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Abstract

This investigation was carried out to study the influence of ben-
zoin, benzil, P-nitrophenol and 8-hydroxyquinoline on the rate of photo-
degradation of the active ingredients of diazinon and pirimiphos-methyl
insecticides which are widely used in Egypt to protect vegetable crops
from economic pests.

The calculated residue half lives values with UV light exposure
were 13.59, 12, 24, 3.53 and 3.47 hours for diazinon alone & in pres-
ence of p-nitrophenol, 8-hydroxyquinoline, benzil & benzion, respective-
ly. While these values were 8.77, 7.00, 19.80 , 0.81 and 0.82 hours for
the same treatments, respectively. We conclude that the 8-hydroxy
quinoline was more stabilizing agent than 4-nitrophenol. Benzil was
found to be more sensitizing agent than benzoin. While 4-nitrophenol
has almost the same effect that occurred when pirimiphos-methyl was
applied alone, but 8-hydroxyquinoline stabilized in the insecticide by its
powerful stabilizing action.

The calculated residue half life values with sun light exposure of
diazinon and pirimiphos-methyl were 1.01 and 0.59 hours, while the val-
ues were 0.67, 0.6, 0.29 and 0.53 hours for diazinon and 0.42, 1.02,
0.21 and 0.29 hours in the presence of p-nitrophenol, 8-hydroxy quino-
line benzil and benzion, respectively. The stabilizing agent in this experi-
ment had no effect, while the sensitizing agent had the expected effect
from the beginning of the experiment, including that benzil was a more
powerful sensitizing agent than benzion .

INTRODUCTION

The effect of ultraviolet radiation on the rate of degradation of pesticides are in-

fluenced by some chemical agents, which facilitate the transfer of the energy (photo-
sensitizets). This could be estimated by the use of two different wavelengths rays. The
first at 254 nm from artificial light and the other one from direct sunlight having UV
components above 254 nm. The mechanism of photosensitization formed by electron
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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 were found to induce photolysis of halobenzene 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 to-
wards some kinds of pesticides in the environment (Draper and Crosby 1981).

This investigation aimed to study the influence of some photo-sensitizers or sta-
bilizers on the rate of photodegradation of some organophosphorus pesticides irradiat-
ed by UV-ray and direct sun light.

MATERIAL AND METHODS
Pesticides

1. Diazinon (basudin, diazitol, neocidol, nucidol): 0,0-diethyl-0-(2-isopropyl-6-methyl-4-
pyrimidinyl) phosphorothioate

2. Pirimiphos-methyl (actellic, actellifog, silo son, blex): (0-2-diethyl-6-
methylpyrimidin-4-yl 0,0-dimethyl phosphorothioate.

Photosensitizers

1. p-nitrophenol.

2. Benzoin (benzol phenyl carbinol) or (e=-hydroxy e<-phenyl acetophenone).
3. Benzil (1, 2 diphenyl ethane dione) or (dipphenyl-c<, B-diketone).

4. 8-hydroxyquinoline

Procedure

Aliquots of tested organophosphorus insecticides repesenting one ml ethyl ace-
tate containing 1000ug a.i. were placed into pyrex uncovered petridish 5ml in diameter
and one ml of photosensitizers and photostablizer (0.1% in ethyl acetate) were added.
Petridishes were gently shaken, allowed to dry, and then exposed to UV-rays (254 nm)
at the distance 12 c¢cm or direct sunlight. Samples were taken at zero time and at the
intervals 1, 3, 6, 12 and 24 hours in case of direct sunlight exposure and 1, 3, 6, 12
and 24 hours in case of UV rays exposure, respectively. Each sample was transferred
quantitatively into a standard glass stoppered test tube and the solvent (ethy! ace-
tate) was evaporated to dryness prior to determination by gas chromatography.
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Determination

A Pye Unicam 4500 gas chromatograph equipped with a flame photometric de-
tector operated in the phosphorus mode (526 filter) was used for determination 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 mesh).

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 diazinon and pirimiphos-methyl under these conditions were 3.32 and 2.13 min., re-
spectively. The half life time (t5g) for each of the investigated insecticides was calcu-
lated using the equation of Moye (Moye et al. 1987).

ty=In2/k' = 0.6932/k'

k' = 1/ty |n - a/by

Where:

k' = rate of decomposition.
a = Initial residue

tyx = Time in hours.

b, = Residue at x time.

