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I A o, EXsH Hed? 1 F FAZR 49" 59
2 FardA e ool o3 FSEHH WS WA |
)39 27 FrolME 3¢ A7 B AURAE SR
A dojuke FEA e FH3| (direct photolysis)@F =AW o}
£ EdERE qURE ol dojube 1PEAQL s
(indirect photolysis or sensitized photolysis)”} Hojvin] 7|
A A e A=t v ¥, 725349 quencher?)
EA )3 T =9 s A CES e B9, 1
et Felsl wke A Toll ol BEse EAdo] AR=
. A FEHAY = F(290nm)o| HH Fokt W
$BHAl o] Azt Ajte] oA M2 siHEe] A4H
A, AL S5 o+ YE wReAo] B2 Fog WlslH

= AL I A] JEEe A EoA e
TR Eole Foolgle A9 FHAA Fe FrS 73
A7F AGsh= olRjol] o3 kol dojuA He AS T3t
o ZF3AEe 3L F43 F,
radical(RO,), superoxide anion(O ), hydroperoxy radical
(- O,y e wkgAel gt Bdg AAs ekt e
slet 243 vhgEA =W oj¢t 2 EFEE humic acidE
B %3 methylene blue, riboflavin, Tose bengal, acetone’s©|
EAshs Ao=m ¢4eiA Sl

= AR FI Ae 709UE AFTEHE SISl
1= 5 e, 2 Mansours,'® Climent®t Miranda'”
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singlet oxygen(‘0,), peroxy

b= 0% 3RIFQIO1} hydroxyl radical®] g
0.4 ppm flupyrazofos®] A58 (quantum yieldye 17.66X 10%0]3 01 oldje] &= e
, B3 vzl 18247kl 2000 19 189 4, 20004 49 179 )

Z=% : FE3), flupyrazofos, photosensitizer, singlet oxygen,
hydroxyl radical, actinometer
*AZFA| AL ¢ Tel: 82-42-860-7491; Fax : 82-42-860-7399

D R71A BEA flupyrazofos®] $F BEs e #FslAAl O 2h0A FEE R
S ZABIY. @53 2R5FA flupyrazofose Foll - PEstd &g iR A7 Aart
W ZF3AR 284 acctone M7 F AAF slolM FESIg HE 3HY A, FF5 acetone®]
0.047%, & Hl7} 0006 o140l HE 7% flupyrazofosol e BEs) 7 Tt 2AY Ao 42Y
Acetone®] HZE A%, flupyrazofos?] FE3] uH-g-2 BABIAIQL singlet oxygendl] s} E3l&ol 2
ke 0ER] It} Actinometer AHNA 2% acetone

130

2= M

S5 gt Fac st

58}

2ol W

0.038/

e

Eds

o] &
=
ks

28 Jang? McDow®E 0] F3lX AEA, 3
ARog JEd He P B A, #71 BEE F
Aol e FEE &L viagGozH 7 22X e Bl AT
whe7|2ke s Byl stk =l A, Cho 57
Hong 59l <)l ztz} flupyrazofos 2 DDTS] -8 32710l
whE FEE) P FelaEd] B A7UF Aoy FE, =
Az, AT 5o Wo] ot AFAER Aol the
FoFse] FEs WPz vl AESKe Ao ok ofEl e 4%
o|th.

1987 Fullolld Fx= sk |§71QJA ASAl flupyrazofos
£ ujZE=1 b (diamond-back moth, Plutella xylostella)2] A
o] E#}Ao]3L microsomed ©1-8-3 in viro AL AEFH T
A B9k A} AP flupyrazofos-oxon, PTMHP(1-phenyl-
3-wifluoromethyl-5-hydroxypyrazole) 7} thAHEZ 1= AT
Cho 59& 4229 Agollx] 71FA|ZA . acetonitrile, acetone,
B2, rosebengal 52 A3 acetone®] HFEATL S
< #FREIL, o] o BEIEEAME oxo A, S-ethyl
T4, 1-phenyl-3-trifluoromethyl-5-hydroxy pyrazole 5= 78
3w} gith e 0)B9] ATeibe A8A BF Jxdd)
o)) FEAE, 7B EA 9] acetone®] EFFHA, FE
3 71%, AAEeE A4E 5 e SRS e L
g7t 924 Zaiith. wehd B Apee 20 Al
AL = YUYA flupyrazofos®) % FEI P AP
el BEAE L B3l wvizrieh 2HEAIRL acetone®] BES)
Z7 gHe o) 7L PHEsz & B4 x744A

