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An Investigative Study on the Characterization of Cefaclor Decomposition in
UV/H:0, Process

Chunki Cho - Ihnsup Han'

Department of Environment Engineering, The University of Seoul

ABSTRACT : The combining process of UV irradiation and H,O, was used to investigate characteristics of cefaclor decomposition in
the aquatic environment. The separate mixing tank was used to minimize the decreasing effective of contact area caused by sampling.
Four baffles were installed inside the UV reactor for the complete mixing of the sample and outside of the reactor was wrapped with
aluminum foil to protect the emission of photon energy. Production of OH radical was measured using pCBA(p-Chlorobenzoic acid)
indirectly and rate constants were withdrawn pseudo-frist order reaction. Optimum condition for the maximum production of OH radical
was found to be pH 3, hydrogen peroxide of 5 mmol/L and recirculation rate of 400 mL/min. Pseudo-frist order reaction rate constant
was 0.1051 min". In the optimum condition, cefaclor was completely decomposed within 40 min and rate constant was 0.093 min". Decom-
position by OH radical producted intermediate anions such as chloride, nitrate, sulfite and acetic acid and phenylglycine. After 6 hr
most cefaclor was decomposed by UV/H,O, process and converted to CO, and H,O, resulting of operation in the decrease of TOC and
acetic acid and the disappearance of phenylglycine.
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2.1. A1 € 7]7]

Cefaclor(Sigma)$} pCBA(99%, Sigma)®] =]3}stsd E4
£ Table 13} Zom Hro] HAA ¢lo] distilled water
(Aquamax™, Younglin Instruments, Korea)oll o] 233}
Aok FFEES olgste] WEEEH o AN
Aain AAAe ARAFE FadT ¥el A8
ATdaes AA AoA AHgsk= d= FrdAleke] Al
928 A& 250 mge distilled water 2 Lol =91 & GF/C
AR 2 ojzste] APzl ghAl 3|4sle] AME-sTh
H20,(30%)= JunseiAtZHE TFYATE APz mE
27 pH 4SS 93+ 0.1 N-H,S04(97%, OSAKA, Japan)
7} 0.1 N-NaOH(DaeJung, Korea)S A3} 7]7184-&
HPLCH A9 J.T. BakersZ2F-E 793t AAIHSTh

2
B AT A 49 FHE Fig 19 Bk A9
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A W37 E pyrexZ AZE O™ Zol= 300 mmo] il
273 80 mmo|et. BAY FES HAsketr] 9fs) vt
37 FEEVS SFuE Y2 e A5 &3
TS 98t wg7] YR EHE baffleS A3
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A, AP IEZ(GISTS-AN, Sankyo Denki, Japan)S
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Azote] FEFEHAYo] Haste EAMEOl Jo=
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ARste] RERENAL P P AL
RS AGsC: BYE o}a@ Az BEgde
dol= 365 mm, W72 140 mm©|™ magnetic barE ©]
%6‘}04 3T *‘mﬂ ARERE F AR e 2,000
mLo]1 0T, Apeldnk-g7] W A1) 2 1,150 mLelH]
t}. pH(Mettler Toledo pH-meter)2} 7] =%(YSI 30, Ohio,
USA)= EtxollA S48k%lem B Z(323S Drive 400
rpm EU, Watson-Marlow Bredel Pumps, England)E ©]-%
skl A 8E AEFoE FEAHTH
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Table 1. Physical and chemical characteristics of the chemicals

Chemicals Chemical Molecular loa K solubility at
structure Weight(g/mol) & Bow 25°C(mg/L)
Cefaclor | | | 3678 | 0517 | 8600
o, ™
pCBA : 156.5 i solu‘l:/laet:rl hot
=
=
W M
Phenylglycine = 151.1 - -
B
®
L
Sampling ﬂ,ﬁ:‘t
Wixirg k A
Tank [
k- %
Wagnelic stimer

Fig. 1. Schematic of the experiment at apparatus.