RESULTS AND DISCUSSION

Effect of tested photosensitizers on the decomposition of the
tested insecticides after exposure to UV-light

1. Diazinon: Data in Table 1 clearly showed that the rate of decomposition of
diazinon residues was 20.59% after one hour from exposure to UV-rays. While the cor-
responding values were 24.95, 17.24, 31.16 and 36.10 % when diazinon was exposed
to UV-rays in the presence of p-nitrophenol, 8-hydroxy quinoline, benzil and benzion for
the same period of exposure, respectively. The percentage loss of diazinon after expos-
ing to UV-rays at 24 hours was 61.61 % & 54.08, 49.98, 94.74 and 83.63 % at the
same treatment, respectively. The calculated residue half life value of this insecticide
was 13.59. hours, while the values became 12, 24, 3.53 and 3.47 hours in the pres-
ence of p-nitrophenol, 8-hydroxy quinoline, benzil and, benzion, respectively. From the
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mentioned results, we conclude that the 8-hydroxy quinoline was more stabilizing
agent than 4-nitrophenol. Sensitizer lead to markedly observed rate of degradation
from the beginning of the experiment, benzil was found to be more sensitizing agent
than benzoin.

2. Pirimiphos-methyl: The data in Table 1. represent the decomposition per-
centages of pirimiphos-methyl. The percent loss of Pirimiphos-methyl residues was
13.21% after one hour of exposure to UV-rays. The corresponding values were 29.41,
17.03, 58.39 and 56.71 % when Pirimiphos-methyl was exposed to UV-rays in the
presence of p-nitrophenol, 8-hydroxy quinoline, benzil and benzion for the same period
of exposure, respectively. The calculated residue half life value was 8.77 hours, while
the values were 7.00, 19.80, 0.81 and 0.82 hours in the presence of the same photo-
sensitizer. This finding indicate that benzil has the more powerful sensitizing effect
than benzoin , while 4-nitrophenol has almost the same effect that occurred when piri-
miphos-methyl was applied alone, however, 8-hydroxyquinoline stabilized in the insecti-
cide due to ts powerful stabilizing action.

Effect of photosensitizers on the decomposition of the tested in-
secticides after exposure to direct sunlight

1. Diazinon: Data in Table 2. showed that the rate of decomposition of diazin-
on residues was 49.38 % after one hour from exposure to direct sunlight. While the
corresponding values were 64.06, 68.36, 90.77 and 72.81% when diazinon was ex-
posed to direct sunlight in the presence of p-nitrophenol, 8-hydroxy quinoline, benzil
and benzion for the same period of exposure, respectively. The percentage loss of dia-
zinon after exposing to sunlight for 4 hours was 97.67 %, but it became 96.42, 96.48,
98.86 and 96.29 % at the same period of exposure with the same treatments, respec-
tively. The calculated residue half life value of this insecticide was 1.01 hour & 0.67,
0.6, 0.29 and 0.53 hours in the presence of p-nitrophenol, 8-hydroxy quinoline, benzil
and benzion, respectively. The stabilizing agent in this experiment had no effect, while
the sensitizing agent had the expected effect from the beginning of the experiment, in-
cluding that benzil as a sensitizing agent was more powerful than benzion.

2. Pirimiphos-methyl: As shown in Table 2. the percentage loss of pirimiphos-
methyl residues was 68.57 % after one hour of direct exposure to sunlight. These val-
ues became 80.71, 49.28, 96.11 and 90.57 % when the compound was exposed to di-
rect sunlight in the presence of p-nitrophenol, 8-hydroxy quinoline, benzil and benzion,
respectively. The half life value of pirimiphos-methyl was 0.59 hour, while it became
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0.42, 1.02, 0.21 and 0.29 hours in the presence of the above mentioned photosensi-
tizers, respectively.

Hegazy et al. (1999) studied the effect of acetophenone, benzoin, benzil, p-
nitrophenol and chlorphyll compounds in methanol on the rate of photodegradation of
pirimiphos-methyl, fenitrothion, malathion and prothiofos. They found that benzil and
benzoin were active as photosensitizers for all the studied insecticides. Chlorophyll and
acetophenone generally showed no photosensitizing effect. Only chlorophyll showed a
moderate effect to both fenitrothion and prothiofos. On the other hand, p-nitrophenol
had photostabilizing effect with pirimiphos-methyl, malathion and prothiofos, but the
effect was most evident with pirimiphos-methyl. The photostability effect was clearly
evident tor acetophenone with prothiofos irradiated by UV-light.

