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ABSTRACT
The dissipation and degradation of 14C-malathion {S-l, 2- bis (ethoxy carbonyl) ethyl 0, 0dimethyl phosphorodithioate}
methyl phosphorodithioate}

and T'Csdimethoate

{O, O-dimethyl

S-methyl carbamoyl

from the soil and the garden pea (Pisum sativum) have been

studied by use of radioisotope tracer techniques.

Field experiments were conducted on the

dissipation and degradation of 14C-malathion in Nairobi and Kisii areas.
Greenhouse experiments were conducted at the University of Bayreuth in Germany, where
the dissipation and degradation of "Cvdimethoate and 14C-malathion were conducted with
the potted garden pea plants and the soil. Weather conditions close to those prevailing in the
Kenyan situation were simulated. "Cvlabelling on the malathion molecule was done at the
two methoxy groups in one set of experiments and at the 2nd, 3rd carbons in the diethyl
malonate of the malathion molecule in another set of experiments.

Only the two carbons on

the methoxy groups of dimethoate were labeled. The extractable residues of the pesticides
were quantified

by liquid scintillation

counting while the bound residues were first

combusted by a biological materials oxidiser to 14C02, which was trapped by a cocktail
before counting. Metabolites

from the degradation

of malathion

and dimethoate were

identified by TLC, autoradiography and confirmed by GC-MS.
In greenhouse studies, the dissipation and degradation studies on the garden pea, show that
"Cvmalathion dissipated fast from the foliar surface of the garden pea. There was only 5.7%
of the initial pesticide dose on the foliar surface of the garden pea as surface (dislodgeable)
residues aft\

16 days. The extractable residues initially increased in the plant cells due to

penetration t~ugh

the cuticle of the plant from the surface, reaching

a maximum level

after 3 days and then started decreasing. Sixteen days after inoculation, 9% was present as
extractable residues. The non-extractable

(bound) residues were only 4.2 % of the initial

t!"SB~O U !!VFks:n

I.

~P. S.

LI8IJelA,l(:1I(V

IV

dose and 16.7% was translocated from the treated leaf surface to the rest of the plant. A high
proportion of the pesticide (17%) was lost through evapotranspiration

due to the high rate of

translocation of the malathion residues. The dissipation of the total residues of malathion
from the pea plant was exponential and a half-life value as determined by first order kinetics
model, was 11 days. The metabolites,
mercaptosuccinate

0, O-dimethyl

phosphorodithioate

and diethyl

which result from chemical hydrolysis of malathion, were detected both

in the soil and plant samples. Malaoxon, an oxygen analogue, was only detected in the soil.
"Cvdimethoate

was comparatively

more persistent than "Cvmalatbion

There were 21%, 19.4% and 5% of dislodgeable,

extractable

in the pea plant.

and bound residues of

dimethoate, respectively recovered from the pea plant. Only 4.6% of applied 14C-dimethoate
was translocated. The half-life value of the total residues of dimethoate in the pea plant, as
determined from first order kinetics model, was 29 days. Dimethoxon, the oxygen analogue
of dimethoate, was detected both on the surface of the leaves and inside the pea plant.
The dissipation rate of 14C-malathion was lower from the soil than from the garden pea plant
in the greenhouse. The extractable residues in the soil dissipated quickly, with only 1.5% of
the initial pesticide dose remaining 32 days after inoculation. The bound residues constituted
a higher proportion of the total residues in the soil. The bound residues rapidly built up in
the soil up to 42% after 8 days. Thereafter, the bound residue levels decrease until there was
only 20.6% remaining in the soil after 32 days. The decrease in the bound residues has been
attributed to th~iOdegradation

by microorganisms to 14C02.The total residues of malathion

dissipated from the soil with a half-life value of 17 days. The uptake of 14C-malathion from
the soil by the garden pea was low with 2.9% of the pesticide being taken up.
14C-dimethoate was more persistent than "Cunalathion

in the soil. Only the extractable

residues of dimethoate were degraded to CO2 while the bound residues remained at a

v

maximum level of 41.3% after 32 days. Due to the high solubility of dimethoate in water, its
uptake from the soil was higher (4.1 %) than malathion (2.9%) uptake by the garden pea. The
soil bound more pesticide residues than the pea plant as expected.
Under field conditions, malathion dissipated slightly faster during the long rain season (tll2

=

36.7 days) than in the short rain season (t1l2 = 41 days) in Kisii. In both seasons, the bound
residue levels decreased due to biodegradation to CO2 after 21 and 7 days for the short and
long rains seasons respectively. In Nairobi soil, malathion dissipated more slowly with a
half-life value of 770 days. The difference between these rates may be attributed to the
prevailing

weather

conditions

at the two sites. However,

the dissipation

patterns

of

malathion in Kisii and Nairobi areas, separately, correlated well with the prevailing weather
conditions and soil characteristics.
The adsorption and desorption patterns of malathion and dimethoate

conformed to the

Freundlich

of heterogeneous

isotherm

equation,

which

assumes

a multi-layer

type

adsorption. Malathion, being more lipophilic, was adsorbed to the Kenyan soil with higher
organic matter.
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CHAPTER ONE
GENERAL

INTRODUCTION

1.1 PESTICIDE USE
The use of pesticides in agriculture is a world wide practice and can be considered beneficial,
as it serves not only to raise productivity but also to reduce post harvest losses'. Pesticides are
also used in the protection of our health and welfare, to preserve forests, and improve
recreational opportunities'.

In the tropics, apart from their use in boosting food agricultural

productivity, pesticides playa

vital role in controlling insect vectors of endemic diseases'.

There is no doubt that pesticides have contributed to improve the quality and quantity of
agricultural products on a world wide basis". In the
human life due to insect-borne

world, cases of ill health and loss of

diseases mainly due to malaria, which amounted to some 3000

million cases and 3 million deaths, has been reduced (despite a doubling of the population
since that time) to some 120 million cases and 1 million deaths respectively'.
use of these chemicals has had adverse effects on the environment

However, the

and the health of the

people. The major problems challenging the continued domination in the use of pesticides
have been categorized \as rising costs of the pesticides, pesticide resistance in pest population,
insect pest resurgence \md

the pesticide itself.

trichloroethylidene) bis[4-chlorobenzene]
the eradication

of malaria

The much publicized

use of 1,1'-(2,2,2-

(DDT) by World Health Organization (WHO) for

is now restricted

or banned

due to its persistence

and

bioaccumulation in the fatty tissues of the human body". The US- Environmental Protection
Agency (EPA) has estimated that world wide there are between 10,000 and 20,000 physicallydiagnosed pesticide illnesses and injuries among agricultural workers per year. In developing
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countries, the mortality

and illness due to pesticides

are much more common than

developed countries relative to the amount of pesticides
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used". This is due to lack of

information on the proper handling and proper application of the pesticides by farmers in the
developing countries, The level of the awareness of the dangers posed by the pesticides to the
users is low unlike in the developed countries where most, if not all pesticides originate from,
The organophosphorus (OP) compounds first appeared in the market in 1945 as the first result
of the success of German industry in finding modifications

of the chemical warfare agents

useful for insect control; the first to appear were tepp and

0, O-diethyl 0-4-nitrophenyl

phosphorothioate

(parathion),

followed

by

0,

O-dimethyl

phosphorodithioate (malathion) and many others, 4 years later"
Most organophosphorus

