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Degradation Characteristics of Pesticides

For Fenitrothion and EPN

Sang-Ok Kang

Department of Construction and Environmental Engineering
Graduate School of Industry
Supervised by Professor Yong-Doo Lee

Summary

In order to evaluate the degradation of pesticides in the water environment, the
effects of water temperature, photolysis, pH condition and deactivation of
Fenitrothion and EPN were investigated in the laboratory experiment.

The pesticides were eluded with n-hexan and analysed by FPD-GC.

Results showed that the degradation rate increased with water temperature and
that Femitrothion and EPN were the most readily decomposable by photolysis.

Degradation rate of Fenitrothion and EPN by hydrolysis at 30C in the buffer
solution of pH 3, pH 5, pH 7, pH 9 and pH 11 was 50, 53, 57, 62, 76% and 70, 74,
79, 91, 97%, respectively, demonstration instability in alkaline solution. Fenitrothion

was degraded 1.4~1.8 times faster and EPN was degraded 1.8~2.41 times faster at



30°C than at 10°C. Degradation rate of Fenitrothion were 62% under the dark
condition and 74% under sunlight at pH 11. Degradation rate of EPN were 95%
under the dark condition and 99% under sunlight at pH 11.

Fenitrothion and EPN were rapidly degraded with an increase Temperature and

decomposed faster in the alkaline solution of pH 11 than in the acidic solution of
pH 3
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o] BojAx M2 sEEo] YHHIAY, YKL FEY F Ye $eAo] e Fo
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olgt: EWHAM #& F3 BFA AEEE dyAd o v
AS wao(AF F, 2000), ol BFAQA JgS motstman ool
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A, AFeodA FAA WAL 59207hacl™, ¥FE 100kg/haS AMEsa lon
(AFE, 199%), 2000 =& A A 24958, 454 24118, Ax4 1,304 71} 194
€ % F6404ES 8T Aoz Hgda ok 2 F udF¥oez AE8HT Y3, BF
Aol A7) Wiel &7 S F Ao AAHE 10 3o sy ZAE 2
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2 HuHAHL F, 199)

3 AFEN TR SZFNA 98 17 ALEE 5% F Wol AHEE T, FF Ao
2ol 2d FAAgel Z Aoz dAEE ¥ (fenitrothion, chloropyrifos,
chloropyrifos -methyl, ethoprophos, iprodione)®] & &g ZAlst4ct. =2 AR
fenitrothion®] 7% ZAl X EFA 0.003~0.209mg/kgel AEFHAFAFE,
2000)

AFEE EA4A9de S5402 Qs HBETE Mo 5, BUEF 5 ¥
2% 2o YREL Astrd dEsn Uk oPF Aaksk FEFo] YWY wa
FRFe ohd FAT 75 Qo) o8 F BesA dow WX gL o 2R
% Ade] AusA @ Aotk 182 o ¥HW TL oARE AE FaHAR
Ue 2% 2 2dHA ¥EE st Y.
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T FAEEL A FTFHF L AH #FF8Qe A e, HT urg)st
- B2 Fokel sido] EuatA WY Folnt

T(1990)2 HTELFT A Fenitrothion®] ®al&Ee vxe ZhE 2433 279

gas FAE A Fenitrothion® H&Z AR AL zAHNA 9534 we 2
dsien, EgE BaNA/Ie 49 ot P&t ESGFFA w} ol &
o, A2(I5T)AM T 1-2(35T)ll A #H A3 wa] FEafsAr,

T3 EY4F Fenitrothion® #3le WA A7t ot #33] Qo 23y
& H7h A A IBP9F Az A burachlore] &§Hxiglel] oM Aol e wz
i, EFF oA Fenitrothion #3872 27} Fenitrothione &% %+ vl adsha]
23

d §(1994)L F1UA AF AR UuE-s-vl &, thololx]=, Bt FEoolE
a8 olgd & F FFY EoA pH R AtEz Range 2AE
o} tholotx] =2 pH 4 ﬁ"ﬂ"i% 149 0] Ay 719 A7 HAx, pH L& 7
d F A AAZ HAY. o] A EHHAF L 53 FARGE pll 2AAAMY
a7t el AzZElx, pH 7dM e duld-s-vF S AT Yo EL 1129
olFo = ZHg RS Holxm ALt

A 509962 F71UA g AsAL F 9 A
23 23 dA ARHI e F18E w49 F S AT Y 771
A Ewote] RS #atol] FAAE X8t o ojuf A Woll A thAtxof
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EG 5o A% &3 Tl st AUl APF ARoN £20] EL5E Foko Ha
£x7F S8, BES g w3 L% = Phentoate, Chlorpyrifos, Fenitrothion
o £o2 Yenn, Edd BHRIE w4 F& = % EFN B 49 5 F
E9] 49~240%, 21~292%<] HHetn B ustPct

A SU9NL2 s Esteta EAo #E A7 @O Captafole] 84
b, 714, BATE SAHSAY. 2 A3 $84L 25T UM 2.24ppmo)
Aeon, 7t o wzrE &% 25ToA pH 3.0 AejolAE 778417 pH
70 Efell = 654412, pH 8 RAAME 0.7241t0.2 YElY dzte] 2o &
AP HFEYES FAAh Mgz ANM Y wg e X FEgS WA ggto

, T4, 4 2AAAMY wAIIE 40TAA wlS #t

A TU9NE w9 B2383 EAo B3 A7 Yo = Flupyrazofos?] &
4, 7t R, F71%, SEE/E BuiA S g AF7E £8% A9 848 25T
A 0.80ppmo.2 gty bR VAvIE 2% 25T Aol pH 40914 26654]
24, pH 70914 = 180.0A1%, 28]3, pH 909 A& 1200A17to 2 <dzha] ZAA &
AR, 7t e 25T RY 40T 2~4u) AE WA AP B3}
At

A 3(1998) tojopA|=, ojadl, F2ZE g, tAE thalA 322 ukg7) (R}
o FZ, 8BWx6)E o] 835t pH 30 ¥ 35% FFolAd AYHS ZASEAN 1 B3
AAE BFEHAY. 2 A tolop =2 2N F A M 92%, pH 3.091 4 88%, 1]
1 Gy E 86% A= AAHUSH, o)HAe tololA:rr} WE A zhuo] 23
HAx, 22EeEE M 2AL pH 30014 9] Aol H xAL 35% 49 #F9j A=A}
M g AIZE 0RAA BAlEE 24E Jebud

