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of Bifenthrin in Soil

Jang-Eok Kim and Tae-Ho Choi

Abstract

This study was conducted to know degradation products of the synthetic pyrethroid insecticide
bifenthrin under soil, aqueous solution and UV-light irradation, and know its movement by
leaching in soil. The major degradation product of bifenthrin was identified with 2-methylbiphenyl
-3-yl methanol by HPLC, UV, Mass and NMR under soil, aqueous solution and UV-light
irradiation, The main degradation route was hydrolysis of the ester linkage. On exposure to UV

-light, bifenthrin was decomposed almost completely in concentrations of 10 and 100 ppm in 24 hr
but decomposed about 80% in 1,000 ppm. Bifenthrin was immobile in soil column system and on

soil thin-layer chromatography system. Mostly bifenthrin remained in the 0-2.0cm layer of soil

column and soil TLC,
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I. Bifenthrin Eali&tE2 22l ¥ &3

Bifenthrin®] E<of, &89 9 zp9dal zapr]g
F ¥H4EE FAH37] A3t bifenthrine] ¥
d EQARE acetonel® F%3sl: HPLC
(Yung-In HPLC-9500)2 #F EajAtE2 3
© peak® ¥Ag F, silica gel 60 Fus, (2020
cm, 0.25mm thickness, E.Merck)9] TLC
plateel #&&% spotdte] bifenthrin ¥ 2 3}
AFEE 2t $elstg e, TLCE #3% 239
T2 E 47l H8l spotd scrapste] H A 34
Ak, AR 24 HAAFFAIRE FAs)7]
¢} 8t UV-visible spectrophotometer
(Pyeunicam 8800) 2 scanning3dlelony, mih o]
AAIY AlRe EAE FAHNY] st

Varian MAT 212 mass-spectrometry S A} £-8}
A2 ion source T0eV, detectors EIE Ap-&38}
dck. =R o] AA e Ex7F2E Halslr] $ed
CDClel %< 'H-NMR % C-NMR
spectrometer (Britker) 2 485 oo, ojd u
¥ 7EEARE TMSE AH&3idcl. 89 9
e} ZAlAlel % bifenthring] ¥ AEe] R
Y FAHE EcklMel 2 wyow sy,

2. Xefd =A

Bifenthring E&F ¥ =7} 10, 100, 1000 ppm2
2 zAR AL petri dish(i.d., 9cm)ol 2,
4ol & A7l ¥, UV-lamp (300 nm, 10W at
10cm) 7t Ax1" 25+2°CY incubatore] X.{3bw
A 0.5,1,3,6,12, 24, 4847 ZA}A1A bifenthring
FaloFd R EsAEE zabetedc).

3. Y

Bifenthrin®] E<}% &% A= & xAbsl7) ¢st
o] Helling®} Turnerd soil TLC wh'v& <7t
Hsle] 48 ATE 2AEEY, 2mmAlE B3
T FAHESE oH4] 0.25mmAE BFHAA o) B
& TLCE glass?#(20X20cm, thickness 2
mmjel 0.5mm FAZ 33 F, desiccatorel] A
sds AxA7z, plate sk 1.5cmP-H el
bifenthring spotd ©-&, HAMLujZe ANSFF
£ g3t e, platestdolA #8 11.5cm7HA|
ARA)Z F, thA] desiccatorgbell A 23] £uf
€ AxA71x, 449 fragmentsE lcm¥ 14
22 FEs] Y AEE acetone2d FE3
o GLC/ECDE #HzEMstxd2od, soil TLCAA
Rfgt& F3ted bifenthrine] &o & o|% d=
E zabslge}l. =¥ glass column(lel}gth 30 cm,
1.d., 3cm)elld 49 HEE A8 Sl &
oF 3 RrlEE ¢ AAAI ZAE 25em ¥
ol W3, MNEFF 1L2 Eof Feoe] pox
@& 72 &8 B o, bifenthrin E&F
10ppm, 1mlE& 7Y F, AFHF5F ILE AG
10ml¥ #%274 GLC/ECDZ 4% HEEF x4}
st ot

n o mF
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Fig. 1.HPLC chromatogram of bifenthrin and its
degradation products isolated from soils
| 1 bifenthrin
2 © unknown
3 : unknown