S-(1,2-dicarbethoxyethyl)

10,

insecticides have the following structure: (R-O)z-P(S or O)X, the

two R groups are usually ethyl or methyl and are the same in anyone

molecule, while X is

frequently a rather complex aliphatic, homo cyclic or heterocyclic group
methods

of

synthesis

of

dialkyl

phosphorodithioic

acids,

II,

the

One of the oldest
intermediates

of

. organophosphorus pesticides, involves preparation from phosphorus pentasulphide (P2SS) and
methanol", In recent years organophosphorus
organochlorine inseCti~es
environmental

degradation

pesticides

Organochlorine

13,

organophosphorus

biomagnifiable".
hexahydro-exo-I,

pesticides

compounds

are

are more

lipophilic

8-dimethanonaphthalene

heptachloro-3a, 4, 7, 7a-tetrahydro-4,

and

are

at various trophic levels in the food

generally

short

lived

For example DDT; 1, 2, 3, 4, 10, 10-hexachloro-1,
4-endo-5,

to replace many

since the former class of compounds are more susceptible to

considered to be more persistent and bioaccumulative
web while

have begun

(Aldrin)

7-methano-1H-indene

and

are

less

4, 4a, 5, 8, 8a-

and 1, 4, 5, 6, 7, 8, 8-

(Heptachlor), which are stable,
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chemically speaking, have been banned by US- EPA and have all been replaced by
organophosphorus compounds".

The use of these insecticides

inevitably

leaves behind

residues on the crops or on stored grains, which may be bioavailable to the consumers

I 6.

In

view of this, Food Agricultural Organization (FAO) has initiated the Pesticide Programme to
raise technical competence and safety in use of pesticides. The working group of experts on
the official control of pesticides provides advice to governments, particularly on procedures
and criteria to follow in registering

and supervising

the use of pesticides".

The joint

FAO/WHO meetings on pesticide residues have also provided an authoritative voice on the
levels of pesticides that can be ingested daily by man without appreciable risk, which has
been accomplished through the establishment of acceptable daily intakes" .

1.2 PESTICIDE USE IN KENYA
Kenya uses pesticides for its food production and post harvest protection of the stored grains.
~

Consequently, Kenya has continued to import different classes of pesticides (insecticides,
fungicides and herbicides etc.)

19.

DDT, which was banned in the developed countries long

ago, was banned in Kenya in 1997 and has been replaced by the organophosphates".

The

increaseduse of the o~anoPhosPhates locally is evident in the importation statistics available
from the Pest Control products board of Kenya (tables 1, 2, 3 and 4)20. Among the
organophosphates that are used are malathion and dimethoate whose importation into the
country has shown an upward trend (table 4). In Kenya both malathion and dimethoate are
used against the insects infesting food crops, horticultural crops and cash crops. Malathion is
also used as a grain protectant": 22. The persistence and fate of these pesticides on the applied
targets and non-targets depend on such factors as temperature, humidity, light, pH, soil type,
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organic matter, micro-organisms, micro flora and fauna prevailing in the given environment".
It is well known that pesticides are never target specific and as such, aerial dissipation of
pesticides must be regarded as potentially hazardous to man and environment. In order to
reduce the environmental

risks associated with pesticide use, one of the most important

requirement is a clear understanding

of their fate in the specific environment".

Extensive

studies on the fate of some organochlorines in the Kenyan conditions have been carried out'"
27.

For instance, the dissipation half-life values of 14C-DDT in Nairobi and Mombasa have

been determined". In another related work, the dissipation half-life values for 1, 2, 3, 4, 5, 6hexachlorocyclohexane (lindane) have been determined in Mombasa and Nairobi". The study
of2, 3-dihydro-2, 2-dimethyl-7-benzofuranyl-N-methy1carbamate

(carbofuran) under flooded

and non-flooded soils in Kenya shows that the insecticide is more rapidly metabolised under
flooded soils". Other studies carried out by Lalah" show that DDT has half-life of 65 days in
Nairobi while DDE has a half-life of 145 days in Nairobi under field conditions. However,
~

data on organophosphorus

pesticides under the Kenyan conditions is lacking, as there is no

work on the two pesticides documented. Only the dissipation of parathion has been carried out

in Nairobi under field~conditions'" Malathion has only been studied in stored maize and
beans". No study has been carried out on dimethoate

in Kenya.

Both malathion and

dimethoate are widely used on a wide spectrum of crops as foliar sprays and therefore, studies
on foliar dissipation from the crops and dissipation from the soil need to be carried out. The
study on the two pesticides is necessitated by the fact that the soil acts as reservoir of what
remains after plants intercept what they can.
Apart from setting up the minimum pesticide residue levels in food, Food Agricultural
Organization (FAO) jointly with the International

Atomic Energy Agency (IAEA) have
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realised that the conventional method of exhaustive extraction of samples with solvents
followed by chemical methods of analysis is not sufficient". In contrast, exhaustive extraction
with solvents and combustion techniques followed by liquid Scintillation Counting provide an
appropriate and convenient procedure for the determination of total residues, particularly for
14C_ or 3H-Iabeled substrates".

Consequently,

a protocol for determining bound pesticide

residue content in soils and plants has been developed using radioisotope tracer techniques".
IAEA has found that radioisotope

tracer techniques

is the only efficient means for the

detection and assay of the total residues including bound residues that mayor may not include
the parent chemical. The bound residues may constitute a significant fraction of the total
residues and may become released on digestion of the contaminated

food or may be of

accumulating significance to crops growing in the contaminated soil". The determination of
residues in plant and soil samples without the use of labeled chemicals

is limited in

quantifying the bound residues and only quantifies the extractable residues".
~

1.3 MALATHION

\

Malathion was discovered in 1950 as a low toxic organophosphorus

insecticide and was

introduced in the same year by American Cyanamid company under the code number EL
4B049 and protected by USP 2578652. The IUPAC name for malathion

is S-1, 2-bis

(ethoxycarbonyl) ethyl 0, O-dimethyl phosphorodithioate ". Its synthesis is a one-step process
in which dimethyl phosphorodithioic

acid is first prepared from phosphorus pentasulphide

and methanol and then added directly to maleic acid diethyl ester under the influence of
catalytic quantities of alkali". The following equations represent the reactions, which lead to
the formation of malathion:

ASENO UNIVERSITY
I. B. P. . LIBRA
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---.~
(CH30)2P(S)SH + KOH ---.~

(CHP)2P(S)SH

+ H2S.

