A 54 ~ 57%, o] A 18 ~ 24%, FahgS 11 ~ 18% 7}
drjE o AR vl go] thA Tk R U A= odi) FAkeRd
FAA A FARS AT BE SFoA B4 om e on, 53
03 el HlE = A (551) e FH206E)ANAE oF 17 ~ 20%, 53] 2(638)oA4 =

o 36% FFASTh o] FALE L Al NFARE FAA AEFE LA 2a

i
OHWPIO{”‘
G
52
&

o

3F7] Wl ez Hlt

U S48 FAA e digk 2002 ~ 2009 @ st A AGE HAn] HAHLS
Table 73} 2%

Table 70 YERd vle} o] '02\dol] F2 ALE-3st= A AlE 2 tetracycline ],

)

¢

sulfonamideZ|, penicillinZl ¢} aminoglycosideZ 9S4, 099l = tetracycline7],
penicillinZ], polypeptideZ, sulfonamide”] £} macrolide| 2] &Y A& T2 AL-&3F+=
Aoz ZAE AT 02\ o] FHE 07 d71A] tetracycline Al 7F A7F oF 620 ~ 770
o2 AA AFEFY ¢F 41 ~ 51% HEE AA P o ‘089 ol = 470F 109 ol =
W7o m ARR o] &3] Fadte] 099l = AAAREFE] oF 20%E A} st SiTh
o= wiEgALE Y AFEF AR Q3 tetracycline Al 9] #AEo] 7H A e A
o8 Hisgth I vFo® @Wol AREH= AT 2000t ERF St e
sulfonamide| 2} penicillinAl®] A7} /-5 ©]F A2, sulfonamideZ] &= 1t
Sol A ko] Hls] oF 50%0]Ao] EoE HbA polypeptide A= oF 4.3 vl 7}eko]
S7H8 A B2, phenicolAl S &AA gk 02l B3] ‘09l = ofF 22
Hiu @o] Alg-stE A Z YEFRTE NitrofuranZl = AF&0] 25 A 20043
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o] FE= AMEE A ko, TUA To TAR '09.11LdAE AzFo]l 5AE

quinoxalineZl 9] Ab&Fo] FA3] HasAch®

Table 4. Production of antibiotics (2005 ~ 2009)%”

Unit : Million Won

Antibiotics 2005 2006 2007 2008 2009
Cephalosporins 652,092 699,709 701,666 763,422 785,272
Penicillins 270,657 270,043 256,868 280,251 = 289,955
Antifungals 196,941 190,810 193549 209,665 189,983
Quinolones 141,195 147,719 174,849 195,109 177,581
Macrolides 71,990 77,321 74,034 84,218 99,334
Other B-lactams 32,161 35,632 51,779 68,372 86,310
Aminoglycosides 114,541 89,529 91,397 77,735 71,815
Other antibiotics 40,685 38,434 51,343 54,335 49,154
Tetracyclines 6,618 5,531 6,712 5,854 3,357
Antibacterial combinations 1,955 1,423 1,311 1,213 862
Chloramphenicols 560 381 539 310 262
Total 1,529,895 1,556,532 1,604,047 1,740,484 1,754,385
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Table 5. Marketing amounts of veterinary antibiotics with use®

)

Unit : M/T
Use 2002 2003 2004 2005 2006 2007 2008 2009
Preparation of
7419 6806 6012 6826 6273 6037 447.0 2365
formula feed
Prescription of
o 1272 109.7 101.3 94.6 83.9 84.4 89.8 92.8
veterinarian
Self-treatment
672.2 6582 6656 7762 746.6 8386 6737 668.8

and prevention

Total 1,541.3 14385 1,3680 15535 14578 1,526.7 1,210.6 998.2
Table 6. Marketing amounts of veterinary antibiotics with animals®
Unit : M/T
Animal 2002 2003 2004 2005 2006 2007 2008 2009
Cow 129.0 107.6 975 112.0 1189 121.3 99.3 63.1
Pig 879.0 818.4 770.7 831.3 835.8 874.3 661.5 551.1
Chicken  346.6 347.5 282.2 334.9 281.8 280.5 256.3 205.6
Fish 186.7 165.0 217.7 275.3 221.3 250.7 193.5 1784
Total 1541.3 14385 1,3680 156535 14578 15267 1,210.6 998.2
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Table 7. Marketing amounts of veterinary antibiotics with group in Korea®™

Unit : M/T

Antibiotics 2002 2003 2004 2005 2006 2007 2008 2009

Tetracyclines 743 7237 6986 7235 630.0 6242 4709 2877
Sulfonamides 2092 180.7 1644 2000 1843 1832 1575 921
Penicillins 1277 130.0 1692 2295 2251 2670 1707 150.6

Aminoglycosides ~ 74.3 78.8 62.8 71.9 82.1 93.7 73.2 51.2

Macrolides 59.8 47.6 48.6 55.3 745 75.3 68.6 88.1
Quinolones 404 32.7 445 529 476 56.6 51.3 374
Tonophores 60.3 61.7 57.0 63.1 51.2 58.7 46.9 51.4

Polypeptides 22.7 24.7 24.0 34.1 35.2 38.9 43.6 96.5
Phenicols 2.5 10.0 20.4 24.9 28.3 34.4 35.9 54.5
Pleuromutilins 17.0 15.1 13.0 18.2 22.6 21.2 20.0 35.0
Quinoxalines 26.9 29.6 35.4 156 10.0 13.1 18.0 4.6
Lincosamides 11.2 9.8 12.0 144 18.1 164 12.0 5.7
Cephems 0.8 9.5 19 2.2 3.3 2.0 2.7 3.2
Streptogramins 41 4.3 4.8 4.9 45 49 51 8.2

Orthosomycins 5.8 54 3.6 4.0 4.7 54 5.2 5.6

Glycolipid 5.2 4.9 2.9 3.0 24 2.3 2.0 2.5

Nitrofurans 90.2 63.0 0.0 0.0 0.0 0.0 0.0 0.0
Others 8.9 6.9 4.8 36.1 34.0 29.3 271 23.9
Total 15413 14385 1,3680 10535 14578 15267 12106 9982
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of $Ag stFAde] FAF, WRT FH AbollA 9
G oA E ZAFE A3} sulfonamidesd] dAAQl sulfamethazine, sulfathiazole,
sulfamethoxazole 5°] A&H At B skgiet o] % sulfamethoxazoled ¢}

WRgol Al ZE2E 0.156 ~ 0.984 pg/Let 0.025 ~ 0.492 pg/Le] WA Al A=
HAom FHel Zo A %= sulfadimethoxine, sulfamethoxazole ¥ trimethoprim©]
77+ 0.013, 0.082 2 0.026 pg/L7HA AEE A ohar 1 a1sksl o,

Myung'& A=) A 4017 oA st - SAtHl G Aelde] fd, Bt
St = = IFAHE AL A3 stA ] F Yol A+ neomycin
9 9] A7} 0.013(ciprofloxacin) ~ 2.023(sulfamethoxazole) ng/L, W= A+=
o] A7} 0.066(trimethoprim) ~ 7.83(neomycin) pg/L Wl A] AZEEH Ao H,
W A= 10 2 A A7 0.001(ciprofloxacin) ~ 5.404(chlorotetracycline)
pg/L A9l A AEE At Bkt FAHFHEF e f 9794 = neomycin
5 12 9] dAA7F 0.072(cephradine) ~ 2,959.512(chlorotetracycline) pg/L 5 9
M HEHNCH olE FodA =L TR HAEHE FAAE lincosamider,
sulfonamideZ] % tetracyclineZl] & A Eo|At) Bl = 12 T2 A7) 0.09
(erythromycin) ~ 523.648(chlorotetracycline) ng/L B 9lolA HAEFHAOH, =& T2

A= A= oA HEs s g v =8ttt FHE hdol A= 9 F9
A3 A 71 0.011 (ciprofloxacin) ~ 2.237(chlorotetracycline) ng/L B¢ oA HE% o
s E7F =2 A= chlorotetracycline(2.237 ng/L)¥ sulfathiazole(1.377 ng/L)

|

o o
TF
A

oy

OO

AS A A3 FYol A= amoxicillin? lincomycine] 22 H ) 2.285 ug/Le}t
0.39 pg/L A=% o, vwF4o % amoxicillin, lincomycin % erythromycin®] 2}
7+ Ao} 0399 ug/L, 0240 g/l 2 0.106 pg/l. AEH ek Busach

Choi 508 a4 G959 B7F4 F9 sulfonamide?] ¢} tetracycline] €
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FAAS BAE Ay 5ol = sulfonamides] 34 A 5 sulfathiazoleo] 2 T
115868 ng/Le.& 7P =4 A& 0.2, tetracyclineA] 344 ol A+ tetracycline©]
A 1710 pg/LE 7F4 =& Ao g ®Husgrt w3 HHFFa%E YA
AEHAY 6 T2 sulfonamideA] A A 5 sulfachloropyridazine®] 0.06 ng/L A=
Qo tetracyclineZ] A= 0.03 ~ 90.90 ng/Le] WA A=t Bl
Atk

Kam®& AFA 99 b4 2 SadsAegol e FyAe) Haes 24

[«l0
32

Ay shA el el gl A+ ciprofloxacin 5 7 &< &AA7F 0.014 ~ 0.385
ng/Lo] HelelA HEHJ o, Brael e 6 52 4841710014 ~ 0.24 pg/Le] 1
oA HEFHATHL skt ek A4 A2 de] fd4ol A= ciprofloxacin &
10 =9 3-8A7}F 0.02(roxithromycin) ~ 5134.1(sulfathiazole) pg/Le] B NA #HE=
Helom, MR E 6 F2 AL 0.01(ciprofloxacin) ~ 0.23(sulfamethazine)
ug/Lel Helel A HEH AT B st