=S

flupyrazofos2] #3&-& A5 = p-Nitroacetophenone
(PNAP)/Pyridine(PYR) actinometerS AFE-314] ¥hg-o] dofit=

<19 UGS (quantum yield)yS AT
Az 2 W

Mz # Al _
Flupyrazofos(O, O-diethyl O-1-phenyl-3-trifluoromethylpyra-



F719A A3 Flupyrazofos®] 4% J%3) 131

S
No g /OC2H5

N
OC,H;s

Fig. 1. Chemical structure of Flupyrazofos.

zol-5-yl phosphorothicate)= S ESAIZHE A Esien
(Fig. 1), hexane59 &= ZF E48< Budick and
Jackson(USA)#}, Merck(Germany)Al A &<, ZHFAIZE
acetones AMEEIS1oM | RE Ao 33} 25D, 46 at
20.8°C, pH 6.5)Z AM&315it}.

=8 =X

ZY O =2 xenon lamp(light intensity 150 Klux, wavelength
range 300~830 nm(filtered), radiation intensity 830 W/m?)9} %
filter(>290 o) 7t -&¥ Suntest(Heraeus, Original HANAU,
Germany) & AFE-359 T Xenon lampe AFAF3 F-ALgE
spectrum-s 7HAIGL oW, 873 WA, AlZE, 715, AF)
B AE 3l AR wRel R Al wle A A
o2 gx o} AFel ARE-H quartz cellS- spectrophoto-
meter®] quartz cells} FARE 3 F38-2 /X AL A
glo] AR COmNOE A&t AR Gl B eFol AL
st

Y 77| o =

Flupyrazofos®] #-3& &<1& #13] ECD7F 2l Hewlett
Packard 6890 7~ ARPIEIZE 0]8-5192, HP-1(length
15m, i.d. 530 um, Methyl siloxane) columns ARE-SIHCE.
B 2%+ 180°C, injector®} detectort= 250°CL carmier gas
(N,)= 60 mi/min, splitless® 3T}, HPLCY 4] 7L
CI8(LUNA, 250X 4.60 mm, 5pum) columns ARS8l ©)%
FoEE acetonitiles} FHTE 1: 1(vivE 31 AREEIGL
W flow rate 1.5ml/min, UV 2% 32 288 nmHAch. Al
829 UV/VIS spectrai= UV/VIS spectrophotometer(Shimatzu
model UV-265, Japan)ZS ©|-&&}2T}.

sl AME

Flupyrazofos®] 348 AE-2 0.1, 0.4 ppme] F5Eof|A] 2A]
stom zhztel fole 10ml 3l hexane 20 miE 30E7}
33] FZ3tt. &N anhydrous sodium sulfates F32HA]
A FEE AARE I A% 5719 AL NAEE o83
SmiE FFIIATH AlEE 1 wE F3) GCE A9

Flupyrazofos 2| =& ZH&al

A¥ 249 27] F=E EPA guideline®?d]] W} 5284
9] At 4521 0.4 ppm(acetonitrile, 0.001%)C.2 A3t}
A8 9 oF 30miE quartz cello] 7)E7) AR FEE F

Q3 T xenon lamp(>290nm) A 14U7F =FA|F oW
(25-30°C) 0, 2, 4, 6, 8, 10, 12, 14¥l AFA0m)HTH k=3
9}, quartz cell®] ¥HE aluminium foil2 TPHA B st
DA EE 358 499 53U WHoR &, BA8th

Acetone ZI&X[e| Bfzfoll w2 ZEsHEe| Hlm ¥ oIF

Acetone®] &3 FE& =R a3 9L $3l 04ppm
flupyrazofos &l acetone < 0, 0.125, 025, 05, 10, 20,
50, 100%7} LS At T JTF iz AR
g A FAE Y FFOR acetoneS F/MIFHIL T
ANE BF 348 d¥s 5 AEE AF, BAsiart

Furfuryl alcoholZ} isopropylbenzene® 0|28} flupyrazo-
fos2| 23l 2= =l

Mills?¢] whHol 2JsA ZH3A|S acetone(0.272 M)l ths}k
& furfuryl aleohold 1/108) 2 ¥1(0.027 M2 ZA 8%
isopropylbenzene®] 74+ 10°M=Z ZASHCH, U4 v =
olxe] ¥l2E 98] furfuryl alcohol®} isopropylbenzened 2t
7 10°ME ZABK 0, 3, 6, 1277 To) AlES AT
g Aga T3 PHoE &, FAsle] 274 trapping
agentoll 2|3} flupyrazofos®] H3& A= 2ol M3}

al
o

p-Nitroacetophenone(PNAP)/Pyridine(PYR)
test

Acetoned 2% 53 04ppm flupyrazofos SHL 6A7F
St AAF] =E3A7 F, BalE At (K) T Atsia
Eq. 12 53} pyridine?] ¥=[PYR]IE T-3}31tt. Kaaw= EPA
guideline”? oA} A& %= 30°C A Agol Eo7
PNAP®] &} F<He] Wt £a3le- vehlin B d3olM 4}
£33 BE FAS FPA guidelined F 5T}