Photolysis is one of the various factors determining the fate of a pesticide in the
environment. A number of studies had examined the photolysis of pesticides in water
and air as well as on plant and soil surfaces by sunlight and ultraviolet 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 molecule which absorbs a
phoion 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 haloben-
zene, while triplet sensitizers such as benzophenone do not enhance the rate of reac-
tion (Miller and Narage, 1970). Using photosensitizers such as acetone riboflavine,
rhodamine B, chiorophyll 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 degradation of pesticides is known to occur in
the presence of humic substance (Coudhry, 1982).

It has been reported that humic acid, tryptophane and tyrosine, occurring in nat-
ural water, act as photosensitizers towards some kinds of pesticides in the environ-
ment (Draper and Crosby, 1981). The excited triplet static of humic substances can
transfer its energy to chemical adsorbed, but that its excited singlet plays an insignifi-
cant role due to its extremely short life time (Zepp et al., 1985). One can conclude
that both photosensitizing agents (e.g., humic acids or some pigments that can act in
this way in nature) and iron compounds, usually occurring at levels of the order of 0.1
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mg/l in surface water, can play a significant role in kinetics of photooxidative degrada-
tion of pesticides (Sedlak et al., 1992). It has been reported also, that the soil transi-
tion metal catalysis and a change in the adsorption spectra of chemical in sorbed
states resulted in acceleration of the photolysis (Plimmer 1972). However, the photo-
stability of pesticides is due to the lower quantum yield and lower rate of specific sun-
light absorption (Takahashi et al. 1985). The efficiency of photostabilization is affected
by several factors. Adsorption 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 coadsorbed, termolecular inter-
action between it and the pesticide resulted in a considerable improvement of the pho-
tostabilization 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 aketoglutaric acid (Buckland and
Davidson, 1987). 2, 4, 5-trichlorophenoxy acetic acid in water was photolyzed by artifi-
cial UV-light, the rate of reaction increased twice in the presence of acetone or ribofla-
vine as a photosensitize agent (Crosby and Wong,1973).



HEGAZY, MOHAMED EAA. et al. 507

REFERENCES

1. Buckland S.J. and R.S. Davidson. 1987. The photodegradation of parathion and chlor-
mephos. Pestic. Sci. 19(1): 61-66.

2. Choudhry, G.G. 1982. Interaction of humic substances with environmental chemi-
cals.In the handbook of environmental chemistry; Hutzinger, O. Ed.; Springer-Verlag:
New York,1982; 2 (B), p 103.

3. Crosby, D. G. and A.S. Wong. 1973. Photodecomposition of 2, 4, 5-trichloro-
phenoxyacetic acid in water. J. Agric. Food Chem. 12: 1052.

4. Draper, W.M. and D.G. Crosby. 1981. Hydrogen peroxide and hydroxyl radical: Inter-
mediates in indirect photolysis reactions in water. J. Agric Food Chem. 29: 669-702.

5. Miller, L.L. and R.S. Narang. 1970. Science 169 :368.

6. Moye, H.A., M.H. Malagodi, J. Yoh, G.L. Leibee, C.C. Ku and P.G. Wislocki. 1987. Resi-
dues of avermectin B, a in rotational crops and soils following soil treatment with
(14% avermectin B, a. J. Agric. Food Chem. 35: 859-864.

7. Hegazy, M.E.A., F.A. Adam, Sh. A.A. Shokr, M.F.A. Shady and M. A. Abdel-Baki. 1999.
Photosensitizer influence on some organophosphorus pesticides under ultra violet
rays . Egypt. J. Agric Res., 77 (22) 663-675.

8. Plimmer, J. R. 1972. The fate of pesticides in the environment. Pesticide Chemistry
Vol. VI (Tahori, A.S., Ed). Gorden and Breach Science publisher Inc., New York 1972,
P. 47.

9. Ross, R.D. and D.G. Crosby. 1973. Photolysis of ethylene thiorea. J. Agric. Food
Chem. 21:335.

10. Rozen, H. and L. Margulies. 1991. Photostabilization of tetrahydro -2-(nitromethyl-
ene)-2H-1,3-thiazine adsorbed on clays. J. Agric. Food Chem. 39: 1320-1325.

