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Behaviour of the Soil Residues of the Acaricide-Insecticide, ["*CJAcrinathrin

I. Behaviour during Crop(Maize) Cultivation

Jae-Koo Lee, Kee-Sung Kyung, Jeong-Wook Kwon, Ki-Chang Ahn, and In-Sang Jung

Abstract

In order to elucidate the fate of the residues of the pyrethroid acaricide-insecticide, acrinathrin
in soil, maize plants were grown for one month on the specially-made pots filled with two
different types of soils containing fresh and one-month-aged residues of [*“CJacrinathrin,
respectively. The mineralization of [“Clacrinathrin to “CO. during the one-month period of aging
and of maize cultivation amounted to 23~24% and 24~33%, respectively, of the original “C
activities, At harvest after one-month growing, the shoots and roots contained less than 0.1% and
1% of the originally applied “C activity, respectively, whereas the “C activity remaining in soil
was 65~80% in both soils. Three degradation products with m/z 198(3-phenoxybenzaldehyde),
m/z 214(3-phenoxybenzoic acid), and m/z 228(methyl 3-phenoxybenzoate) besides an unknown
were identified from acetone extracts of both soils without and with maize plants after treatment
of ["Clacrinathrin, by autoradiography and GC-MS, and those with m/z 225(3-phenoxybenzaldeh-
yde cyanohydrin) and m/z 198 (3-phenoxybenzaldehyde) from acetone extract of the Soil A
treated with 50 ppm acrinathrin and grown with maize plants for 30 days were identified by mass
spectrometry. These results suggested that the hydrolytic cleavage of the ester linkage adjacent
to the "C with a cyano group, forming 3-phenoxybenzaldehyde cyanohydrin. The removal of
hydrogen cyanide the.efrom leads to the formation of 3-phenoxybenzaldehyde as one of the major
products. The subsequent oxidation of the aldehyde to 3-phenoxybenzoic acid, followed by

decarboxylation would evolve “CO. Solvent extractability of the soils where maize plants were
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grown for 1 month and/or [“CJacrinathrin was aged for 1 month was less than 31% of the

original *C activity and over 95% of the total “C activity in soil extracts was distributed in the

organic phase. Accordingly, acrinathrin turned out to be degraded rapidly in both soils and be

bound to soil constituents as well, not being available to crops.
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et HAEET A5 o3 FHAT 4F 4 4
v gyl Qoo ¥ UM 19929 FE
So] F2 Akztel Zof 9t ARE LA AHEHI
AT o] dhAlE HEA FE AEAHY, Eo o
g $HE7) 002 mg/hE M-S B whd {780
of g gaiwe Wlf 3 EFFAAME pH
718 el BAlglel EGA AstAl F&o
olEAel A9 gl Aoz HuHUM.

B A7dde @A pyrethroid Al Abn}akZA] o)
acrinathrin®} 28 2 B9 #3g 7o) 9
sted Ze] 31EhE BAlo] Aolg 2% LEY
[“Clacrinathrin® #z) 3 170¥€7F #b(aging) A
72 AFES 49 B4 FAE AW HA@A XY
3 E9ks E43kA AT stainless steel potof
A B LG Z2UsA AL SF5E Al
UM 48E FAsAn

1. SAEtEE

B oo AHed #HA(EE1993% 218 1 F
Z) 2 ¥ #A acrinathrin(£ % | 99.5%) 2 Roussel
Uclafiit(Romainville, France) & ¥ #aiglon]
a2 gtz BRI = 27 2004 HE vie



188 =358 A) A14d A2E (1995)

page s

< Front

« Acrinathrin

D e Origin

Fig. 1. Autoradiogram of a2 *hentic [**C]Jacri-
nathrin,
Developing solvent . n-hexane-ethyl
acetate (90 : 10, v/v).
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Fig. 2. Structural formula and labelled posi-
tion(*) of acrinathrin[(§)-a-cyano-3-
phenoxybenzyl(Z)-(1R, 35)-2,2-dime-
thyl-3-[ 2-(2,2,2-trifluoro-1-trifluorome-
thylethoxycarbonyl) vinyllcyclopropa-
necarboxylate J.

