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ABSTRACT

The present investigation was carried out to study the persistence
of the insecticide pirimiphos-methyl ( Actellic 50% EC) on apple and
peach fruits as well as  grape leaves under the Egyptian field
conditions. The recommended application rate 150ml/100L water was
used, the role of food processing were also studied by using washing
and blanching processes. The role of photodecomposition rate was
estimated by exposure of pirimiphos-methyl to the short UV-rays
(254nm) as well as direct sunlight in open field and different
temperatures and pH bufferd degrees in the rate of
photodecomposition of pirimiphos-methyl , also degradation products
were studied by GC-MS.

Results indicated that the residues half-life (tos) values for
pirimiphos-methyl were 2.56, 2.68 and 1.91 days in apple, peach fruits
and grape leaves, respectively. Residues of pirimiphos-methyl were
reduced by washing process to 29.28, 34.49 and 35.65% at zero time
in apple, peach and grape samples, respectively. Blanching process of
grape leaves removed 64.77% at zero time.

Photodegradation by direct sunlight was more effective than
UV-rays in accelerating the degradation rate of pirimiphos-methyl.
Data indicated that alkaline or acidic media are more effective than
natural media in the degradation of pirimiphos-methyl in all
treatments. Data reveal that the degradation of pirimiphos-methyl was
faster at high temperature. Four Photodegradation products were
identified using GC-MS.
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INTRODUCTION

Pesticides have been applied worldwide to a broad variety of
crops either in the field or post-harvest protection. The use of
synthesis pesticides is known to have a significant positive impact on
crop yields and, therefore these are used in increasing amounts. This is
confirmed by the registered pesticide import statistics showing that
traditional subsistence farmers apply increasing amounts of pesticides
in their production systems. But the effective pesticide use must be
seen in a wider context than just the efficient pest control, and must
take into account the effect of the pesticide accumulation in the
environment, and the impact of pesticide residues on human health
(Domotorova et al., 2006).

Transformation of pesticides in the environment is a highly
complex process affected by different factors. Both biological and
physico—chemical factors may play a role in the degradation, whose
ratio depends on the actual environmental conditions (Kiss et al.,
2007).

In Egypt fruits usually attacked by many insect pests such as
several insects, spider mites, aphids and powdery mildew thought-out
the growing season causing reduction in productivity. If an insecticide
is to be accepted to control insect pests on crops, it must be effective
in controlling these pests, persisting, not long enough to cause residue
problems in the harvested plants, and have a very low mammalian
toxicity. Pirimiphos-methyl was wused to control pests as a
recommendation from Anonymous (2001). Our study aims to reveal
specific details on the persistence and behavior of pirimiphos-methyl
insecticide on and in apple and peach fruits as well as grape leaves
under the Egyptian field conditions and determining pre-harvest
interval (PHI). The effect of washing and blanching processes on the
removal of the residues from treated fruits and leaves were studied.
Effect of some factors such as direct sunlight, ultraviolet rays and
different temperature 30, 40 and 50°C on the degradation rate of
pirimiphos-methyl in different buffer solutions (pH 5, 7, and 9).
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Identification of the degradation products were determined by GC-
MS.

MATERIALS AND METHODS

Field Experiment and sampling:

Three popular fruit crops were used in this study, apple (Malus
sylvestris) and peach (Prunus persica) grown in Shiwa village, Aga
center, Dakahlia governorate, Egypt. Trees were sprayed with
pirimiphos-methyl on June 3™  2007. Grapes (Tomasson sideless)
grown in El-Dair village, Aga center, Dakahlia governorate, Egypt.
Trees were sprayed on June 18" 2007.

The experimental area was divided according to the complete
randomized block design including three replicates, the northern plots
were left as control. The insecticides formulation were diluted with
water and applied using a knapsack sprayer equipped with one nozzle
at the recommend rates according to the specification of anonymous
(2001).

Three representative samples of grown fruits weighed 1.5kg,
were randomly taken from the plants of each treatment at the harvest
season one hour after insecticide treatments and then 1, 3, 6, 10 and 15
days for residues determination. The collected samples were
transferred to the laboratory, divided to sub samples and kept at —20°C
until pesticide residues analysis.

