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Photocatalytic degradation of chlorpyrifos and diazinon, which are extensively used as an organophosphorous
pesticide in the agriculture field, has been investigated with UV-radiated TiO, in aqueous phase. Photodegradation
rate was increased with increasing pH of the solution. The removal efficiencies of chlorpyrifos and diazinon were
100% after 200 min in pH 9. Photodegradation followed a pseudo-first-order reaction. The rate constants of

chlorpyrifos and diazinon were 0.0160min™ and 0.0180min”", respectively. NOs, PO, SO,

> and CI' were found

as end products on the photocatalytic degradation of chlorpyrifos and diazinon with TiO»/UV.

Key words : TiO,/UV, AOP, Chlorpyrifos, Diazinon

1. 4]
454, AzA
2oy 7183 o
o] Az}t & &
cgde
G4 P4
7 3}
24 9

3}

R ) ‘7"}“
AA7E & GHAY v &o ‘1%}0] a7ﬂ gt
AF2EH(AOP)S 71&9 ArstAE T

rhu

ul
=

[ez]

s}

iEOH g

-‘?‘“ ’\}(humic acid)

1
F

X

i
=
& 5

o]

¢
[‘ll‘

O_] =

45

A58 71X = OH radicals FUHEARZ AAAA
7 LAEAE AASE WHoREA AOPY £/E
= &MUV, LF/H0: H0/UV, Fenton’tsl

Corresponding Author : Youn-Keun Oh, Dept. of Envi-
ronmental Engineering, Cheju National University, Cheju
690-756, Korea

Phone : +82-64-754-3441

E-mail : ohykech@cheju.cheju.ac.kr

589

Electron beam irradiation, TiOy/UV Seo| gt} o]
HOPWCA T84 OH radical® o] &3 #HEF
om?ltﬂ OH radlcaM- 7183t
7 10°~10° M's'2 wf$ wa
7194 E’.% &SR FLF S
o} welA AOP &

o)
AA
H radical& A4 A7)

m&ﬂpﬁm
o
=

g }i}ﬁ*(AOPS shubel TiO/UV AL 1)
21 339 2l 300~400 nmA =) Fel
WA E Ti0, B& o] 2AMSHH 29 OHolLo]
v EE27F TiO, ¥HolA OH radicalZ ¥ 3}5 of
#7182 AAstE dot? F AYA zA}l
ostel HAE ecp (AEwo] o)zl @A), h've
(Z}A Ao Fe FF)= TiO: EHAA ZHah O]
FHA Hed olgA #iE h'vee B £9 F

slo] &3} 8kS-3]A OH radicalS AAIStL I %E—
Zbeb wh-g-s) A OH radical® H' o] 2% AR A7,
E3 Y {7127 vEste] {18

S

o *1—9‘}6]—(:]- 5)

==



4
TiOyE o] &3 FZu] &3 vhd9 FHL& {7
SEFES w2 Aol EAE 7 dx, ukg
Zol] a9l 28 electron acceptorsE H7b
& dork gloy, FEnE AAEE £ 9, o

HolbNE BEUE BASAATFI Aste] b
F2 A4 ouAgoz QAT = Y= 59 9

oz b AAHY Aerl%nA

AR gelda & 4 9l

Aol g g
sl 39710 aEe

w3l Fr18Ee] &8

Ir

498 gts 93
e A9 o1& AASIIZE ol oE ¢ HEA
I AFEE AS dale ERn¥EEYAst
AAERe) 588 A FE TAZ dd 28je
2 scale upste ¢ YAHE BAo A3
o] 8 fHojxx gtk HI pellet ¥ @
TiOE &3 FE3o i3
on] Chester’= 9
o g2k g3 #al
fr2lol TiOE nA3
FEdlste 5 FWME AAA A AN AT
Eo] A= gl
kA B Ao s Ruate
Zol gl a&o] Holuxint
HAdo] =&t Fv) 34
Al2dl Ao SAE AFEE
A FrE o] ZRE TiO; T
|3t 2% pondd 42 AAE
ol g A Aladl st BZHoZ
B T AEAZ A4 g 2ol
diazinon®} o] A¥= EAFZ7} 4

chlorpyrifos

A=)
Run

o ol

) o

T

2, Chun

Ir

T

S

i ol
B xo 12

=
=

B < | A e

P

S o

- HES}

3R

FEd A2 frAATFe2E chlorpy-
rifos(D-86199 Augsburg. 99.6%), diazinon(D-86199

Augsburg. 98%)& Al&8t4)

g .
=2

590

[e]
A

A
L.

o

Zu] 2 & TiOz(anatase, Degussa P-25)5 A&
5, AAAZE pyrex A F(HEe] &)
m, % 5 cm, FA 05 cm 729 8% 200D &
1096 gatez AAeld o, Sie2 AH ¥
100 ToAM 1A7F Az %

o =
=

O

@]

5
}‘\J.
Az F ARRS AT ®=3 UVHA
I= 30W(300 nm- 400 nm, Z°} 90 cm, Sankyo)
£ AMESEETh VlEle] Alek2 AAgle] ALY
o},

S el ZEstgeh =g 9k37) e
48 Adadc F2s) 29LS Tio,
o UV ZA8IA 271% % 5 mg/Le A
(LG, PF-064M)E o] -3} 25 L/min® 4A%
FFoZ W7l FFEgoen, wggde ex
v 20505 THew, %27 DOE 65 - 7.0 mg/L8
AAth AlEY AF = LI dA Az zH
Ao 2 100 mLE MFstgon, pHe 2HL 05N
HNOQOs;, 05N NaOH= s}ef pH
Alzbel| e EiA T HEA4