Hog 1FER HAEFH = A= sulfonamide 2} tetracyclines A Al o] |

71 Y3 © % += lincosamide A, macrolideZ] 2 fluoroquinolone ] 2] A A|el A o =2

_26_



Table 8. Reviews of the antibiotics contamination in sewage treatment plants

(Unit : pg/L)

Group Name Influent Effluent Stream
Aminoglycosides Neomycin 0 ~ 138" 0 ~ 7.83W 0 ~ 094"
B-Lactams Amoxicillin 2078 ~ 228" 0581 ~ 0.862%
. Cefadroxil 0 ~ 0093V
Cephalosporins - o
Cephradine 0 ~ 0121
. . 0 ~ 0.013W 0 ~ 0239"W 1
Fluoroquinolones Ciprofloxacin 0 ~ 03352 0 ~ 01992 0 0.001
Enrofloxacin 0 ~ 0.076Y
0.09 ~ 056" 0 ~ 051" 0 ~ 0246V
Lincosamides Lincomycin 0.340 ~ 0.399*  0.167 ~ 0.240% 20)
0 ~ 0.097 0 ~ 0.031% 0165
0 ~ 0207V 0 ~ 0.033W
: _ 11)
Macrolides Erythromycin 0.069 0.336 0 ~ 0.106% 0,054
Roxithromycin 0 ~ 00147 0 ~ 0.016"%
L 0 ~ 0476 0 ~ 0.149'
Sulfachloropyridazine 156 ~ 6539 0 ~ 0.06%
. . O -~ 0.21310) 10) 10)
Sulfadimethoxine 046 ~ 12939 0~ 0.070 0~ 0.013
Sulfamerazine 153 ~ 345"
— 90)
Sulfamethazine 4'(())1 _ 0953%3 0 ~ 0.014% 0 ~ 0.296"
0 ~ 2.023W
0 ~ 0817 )
Sulfonamides 0.156 ~ 09841 _ 10) 0 ~ 0.168
Sulfamethoxazole 311 ~ 5119 O.(())Zi 0(());1;%) 0~ 0,082
0 ~ 0.124% '
0 ~ 0.031Y
_ 10)
Sulfathiazole 10‘27 Noﬁgﬁgw 0 ~ 024" 0 ~ 1.882W
0 ~ 0.079"%
0 ~ 0.061Y 0 ~ 0.066" m
Trimethoprim 0 ~ 0.496" 0~ 0174 0 0'01210)
0 ~ 0022 0 ~ 0.02? 0~ 0026
. 0 ~ 1778V 0 ~ 0.406" w
chlorotetracycline 097 ~ 171.0% 004 ~ 90.90% 0 5.404
Demeclocycline 027 ~ 315% 003 ~ 270"
) Doxycycline 0.22% 0.032
Tetracyclines Meclocycline 050 ~ 107% 0.8 ~ 037
Minocycline 0.38 ~ 890%
Oxytetracycline 024 ~ 23.62% 0 ~ 653%
Tetracycline 0.11 ~ 0980 0~ 141%™
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Table 9. Reviews of the antibiotics contamination in livestock wastewater

treatment plants

(Unit : pg/L)

Group Name Influent Effluent Stream
Aminoglycosides Neomycin 0 ~ 162 0 ~ 1.04"V
Cephalosporins Cephradine 0 ~ 0.072W
. . 0 ~ 0.288" 2 U
Ciprofloxacin 0 ~ 001 0 ~ 0.011'"
: 0 ~ 133.12"?
Fluoroquinolones ’
Enrofloxacin 0 ~ 17.81% 0 ~ 0.529" 0 ~ 0.087"Y
) ) ) ) 0 ~ 235783 0 ~ 25863 0
Lincosamides Lincomycin 0 080,552 0 0,032 0 ~ 0.343
Erythromycin 0 ~ 2037 0 ~ 0.099" 0 ~ 0.031'"
) Roxithromycin 0 ~ 0.027?
Macrolides
iosi 0 ~ 4.189" 0 ~ 1.899"
yiosin 0 ~ 253.24" 0 ~ 006"
Penicillins Penicillin G 0 ~ 0.699
. 0 ~ 69.688" 0 ~ 37.244" "
Sulfamethazine 0 ~ 11427 0 ~ 0232 0 ~ 0.304"
0 ~ 73.835" - )
Sulfamethoxazole 12) 0 ~ 692 0 ~ 0435
Sulfonamides 0 ~ 16349
) 0 ~ 659.742'V 0 ~ 241672 0
Sulfathiazole 0 5134 112 0 0,072 0 ~ 1.377
Trimethoprim 0 ~ 359" 0 ~ 0.164" 0 ~ 0.021'""
. 0.082 ~ 2959512 0 ~ 523648 1
chlorotetracycline 0 ~ 267682 0 ~ 0042 0 ~ 2237
Tetracyclines
, 0 ~ 741.463" "
Oxytetracycline 2 0 ~ 3523
0 ~ 3997
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4) FAA S Ag7l=

slon], o &3 wFAkstE el o)% 28T A G Ao

FAA = AGel et FHRAA GO A, '] Tl Aolrh vk

13t o, Garoma 5° 2 Lange &

S el Basilomw, weba #gaieled AR Wil vjsolgha
lue9t Otker'”= &A1 Aol o] 05 ¥4, 0y/H0; ¥4
A3 O3 T4 Oy/H0, 342 v 5238k &all5S Ve
0z/UV AL oFF 38 Edlle= B, O3 34 2 O/UV 382 A E3l &
st 7)<oleta a9 2™, Gonzalez 5, Homen Santos'” @ Oller 522
AQOP 43 A=4 Aelage 282 FAAE et sl dAed
el # Ao Aelsgoleta Hastth
Baran 5" TiOy, Fed 3 TiO/FeCl9l B5mE AL FAA L A7 #at
AT A FeClyE AH&stSls o 7Hd A es 435 yYepdthal Baskel o, Liu
¢t Wang® % Hu 577 tio] 7% AOPsE Aol A &AA 9] 3= OH ol 9] &
Faksiukg 2 ZkE A dfe] sl oste] o] Folxithal Halskg)t.
Hito| Eojx4= DBD ZetzntE o] 838k 319 A A 08 Magureanu 520 &
B-lactamA] &AA 2] B35S AFegom, Lou 5P chloramphenicol $.¢3 %
E¢Y Bstes HES Ay Sdt=nt 24 GRS FAAE 2§ A5

B alo] - gupAel HewAoletn A|eta ).

N2
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DBD wk$-7]e) <l7tE =A™ 3 AshEe 100001 249 probe(PVM-4, North
Star Research, Corp., USA)¢} 1.0 uF FH 7] & AFE3le] &4 o2 grgded=z

2 FZ(TDS 3032, Tektronix)® Z43te] WA dES At
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Fig. 2. Schematic diagram of a dielectric barrier discharge (DBD)

plasma reactor for degrading the antibiotics.
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AT FA = FlukarHUSA) 2 H-B] aIss= A[2FQl sulfathiazole(STZ, =
98%), sulfamethazine(SMT, >99%), sulfamethoxazole(SMZ, >98%), enrofloxacin
(ENR, >98%), 2 ciprofloxacin(CIP, >98%)2 T Y3to] Alg&ston 7z} E2 o
st 542 Table 100 e ATE

A4 Aol AgH FAA S AT HHo) wheh FAlGol 2 Ao
=

FAAE H7rske 5,10, 25 2 50 mg/LY] FE7F HEE ZA AT
DBD W&7olA AgE w77t & oo ke A W Gastee Co,

Japan)s T935te] S8R oM, & - Fol H {74k FA ol AREEH X EEF
fluoride, nitrate, sulfate % ammonium(1,000 mg/L)> AccuStandardAHUSA) Z5-¥,
acetate, formate % oxalate(1,000 mg/L)= AlltechAHUSA)ZHH F¢3te] +4
Z7oll gtA g Ajsto] ARgSEAT

LC-MS/MS2] o]sA ZAA] AFE-H formic acid(>98%)+= FlukaAHUSA),
ammonium formate(>98%)+= Sigma-AldrichAHUSA), o]>aZvlE T3] o] <k
o] & Al A8-¥ methanesulfonic acid(=99.5%)% Sigma-AldrichAHUSA)]

AES AT, e Aoke ETAHS AgSgor FR4E Mili-Q
3
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Table 10. Properties of antibiotics used in this study

Type Antibiotcs CAS NO. Mvc‘)flggﬁlfr pKa Structural formula

Sulfathoazole Q S
72-14-0 25532 72 NH { }HH \
(ST2) ’ i {\N]

Sulfamethazine 0 N=
Sulfonamides S 57-68-1 27833 6.0/69 NHz@ffNH\N )

Sulfamethoxazole 0 =~
723-46-6 25328 581 Nﬁz@iﬂm

(SMZ) \-0
(6] (0]
Enrofloxacin S%F
93106-60-6  359.39 6.0/6.9 N N
(ENR) A ij
Fluoroquinolones
o 0
Ciprofloxacin 9 F
&721-33-1 331.34 6.1/87 H
(CIP) N N ﬁ
A L_nn
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D A4 3 EafjrtbEe] 74

