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ABSTRACT

The present study was carried out to investigate the
residual behaviour of carbosulfan and imidacloprid
insecticides on potato plants (leaves and tubers). The initial
deposits of carbosulfan and imidacloprid on the leaves of
ditta variety (53.40 and 10.39 ppm) were higher than on the
leaves of diamont variety (28.30 and 2.76 ppm), but the
calculated residue half-life values (RLsp) for carbosulfan and
imidacloprid on the leaves of ditta variety (18 and 17.75
hours) were shorter than the corresponding values on leaves
of diamont variety (22.5 and 22.75 hours). The results also
indicated that the initial concentrations of carbosulfan on
potato leaves of diamont and ditta varieties (28.30 and 53.40
ppm) were much higher than the initial concentrations of
imidacloprid on potato leaves of diamont and ditta varieties
(2.76 and 10.39 ppm). Data revealed that the first day
following application is critical in the sense of sharply
decreases to reach 53.36% and 65.73% for carbosulfan and
52.54% and 66.99% for imidacloprid on potato leaves of
diamont and ditta varieties, respectively.

Residues of carbosulfan and imidacloprid detected in
potato tubers at 1 day or 3 days following application on the
vegetative parts of potato plants, are evidence that penetrate,
movement and translocated these insecticides through plant
tissues to tubers.

According to the maximum residue limits (MRLs ), and
the determined residues of these insecticides in potato tubers,
the approximate waiting time value ( preharvest interval )
for carbosulfan residues in diamont variety could not be
determined because the insecticide residues through the
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sampling period were all exceeded the Codex MRL value,
but it was determined as 14 days in case of potato tubers of
ditta variety. As for imidacloprid an approximate waiting
time of 5 days was determined for potato tubers of the two
varieties .
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INTRODUCTION

Carbosulfan [2,3-dihydro-2 2-dimethylbenzofuran-7-yl
(dibutylaminothio) methylcarbamate] is a broad spectrum carbamate
pesticides that acts by inhibiting the activity of acetylcholinesterase. It
used to control insects, mites and nematodes by soil, foliar and seed
treatment applications, foliar pests may be controlled by soil
applications via systemic action, and is said to be effective through
direct contact or stomach ingestion (FAO/WHO, 1984). Imidacloprid
[1-(6-chloro-3-pyridyl methyl)-N-nitroimidazolidin-2-ylideneamine] is
a systemic chloronicotinyl nitroguanidine insecticide that enters the
target pest via ingestion or direct contact. It acts by disrupting
nicotinic acetylcholine receptors in the insect central nervous system.
Imidacloprid is used for controlling sucking insects, soil insects,
termites, and some chewing insects. It is applied to seeds, soil, crops,
and structures and is used as topical flea control treatment on domestic
pests (Fossen, 2006).

Potato crop is considered one of the most important vegetable
crops, and plays an important role in the Egyptian diet, also as an
export vegetable crop. Potato plants Solanum tuberosum are attacked
by many insect species which cause serious injury and thus the final
yield is reduced. Aphids are among the most serious pests in
cultivation of potatoes. Carbosulfan and imidacloprid are a broad
spectrum systemic insecticides and effective by contact action, that has
been found useful for the control of aphids.

Extensively use of pesticides in modern agriculture to combat
plant pests has begun to receive much attention because pesticide
residues in food commodities may be hazardous to human health. It is
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well known that the intervals between application of pesticides and
harvest for human consumption are critical period. The residues of
such pesticides on and in crop should be estimated to give
recommendation about the safety consumable time to avoid such
hazards. Therefore the objectives of this study were to determine the
deposit and residue levels and their rates of dissipation of carbosulfan
and imidacloprid insecticides on a common vegetable crop, potato
under field conditions. Also the time intervals between application
and harvest (waiting time) for human consumption were estimated. A
subsidiary comparison of the residues between two famous potato
varieties diamont and ditta ( leaves and tubers ) were achieved.