Food processing treatment:

Washing process of apple and peach fruits as well as grape
leaves were studied by washing the samples with running tap water
for three minutes and left to dry on clean paper for 15 minutes at
laboratory temperature, then divided to sub samples and kept at —20°C
until pesticide residues analysis. Blanching process of grape leaves
were carried out using a jar filled with boiling water for 2 — 3 minutes
then drained and kept freezed until analysis. Control samples were
taken from untreated plots.

Residues analysis:

The method described by Pihlstrom et al. (2007) was used for
extraction of pirimiphos-methyl residues by using ethyl acetate from
apple and peach fruits and grape leaves samples. The florisil column
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clean up procedure of Mills et al. (1972) was used in cleaning up the
sample extract.

Determination of pirimiphos-methyl residues:

Quantitative analysis of pirimiphos-methyl residues were
performed by the gas chromatograph (GC), Hp 6890 serial equipped
with flame photometric detector (FPD) operated in the phosphorus
mode (529 nm filter). The extracted samples were dissolved in ethyl
acetate and injected under the following conditions, capillary column
DB-5MS (30 m x 0.32 mm i.d. x 0.25 pum film thickness). Detector
temperature was 250°C, injector temperature was 245°C, and the
column temperatures were programmed 190°C and hold 2min., and
rises to 240°C, at a rate of 6°C/ min., and hold 5 minutes. Nitrogen
carrier gas flow was 3ml min™ ., hydrogen flow was 75ml/min and air
flow was 100ml/min using splitless mode for injection.

Degradation of pirimiphos-:

Photodegradation experiments were carried out according to
USEPA, (1982); Zabic and Ruzo (1980) and Nelson and Termes
(1992) by using aqueous potassium phosphate buffer pH 5, 7 and 9.
Pesticide solutions were prepared in water to obtain a final

concentration were of 1000pg/ml as working solution. A set of
experiment for photodegradation studies were carried out as follow:

Photochemical degradation:
UV-irradiation:

Samples solutions were irradiated in 10 ml Quartz tube to short
UV-irradiation at 254nm at a distance of 30Cm at room temperature
for 0, 1,2, 5,9, 14 and 23 days.

Direct sunlight:

Samples solutions were exposed to the direct sunlight in may
2008, pirimiphos methyl samples were taken after 0,1, 3, 6, 12, 24 and
48 hours. dominant atmospheric temperature during the exposure time
was 36 £2°C.

Thermal degradation:

Samples solution were exposed to different temperature degrees
30, 40 and 50°C for O, 1, 2, 5, 9, 14 and 23 days in electric oven
provided with temperature regulating system and dark conditions.
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A set of samples solution left in dark at room temperature at pH
7 were used as blank.
The method described by EPA (1992) were used for extraction
pirimiphos-methyl from buffer solution using dichloromethane.
The degradation rate and the half-life values (t ¢s) of
pirimiphos-methyl were calculated mathematically according to Moye
etal. (1987).

GC-MS ldentification of pirimiphos-methyl degradation products:

Degradation products of pirimiphos-methyl were injected in GC-
MS analysis which performed with an Aglient 6890 gas
chromatograph equipped with an Aglient mass spectrometric detector,
with a direct capillary interface and fused silica capillary column HP-
SMS (30 m X 0.32 mm i.d. X 0.25 pm film thickness). Pesticide
samples were injected under this conditions, Helium was used as
carrier gas at approximately 1.0 ml/min., Splitless mode was used in
injection. The solvent delay was 3 min. and the injection size was 1.0
ul. The GC temperature program was started at 80°C hold 3 min then
elevated to 260°C at rate of 8°C/min. The detector and injector
temperature were set at 280 and 250 °C, respectively. Wiley7Nist05
and pesticides mass spectral data base was used in the identification of
the separated peaks.