FAA ] BEAE Alg AEF97](Acquity Sample Manager, Waters, USA),
UPLC(Acquity Binary Solvent Manager, Waters, USA)2} & &3#4 7] (ACQUITY
TQ Detector, Waters, USA)7} A2 ¥ WatersAte] A2 2 vl E 18 u] -2 sk A7)
(LC-MS/MS)E AH&sto] A&Fstal om, Lo thgk Mg 7] 7]E4 2712 Table
113 2},

TAA AREE LC A2 WatersAe] UPLC A-8&Z =<1 ACQUITY UPLC
BEH C18(2.1 x 100 mm, 1.7 m)< AF&3tRom, Ao 2%+ 30CT7F H 525 4]
skt o]57d-2 0.1% formic acid7} - water(A)<} 0.1% formic acid7} g4
MeOH(B)S AF&3le] 0 min: 95%(A), 5%(B), 4 min: 5%(A), 95%(B), 5 min:
5%(A), 95%(B), 7 min: 95%(A), 5%(B)2] 7] 7|8 2l (gradient elution) &1 o=
AAste] 245 B e, o] w o]sde #5202 mL/minol . d &
A7) Al

FAQl 2o 2+ capillary A2 35 kV, source =%+ 120 C ¥
desolvation &%+ 350Co| e A8+ 10 uLE FY3AT. o] 2392 A7)

=
A A o] 2 (product ion)S A A7l & MRM(multiple reaction monitoring) %+ <
Abgste]l EA el o, AAIRE 23S Table 1294 2t
WAAHES] A 2 FRA S AFEE BA7)7= Als A4 71(1260 Hip
Autosampler, Agilent, USA)2} UPLC(1260 Binary Pump, Agilent, USA)7} #2}
¥ LC-TOF-MS(Agilent 6530 Q-TOF System, Agilent, USA)S A}-&3}% 0,
A e 717184 2712 Table 137 2t

A4 A}

ofo
s

LC ZAH L AgilentAl 2] Zorbax Eclipse Plus C18(2.1 x 100 mm,
1.8 < AF&stR e, Axle] 25+ 40TC7F HEs FA3ATh o542 5 mM

ammonium formate®} 0.01% formic acid’} ¥ water(A)2t 5 mM ammonium
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formate®} 0.01% formic acid’} &% acetonitrile/water(95/5)(B)E A}-& 3}
0 min: 97%(A), 3%(B), 1 min: 97%(A), 3%(B), 15 min: 75%(A), 24%(B), 17 min:
5%(A), 95%(B), 20 min: 5%(A), 95%(B), 20.1 min: 97%(A), 3%(B) 2 23 min:

1 E (positive mode)oll A 4] 8}t

Table 11. Summary of analytical conditions of LC-MS/MS used in this study

Parameters Conditions
Instrument Waters® ACQUITY® TQ Detector
Ionization Positive 1on electrospray
Acquisition MRM mode

Capillary voltages 35 kV

Source temperature 120C

Desolvation temperature 350TC

LC column Waters ACQUITY UPLC BEH CI8(100x2.1 mm, 1.7 xm)

A : water(0.1% formic acid)

Mobile phase B : methanol(0.1% formic acid)

Gradient Time(min) 0 4 5 7
Solvent B(%) 5 95 9% 5

Column flow rate 0.2 mL/min

Injection volume 10 uL

Column temperature 30C
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Table 12. The conditions of LC-MS/MS for the analysis of antibiotics by MRM

Compounds RT .Precusor Confirm ion Q‘uantitation Cone
(min)  ion (m/z) (m/z) ion (m/z) (V)
STZ 2.89 256.1 156.2 92.2 28
SMT 3.28 279.1 92.2 186.2 36
SMZ 3.55 254.2 156.1 92.2 30
ENR 3.07 360.2 84.2 245.2 40
CIP 3.06 332.2 188.0 231.2 38

Table 13. Summary of analytical conditions of LC-TOF-MS used in this study

Parameters Conditions

Instrument Agilent 6530 Q-TOF system, 1260 binary pump
Autosampler 1260 Hip Autosampler

Tonization Positive 1on electrospray

LC column Agilet Zorbax Eclipse Plus C18(2.1 x 100 mm, 1.8 pm)

Mobile phase

Gradient

Column flow rate

Injection volume

Column temp.

A 5 mM ammonium formate + 0.01% formic acid in
water

B : 5 mM ammonium formate + 0.01%6 formic acid in
acetonitrile/water (95/5)

Time(min) O 1 15 17 20 201 23
Solvent B(%) 3 3 25 9 95 3 3

0.3 mL/min

10 puL

40T
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5ol &(fluoride, nitrate, sulfate), ¥ °]<(ammonium) % - 7]%4H acetate, formate,

oxalate) o] 2= ZulE 17 Z(ICS 3000, Dionex, USA)S Al-&3to] E23513] ).
Lol L F7|4ke] BA4 Al ALEE Ae AS19(4 x 250 mm, Dionex, USA)] ™

LEE 30T AES fA 2, o F4S KOHY| 527 6 ~ 35 mM7} 5 =%

i
o
i,
)
o

7188 (gradient elution) 2713} A4 1 mL/min®] £==2 SHEY 54 &
THAA HEEHZE7](conductivity detector)E ©]-&3Fo] et ol
2418 CS12A(4 x 250 mm, Dionex, USA) ZH S AFE3I o o] 542 16 mM
methanesulfonic acid® 1 mL/min®] %2 588 (isocratic elution) %713}l A

T AA AEEHEVIE ol&sto] AFelen, AAT oj2AaRvE LYY

QEY FEE e WjH-o A &H S AXA FaL FHE WUVt E o F
A A (Gastec Co., Japan)e] A4 ¥ 7+~ A 7](gas sampling pump)E ©| 83}
AT & eE=G4A e Wty M-S AEsto] SA 5

Zy FdAAE Eefzvl Ao wE UV A~FEY WHile 3337 (Agilent
8453, Hewlett Packard , Germany)& AF&-3Fo] 200 ~ 400 nm¥ $12] oA =4
st o pHe} A7 HdEXEE Seven Multi(Mettler Toledo, Switzerland)E AF-831<
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Table 14. Summary of

this study

analytical conditions of ion chromatography used in

Parameters

Conditions

Anion, Organic acid

Cation

Eluent

Injection volume

Flow rate

Colummn heater temperature
Cell heater temperature

Guard column

Analytical column

Suppressor
Suppressor current
Detector

Software

KOH (6 ~ 3 mV) gradient
100 pL
1.0 mL/min
30T
30T
Dionex IonPac™ AG19
(RFIC™, 4 x 50 mm)

Dionex IonPac™ AS19
(RFIC™ 4 x 250 mm)

ASRS 300 4-mm
87 mA

16 mM methanesulfonic acid

25 nL
1.0 mL/min
30C
30C

Dionex IonPac™ CGI12A

(RFIC™, 4 x 250 mm)

Dionex IonPac™ CS12A

(RFIC™, 4 x 250 mm)

CSRS 300 4-mm
59 mA

Conductivity detector

Chromeleon
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DBD 87| dzxde wE FAA e Aea&s dolry] 9t F47H2=9

ok, 7AG B 2R WEATEA A Azt mE 2R

A7 F, VbR 9 VPG Wsted mE HeEse STZS o=
st o 7] sEet AAA T/ Wl wE A8 &8 sulfonamideA 9] STZ,
SMT % SMZ¥ fluoroquinoloneA¢] ENR¥ CIPE thi o & &to] H7letith

RE A oA FAA &He] ZA = 1,000 mL7t HES A S oo

24 FAA L 27F ke 50 mg/Lley 27]F e Wste] mE A= 5 10,
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35, 40, 45, 50, 55 ¥ 60 min°] F¥IE F A RE AFH A

$97bre] 25, 275 %E W 2 FAA S0 o BEsd ga Age
AI7FA LS 201 kV, FEH2 05 L/minl® 1AAZ 3 AXF7] = SAAE
WA 7 EA Faed o, stafd Wl B AW felstane 42T,

A7FAYL 201 kVE AAZAZ F, 35 0.1, 02,05, 1.0, 1.5 @ 20 L/mino.Z W
A ZIEA e Th e WA Wl w2 Ade FYvtaE AR
FrEg2 05 L/mino 2 1AHAIZ F Q17FHSHS 163, 184, 20.1, 214, 23.3, 247 2
26.1 kVE WA 7M. 8 ek3t

3l

w
~

J|m

€

Fepznk Aol o A e FrIAsAA M dEhd e WIS E dol
xE7]eh =it

®7) 9lete], 7k FAA Y] =t 50 mg/L HEE zAE o, A

A5 FUNARE 9 F3F2 05 L/min, A7PA4S 201 kVE A3HA 52 A1 %

o, A8 0, 1,2 5 10, 15, 20 ,25, 30, 35, 40, 45, 50, 55 % 60 min°] A A@ F

A2 AHet] Azt e UV 29 EH ] wste Axsgon pH, 77
TO

C, & Fol& 2 #7142 Z4selrh

Fetzvtol A QG E = A4F dUd Sol fste] FAlE g waAdEs
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Fig. 3. Typical waveforms of the voltage and charge obtained when dry

air was used as a working gas (applied voltage: 26.1 kV; gas

flow rate: 0.5 L/min).
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Table 15. Relationship between applied voltage and dicharge power, along

with the effect of working gas type (gas flow rate: 0.5 L/min)

Discharge power (W)

Applied voltage (kV)