1 5(1999)2 Dichlorvos ¥ methidathionol]l th3 ZFE3) AFL TPzl $x 445
o BAHBEES SAHFATE AL S o183 BRI AYPM FrA Fo] AT

X

g
I

o

TG TS AAY F AU, AYHE o] 83 FEF HPolME dichlorvose] #
ol S Bvie 247 00208 ¥ 3332202 ZAMH AR, methidations] -

2t 06789 R 10222 ZAEUCT R 3 BHANEL A A
dichlorvosoll & A B2 0,0-dimethyl phosphate® #9135} 3, Methidathion2)
3% ¥HHBYEZ 0,0-dimethyl phosphorothioate®} O,0-dimethyl phosphorodithiate
g g

m



A F(200002 F71QA 43F A Flupyrazofos® 4% FE3d tgh AN &43
FH 7oA flupyrazofos= ol ul$ AA3te Q@ 7tFES o A% Fas BEs
i1, acetone® o] 0.047%, & Hl7} 0.006 °lAo]l H¥E A$ flupyrazofosd] o
2l £ A7 G Aoz o Fs
g (200002 £ AWAFA cyfluthrin®] EY F wrzr]dl 2 x0]8 7]x]&=
$F2UES 7HA A 7HA] AN Eae o)FAFL £YF A YR
o 75, 25 R Fx9 Aojd wE BHHPAgN & HAANN F& cyfluthrin
o] F3l vrle ATEFAMEG udF EFA 194, 15Tl Bt 25T A 1.2
o &k, HuzddMe ZavrriE 118U, v RZANNE 238U §
& FFel T Aozt ANTh & pHY Aolo] wE Rzl A EA
Mut dzhe] g A ko

%62 Fenitrothion 2419 FAHE & v 8902 SR g8 Yo,
w3l 44 EZE dimethyl phosphorothionate®t 3-methyl-4-nitrophenol @ ©] $A}3}
F=g g3

A 5(1983)2 AAEA micelles P43 acetonitrile &AM Fenitrothiond] #
71543t4  @Y9&  direct current ¥ differential pulase polarofraphy, cyclic
voltammetry 12|31 controlled potential coulometry o2 A3sigc. o2 A}
Fenitrothion®] &9 #A L 1QAZ 417 ojFol o R¥ 7193 Malo|F 3}t
$(EC)71T& 0,0-dimethyl--O-(3-methyl-4-hydroxyaminopheny!)-phosphorothioate
g 34y, o 52 SAYA 2-A o] Fo] @b LA A W22 phosphorus ¥
7kt phenoxy group®l ©Y ZA¥o] BoAHAM F AAHESQ p-amino-m-cresolH
dimethy] thiophosphinic acid& 4439 th. Sodium lauryl sulfate micelle & 9ol A
polarographu #Ud= HAHo 2 AAHAQJen, 53] 12 #AddE 3] micelled)
Az 802 2utAZ EsATn Ryt



2. 399 Y43

1) s 33ty 43
Fokel st AP T4 $F F FFA Z 9B L £ sy Ay
I Ae sl BF g Eaole dASGn B £ gloy gy @A
Bl B2 F4E0] v o Baolx vjusy dFsin daizy Aot
, FFEAY SAHAES EAFY Avle LAY S84 5o 98L FA 5
B, S0 AN a7t & He AL vy fgo] foldA Yojux, £ 4
wafol o# Fejk FAH T ok FEA FFETS AZ Yo o3 RIyx
AA BE B¥oln, dol AFEL EYe FHEo B AFeE Ago) A

orel sheaba Waa

sorel BEd% ety Paagds EGsPol Bost AR Hahrt uA
olm, o4 R BAHY FE oFolWd 1Y, AsRele YEBZA] EUE
Hy, FEUE, TS R 4718 5% 2L Fujdue sk 23S o8 237

57| % ot

E, Cu™e Zujzgo] o3 stEEHE delFE o, Dursband s Cu” (Ho0)42] ol
HeetE s Agsto Esjdc)

§ ¥, S-triazine AT 2 AxAe EAHANAM %2 sHprotonation)® ¥ 7tFEs @
g gl A gloen, Kahne Atrazinedl:® pH7l RolA42 wa) 714Rs gty
%131, AtrazioneAl ol EWA F8A FoMe F5Re A4S AT A pHE YA
SHAl 3tl& W, AtrazineAl o] JhREE EwlAte X @AYl Atrazined B E
o g 1x9rgYE B

22} 31, benzamiderP A Z A Q! pronamideAl & 1] 3}¥tLo] Yol F R
Ox e Ege 257} £24% de5Er) vaddgn Q.

3) 3 & &l (photodecomposion)
Hg2d Fo A9M(290~450nm)S EF S v E3 #Ad 228 oyxE T3
o ¥%9 dAlA A A Y, Yol EQUZ EErE odsng A



A2 gk BRI )Rl HWYE EFEFHOT ZeND, E Mo BEo}
ZAA T FFY F2AH SE40 wal B3 2 AR T gt A "o

et Be FEH AT HA ETF ZHo] obd AYAHQ ZAUNA AJM 5L
ZHAR FYHAoY dF AMEE LS BB 23 YAlEn dxHr)E §
o Az FEHe FVATG 2E Fo A 2AES FFoly EYSFE pH
of oa &S e dl, Atrazined] FE e EWAY FFgo] EL4E Zits:s A
gro] k(¥ F, 1996).

ofn

) F710A Tt 54

F710A FFe F71AA FAQA defe 2877 Bo] Y Yeolny, HS
of WMe AU F87 X #Ho YE thionophosphatett phosphorodithioate
Aol e Ut

T7IQA FFe] A8 54 HE d4FEHo] Fan HEAEHYMN Wi, 54
SH WA 27t M2, Hue] FHz2go] glo] wal EFaSD] B o R
7h we} EAgel Wy He Hold Ed, {74 FFe daHEdomz g

& ool vlato] Aol okt ofabA FACE GAs I, YL dE 5 5
7l A199, 53] Qe 2HZ, (e Qi AHEE HQ Ao 2 2o bls Bt
g Aol gl F, 1994).

a3y, f71AAE F7IGAaAC v HA Bt 2 Hol f79A4E XY o
HEEe] e FFoud EdozRyg 24ddn gald A, olg 2L EHE
d2 ol 3jtEo] dA st o) gEojo(d %, 1997)