(CH30)2P(S)SK.

(CH30)2P(S)SK + CH3CH200CCH=CHCOOCH2CH3

---~.

S
II
CH30-P-S-CHC02C2Hs
CH3d
CH2C02C2Hs

The high margin of safety of malathion to mammals and birds, and its selectivity against
target insects, coupled with its amenability of ultra-low volume (ULV) applications, make it a
good general purpose contact insecticide employed in controlling insects of house hold, home
garden, stored grains, greenhouse, agriculture, forestry and public health". The chemical and
physical properties of malathion have been documented"

and the data is presented in table 5

in the appendix. Pesticides come in a variety of formulations depending on factors such as the
nature of the target species, the persistence desired, and ease of applicatiorr'"

36.

Malathion is

formulated as dust, wettable powders, emulsifiable concentrates and aerosols". Malathion has
low thermal and alkaline stability and is easily degraded in the ecosystem. It rapidly vanishes
from surface of plants due to chemical and enzymatic

decomposition

Metaboliim is by hYdr,\SiS of the carboxylate or phosphorodithioate
to the phosphodithioanate

and evaporation.

esters and lor oxidation

(malaoxon)".

.

One of the major problems related to the hazardous nature of pesticides is the presence of
impurities in the formulated material. These impurities may arise either as by-products or they
may form as breakdown products during storage of the technical product".

Pure malathion is

not very toxic as its acute oral dose (LDso) is 1375-2800 mg/kg for rats. Crude malathion and
its formulations contain impurities, which are toxic to mammals"

. The figure (1.3.1) below is

a general scheme of the metabolic fate of malathion", where A = animals,
M = microorganisms, MFO= mixed function oxidase, and P= plants.
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Fig. 1.3.1: Metabolic fate of malathion
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1.4 DIMETHOATE
The IUPAC

name

for

dimethoate

is

O,O-Dimethyl

S-(N-methy1carbamoylmethyl)

phosphorodithioate. It was introduced in 1956 by American Cyanamid Company under the
trade name Rogor, CYGON41• It is formulated as emulsifiable concentrate (EC of 44% w/w),
ultra low volume (ULV) and granules containing 5% a.i.", Its broad spectrum of effect due to
contact and systemic action when applied to both animals and plants has resulted in its being
adopted for use against a wide variety of pest species on virtually every crop except a small
number that show phytotoxic reaction to some dimethoate formulations.
these situations

special formulations

have been developed

Even in some of

to eliminate

or reduce the

phytotoxicity".

The information on uses of dimethoate on main crops, showing the large

variety

insects

of

against

which

the

pesticide

IS

used

IS

available".

There are numerous synthetic routes available, which indicate the interest of industry in the
potency of dimethoate. ~

1948 American

Cyanamid

reported

a synthetic process for

~

dimethoate involving the reaction of alkali salts of 0, O-dialkyl phosphorodithioic

acids with

chloroacetic acid arnides". The following equation represents the production of dimethoate:

The biochemistry of dimethoate in animals, insects and plants" is summarised in fig. 1.4.1.
The letters A, P and I stand for animal, plant and insect respectively.
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Figure 1.4.1: Metabolic fate of dimethoate
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1. 5 THE GARDEN PEA (Pisum sativum)
The garden pea (Pisum sativum) is a legume, which is an annual herb, bushy, or climbing,
with weak, round and slender stems, usually 30cm-150cm long. The taproot is well developed
with numerous slender laterals". The crop requires a cool, relatively humid climate with
temperatures of 7-24°C. Consequently it seldom yields well in the tropics below 4,000ft. It
requires a reasonable level of soil fertility and pH of 5.5-6.522• In Kenya the garden pea is
grown in the higher altitudes of Kiambu, Nyandarua,

Muranga

and Nyeri of Central

Province. An annual production of 47,108 tonnes of the crop is produced from these areas
having acreage of 9,500 rectares44. Numerous pests infest the crop at the growing stage and
the stored grains".

It is afso grown in some parts of Eastern Province, which produces about

750 tonnes of the crop from 60 hectares". Malathion is used against the pests, which infest the
crop at the growing and storage stages".

Although the crop is not cultivated in Kisii where

most of the field studies were conducted, the garden pea was selected in the present studies
'-due to its climbing nature and its being taller than the beans, which are cultivated in the area.
This enabled us to study the translocation behaviour of the pesticides in the garden pea, The
garden pea and the bean belong to the same family and therefore the results of studies with
garden pea can be applied to the bean plant.

1.6 OBJECTIVES
In view of lack of scientific data on the dissipation

and degradation

of malathion and

dimethoate under the local conditions, this work was under taken to generate the urgently
needed data.
The specific objectives were:
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(i). To study the dissipation and degradation rates of malathion and dimethoate from the
soil and the foliar surface of the garden pea plant (Pisum sativum) under the local
conditions and in the greenhouse using the radioisotope tracer techniques.
(ii). To quantify the various residues of the insecticides in the garden pea plant and the
soil.
(iii). To analyse and identify metabolites of degradation of the insecticides in the soil
and on lor in the pea plant (Pisum sativum) by Thin Layer Chromatography
(TLC), Autoradiography and Gas Chromatography-Mass

Spectrometry (GC-MS) .

(iv). To monitor th, uptake of the insecticides by the pea plant from the soil by analysis
of the insecticide residues in the plant tissues.
(v). To make recommendations based on the findings of the study.
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CHAPTER TWO
2.0

LITERATURE REVIEW

2.1 METABOLISM OF PESTICIDES IN PLANTS
When pesticides are sprayed on plants, materials not adhering tenaciously to the plant surface
slough off immediately and the remaining portion of the initial deposit becomes an effective
deposit, which then begins to be absorbed into the plant". The disappearance of these
pesticides from plant leaf surfaces after interception is exponential and often first-order
kinetics prevail". T~ cuticle is an effective barrier to transport into and out of the leaf,
retaining water and high concentrations of solutes within the tissue and inhibiting the
penetration of pathogens". Temperature, viscosity, molecular radius, partition coefficient,
concentration of the pesticide outside and inside the cuticle and cuticular thickness are the
parameters, which determine the rate of pesticide penetration into plants".
'--

The influence of dislodgeable and penetrated residues on volatilisation,

codistillation

and

persistence of mexacarbate (insecticide) in Balsam Fir foliage has been studied". Relatively
higher amount of penetrated (extractable) residue is lost during codistillation

than during

volatilisation while more dislodgeable

(extractable)

residue is lost during volatilisation,

(surface) residue than the penetrated

Pesticides formulated as wettable powders have been

found to be retained to greater extent than those ones formulated as emulsifiable concentrates
on the foliage leaves and retention is more closely related to equilibrium than dynamic surface
tension. The quantity of pesticide retained on a leaf also depends on many complex factors
including the nature of the foliar surface, physico-chemical properties and application method
of the spray solution". The dissipation rate of cypermethrin residues from elm bark has been