Dry air Pure oxygen
16.3 0.25 0.47
184 1.08 2.21
20.1 2.82 4.06
214 4.53 549
23.3 6.70 7.61
24.7 8.14 9.44
26.1 9.51 10.76
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Fig. 7. Ozone concentration (a) and ozone generation rate (b) as a function

of applied voltage with different gases (gas flow rate: 0.5 L/min).
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Fig. 8. Ozone concentration (a) and ozone generation rate (b) as a function of

gas flow rate with different gases (applied voltage: 20.1 kV).
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Fig. 9. Effect of gas flow rate on the degradation of STZ (working gas: dry

air, applied voltage: 20.1 kV, initial concentration: 50 mg/L).
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Fig. 10. First order kinetics (a) and second order kinetics (b) for the
degradation of STZ at different gas flow rates (working gas: dry

air, applied voltage: 20.1 kV, initial concentration: 50 mg/L).
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Table 16. Kinetic parameters for the degradation of STZ at different gas flow
rates (working gas: dry air, applied voltage: 20.1 kV, initial

concentration: 50 mg/L)

Gas flow First order Second order
rate

(I/min) k; (1/min) r ke (L/mg * min) r
0.1 0.0192 0.9961 0.0007 0.9593
0.2 0.0956 0.9248 0.1137 0.3628
0.5 0.1821 0.9116 2.6202 0.3078
1.0 0.1225 0.9286 0.5231 0.3202
1.5 0.0845 0.9459 0.0442 0.4779
2.0 0.0618 0.9531 0.0116 0.5724
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Fig. 11. Effect of the applied voltage on the degradation of STZ (working

gas: dry air, gas flow rate: 0.5 L/min, initial concentration: 50 mg/L).
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Fig. 12. First order kinetics (a) and second order kinetics (b) for the
degradation of STZ at different applied voltages (working gas:

dry air, gas flow rate: 0.5 L/min, initial concentration: 50 mg/L).
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Table 17. Kinetic parameters for the degradation of STZ at different applied
voltages (working gas : dry air, gas flow rate : 0.5 L/min, initial

concentration : 50 mg/L)

Applied First order Second order
voltage (kV) k; (1/min) r ks (L/mg + min) r’
16.3 0.0122 0.9955 0.0003 0.9813
184 0.1100 0.9214 0.2362 0.3585
20.1 0.1821 0.9116 2.6202 0.3078
214 0.2087 0.9289 0.9809 0.3982
23.3 0.2121 0.9599 0.2754 0.5855
24.7 0.2275 0.9459 0.2320 0.5262
26.1 0.2616 0.9380 0.5095 0.5255
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Fig. 13. Degradation efficiency of STZ as a function of delivered energy
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0.5 L/min, initial concentration: 50 mg/L).
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L/min, initial concentration: 50 mg/L).
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Fig. 15. Effect of the working gas type on the degradation of the
antibiotics as a function of time (gas flow rate: 0.5 L/min,

applied voltage: 20.1 kV, initial concentration: 50 mg/L).
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Fig. 16. First order kinetics for the degradation of antibiotics when dry
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flow rate: 0.5 L/min, applied voltage: 20.1 kV, initial

concentration: 50 mg/L).
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Table 18. First order kinetic parameters for the degradation of antibiotics at
different working gases (flow rate : 0.5 L/min, applied voltage :

20.1 kV, initial concentration : 50 mg/L)

Gas Antibiotics k; (1/min) r

STZ 0.1821 0.9116

SMT 0.2399 0.9298

Dry air SMZ 0.1307 0.9368
ENR 0.1459 0.8997

CIP 0.1185 0.9502

STZ 0.4438 0.9460

SMT 0.4796 0.9654

Pure oxygen SMZ 0.3824 0.9635
ENR 0.3448 0.9699

CIP 0.3259 0.9801
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Table 19. Treatment time, delivered energy, and energy requirement needed for
the degradation of 90% of antibiotics at different working gases (gas

flow rate : 0.5 L/min, applied voltage : 20.1 kV, initial concentration :

50 mg/L)
Treatment Delivered Energy
Gas Type Antibiotics time energy  requirement
(min) (k]) (J/mg)
STZ 234 4.0 88
Sulfonamides SMT 188 3.2 71
Dry air SMZ 28.0 47 105
ENR 26.5 45 100
Fluoroquilnolones
CIP 289 49 109
STZ 8.1 2.0 44
Sulfonamides SMT 71 1.7 38
Pure SMZ 9.3 23 50
oxygen : :
ENR 89 2.2 48
Fluoroquilnolones
CIP 109 2.7 59
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Table 20. First order kinetic parameters for the degradation of antibiotics at
different initial concentrations (working gas : dry air, gas flow rate

: 0.5 L/min, applied voltage : 20.1 kV)

Initial concentration

. . . . 2
Type Antibiotics (mg/L) k; (1/min) r

5 1.0204 0.8853
10 0.5227 0.9535

STZ
25 0.3087 0.9060
50 0.1821 0.9116
5 1.1923 0.8914
10 0.7888 0.9406

Sulfonamides SMT
25 0.3614 0.9650
50 0.2399 0.9298
5 1.0899 0.8853
10 0.5446 0.8719

SMZ
25 0.2778 0.9462
50 0.1307 0.9499
5 0.7352 0.9664
10 0.4613 0.9707

ENR
25 0.2072 0.9702
50 0.1459 0.8997

Fluoroquilnolones

5 0.9597 0.9717
10 0.5160 0.9840

CIP
25 0.2297 0.9688
50 0.1185 0.9502
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Fig. 20. Degradation efficiency of antibiotics as a function of delivered

energy at different initial concentrations (working gas: dry air,

gas flow rate: 0.5 L/min, applied voltage: 20.1 kV).
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Table 21. Treatment time, delivered energy and energy requirement needed for
the degradation of 90% of the antibiotics at different initial
concentrations (working gas: dry air, gas flow rate : 0.5 L/min,

applied voltage : 20.1 kV)

Initial Treatment Delivered Energy
Type Antibiotics  concentration time energy  requirement
(mg/L) (min) (k]) (J/mg)
5 4.2 0.7 160
10 6.9 1.2 129
STZ
25 14.1 2.4 106
50 23.4 4.0 83
5 3.8 0.6 143
10 54 0.9 102
Sulfonamides SMT
25 114 19 85
50 18.8 3.2 71
5 4.0 0.7 150
10 7.2 1.2 135
SMZ
25 15.9 2.7 119
50 28.0 4.7 105
5 45 0.8 169
10 7.2 1.2 135
ENR
25 15.2 2.6 114
50 26.5 45 100
Fluoroquilnolones
5 3.6 0.6 137
10 6.4 1.1 120
CIP
25 145 2.4 109
50 289 49 109
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Fig. 21. Variations of absorption spetra with the progress of the degradation of

antibiotics (working gas: dry air, gas flow rate : 0.5 L/min, applied

voltage: 20.1 kV, initial concentration: 50 mg/L).
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Fig. 22. Changes of antibiotic concentration and solution pH with each of
their degradation (working gas: dry air, gas flow rate: 0.5 L/min,

applied voltage: 20.1 kV, initial concentration: 50 mg/L).
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Table 22. Change of pH of antibiotic solutions with their degradation (BK

: Blank Solution, A : dry air, O : pure oxygen)

) BK STZ SMT SMZ ENR CIP
Time

(min)

AJO|IA I O]J]A]OIA|]O]A]O|A]|O

0 5991586 |5.06|5.10|5.13|5.25|4.90|4.89 | 6.58 | 6.57 | 6.83 | 6.79
1 591 | 5.83|4.73|4.4415.01 |4.95|4.78 | 4.58 | 6.36 | 6.19 | 6.75 | 6.30
2 6.02 | 5.85 | 4.55 | 4.22 | 477 | 4.47 | 4.65 | 438 | 6.29 | 5.71 | 6.72 | 5.96
4 6.00 | 5.83|4.45|3.94 452|394 |4.48|4.12 589 | 4.70 | 6.48 | 4.89
6 6.02|5.86|4.24 | 3.77 | 4.36 | 3.76 | 4.33 | 3.88 | 5.45 | 4.25 | 6.14 | 4.33
8 598 589|412 |3.64|4.25|3.55|4.21 |3.80 | 4.89 | 3.99|5.84 | 4.09
10 6.025.86|4.03|3.55|4.15|3.44|4.11|3.70 | 463 | 3.89 | 5.44 | 3.87
15 5791584388 |3.35]3.95(3.26(393|3.49 |4.19 | 3.77 | 454 |3.75
20 566|587 |3.73|3.20 | 3.85|3.22 | 3.74 | 3.37 | 3.97 | 3.61 | 4.15| 3.66
25 550|588 3.63|3.20|3.74|3.20 | 3.68 | 3.36 | 3.89 | 3.97 | 4.03 | 3.54
30 5.05(5.90 354|316 |3.65|3.16|3.59 | 3.33 | 3.76 | 3.53 | 3.90 | 3.50
35 4.80 [ 5.8213.46|3.09 | 3.59 | 3.13|3.51 | 3.30 | 3.73 | 3.47 | 3.88 | 3.50
40 4741590342 |3.10 | 3.95|3.13 | 3.37 | 3.29 | 3.67 | 3.47 | 3.73 | 3.42
45 4.68 [ 5.8513.30|3.10 | 3.52 | 3.13| 3.38 | 3.26 | 3.64 | 3.45| 3.70 | 3.42
50 4571584 13.26|3.09]3.51 |3.09|3.36|3.27| 3.6 |3.44|3.67 | 3.40
55 4481586 |3.19 | 3.08 | 3.44 | 3.07{3.30 | 3.24 | 3.57 | 3.44 | 3.62 | 3.41