HPLCe ®AMxz#HL& yx-Bondapack C;s col-
umng °}439.2™ acetonitrile : H,0 . ethanol
& 50:35:15(v/v/v) BIEE =AY L£&£49E
o] &-5ted UV(254nm) detectorell A HAst¢ict.
¥9F 2283 bifenthrin EEFEFSY HPLC
chromatogramel| 4 retention timeg vjEs) £
A3} bifenthring retention times 4.72%01% 2
o, BEFE2EdMe FHAER FHET 24
3 peakE HUE 5 s},

HPLCAlA 2&® peak 2, 39 #A3+25 &
o1st7] $isle] A8 $2E& TLCE ol&3td &
gty ed oln TLCAA £e1d &+ spote Fig.
29} 2gke}.
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Fig. 2.Thin layer chromatogram of bifenthrin, its
degradation products in soil extracts
on Kieselgel 60F;s,
I} Solvent : benzene saturated with
formic acid/diethyl ether (10/3, v/v)
2) Development distance : |7c¢m
3) Layer thickness : 0.25mm

Fig. 2¢lx A7|&v]l& benzene saturated
with formic acid/diethyl ether& 10:3(v/v)<
2 AAAA Rige F3¢ A7 bifenthrin &
Ze 0,93 ¥ AEZ FHEHE FAES R
< 0.51, 0.33, 0.14°1502n, Rfgke] 0.33, 0.14
E42 scrapste] §&4A171E FHAA 3hstH
Ao Qe AE5E L8 F e
, Rigte] 0.5181 £4& #38te Table 13} #
solvent systemellx] #7478 A—-B—>C-D
o2 AEE B AAsiz EaATzEE 97
kel A sHA 3 et

Rfgle]l 0.510 &AL AAS A7 F oy
HPLCAS unknownEA = ving A+ Fig. 19
29 peake? A2 Had=Yrt. o] AXH A F
A2 UVl 97 F-HdxE 91zl diethyl ether
of o, Dbifenthrin EFEFH} UV-visible
spectrophometer2 200-300nm7*]  scanning ¥

fo B 2 =
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Table 1. TLC Rf values for bifenthrin and its

degradation product isolated from soils

Compound  Rf values with indicated solvent system*
A B C D

Bifenthrin 0.13 0.74 0.92 0.93

Unknown 0.01 0.32 0.42 0.51

* A. n-hexane-diethylether (20/1, v/v)
B. n-hexane-acetone(4/1, v/v)
C. n-hexane-toluene-acetic acid(3/11/2, v/v/v)
D. benzene saturated with formic acid-ethyl
ether(10/3, v/v)

AbSO'pa ce

200 250 300
Wave length(nm)

Fig. 3.UV spectrum of bifenthrin and its degradation
product isolated from soils in diethyl ether
— ¢ bifenthrin ]
-t degradation product(Rf=0.51 in TLC,
peak 2 in Fig. |)

A3 Fig. 3411131- Aol bifenthrin ¥ #3 4HE
2 2hyse £4<E 2lnmeld UVE B84 &
File Aeg vt EHAER £ 1Y
EAFE Fe| benzene ringe] EAY AR F
Asjo] o] F#4tEe] bifenthrin® alcoholit+-ol
A fag Aoz FAFHG.

o] B3¢ ¥AF2E W37 st A o] &
A& acetoned] =< ion source 70eV, #HE7+&
EI§ ©o]|$% mass-spectrometry2 £A#%g& &3
¥ A& Fig.49h z2sich.
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Fig. 4.Mass spectrum of degradation product of
bifenthrin isolated from soils(acetone)