[PYR] = 26.9{(K,)7K,’} M

o] ANew AR pyridine?] FEZ9 1.0X10°ME]
PNAPE ¥38}8H= actinometer €07} acetoneS 2% 31
A= 04 ppm flupyrazofos 28-S Z}2Fe] quartz cell Wel 5
QB A AR =2AFAT. =F F 0, 2, 5, 847
B 8988 AF3S flupyrazofos?] A= 34§ HgH 7
o e ZEsle] GCE EABINL PNAPE A8 AH
HPLCE ¥4}&}9 flupyrazofos®] ¥3)-&3} PNAPS| F3ll&
Aaretgd o Eq. 2, 39 wWet flupyrazofos®] FATE&
(quantum yield)2 AFFAT.

actinometer

fo o flo >

Quantum yield of PNAP, @ “;, = 0.0169[PYR] 2)
0D, L
Quantum yield of flupyrazofos, @ ‘= —K—CE(———(I}”—}” D
Kp oL,
3
ST it

3[5~21} flupyrazofos2| =T ZHEoH
Flupyrazofos®] 3582 0.1, 04ppme F Tl HHF
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Fig. 2. Absorption spectrum of flupyrazofos.

Table 1. Rate constants and half-life of flupyrazofos under light
and dark condition

Photolysis of flupyrazofos

Under light Under dark
Degradation equation Y =-0.091X+0.042 Y =-0.097X+0.045
R? 0.9857 0.9907
Rate constant(day ™) 0.091+0.025 0.087+0.021
Half-life(day) 7.615 7.966

90~95%°1.32, UV spectrum< Fig. 29} 24T}, 50l 3
o] &3 flupyrazofos®] AHZA FEs| FFe dolrr] sl
quartz celljollA] 147t xenon lampE FYUOZ 3lo] HAE-&
AN A Bl Ay =347 AR aluminium foil 2
< AAE Uz AE BF fA18 BEES vehdley
flupyrazofos®] E&l& A<rel w718 Eq. 4, 59 <3 A4t
3t Asl(Table 1) 971 759 (pH 7.0, 25°C)8A 75299
7lrEsel og Balle 9 wvIet fAlslgenR B <
g E37t obd @t sk Bl o3 Ao HoxH,
flupyrazofos= T3 S-HF0l4 ol vl kg3 Aoz &
A=A} ol&EF A= flupyrazofos?t 200 nm o)de] g0
A FE B ov A SAAME 9 £ oy
25 AFME 7irEslel s E3i7t B oMol
P B, ol ol A7t f71EA g 5
BEHE 30% ol A7BiA 962 Z2700A st oz
Sl

k

i

Hoxin
rate constant(E3 & &), K, = 1t In(C/C), Gy
half-life(¥t71), t,, = 0.693/K,, 5)

Acetone ZIEHM0] 2|3t ZEs FE s &0l AU o)E

A A Foll EAlsKe ABAR I#R acetone® PG
A2)5}o] flupyrazofose] FEa] vl A% A}, acetoned] A
g7l HlgElsle] Ealgo] Suisld e, acetone 10.0%7+ 3
7H 7 vz By ofF 32619 il Fulzb SRI=ER

In (C/C,)

4 —@— 0% Acetone
—C— 0.125% Acetone
[» —¥— 0.25% Acetone
—— 0.5% Acetone
—— 1.0% Acetone
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Fig. 3. Photolysis of flupyrazofos in the presence of acetone as a
photosensitizer.

Table 2. Photolysis rate constant and half-life of flupyrazofos in the
presence of acetone as a photosensitizer

Acetone photosensitizer ~ Photolysis rate constants Half-life
(%) (hr) (hr)