RESULTS AND DISCUSSION

Pirimiphos-methyl residues:

Data in Table (1) and Fig. (1) showed the residue level and loss
rates of pirimiphos-methyl on and in unwashed apple and peach fruits
as well as grape leaves at different intervals after pirimiphos-methyl
application. The residue amounts were decreased with time elapsed
and percent loss (%) was increased to reach 90.09, 83.51 and 98.88 %
in apple and peach fruits and also grape leaves after 10 days of
pirimiphos-methyl application, respectively. The residues half-life
values (tos) of pirimiphos-methyl as calculated mathematically were
2.56,2.68 and 1.91 days for apple fruits, peach fruits and grape leaves,
respectively. The obtained results are in agreement with El-Lakwah et
al. (1998), who reported that the loss rate of pirimiphos-methyl was
continued to prolonged the time to 94.1 and 96.6% after 14 days after
treatment on peach fruits and grape leaves, respectively. The
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maximum residue limit (MRL) of pirimiphos-methyl on apple fruits,
peach fruits and grape leaves recorded by the European Union (2008)
were 0.05ppm, so the pre-harvest interval value (PHI) for pirimiphos-
methyl was 13, 16 and 15days on apple and peach fruits as well as
grape leaves to be safe for human consumption.

Food processing:

Food is a basic necessity for life but when food is contaminated
with toxic pesticides, it is associated with severe effects on the human
health. Hence it is pertinent to explore strategies that address this
situation of food safety especially for the developing countries where
pesticide contamination is widespread due to indiscriminate usage and
a major part of population lives below poverty line. It is therefore of
significance to evaluate simple, cost effective strategies to enhance
food safety from harmful pesticides for poor populace. Food
processing at domestic and industrial level would offer a suitable
means to tackle the current scenario of unsafe food.

Effect of washing with tap water on pirimiphos-methyl residues:

Washing is the most common form of processing which is a
preliminary step in both household and commercial preparation. The
results in Table (1) showed the reduction of residues levels and the
percent of removal of pirimiphos-methyl insecticides from apple
fruits, peach fruits and grape leaves treatment. Data showed that
pirimiphos-methyl residues at zero time reduced by washing process
to 29.28, 34.49 and 35.65% in apple fruits, peach and grape leaves,
respectively, which decreased by 50.00, 55.22 and 71.99% in apple
fruits, peach fruits and grape leaves, respectively after one day.
Radwan et al. (2004), stated that washing the treated fruits with tap
water led to 52-58% removal of the initial residues of pirimiphos-
methyl from the tested fruits. Hegazy et al. (2006), indicated that
washing with tap water removed about 10-30% of organophosphrus
insecticide residues after one hour from application, respectively.

Effect of blanching process of treated grape leaves on pirimiphos-
methyl residues:

The results in Table (1) show the reduction of residues levels
and the increasing of removal percent of pirimiphos-methyl from
grape leaves treatment after one hour (64.77%) and one day (89.30%)
due to blanching process. The obtained results by Hegazy et al.
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(2006), showed blanching process removed 40-50% of
organophosphrus insecticide residues after one hour from application.
The obtained results disagreement with El-Lakwah et al. (1998), who
reported boiling grape leaves removed 9.5% of pirimiphos-methyl
residues after one hour of treatment.

The above results emphasizes the fact that the advantages
associated with the application of pesticides in enhancing the
agricultural productivity must be weighed against the possible health
hazard arising from the toxic pesticide residues in food. First and
foremost the application of pesticides should be in compliance with
good agricultural practices, using only the required amounts.

Further the current shift in world opinion from ‘chemical
farming’ towards ‘organic farming’ is a sustainable approach to
minimize the damage posed by widespread contamination of
environment by pesticides. However, the challenge lies in achieving
food safety in developing countries where the indiscriminate
application of pesticides results in the presence of residues in food
commodities. It is important concern of food safety through suitable
processing techniques and appropriate storage period that enhance
food safety even in developing countries especially for the poor
populace which cannot afford the expensive organic food. In this
background common and simple processing techniques acquire
significance for reducing the harmful pesticide residues in food.

Pesticide residues in food are influenced by storage; handling
and processing which is post-harvest of raw agricultural commodities
but prior to consumption of prepared foodstuffs. Extensive literature
review demonstrates that in most cases processing leads to large
reductions in residue levels in the prepared food, particularly through
washing, peeling and cooking operations. Washing with water are
necessary to decrease the intake of pesticide residues. blanching of
food products helps to eliminate most of the pesticide residues.

Removal of residues in food by processing is affected by type of
food, insecticide type and nature as well as severity of processing
procedure used (Kaushik et al. 2009).