60 4.46 1 5.86|3.20 | 3.07 | 3.43 | 3.05 | 3.36 | 3.26 | 3.56 | 3.43 | 3.60 | 3.39
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Fig. 23. Changes of antibiotic concentration and solution conductivity with
each of their degradation (working gas: dry air, gas flow rate: 0.5

L/min, applied voltage: 20.1 kV, initial concentration: 50 mg/L).
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Fig. 24. TOC removal with the degradation of antibiotics when each of dry

air (a) and pure oxygen (b) was used as a working gas (gas flow

rate: 0.5 L/min, applied voltage: 20.1 kV, initial concentration: 50 mg/L).
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thate] A2l Al kel whE NHy'9F NOs ¢ WstE 2H7}; Fig. 269 Fig. 272 yelbW
ATt Fig. 260 ®oA] = npe} o] Sefz=vh Aejdl &g 7} Ao o) }A
ANA NH, o] AGEALS FAA ALt F3lg xolg Hole Aoz ety

AxE719 2% sulfonamideA 2l STZ, SMT % SMZ-& Za}=wp 22 7F A 2E 3}
SAlell NHy & A4 4<¢ del2 F7Feb L 30 min o] §-oll = tha ghubkstA 571
st o™, 60 min®] A2 & A &A 5 NH, 9 s+ 247 1.49, 1.54 2 1.60
mg/L3 . Fluoroquinolone# ] ENR % CIP:= 10 min®] A 3& uwj7}%x] NH, ¢

S Aol #AFHA] gt T o]x 2= AHAR FHE 4w A Tk
o™ 60 mine A7 & A &N F NH,/ 9 5%+ 217 0.23 2 0.26 mg/L=

sulfonamideAlol] H]3te] wjg- S FEE UEyth £k ASoA R
sulfonamide Al ol 41 2] NH," A &< fluoroquinolone Al K.t} 4 =& Ao = 1}
bk om ) A A A HEo] 20 min 7HA = 543 SkstthE 1 o] Fel = kvt
stAl F7bshe B3-S B 60 mine A g § STZ, SMT % SMZ &9 9
77,180 ¥ 198 mg/L=E Ax3F 7]l vlste] ¢F 0.3 mg/L 573t
Aoz YEerykt) o]d ukal fluoroquinolonel = * 2 5 min & H¥ A A3 57}
3l Ao 2 Wol sulfonamide R.Uh= NHy F el 29 H3ko] A o] FoA =
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7154 5 No| ZalAolA F718 448 AeEes e BATE249 Noj
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nitrogene 5= NH, 22 A38A T} Goncalves 5'P& SMZ %< N NH,
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Aoz Holy fluoroquinoloneAl ¢l A A o N2 Wk H43E g 430
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—— Blank solution (dry air)
8 - -0+ Blank solution (pure oxygen)

NO5 concentration (mg/L)

Time (min)

Fig. 25. Changes of NOs3 concentration in blank solution during the

degradation reaction (gas flow rate: 0.5 L/min, applied voltage:

20.1 kV).
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Fig. 26.
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Concentration changes of NH, formed with the degradation of
antibiotics when each of dry air (a) and pure oxygen (b) was used
as a working gas (gas flow rate: 0.5 L/min, applied voltage: 20.1

kV, initial concentration: 50mg/L).
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Fig. 27.
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antibiotics when each of dry air (a) and pure oxygen (b) was

used as a working gas (gas flow rate: 0.5 L/min, applied voltage:

20.1 kV, initial concentration: 50mg/L).
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Fig. 28.
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used as a working gas (gas flow rate: 0.5 L/min, applied voltage:

20.1 kV, initial concentration: 50mg/L).
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Fig. 29.
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used as a working gas (gas flow rate: 0.5 L/min, applied voltage:

20.1 kV, initial concentration: 50mg/L).
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(2) Sulfate
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Fig. 302 sulfonamideZl &7} Ze}=nlo] 23 Raj 2 E A HE SO~
A2 Al Zrel| whel YERA ZlolH, Fig. 312 A9 sstEd shrEol e ST 714
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Fig. 30.
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Fig. 31.
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(3) Fluoride

Fig. 32¥ Zg}=n} g A)7ke] 2 fluoroquinoloned 34 A1 2] H-af 2K AA]
= F o "stsE YEd ZolH, Fig. 332 d#9] st dfseo = Frt
F714 o]<l Fo ez stz or M3y nuLo Wils velbd Aol
Fig, 320 H A= vle} o]l Ax3F 79 749 fluoroquinolonel 2] ENR¥} CIP
£ T Fsme Azt wet Ao A4 Jel2 F7Fsk L, 60 min A 2
e 27 231 2 244 mg/LEth =4k A A8 $ 20min 7HA] =

A3 T7bstd o 1 o] Foll= Ao Wkt fldler, 60 min A $9] FE=e
77y 257 2 261 mg/LATh Fig. 336 UEH F 29 &S AvRE 132379
45 E¢k=vk A 60 min ¥ ENR % CIP¢] Hg&2 747F 873 3 85.3%% 4L
TAAR S Aol 77t 974 2 91.0% = AxF 7] Hlste] Zb7F 101 2 57 %

o] &gt ENR9| Edo] #3t Aol A &S} 95te] Fi= w2 £ 2 sH
slels= Aoz Kol ENR walle] 25 &= F7F sfg] == Zoletal shdlen, AE
st A FE add o sy ivtar Btk 2 A gl st E2t
zul Ao ot Fr|As H}AHS Fslo] AAHEHE F & fluoroquinolone 2]
C-F Ao wdel octo] APEH, 478 A= wFo] & v C-FATS &
Zuo]| olale] AAE FAF<Q OH Sol 9t A 7/A Frt sfgl=s Aoz
Als
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Fig. 32. Concentration changes of F formed with the degradation of
antibiotics when each of dry air (a) and pure oxygen (b) was
used as a working gas (gas flow rate: 0.5 L/min, applied

voltage: 20.1 kV, initial concentration: 50 mg/L).
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F/F,

FIF,

Fig. 33.
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used as a working gas (gas flow rate: 0.5 L/min, applied voltage:

20.1 kV, initial concentration: 50 mg/L).

- 104 -



(4) 714t

AT FAA o thsto] Eebz=nt Al odte] AHHE F71AHS o] 2AR
ntE2 v S Abgste] BA3% Al acetate, formate ¥ oxalate’} ¥EE Ao,
g Al Zbel] WE acetate, formate 2 oxalate?] ®%=E A3t 27 Fig. 34 ~
Fig. 360 YEFHATE Fig. 340 R A= npel o] AzxF 7o 4% AAH=
acetatex= A 2] A|Ztol]l wel AHdAow Frhstlal A2l 60 min ¥ STZ, SMT,
SMZ, ENR % CIP €9 % 2] acetate &%=+ 046, 5.75, 4.65, 1.34 ¥ 0.38 mg/L=
o FAA ] Hste] SMT % SMZ7F =2 A o2 Yt sqbae] 49 dx
711ty FAHA S7FeH o, sulfonamideAl ] STZ, SMT % SMZ+ 25 min©|
Bdad wW7tA = Sk oy 1 ol Fedl= 23]y AMAE Have AIdFS dE
WowM B39 acetate”} Eek=vt A elol] oste] AR L A & F AU,
7F4 =8 acetate 55 727} 050, 516 2 4.75 mg/LR 2™ 60 min 3ol
0.31, 4.16 2 441mg/L= 74333 tF. FluoroquinoloneZl 21 ENR % CIP+= z+7} 30
min % 45 min¢] A ¥E wW7A] = ekt Al Srketd on 1 o] Fol= ALl W
=2 9k, 60 min 9] F=+= ZF7F 1.89 % 0.77 mg/L3it}. Fig. 359 el
formate®] AAWIE Au W, dxE 79 45 sulfonamideZ]l= 244420 =
S7Fsttt FabRol o2 = ekstAl S7leke A e WERH e, fluoroquinolone
A= 60 mine] A ZAIF ot F A FeH =2 F71eH ™ sulfonamide ] Bt
tha v AdS Yehggleh STZ, SMT, SMZ, ENR % CIP &9 di3t4 60
min $9] FX+v 77 14.74, 10.06, 13.95, 10.58 2 10.59 mg/L3t}. =49 45
RE A= Axe7IBg g4 Frteks d¥ds dEiley 20 ~ 30
min 7 3E o] FHE = AMA S| FAshs As BHelow, 53] STZLS thE 3A3A| o
EFUI itk STZ, SMT, SMZ, ENR % CIP £
= 247} 1274, 10.07, 14.74, 11.51 2 11.78 mg/L3 oM,
60 min ol &= Z+7} 6.98, 8.82, 13.32, 1041 % 11.04 mg/L7H4] 743153t} Fig. 369l
e oxalate?] WIS AR, AxF7]9 49 ZE FAAE A2 ATt
et A48 FejE ehvtsiAl Frbeke A s vEtl e, STZ, SMT, SMZ,
ENR ¥ CIP €99 tsle] 60 min 9] oxalate =% 27} 4.87, 2.95, 3.50, 4.96
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= 520 mg/LE SMTSF SMZ= th& @A4Alel Hlste] v vhe A FS HEh
At SAERS] A EE AT dx2F 7] vste] oxalated] BAAEEE w4
SHA F7Fsk= Ao = YER 21, fluoroquinoloneAl ] ENR¥Y} CIP= tE A&
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Acetate concentration (mg/L)

Acetate concentration (mg/L)

Fig. 34.
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Concentration changes of acetate formed with the degradation of

antibiotics when each of dry air (a) and pure oxygen (b) was

used as a working gas (gas flow rate: 0.5 L/min, applied

voltage: 20.1 kV, initial concentration: 50 mg/L).
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used as a working gas (gas flow rate: 0.5 L/min, applied

voltage: 20.1 kV, initial concentration: 50 mg/L).
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Oxalate concentration (mg/L)

Oxalate concentration (mg/L)

Fig. 36.
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voltage: 20.1 kV, initial concentration: 50 mg/L).
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Fig. 37. Concentration changes of organic acids formed with the degradation of
antibiotics (gas flow rate: 0.5 L/min, applied voltage: 20.1 kV, initial

concentration: 50 mg/L).
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Fig. 38. Molecular structures of the sulfonamide compounds.
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Fig. 39. Fragmentation pathways followed by sulfonamides.”