0 0.016 43313

0.125 0.054 12.833

025 0.127 5457

0.5 0.194 3.572

1.0 0.255 2718

2.0 0.242 2.864

5.0 0.448 1.547

10.0 0.520 1.333

ThFig. 3, Table 2). Acetone #E|H3} flupyrazofos®] JAE
Zyz}e] Hallg3 & W|E d|ws] ¥ A} (Fig. 4), acetone}
flupyrazofos @] & ] ([acetone)/[flupyrazofos]) 7}  0.065(acetone
0.5% F7h7HE, 4384 Bl S7He QT + 3o,
B4 0.128(acetone 1.0% F7HeldREE RallEo] HHF4
o7 Z7PEE. Wk E Ml 0.000~0.0657F49] A &
e U WAL olgdle E3& AFo] rheinth
= E3]go] 00] H& acctone flupyrazofos®] & Hl&=
0.006, acetone SO 2= 0.047%7) FHn wEbd AR A
2] acetone?] o] 0.047%, & H|7} 0.006 o3 3% A
13 3olA flupyrazofosl] tH3t #Hxe] B &3 EHA7}
g Aoz o &g,

Furfuryl alcohol®} isopropylbenzene2 O|E8 flupyrazo-
fos2| 25 4= el

oA &4 AsAE ¢ F singlet oxygen('O,)3
hydroxyl radical( - OH) ©] flupyrazofos®] 3 3ol H|X|+=
e ] 8 Zt ASHAlS] wapping agent2A furfuryl
alcohol®* 3} isopropylbenzene'®S AME-5lo] AH-E Y3
o} A2 furfuryl alcohol?] F%Ex Mill 523 o] 7453
2 AME 2% acetone(0.027 Myl tisiA 027 ME 2AISHA
1, isopropylbenzene2] 73 Eol E-8AolEE 10*M(1%
acetonitrile E3}) {02 ZASN] ARG EI Y
3 FRoAe] vlwE 98] 10°M FFAS ZAIsl] A4

=533t
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Commrreamn y = 2.807x + 0.018

s r? = 0973714
- 4
A PI— y = x/(a+b+x)
£ a = x50{x,y)max(y)
T b = 1/max(y)
8 2
3 2= 0.947314
S 2
8
[
©
A
0.0
- - 10 1.6(x 10%

Molar ratio{ [ACETONE)}/({FLUPYRAZOFOQS] )

Fig. 4. Photolysis kinetics of flupyrazofos in the presence of acetone
as a photosensitizer.

In Conc.{ppm)

—&— 0.4 ppm Flupyrazefos+2% Acetone
—O— 0.4 ppm Flupyrazofos+z% Acetone+0.027M FFA

et L

L L L L . s |
2

Time(hr)

Fig. 5. Photodegradation of flupyrazofos with 2% acetone and
furfuryl alcohol(0.027 M).

t}. Furfuryl aleohol2 EF3IT A 22 AR &4 M)}
o] 0.027 Mfurfuryl alcohold B7+et 7%= flupyrazofos©]
Ba)7t A9 o]FoiR|A] ekgo] FAEA L (Fig. 5), hydroxyl
radical®] trapping agentZX HBE 10*M2]  isopropyl-
benzene®] 7%= Halgl dFE FA Rk EE 10¢
M furfuryl alcohol®} isopropylbenzenes 3715l AHE 4788
3 A3 10*M furfuryl alcohol FEAME Rl FFS
XA e FAESL ol 22 A3 furfuryl alcohol
9] o] w2 singlet oxygens} WHE-3hs A=7F @ERRITh
= Ag ovsiitt.

0.027M2] furfuryl alcohols H7+et Z 7} (Fig. 5) 0.647X
10°Me] singlet oxygen®] trapping® AoZE FIFFoH, o]
74 1M furfuryl alcohol®] 4.17X10*M<] singlet oxygen
< trapping T ¢ Jut= AL Yus. 28y 10°M
furfuryl alcohol2 A713 Ad ZAAdA= 1M furfuryl
alcohol®] trapping & <+ U singlet oxygene 10X 10°ME
ole} z+e. ZAuWto B furfuryl alcohol®] o= =& singlet
oxygen trapping s&ol AEA HE3 FHEL F P2,
flupyrazofos7} AAF A Follx] AdlH o= wHgSh= singlet
oxygendl| <Jeid Ejukgo] Fg wethes AS #1E ¢

T

ok

0.0 for PNAP, Y = .0.013X - 0.003

2 = 0.804810

-
18]
iy
s for flupyrazofos, Y = -0.038X - 0.061
= -2r 2 = 0.319204

-3r

-4 L L

0 2 4 6 8 10

Timethr)

Fig. 6. Rate constant of photodegradation of PNAP and
Flupyrazofos under natural sunlight

Table 3. Rate constant, half-life and quantum yield of PNAP and
flupyrazofos under natural sunlight

Rate constant Half-life Quantum yield
PNAP 0.013/hr 533hr 8.45%10°
Flupyrazofos with ¢, 35, 182 hr 17.7%10°

acetone photosensitizer

*PNAP/PYR actinometer solution : PNAP 1.0Xx10° M, PYR 0.005 M.
Flupyrazofos solution : 1.052X10° M with 2% acetone.