2.3. B-Aukd

pCBA 292 DionexAF2] HPLC/UV detecterE ©]-8-3}
Qo AHL C18(5 pm, 4.6x250 mm, Dionex)S ©]-&3}
%tk pCBA £299] mobile phase methanol(J.T Bakers)
Z} 5 mM H;P04(97%, Osaka, Japan)= 60:40(v:v)S.Z A}
|39, 4 | mL/min, FYF 10 uLE UV HAZE7] 235
nmo| A AE39 T Cefaclor= Lambert 52 W HS
=743}y DionexAt2] HPLC/UV detecterS ©]-83}o] £
3}t Mobile phase A= 100mL2] acetonitrile(J.T Bakers)
S DI water2 3]43}e] 1000mLE W53, HF pHE
H,S0,Z ©]83}] pH 2.57} %2 319t} Mobile phase
= 300 mL9] acetonitrile, 150 mL methanol®l] &7 550
mLE& ¥l HSO.5 ©o]83te] pH 252 X435t 49
ARESEATE A:B=90: 10(viv)°]H, % 1 mL/min, Y%
10 L2 UV #ZE7] 254 nmolA A&314c” CI, SOy,
NO5, NOy, CH;COO™ &9 &°]2 ICS-90 Ton Chroma-
tography(Dionex)& ©]-&3l] Z43tAth Column-2 lonPac
AS14(Dionex) A3}tk Mobile phase= Na,COs(Sigma-
Aldrich, Germany) 0.742 g3} NaHCO;(Fluka, Germany) 0.168
S distilled water®] =] 2,000 mLZ A|Z3}5 2™, rege-
nerant solution 98% H,SO4(Sigma-Aldrich, Germany) 2.8
mLS distilled waterol]l =<3 2,000 mLE A|Z3FA}T} 114
T9] AFIIAE o]8sle] &F(dissolved) ©|XFSIEIAE A
Ao HE7|= electrical conductivity HE7]E o]&
AT F f-71€H4x(Total Organic Carbon; TOC)+= TOC analy-
zer (TOC-V CPH, Shimazu)Z o|&3le] 248t}
3.4 A3 ¥ nz
3.1. 7] pH¥slol| w2 <3
OH radicalZ} pCBAE ®FS3l A= E28 43t
ojmjo] ¥hE-AS 2 (1)} o] ek = drk 2 (2)A]
A7l WE pCBAS] =749 OH radical®] =74
7} Zov 2 pCBAQ A+ OH radical®] AAJolelar A
248t o§7]4] OH radicale] TFoz ZAstcta 7148}
H 2 Q)T Zo] AL EEE YEE 4 9tk o
714 ke JAILARSEEAATE Ut B ATl
q =

£ 4 @ olgdtd] MISEIFT AEHG

pCBA +OH + — products (1)
d[pCBA/dt = d[OH]/dt = -k[pCBA][OH - ] @)
d[pCBAJ/dt = -k [pCBA] 3)
k' = In([pCBA]¢/[pCBA])t ()

Hug 7]1E A7l oshd UVH0, 54X 27] pHo
W3k OH radical A0 33 92 MAl= Aoz Hal

UV/H,0,8730 2]8F Cefaclor &3] Sl 3k 7] xA4 1041
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Fig. 2. In[pCBA] versus time in pCBA decomposition with
variation of initial pH in UV/H,0..

53 kY UVH.0,8 78 01A 7] pHE 3, 5, 7, 92 W3}
sled A 7bel] WE In[pCBA]S] W3E Fig. 20 Yehl i),

o
71Edo] REgste] A oAStEA(COy)7E FF =
2 4% Pl A bicarbonate(HCOs)S} carbonate(COs™)
2 ZA5F] OH radical scavengerZ 2Hg3sl= Zlo] 7191
oty Algdth a2y e pHY Yol A= bicarbonate
9} carbonate”} carbonic acid(H,CO3;)Z EA| S22 scaven-
gr2As] 2ol Hobx] WS} S A0E A
ztg o}’

OH - + organic pollutants — products + CO» %)
OH : + HCO;" — H,O + CO5’ (6)
OH - + CO;” — OH + COy (7

B3 22 oM 2 8)~(10)7 2] H0E OH
radical S A7 RTE B3 Alxz B0 B9y
(conjugated base)$l HO; (hydro-peroxy anion)7} 874 |
Harst5 49 OH radical® WHESl=Z AAFEo] A
He gog gzen” A1) pH 270] 39< dstor
o]F AFFE = pH 3014 AASHHTh

2H,0, + h¥ — 2H,0 + O, ®)
H,0, +HO, — H,O+0O,+OH - )
OH : +HO, — H,0+ 0y (10
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Fig. 3. In[pCBA] vs time in pCBA decomposition with varia-
tion of H,O, dose in UV/H,0,.