Specific activity . 2.22 GBq/mmol
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residues) &4

2% FAEYS NEF 7IFELR 6 kg¥ BUK
(aging B €711 93 84197 kBqel EXSFE)
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Table 1. Physico-chemical properties of the soils.

pH Organic CEC. Sand Silt Clay
Soil (H,0, matter  (mmol(+)/ Texture
1:5) (%) kg soil) %
A 58 34 115 59.7 270 13.3 Sandy loam
B 57 20 71 63.1 237 13.2 Sandy loam
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th B3 B B9 2 ESFINA DAHE “CO,
o FEEAE XA A5y wigdew Ry F
717V 92 4 UEE potE AFPon (g 3
Fx), S5 B2 BH WEEHE “C09 3
HEAL T3] st 39kE A potF 2709
pot& FH HidE vhE 4% <t Wu ANG T
NE %2 FE FIFEAM AwsEic S5
A 710E FAREL R EA8E FEL MY B
28k AEA EH3 Egoz RE dAse
“CO.9 gL M=z #alste zhzt IN NaOH
<+ 0.IN H:50.°1 FFA2 ¥ 159 1408 2
YALE S AZsgon, 2 A4y Ay yge 8
2914 B wiel il 3043 AW &
AG5-g B ro] £83Y AN

tllo Jo
B
4
i

Fig. 3. Picture of the specially devised stain-
less steel pot for growing maize pla-
nts.

Table 2. Radioactivity and concentration of
fresh and aged acrinathrin residues
in soil used for the growing of
maize plants.

Acrinathrin in soil
Soil Treatment

MC Activity  Concentration

(kBa/ke) (mg/ke)
Control 0 0
A Fresh 104.82 4.19
1-month-aged 109.40 437
B Fresh 104.82 419
1-month-aged 106.61 4.26
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5. Acrinathrin®| EA4E Ss|AME glol

44 Al EFF acrinathrin® EHIEL
GC-MSZ #g18l7) {43t 450 gof |7 EF
AE 300 ml beakerol] #3}s ¥EA acrinathring
50 ppmEA X5t {71849 E SA3 Hgalzl
F AT FY 80% 43t FES 7Etn 3
A9 &F4(Zea mays L) FE 155 o454
t}. Beaker?) 9138 styrofoamlz ©Q 2 33
T FAE Egd SFFE oA} dz2T A
¥l AEe vidEdszulelA 3043 BEARA
o, Afo] BY F E54E AAND EFS
S33Y
3 [MClacrinathring 2|8 E%9] acetone
298 autoradiography3dtd A& FFo Ea
B2 8] ¥ acrinathring] FEHAE D v 53l
2 3% F2E Y49t & ¥EA acrinathrin
5 mgS methanol 5 mlo] &35l 287t Ao
=EAA Ai 71RENA FH5E 2% metha-
nololl &g FzArYT 47| acetone FEYS
precoated TLC plate(silica gel 60Fz4, 20X20 cm,

rx e

0.25 mm layer thickness, E. Merck, Germany) ol
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Z}z} spotting3td n-hexane-ethyl acetate (90 : 10,
viv) Eddez AN F BA3NFE autora-
diogram®@} zp&M ZA}e] og ®|EA FAFE
chromatogram& o] z}z+e] Riztg B &3 oH,
Aol Ag zAVEIY] dalg FRAbde] 7} ospotE
o] acetone®} methanolZ FZ38l3 o]& GC-MS
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6. WAks Al
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EYE 13t FdsA nig F F 03 gg,
AEAe YEHET F F 02 g& FE3 Hslo
Biological oxidizer(R. J. Harvey Instrument Cor-
poration, US.A)E IEAA 2% “COE 15
mle] “C-cocktail(For Harvey Biological Oxidizer,
R. J. Harvey Instrument Corporation, U.S.A.) |
F5AA liquid scintillation counter(LSC, PW 47
00, Philips) 2 EFD AEAH S PASS AFE
Aot daA 49 A9 §45E ZH 300 ml/
mino] 1 catalyst zone¥} cc hustion zone?] &
v 242 700°CY 900°Colsion], A4S 4
otk f7l 8ol =of Sle AEY WALES
F714mE @3] FEAZ F toluene cocktail

(PPO 4 g# POPOP 0.5 g< toluened] %9 1 L2
)&, IN NaOHel F49 “CO:% 0.IN H,S0.l
¥3E A2 was AZele Aquasol(Du
Pont, NEN Research Products)& AM&3t5ch
Aquasol® cocktail2 AHE8 ANEE 4°CY g4
A 24X7F PN F Ak AR .

