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Abstract

This investigation was carried out to study the influence of ace-
tophenone, benzoin, benzil, P-nitrophenol and chlorophyl on the rate of
Photodegradation of the active ingredients of pirimiphos-methyl, feni-
trothion, malathion and prothiofos insecticides which are widely used in
Egypt to protect vegetable crops from economic pets.

The results indicated that the percent loss of pirmiphos-methyl,
fenitrothion, malathion, and prothiofos in methanol were 56.95, 16.40,
25 and 26.32% after 120 hours of exposure to UV-rays. The corre-
sponding values were 50.33, 20.53, 67.57 and, 50% for pirimiphos-
methyl; 18.03, 19.67, 41.98 and 27.16% for fenitrothion; 22.41,
19.83, 53.06 and 26.53% for malathion; and 14.47, 17.76, 58.27,
45.27 and 42.45% for prothiofos (in methanol) when exposed to UV-
rays in presence of acetophenone, p-nitrophenol, benzoin, benzil and
chlorophyll for the same period of exposure, respectively. The calculated
residue half lives values were 98.69, 464.4, 289.13 and 272.39 hours
for pirimiphos-methyl, fenitrothion, malathion and prothiofos, while these
vlaues were 118.87, 361.99, 66.84, 65.82 and 120 hours for pirimi-
phos-methyl; 418.29, 379.70, 152.82, 172.43 and 262.47 hours for
fenitrothion; 327.78, 376.41, 109.98, 133.05 and 269.79 hours for
malathion and 532.04, 425.32, 95.17, 137.78 and 150.56 hours for
prothiofos in presence of acetophenone, p-nitrophenol, benzion, benzil,
and chlorophyll, respectively.

Benxion and benzil compounds were found to be active as photo-
sensitizers for all the studied insecticides. Chlorophyll and acetophe-
none generally showed no photosensitizing effect. Only chlorophyll
showed a moderate effect with fenitrothion and prothiofos insecticides.
On the contrary, p-nitrophenol had photostablizing effect on pirimiphos-
methly, malathion and prothiofos insecticides, but the effect was most
evident with pirimiphcs-methyl insecticide. A photostabilizing effect was
clearly evident for actophenone with prothiofos insecticide irradiated by
UV-light.
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INTRODUCTION

The mechanism of photosensitization formed by the excited state charge
transfer complex, by electron transfer from the singlet state of sensitizer followed
by photolysis or isomerization of the ground state (chage transfer mechanism).
Singlet sensitizers such as diphenyl amine were found to induce photolysis of halo-
benzene while triplet sensitizers such as benzophenone did not enhance the rate of
reaction (Miller and Narang, 1970). Humic acid, tryptophane and tryosine, occurring
in natural water, act as photosensitizers towards some kinds of pesticides in the en-
vironment (Draper and Crosby 1981).

This investigation aimed to study the influence of some photo-sensitizers on
the rate of photodegradation of some organophosphorus pesticides irradiated by UV-
rays.

MATERIALS AND METHODS
Pesticides used

1. Pirimiphos-methyl: (0-2-diethyl-6-methylpyrimidin-4-yl 0,0-dimethyl
phosphorothioate).

2. Fenitrothion: (0,0-dimethyl 0-4-nitro-m-tolyl phosphorothioate).

3. Malathion.

-4. Prothiofos: (0-2, 4-dichlorophenyl-S-propyl phosphorodithioate).
Photosensitizers studied in this work

a. Acetophenone (acetyl benzene).

b. p-nitrophenol.

c. Benzoin (benzol phenyl carbinol) or (a-hydroxy o-phenyl acetophenone).

d. Benzil (1,2 diphenyl ethane dione) or (dippheyl-o,, B-diketone).

e. Chlorophyll.

Procedure: Aliquots of tested organophosphorus insecticides (5000 pg/Sml
methanol) were placed in pyrex flasks and 5 ml of photosensitizers (0.1 in methanol)
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were added. Flasks were stoppered and gently shaked, then exposed to UV-rays
(254 nm) at distance 12 cm. Samples of 1 ml were taken at zero time and intervals
of 12, 24, 48, 72 and 120 hours.