MATERIALS AND METHODS

1. Experimental and insecticide treatments

The experiment was conducted from October 2002 to February
2003 in Kaha-Kalubia Governorate. Diamont and ditta varieties of
potato plants were planted on October 29, 2002 under the normal field
conditions and agricultural practice. Carbosulfan (Marshal 25% WP)
and imidacloprid (Admire 20% SC) were applied on January 26, 2003,
at rates of 150 g/100 L water and 50 ml/100 L water (recommended
dose), respectively using a knapsack sprayer equipped with one
nozzle. Replicate samples, 200 g of potato leaves and 500 g of potato
tubers were taken at intervals of one hour after application (zero time),
1,2,3,5,7, 10 and 14 days and was repeated 21 days (at harvest time)
for potato tubers only. Then sub-samples, 50 g each of leaves and
tubers were taken and kept in polyethylene bags under deep freezing
until analysis.

2. Analytical procedures
A. Extraction

A.1. Carbosulfan insecticide:- The method of Mollhoff (1975) was
adopted for extraction of carbosulfan from potato leaves and potato
tubers, methanol was used instead of acetone. Fifty gram samples,
each of leaves and tubers were placed in the blender cup and a
constant volume of methanol (3 ml/gram leaf) and (2 ml/gram tuber)
were added, then blended for three minutes and filtered. Extracts were
shaken successively with 100, 50 and 50 ml of methylene chloride in
separatory funnel after adding 40 ml of sodium chloride solution
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(20%); then the water phase was discarded. The combined methylene
chloride phases were dried by filtration through anhydrous sodium
sulphate. Then, it was evaporated just to dryness using a rotary
evaporator at 40°C.

A.2. Imidacloprid insecticide:- Method of Blass (1990) was used
for extraction of imidacloprid from potato leaves and potato tubers
with slight modification of substituting methanol instead of
acetonitrile in extraction. Fifty gram samples each of leaves and
tubers were blended at high speed for about 3 minutes with 200 ml
methanol and filtered. After evaporation of 100 ml of the methanol
extract by means of a vacuum rotary evaporator, the aqueous reminder
was treated with 50 ml saturated sodium chloride solution and
transferred into a separatory funnel and shaken vigorously with 100 ml
n-hexane. Then the organic phase was discarded and the aqueous
phase was shaken with 100, 50 and 50 ml methylene chloride in
separatory funnel.  The lower methylene chloride phases were
collected and subsequently dried over anhydrous sodium sulfate.
Then, it was evaporated just to dryness using a rotary evaporator at
40°C.

B. Clean-up of extracts.

B.1. Carbosulfan extract:- The clean-up procedure done according
to the method of Leppert et al. (1983). Glass chromatographic
columns 1.5 cm o.d x 22 cm were plugged with glass wool and
washed with HPLC-grade ethyl acetate. Ten grams of 3.5% water
deactivated florisil (60-100 mesh) was packed dry and capped with a
2-cm layer of anhydrous sodium sulfate. The sample was added and
rinsed on with 5 ml of HPLC-grade hexane. Carbosulfan was eluted
from the column with 100 ml of 9:1 (v/v) hexane-ethyl acetate. The
eluants were evaporated just to dryness as previously described and
redissolved in an appropriate volume of HPLC-grade acetonitrile.
Finally, the extracts were filtered through a 13 mm, 0.45 um nylon
filter into a glass stopper test tube, then the residues were ready for
analysis by HPLC.

B.2. Imidacloprid extract:- The method of Blass (1990) was
followed for cleaning-up of the extracted samples. The
chromatographic column was prepared by adding 20 ml of HPLC-
grade ethyl acetate to a topped glass column (with a plug of glass
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wool), followed by 4.5 g of 5% deactivated florisil (60-100 mesh) as a
slurry in HPLC-grade ethyl acetate. The dry extract was dissolved in 5
ml of HPLC-grade ethyl acetate and 1 ml was pipetted on the top of
column (in case of tuber samples all extracted sample was
quantitatively transferred to the top of column). The column was
eluted with 20 ml of HPLC-grade ethyl acetate which was discarded.
The imidocloprid was eluted from the column with 25 ml of HPLC-
grade acetonitrile which was evaporated just to dryness as previously
described and redissolved in an appropriate volume of acetonitrile.
Finally, the extract was filtered through a 13 mm, 0.45 um nylon filter
into a glass stopper test tube, then the residues were ready for analysis
by HPLC.
C. High pressure liquid chromatography determination.
Carbosulfan and imidacloprid were detected and determined
using an Agilent Technologies Series 1100 HPLC system equipped
with workstation. UV-Photodiode array detector set at 220 nm for
carbosulfan and 270 nm for imidacloprid, and the analytical column
Nucleosil-C18, 5 um (4 x 250 mm) was used. The mobile phases
were acetonitrile-water v/v (9:1) at flow rate 1 ml/min isocratic elution
for 15 min for carbosulfan and at flow rate 0.8 ml/min gradient elution
for imidacloprid as follows:-

Time in min Acetonitrile Water
0 35 65
10 40 60
15 40 60
20 35 65

The injection volume was 20 pl.