7. E2A|B2| &1} Gas Chromatography-Mass
Spectrometry(GC-MS)

LAEY 60 gol acetone 100 mlE Hol 4 AT
g3l 27,000 glA 1087 g8 F 4F
& oy oz FE99 Pabgol AAEA
T3 =9 A7 FEIAACE =T BN
22 3] fEte HEA FEES AT E
Fo] ALE €7 EY 50 gol acetone 100 mlE
go] 5 A1Zk A=kslm 27,000 gol M 1087 AAHE
P8 F AAAE Zot WRoR 48] FEIPYL
o, 2% §3 F2£298& 35°CoAA AgEFsn &
29] acetoneo] &3&o] 23 Florisil column&
32 F AL 7)FINN FFHe] GC-MS=2
24540 o] o AME GC-MSY BHzzL X
3ol A A BT

off & ™Y
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Table 3. GC-MS conditions for the analysis of the degradation products of acri-

nathrin in soil.

Instrument HP5890 A Series II Gas Chromatograph equipped with HP5972
Series Mass Selective Detector, Hewlett Packard, U.S.A.
Column Glass capillary column, HP-1(Cross-linked methyl silicone gum),
25 m L X 02 mm LD. X 033 pm film thickness
Temperature Column : Initial temp. 150°C for 0.1 min, 15°C/min to 250°C
maintained for 15 min
Injector : 220°C
Detector: 280°C
Flow rate Carrier(He) 1 ml/min
Split vent 7 ml/min

Septum purge 1.5 ml/min

Injection volume 1uf
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8. Autoradiography

A @ &4 [MClAcrinathring A& F &
2 e EFE acetonelE FEE 1 £
28 1y)] 9% autoradiography® Fuji X-ray
film, Medical(Fuji Photo Film Co., Ltd., Japan, 20.
3% 254 cm)3} Developer X-DOL(X-ray film de-
veloper, Poohung Photo-chemical Co., Ltd., Ko-
rea), Fixer X-FIX(Poohung Photo-chemical Co.,
Ltd, Korea)& Argstgich 2#]i TLCAE Art
5554 (25 Folien, 20X20 cm, 0.2 mm, E. Merck,
Germany) & AH&sigion, #H7&vl= n-hexane-
ethyl acetate (90 : 10, v/v) E@AE A3

9. EQ %=&9 2tAbs2| KiB(aqueous phase)zt
H#fH(organic phase)E2 i

2] acrinathrin®] EFFoIA o= Ax F4
SgEs WRHREANE THEY) H8] acetone
B} 220% 100 mlE F&d dEHea 2%
o] acetonedl| ThA] o] 15 ml screw-capped tube
o &7 & Ak JFFAM #7180 E HEAA
t}. o§7}9 dichloromethane 5 mi¢} FFF 5 mlE
¥n APs A=ksld AXF F dichloro me-
thaneZ23 B20A Z+7t 2 mi8 € vialdl st
toluene cocktail® Aquasolg ztzh Wi EEo #
A3 oAAzl ¥ LSCE s A

10. $HAE +LiEFEM(soil-bound) *C2 M

gz 2399 Watgel ADMe FE
o] @ W7 29 EF 2 gol 5 mlg) 0.1M so-
dium pyrophosphate® il 2087 2&9E F&
# % 16000 gold 1087t f4Es E84
huming Zstn AA4e 25 #aden, o
2%L ZZ99 Wrbsol AAWAHE Fgol 4
A ALEEc § AR o olde AA
ol 99¢ wW7tA conc. HCIE 7H8tiL 16,000 gl
1087 A28 fulvic acid(43 )¢t humic

acid(BAB) L #% F A2 E(humic acid) & 0.
iN NaOH=Z £3#&4ch Fulvic acid$} humic acid
o) E9]® “C WAFE & Aquasol cocktail2 At
o Azsgon], 2251 & EXL Biologi-
cal oxidizer2 @43 huminZ 9 “C A&

st
Ax o oE

1. =AM7(12H Y EZ2X|uY7|ZHE acrinathrin®]