T71AA FoFe] AR E L 2 FEoAE mixed funtion oxidase(mfo)7}, 2%
ol ME peroxidase Fol AFAMNE HIFFM) FALEAZ Buso] gon e
Ao M Feukg F2el oM dojdrh olE Fo F2d wgoz (a)
thiophosphoryl group®] A3t €3ukg (b) sulfide®l sulfoxide E£+& sulfoned} ¥
& FE F A, oYl (c) akyl E£E aryl groupd FA3 ukgm  (d)

—

phosphoamidates®] N-oxidation & & 4 AtHScheme 1).

o e WEFAA (a), (e F2 438 HAIEL WY& Hed o8 =9
(@) W& gl o =RAFERTG EA4o] ZE phophated: A =HY
parathion®] Y Fenitrothion & phosphorothionates, dimethoatet} malathion &



phosphorodithioates, £+ fonofos & phosphonodithioates 59 c}%d s koA 1
FE B F AHAH T, 199%)

(a) Oxidative desulfuration

/P\ - /N
Rf R Ry R

R’\ //S R1\ //O
P

(b) Conversion of sulfide to sulfoxide and sulfone

? 0
R—S—R2 R—S—R; Ri'_?_RZ
O

(c) Hydroxylation of an aryl or alkyl group

O‘P"S O\P"S
" ~R R

OR OR

CHs CHOH

(d) N-oxidation of a phosphoramidate

R1\ /,O R’\p”O
N R —— \ R
RS N Ry NI
R4 O/ R4
[Scheme 1]

Fig. 1. Oxidative Metabolism of Organophosphorus Compounds.



@ Fenitrothion

Fenitrothion& Y715 313 (¥$ &), grain beetles(FF 2), 28 1 grain weevils(Z
Fob7e) HAg ez ALGEY. FAC) wetde AEd s BogE Fne F5
4 gl 43AE AXFo2M AF BFEAE 28 N F U

Fenitrothion2 7} #3819} nitro9] amine7| 29 @] F23% #AAQ d =53] @4
EGFZAAME nitro7] 9] F4E =7} didd] Magn g Ao

WA 2 FenitrothionAl & 37| ZZA3le A= O-demethylationo] A3 dojum
HAupe}t 7t sle Aoz BHHANHE 5, 199%)

Corsby, Greenhalgh & Fenitrothion® 7%, ZE2s Z =2 Wt Fig3s o)
A A&t At Fenitrothion( 1) €3 A Fenitrothion?] Aoy oghe folo] e =
AbSt S-o] (VDS 24 FEAZ o AAHY, oRAE RAMNER YEZV)9
FEdo] dojd F FHHE Ao Budn Jon BRo) o3 Rijir= u$
wes, X71(197)ANA g #£9] Fenitrothion( 1)ell A (1), (IV), (V)2 W3} 2
dHH, BHE et A deEldE R S-ol4AZ Ao A Es=e A
F-9F 29 =¥} Fo o3 JFoz RS Hyoez =i gon EJ.S}
i Aok F 1996)

CHO_ | | —

CH,0

Fig. 2. Chemical structure of Fenitrothion.



CH:O\ 0 erbo\ /s '_i*:} /s Mcu,:> /s
n{ \0_<2‘ J \—Q»NO: c NO G O
C c&:a ° ' Chs " \ "
' N -
G o e e R
Chs v "

Fig. 3. A route of Fenitrothion degradation
(after Crosby, D. G. and Tutass, H. O., 1966, ¥t &, 1996)

2 EPN

>

g}ty e]  O-Ethyl O4-nitrophenyl phenylphosphonothioate$! EPN& 27} Aoy,
e Mo nFPEH T AN AAHY BAZA Bapako] 32331011, H|F L 25T
o A} 1.2680]ch =, FaHe] 36Colx, 100CA 0.03mmHgel $& Z7¢8 2w

=
9lo 1 acetone?®} T}E ketone® L benzeneo] & ==t}

5

EPN2 o Qegoluwti, AAZF{, wade, oiv 3/, ZAXHaF, AREF
SolF, A EZ A AMEEE F7IQA AF At $-gugleiA e EPNol@ o] g e
Z 45% FAZE AAET glon, 58 AFToMe e Fu Ay, Aug 4
AZ Y& AFg 5 A (Tomlin, 1994)
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@ T_o{ »—NO,
OCH,HCH,

Fig.4. Chemical Structure of EPN.
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2 dFdME AFZdA o g A3, 544°] 23 Fenitrothion® EPNS

et} Ao AR

Fenitrothion& Al#HHI e FF

Azt Ay AR AT EPN9 7

o2 zAE Ay AHEAt
ol A& F F*Y FEt A& 10midl ¥£3} NaCl 10mlE 7}st2, n-hexane 10ml

4 23 F&31, ¥4 NaSO:2 BF ¥ FPDE A3 GCE ol &3ty E4g #3

Aok EAo] ALg® GC 22 Table 13 2t}

Ad
22| %] & (Fenitrothion 50%)& 200ppmo & =

8
F= AlEH e 4F% EPN #41& 200ppm

Table 1. Gas Chromatographic Operation conditions of organophosphorus

insecticides
Pesticide Organophophorus insecticides
Model Hewlett Packard 6890
Detector FPD
Column HP-1
(length 10m, i.d 530/m, Methyl siloxane)
Carrier gas Nitrogen, purity 99.999%
Oven temp, C 120
Injector temp, C 180
Detector temp, C 200
Sample size, ul 2

- 12 -



2. AEYY

) #o he 23
Feo] e sk 4eel 2 S4& 2Ae7] 98k Fenitrothion? EPNE 2}z

200ppmo 2 XA 3t FFH(EF 100mDol 100ml¥ Yol WRezn, 2FoF 3Y
(Aluminum Foil) 24 Y& YAl F &2 10T, 30C=2 2H3od Age
Incubatorell A A7l F Al Walo] ule} AHS st}

2) pHoell @& ¥k

He % ARE 200ppme 2 ZA 3 F 0.1% NaOH$ 0.1%HCIZA pHE Zz 3,
5 7,9 112 2d3sto HFH 100m¥ ¥, 4FvF Y2 Y2 4dAY ¥ &
52 Z7} 10T, 30T 2 2-H3dq 28e 3349