Results were corrected according to the rates of recovery which
were determined in fortified untreated samples at levels ranged from
0.1 ppm to 1 ppm. Following the techniques previously mentioned,
the rates of recovery for carbosulfan were 91% and 97.3% and for
imidacloprid were 92% and 73% in potato leaves and potato tubers,
respectively.
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RESULTS AND DISCUSSION

The amount of carbosulfan residues detected on and in leaves
and tubers of potato plants and their percent loss at different intervals
after application are tabulated in Table (1). The initial deposit of
carbosulfan on and in potato leaves as determined one hour after
treatment were 28.30 and 53.40 ppm for two potato varieties diamont
and ditta, respectively. These amounts dropped to 13.20 and 18.30
ppm indicating 53.36% and 65.73% loss after one day farom
application. Then the residues of carbosulfan on and in potato leaves
had slight decreased gradually until reached 1.32 and 0.31 ppm with
percentages of loss 95.34% and 99.42% after 14 days from spraying
on diamont and ditta varieties, respectively.

No residues of carbosulfan were detected in potato tubers at
zero time (one hour after application), 1 and 2 days after spraying for
diamont variety and at zero time and one day after treatment for ditta
variety. Slight amount of carbosulfan residue (0.07 ppm) was detected
in potato tubers of ditta variety, 2 days after spraying and increased to
0.14 ppm within 3 days after application. Between days 5 and 21 after
treatment, the residue was gradually decreased to reach 0.03 ppm at
the end of the experiment (21 days after spraying). However, the
amount of carbosulfan residue (0.18 ppm) was detected in potato
tubers of diamont variety, 3 days after treatment. From day 7
following application a graduate decrease was observed in residue
which reached 0.10 ppm after 21 days (harvest time).

The concentrations of imidacloprid residues detected on and in
leaves and tubers of potato plants at different intervals after
application, and their percentages of loss related to the initial deposits
of imidacloprid are tabulated in Table (2). The initial deposits of
imidacloprid on and in potato leaves of diamont and ditta varieties
were 2.76 and 10.39 ppm, respectively. These values decreased to
1.31 and 3.43 ppm within 1 day after application, showing 52.54% and
66.99% loss, respectively. Residues were gradually decreased and the
amounts estimated were 0.05 ppm with the calculated rate of loss
98.18% on potato leaves of diamont variety and undetectable on potato
leaves of ditta variety, after 14 days following treatments.
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No residues of imidacloprid were detected in potato tubers at
zero time (one hour after application) and one day after spraying, for
diamont variety and at zero time for ditta variety. Residue of
imidacloprid (0.22 ppm) was detected in potato tubers of ditta variety,
one day after treatment. This residue increased to 0.39 ppm, 2 days
after application, after that the residue was gradually decreased to
reach 0.12 ppm, 7 days following treatment. Also the amount of
imidacloprid residue (0.10 ppm) was detected in potato tubers of
diamond variety, 2 days after spraying. This residue was decreased to
reach 0.02 ppm after 7 days following application. No residues of
imidacloprid could be detected in potato tubers of diamont and ditta
varieties after 10 days from application.

According to Bates (1979) data on residues of pesticides in
treated crops are required for the premarket registration of pesticides
and for setting maximum residues limits (toxicologically acceptable
level) to protect the consumer against the possible health hazards of
exposure to pesticides. The maximum residue limits (MRLs) for
carbosulfan and imidacloprid in the potato are 0.05 and 0.5 ppm
(Codex Alimentarius Commission 2004). According to the maximum
residue limits (MRLs ), and the determined residues of these
insecticides in potato tubers, the approximate waiting time value (
preharvest interval ) for carbosulfan residues in diamont variety could
not be determined because the insecticide residues through the
sampling period were all exceeded the Codex MRL value, but it was
determined as 14 days in case of potato tubers of ditta variety. As for
imidacloprid an approximate waiting time of 5 days was determined
for potato tubers of the two varieties.