- 112 -



(a)

100- 108
a3
156
.S
HN—( |
N
O\D_
108
a2 Ts 158
156
a2 LULR NN [T K
3 SR ]
" srgadiyfozes g Sl 120 13 130 s 10T 163 1es a7s
4 T T T T T T T T T T T T T T T T T T T T T T Miz
70 75 g0 a5 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180
1004 124
N=—
+
HN—4 /
N
108 156
1 92 124
134,
108
92 ~|108 123 156
92 [lg3 108 3 N
- R 108 113 125 155
. AN W 107411 //11412271 {127 134 140 153 || 158158 iz
T T T T T T T 1 T T T T T T T T T T T T T T T
70 i) g0 g5 90 95 100 105 110 15 1200 125 1300 135 140 148 180 185 160 165 170 175 180

(0)

100- 108
+ =
92 H;N &
N,O 156
=2
92 99
93 108 156
222 158-lsg
a1 gg{ 100 103 109 14. oy /ﬂau}ED
~ 161
olzre  ene0 sal ]| 274 I 10s [l 112 M9 g0 qaiaszia waan )] sy Y 173 178 )
T T T T T T T T T T T T T T T MiZ

T T T T T
70 7h a0 85 40 95 100 108 110 118 120 126 130 135 140 145 160 165 160 165 170 175 160

Fig. 40. Daughter ions of sulfonamides at MS%(a: STZ, b: SMT, ¢ SMZ2).

- 113 -



(1) Sulfathiazole

STZ &e Fehzut HgAgte] W& LC-MS A 2vEI(TIC) O] WatE
Fig. 41°] Jepgich

Fig. 41914 ®i= wpe} o] STZR.T. 10.3 min)& Z&F=np A2l A gt w2}
M2} st en, 45 mine] A ¥E Fol= STZ =7 ¢33 AlekA = Aol
HEAH AT STZ7F Zal7F Hol ¥ = EallieR s Jase] ARvE
TGl A A Aol Skl whel A} weol A HJATIE Ak o, 9] =9
7 % (intensity) =3 F7FFATHE aE = o] BREH AT ol Feh=uk Ao

= A8 F §704 184 5o AERANER A

S
L
e
il
rlo
i)
fuita)
=2
>
o,
A
-
[t
>,
L
=
—
=
&
=
o
=
o
5
Ly
o,
&
N
o,
&
U

Eet=rk A2 25 min $9 STZ &94& 13359 LC-TOF-MSE A}-&3}4]
=A% A2 E T W(TIC)H oS3 EajatEo thdh fragment pattern< Fig. 4291
UE gl o™, Table 230 ASAHAEHS vlE o7 o =3 BiAESo ot
235 Yetdido 28a HFA R oS vEoR EHekz=ut Ao &%
STZ9 Hal4d 25 Fig. 43 A A3}

Table 23 YA vpe} o] Zefz=nt Ao ofste] AAdHE STZO| Ealit= 5
elel - Al ~ ASE F 5Foqith

Fig. 43¢l XojA|= wpel o], STZ9| &alli= OH el 2|3 Wh3-0= A 3714 €]
BEE S o]FoAE Aow HAt AR AE Tl A= A3m/z 290.0264,
CoHIN;OS) = ¥ fragment ionC. & STZ9 HAHFAHAEHA HEEH= m/z
92.0498, m/z 108.0447, m/z 135.0251% m/z 156.0106= 3 &stal 9lof thiazole ring©l
OH° o] o] HMA o]FojA] &= F=Akeuk-S-(hydroxylation)ol] 2]sle] A EH = 4
A3} s} ehE-(hydroxylated compound) 1S 1% At A2 B+ benzene ring©l A
OH°ll ¢]g Wk-& o= A ztufo] =Atstslgtee] W= AR, o] 425 F3}

- 114 -



AAAE BEALS F3 fragment ion®] m/z 101.0149, m/z 126.0577 % m/z 189.0104=
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Fig. 41. Chromatograms of the initial STZ solution and of the treated

solution for various plasma treatment durations, up to 60 min.
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recorded in total ion mode after treatment for 25 min.

Table 23. Measured accurate mass

calculated formula

of STZ degradation

products and

RT. Corrlr:iglemd Formula m/z Meri:ged Calg;lsasted Mass( rflllc)zl;racy
1.2 Al CsHyN2S 101.0174 100.0101  100.0095 -0.61

3.3 A2 CoHoN30,S,  288.0112  287.0033  287.0034 0.15

3.5 A3 CoHiiN30sSz  290.0264 289.0192 289.0191 -0.14

7.2 A4 CoHgNoO4Sy  272.9991  271.9921  271.9925 0.47

7.5 STZ CoHgN302S,  256.0208  255.0136  255.0136 0.00

9.1 A5 CoHgNoO3Sz  257.0047  255.9975  255.9976 0.11
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Fig. 43. Proposed degradation pathways for STZ on the plasma reaction.
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(2) Sulfamethazine
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Fig. 44. Chromatograms of the initial SMT solution and of the treated

solution for various plasma treatment durations, up to 60 min.
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Fig. 45. The LC-TOF-MS chromatigram of SMT reaction solution

recorded in total ion mode after treatment for 25 min.

Table 24. Measured accurate mass of SMT degradation products and

calculated formula

RT. Corrg;g)gnd Formula 2 Merglzsltslged Caln(izlsasted Mass( Hellf)(;t)lracy
3.8 Bl CeHoN3 124.0868 123.0796  123.0796 0.07
9.7 B2 Ci2HiuN4OsS  295.0861  294.0786  294.0787 0.03
10.5 SMT CioHiaN4O2S  279.0908  278.0836  278.0836 0.00
11.1 B3 Ci2HisN3OsS  280.0765  279.0693  279.0678 -1.51
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Fig. 46. Proposed degradation pathways for SMT on the plasma reaction
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(3) Sulfamethoxazole
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A Aol Aabgel et sk, STZ3 SMTel Hléte] tha =7 £3) 5
om Ag] 60 mino] F3E o] F 7o) HE EaAE ] vatEe AdEglon,
7]

-

HEEAIZIO) 1 ~ 2 min B9 9 AEL STZH SMTH vpR7FA 2 A 2] A ko]
Aol wet Ao FUhE = o] #EEAT

Zot=rt A2l 30 min ¥¢] SMZ &S &8s LC-TOF-MSE A}-&38fe]
A% A2 ETM(TIC)H =3 Eaj4kEo] )3t fragment pattern= Fig. 4891
et o, A ER S ngto g shetaduolH o] 2o g AZE oS
o] g3te] d &gt EallatEEd e Z¥E Table 250 YERNA L HF 4o 2 Fe

=

zul Aol olgk SMZe| 32 E Fig. 499 | Al st

Table 25 LERH nfo} o] Fefz=wl Ao ofsto] AGE SMZo| Eafit= 5
gele Ede Cl ~ e & & 5Fo3rh

Fig. 490l R.ofx]= wnle} o] SMZ9| &3+ thE sulfonamideZ] 9 vF37FA] =
OH°ell 9%k whg-of oJgk Ao = =A 37HA 9] i Tl o] FojA= A o= Bl

A2 AE Folo] AAE= B Co(m/z 271.0382, CioHioN:058)+= T4 fragment
ion®Z m/z 99.0550, m/z 109.0297, m/z 161.0012 % m/z 17299215 7}A 3L o]
benzene ring®] °}v]:=7]7} OH°¥ % $+% 1L benzene ringo| A OH°oll 23+ 4=4k3}
HES-0 2 AAH F=4133etER] Ao R o =HAY. A2 BE SMZ9 benzene ring
oA OH"ol| o] wkg-o 7 F4kststgtee] A= GAR, o] 425 St 444
A& F3¥ fragment ion°] m/z 99.0552, m/z 108.0445 % m/z 172.0051< > 3}s}
T Ao2 Hol #AbsteletEQl C4lm/z 270.0542, CioHiN;OS)dS & = 2l
AZ ColAE SMZ9 isoxazole ringollA OHCol|l ¢]3F Wkgo g MAEE =3
C3(m/z 283.0651, CioHisNsOsS)7F A =™, 8 fragment ion© 2= m/z 92.0497,
m/z 108.0452 2 m/z 156.0125< 2zt Qlth SMZeF #34k=(C4, B C5)2 OH°
olsk S-NAEe iy ¢]3}e] 3-amino-5-methylisoxazole?! C2(m/z 99.0557,

o

e
R

%2
&

%2

o
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CiHeN:0)7F 87 =], OH el 2|3k C29] =atshukg-of o]t Av C39] S-NAFH]
el 9ste] Cl(m/z 133.0610, C,HsN:Os)©] A3 E e},

Baran 5% TiOy, Fe salt®} TiOyFeCly9] #Z] S o] &3 M upA| o] Rajo] 7t
ool A sulfamethoxazole] F3al4Hz2+= sulfanilic acid, oxalate acid, benzenesulfonic
acid, acetic acid, sulfanilamide s©°] Q¥ vty Hustd=d 2 AFolA =
oxalate acid®} acetic acid 52| F7]4F2 HE% QAR sulfanilic acid, benzenesulfonic
acid 2 sulfanilamide®] 44& 5% kvt Hu 572 TiO, F&5WE o] &3
SMZe] #aflol ek Aol A EalitE=Z C2, C3 2 C49] &4 o] A =1L, Trovo
e SMzel #atetisfol w3 Aol C29F C47F AAEM, Trove TP
photo—fenton ¥H&-2 ©]-&3F SMZ2] &aflol &3t Ao A benzene”} isoxazole ringll
OH°e gk whg-o = Fafj7} o] Fojxlthal stlown, Fajit&E== C2, C3 B C4
o] AdETta BastgTh

4
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Fig. 47. Chromatograms of the initial SMZ solution and of the treated

solution for various plasma treatment durations, up to 60 min.
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x10® 156.0114
224 92.0501 =
2.1 ‘m/ SMZ
; HOygo NH
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1,94 HaN—4,
1,84 N
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1,64

159 H}Vw
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Fig. 48. The LC-TOF-MS chromatigram of SMZ reaction solution

recorded in total ion mode after treatment for 30 min.