13

observed to be faster during the initial days after application than in the later days. This is
attributed to the loose association of the insecticide residue with the bark and the consequent
quick loss of the insecticide from this matrix by natural elements. Later the association of
insecticide molecules and the bark becomes stronger with elapsed time thus explaining the
much lower rate of dissipation of cypermethrin? . Use of ultra low volume (UL V) in pesticide
application results in approximately 3.7 times more foliar deposition (as measured via surface
extraction) than use of the conventional wet-spray technique".
The fate of chemicals sorbed in cuticles depends on the presence or absence of a sink. If a

sink exists (met~lization

and translocation away from epidermis) all cuticles will exhibit a

pronounced inward permeability and accumulation in the cuticles is not likely to occur". The
good correlation between octanol/water and cuticle/water partition coefficients for lipophilic
organic compounds has been attributed to similarities in the molecular structure of octanol
and cutin monomers".

Organophosphate

pesticide vapours may interact with plant foliage

'--

through either the pesticide vapours depositing onto foliage while bound to dust particles,
getting sorbed sorb directly to the surface, getting sorbed into the cuticle, or penetrating to the
interior of the leaf". The particulate matter that is attached to the pesticides on both leaf
surfaces and on the soil surface, serves as a transfer mechanism to workers and also catalyzes
the conversion of organophosphorothioanates

(P=S) to the more toxic oxygen analogues or

oxon compounds (P=O) and can stabilize both compounds",
The bound residues in plants have been found to vary with the plant species, the pesticide and
the exposure time of the plant to the pesticide and comprise the fraction that can not be
solubilized (lignin fraction) and the one that can be solubilized by hydrolytic treatments". The
ecotoxicological significance of non-extractable

(bound) pesticide residues depends on their

l
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bioavailability to an animal that ingests them and the potential release of low molecular
weight xenobiotic fragments'". The epoxy groups contained in the cuticles of some plant
species covalently bind residues

of chemicals

having

a carboxyl

functional

group".

Conjugation reactions between electrophilic compounds and glutathione, a biological thiol
compound, is a detoxification reaction common in the defence of mammals, fish, insects,
higher plants,

and micro-organisms

against

detoxifies a broad spectrum of electrophilic

oxidative

Glutathione

conjugation

compounds used in agriculture and industry

including alkyl halides, triazine herbicides, chloro-benzenes,

nitroaromaticco~ounds,

stress.

organophosphorus

insecticides,

chloroacetanilide herbicides, sulphonyl urea herbicides, diphenyl

ether herbicides, polyaromatic hydrocarbons, pyrrolizidine alkaloids, and hydroquinones'".
The much lower volatilisation rates of 14C_ pesticides sprayed to bare soils correspond to
studies indicating considerably higher volatilisation half-lives of pesticides on soil surfaces
than those on plant surfaces". The high soil organic carbon sorption coefficient (Koc) values,
"defined as the ratio of sorbed pesticide in the soil to solution pesticide concentration, allows a
strong adsorption by the soil. This lowers the vapour pressure of the pesticides which is
dependent on soil moisture, soil type and the pH-value of the soil". The organic carbon and
clay content of the soil leads to decrease in volatilisation rate of pesticides from soil. The
large volatilisation rates of pesticides from plant surfaces, however, are explained by less
effective chemical adsorption reactions on the leaf surface. Therefore, the vapour pressure
rises to values close to that of the pure compound".
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2.2 METABOLISM OF MALATHION IN PLANTS
The rate of disappearance of malathion and other insecticides from Citrus foliage has been
found to follow first order kinetics with half-lives of 5.2 days, 6.8 days and 9.5 days for
malathion, acephate and methamidophos,

respectively. Malaoxon was not observed in the

malathion treated samples". Removal of surface residues of malathion from the surface of the
Lettuce either, by use of the Sur-Ten® (surfactant) or by water-rinse procedures does not vary
very much. The non-dislodgeable malathion levels increase for both rinse methods with time.
Malaoxon is not detected in any of the rinsates or the Lettuce extract sarnples".
disappearance rat~ of malathion, dioxathi on, oxydemetonmethyl

The

and dialifor from Florida

citrus leaf and fruit surfaces" is in the order malathion > oxydemetonmethyl

> dialifor >

dioxathion. Physical properties of the pesticides, such as diffusion coefficient and lor vapour
pressure, both temperature dependent, account for the observed differences in disappearance
rates. The quantity of malaoxon in the Florida citrus leaf and fruit surfaces varies little over
~

the course of tile study". The disappearance of malathion from hen-house litter has been
found to be very fast due to the alkaline nature of the litter (PH of 8.5)67. Conversion of
malathion to isomalathion

has been found to be influenced by a surfactant formulation,

relative humidity of the storage environment,

the formulation

However, isomalathion content of the malathion-treated

and the container surface.

leaves is not detectable «0.2ppm)

even when the leaves are treated with a dose of 500 times more than the normal application
dose, due to the high rate of initial dissipation of isomalathion".

Residues of the ultra low

volume (UL V) applied malathion to mature cotton plants decrease logarithmically with time.
The percentage wash-off decreases with time partially due to malathion penetrating the leaf
surfaces with time". Metabolism of malathion in plants, soil and water" has been found to be
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due to de-esterification, oxidation and hydrolysis processes, forming a number of products
which have been identified by gas chromatography-mass

spectrometry (GC-MS). Hydrolysis

of the P-S and C-S bonds occur in alkaline pH of 8.0 and acidic pH of 5.5, respectively":
Maize plants grown in clay loam soil containing bound "Cvmalathion

residues have been

found to take up 2.55% of the total bound 14C_residues. This indicates that part of the bound

"Cvresidues is released during plant growth".
Residues of malathion in stored grains (maize, beans, wheat and barley) where it is applied at
a rate of 500 g of 2 % malathion dust per tonne of grains, were observed to vary from one
grain to another. ~OOking was observed to enhance the non-extractable

(bound) residues in

the grains presumably owing to easier penetration into the softened grains". Increase in the
ratio of dockage (crushed) to whole grain in stored wheat significantly increases the bound
residues of malathion in the wheat grains due to increased surface area of the cracked wheat.
Malaoxon is not found in the grain as one of the metabolites".

Though studies conducted in

~

conditions simulating tropical storage conditions have shown the presence of malaoxon,
figure 1.3.1 also supports this as possibility, though Anderegg reports very low concentrations
of malathion.
When male rats were fed with bean-bound 14C-malathion residues, a considerable amount of
residues were eliminated from the animals within 48 hours, with malathion mono-carboxylic
acid and malathion dicarboxylic acid as the main metabolites".