Edo|ARE AAF oo Iistrid FULS 2357
l‘i—‘i%% ?4_074 *7314 AAEES AL S A
FIFS =&stuA x7] A
5 *io TEE 0, 5, 10, 20, 50, 100 mmol/LZ *H3}A]7]
WA A7kl WE In[pCBA]S] ¥W3lE Fig. 3¢ JeERSATH

A FUFEEE 5 mmol/LY o) W& AIST)
0.089 min' 2 7g Ekow, 3aslrae] FUEET) 10,
20, 50, 100 mmol/LZ Z7}&4= Z+Z; 0.0876, 0.0858,
0.0848, 0.0762 min 'Z wesEwy) AastsE A Oi el
wgth ole ARFEE o] Hilslra FUL e aEs S
FaATE 718 A7 Baelh IAsknh 2 (11)”
(13)3 2ol Hirslrie FAKphoton)S} ¥ —8—5‘}04
radical2 A& vt olyz} OH radicald} HH3-3}e]
88 AT scavengerd] 9T = o=
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Fig. 4. In[pCBA] versus time in pCBA decomposition with
variation of recirculation rate in UV/H,0..

FEHSHEAS B A FAEA ool
Hzo] frakel met pCBAS] A|ARE HEZH
o2 AztE o] olo] tig ZALE AAISHATE B
o] 100, 200, 300, 400 mL/min® = 3} uf
In[pCBA]¢] W3l= Fig 4o R AT
AtstE oA Bz 3ol F/MEFE AA
% A&t o 21]744'9‘-?-50] F7Fsht AEA
& + AEAIRIo] FAs7] Wil 2357 Al
A&go] Zadta A dok') 2y B AT
= P29 £3H[Fo] 100~400 mL/minl. 2 F7E4-=
&o] F7FsAth ol A (14)~17)F #Zol
3, "@‘é% B G kATt %
X}(phOtOH)"ﬂ o] ( VAsks | e} Ho] ditkslara-s}
H]'—O—OI-Oﬂ OH radical 53"3‘3]-7%14- superoxide FE|Z &
o] WHEa&S TV AR AzEh old WS
At s o doiuinl & AP pi 391
Qgsgons 7 v 4% ne Ao
2 AZEg? 2
mL/min®] %1t}

—-—' OW
_,d
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A
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Oy+e¢ — 0y (14)
pCBA+0, — pCBA"+0; - (15)
O, - +H,0, — OH - +OH+ O, (16)
O, +hv — super oxide 17

3.4, HH x4 9] cefaclor Al A

pCBAE o] &3} FH3%F HZ OH radical AZLS
pH 3, Z3alra 0% 5 mmol/L 12]a HEZFAFH
400 mL/min®]{c}. o]#3F HFHo LAFqA ] UV/
H,0, &40l 2J38F cefaclore] FEW3FE Fig. 59 YERY
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Fig. 5. Degradation of cefaclor with optimum conditions in
UV/HOx(pH=3, [H,0;] = 5 mmol/L, recirculation rate
=400 mL/min, [cefaclor]=0.27 mmol/L(100 mg/L)).

It} Cefaclor= 40 minTrol] $+43] Ea| =A™ cefaclor
7} OH radical> 12} ¥ES#AI QUUch ojw W& =
EE 0.093 min o] At

3.5. 7] cefaclors = W3}ol w}2 &k

AAZ Ao A cefaclorol] THEF AFE 7} BA] o
379 stEAEA A4Sl cefaclor”F 500~980 ng/L
o EAsle Ao Busm kY B Al <
FAF] cefaclorsg =7l AA| A A5l T
o g thik E=gw olv AT Hold ¢ Aol A4k
34S =ol7] AgelAdnh ol cefaclore] Z7]E =S} &
faEe] IAE Gotr 7] Sl 271 FEE 247 50, 100,
200 mg/LE Wstete] AS A8

Z7] cefaclord F=7} W3} o A|7te] WE In[ce-
faclor]9] W3S Fig. 69 UEMNATE Cefaclord] =7}
50 mgLY W= 20 min ¢toll €hd 23l 7o 200
mg/LY "= 60 mindl= £33 B3R &dt) v
=% 27] cefalor®] F%7} 50, 100, 200 mg/LZ 57}
E Z+Z} 0.1535, 0.0930, 0.0270 min’ 02 AH A=
Roz Vehgt} ole wke7Jlo] IE T2 cefaclor/} &
A odf HFE AAS EF(nner filter effect)dll <3l UV
radiation®] EHEZE 7HAA7| OH radical®] AAS o
dfste] FalEso] At ZoR AZETh 4 (18), (19)
9} o] OH radical cefaclor® olUz} FHAAEAT
T ofF w24 ¥hgate ZAoE dEA Aed 27] A
ANFEAY] TE7F =875 AAEHe FUREER
(intermediates) 2] AJ 7iete =z o]z Qs A
Al cefaclore] #3i 23RS Aeg A74H

T;]' 10,14)
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Fig. 6. In[cefaclor] vs time in cefaclor decomposition with
variation of initial cefaclor in UV/H,0,.

