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ABSTRACT

DETERMINATION OF THE RELEASE MECHANISM

OF POLYMER SUPPORTED PESTICIDES

BY;

Michael Zaid

Advisor Dr. M. Socher

The release mechanisms, of the two organophosphorus

insecticides, malathion and chlorpyrifos, were studied from

the polymer films prepared in the Laboratory. Furthermore,

the behaviour of the release of chlorpyrifos from the

granular commercial sample was also studied.
Thus, the diffusion of the insecticides from the

insecticidal polymer films; cellulose acetate impregnated

with chlorpyrifos, and cellulose acetate impregnated with

malathion, have shown the characterstic features of a

Fickian diffusion, at higher temperature ( 100° C), and

the apparent diffusion coefficients have been calculated.
While, at temperatures lower than 100°c, the release has

shown a non-Fickian diffusion. On the other hand, the

release of chlorpyrifos from the polyethylene vinyl acetate

coplymer and the Suscon polymer films have shown a non-
Fickian diffusion at all the temperatures of study (70°c,
60°C, and 50°C).

Moreover, the release behaviour of the Suscon commercial

sample was studied at different conditions; in soil, water,

and open air. And the release was found to be dependent on

the concentration of the insecticide, raihfall and temperature

«
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1. INTRODUCTION

PESTICIDES play an important role in crop protection in

a country like Ethiopia where agriculture is the back

bone of the country. Roughly one-third of the world's

food crop is destroyed by pests during growth, harvest,

and storage. Hence, to maintain crop productivity at

the highest possible level, intensive use of crop

protection chemical is essential ( 1, 2). Starting from

the small scale farms up to the large ones (state-farms),

various kinds of pesticides are used every year depending

on the various pests. Some of the common pesticides -
insecticides in particular, used in the Southern Regions

of Ethiopia ares

Aldrin Dimecron Lindane Rogor

BHC DDT Malathion Sumithion

Crotenon Dieldrin Mitac Parathion

Cymbush Endosulfan Mitigan

Although the indiscriminate dissemination of pesticides

into terrestrial and aquatic ecosystems is reprehensible,

the magnitude of the pest control will necessitate the

use of these materials in the foreseeable future. How-
ever, persistent pesticides are undesirable because of

their frequent incorporation into the food chain. On

the other hand, pesticides with short lives tend to be

ineffective. In both cases, the amounts applied are

often grossly excessive to that actually required to

control the pest because of the need to compensate for

pesticide loss by leaching and evaporation (3). This

problem has forced man to investigate a new type of

pesticidal formulation.

Recently, the interest of pesticide formulation

technology lies on the nev; carriers - which are micro-
porous polymers enabling the sustained release of the
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active ingredients. This newly developed formulation
extends the period of activity and improves the effective-
ness of inherently non-persistent biologically active

compounds(4).

1.1.Aim of the Research ôrk

^fter the slow release pesticide formulation was known
to the formulator, some polymers have been * carriers
for the pesticides. However, the work was mainly concerned
with their preparation and their control effect rather than
with their release mechanism (5-20).
The aim of this investigation is to study how the pesticides
are desorped. from the polymers and finally to suggest a

possible mechanism of their release. For the above study,
some polymer supported insecticidal films like cellulose
acetate impregnated with chlorpyrifos, malathion and
polyethylenevinvl acetate impregnated v/ith chlorpyrifos

were prepared in the laboratory and their release behaviours
were studied. The selection of the polymer carriers is

based on their availability and physico-chemical properties

(glass transition temperature, melting temperature, chain
flexibility, and stability). In addition the release
behaviour of a commercially prepared polymer supported

insecticide - Suscon oroduct sample has been studied under

different conditions.
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2. THEORY

2.1. Pesticides

Pesticides are chemical substances used for

controlling, destroying, repelling or mitigating

any pest (5). It covers a large number of more
specific names such as insecticides, fungicides,

rodenticides, miticides, herbicides, algicides,
nematicides, growth regulators and sterilants(22).