It is clear from the present study that the initial deposits of
carbosulfan and imidacloprid on the leaves of ditta variety were higher
than on the leaves of diamont variety, but the calculated residue half-
life values (RLsp) for carbosulfan and imidacloprid on leaves of ditta
variety (18 and 17.75 hours) were shorter than the corresponding
values on leaves of diamont variety (22.5 and 22.75 hours). This
variation could be attributed to the vegetative parts of ditta variety is
bigger than the vegetative part of diamont variety or probably relates
to their different surface to weight ratios and perhaps, different surface
properties. In addition, the ratio of the leaf surface to its weight is
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high enough to result in receiving higher initial deposits of the applied
pesticide (Ahmed et al. 1991 and Dogheim 1966). The influence of
plant varieties on the deposition and dissipation of pesticides was
discussed by Lee and Cheng (1983).

The present study confirmed that initial concentrations of
carbosulfan on potato leaves were much higher than the initial
concentrations for imidacloprid on potato leaves. Such difference
could be attributed to the higher rate of application of carbosulfan 150
g (i.e. 37.5 g a.i.)/100 L water than imidacloprid 50 ml (i.e. 10 ¢
a.1.)/100 L water, also different types of formulation applied which
was Marshal 25% WP for carbosulfan and Admire 20% SC for
imidacloprid. In this respect, EI-Sayed et al. (1976) stated that the
amounts of deposits depended on the rate of application, the nature of
the treated surface and the relation between the treated surface and its
weight.

The degradation and disappearance of carbosulfan and
imidacloprid may be due to many factors such as weathering,
metabolic conversions or other degradation processes. However, the
first day following application is critical in the sense of sharply
decreases to reach 53.36% and 65.73% for carbosulfan and 52.54%
and 66.99% for imidacloprid from the initial deposit on potato leaves
of diamont and ditta varieties, respectively. There were many factors,
including plants, pesticides, and environments, which affected the
dissipation of pesticides on crops. Christensen (2004) reported that the
decline of pesticides may be due to biological, chemical or physical
processes, or if still in the field, due to dilution by growth of the crop.
Besides, plant growth is also responsible to certain extent for
decreasing the pesticide residue concentrations due to growth dilution
effect (Walgenbah et al., 1991). In addition, the rapid dissipation of
originally applied pesticide are dependent on a variety of
environmental factors such as sunlight and temperature (Lichtenstein,
1972). However, high temperature is reported to the major factor in
reducing the pesticides from plant surfaces (Awad et al., 1967). Light
plays an important role in the behaviour of pesticide in the
environment (Zepp and Cline, 1977).  Furthermore, the main
breakdown products of imidacloprid in plants are a monohydroxy
metabolite, imidacloprid guanidine, imidacloprid olefin and
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monoglucoside of 6-chloropicolyl alcohol (Miles, Inc., 1993). The
majority of toxicity studies have focused on the parent compound,
imidacloprid. It should noted that two imidacloprid derivatives (olefin
and nitrosimine) occur as metabolites in treated plants and have
greater insecticidal activity than the parent compound (Nauen et al.,
1998). The guanidine metabolite of imidacloprid does not possess
insecticidal properties, but has a higher mammalian toxicity than the
parent compound (Tomizawa and Casida, 1999). The fate of
carbosulfan has been investigated in plants and reported by
FAO/WHO (1984). In general carbosulfan, carbofuran, 3-
hydroxycarbofuran and 3-ketocarbofuran are the principle carbamate
residues in plants with relative amounts varying from crop to crop and
with time. The persistence of carbosulfan and its cholinesterase-
inhibiting metabolites on apple leaves after three foliar sprays each of
1.1 kg a.i./ha was investigated by Leppert (1982). Residues of 3-
hydroxycarbofuran were approximately one-hundredth and one-tenth
of the carbosulfan and carbofuran residues respectively after 1 day
from application and were at about the same level (0.03 mg/cm?) on
day 21, residues of 3-ketocarbofuran were < 0.01 mg/kg throughout
the 21- day study. In plants carbosulfan is typically the same parent
compound at or near the last day of application, while thereafter
carbofuran and/or 3-hydroxy-carbofuran tend to be the predominant
carbamate residues in many commodities, the latter primarily as a
conjugate, conjugation increases with time (FAO/WHO, 1984).
Residues of carbosulfan and imidacloprid detected in potato
tubers at one day or three days, when these pesticides were applied on
the vegetative parts of potato plants are evidence that penetrate,
movement and translocated carbosulfan and imidacloprid, through
plant tissues to tubers. Several investigators had studied the
absorption and translocation of carbosulfan and imidacloprid through
plant tissues after application. Umetsu et al., (1979) found that
carbonyl-**C-labelled carbosulfan residues remained at point of
application (up to 9 days) when the carbosulfan was applied near the
tips of corn and cotton leaves, but were translocated to the whole leaf
within 24 hour when it was applied to the base of a cotton leaf. In
whole-plant autoradiography studies (Capps, 1980) carbosulfan and
carbofuran showed the same movement with residues concentrating in
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leaf tips and roots after soil treatment with *C-ring-labelled
compounds. Fossen, (2006) reported that imidacloprid is rapidly
moved through plant tissues after applications, and can be present in
detectable concentrations in tissues such as leaves, vascular fluids, and
pollen. In a French study, sunflower plants that were seed-treated at a
rate of 1.0 mg/seed produced pollen that contained imidacloprid at a
concentration of 13.0 ppb (Laurent and Rathahao, 2003). Detections
imidacloprid residues in corn plants that were seed-treated at rate of
0.7 mg/seed ranged from an average of 2.1 ppb in pollen to 6.6 ppb in
the flowers (Bonmatin et al., 2005). Westwood et al. (1998) found
that the leaves of sugar beet seedings contained an average of 15.2