Rats fed with milled rice-

bound 14C-residues eliminate 61% of the 14C-malathion residues in the faeces and 28% in the
urine. The corresponding percentages for paddy rice and maize are 72%, 9% and 53%, 41%,
respectively, indicating that bound residues from milled rice and maize are moderately
biovailable". The percentage of bound residues in soybean seeds to which malathion has been
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applied, increases with time and reaches almost a plateau, 24 weeks following application
with less total radioactivity recovered than the initially applied dose. This loss is attributed to
volatilization".

Bioavailability

and toxicological

potential

of lentil-bound

residues

of

malathion to rats have been evaluated. The radioactivity determined in urine of rats is 35% of
administered dose while the faeces contain 45% of which 58% is methanol-extractable.
Expired air eliminates 1.5% while residual activity in tissues amounts to 9%77. The results
suggest that bound residues of 14C-malathion in extracted lentils are bioavailable to rats.
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2.3 METABOLISM OF DIMETHOATE IN PLANTS
Analyses of surface and absorbed residues following foliar treatment of com, cotton, pea, and
potato plants with radioactive dimethoate show that the pesticide is rapidly absorbed and
decomposed both on the surface and inside the foliage by phosphorothioate

oxidation and

hydrolysis. The loss of the pesticide from the plant surfaces is attributed to volatilisation,
penetration into the leaves, dilution due to the plant growth and co-distillation".

The

metabolites in the surface and internal tissues are dimethoxon (the oxygen analogue), diethyl
phosphoric acid, 0, O-diethyl

phosphorothioic

acid, and the des-methyl

derivative

of

dimethoate in all ~e plants. The formation of oxygen analogue of dimethoate on the surface
of leaves is attributed to a non-enzymatic oxidation while the oxygen analogue formed inside
the plant is due to enzymatic oxidation. The enzymatic and non-enzymatic attack on the P-SC bonds probably occurs at the p_S7S. The half-life values of dimethoate in the various plant
species have been determined from first order kinetics giving values of 4.3, 6.0, 3.8 and 3.3

"days for bean, tomato, cucumber and cotton respectively".

The dissipation of dislodgeable

foliar dimethoate from citrus leaves has been found to be rapid during the first 10 days. after
application and is much slower between 10 and 49 days of study. The oxygen analogue,
dimethoxon, is formed when dimethoate levels are high and its level at any time is the net
result of the amount formed and the amount dissipated". However, the analysis of dimethoate
residues in strawberry varieties sprayed with 200, 300 and 500 mg/l of dimethoate does not
reveal the presence of the oxygen analogue, dimethoxon.

Logarithms

of the dimethoate

residue concentrations over time were found to have a linear relationship, indicating a firstorder kinetic reaction".
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Both dimethoate and pirimicarb have been applied as foliar sprays to asparagus fern at 0.25,
0.50 1.0 and 1.12 kg of active ingredient (a.i.)/ha for dimethoate and at 0.125, 0.25 and 0.50
kg a.i.zha for pirimicarb.

Partial conversion of dimethoate to dimethoxon, and pirimicarb to

(methylalamino) pirimicarb occurs in the foliage in all cases. After several application the
total residues of both compounds, including their toxic residues, decreased by 90% in or after
7 days but thereafter decreased at a slower rate.

Only traces of primicarb «O.Olppm)

remained 31 days after application at 0.50kg a.i.zha, and up to 0.03ppm of dimethoate
remained 38 days after application at 0.50 and 1.0kg a.i.zha". In lettuce where the insecticides
were applied as f/ liar sprays, dimethoate was partially oxidised to its oxon; pirimicarb was
converted to its methylamino-

and/or formyl methylamino-analogues.

Most residues are

present in the outer leaves, which are exposed directly to the sprays". The concentration of
dimethoate detected in the sweetclover samples immediately

after spraying indicates that

deposition on the herbage is proportional to the applied dose".

2.4

METABOLISM OF PESTICIDES IN SOIL

The contamination of soil by pesticide chemicals can occur through direct application to
control some inhabiting insect pests of a variety of economic plants while indirect soil
contamination

can occur through

aerial applications,

spray drifts, wash-off

from the

atmosphere, treated plants through precipitation, erosion, and run-off from agricultural and
forest lands". Therefore, a great deal of attention must be paid to studying the many complex
interactions that occur between pesticides and the soil". The fate of pesticides and their
behaviour in soil is influenced by several factors including
decomposition".

The breakdown

of pesticides

adsorption,

movement

and

in soil is brought about by a variety of
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biological and abiological mechanisms;

frequently total decay is due to a combination of

events. The principal biological route is the microbial consumption
energy, carbon and/or nitrogen source, although microorganisms

of the pesticides as

may degrade pesticides co-

metabolically or by excreting a variety of enzymes, which function at a distance parallel from
the parent cell".

Data has been collected suggesting that organic molecules in soil slowly

become sequestered within the soil matrix".
compounds in the field and laboratory

The patterns of disappearance

soil studies

show a declining

of persistent
availability

to

microorganisms with residence time in soil. If a chemical persists and thus remains in contact
with particulate ~tter

for some time, it becomes more and more resistant to extraction by

solvents". The processes occurring may be envisioned in the following fashion. A toxic
compound in solution is initially sorbed rapidly to the external surfaces of soil. The sorbed
fraction is available for the following: elution by many organic solvents, absorption by microorganisms for biodegradation

and may be incorporated

by non-target

organisms.

The

~

available fraction is slowly converted to an unavailable fraction, which is remote from the
external surface. This portion of the compound is essentially irreversibly

sorbed, is .only

extracted by highly vigorous means, and is available neither to microorganisms

nor to cause

injury to susceptible humans, animals, and plants".
A study has been conducted on four specific physiological

groups of microbes isolated for

their ability to decompose cellulose (cellulolytic), proteins (proteolytic), lipids (lipolytic and
lignin-like phenolic compounds

(lignolytic) to demonstrate

that the soil bound pesticide

residues are susceptible to biodegradation by these microbes.

During the incubation period

the number of each physiological group increases by about 10 fold suggesting that the release
and/or metabolism of bound "Cvresidues is solely due to the activities of the microbes. There
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is increased oxygen consumption indicating that the organic matter is utilised as a substrate by
the microbes". Several studies on many pesticides in the soil show that the pesticides are
slowly bound to the soil with time, and that the pesticides undergo microbial mineralization to
carbon dioxide": 93,94,95,96.However, there is no report in the literature on the bound residues
undergoing microbial mineralization.
The identity of the unextracted or bound 14Cresidues in the organic soil has been determined
by the high temperature distillation (HTD) technique.