Mass-spectrometryell 4 veld ztzhe]  frag-
ments§ ¥A¢ A 244l C, H, 00l ¥
o] 198 B2 3=z, o FHE CDClL
o *eo 'H-NMR spectrometer (300MHz)& 4}
4% A9 spectrums Fig. 5014 B+ wje} 3
o] 1.73ppm(bs, 1H, OH), 2.23ppm(s, 3H,
CH,), 4.76 ppm(s,2H, CH,) % 7.18-7.43 ppm
(m, 8H, aromatic Hs)ol A proton peak® & <+
. «97)o) 4 hydroxyl group3 carboxylic
acid grouplA§ Rt} AysA @} ﬂi}
o] BC-NMR spectrometer (40MHz) € *}%'ﬂ' k<
= Fig. 63 @209y, zZtze] spectrume 1yt
A3 15.83ppm(CH,), 64.03ppm(CH,), 76.
57-77.42 ppm(CDCl;) ¥ 125.55-142.8(aromatic
Cs)oll A ztz}t whae] 3jaba o)Fo] |AFHIA}.
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Fig. 5.'H-NMR spectrum of degradation product of bifenthrin isolated from soils (CDCl3)
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Fig. 6.!°C-NMR spectrum of degradation product of bifenthrin isolated from soils{(CDCl;)
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Fig. 7.Proposed degradation pathway of bifenthrin
in soil, aqueous solution and UV-light
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Fig. 8.Effect of UV-light on the degradation
of bifenthrin

¥ A#d| A bifenthrin 10 ppmell A ZApA]
3A1ZE ool 999 olA ¥ =Egn, 100 ppme
12417} <Tell 90% o4t #=%a, 1000 ppmY =
© 24717k <kell oF 80%7F EsElglc. At Ao
ZAMgle) w2l Holmstead 5'®] ultragviolet(®
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transitions> 2 singlet ¥ triplet] 7] Abe] A
T2 Fo] J3et wkge] dojv oAl wE B
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Table 2. Movement of bifenthrin from soil TLC in
Chilgok and Bokhyen soils

Bifenthrin contents(%)*

Chilgok Bokhyen
Fragment (cm)
0-1 95.5 101
1-2 4.2 ND
2-3 ND ND
3-4 " 7
4-5 " "
5-6 " "
6-7 " "
7-8 " 1"
8-9 " 7
9-10 7 7
Leachate ND ND
Total(%) 97.7 101

* the mean of triplicate

Soil TLCellA bifenthrin® °]%2 JF ¢ =B
A EgoilMe Ao olFe] dojux Yt ALER
vhelydcl,  o]2dt A:E  Sakata §1%193
Kaufman %!V¢} pyrethroid#l %<k £ gl
we ST Eof YRl HF wE FALF ql
3le] EoJUE A2l Sgeo] dejuA] Yete E
a9} A gAFE Zlelt).

w2t & ¥4 pyrethroiddl AF3a)in1s.169)
A7t A 2 bifenthrin® Eoll g e He &
g3 EokdAlel wE FHoZ st fgo]
dojubA] oud ALz 2ARD. w2y xo
columnol| 2] &4A T & Foslr] $lsle] §7]2
< A3 AAA D 2ot FAERFE 25cm Fo)
2 A¥ column(length 30cm, i.d., 3cm)elA
4EAEE AYY 23} FTAE%Y columndll A e
Aol geol ddojutx] gk, sand columnol A
£ bifenthrin &% 10ppm, I1mlE Helge o
3-5%9 &0l dojyr}, olE A2 vjFo
2 o bifenthrin® Egela] FAE L 4
o8 getElo] Bof sF2 o]FL Ao oo}
A dE HALB Y™

2 o

EF 2 FEAzAdAed  AgHdzabAlg
bifenthrin®] F FsjcfAlAHE S #alsly =ok3
oMo} §%& =AY AdE g3 FAo).

£ g FEA2A A9 29 A2 ALA] bifenth-
ring A AE&HAEL  2-methylbiphenyl
-3-ylmethanol® HPLC, UV, Mass ¥ NMR=
#q=gl2n bifenthring] F EH74 2 esterd
o) il atgo 2 ey,

A48l ZARA] bifenthring® H7MFE 10, 100
ppmell A 24217keke) A9l B isAlEgen |,
000 ppm¥ dlv < 80%AE Eai =},

Soil TLC ¥ columnAtell 4] bifenthrine 7 ¢
SHEA g3 BT EA ).

20z

re

M. (1989) : Characteristic  of
pyrethroids for insect pest control in
agriculture, pestic. Sci., 27, 353.

2. Ahn, Y.J., Funaki, E., Motoyama, N,
Shono T. and Fukami, J.(1987) : Nerve
insensitivity as mechinism of resistance to

1. Hirano,

pyrethroids in a Japanese colony of
housefies, J. Pestic. Sci., 12, 71.