Table 25. Measured accurate mass of SMZ degradation products and

calculated formula

RT. Corrlr;p;glemd Formula 4z Me;a:t;;ed Calrizlsasted Mass( rrelllc)g;racy
0.9 Cl C4HsgN2Os 133.0610 132.0536  132.0535 -0.15

2.5 C2 C4HsN20 99.0557  98.0485 98.0480 -0.46

3.5 C3 CioHisN3OsS  288.0651  287.0579  287.0576 -0.35

12.3 C4 CioHiuNsO,S  270.0542  269.0469  269.0470 0.14

12.5 C5 CioHioN20sS  271.0382  270.0309  270.0310 0.17

13.4 SMZ CioHnN3OsS  254.0595  253.0523  253.0521 -0.20
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SMZ (m/z 254.0595)

0 HO

1 N 9 ~ o HO
HO STNH-Q H,N S—NH—K i

! N-O i -0 H,N S—NH—Q

o 0 N i _0

HO ud 0 N
| C5 (m/z271.0382) C4 (m/z 270.0542) C3 (m/z 288.0651)
HOno
HZNH - HzNﬂ/
N-O N~
C2 (m/z 99.0557) C1 (m/z 133.0610)

oxalate, acetate
formate, NO3",
NH,", S04
CO,, H,0

Fig. 49. Proposed degradation pathways for SMZ on the plasma reaction.
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2) Fluoroquinolone 7|

ENR(1-Cyclopropyl-7-(4-ethyl-1-piperazinyl)-6-fluoro-1,4-dihydro-4-oxo—-3-
quinolonecarboxylic acid) ¥ CIP(1-cyclopropyl-6-fluoro —-4-oxo-7- (piperazin—
1-yl)-quinoline-3-carboxylic acid)¥ nalidixic acidZ%E A& ¢ =& g% &

zt31 9]+ fluoroquinoloneZ o] ™ % Fig. 503} #<& 7|E3L%E zt31 gith

Enrofloxacin Ciprofloxacin
R C2Hs H
+ +
[M + H] =360 [M +H] =332

Fig. 50. Molecular structures for the quinolone compounds.'®

(1) Enrofloxacin

Febzol A gAzte] wE ENR &9 LC-MS Z=vtEIH(TIC)S] W3tE
Fig. 51 Weti it

Fig. 51¢14 X+ nhe} o], ENR(R.T. 15.2 min)& Zek=np A2 A|7ke] ule}
A2F skl o, 60 mine] ¥ o] % v A7t AbekA = o] wEE AT &3]
w2 A2t JERd nRel 7o) ENRS ZEh=u} Ao ofs) a7} o] Fof
A 7] A #eE A sulfonamideAloll Wl el @2 d =50l AAEH= AoE e
o]+ fluoroquinolone| 7} sulfonamide o] ®]&}o] B33t Ex 722 7FA 1 917
iolw, wi-¢- GFe FEo EafjitEe] A EE Aow Kol B EafH )
UES 7ML e Aoz AT A8 60 mino] Zad A=mrtEIe] 94
o] o}

=

= Aow Hol 4] RAREL o 43 A &9 Fol B
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s Qs Ao vebutth ol Eazet Aelol oJako] Rawy) oo ey

BA5e] AYAATE AL s Ao, 4719 ol egRAY B AT A

=
A4 BFEe] AEE oz s

Fig. 52 Z22vl A 2] 30 min & ENR €99 )5t LC-TOF-MSE A}-83}¢]
A% 2 2elE2(TIC)ol ™, Table 260% <53 EajatEEd U3 A=
e AT 183 HEA SR o]5S v o® Fef=ul Ao o gk ENRO| 3
74 22 Fig. 53 A8kt

Table 260 LERA vleof o], Sepz=nt A ejol] oto] A/d ¥ ENRE #afikE
lE 42 D1l ~ DI02® F 1050l o5 5 D6E AQld 959 Zafjit=2

of

lo

Wetzstein 529 2R3 (brown rot fungus)$! Gloeophyllum striatum® )3k
enrofloxacin®] 3ol #3F Ao A A A3 hF-E o] BajatEyt Adx|sls= ZAow

YERE 7] Wit ol & nigow BIHAZE AASHA

Fig. 534 ®.+= npe} o] ENRE] &3l AA 57149 H2 5 &3l o] FoA+=
Ao 2 AlRHT A2 AxE AHE A el= 2 A 348 (oxidative decarboxylation)oll
ojate] AlZE = W0 ® m/z 33217660 = D2(CrsHapFN30) 71 A28
A&ste] s 2 ae] F729] Fdell ol A ¥ = isatin F B9 DA(Ci7HxFN;O,) &F
anthranilic acid F=AQ1 DI(CigHxFN:;O») 0] A== o2 A5, 42 Be
ENR¢] N-dealkylation®ll €3} m/z 332.1405¢] D6ell ald &= Edo] AA = ukg
o= 7P AP BAAL CrHisFNyO 02 A58 Bz 2 T8 241 vag
A3} ciprofloxacin®] Ao& ettt A2 CE 9843} wh3-(defluorination)ol] £] &)<
AlZto]l H = WhE 0 2 m/z 358.1762¢1 313 %= D3(CioHzN:04) 0] A =™, D3] &
AFa}akS-(hydroxylation)ol] 2]3te] m/z 374.170991 &E %) += D3(CioHosN:Os) 0] A ek
A2 D TS FARRESel 9 sk Fl o= ENR-2 OHol 9J38te] m/z 376.16661 a3 &=
D8(CigHzFN;O0) 2 m/z 392.1616°1 3l =]+= DACigHnFN;O5) 7} A Et). A= Eoll A&
piperazinyl®] -2 Absltaflol 2¢]8te] m/z 334.1563¢1 &%= D5(Ci7HFN3;O03) 7k
AREH, o o] a7k Rl met m/z 263.082600 3 E = DI0(CisHFN:O0y) €]
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EREIEY
Fig. 5391 LERdl vls) o], ENRe] #3li 2Ae) theat $1416] OHPo] 24159 A
15 FArshuLg S olsto] ofe] Ao

Guinea 572 71832 Ql 1FAETAH LS 0] €3 enrofoxacin®] H-alol 73k
Aol FH AskAI¢l OHCdl ¢l&te] D3, D5, D8 2 D10o] EafitE 2 A4 s,
Sturini Y% enrofloxacin®] 3 3}8tE3a) o] 3t ool A o] 9} GAFS A= D3,

D5 % DI10°] A4 = lvkar ¥ arsslt
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Fig. 51. Chromatograms of the initial ENR solution and of the treated

solution for various plasma treatment durations, up to 60 min.
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Fig. 52. The LC-TOF-MS chromatigram of ENR reaction solution

recorded in total ion mode after treatment for 30 min.
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Table 26. Measured accurate mass of ENR degradation products and

calculated formula

RT. Corrgﬁsnd Formula 2 Me;zg;ed Calriiasted Massi nillc)zt)lracy
8.4 D1 CigHo2FN3O,  308.1769  307.1696  307.1696 -0.02
9.0 D2 CigHooFN3O,  332.1766  331.1692  331.1696 0.37
9.8 D3 CioH2sN3Os  358.1762  357.1688  357.1689 0.06
10.7 D4 Ci7HooFN3O,  318.1611  317.1533  317.1540 0.65
10.9 D5 Ci7Ho0FN303  334.1563  333.1490  333.1489 -0.09
11.1  D6: CIP  Cy7HgFN3Os  332.1405  331.1333  331.1332 -0.10
11.3 D7 CioHasN3Os  374.1709  373.1637  373.1638 0.10
11.5 D8 CioH2oFN3O4  376.1666  375.1591  375.1601 1.04
12.4 ENR CioH2oFN3O3  360.1716  359.1643  359.1645 0.20
14.2 D9 CioHooFN3Os  392.1616  391.1543  391.1543 0.01
15.2 D10 CisHiiFNzO3  263.0826  262.0754  262.0754 0.02
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R eeOEIRSe s SIS > o}
A K/NW A K/NW A K/NT

D2 (m/z 332.1766) D4 (m/z 318.1611) D1 (m/z 308.1769)
/mTitI::[;

A L\/NH "B

D6 (m/z 332.1405) ENR (m/z 360.1716)

/DLR
OH |Z& L\/N Jk{f%li;ji OHJkﬂijji:ji;/;L

A )