ppm three weeks after treatment at a rate of 0.9 mg/seed.
Table (1): Carbosulfan residues on and in leaves and tubers of potato plants.

Time after Potato diamont variety Potato ditta variety
application Leaves Tubers Leaves Tubers
(days) Residues % Residues | Residues % Residues
(ppm) loss (ppm) (ppm) loss (ppm)
Zero time* 28.30 00.00 ND** 53.40 00.00 ND**
1 13.20 53.36 ND 18.30 65.73 ND
2 13.11 53.67 ND 12.20 76.69 0.07
3 4.91 82.65 0.18 11.20 79.03 0.14
5 4.01 85.83 0.24 9.02 83.11 0.11
7 3.92 86.15 0.18 2.56 95.21 0.09
10 2.02 92.82 0.15 1.39 97.40 0.06
14 1.32 95.34 0.12 0.31 99.42 0.04
21 - - 0.10 - - 0.03
RLso*** 22.5 18
in hours
Preharvest Not 14
intervals (days) determine

* One hour after application
** Not detectable
*** Calculated from persistence curve
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Table (2): Imidacloprid residues on and in leaves and tubers of potato plants.

Time after Potato diamont variety Potato ditta variety
application Leaves Tubers Leaves Tubers
(days) Residues | % loss | Residues | Residues | % loss | Residues
(ppm) (ppm) (ppm) (ppm)
Zero time* 2.76 00.00 ND** 10.39 00.00 ND**
1 1.31 52.54 ND 3.43 66.99 0.22
2 0.83 69.62 0.10 2.35 77.38 0.39
3 0.63 77.17 0.26 2.01 80.65 0.36
5 0.45 83.69 0.11 1.58 84.79 0.28
7 0.11 96.01 0.02 0.60 94.22 0.12
10 0.08 97.10 ND 0.09 99.13 ND
14 0.05 98.18 ND ND — ND
21 - - ND - - ND
RL50 *k*k
in hours 22.75 17.75
Preharvest
intervals 5 5
(days)

* One hour after application
** Not detectable
*** Calculated from persistence curve



35
J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

REFERENCES

Ahmed, M.T.; M. Morsy and S. Awny (1991). Residues of
pirimiphos-methyl on lettuce and endive. 4™ Nat. Cont. of
Pests & Dis. of Veg. & Fruits in Egypt. 316-321.

Awad, T.M.; S.B. Vinson and J.R. Brazzel (1967). Effect of
environmental and biological factors on persistence of
malathion applied as ultra-low-volume or emulsifiable
concentrate to cotton plants. J. Agric. Food Chem. 15:
1009-1013.