3.6. T4 =4 (intermediates)

Cefaclor7} $+7A13] T3 &(mineralization) == 2L H7}
3}a2A} IC»Ion Chromatography), LC(Liquid Chromatography),
TOC 59 717184 A3 Th AHelEA 2 cefaclore]
oy 287] T AAXISE =2 phenolic ring, NH, group
T12]3 sulfur atom 53 & WSSk Ao E GEA Utk
aHy B A= pH 394 AEES AAISIH 7] vl
amine nitrogen(pKa = 7.49)- protonated form= #AJsle] 2F
kg0l dojubA] g5 Zo = AZHET webs 7 AT
ol A= phenyl ring®} sulfide’} OH radical®} W2#] W
st Balg Aoz Ayztan>O

Cefaclor #3|A] SIHYAFEZE acetic aicd, chloride, nit-
rate, sulfite 59 o] EZo] AA=212™ ICIon Chro-
matography)E ©]-838td F4 - A B4l w=wstE
Fig. 79 YERAAT} nitrate, chloride Z12]3L sulfite= 3
h7kA] 242} 3, 15, 25 mg/L7HA] 7kt o o)) 7t
sHA a1 4 FEE FAISE AeE UEOH, acetic
acid= HHSAIZE 2 hroll 86 mg/L7HA] F7bsithrl F4:5)
Al ZHaste] 5 hrFE 20 mg/LolA HFEE AT
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Fig. 7. Production of anions in decomposition of cefaclor by
UV/H,0:.
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Fig. 8. Structure of phenylglycine.
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Fig. 9. Production of phenylglycine in decomposition of cefaclor
by UV/H,0..

2g7)e] T2A EQoNN 529 Fe] he-

Cefaclor 28

terocyclic ring®] 7-ACA(7-aminocephalos-poranic acid)= OH
radicalell 2l A E3| =] chloride, nitrate, sulfite —L
2] acetic acids9] So]Lo g RS FHUoH, Fig
82] phenylglycines AA3IATE T ELLS AT E
Ag SigmaZE TFY3te] HPLC XM e] zHFAlTHre-
tention time)S Hlnldle] A - AH B39t Fig 95
AlZbll WE phenylglycine®] F=WH3lo] tha]l JeRAS]
t}. Phenylglycine ®¥H8-%7](1 hr) 8.61 mg/LW]-X] —2—7}‘5}
T A gaste] 5 hr o)lF 2EHo AEHA YT
olz} cefalexind cepharedalne
ol olzfgt FAAE OH
ARstA A" oz A

Phenylglycine2 cefaclor¥®
o] FUNEAFAZE o] &1
radical2 A|AstA & W= &
ZYE T},

Fig. 107} Fig. 11 zb2F TOCS} pHE] Wslel] tis) 1
ElliTh TOCE ¥HgA1E & A&EHo 2 FHAHE AL
2 Yehon 6 hr 2% 77% AAEJTE TOCY A
+ cefaclor”} OH radical®ll ]3] $+7213] F-3)3H(minerali-
zation)¥]©] CO, JHIZ 7] To2 WEHUAY] wfZolet
I AZgeh S pHE WA 2 eFE F71E R e
o] acetic acid®] AFEHE|A] H'S AH|St] 409
FTE7t A7) Wil Ao AztEr
(20)

HCOO +OH + +0,+H" — HO, + + H,0 + CO,

WEEE- A (aromatic ring)S Z1A7} delocalization® o] S

[elare]
orng A
catechols, phenols 2]

SEART 2% EA4%7} Yl Quinones,
WFELEZ L A=245 nm FHY
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Fig. 10. Change of TOC in decomposition of cefaclor by UV/
HzOz.
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Fig. 11. Change of pH in decomposition of cefaclor by UV/
H,0,.
S FREIL B B9S2 Aoz Ueld

21° ™, formic acid, maleic aicd Z12]3L oxalic acid 5]
AWEEALS A =200 nm FH] HFN FHE S}
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Fig. 12. Variation of absorbance by production of aliphatic
and aromatic in degradation of cefaclor with optimum
conditions in UV/H,Oy(1 hr).
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Fig. 13. Variation of absorbance by production of aliphatic
and aromatic in degradation of cefaclor with optimum
conditions in UV/H,0,(6 hr).

K H H

’ H
— . A | thioiide, nirata
by o "-."'-\"\-'L-\--"l\f"'f + sute, aresc ackd
. o § ]
e D .
ronk u s e
sromale el

- -

SADIa TR IS

CO, + B

Fig. 14. Proposed reaction pathways in degradation of cefaclor
with optimum conditions in UV/H;0..
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