Chlorpyrifos®} diazinon®]
HEFEAYY ] 2t AR 50 mL
5(250 mL)oll ¥ol n-F A FE
% ¥ A2 FFZ7/(BUCHI Rotavapor R-12
o] &3t 40 TollA 60 rmmoe® E&Az7l
autosampler(Varian 8200CX)7} %3¢ Gas Chro-
matogrph(Varian Star 3400 CX)-Mass spectro-
meter(Varian SATURN3)E o] &35t} EAslglo
o BN zAL

A =72 Table 19 YeRSIT) o] 2(Cl,
NO; , NOs, PO SO&)EME 1.7 mM NaxCOs

2 %

o okl

r

=5

N
=

do i v & fo -

i)

EUSEe lhwi

—EE]

—— (]
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Table 1. The operating condition of autosampler, gas
chromatograph and mass spectrometer

GC Autosampler(Varian 8200Cx)

Syringe needle 10 #L
Sample vial 2 mL
Sample injection 1 pL

Gas chromatography

Column 30 meter DB-5MS
0.25 muID, 0.25 g film thickness
Head pressure 10 psi
Carrier gas He(99.999%)
Transfer Line temperature 240 C

80 C, hold 3 min ; 6 C/min to
250 C;10 C/min to 300 C,

Column program

hold 5 min

Injector program 150 T, 53.3 C/min to 280 T,
hold 11 min

Mass spectrometer

Manifold temperature 240 C

Scan rate 1.0 sec/scan

Fil/Mult deley 10 min

Background mass 39 pg until run end

Mass range 45 ~ 450 m/z until run end

Table 2. The operating condition of ion chromatography

System Parts Condition

Column IonPac AS4A-SC 4 mm

Column flow 1.5 mL/min

Sample loop 100 #L

Detecter Conductivity

Range 50 ¢S

Suppressor ASRS-T 4 mm

Suppressor voltage 50 mA

Pump P20 Isocratic pump

Fluent 1.7 mM Na;COs + 1.8 mM NaHCOs

3. A3 9 3%

3.1. TiO:2] ZH A
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Table 4. Reaction mechanism for photocatalytic de-
gradation of various compounds

pH  Chlorpyrifos(min™) Diazinon(min™) Reaction  Mechanism
0.0102 0.0107 E»ZHQ%IE): +H§%c+1 3/20, ‘
0.0127 0.0135 CHCl + H0 + 1/202 Sohailuddin(1984)"
0.0160 0.0180 — €O, + 3HCH
R T ar Teruak(1990)*”

& o ATk 7 wbg 234 9] chlorpyrifos  CGaHieNOCI + 1350 Edmondo(1963)™”

9 diazinon® W$&EL A4E wimd BE AY - 9C0; + 2NOy + €I + 30 + 4H0

MsE g Rt 4 B0 MEEENSE  GHCHOH - 60, Ling(1995)"

73 3% Table 31 UERNLTH Table 30) vhgp  _— 6C0: + 2HC - HO

A o] %7] pHel W& ¥le&w A kE v %}ZSSN?;};Z)OZ 9,0 + HNO. Dingwang(1998)*

3 B9 7] g BhEEE WEEE et 2 oo —

A debkon], ol z7) pHel Wa TR AF 500, 20N« 4a Kim(1996)"

27 2ol 97148 ddor ALE FR &

&0 F7hddE Adst YA CsHiiCNOsPS +27/20,
pH 9ol A o] wH-gA) 7k 100T77}XH chlorpyrifos¥l - 900, +H,0 +9H' +NOs + PO + S0 +3C1° (3)

HEEE 45 ke 00160 min', diazinon A CuHyN,0sPS 1210,

0.0180 min ‘2 vEHR — 1200, + THO+TH +2NO; +PO, 4808 (4)
35, o) GE HFTALEY A 54 B2 Ago]A B3 go] Holuk 27 pH 90 A
oA} Aol 2 KI1SGEA W FEN o chlorpyrifosst diazinon® B TIA A 9

Whge) 7 A Table 49 FEIAG TP a0 me yz gyze 727 2AEC g 9ot

Tablecl A & 5= SlKeo] {718HFEE°] COz HCL  pig. 100] vepich

NOs, H:0 59 F7]& ez 2eEes 1L 2 Fig. 99} Fig. 10914 & F 1%0] chlorpyrifos

& 9t o] HENAHE NOs, POS, SOL, CI'e) AA s
£ A E BEdiad 229 chiorpyrifosg‘r = 217} 0135 mg/L, 0047 mg/L, 0034 mg/L,

diazinon& # 7] AE 2ol A% chlorpyrifos?] % 0081 mg/LZ JEF}ow, diazinond HZEMAZ

Clg 7H 3 glol #4%5E NOs, NOz, POS,  NOs, PO, SOF 9 A4¥E: 242t 0113 mg/L,

SO&, CI 2 #ste] BAs 9 0060 mg/L, 0036 mg/L&Z Uehgch mes 2 A
aga chJorpynfosQP diazinon°] F5WE °l&  Holq NO, & EMZAn #A23A olstz eyt
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the photocatalytic degradation of diazinon at
pH 9.
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