3) B wg

Fenitrothion® EPN& ZtZ} 200ppmo. 2 ZAlste] @@ ol ztzb 100ml¥ % 32, pH
€ 77+ 3,5, 7,9, 112 Ao, AAdFS 2Alste AL e gzxIEs 97
tE SUYEM WS DA & 5d 2A02 Y

-13_



V. 4% % 23

1. $Ro A

Fig. 5% Fenitrothion®] 109 &<¢te] Ealg €& 2x¥a Jebd Aot}

%71 = 200ppmol Al 109 E<tel Bl &S B z} pH ZHAM 257 10Tl A
0Tz Zdsddd s FT 17%° F712 BAch T 2% ZPoM 713 & Fae
S BQ A$E pH 1190 24 Rez vehdo)

Fig. 6 2} pH =l A Fenitrothion? €% @& 109 $99 & W3 e
W Aoltt agelA BW 7} pH oA %71 30T A$-7F 10T A9 B 7}

TEH7 wa2A dote AE ¢ F AAJD Fenitrothiond 4HA33 ZAd A& A7he
0E L& AE x99 dFPo] A Fo ddE £AA AL LENF
AoE Abggde] Aeed v A Jeld S & 4 k. 53], pH 11 w2
s HAqd. ol dde EY FolA Fenitrothionel #3o) #8 A3ox £
2=7F 35CY W wrzrIzb 219 olgtm #3l £(1990)9) A el FAtsich w3 ub
(1974)& Fenitrothion®] pH 12, &% 40T ZAoA 1238 Axetn w3lup o},

Fig. 7& £5Xx¥3}d] W& EPNY % ¥3E Z pHER vehd Aol agdy
2 EPNe %% Fenitrothion® o] 27} 10CeA 30C2 Z7tgol we 7h5
B3zt w2A dojds o & Aok I YA HFS ke xoldE X9 A
T3 2E FU Aoy dBYAHY FHANE BHexIIRYH F3 259 9
FE YIS ¢ F A}

Fig. 8& 7} pH =X EPN9 10¥ F<¢9 & W3lE 282 Yehy Ao
EPNe Z9%= zt pH 2dd¥2 2x7F 30T %7 10T A¢ 2o
w2 JPPS & F UAAT. EPNO RAE&E gZgiydd A
A YedEe Z8E Bolxn Qv

_14_



J10C m30¢C

100
L 8ot
©
c 60
S
3 40 t
o
g 20t
(@]
O i 1 " L
3 5 7 9 11

pH

Fig.5. Degradation rate of Fenitrothion during 10 days.

Table 2. Hydrolysis rate of Fenitrothion and EPN during 10 days.

(unit : %)
pH 3 pH 5 pH 7 pH 9 pH 11
10C 33 38 43 45 55
Fenitrothion
30C 51 54 57 62 76
10T 57 63 66 69 75
EPN
30C 70 74 79 91 97

_15_
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Fig.6. Daily variation of Fenitrothion residual rate in

the dark condition.
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110C mM30T
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. Degradation rate of EPN during 10 days.
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C/G

—-—10C -=—30C |

j

1 (a) pH3

1 (b) pH 5

1 (c) pH 7

Time(day)

Fig. 8 Daily variation of EPN residual rate in the
dark condition.
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ol

2. pHoll o2

Fig 9= pH ¥3}lel @& Fenitrothion®] ZAAA ¥% ¥3E 2549z TES Yehd
Aol adlM B Az we yE7F 3 #AHT Jov, pHIF ¥e42 o
FaZol 24%S 2 4 v 283, 2% 10T 0T F9E uas wvu, xo
SEoM Azt M TR Azl 2 ¥ F YU oE -E-H 22 HY 2% 10CAA
pH 3, pH 5 pH 7, pH 9, pH 119 ZZ A 104 F<te] #ai&S 2tz 33, 38, 43, 45,
55%0°lx, 30T A9 74z 50, 53, 57, 62, 76%YS ¢ 4 YA

Fig.10& pH ®3glel] @& EPNY ZA1H ¥% Wss 232 Uegd Ao|t. EPN
o] %ol % Fenitrothion®} H|%3 5742 HEL Bolxut EPN 2 $of = i
710 29 ol 2 = ZAES BRYL & F AU EPNY R g vy,
10T %ol pH 3, pH 5, pH 7, pH 9, pH 1181 ZAA 10U Ste] gL 2zt
57, 63, 66, 69, 75% & YEtW I Qlx, 30T A$= 7—]‘2} 70, 74, 79, 91, 97%E Y E}
Wi itk old Aie 7 5199492 #fo] Q1= FAoA pH 1190 ZAHAM A
d& ¥ 23 EPNo Z 9149 oFolE= A9 -5595]91145’_ Bag A3 fFAES
2 T AU

°l= Fenitrothionolu EPN# 2& #7197 ¥4 d2gz28oz X e ¥t
Hlate] Aol ¥ Wk ojyg LT 2P EE Fo|
7t A9 wEA Edcn g4 AHA 5, 1999).
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——pH3 0—pHS5 —a—pH7 ——pH9 —e—pH 11

1.2

(a) Terp. 10T

C/Go

1.2

0 4 L L 1
0 2 4 6 8 10
Time(day)

Fig. 9. Residual rate of Fenitrothion according to pH.
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——pH3 ——o0—pH5 —A—pH7 ——pH9 —w—pH 11

1.2

(a) Temp. 10T

C/Co

(b) Temp.30°C

C/G

Time(day)

Fig. 10. Residual rate of EPN concentration according to pH.
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3. &8l vt

AT
olo

Table 32 AAFo 9 =&KXo WE Fenitrothion® EPN 109 Az F9 32
&S pHAl wet A2l Ao

#oA EW Fenitrothion® EPN 2% o] QI 7 %o ulsl] BFo| EAjsimzy B
&0l 7S ¢ 4 A 2 &S 2 Fenitrothiond A 4, A4 7
Folle ol EAMYoRN 8% B F7HE Bolm pH 11X E 12%9 Z712
ot 2¥ A% EPNe A folle #o] EA3t22M pH 394 pH 92 %o} do] wa}
THEE 6%NM 18%7H2] F7t= At pH 11 = 3% A= 27188 YedL

Fig. 113 Fig. 12 ®1%¥339 #Fo] ©w& Fenitrothion® EPN9 ®% w3z 2z}
pHEZ YEed Iagolt} o8 2y& HAAAHoZ BY Fenitrothiono] Y} EPN R %7}
el 27190 29 ojddle v WE BHE Holm I olFoE BHAT} "ol
A= 2% Boln Qlth. 53] Fenitrothiond Z$7F o]d AL B FasiA v
4d& ¢ F Ak

pH ¥3le] @& F38&S XA Fenitrothionollt EPN 2% Az AR = dzhg
4 ERCM wgx79 EElgol A F/ES € 4 U £3] EPN9 A$ pH 11
A =AM Fo] A 1Y ool a7l 80% FE Yol

s

g
d )

A
& e

tlo
e

Table 3. Photolysis rates of Fenitrothion and EPN during 10 days.