Table (1): residues and loss rates of pirimiphos-methyl (50%EC) on apple and peach fruits as well as grape

leaves.
Apple fruits Peach fruits grape leaves
Time after Unwashed Washed Unwashed Washed Unwashed Washed Blanching
application i
days) Residues® | tae Residues® | . 1 Residues® | i Residues® | s Residues* | I Residues* | . loss Residues® | foss
(ppm) o l0Ss (ppm) “o 0S5 (ppm) “o l0ss (ppm) o 0SS (ppm) o l05s (ppm) o 1055 (ppm) “o l0SS
(¥ 222 0.00 157 2928 6.61 0.00 433 3449 | 3582 0.00 2305 | 3565 | 1262 | 64.77
1 1.79 19.37 1.11 50.00 448 3222 | 296 5522 | 2253 | 3710 1003 | 7199 3.83 89.30
3 0.95 5721 - - 2.86 56.73 - - 1465 | 59.10 - - - -
6 046 79.28 - - 1.71 74.13 - - 525 8534 - - - -
10 022 90.09 - - 1.09 8351 - - 040 98.88 - - - -
15 0.01 99.55 - - 0.25 96.22 - - ND ND - - - -
tos 256 268 1.91
PHI
13 16 11
(days)
* : Each value represents an average of three replicates.
G : Samples were taken one hour after application (zero time).
LOD :0.01 ppm.
tos : Halflife value.

PHI
ND

: pre harvest interval
: not detected
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Fig.(1):Residues of Primifos-methyl on and in apple and peach fruits as
well as grape leaves

Pirimiphos-methyl photodegradation:
Photochemical degradation at pH 5, 7 and 9:

Data in Table (2) demonstrate the influence of UV-irradiation at
254nm on the degradation rate of pirimiphos-methyl at different pH
(5,7, 9), the residues of pirimiphos-methyl were deteriorated after one
day of UV-irradiation treatments by 23.73, 13.64 and 25.60% at pH 5,
7, 9 respectively. Continuous degradation was positively correlated
with the exposure period that the long exposure period gave a high
loss rate for all treatments. The degradation rate values were 62.04,
53.79 and 62.4% pH 5, 7 and 9 after 9 days of UV-irradiation
treatments, respectively. No detected amount of pirimiphos-methyl at
pHS and 9 after 14 days of UV-irradiation treatments and after 23
days at pH7 the pesticide was also not detected.

The calculated half-life period (tos) values in UV-irradiation
treatment were 3.31, 5.37 and 3.11 days at pH 5, 7 and 9 respectively.

Data in Table (3) also showed the effect of exposure to sunlight
in open field on the degradation of pirimiphos-methyl in aqueous
solutions at pH 5, 7 and 9. The residues loss of pirimiphos-methyl one
hour of exposure to direct sunlight was 19.21, 16.22 and 22.40% at pH
5, 7, 9 respectively. These percentage reached to 90.62, 85.48 and
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91.45% at pH 5, 7and 9 after 12 hours from direct exposure to
sunlight respectively. No detected residues of pirimiphos-methyl were
found after 24 and 48 hours in pH 5 and 9, respectively.

Table (2): Effect of UV-irradiation on the degradation of
pirimiphos-methyl at different pH

uv
Time days pHS pH 7 pHO9
ug found* % loss ug found* % loss ug found* % loss
0** 1000.00 0.00 1000.00 0.00 1000.00 0.00
1 762.70 23.73 863.60 13.64 744.00 25.60
2 563.54 43.65 685.52 31.45 541.07 45.89
5 420.49 57.95 509.74 49.03 404.24 59.58
9 379.60 62.04 462.12 53.79 375.97 62.40
14 ND ND 446.81 55.32 ND ND
23 ND ND ND ND ND ND
tos 3.31 5.64 3.11

Table (3): Effect of direct sunlight on the degradation of
pirimiphos-methyl at different pH.

Sun light
Time hours pHS pH7 pHO9
pug found*  %loss  pg found* % loss ug found* % loss
0** 1000.00 0.00 1000.00 0.00 1000.00 0.00
1 807.91 19.21 837.85 16.22 776.01 22.40
495.71 50.43 526.97 47.30 444.13 55.59
6 234.80 76.52 274.16 72.58 212.76 78.72
12 93.77 90.62 145.24 85.48 85.53 91.45
24 ND ND 100.80 89.92 ND ND
48 ND ND 3.64 99.64 ND ND
tos 3.13 4.24 2.81

LOD

tos
ND

: Each value represents an average of three replicates.