Bates, J.A.R. (1979). The evaluation of pesticide in food procedures
and problems in setting maximum residue limits. J. Sci.
Food Agric., 30(4) : 401-416.

Blass, W. (1990). Methods for determination of imidacloprid residues
in plant materials using high pressure liquid
chromatography (HPLC) and UV detection. Bayer AG,
Method 00171 (1-904), ed. 329.

Bonmatin, J.M.; P.A. Marchand, R. Charvet, I. Morneua, E.R.
Bengsch and M.E. Colin (2005). Quantification of
imidacloprid uptake in maize crops. J. Agric. Food Chem.
53 :5336-5341.

Capps, T.M. (1980). Uptake of FMC 35001 into rice plants-whole
plant autoradiography. Unpublished FMC Report M-4624,
December 5, 1980.

Christensen, H.B. (2004). Fungicides in food, analytical and food
safety aspects. Ph.D. thesis. Danish Institute for Food and
Veterinary Research, Denmark.

Codex Alimentarius Commission (2004). Codex Maximum Limits
for Pesticide Residues. Joint FAO/WHO Food Standards
Programme.

Dogheim, S. M.A. (1966). Studies on the residual effects of certain
pesticides on vegetables. M.Sc. Agric. Ain Shams
University.

El-Sayed, M.M.; S.M. Doghiem, S.A. Hindi, A. Shahin and M.
Abdel-Salam (1976). Persistence of certain
organophosphorus insecticides on some vegetables. Bull.
ent. Soc. Egypt, Econ. Ser., 10 : 41-49.



36
J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

FAO/WHO (1984). Pesticide residues in food. The monographs data
and recommendations of the joint meeting of the FAO
Panel of Experts on Pesticide Residues in Food and the
Environment and the WHO Expert Group on Pesticide
residues. Rome, 24 September — 3 October 1984.

Fossen, M. (2006). Environmental fate of imidacloprid. Volume No.
95812-4015. Department of Pesticide Regulation,
Sacramento, CA.

Laurent, F.M. and E. Rathahao (2003). Distribution of [*C]
imidacloprid in sunflowers (Helianthus annuus L.)
following seed treatment. J. Agric. Food Chem. 51 : 8005-
8010.

Lee, W.T. and E.Y. Cheng (1983). Systematical study of insecticide
residues on vegetables. I. The influence of plant varieties
on the deposition and dissipation of insecticides. J. Agric.
Res. China 32 : 292-302 (in Chinese).

Leppert, B.C. (1982). Determination of dislodgable carbosulfan and
its cholinesterase inhibiting metabolite residues in an apple
reentry study. Unpublished FMC Report RAN-0066,
November 19, 1982.

Leppert, B.C.; J.C. Markle, R.C. Helt and G.H. Fujie (1983).
Determination of carbosulfan and carbofuran in plant, soil,
and water by Gas Chromatography. J. Agric. Food Chem.
31:220-223.

Lichtenstein, E.P. (1972). Environmental factors affecting fate of
pesticides. Nat. Acad. Sci., Nat. Res. Counc. Report, USA.

Miles, Inc. (1993). Imidacloprid (syn. PREMISE, NTN 33893) —
Comparative metabolism in plant cell suspension cultures.
Volume No. 51950-0078. Department of Pesticide
Regulation, Sacramento, CA.

Mollhoff, E. (1975). Method for GC determination of tokuthion and
its oxon in plant and soil samples. Pfanzenschutz
Nachrichten Bayer, 28 : 882-887.

Nauen, R.; K. Tietjen, K. Wagner and A. Elbert (1998). Efficacy of
plant metabolites of imidacloprid against Myus persicae



37
J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

and Aphis gossypii (Homoptera: Aphididae). Pestic. Sci. 52
: 53-57.

Tomizawa, M. and J.E. Casida (1999). Minor structural changes in
nicotinoid  insecticides confer differential subtype
selectivity for ~mammalian nicotinic  acetylcholine
receptors. Brit. J. Pharmacol. 127 : 115-122.