#4844 b ( mineralization)

Acrinathrin® TR E ) (soil-aged  resi-
dues) & 4337 A 1L £4712%% [C]
acrinathrin® 2 %€ %7850} ¥&d “CO.9 %
& a3 4014 BE ulg 2ol F EFA E ol
go) 32 WA 23~24%0]ch. [**Clacrina-
thrino] ERZoA H4CO.E W&Ede ARE acri
nathrin® F%% cyano groupol AY¥H @&(*C)
o] Q1HF ester Aol IRl J3te] dEH
o] AAE m/z 2259 EaANBol A&Hez ¥
HCN#} Atgtatgo) ¢]&ke] 3-phenoxybenzoic acid
2 ® & 4Cx ¥AF carboxyl group®] decarbox-
ylation® @A “CO,& WEde Aoz BHHUG
(2 9 =), =3 EF AR FFE] “CO:
2 Br|8EE AL 35 Eae vjYEA Esiel
Jdgte o AFATVES Bae Lee 79
Ao o8hd acrinathrin® EFF Edole EF
oy o] ZA B ¢ & ik AEAWZT
z B9 ASt E% B2 RH WE® "C0:9 4
219 5ol RE whel o] AA(fresh) Aol
He 47t RPN 2549 265% M€ =
A HAETFAME 217t 3349 332%=2A4 vE &4
A7) % AEL AuY F$7t ABAHTRG
o Egth ol 1493 £4712 < olnl 7|
QE B FLE ol HCOE BIAEH AR
go BHAER o= Ax WEH S |
ol Rog Hlr} W AEA HUCE FH
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Fig. 4. Mineralization of [“CJlacrinathrin to
“¥CO, from soil during the aging pe-

riod.
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"Fig. 5. Amounts of '“CO, evolved from ["*C]
acrinathrin-treated soil during 30 days
of maize plant growing.
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Table 4. “C activity(%) absorbed and trans-
located into maize plants from the
[**CJacrinathrin-treated soils during
the growing period of 30 days.

14C
Soil Treatment Total
Roots  Shoots
A Freshly treated 0.18 0.04 0.22
1-month-aged 0.15 0.05 0.21
B Freshly treated 0.37 0.05 042
1-month-aged 043 0.08 0.51

2. 2420 2|8t acrinathrin EY AR29| &%

oz

3049 A7t Fet S oEte FHold
4 acrinathrin®} 1 Baj4E9 42 F 404 B
uhe} o] W9 XgH BRAN ANELGRFE
I INE 49 EFFRED S Aolglel F
3] Ago|r}. & acrinathrin® EYTAA &l o}
F 474 F3€e 2#HF 2 gk Lee® Kyung'P&
n-octanol- ZlA49) logK..7} 2 SgEL AE
o 9% Fgoldhol A ZAastPria RaEy
k. & AzA bentazon (logKew —046)7 ATEA
2424 carbofuran(logKow 1.23~142) 2 Axx)
3,4-dichloroaniline®] ¥ thiAl4tE<) TCAB (3,34,
4'-tetrachloroazobenzene, logK., 4.71) EYZAFE
o Hd g Folall AFoNA logKest EFE
Folg&o] R dhem, 1 F logKw7t
7+ & TCAB®] B-%v Wol FFo|sd o] F
A gAbse 1% vlgoldtin RuFHch. o &
£ Aol ALE-H acrinathrin(logKow 5.26) 3} ¥] i
s12H TCABS logK. Hth © =] oo acri-
nathrin®] &4 AWR] FFolgdFo] A3 3
e Aoz BT} o)e} HWdle] Matthies 52
2 HEA T FF F5o M FLF 8
2 KAEYGF7NEL—F BuA9 9 K32 B
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g bt glo} o A At 2D EF
ARTHE EY BolAM AST S5l R 53
uC WAool Wol EAjsks AL {71E FEol o
2o B9 AoA] acrinathrin® ZAFEo] o {35

