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Photocatalytic Degradation of Atrazine and PCP using TiO;
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Abstract : The photocatalytic degradation of atrazine and PCP, a endocrine disruptors, has been investigated over TiO:
photocatalysts under ultraviolet (UV) light irradiation. The effect of operational parameters, i.e., pH, light intensity and
persulphate concentration on the degradation rate of aqueous solution of atrazine and PCP has been examined. The results
presented in this work demonstrate that, as pH and the light intensity increased, the photocatalytic reaction rates were
enhanced. Individual use of TiO.-persulphate was far more effective than using only TiO; in atrazine and PCP removal. Based
on the overall experimental results, the photocatalytic oxidation of atrazine and PCP with the coated TiO, photocatalyst is
found to be very effective under the operational conditions delineated in this study.
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Fig. 1. Schematic diagram of the photocatalytic reactor.
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Table 1. Operation condition of the photocatalytic reactor

Total volume 4L
(batch volume)
UV wavelength
254
(UV-C) nm
Volumetric flow rate 1 L/min
Total UV lamp 8 ea
Total quartz tube 8 ea
. 70 g
Coated TiO»
oated 11t (875 glea tube)
UV intensity
) 12, 2.7, 3.8
(mW/cm?®)
Persulphate conc. J 5, 10, 20, 50 mM

AZAZ F2 AR EE atrazine® ZA) BEAZA F2
AHEEIL e PCPE WFERZ gt 23R
atrazine®} PCPE FSi3to HFE Az3Ah ol F &
AL B=rt vl wE B oofgt A FAlA Bl
e w52 EAEY] WEd Heuy s=E vaAd A
FX(atrazine=0.2~0.3 mg/L, PCP=0.1~02 mg/L)E X3
3t} Atrazine® PCP7} £¢® 89 4 LE ZEHE TIiO

27489 49 £ 1 Umind $E2 % 3605 St
FAF T g f)Eos UV lampr} HA|F o] 49
& ) ALJHE ZARTIEA HGTNE oBska 9
atrazine} PCP &gl 8l TiO, 9+ H3}sht
S =3I 2P EAEE AN HEeZ 30 mL
A A B HTFANA AFH Bt BAE A pHe] ZA-& 6N,
O.IN-Q] ZF2Hreagent grade, Duksan)¥ 4=4F3}}E F(reagent
grade, Duksan)-g o]&3le] AT 101 $F71x %A

St

= o lm

23 BMUH

Atrazine¥} PCP&= 7]a] AZnlEII(GO)E #4349
onl B dAFo] ALE® GCE Agilent 6890N Gas Chro-
matography System-S Al8-3133l, AZE7)2+% FID(flame
jonization detector)® A}&3tgt). E4o] AF8-E columng
Agilent AF2] HP-35 AMS3HL, AFEE columng] ZHol=
50 mo]w WAL 0.2 mmeo)il column®] FAl= 0.33 ymo]
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Atk FRIIAZE 99.999%] AirE Al834Gtd. Atra-
zine?} PCP= 5Y3 GC LAZANAN EAEYE Sk
714 AAE %% 1 mUming 23-sld ALestdT
make-up 713E 30 mL/min 22 ZA3}31 columne] &%
= Z7] 40T oA 4—-‘3 A8} 5C/mm°§ e 1A
90TAAM T 383F FRAFAT AgFdRe fERe
25+ 350CE o]—?&ouﬂ Had) = ZE FAEHE Al
9] #2g £13 SPME(solid phase micro extraction) %)
(Fig. 2)¥= SupelcoAHU.S.A)2} SPME manual holderZ A}
£3)om, fiber QA SupelcoAld] fiberS AFE31QT) Fiber
°] FHT PDMS/DVB(65 mm polydimethylsiloxane/divinyl-
benzen)g ARE5tHo 85 ym polyacrylate® ARE-3}]
clean-upg AASHTE UVysy 8L radiometer(VLX-3W
Radiomter 9811-50, Cole Parmer Instrument Co)Z& A}M&-3}
o A9 FZE AN AN Bz 4G BAjol)
TUT AR #BZe 5 em 'S}F'r)‘)ﬂ/ﬂ FAs9eH,
M@l AL B Mg F sl AN A=z
458 YREE WeZ 2ANANAS B s
NEHoR HErbs). 77189 AAH(TL)E COD(Closed
Reflux Method)E =43l a3} s14c)
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TiO, FEwubg-ol 93 atrazinex} PCPo] B3}sla )
© Ui 28 ARE 53 ojFoldk ZF, Ba}tia) o)
HAzdAE A (Dol AN we2dl gt uvrl 2AME
TiO2 S$Aol) electrons3} holes®] AAdTA o)) the )
Are H@dA et Zo) deo wakmt 37 Tio: YA
AAFe] dojydrt 18y §24AU AxFE A A (electron
donor)7} EAZH A ()ellA] EHiy nie} o] valence
band holes(h")® @] active OH groupo|i} H,09}9] b
5ol sl OH radicalo] PAHh the @ANXE 4 (4)9)
2ol Fulshkgol] 28] AAlE conduction band electron

() &8NA B8] &) superoxide(O; - )7} A=
o;. Hydroxyl radicals(OH - )3} superoxide(Q; - )= ©e
7183 Ee] B5v) Eavgol A 49 uss

FTEEHA olEd 93 atrazine™ PCP7} FE3} TtHZhao
et al., 1998; Vinodgopal et al., 1996).