11. Sedlak, P., J. Brodilova and S. Lunak. 1992. Photochemical degradation of pesti-
cides: photocalytic effect of Fe (l1l) ions on methylene blue sensitized interaction
of 4-chlorophenoxy acetic acid with HyO,. Bull. Environ. Contam. Toxicol. 49: 838-
889



508 PHOTO SENSITIZING OR STABILIZING INFLUENCE ON TWO ORGANOPHOSPHORUS

12:

13.

14.

INSECTICIDES UNDER ULTRAVIOLET RAYS AND DIRECT SUNLIGHT EXPOSURES

Takahashi, N., N. Mikami, H. Yamada and J. Miyamoto. 1985. Photodegradation of
the pyrethoid insecticide fenpropathrin in water, on soil and on plant foliage. Pes-
tic. Sci. 16(1): 119-131.

Wong, A.B. and D.G. Crosby. 1981. Photodecomposition of pentachlorophenoi in
water. J.Agric. Food Chem. 29:125-130.

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

. Zepp, R.G., P.F. Schlotzhauer and M.R. Sink. 1985. Photosensitized transformations

involving electronic energy transfer in natural water: Role of humic substances. En-
viron. Sci. Technol. 19: 74.



! HEGAZY, MOHAMED E.A. et al. 509

Lb)d|1f)ﬂuﬂlg|4:ellb4‘}:.ﬁ|ulgl_ﬁoﬂlow| J:\:l’l:i
lelﬂﬁleéﬂuﬂ

N S el sae SN (gilaa e sgaid) ane
\.La-ai bﬂﬂlch%ﬁ:‘cuﬂl ..\..l&c__l.h.l.ujl .L.l&l‘h.i.aa_,._lé.m Laoa

s = 8 jpadl = Sull = Gael ) 5 & paid] S e = hunald (558 U Jaxd) )
i =Egaall B AN sl iyl LI F

Jasaadly Sasiiadly o siaS ST paaa-Ay Joia b, nul Lol L G Tl e
S Ll Jolins Gusdaas ol s Shatl Guadl wlaiatis (5505 aie Tl guss liwwaas
ks L il 3l s il m il it sty Bl
FAY, 804780, AE Jaline — usdaassuadly o shadl alaians e aSlall Lauss o ghlasd] eda -\
—As Jsiadis el 5l Gl A it G50 Tad¥ Gan el G e el VY way
0ur (o osbll wlad s e e T e do3aadly Ous 5l oMl S ST 500
s, ey VWi AN AY G S A N, Wil e @ sV XA S, 405 PV A
T,0¥ 5 YE5 Wi, 08 5l ims bl sl Chuad ol p5d el . paa el s
aie Lelo o AYy AV VL ALY, g AW S s e usd ey ol s e g el ¥, 6V,
LS S bl 8 sall slbiall sya g pacy sy (o8 Toaaddn 3o Lad¥ Lagud a5
O sl badiie Jale o33l (31 (555 bais Juale 0 530S g junamA G 8 cann
a5l
ZER YA i e e sl G s 3bal) claiianis e adlad) Lo 5 eS8l ey =Y

30 G B il pua Sl L a3 A, a S e e daaly el s ay /1A, 0V,
Sl G o) sl e Jo 3l s S5 idls o s3aS aST g5 amamAy Ui gm0l L
T2 NV I B SNOC R SOV | /A SV WL I P VNS o WP F A S P (U | SNNDRRS  1 {
Ssaasball eladans G oSl LS &1 G sandl e pudd e /8. ,V0 547,V 5 64, YA
B L R LTv =k JUNCH ey Sy B L S S | 1)
D RO RS JUR R PR SACPSIS | CY BWBIEN | JUT L JUPIENPY NUPIp) RPepaps S/AS SN AN
EETRE HUrEN | NS I UWRNAY PN £ WP W U770 DO SO PG U EY | RSN IS4
a5y b Lol 598 LodY Lagads yas wie Teluw ., Y5 0, YV 5V, 0¥ 6Y 50,08 i
Ol ke Jale g ¥ Gl GBI caainyf LS S5 bl 8 50l liaaall yag pac s

sl Gl G ellig o5l e (553 baiie Juale 3ol