(unit : %)
pH 3 pH 5 pH 7 pH 9 pH 11
without
i 44 47 50 56 62
sunlight
Fenitrothion
with
] 52 55 58 63 74
sunlight
ithout
withou 62 65 66 7 9%
sunlight
EPN
with
] 76 80 84 86 99
sunlight
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e FEH #F AT FAY FRAYL Yot FAY 298 HAP
Aolth, &A3Foll Fdo] 4XE F FAZ o] F3Ye o 5o FEa= FAS A
ot e AT TGRS £ERVEA g BEH o] ZAYAY A
T Aoz <A Uk Noblet 5(1996)9] B 1o o&d §7QA 59 5F0 )t
&7] € d(dissolved organic matter)d] ¥E7 ¥& A$ sERAEEdE §o3
F#¥o] slen, chlorpyrifos®] Z$ &&/7184d9 ¥%7 DOC ¢t22 345ppm¥ o
TEHEETL 32% #H2¥GT dPo(W F, 1999) B AFNNE ZFSE o) g
7] dEol 7t SxoE 9FL vAA ¥ty Az,

oo
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L —e— without sunlight

—o— photolysis !

1.2

0.8
0.6
0.4
0.2

(a) pH 3

0

(b) pH5

C/G

(c) pH 7

1)

(d) pH 9

Fig.

Time(day)

11. The effect of

concentration of Fenitrothion.

sunlight on the daily
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L—0— without sunlight —o— photolysis ]

—_

e eoNeNe]
ON & = N

(a) pH 3

1 (b) pHS5

—_

o O O O

1 (d) pH 9

1.2
1 (e) pH 11

0.8

0.6

0.4

0.2 "

Time(day)

Fig.12. The effect of sunlight on the daily

concentration of EPN.
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Table 4= Fenitrothion#t EPNel tisiA] z} d¥gzxdde A9 Biss 42
B Aot A S99 FAHE S Foll vlE Bo Fo] FRF Ay AL ¥
ote] el AW WERT Byl glo] B AFAE o] AR R
£ A& AEstAh

FollA EW Fenitrothionel4 EPN 25 R M3 zAdA pH7t Z7+ol wraky
=447 A4S ¢ Atk Fenitrothiong! 7% A4 %79 pH 3oA &5 449
o} 2)

@] 239 pH 11649 £ 258 vus 29 F 25zddAM 7 229 27

=

W2A HRd AEE 2 e BYS &+ Atk U EPN Aol 7zt 1.8
9'} BZHHE -8_‘59] o:‘ 1!0] o]._]_ aA L}-E}LPO ot _f[: 9\1‘4
o) EAets A pH 3% pH 11142 £5A442 89 FenitrothionS 7 -

N

2tzb 0.087day "9t 0.1536day '2A o 188} Z7}E molxwh EPNS #A9E 7tz
1.1419day "¢} 0.3683day '2A 26l Z7+E UEbWL

Htdol (e 2% pH 3% pH 119149 £54+2 vlars] B Fenitrothione] 7
$ 0.0604day 't 0.1106day ‘24 1.8 AT Z71E wolu, EPNo #4$el: oF 35
ol £ F7HE YEY S ¢ 5+ Ao

18] 31, Fenitrothiond] Z$-ole 2z pH W2 2% Z7lo) @@ £544 Z7p= ]
4~188 Axolm, Fo {FFo wWeME 1.3~148 BE2A Aol BAGC) Hl£T
FEOZ ZFHE,

EPNe9 Z$+ 2z pHEE 2% Z7lo @2 &£5als
&z FHA 18~2412 YElR D, B9 FFo mE H3E Bu A G
15~164, @z FHNA 12~1382 B%E 5L B
AL el A oju] HdwE uie} o] Fig. 6, 9, 11, 129 Algte]l wWE :xws
THe B Ao gz Birt viundy W 3850 s 3 ga
8t32, 1 ol Folle A9 AMAog FEI 2L ¢ 5 AUt 283, Lo
Tt FHPA AolE old Aol B FRAHAL & & AN

olN
N
>
rlr
[
ox
of
a8
K
R
rir
w
=

M

ol
2]
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Table 4. Rate constants for Fenitrothion and EPN under various conditions.
(unit : day ')

pH
3 5 7 9 11

10C 00439 00554 0.0633 0.0715 0.0981

30T 00656 00778 0.0893 0.1111 0.1748

without sunlight 00604 00688 0.078 0.088 0.1106
with sunlight 0.0870  0.0983 0.1051 0.118 0.1536
10C 00929 01095 01261 0.1393 0.1645

30T 0.1233 01379 0.1810 0.2512 0.3968

without sunlight 00894 01114 0.1208 0.1561  0.3092
with sunlight 0.1419 01659 0.181 0.2053 0.3683

Sample Conditions

Temp

Fenitrothion

Temp

EPN
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EPN# Fenitrothiong o2 sofe] Rafo] J8g 712 Roz opan wo
BRELRNE T F8d HolM £, pH, Fo mE Ba EHS 2AE A=
2
L 257 30T Z$7 10T 4% 2o 7h5Rar) wad g9gs A o T
AAT. Fenitrothion® Q1 ZANME Algte] @}E Bajgel nx= exel o
Fol A Fout dzy] LA Ao x4 I
Bl 2A Jebdg 4 5 ok B3, pH 11oldE wasd 71428 5o

2. &% 30CeA pHE 3,5 7 9, 112 ¥WaAHS o 109 Sof Fenitrothion®] %
e ztz 90, 53, 57, 62, 716% = UEt 3, EPNS 2+2} 70, 74, 91, 97% & Sl dg
HAd A7t E8&ol w}dth olE o] Fofo] o rH Eaolm e A Aol

i, gels sheast 97 47] @ eolu

3. Fenitrothiono]\} EPN ES7b 3¥s] 279 29 ojujoje Hmy me 2=
el 1 olFele REHAEs Wolxl: A4S Holm QAT AHEARCE

VUYY TANN Bgxr)e Bahgol 2 248 ¢ & Q.