Table 4. L@, L, of Flupyrazofos
‘Wavelength

O\, nm) (M'lcrr?’%“>x103 LY &Ly (days )
2975 7.129 6.78X10° 0.048
3000 6.179 4.23x10° 0.026
3025 5.989 1.71x10° 1.024
305.0 5.798 4.95%10* 2.870
3075 6.084 1.11x10° 6.753
310.0 5208 2.04x10° 10.665
3125 4.848 3.26xX10° 15.804
315.0 4,848 4,69X10° 2737
3175 4753 6.21x10° 29516
320.0 5.038 7.76x10° 39,005
331 3.137 1.43x10” 44.86
330.0 2,047 5.17%10” 152.36

T L, (=L, 325758

#Unit of L are 107 einsteins cm? day *Multiplication of ® by ® in unit
of molar’ cm™ gives rate constants, ' in units of day™.

PNAP/PYR actinometer test

ArE pyridineel FEE ol&3 WEIX PNAPPYR
actinometer®t 2% acetone EFIIL e 04 ppm flupy-
razofos S EA) ARG selA] 8N T =E3AT 2
H(Fig. 6, Table 3) flupyrazofos®t PNAP®| Hof& &
Kf=0038/ay, K,j'=0013day1 T, S,1,=32576/ay
(estimated resuly®} '@, L,=233/daySA3L, actinometer®] FA
&g @.=845x10°HTh. olul S@L,= PNAPO rate
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constant®[™ EPA guideline® 2] 9% 30°, A&2] Hazts
o183l 3L, W, L= Table 49 ANE kS olgslct. u}
ZHA acetone(2%)S 73AIE XL U= flupyrazofos7} 8
AlZE BRE A oJF ZAERE W) P& Eq 3
o 2aiA 17.66X 10°22 AXHATE.

oz}t 7+e AFERE flupyrazofos?] FES|E-S A}zl
A1 0.038Mr, B |E 18A11RI0L, Y8 A8 892 xenon
lampoll xZA|ZS 7% flupyrazofose] Hal&L 0.242/hrol3}
A, v )E 3AN7Re R Aol B of 6] O 2 B
3 Boh e W71E U 471 daE BsEiA
= 30°, AL AFoX 8AIZF B 0.038Mre] HEE&E 1}
ell=d) B 8% flupyrazofos?] YRS 17.66X 10%0) 2 &
O& Aoyt AFexe] Frirgol vt ARrt AL 3¢
flupyrazofos®] #3l& ¢Fo] 7158 Aoz Aziww, 19} ¥t
2 Faflg FE7F e A #ieol Had A& A
o] 7HeE Aoz AlRHEHY o E S Azls Ao
flupyrazofos®] ZE3&°l 0.019/hr2ba omje] AR48-2 8.83
X10°2 ALk

HAle| 2

E dre H3eRe 67 3AF 84 54 3o rle
A7 AR FYHReH oo A} =xUL B A3} 2
e T B 2UF A= A5 HAeugwe] A4
IFEH Sl ta $ASAATEY €Y ouEA 2
o] FRI=FHYT.
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Aqueous Photolysis of the Organophosphorus Insecticide Flupyrazofos

Yun-Ju Jeong, Kyun Kim!, Yong-Hwa Kim! and Jae Koo Lee’(Novartis Agro Korea, R & D; 'Toxicology Research
Team, Korea Research Institute Chemical Technology, Yusung, Taejon 305-360, Korea; *Department of agricultural
chemistry, Chungbuk National University, Cheongju 361-763, Korea)

Abstract : Photodegradation rate of flupyrazofos in aqueous solution were measured under various test conditions
mainly following the guidelines of U.S. EPA and OECD. It was observed that the flupyrazofos was degraded by
simple hydrolysis but not degraded by light in pure water. Using acetone as a known photosensitizer, the minimal
concentration of acetone needed to photo-degrade the flupyrazofos in % and molar terms were 0.047% and 0.006,
respectively. When treated with acetone, it was also found that the singlet oxygen is a very effective photo oxidant
in the degradation of flupyrazofos, but the effect of hydroxyl radical was not observed at the treatment level of
hydroxyl radical, isopropylbenzene. In an actinometer experiment, quantum yield of flupyrazofos (0.4 ppm with 2%
acetone) was 17.66X10° and degradation rate and half-life were 0.038/hr and 18.2 hours, respectively.

Key words : photodegradation, flupyrazofos, photosensitizer, singlet oxygen, hydroxyl radical, actinometer
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