: Samples were taken one hour after application (zero time).
:0.01 PPM.
-Half-life value.
: not detected
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The calculated half-life period (tps) values were 3.13, 4.24 and
2.81 hours at pH 5, 7 and 9 respectively. Shokr (1997), reported that
pirimiphos-methyl was most sensitive compound than fenitrothion and
prothiofos when exposed to direct sunlight.

Generally, it was found that photodegradation was positively
correlated with the period of exposure and chemical structure.
Enhancement of photodecomposition by short UV-rays may be
attributed to the interaction between the pesticide molecule and UV-
rays produces many chemical changes via several types of reactions
such as hydrolysis, oxidation and isomerization (Santoro et al., 2000).
The radiation energy produced from UV-rays and direct sunlight
might be absorbed by a pesticide molecule principally at a given
wavelength. The energy might increase the transitional, rotational,
vibrational or electric energy which were absorbed to interact with the
electrons of the molecule as mentioned, an electronically excited
molecule would result. Energy might disappear or change from the
molecule in many ways, one of which is chemical reaction (Plimmer,
1970). Generally, results showed that the exposure to direct sunlight
was more effective than the exposure to UV-irradiation in the
degradation of pirimiphos-methyl. The results also showed that in the
direct sunlight the parent compound was completely disappeared
within 24h under pHS or 9 while it disappeared within 48h at pH7 at
atmospheric temperature of 36+2°C.

Thermal degradation at pH 5, 7 and 9 (dark conditions):

The effect of the exposure to different temperature degrees 30,
40 and 50°C on pirimiphos-methyl degradation manifested in Table
(4). Results indicate the persistence of pirimiphos-methyl was highly
influenced by temperature and period of exposure and its degradation
was faster at high temperature. The loss percentage values of
pirimiphos-methyl after one day of exposure were 4.86, 1.76 and
10.44% at 30°C, 21.46, 12.45 and 24.28% at 40°C, 31.45, 26.28 and
31.24 at 50°C at pH 5, 7, 9 respectively. These values reached to
56.86, 31.76 and57.64% at 30°C, 61.92, 41.77 and 60.66% at 40°C,
62.98, 53.56 and 64.24% at 50°C at pH 5, 7, 9 after 9days of
experiments respectively. No residues of pirimiphos-methyl were
detected after 23 days. The calculated half-life period (tps) values
were 7.21, 29.48 and 5.99 days at 30°, 3.6, 8.91 and 3.39 days at. 40°,
2.65, 4.50 and 2.61 days at 50° for pH 5, 7 and 9 respectively. No
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residues of pirimiphos-methyl were detected after 14 and 23 days at
different pH. Hegazy et al. (1982), reported that the percent loss of
pirimiphos-methyl were 17.68 and 41.03% at 35 and 45°C with in the
first two days.

The results also showed that no effect of pH ranged between 5
and 9 on the degradation rate of pirimiphos-methyl at 30°C. The effect
of pH under temperature higher than 30°C on other words, 40°C and
above showed rate of pirimiphos-methyl degradation greater and
disappeared after 14 days at pH 5 or 9 which takes longer time
(23days) at pH 7, this is similar to that found for the effect of UV on
the degradation of pirimiphos-methyl at different pH.

GC-MS identification of pirimiphos-methyl photochemical
degradation products:

The photochemical degradation products generated during the
sunlight exposure were extracted and injected in GC-MS, the compounds
were identified by comparison with the published spectra and by
interpretation of fragment ions. Data in Table (5) and Fig.(2) show that
four major isolated photochemical degradation products in addition to the
parent compound were detected and identified by their mass spectra
comparing with library scan.

After the identification of the various products, the pathway of the
photochemical degradation of pirimiphos-methyl may be suggested in
Fig.(2). There are two major pathways of the degradation.