The three most important classes of synthetic
pesticides are chlorinated hydrocarbons, organo~

phosphonus compounds and carbamates (21). Nowadays

carbamates and organophospherus pesticides are
more often used than the organochlorine pesticides,
because organochlorine pesticides have a long

residual activity and thus result in undesirable

consequences.

2.1.1. Organophospherus Insecticides

The development of the organophosphorus (OPs)
insecticides is largely due to the pioneer work of

Cerhard Schrader of Farbenfabriken Bayer, Germany,
which began about 1934. Since the publication of

his studies in 1947, thousands of phosphorus

compounds of many types have been evaluated for
insecticidal properties (23). The compounds now
available are used for nearly every type of insect

control, as contact and stomach poisons, as

fumigants, and as systemic insecticides. The OPs

exert their toxic action by typing up or
inhibiting certain important enzymes of the

nervous system, namely cholinestrases (2).

4
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The most valuable property of the OPs is the sheer
diversity of the combinations of substituents
possible at the central phosphorus atom. This
permits precise variation of the biological
activity and toxicological, physical, and chemial
properties within certain limits.

- The general structure of OPs as defined by
Schrader's acyl formula is:

R1
0

\Sp v
2/\R ACYL

According to Schrader, a biologically active
phosphate will be obtained when the following
conditions are fulfilled. Either S or 0 must be
directly bound to the pentavalent phosphorus,
1 2R and R may be alkoxy, alkyl, or amino residues,

while "acyl" represents the anion of an organic
or inorganic acid such as fluorine, cyanate,
thiocyanate, or of other acidic residues (enol

residues, mercapto, etc) (1).
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Owing to their ester nature, the OPs offer a
fundamental advantage in this respect. Normally,
they can be easily degraded hydrolytically,
enzymatically or biologically, Also, a further
advantage lies in the very low aoplication
quantities necessary for the desired insecticidal
activity in the field (1,2).

2.1.2. Insecticides used in the Research Work

The two insecticides namely, malathion and
chlorpyrifos which belong to the class of
organophosphorus insecticides have been used in
the research work. The chemical and physical
properties, LD50, Pesticidal action, ... of the
above insecticides are summarized in Table 1.
(21, 24, 25).

2.2. Pesticide Formulation

Pesticides are biologically active in extremely
small quantities ? so the chemical has to be prepared
in a form that is convenient to use and to spread
evenly over large areas (27). Formulation is the
processing of a pesticidal compound by any method
that will improve its properties of storage,
handling, application, effectiveness or safety (2).
The biological property of a pesticide is greatly
influenced by the nature of the pesticide and its
formulation. A compound will only display optimal
biological activity when it is present at the site
of action, at the right time, and at the right
concentration with optimal formulation. Hence,
consideration of the nature of formulation is
very essential besides the nature and amount of
active ingredient (28).
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laELE 1 PROPERTIES OF THE INSECTICIDES: MMAAHICN, AND CHLQRPYPJFOS

Malathion (Carbophos, Cythion) Chlorpyrifos (Dursban, Lorsban)

Class Organcphosphorus Insecticide Organcphosphorus Insecticide

Chemical formula C10H19°6 PS2 C9hl C13 “ 3 PS

Structure and
Chemical name

S

S -CH— 000

- CH - C00C
_
H_

2 2 D

0,0 - dimethyl S- 'l", 2- di
(carb^ethoxv) ethyl phosphoro-
dithioate.

CWN/CI
S1 ! f y0C H

ut ^ f̂ -OC H .2 S
0,0 - Diethyl 0— (3,5, 6 -trichlcro 2-pyriayI)

phosphorothioate

hblecular Weight 300 351

( Physical State Clear1 amber liquid A white granular crystal
j

Melting point 2.85°C 41.5 - 43.5°C

Boiling point 156 - 157°C/ 0.7 mm Hg

Vapour pressure 5.3 rn pa at 30°C 2.5 m pa at 25°C

Density 1.23 at 25°C

Refractive index 1.4985 at 25°C -


































































































