&2 7E3s] A8l 2 Uvk EF acrinathrin
& EgEdA pHet 718 % #AQ EF
bl ZaA FHEH] EFFAA olFA A
gtte g EAYE S55d FFoldHA
23 9% sy A= wAg F gk
upeba] A 2 AF9 BFHoz FiAE B FH5d
A¥F acrinathrine] E%e] AAH=ol 1 oA
A Qe &5 FioldgozA Holit
Z(food chain)ol #¢€ 7Fsde =3 g A
oz AEHAT

3. ZEX7|Z2ES acrinathrin®| S

Acrinathrin®] A4 2 £A3AFES /4T ES

o] £42-2 Aulsls 717+E acrinathrin® 42

E 594 B wke} o] acrinathrin EYZFES
Sgd FFoldd ¥ F EY A FH4
g% 1% vPoldrh. TF “CO.2 F7)5t= o]
Egoz RH W3 &L A4 A7 4 A
Zj7ol M EF A9 A= 27t 2549 334%, B
Bel A% A2 2659 332%24 1447 4%
EdM o s%ov 55 4 ¥@or By 4
28 FE EY TH) 497 BAGll 03%
ogkel it B FAHHALEY 66~77%E EF
o ZFIANeH, frer F3FUL "W E
¥ A7 acrinathring FLHAY S5 &
Foldfd ¥ Aol FAE ¢ Y& Axoln Fg
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Table 5. Fate of acrinathrin during the period of 30 days of the maize plant growing.

“CO, evolved(%)

“C (%
Pot Soil Treat- from the surface of (%) Recovery
No. ment (%)
Maize plant Soil Root Shoot Soil
1 A - - - - - -
9 B Control B . B B B _
3 Fresi 0.12 24.60 0.13 0.06 72.24 99.15
£ A 5’ 0.07 2479 0.11 0.04 75.00 10001
5 cate - 26.87 0.29 003 76.78 10397
6 0.15 3218 0.12 0.05 68.18 100.68
1-month-
7 A p 0.14 35,00 0.09 0.07 6595 101.25
8 age - 3268 024 003 66.10 99.25
9 0.14 25.79 0.14 004 76.78 102.89
Freshly
o B 003 30.10 0.14 0.05 6647 96.79
11 red - 2358 083 0.05 7478 99.24
12 018 3363 0.15 008 68.83 102.87
1-month-
13 B . 024 3041 046 0.09 67.13 9833
14 age - 3540 0,69 0.06 6881 10496
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dichloromethane ©. & partitioning®t 23} E 60l
A Be vl Zrh
(“Clacrinathrin E%3FE2] acetonedl] 23 F
282 A AT SFEFE AWEA dL A
e 5 EY 2% o 64~67%%A 2 2o|7t §l
doeu &5+8 Austds Fee dAS A2
Ach Lees} Kyung'’& TCAB9 37193 670197t
SARFE FHESY JAAFE FHEFIA
4297t B E AT F EYSE FE23 49 RE
= 7 A -’F%-%?} SuptREo Yol A F
bt o, ole <A &7 (aging effect)t ZRAE
»}(rhlzosphere effect) 5 ¥ R Fg o5
gz EFEVW gEozn syl oA 2 4
"EM]HE S5eg AU B FEE &t
B9 o] FAD F7e e sHEHASY 2
iﬁrlro} ) 71" Aoz B B EYS 14
7 £A43RE ASe sASA @2 AN AFEE
Aol Wid FZgo] @A Fadgded ole
acrinathrino] E% TAAE ZsiA FAHe 4
A9l 1MEzY §470F = FE IAAF
B2 2o EY vE B Fi e 2