Herrmann et al., (1999) identify the degradation products of
pirimiphos-methyl as 2-diethylamino-4- hydroxy-6- methylpyrimidine
(MW= 181), which was detected in this study (path 1 compound 1,2),
2-ethyl methyl amine-4-hydroxy-6-methylpyrimidine (MW= 167) and 2-
ethylamine-4-hydroxy-6-methylpyrimidine (MW= 153). Its generally
known that the hydrolysis of phosphorothioate ester is caused through the
reaction of nucleophilic substitution which depends on the electrophilic
ability of phosphorus atom, (Hirahara et al. 2003). There are three major
routes of degradation of pirimiphos-methyl one route may involve the
formation of a N-oxime compound (MW=157) together with the induced
hydrolysis of phosphoric ester function, second path is the result of a N-
dealkylation which gives compound (MW=277), third route involves
oxidation of the methyl group into an aldehyde function compound
(MW=319), followed by the induced hydrolysis of the phosphoric ester
function compound (MW=195) (Chiron et al. 1998) which was reported
in this study (path 2 compound 1).



Table (4): Effect of different temp(rature degrees ( 30,40, and 50°C) on the degradation of pirimiphos-methyl at the diferent pH degrees.

30 40 50
Time
days pHS pH? pHS pHS pHT pH9 pH5 pH7 pH9
Hg rg ] Ha ] [ Hg Pg ] Ha
found % loss found % loss found % loss found % loss found % loss found % loss found % loss found % loss found % loss
0 100000 00O 100000 OO0 100000 00O 1000.00 OOO 100000 OOO 100000 OO0 1000.00 OOO 100000 OO0 1000.00 000
1 95145 486 98241 176 B9564 1044 78544 2146 B7549 1245 75719 2428 68554 3145 73720 2628 68760 31.24
2 77625 2238 98312 189 71300 2870 61602 3540 B2056 1794 658855 4115 48608 5139 EB57.49 3425 47248 5275
5 47551 5245 97672 233 49834 5017 40982 5902 7V9B41 2016 42486 5751 37392 6261 57420 4258 37258 6274
E] 431.37 5686 68238 31.76 42356 5764 38080 6192 58231 4177 39344 6066 37020 6298 46440 5356 35760 64.24
14 M7T75 5823 53927 4607 40647 5935 ND ND | 48228 5177 ND ND ND ND 43390 56.61 ND ND
23 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
0.5 72 29.48 599 360 CRN 338 285 4.50 261
. : Each value represents an average of three replicates.
” : Samples were taken one hour after application (zero time).
LOD  :0.01 ppm.
t o.5: Half-life value.
ND  : not detected
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Table (5): photodegradation products of pirimiphos-methyl after

exposure to sunlight as identify by GC-MS

Compounds mw Chemical formula
Pirimiphos-metyl (Parent Compound) 305 C,;HyoN;05PS
Path 1 Compound -1
2-Dietylamino-4-hydroxy-6-methylpyrimidine 181.12 CoHisN;0
Path 1 Compound -2
2-Diethylamino-5-methyl-4-ox0-3,4-dihydropyrimidine 10112 CoHisN;0
Path 1 Compound -3
2-Amino-4,6-dihydropyrimidine 127 CHsN;0,
Path 2 Compound -1
2-Dietylamino-4-methoxy-6-methylpyrimidine 195.14 CioH1N;0
He—0
2N
N “ \ll:l
. g,"“-r.-/k*" ,./L\‘f‘H
Hit "l
CHy
Path -2
Path-1 Hie .
4//
i Parent Compound
/ Pirmiphos-metyl
. ‘/ M.W. 305 OCHa
L o N
HN | A OH i J
CH, #TR A N
Vol \‘JJ%N/ :‘-J//”l\ HyC T N0
| i &h JQ JH e}
CH, Ea N" Sy U H.C ‘
H3C/ | 5t
. /'I:HJ Compound -1
Compound -2 FiC 2-Diethylamino<4-methoxy-
R O L ey -methylpyrimidine
2-Diethylamino-3-methyl-4-ox0-3.4- Compound -1 b-mel .!1. ;
dinydropyrimidine : " g 2-Diethylamino-d-hydroxy-6-methyl pynimidine L
MW.181.12 N%J\\u MW. 181,12
sz'k‘,y OH
Compound -3
2-Amino-4 6-dihydropyrimidine
MW. 127

Fig.(2):Scheme of the proposed degradation pathway of pirimiphos-

methyl
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