This resulted in 80-84% recovery of

the bound residues with very little thermal decomposition of
5.7% "CO,)". T\

organic soil contained 19.2% bound

C C]
4

"c of the

deltamethrin to 14COZ(0.3total applied radioactivity

following an incubation period of 180 days. The proportions of the total bound radioactivity
in humic acid, fulvic acid and humin fractions wee 21.7%, 16.8% and 58.5% for methyl label
and 24.8%, 7.1 % and 65.6% for benzylic label, respectively. Fulvic acid is considered to be
the dominant soluble organic fraction present in soil solution under field conditions. Low
molecular weight humic materials, such as fulvic acid, are known to be taken up by roots and
translocated to plants",
Fonofos, an organophosphorus

insecticide, has been applied to organic soil in the field. The

amount of extractable 14C_residues decreased over a growing period of 130 days, which
corresponded to an increased bound 14C-residue formation in the soil under field conditions.
There was 41.6% of the applied 14Cas extractable residues while 21.8% was bound to the soil,
130 days after the soil treatment.

Onions have absorbed 14Cresidues from the fonofos-treated

soil and translocated a portion of these residues to shoots. Part of the radioactivity absorbed
by onions from the soil treated with 14C-fonofos became again bound".
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Several studies have demonstrated that further progress in the evaluation of the nature of
binding can be achieved by the application of

13C_

or

15N_

NMR spectroscopy. Identification

of bound residues relies on the increased intensities of the NMR signals and changes in the
chemical shifts of the labeled atoms'"

100, 101.

The adsorption, desorption, and degradation of endosulfan in two major tropical soils have
been studied. Sorption equilibrium of endosulfan in each soil shows a fast initial reaction then
slowly reaching a steady state; a phenomenon

often described

as bicontinuum.

It is

hypothesised that endosulfan insecticide diffuses into the soil matrix and quickly gets sorbed
at exposed sites.

s remaining exposed sites are filled up, during the second stage, sorption

becomes slower!". Endosulfan is classified as a hydrophobic non-ionic pesticide and is not
subject to ionisation. Desorption which is the reverse to sorption process plays a significant
role in determining chemical mobility of pesticide in soil. Mineralization

of endosulfan

measured from the 14C02 emitted was higher in non-sterile soils than in sterile soils indicating
"-

that soil micro-organisms or biotic degradation of endosulfan is the primary removal process
in the soils studied. Biodegradation

occurs when microorganisms

have ability to directly

scavenge the sorbed-phase chemicals or after chemicals get desorbed into the soil solution!".
Field and laboratory studies have been conducted to investigate

the degradation

organophosphorus insecticide, isazofos, (O-5-chloro-11-isopropyl-1H-1,

o -diethyl

phosphorothioate)

of the

2,4-trialzol-3-yl

0,

in soil. Residue data indicated that field residues of isazofos

declined rapidly from soil treated with isazofos for the third consecutive

year.

In the

laboratory studies, isazofos is the least persistent in soil with three previous years of isazofos
application. Increased degradation

resulted in the production

hydrolysis metabolite 5-chloro-l-isopropyl-3-triazolol

of greater amounts of the

(CGA 17193), soil bound residues, and
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14C02.The availability of isazofos to microorganisms,

based on sorption of isazofos to soil,

seemed to be an important factor influencing the degradation ofisazofos in soil'?'.
Recently, interest in the use of supercritical fluid extraction

(SFE) as an analytical technique

in the field of pesticide residue analysis has increased considerably. This technique has been
applied to the extraction of pesticides and! or metabolites

from soil'?': 105,106.SFE yields

superior extraction efficiencies and offers a number of potential advantages compared to
conventional solvent extraction methods for isolating pesticide residues from biological and
environmental sample matrices.

This is based

on the enhanced

solvating

supercritical flU~S above their critical points and their lower viscosities

power

of

and higher

diffusivities relative to liquid solvents!".
Supercritical carbon dioxide with and without methanol as a modifier to extract bound 14C
pesticide residues from soil, plants, and wheat samples has been studied':". The percentage
recoveries of various pesticides by SFE determined by GC analyses were nearly similar to
~

those obtained by radio-assay. Thus no decomposition
occurred during SFE.

or breakdown of these compounds

In general, at constant pressure and modifier concentration,

recovery of 14Cresidues from spiked samples using supercritical (SC)-C02

the

increased with

extraction temperature. Similarly, an increase in pressure at constant temperature and modifier
concentration resulted

in the improvement

of recovery.

While combustion

of samples

containing 14Cbound residues may provide a quantitative estimate of total bound 14Cin the
form of 14C02,it destroys the identities of such residues. GC analyses of the extracts of SFE
revealed the presence of the parent and/or metabolites in the form of bound residues. Thus,
SC-C02 extraction provides an alternative means of determining the amounts and nature of
bound residues in various substrates.
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2.5 METABOLISM OF MALATHION IN SOIL
The dissipation of malathion and methyl parathion with time in the soil has been found to be
exponential. Humic acid, increase in temperature, pH and organic content all increase the rate
of decay of malathion and methyl parathion

in the soil!". The minor contaminants

malathion, 0, 0, S-trimethyl phosphorothioate

and 0, S, S- trimethyl phosphorodithioate,

arise from side reactions during manufacture of several organophosphates

of

and have delayed

neurotoxic effects II 0. The fate of malathion and 0, 0, S- trimethyl phosphorothioate

have

been studied in soil and water from an agricultural area, which has been described as having
trade winds and ~cei ving about 200cm of rainfall per year!".
the site with the following characteristics:

The silty clay soil dominated

[pH: 5.5, organic carbon (2.66%), nitrogen

(0.27%), free Fe203 (18.6%) and moisture (22%)].

Malathion degraded readily in ground

water microcosms and sunlight enhanced degradation slightly. In other studies, degradation
rates in river water were found to be faster than in ground water or in seawater despite the
~

slightly lower pH values in river water.

Identification of dimethyl phosphorodithioic

acid,

an elimination reaction occurred under these conditions. The a- and I3-mono acids were not
determined III.
Malaoxon (S- [1, 2-di (ethoxycarbonyl)

ethyl] dimethyl phosphorothioate)

is formed by

oxidation of malathion and is one of the main degradation products of malathion in air, soil
and animals although the rates of reaction are different. It is more water soluble, more readily
hydrolysed and has higher vapour pressure than malathion

112.

When malathion is applied to

plants and soils the uptake of metals such as iron, manganese, zinc, copper, etc. into the plant
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increases due to the formation of malaoxon in the soil which forms co-ordination complexes
with FeCI3,

z-o, ceci, and MnClz

l13

.

Degradation products of malathion by bacteria and fungi from aquatic systems have been
identified as diethyl fumarate, malathion l3-monoacid, malathion
dimethyl phosphorodithioic

acid'".

cc-monoacid and 0, 0-

The degree of malathion degradation by pseudomonas

and flavobacterium in cultures is 83% and 84% respectively'!',

The degradation of malathion

in black and red soils has been found to be faster than that of the organochlorines

(DDT,

carbaryl and BHC). This has been attributed to the higher water solubility of malathion. It is
further observed~hat

the persistence

of all the four pesticides

is lower under flooded

conditions than under non- flooded condition. The higher the moisture content,
the lower the redox potential and the anaerobic atmosphere developed, thus causing the
chemicals to degrade faster under the flooded conditions'".