5. £ &S| I Wil U FHEV YR
nRSel 24

Egdl A2§ acrinathrine] 2o F43%
EE AT AEE dolrr] 3t 7t A2 WA
o] +& acrinathrin ZFHEE 7 EF 599
T4 {7147k Ruldd ddE E 64 He
viel Zo] Aol FulE WAMES ZE X T A
A WAV 5% mtegA Fa S0 B
Hjalgon, ol& £4717 2 S5 A AF
A “CO,F(FAE PAHeS 23~33%) 3 vl
3 2 ZHAEST FASFTEY Po) dFHoE
HAAY e F4 ENE] EY TFA4RA #Z
37 F&s5o] &899 acetonelBE FHHXA
Bty AEQY AHOE Roly A BEYH S54
el E%2 acetoned] AT FE&o] 31% HTY
S 7ekEtd Tz shsAol ¥4 v gud
ok =3 B &9 Ay 3 £330
o AHolA EY B4 4 71T € ZEA

Table 6. Extraction of the ["*CJacrinathrin-treated soils in the absence and presence
of maize plants with acetone and the partitioning of the extracts between

aqueous phase and organic phase.

Aqueous phase+organic phase=100%, acetone-extractable+bound=100%

Distribution(%) of “C

Maize Acetone- after partitioning Non-extra-
Soil Treatment extractable ctable
plant (%) Agueous Organic phase (%)
phase (CHLCL)
Freshly No 66.51 3.88 9%.12 3349
A treated Yes 30.68 147 98.53 69.32
1-month- No 2317 3.06 96.94 76.83
aged Yes 2291 415 95.85 79.67
Freshly No 63.08 084 99.16 36.20
treated Yes 2291 0.52 9948 77.09
B
1-month- No 29.36 143 98,57 70.65
aged Yes 1494 341 96.53 85.06
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oFof Mg A vehx gsith

F718ufol o2& F&o] Erid E¥EY) acrina-
thrin Z7FEL BMF AAe B 794 B b9
ol F2 fulvic acid® humin® X F I humic
acidel EX¥® &2 Audoz HYh £§ £¢
4} fulvic acide]l #EXH WAlso] 1€ 4%
SETE A EF A ALY 2E A 7oA
oF 50% ©]4<el H-L Zetstd E %S acrinathrin®)
=4 BajdEo] EY FHEZH acetoned] 23]
FE2EA &% =R e FF == A%
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Table 7. Change in the non-extractable *C after applied to soil samples as ["*CJacri-
nathrin in the absence and presence of maize plants.
Fulvic acid+Humic acid+ Humin=100%

Soil Treatment Maize Non-extractable Fulvic Humic Humin
plat  bound residue(%)  acid(%) acid(%) (%)
Freshly No 3349 78.83 1.58 19.59
treated Yes 69.32 4349 2.38 49.13
A
1-month- No 76.83 54.24 146 44.30
aged Yes 79.67 4042 2.15 5743
Freshly No 3620 79.60 409 16.31
B treated Yes 77.09 57.50 5.62 36.88
1-month- No 70.65 63.94 471 3135
aged Yes 85.06 4893 6.68 44.39
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Table 8. Degradation proaucts of acrinathrin in methanol (1,000 ppm) exposed to sunlight for 2

days, as identified by GC-MS.

Degradation

Molecular

Tyoi
product Structural formula ion (M*") ypical RE Remarks
. . fragment value
identified m/z
0
3-phenoxy- H— 0] 198 169 (M*—CHO) 0.27
benzaldehyde \©/; ©
3 phenoxy- 0 228 197 (M"—CH0) 005 Obtained by
benzoic acid ~HO—=C 0 169 (M*—CH,C(=0)0) methylation
\©/ \© with CH,N,
Methyl o 228 197 (M"—CH,0) 058
3-phenoxy- CH;0—C 0 169 (M*—-CH;C(=0)0)
benzoate \©/ @
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Fig. 6. Total ion chromatogram of actone extract of the soil treated with 50 ppm acrinathrin and

grown with maize plants for 30 days.
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Fig. 7. Mass spectra of the peak #1(A), peak #2(B), and peak #3(C) on the TIC in Fig. 6.
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Fig. 7. Continued.
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Fig. 8. TLC chromatogram(A) of acrinathrin in methanol exposed to sunlight for 2 days and autora-
diogram(B) of the acetone extracts of soils treated with fresh and 1-month-aged acrinathrin.
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