4. Fenitrothion?l B%-ol& Z} pH B2 2% F7lo] @2 £ 44 27} 14~18
ol gEolm, B §Fo wWAME 13~148 FE2A waou BAGlo] wxd
TEOR T7H83, EPNS Aot Adddol s 130, dze] godo)a 18~
24192 Uestan, 3o §Fo] @2 WiEs By Aggdly 15~1.64, &z
PN 1.2~130MAE 2713}
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C/Go

0.1

C/Go

0.1

epH3 opH5 apH7 opHY9 epH 11
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@

y
y
y
y=
y = g 0-0981x

[¢)
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= 700778
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= o~ 0.1111x
=€

= e-0.1748x

<

(b) Temp. 30T

L 1 H 1
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Time(day)

Fig.1. Rate constant of Fenitrothion at each pH condition.
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0.1

0.01

epH3 OpHS apH7 opH9 mpH 11

(b) Temp. 30C

| L 1 1 1

0 2 4 6 8 10

Time(day)

Fig.2. Rate constant of EPN at each pH condition.
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Fig.3. Rate constant of Fenitrothion at each pH.
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Fig.4. Rate constant of EPN at each pH.
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Table 1. AIF=9] ¥ A 8 Y

(B9 © &, ¥ud)

T 2199 1997 1998 1999 2000
Tois A Y| 3 A EHHS[F AT ][Z A (TP [Z o
& A | 5515144,296( 5,852 [52,530] 5,635 |65,459] 6,676 |61,970] 6,404 |62,953
= 163 569 82 544 166 | 1,928 | 161 | 1,267 | 132 963
= | A
T [#T3H| 27 79 11 149 56 651 43 444 56 527
g
H&H| 136 490 71 395 110 {1,277 | 118 823 76 436
& | 3,978 136,692| 4,148 |43,002| 4,247 |49,337 4,793 |49,325| 4,774 52,871
A
2 <A 1,519 |15,533( 1,683 [19,543| 1,868 [21,700] 2,421 |26,750] 2,439 | 26,883
o
H&H| 2,459 [21,159| 2,465 |23,459] 2,379 (27,637 2,372 |22.575 2,335 125,988
g
H ZH| 1,099 | 5,917 11,203 | 6,747 | 801 | 9,303 | 1,125 | 8,545 | 1,304 | 8,233
7b Bt | 275 | 1,118 | 419 [2237 [ 421 | 4,891 | 597 | 2,833 | 194 | 886
< AR HFEZ S5AUSED >

-37 -



Table 2. 20008 % ¥ T2 F3d% (%Y 2FE)
| =2x4 == Z& saTY =
(atF ) = (M8 5) (ml,g,kg)

TEE |H Q0L FIMK 500m!| 100 50,000
TZE R 2| 500g 28 14,000
TZE IR 100ml 328 32,800
TEE  |Hi2| 29K 500m| 114 57,000
T8 (2| X H| 3kg 19 57
T M 2ty 100g 6,978 697,800
T & M olEE] 50g 3,979 198,950
T & |Heo|EE|EA| 100g 2,352 235,200
TEE PIERISH 500m!| 82 41,000
TLEE  [Sl AR 500m!| 953 476,500
FTE 5| ARH 5L 452 2,260
T8 |FX2RA 500m| 372 186,000
TEE |FX YU 3kg 2,435 7,305
& |HEA 50g 84 4,200
TZE  [HEHA 100g 4 400
T E  |EAM S 150g 8 1,200
TEE S ATZERH 20m| 1,620 32,400
178 |58 AN &) 19,908

T & [ClO[olERA| 500ml 1,295 647,500
TTE |AD|X|2FH 500ml 1,704 852,000
TEE A2 2 skH| 500g 48 24,000
TEE  |[A3H| IR 500ml| 292 146,000
TIE [SHALRA 500m!| 514 257,000
FTE (Bt 500g 5,241 2,620,500
T E |FejoilH 3kg 2,745 8,235
TTE |ReldH 3kg 705 2,115
g (TR 3kg 126 378
T & |TchEX 500g 13,138 6,569,000
T8 [ciZsHN 250g 1,536 384,000
FT& |o|gl 5009 944 472,000
T& |[Hzlx|2H 3kg 40,232 120,696
TTE (AR 500m!| 44,071 22,035,500
145 |8 MEX 4o 112,591
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2Ty == =X} saTd =
(M EY) Ci2| (8,8,8) (ml,g,kg)

HMZEM  [2H 2ol 3kg 365 1,095
M ZEHM AL 2HOH | 500m!| 2,978 1,489,000
N ERE FEEI | 3kg 122 366
MZX  |ofM EQH| 3kg 40,104 120,312
MZEHM  [ob7| A Y| 3kg 1,550 4,650
MZEHM Ol AlC| M x| 300m! 872 261,600
HMZEM  [SUEH 3kg 9,816 29,448
HMZEM 1S4 E3005H| 400ml| 1,160 464,000
88 FE& HMEHM &H 56,967

ol & |DFEILSHA| 200g 158 31,600
ol |s&4l 500g 11,014 5,507,000
2ol |ofa% ESEHA 500g 96,266 48,133,000
ol [F2lojo]Alg5tA| 500g 14,155 7,077,500
ol |ZES3SH 100g 32,515 3,251,500
ol |ZEC|LEHH 200g 4,949 989,800
o8 [ZEol$Ex 2kg 2,392 4,784
2ol & |ZEMLEA| 200g 1,457 291,400
ol [d2tsstx| 200g 212 42,400
HollE [HetshE 500g 99,447 49,723,500
ol g [H2tonat 500ml| 6,252 3,126,000
2ol &  [d2tH o] 55| 500g 6,624 3,312,000
ol & [H2E[$ 3| 500g 9,598 4,799,000
Holg |[F= 250g 79,115 19,778,750
HOI8 |AlAHIFHH| 330g 128 42,240
O [ClO| M 4553} 1kg 197,443 197,443
2OE [CHO| M 4555} 500g| 1,036,858 518,429,000
Holg EIaH 500g 5,287 2,643,500
o8 |MEJASE N 100g 794 79,400
ol & |2l T2 5HH| 100g 18,051 1,805,100
Holg lxg 2kg 50 100
Hol8 |RlIlzgs 100g 408 40,800
ol |2l Y X|51H| 200g 7,662 1,532,400
O [H - 330¢g 183 60,390
Hoil& [dloflo] ExEtA| 200g 616 123,200
HHollE [#la)o] E4=5}x| 330g 116,871 38,567,430
LI CEREESY 500¢g 876 438,000
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28 | E=BY Z Xt saST g =&
(&t 1Y) cHe (H,&, 8) (ml,g,kg)