TiO; + hv — TiOxe'cs + h've) M
TiOz(h"vs + ecp) — TiOx(recombination) 2)
TiOx(h'vs) + OH'sur — OH- 3)
TiOx(e'cs) + O, — Ti0; + 07 - “4)

3.1. pHOj| IHE dE

Atrazine®} PCP9) F&ujul-go] vw]X|& pHO Jake w
otalzl isiM Aeldel BEE 3.8 mWem'Z
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Fig. 3. Effect of pH on the photocatalytic degradation of
atrazine.
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Fig. 4. Effect of pH on the photocatalytic degradation of

PCP.
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Fig. 5. Effect of pH on the COD removal.
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< Heoksly] YsiA pHE 1022 nHen, FFL 1
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AALELE 360% Fro] WREAZbER $g 7 AEE
el ek wakd UVREE 9heA|7L atrazined] A AEE
1A o UVEES 38mWem'EZ 60E ¥3AY o
atrazine2] E3jld) 713 &2 Ao g e

PCPe] 7A-Fig. 7) £33 UVRFo] Z/1d4E 59
a7t B85 vehden 28 UVFgiA ik
(60~120%) PCPe] g@iio] AAHULH, 3.8 mW/
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Fig. 6. Effect of UV intensity on the photocatalytic degra-
dation of atrazine.
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Fig. 7. Effect of UV intensity on the photocatalytic degra-
dation of PCP.
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Fig. 8. Effect of UV intensity on the COD removal.
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Azxhoz M=
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AAEFig 8) EF UVFFo] 271gel wat Asdigle
ol Hks27] 60RAZR B3 2% & g FbE
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3.3. Persulphate F=Jol| wE Fek

FZu k2o A persulphates] FY-& ¥ systemo] H&
S FAE ¥k ot} persulphateS FUSHA %S
o} vty HHEAILES BEAE ¢ Y AR B1
=]3. ch(Pelizzetti et al, 1991). TiOr-persulphate HF-3-&
thew 2o ueHAPe wEchMinero, et al, 1996).

TiO, + hv — ecs + h'va 3)
$,05" + € — SO + SO~ (6
SO,° + H,0 — OH- + SO, + H' @)

UV pHE ZHzh 3.8 mW/em’d 1002 X3 &
persulphate UL 5, 10, 20, 50 mM=E H3AA7PY
ARE PPt Atrazineo] i HAFZAI(Fig. 9)
persulphateE FY3Hx] ¥ Fig. 39] Ay} nwg o
persulphate®] FYFo] 5§ mMY A= FE74hd 2 Z
o]2 UEhNA] 3tor} persulphates] FUzFo] Fr1Eo
& AAEE Z7lekHk £33, persulphates F931A
%S ASE 360% FU "kgoz oF 95%(0.013 mg/L)
9 & TAE JERJ ALY persulphates FYIAS A
o= 10 mM FYA] 3008, 20 mM FYA] 240F, 50
mM FJA] 1802 2] ulg-A)7ro & atrazined] i o] A
ALAQT). Atrazine?] FEZE °F 95% A AAF)=H persul-
phateE FY3HA &S ZFFE oF 180%0] 48 E WA
persulphateE 5 mM, 10 mM, 20 mM, 50 mM FHA=
1208, 1204, 60%, 40%-°] 7}7} 4 Qxo] ¥H-g-A|7to] 7}
7} 608, 60, 120, 14084 T&H ot

PCP2] E3o] mX]= persulphate®] °38KFig. 10) EsH
atrazine®] 7-9-¢} w7 }RE persulphateE F9)8}A] &e
Fig. 49| ZA#}et Hla e wf persulphate®] Qo] F7H4
o] w} PCPEm Myt ofzl WHEAIZIE YEEHIUT
Persulphate®] F¢]#o] BliE ZHL 5 mMIAAMeE F=7
Zell & zolE VERNA] ekt persulphate®} 3¢ o]
Z7te wet AAEE F48tEch gk, PCPe] tjRE
o] AAHEH AQ%+e WA persulphates U3}
A BE ATE 3608 ¥ 5 mM FYAE 360E,
10mM FYUA+= 3008, 20 mM FYAE 240E, 50 mM
FYA= 18080} L850 WRAIZro] ZHZ 0%, 60,
1204, 18024 G=ETh

Atrazine¥} PCPeo| ER&Nd dist FE3 w-g-& 3
39S we] COD A A&S Fig. 119] YehRiT

PersulphateE F3HA] & Fig. 89 Z¥e vud o
COD9} AALd Ao)ME persulphate?] FPCF CODA)
A& Z7F B oflel AR UEEHJe 5 mM9Y
persulphate FYAlE persulphate® FYU3A Ze E+9
2 Aolg UERRA Ft o1t persulphate®] FYFo] F7}
42 CODAAE] FAHNeH RAE 935U
o PersulphateE FUetA] & A9 360% F¢e W

—@—  persuiphate 5mM
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Fig. 9. Effect of persulphate on the photocatalytic degra-
dation of atrazine.
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Fig. 10. Effect of persulphate on the photocatalytic degra-
dation of PCP.
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Fig. 11. Effect of persulphate on the COD removal.
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