2.6

METABOLISM OF DIMETHOATE IN THE SOIL

Degradation of dimethoate in the soil under field condition has been studied. The half-life of
dimethoate in the soil, having organic carbon content of 2.34% and pH of 5.44, is 7. 1days 117.
Chemical control of aphids in citrus gloves has been achieved by foliar application or by soil
treatment with systemic insecticides

118, 119.

Dimethoate has been applied to the soil and its

residue levels in the leaves of heavily infested citrus gloves have been compared with the
aphid infestation levels on the leaves. At an application rate of 18g active ingredient (a.i.). of
dimethoate per tree, the leaves were able to accumulate enough residues to control the aphids
whose population on the citrus gloves decreased with time. It is further observed that the
residue levels in the leaves increased while the dimethoate residue levels in the treated soil
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decreased with time!".

Very little work is reported in the literature on the studies of the

degradation of dimethoate in the soil.

2.7 METABOLISM OF MALATHION IN ANIMALS
Carboxylesterases drastically lower the toxicity of the widely used insecticide malathion by
hydrolysing one of the two available carboxylic ethyl esters and thus detoxicating itl2l. The in
vivo detoxification is a mixed reaction where the carboxyl esterase hydrolyses both malathion
and malaoxon, and the malaoxon in turn decreases the rate of detoxification of malathion as
well as OfmalaO\On"'.

An enzyme derived from Pseudomonas diminuta has been found to

hydrolyse the P-S bond of malathion. Consequently, the hydrolysis results in the complete
loss of Acetyl cholinesterase enzyme inhibitory potency!". The acute toxicity of malathion for
mammals appears, for the most part, to be determined by five interdependent reactions. The
intoxicating reactions

involve

first, oxidation

of malathion

to malaoxon,

and second,

~

inhibition of acetylcholinesterase

by the malaoxon produced!".

However, the low toxicity of

malathion to mammals is due to its extensive degradation to inactive metabolites. The most
abundant metabolites
malathion carboxylic

of malathion,
diacid

malathion

(DCA),

alpha-mono

are the products

carboxylic

of the hydrolytic

carboxylesterases. Additional metabolites arise from hydrolysis
giving 0, O-dimethyl

phosphorothioate

acids (MCA) and
activity

of

at P-S and S-C linkages,

(DPT) and 0, O-dimethyl

phosphorodithioate

(DPDT), respectively, and by giving desmethyl malathion (DMM)125.126.In sheep, where the
metabolism and excretion of malathion has been studied after a single intravenous injection of

10 mg/kg body weight, MCA, DCA, DPDT, DPT and DMM were excreted through urine and
faeces as the metabolites. No malaoxon was detected in the urine and faeces samples!". The
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same metabolites have also been found in the milk, egg-yolk, fat, liver, kidney and muscle
tissues of dairy goats and egg-laying hens after repeated oral exposure of the two animals to
malathion. However, chromatographic

analysis of goat and chicken excreta confirmed the

absence of malathion'".
The distribution pattern of malathion after intravenous administration
rats has been studied by whole body autoradiography.

of

C C]
4

The autoradiogram

malathion to

studies show that

the highest activities were in the kidney, the liver, the lung, the heart, the skin, the muscles
and the blood'":

The in vivo metabolism of malathion in male Tilapia nilotica has been

studied both in ~e normal fish and those injected with phenolbarbital,

a chemical which

activates mixed function oxidase (MFO). Fish with activated MFO, attained higher residues
of total metabolites compared with the normal fish. Malathion

metabolism

proceeds via the cleavage of P-S linkage to yield the major metabolite,

in the fish

0, O-dimethyl

phosphorothioanate (DPTN), or via the hydrolysis of malaoxon at the S-C linkage to yield 0,
~

o -dimethyl phosphorothiolate

(DPTL) together with attack of the P-S linkage to yield 0, 0-

dimethyl phosphate (DP). Malaoxon has to be first produced by oxidation of the sulphur of
malathion by MF0130.
Penetration of malathion applied topically to the body of a cockroach is influenced by the
metabolic rate in the insect!". Malathion has been found to alter in vitro, rates of microsomal
drug metabolism, more so in protein deprived individuals than in normal ones and is probably
responsible for the increased toxicity in protein malnourished

conditions'".

Malathion has

been found to be embryotoxic, killing embryos of the frog Microtyla ornata within 24 to 48
hours a~ a concentration of 10 ppm and above!". In embryos of the Butoarenorun Henzel
toads, malathion inhibits the activity of acetyl, butyryl cholinesterase and aliesterase!".

It is
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more toxic to the frog, T. mossambica (0.367 ppm) than fatheads (25 ppm) and goldfish (0.79
ppm), but less toxic when compared to blue gills (0.11 ppm). These variations

in the

sensitivity of the different species to malathion are attributed to the differences in the capacity
of the fish to tolerate brain cholinesterase inhibition'"'.

However, technical grade malathion

(95%) applied at efffective insecticidal concentrations

to the quail and the rabbit is non-

hazardous. Doses of 120, 300 and 600 mg/kg of technical grade malathion to rabbits result in
reduction of plasma and erythrocyte

cholinesterase

activity with death resulting

from

1,200mg/kg onwards!", Malathion produces inhibition of acetyl (AchE) and butyryl (ChE)
cholinesterase w\en toad embryos are exposed to malathion at 47.3 mg/l!", In SpragueDawley female rats, to which various concentrations of carbaryl and malathion were applied,
both pesticides preferentially distribute to the liver compared to the other tissues'".

2.8 METABOLISM OF DIMETHOATE IN ANIMALS
~

The metabolites,

0, O-dimethyl

S-carboxymethyl

phosphorodithioate,

0, O-dimethyl

phosphoric acid, 0, O-dimethyl phosphorothioic acid, 0, O-dimethyl phosphorodithioic .acid,
and O-methyl S - (N-methylcarbamoylmethyl)

phosphorodithioic

acid have been identified in

lactating cows and rats after treating them with "Cvdimcthoatc.
The selective toxicity of dimethoate is dependent on the ability of the mammal to attack the
C-N bond more vigorously than the insect can'".

It has been shown that the selective

degradation of dimethoate and malathion is due to amidase and carboxylesterase

respectively,

in the mammal'". An increase in the length of the dialkoxy groups in the 0, O-dialkoxy
analogues of dimethoate, has been found to decrease toxicity of the analogues towards
susceptible strains of Musica domestica

L. houseflies.

An amidase,

which hydrolyses
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dimethoate, does not hydrolyse the oxygen-analogue,

dimethoxon!".