Umietsu, Noriharu; Mohamed A.H. Fahmy and T. Roy Fukuto
(1979). Metabolism of 2,3-Dihydro-2,2-dimethyl-7-
benzofuranyl (di-n-butylaminosulfenyl) (methyl) carbamate
and 2,3-Dihydro-2,2-dimethyl-7-benzofuranyl-
(morpholinosulfenyl) methylcarbamate in cotton and corn
plants. Pesticide Biochemistry and Physiology 10, 104-119.

Westwood, F.; K. Bean, A. Dewar, R. Bromilow and K.
Chamberlain (1998). Movement and persistence of [**C]
imidacloprid in sugar-beet plants following application to
pelleted sugar-beet seed. Pestic. Sci. 52(22) : 97-103.

Walgenbach, J.F.; R.B. Leidy and T.J. Sheets (1991). Persistence of
insecticides on tomato foliage and implications for control
of tomato fruitworm. J. Econ. Entomol., 84 : 978-986.

Zepp, R.G. and D.M. Cline (1977). Rate of direct photolysis in
aquatic environment. Environ. Sci. Technol., 11 : 359-366.



38
J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.5 (3)2006

sl padlal
oudaldad) Sl (2 3 5 sSIaaY) g Ll g Sl iliiia s g il

Sl ae S
H‘B)&Aﬂ“;.ﬂ"%&\JJ\M}M&‘)SJA‘Q\M&)S‘)AMM‘

2ty (Juile) il s S (sane Glidia i ) Cand) 13 Congy

Clall il Cua | Ly i gelyy Guitall (<l a5 1 5Y1) alallad) il 8 (el
5 53.40 ) L caieall ulaladl il Gl s o 2 sSInal 5 Glilu s S A Y)
obalaill G315 Ay e el SISTAS Y cliiiall (e el (osdall B s 5> 10.39
aall Caal ) yid cal (Klg e (Ooldll 3632276 5 28.30 ) < sl aiall
lete Jil (4eLu17.75 518 ) L ieall Galalladl G151 e 2 50 5SInail) 5 il 5o IS
gl G gl | (42Lu22.75 522.5 ) gl catall bl 31,50 e panall S8
Uiy v galps Cpiiall Gudalladl) 3156 (5 e Gl so ) anaad 0591 cansl 551 o L
s e 2SI dadd LYY ol gl e e (saledl 86 32 53,40 528.30)
A, pell | (sl e 52 10,39 5 2.76 ) L s i ey cpiall Gulallad) 61
3al g o ey Loy i galod (pieall Gl 3151 e e ik 52 KU aa (g0 S8 Do
Gl sl e (g Lol 3804 2o iS5 ¢ % 65.73 5 % 53.36 il dliladll (e
66.99 5 % 52.54 (oA Alalaall (e 2l 5 2 20 2 5180 Y) el L g i galas (pudinall
- %

i i salpy Caiall Gulallall @il ja 6 il s S e (e i o] (Rl A
0.18  lS iy Alebeall (pe Gl gall die el cliall (K1 g Aalnal) (o S i)
axy L Cainall alalladl) 50 8 gl 13gd e ol aii€s ol Lagl ¢ oy galall b6 5a
0.07 a8 apeS Alebeall (o AU sl die clgall < jeds oS5 Aalaal) (ga J5Y1 a5
o 8 el 1] il (o oS al 3y 5 slShana) el dsally ¢ G salall 6 3a
Sl sl die & jeds cliall oS5 Alalaal) (e J Y1 sl die i el Chinall gudalUal)
Al Ly Caiall (udaUad) s al daually Ll ¢ salal) e 3o 0.1 L )8 A0Sy culS g Alalaall
sl o clandl ¢ ela (815 Alebaall (g 5an) 5 Aol 2ay ) 138 (e e g Ly RIS
Ol (g s 3n 0.22 1 a8 40 Aldlaall S5

el (Sas8) Ao 35 A ) sius iad U8 (e 4 7 sansal) 2all il

Al il g I anaal Slaad) 8 Lo s i (8 ¢ udalladdl il ja (a0 sl g ol g )
a5 14 ClSs el Chiall Gadallad) il Hal duailly 4 el 5 558 B4 Wasaas (Say
andd Slasl) Jidle 5 5o cilS SIS | Ly Caiall Gudatadl ¢l Ha danally dleladll
. il SIST Alabaall day ol dsed & Uy 55 3 50 5S00000Y)