Ol AZERH 500m!| 186 93,000
ol (M3 wetety 18L 5,732 103,176
Hoi& [|ofzz|otofAl 100g 1,678 167,800
Hoilg |AT B 200 38,071 7,614,200
HOE [BAlS 500g 2,055 1,027,500
O |[dETsHA 100g 5,483 548,300
o8 [HFESH 250g 6,035 1,508,750
HolE M| FetT 2| 800g 50 40,000
2ol E || F 2| 500m| 33,826 16,913,000
2o & |EA|2t A 250g 95,099 23,774,750
2ol |[2EaLsHE| 500g 395 197,500
ol |BAHAE 200g 2,713 542,600
oI  |X| 2B 5| 500g 2,355 1,177,500
ol HIEIX|[ZHEH 100g 7,576 757,600
ol & [CtaY 535N 500g 82,071 41,035,500
ol & |32l S| 500g 10,866 5,433,000
ol & |Aldl3 S| 100g 122 12,200
olE A3 5HH| 250g 2,672 668,000
208 2| =3 A4 5hx 200g 244 48,800
HolE  |E|C]ZE5 A 500g 20,205 10,102,500
HoE  |[AfEIL} 500m| 5,921 2,960,500
olg |elct 500g 190 95,000
HolE |olchAl 500g 420 210,000
HAE |Z2|SAl 500¢g 2,362 1,181,000
A [e|ollE 55| 200g 3,443 688,600
2oE |Ao|BM ALK 100g 5,845 584,500
208 [otEZIE4SIK| 500g 469,729 234,864,500
B DL THALFHA| 200m!| 3,760 752,000
o8 |BL T AMLSHA| 250ml 1,058 264,500
HOE |FEAOIE= 250g 75,976 18,994,000
ol & gtz 100m| 2,173 217,300
ol [ZEatsi 330g 42 13,860
ol |ZAlOl= 500g 9,056 4,528,000
o8 [2hER %] 500g 10,614 5,307,000
615 |2 MO A 2,657,404

- 40 -




- | ==9 At 25T =2
(AtEY) Ci2| (4,.8,8) (ml,g,kg)

HAE [HAg31H| 500g 11,503 5,751,500
ol [OfRZ 500g 3,732 1,866,000
HAE PlAs &F 18L 31,625 569,250
ol [MlEl3hE| 500g 20,535 10,267,500
O  [HAIARH 500m! 147,477 73,738,500
2ol |3t gt 500m!| 3,665 1,832,500
HAE |2t sX 500ml 8,380 4,190,000
olg [cici=olm 500mi 171,844 85,922,000
2AHE |5 500m! 7.023 3,511,500
ol |[AM3HH| 500g 6,449 3,224,500
o8 [HMIH 500mI 10,623 5,311,500
& [C|ZT 35K 500g 180 90,000
ol jay 200g 613 122,600
ol & |2t o] E = EtA 200g 61,784 12,356,800
O Ao 500m| 129,780 64,890,000
oE |F=IZ2lAlolE 500m| 31,016 15,508,000
2ol [pEZEA 500m!| 31,953 15,976,500
2olE |[M2x 500m| 65,780 32,890,000
o8 [ME A 500mi 2,393 1,196,500
og [LIjEX 100g 1,176 117,600
2O  |AD|X| 245K 500g 7.041 3,520,500
ol [2hx 500ml| 22,906 11,453,000
FO& [ofxE=glodx 500ml| 8,083 4,041,500
PoE  |FHITENH 500m| 189,732 94,866,000
o8  |To}x| 25| 250g 629 157,250
ol |fFelAlo|E£ 51K 200g 1,523 304,600
2olg |MEl2|TIE 100g 1,334 133,400
YA E [HIAEILEA| 500g 2,107 1,053,500
g (B 100g 1,017 101,700
& |ojolEt 500m| 6,494 3,247,000
2B PFIAERH 500ml| 1,121 560,500
2ol [2AI 2SS 250g 10,557 2,639,250
golE |2ALS2XK 250g 5,488 1,372,000
ol [2EZt 200g 15,136 3,027,200
gloj [Ezt 500g 11,567 5,783,500
2O W 2o5tx| 500g 29,289 14,644,500
HAHE |SAEIx|2 500ml| 27,663 13,831,500
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-