132

10.

11.

12.

. Watkinson,

. Katagi,

. Svendsen, A.

. Takahashi,

. Sharom,

IHA TR A1 A2E (1992)

1.A.(1989) : Pyrethroid
economics of pest management,
Sci., 27, 465.

T. (1990) : Theoritical estimation
of site specificity in the metabolic hydor-
lyation of synthetic pyrethroids, J.
Pestic. Sci., 15, 427.

and
Pestic.

L.K.
derived

and Pedersen,
(1987) . Pyrethroid
from 2, 2-dimethyl-3-(3-phenoxylbenzylox-

insecticides

y) propanal, Pestic. Sci., 18, 169.

. Plummer, E.L., Cardis, A.b., Martinez,

A.J., Vansaun, R.A. Palmere, R.M.
Pincus, D.S. and Stewart, R.R.(1983) :

_Pyrethroid insecticides derived from sub-

stituted  biphenyl-3-ylmethanols, pestic.
Sci., 14, 560.
. Takahashi, N., Mikami, N., Matsuda

T. and Miyamoto, J.(1985) : Photodegra-
tion of the pyrethroid insecticide cyper-
methrine in the water and on soil surface,
J. Pestic. Sci., 10, 629.

N., Mikami, N., Matsuda
J.(1985) . Hydrolysis
of the pyrethroid insecticide cypermethrin
Sci., 10,

T. and Miyamoto,
in aqueous media, J. Pestic.
643.

M.S.
(1981) : Adsorption-desorption,
tion,

and Salomon, K.R.
degrada-
and distribution of permethrin in
aqueous systems, J.Agric, Food Chem.,
29, 1122.

Mikami, N.(1987) : Degradation of
pyrethroid insecticides in the environment,
J. Pestic. Sci., 12, 539.

Kaufman, D.D., Russell, B.A.. Helling,
C.S. and Kayse, A.J.(1981) : Movement
of cypermethrin, decamethrin,
rin, and their degradation products in
soil, J. Agric. Food Chem., 29, 239.
Hill, B.D.(1981) : Persistence and distri-
bution of fenvalerate residues in soil under

permeth-

13.

14.

15.

16.

17.

18.

19.

20.

field ;and, laboratory conditions, J.Agric.
Food Chem., 29, 107.

Nambu, K., Ohkawa, H. and
Miyamoto, J.(1980) . Metabolic fate of
phenothrin in plant and soils, J. Pestic.
Sci., 5. 177.

Wei, L.Y.(1991) : Determination of bi-
phenthrine in pumpkins by gas chromato-
graphy and mass spectrometry, pestic.
Sci., 32, 141.

Sakata, S., Mikami, N., Matsuda, T.
and Miyamoto, J.(1986) : Degration and
leaching behavioor of the pyrethroid
insecticide cypermethrin in soils, J.
Pestic. Sci., 11, 71.

Sakata, S., Yoshimura, J., Nambu, K.,
Mikami, N. H. (1990) :
Degradation and leaching behavior of the

and Yamada,

pyrethroid insecticide fenpropathrin in
soils, J.Pestic. Sci., 15, 363.

Nambu, K., Ohkawa, H. and
Miyamoto, J.(1980) : Metablic fate of
phenothrin in plant and soils, J.Pestic.
Sci., 5, 177.

Mikami, N., Takashi, N., Yamada, H»
and Miyamoto, J.(1985) : Seperation and
identification of short-lived free radicals
formed by photolysis of the pyrethroid
insecticide fenvalerate, Pestic.Sci., 16,
101.

Hussain, M., Perschke, H. and Kuts-
cher, R.(1990) : The effect of selected UV
absorber compounds on the photodegrada-
tion of pyrethroid insecticides applied to
cotton fabric screens, Pestic. Sci., 28,
345-355.

Farnham, A.W., Janes, N.F., Kham-
bay, B.P.S.(1989) : The pyrethrin an
drelated compounds. Part XXXV. Ester
of arylsubstituted cyclopentane alcohols

and analygues, pestic. Sci., 25, 205.