Each sample was placed in a standard glass stoppered test tube and the solvent
was evaporated to dryness and kept for determination.

Determination: A pye Unicam 4500 gas chromatograph equipped with a flame
photometric detector operated in the phosphorus mode (526 filter) was used for de-
termination of the tested insecticides. A pyrex glass column (1.5 m x 4 mm i.d.)
was packed with 4% S.E. 30 + 6% OV 210 on gas chromosorb Q (90-100).
Temperature degrees and gas flow rates were as follows:

Column Temp. 230°C.

Detector Temp. 240°C.

Injector Temp. 235°C.

Gases flow rates were 30 ml/min. for nitrogen, hydrogen and air. Retention
time for pirimiphos-methyl, fenitrothion, malathion and prothiofos under these con-
ditions were 4.22, 5.77, 5.25 and 7.64 min., respectively. The half life time (tg)
for each of the investigated insecticides was calculated using the equation of Moye
(Moye et al. 1987).
t1/2 = In2/K' = 0.6932/k"

K' = I/tin. a/b = I/t. In/bx
Where:
' = rate of decomposition.
a = Initial residue
"t x = Time in hours.
b y = Residue at x time.

RESULTS AND DISCUSSION

Effect of acetophenone, p-nitrophenol, benzion, benzil and chlo-
rophyll as photosensitizers on the decomposition of the tested
insecticides after exposure to UV - light

1. Pirimiphos-methyl

The data in Table 1 clearly show that the rate of decomposition of pirimiphos-
methyl residues in methanol was 56.9% after 120 hours of exposure to UV-rays.
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While the corresponding values were 50.33, 20.53, 68.92, 67.57 and 50% when
pirimiphos-methyl in methanol exposed to UV-rays in the presence of acetophenone,
p-nitrophenol, benzoin, benzil and chlorophyll for the same period of exposure, re-
spectively. The calculated residue half life value of this insecticide was 98.69
hours, while the values were 118.87, 361.99, 66.84, 65.82 and 120 hours in the
presence of acetophenone, p-nitrophenol, benzion, benzil and chiorophyll, respec-
tively.

2. Fenitrothion

The data in Table 2 represent the decomposition percentages of fenitrothion.
The percent loss of fenitrothion residues in methanol was 16.40% after 120 hours
of exposure to UV-rays. While the corresponding values were 18.03, 19.67, 41.98,
38.27 and 27.16% when fenitrothion in methanol was exposed to UV-rays in the
presence of acetophenone, p-nitrophenol, benzoin, benzil and chlorophyll for the
same period of exposure, respectively. The calculated residue half life value of this
insecticide was 464.39 hours, while the values were 418.28, 379.70, 152.82,
172.43 and 262.47 hours in the presence of acetophenone, p-nitrophenol, benzoin,
benzil and chlorophyll, respectively.

3. Malathion

The data presented in Table 3 show that the percent loss of malathion residues
in methanol was 25% after 120 hours of exposure to UV-rays. -While the corre-
sponding values were 22.41, 19.83, 53.06, 46.49 and 26.53% when malathion in
methanol was exposed to UV-rays in the presence of acetophenone, p-nitrophenol,
benzoin, benzil and chlorophyll for the same period of exposure, respectively. The
half life value of malathion was calculated at 289.13 hours, while the values were
327.78, 376.41, 109.98, 133.05 and 269.79 hours for photosensitizers mentioned
above, respectively.

4. Prothiofos

Examination of the data in Table 4 show that the percentage loss of prothiofos
residues in methanol was 26.32% after 120 hours of exposure to UV-rays. These
values became 14.47, 17.76, 58.27, 45.32 and 42.45% when prothiofos in metha-
nol was exposed to UV-rays in the presence of acetophenone, p-nitrophenol, benzoin,
benzil and chlorophyll, respectively. The half life value of prothiofos was 272.39
hours which became 532.04, 425.32, 95.17, 137.78 and 150.56 hours in the pres-
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ence of photosensitizers mentioned above before, respectively.