= 3t

(AT Y) CHR (8.2 8) (ml,g,kg)
HAE |[ZEXITH 500m!| 6,242 3,121,000
HAE |RIZEH 500m! 3,155 1,577,500
ol [SIAEIRH| 500ml 85,810 42,905,000
HAE  [HAIELSH| 500m!| 18,109 9,054,500
Ho|l& |Alujolxl 500m!| 14,362 7,181,000
o8 |2ufct 500m!| 967 483,500
2lof& |24 3kg 14,759 44 277
#o & |Z2|0lE 500m!| 1,709 854,500
o8 |[BLUZEHA| 250g 114,743 28,685,750
of& (AU X 1kg 1,249 1,249
2o o] x| 500m!| 118,470 59,235,000
Hol& O] el =5}k 100g 1,168 116,800
Hol8 |[XLQEAELK 3kg 33,618 100,854
ol |X|LLEA A 500m| 35,358 17,679,000
2o E [OlEIEERH| 200m!| 134,371 26.874,200
ol | HOolX| A 250m| 2,299 574.750
ol g [EEo|X| X 500m| 753 376,500
ol B2 A 3kg 1,343 4,029
0] |FISEIK| 3kg 39,657 118,971
o8 HC|27A 500m! 41,770 20.885,000
ol g  |metu IR 250ml 4,402 1,100,500
2ol |[CIAZALSHA| 5009 3,272 1,636,000
Hojl8 |olufolE 500ml 19,231 9,615,500
OB [cBEHAPSHA 250m| 4,578 1,114,500
Hollg  |m2ix| 2% 500ml| 284 142,000
HolE  [PAEK 3kg 262 786
2lofl& [£2}of 250m!| 6,242 1,560,500
o2& |[EFTEHA 500g 293 146,500
o2 |[EFFAH 500m!| 2,269 1,134,500
HAE [cl EFA 500m!| 107,492 53,746,000
& |ZHEL 500m| 3,244 1,622,000
PO E  |AtH| 2o Al S| 200m| 2,251 450,200
o8 | MolH E Q| 3kg 7,897 23,691
HoE [clolf3 & 500ml| 1,751 875,500
o |E2IE 1.5kg 5,910 8,865
o [HEWERAH 500m!| 51,589 25,794,500
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2rYy Z24g ZAf 225 EE
(AtEd) chg (8 2 §) (ml,g.kg)
YO |AO|A|O|E SA| 500mi 1,405 702,500
¢o8 [20}olE 5009 39,866 19,933,000
2o |mAASH 500ml 185,573 92,786,500
Holl g (Aol E 351K 200g 6,841 1,368,200
o8 = 500g 1,274 637,000
Holg =g 500m] 58,153 29,076,500
Hollg8 [ 500ml 11,499 5,749,500
ol & |2of0l29At43H| 1350¢g 4 814 6,498,900
o & [Blo2&A 500m! 4,771 2,385,500
HAE |F2 125ml 31,611 3,951,375
HolE [ MbolE] 500¢g 2,832 1,416,000
Holg |meleegt 500g 32,643 16,321,500
Hoflg& (Kig| gt 500g 2,360 1,180,000
ol |ofmtx| 3kg 1,196 3,588
ol & |Sofct 250m| 3,097 774 250
20| & |olEl2} 250g 6,488 1,622,000
2o & |AOIEFOH AL SIA| 250ml 40 10,000
90% [HoE MEH 27 2,374,560
X =H| ofut= 200g 4 545 909,000
H = A ] OH X 300m| 2,536 760,800
M =H| Ez|gy 200g 3,829 765,800
X = el 3kg 9,439 28,317
| = | = 300m| 5,741 1,722,300
X Z= | AR o 300ml 2,388 716,400
X =H| 2 T H| 300ml 24,654 7,396,200
H =X bzl | 2kg 44 870 89,740
M =H| U2} | 3kg 3,247 9,741
H =H 2 A 2kg 36,335 72,670
M| ZH| ALIZHR | 300ml 10,973 3,291,900
M =H| Yl 2als5 5K 200g 1,401 280,200
=X [AEZSK 300m| 27,497 8,249,100
M =H| ﬁEEOHI 500mi 26,021 13,010,500
HEH AEZQH 2kg 29,985 59,970
X Z | MOl EFH| 100m| 16,951 1,695,100
MZEH ([ ATf3oHx 500m| 20,399 10,199,500
HEX [CHERR 300g 10,121 3,036,300
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2y E3Y X & ST =5
(AFEad) cig] (4 8) (ml,g,kg)
NERTNEER 300ml 19,950 5,985,000
HMZEH |[2Alo[HH| 300mi 445173 133,551,900
MEH RIHREYA 300ml 164,400 49,320,000
M=H  [HEAEFOHK| 300m| 49,005 14,701,500
M =X |HEAERHX)| 500mi 560 280,000
M=H [stojgpel A 200g 10,366 2,073,200
MZH e x|Cl2 300m! 43,743 13,122,900
MZ=H |22 500m| 162,466 81,233,000
M= [D2t=E4a x| 500m!| 444,721 222,360,500
275 ol g M=H LA 1,621,316
7|El  |ZOolZ EWH 50mi 542 27,100
7|E}  |T Ol EMNX| 100m! 1,743 174,300
MEXTY [MBotEYAx 300m!| 506 151,800
7|Et  |[ofEYHK 500ml 372 186,000
MZ71EF X H el 2l 2 H| 1.6g*4 2,420 15,488
Z|EF | ZItEFEHA 5kg 2,103 10,515
ZIEF |38 T =251k 1kg 200 200
7| et 32| T =25} 5kg 101,954 509,770
CZIEE MEE| 500ml 85,828 42,914,000
HEIEE [Md}o 500mi 2.219 1,109,500
ZIEF |78} 500m!| 81,876 40,938.000
115 PIEF ExH 44 279,763
2285 = Al 7,122 509

< KE : ZYHEYE HEX 2L >
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Table 3. AlFx= 9] vl g ALE &3

(&9 &, W)

- 2 1996 1997 1998 1999 2000
Toh 13 A ol |3 A B[22 o [Eofa[E A w2 o
B} Al 235,634 45,540 232,161| 46,060 228,147| 52,730{217.217 52,899| 193,798 45,080
2| A | 116,129] 20.499] 116,941 21,380] 98,845 26.125 92,663| 21,234| 91,167 24,088
st
|
=
2 2| 17,753 3,121 18.317| 3,398 12,060 3,187 11.789] 2984 10,834 2,871
& 4| 120197 1568 11.219] 1447 7230 1280 7.253] 1,315 5572 1.016
S
211el 3,439 443 2,622 338 2.289 416 1,826 389 2,097 382
& 3t 6.415 723 5,956 1,063 3.816| 1.394] 2,639 723 2,739 706
P
£ & 76.297] 14.641] 78815 15.132] 73.424| 19.845] 69.027] 15820 69.902] 19.110
E
F ©F 28 3 12 2 26 3 39 3 23 3
2 A1 119,508 25,041| 115,220 24,680( 129,302 26,605[124,654| 31,665 102,631 20,992
=3 = | 38,821 9,312 43,535 10,140 13,136 5,254| 36,484 11,145 5,448 2123
7|8l =7
x| F7|& | 31,840, 7,960| 26,459 6,827 26,100 8,335 27,917 7,958 29,441 9,780
g |8 &
o) [MBI” | 18,187 1,487 19,245 1,370 54,936 4,255 23,017] 1.617] 37.313| 2.881
g} (B8] &
| S2ALE | 28,247 5095 21,137 3,453 27,630 4,854| 26,535 7,212 28,545 5,001
RG-S
aj & 1,920 759 3,069 2,039 71 246 3,852 1,691 1,407/ 1,060
S
7| E} 490 428 1,775 851 7,429 3,661 6,849 2,042 477 147
<XE D HMFE sHEED >
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