D3 (m/z 358.1762) D8 (m/z 376. 1666) D5 (m/z 334.1563)
6 0 O O OH 0O o

Jkﬂj;l;:[N/\n OHJkEf;Ii:[N/\1 "L,
A OH K/NW A OH K/NW A

D7 (m/z 374.1709) Dy (m/z 392.1616) D10 (m/z 263.0826)

Fig. 53. Proposed degradation pathways for ENR on the plasma reaction.
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(2) Ciprofloxacin

Zetzul A algtel] wE CIP 948 4% LC-MS ZZuELJ(TIC)S Wats
Fig. 54¢] YeEp AT,

Fig. 540l A B= npe} o] Sef=nf Ao o]sto] CIP(R.T. 14.1 min)& A[3to]

Aol wEl Ak 7HAsH 2.1, 60 mino] A apE o] ol = 3 A7} AFEFA]
HEH Ak RT.7F 9.0 min o] %ol dd¥ = a4t E2 60 ming] A& § &2
Atk ot o] o] EalttEEe] dAE2 of s ot dlo] a7 ol e e

FAstdES] A &l =R dvkes ASs & F A

Fig. 56% Z&t=vF A2 30 min $¢] CIP €99 tjsto] LC-TOF-MSE AF&
to] 4% aZntE 29 (TIC)o) W, Table 2791+ ms/ms AFMEHES Hlgto 7
oS3t HejitE sl et 235 YEtdiith 22la HFH o o5& HEgoR
Zot=nl Aol o3k CIPY w3l d =& Fig. 5691 A A%

Table 270 Ltebdl wpe} 3ol EHefz=wl Ao olste] e CIPY Falite &
golyl 5242 El ~ E8eZ F 8Fo|3dth

Fig. 560141 K& nkel o], CIP9| ®al= Al 471419 A rE T3l o] FolA=
Ao R Welth A& Ax CIP9 piperazinyl®] F-91ell OH¢] == WA &3l 7} A=}
He Aoz AyeE 5 glow #4EstslgE (hydroxylated compound)?! E4(m/z
3481355, CiiHisFNsO9)7F olell s == &do|th of7|o] AbAadA7E s A A
E6(m/z 362.1147, CiHigFN:Os)7F AAEw, 278 o2 CO7F &4 5] piperazinyl
ring®] <9 (opening)@ o] Lo} E3(m/z 3341197, CisHigFNsO.) 7} A o)
S92 ciprfloxacin®] . E4tsko] #3E 1ol A E30] thA] COE A H o]
desethylene ciprofloxacin®|2h= =2 o] A= a1, o] 49| piperazinyl F-¢lo 4 4ts}7}
o oy} Aart sfgl=dA E8(m/z 263.0830, CisHiFN:Os) o] A ®ltkar ¥ a1sk9ie},
SHAEE 2 ATt A= E37} E89] F3HH=2l desethylene ciprofloxzcine AE5 4] &9%th
A2 Bx CIP9 piperazinyl ringo] At3l7} WA Al ZE = Z 22 E7(m/z 291.0779,
CuHiiFNoOy) o] A ™| piperazinyl ring®] dealkylation®l] ¢]38}o] E&(m/z 263.0830,
CisHiiFNsOz)ol A= HFZH o7  defluorination®] 98t ES(m/z  261.0870,
CisHieNoOg)7F A e A= C= CIPY defluorination®l] ¢J3te] E2(m/z 330.1446,

rr
2,
o

2

ol

Dewitte &
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CrHisNzOp)7F A ¥ = A molw, A7]o] aHaAl o] &afjol] w3 23 5 Fol o] 2%
£ ©]f% defluorinationol] olste] E59F E27F A/ Al E7F A 82l ¥ 7] o<
Ao R AuHEY HAE De Atsd @712 5 A 8188 (oxidative decarboxylation)ell
o] stof AJZFE = HE-S El(m/z 304.1456, CisHisFN;Oy) o] A3d )

Xiao 59 fenton A8} -S ©]-83 ciprofloxacin®] &3llol 3t AFA A% El, E2,
E5, E7 9 E8 w9 &ajitEe] AT Hustalon, CIPY &3l <A ENRS
Al 2 = piperazinyl¥} quinolone®] F-91ellA OH el ¢]3h F=4ks}yk-g-o] o] Fo
AHA Zef7E ARt = AR AR EU

o]

o
Hi

1o

o
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Fig. 54. Chromatograms of the initial CIP solution and of the treated

solution for various plasma treatment durations, up to 60 min.
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LC-TOF-MS chromatigram of CIP reaction solution

recorded in total ion mode after treatment for 30 min.
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Table 27. Measured accurate mass of CIP degradation products and calculated

formula

RT Corrgﬁsnd Formula 2 Me;zg;ed Calriiasted Massi nillc)zt)lracy
7.5 El CigHisFN3O,  304.1456  303.1383  303.1383 0.00
8.7 E2 Ci7HigNsOy  330.1446  329.1372  329.1376 0.40

9 E3 CigHi6FN3Oy  334.1197  333.1123  333.1125 0.19
10.1 E4 Ci7H1sFN3Oy4  348.1355 347.1282  347.1281 -0.10
11 CIP Ci7H1sFN3O3  332.1405 331.1333  331.1332 -0.10
11.8 E5 CisHi2N2Os  261.0870  260.0791  260.0797 0.64
12.9 E6 Ci7Hi6FN3Os  362.1147  361.1072  361.1074 0.22
14.9 E7 CuHiiFNzOy  291.0779  290.0707  290.0703 -0.45
15.2 E8 CisHiiFNzOs  263.0830  262.0757  262.0754 -0.35

- 140 -



*ﬁﬁ@c *ﬁﬁ@ fﬁw

OH
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Fig. 56. Proposed degradation pathways for CIP on the plasma reaction.
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DBD Z&t=u} ¥H3-7]5 o] 839 sulfonamide (sulfathiazole, sulfamethazine 2
sulfamethoxazole)9} fluoroquinolone A (enrofloxacin¥} ciprofloxacin) &3 A 2] &

& MAE FAVEE, ThAEFE, VMY R 2V 5 oF 7HA 2zl

2. fr7taR A28 A SlS o, STZ9] Ea&=s f3Fel 01 ~ 05
L/min®] ® eIl = S7bstd e, 1.0 Lmin o)/de 2 S7HZH S B9l 24F5 <
Haeh SAE STZO HFAIR o] #obAd e8] hashs AFE UeEhsith
A7HASHE S/l wet 27)ell= STZe] Zalj& vt wasA 57

gerstA F7hshs FuE na

_,d
ol
ol
3R
o
B
juto)
_>|“l_'4

3. Zg=vl Ao 9% A EHESEs HERFTVIETE SAAE ALE
=9kow sulfonamide”| 7} fluoroquinoloneZ| B.t} #3817} 1A dojvt=

!
Aoz Vet ok 7F A el Ba& o] A7]= SMT > STZ > ENR,
PN
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i

4. Fohz=v AgAgtel g A g UV 2 EZ ] W3t
A3 ZF FAAE A A 327 A A gbel whe} dadte 9
upel o] spgHE o] A o] Fr1Esr APEA S & 5 AU
pHH 3= 9722 £AAS AFS3I9S w7l A2 7|HT) pHE 2 208 74Aa

skl o, s-AAl Aol A= fluoroquinolone | 7} sulfonamide | B.t} pHW 3} 7} = A
A

e T AR RS WSk YRR 2TV E AFRSR S A A AR
et Aol AdA o w Frbeke AFdFS B SAAE ARRES A 2T]d =

W2 A ekt 7E ol MASE] SUFehe AES B ow, SAA Aol A=
sulfonamideZ| 7} fluoroquinoloneA| B.t} #& S7H-S H AT TOCY W= 7
JfAE AZRF7|ET £A AT =& TOC AAES Hgow, A Alo]o A=

fluoroquinolone | 7} sulfonamide | .t} =& A A &< H At}

5. Fet=uk Ao o T8 7oA sulfonamideAl= SO, NOs, NHy',
acetate, formate®} oxalate”} A4 & A2 fluoroquilnoloneAdl &A= F, NOs,
NH,'", acetate, formate, oxalate”} 473 = ATt 2| Al 7kel] e} Falit=2 4
ol2AEAN f71hte] S SUte R o, AxE V| HtE SAAE AMSSEE S W
O ow=a o @ol] Y= Ao® YUt AR E AHESS W 60 min®
He] A7t & sulfonamideZ] © SO~ &2 &S 669 ~ 86.4%°]™ A A ALo]
ol Al= STZ > SMZ > SMT9| £o]l%lem, fluoroquilnoloneZ] &AJ#]2] F =9

Agk&2 910 ~ 974%c°lw FAA Aol A= ENR > CIP9 <ot gt
NH, % NO; 29| "&&-& 157 ~ 332%= SO, % F 2o [Ashgnr) vgron,
A A o2 sulfonamided 7}  fluoroquinolone Al E. =2 HAIES HA
sulfonamide#l ¢l N F7]&3}te] oJste] NOs Etb NHy' o FH2 A+
fluoroquinolone A= NH; H.thi= NO; ¢ dej=2 d3hx Aot

6. FAAE ZajHAd oste] Fo] AHHE= F7]4ke] A= STZ, ENR 3
CIPE formate > oxalate > acetate® =°]%li, SMT % SMZ% formate >
acetate > oxalate®] ©Oo & FAA S Firol] wet U]t o R HIEE= FEH=
azle vuE §F AA3 dasid o

B

ko acetate?} formate= H-&
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