Benzoin and benzil compounds were found to be active as photosensitizers for
all the studied insecticides. Chlorophyll and acetophenone generally showed no photo-
sensitizing effect. Only chlorophyll showed a moderate effect in both fenitrothion
and prothiofos insecticides.

On the contrary, p-nitrophenol had photostablizing effect with primiphos-
methyl, malathion and prothiofos, but the effect was most evident with pirimiphos-
methyl insecticide. The photostability effect was clearly evident for acetophenone
with prothiofos insecticide irradiated by UV-light.

Photolysis is one of the various factors determining the fate of a pesticide in
the environment. A number of recent studies have examined the photolysis of pesti-
cides in water and air as well as on plant and soil surfaces by sunlight and ultravio-
let light irradiation (Draper and Crosby, 1981; Wong and Crosby, 1981). Light plays
an important role in the behaviour of pesticides in the environment, when the mole-
cule which absorbs a photon becomes unstable, and undergoes a variety of competing
primary processes, such as chemical reaction isomerization etc., to return to a
stable state (Zepp and Cline, 1977). Photosensitization occurs by the formation of
the excited state charge transfer complex, by electron transfer from the singlet
state of sensitizer followed by photolysis or isomerization of the ground state
(charge transfer mechanism). Singlet sensitizers such as diphenyl amine have been
found to induce photolysis of halobenzene, while triplet sensitizers such as benzoph-
enone do not enhance the rate of reaction (Miller and Narage, 1970). Using photosen-
sitizers such as acetone, riboflavine, rhodamine B, chlorophyll and methylene blue
results in the rapid disappearance of ETU under both natural and artificial light (Ross
and Crosby, 1973). Photosensitization via energy transfer and/or photoinduced deg-
radation of pesticides is known to occur in the presence of humic substance
(Coudhry, 1982).

The triplet photosensitizer, acetone, together with naturally occurring sub-
stances in river and sea water and humic acid were found by Takahashi et al.
(1985). It has been reported that humic acid, tryptophane and tyrosine, occurring in
natural water, act as photosensitizers towards some kinds of pesticides in the envi-
ronment (Draper and Crosby, 1981). The excited striplet static of humic substances
can transfer its energy to chemical adsorbed, but that its excited singlet plays an
insignificant role due to its extremely short life time (Zepp et al., 1985). One can
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conclude that both photosensitizing agents (e.g., humic acids or some ;;igments that
can act in this way in nature) and iron compounds, usually occurring at levels of the
order of 0.1 mg/l in surface water, can play a significant role in kinetics of photo-
oxidative degradation of pesticides (Sedlak et al., 1992). It has been reported also
that the soil transition metal catalysis and a change in the adsorption spectra of
chemical in sorbed states resulted in acceleration of the photolysis (Plimmer 1972).
However the photostability of pesticides is due to the lower quantum yield and lower
rate of specific sunlight aborption (Takahashi et al. 1985). The efficiency of the pho-
tostabilization affected by several factors. Adorption to clays containing a minimal
concentration of lattice iron was found to slow down the photo inactivation, probably
due to charge-transfer processes occurring between the insecticide molecules and
the Fe3+ions. When the cationic dye 3,6-diamino-10-methylcridinium (AF) was co-
adsorbed intermolecular interaction between it and the pesticide resulted in a con-
siderable improvement of the photostabilization yield (Rozen and Margulies 1991).
The photodegradation of parathion and chlormphos insecticides can be sensitized by a
number of compounds which are present in biochemical systems such as pyruvic and
a-ketoglutaric acid (Buckland and Davidson 1987), 2,4,5—trichlofophenoxy acetic
acid in water was photolyzed by artificial UV-light, the rate of reaction increased
twice in the presence of acetone or riboflavine as photosensitize (Crosby and Wong,
1973).
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