The degradation of

dimethoate in the vertebrate tissues leads to the formation of dimethoate acid and 0, 0dimethyl phosphoric acid!".
Spray men exposed to 914 mg/day of dimethoate thermal exposure and respiratory exposure
of 17 mg/day experienced plasma cholinesterase depression ranging from 32.5% to 44%143.
This depression is considered

a diagnostic of exposure to organophosphate

according to the exposure index set by world health organisation

insecticides

(WHO) 144.In the bees,

dimethoate accumulates to a lethal level without much metabolism of the pesticide by the
living bees. In sutving

bees, the cholinesterase levels are reduced by dimethoatc'".

2.9 ANALYTICAL DETERMINATION

OF METABOLITES

Residue determination

methylthiophanate,

of

dimethoate,

carbaryl,

dinocap,

folpet,

tetrachlorvinphos, vinchlozolin and phosalone on grapes by reverse-phase high performance
~

liquid chromatography has been done. The chromatographic
separation of the pesticides, are documented.

parameters, which allowed the

Elution of dimethoate was poorly affected by

the water content in the mobile phase, according to its good solubility in aqueous media,
while the retention times of other pesticides were linearly related to the increasing water
content'".
Dialkyl phosphate

metabolites

phosphorodithioate

of malathion

(0,

O-dimethyl

phosphorothionate

in urine have been analysed

derivatization with pentafluorobenzyl

bromide (PFBB).

and 0,

O-dimethyl

by GLC/ECD

by first

The agent (PFBB) gives only one

product when reacting with 0, O-dimethyl phosphorothionate

(DMTP), the (CH30)2P(0)S-

ester, thus increasing the sensitivity of the method as well as simplifying the chromatography.

U Uh/lVI 1~Il
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Recoveries for DMTP were consistently

Jb

r •

p. ~.

f

1

-h

higher (121%) than those for DMDTP (70%),

indicating that DMDTP is partially converted to DMTP during the tractionJderivatization
procedure. The amount of DMTP detected over 48 hours was nearly twice that of the
DMDTP, suggesting that hydrolysis

occurs primarily at the P-S rather than at the S-C

A Perkin-Elmer (model 3920) gas chromatograph,
detector (FPD) that simultaneously

monitors

equipped

with a flame photometric

gas chromatographic

effluents

containing

phosphorus (526 nm filter) on one channel and sulphur (394 nm filter) on the other, has been
used in the analy~is of extractable residues of malathion and its metabolites from the soil. A

\

borosilicate glass column, 2 m x 2 mm i.d., filled with 5% OV-17 (wt/wt) on 80-100 mesh
Chromosorb W, acid washed has been used to separate malathion

and malaoxon with

retention times of 11.2 min and 6.2 min, respectvely".
Metabolites resulting from the degradation of malathion in radish plants have been identified
by GC-MS. A product with M+ =302, having fragment ions at mlz 287, 256 and 240, was
observed. On the basis of the mass spectroscopic evidence the product has been assigned the
structures of u- or B-mono acid of malathion.
dimethyl phosphorodithioate,

Other products have been identified as 0, 0-

[(CH30)2P(S)SH, M+ =157)], with fragment ion peaks at 143

and 129; 0, O-dimethyl phosphorothioic acid
[(CH30)2P(0)SH, M+=143)] and diethyl mercaptosuccinate

[HS-CHCOOC2Hs
I

CH2COOC2Hs
M+=207)] with fragment ion Peaks at mlz 170 and 149. The water sample at pH 5.5 showed
the formation of two products. The mass spectrum of the first product showed a molecular ion
peak at m/z 281(M+), along with fragment ion peaks at m/z 253, 196, 168 and 154. It was
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identified as bis-(dimethoxy phosphinothionyl

sulphide [(CH30)2P(O)S-S-P(O)(OCH3)2l

The

mass spectrum of the second product showed a molecular ion peak at m/z 253 (M+) with
fragment ion peaks at mlz 196, 168 and 154. It was identified as bis-(O-methoxy-O-hydroxy
phosphinothionyl) sulphide

[(CH30)2P(O)S-S-P(O)(OH)2l

showed the formation of diethyl mercaptosuccinate,

The water sample at pH 8.0

with a molecular ion peak m/z at 207

(M+).Diethyl mercaptosuccinate underwent deesterification, giving rise to two products (ethyl
rnercapto «-succinate or ethyl mercapto B-succinate) with a molecular ion peak mlz at 178
(M+)and fragment ion peaks at mlz 149 and 113. The metabolites in the soil sample analysed

by the GC-MS s~wed

formation of two products. The mass spectrum of the first product

showed the molecular ion peak at mlz 285 (M+) with fragment ion peaks at mlz 256,211, 143
and 125. The product was identified as c-or B-mono acid of malaoxon. The second product
showed the molecular ion peak at m/z 207(M+), with fragment ion peaks at m/z 179 and 149.
It was identified as diethyl mercaptosuccinate.

The other products are the same as those

~

identified in the water sample".
The general fragmentation scheme with electron impacted induced decompositions
dimethoxy phosphorodithioates

for the

is shown below in which there is the formation of the m/z 125

and 93 ions!". These two ionic species have been observed in the mass spectra of dimethoate
and malathion. The general fragmentation scheme is as outlined below:

(mlz 158)

(mlz 125)

(mlz 93)

In addition to the above general scheme, the mass spectrum of dimethoate gave the mlz 87 ion
as the base peak
methylthioacetonitrile

and the elemental

composition

(HSCH2-CH=N-CH3).

The

of this

mass

ion corresponded

spectra

of

malathion

to Nshows
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decomposition of malathion via elimination of (Z-H) to give the mlz 158 ion. The mass
spectrum of malathion also gave diagnostic ions at m/z 173 (diethylmalonate-H)

which

expelled the elements of methanol (32 mass units) and 28 mass units to give the mlz 127 and

m1z 99 ions!".
Secondary Ion Mass Spectrometry has been used in the detection of agricultural chemical
residues (malathion) and an amine salt of (2,4 -dichlorophenoxy)-acetic

acid (2, 4-D) on leaf

surfaces. Malathion remained stable on the leaf surface over the 4-week period and was easily
detectable. The 2, 4-D remained marginally detectable on the plant leaves. It was most likely
interacting with ~e

leaf (being absorbed, metabolised or decomposed). The results are

consistent with the generally expected behaviour of malathion and 2, 4-D. Malathion which is
not expected to interact with the plant, did not appear to, and remained easily detectable for at
least 9 weeks after application. The herbicide, which is intended to interact with the plant, was
much less visible and appeared to interact relatively quickly (less than a day)!".
~

Direct surface analyses by static secondary

ion mass spectrometry

(SIMS) have been

performed for the following pesticides adsorbed on the dandelion leaves, grass, soil, and
stainless samples:

alachlor,

atrazine,

captan,

carb 0 furan,

chlorpyrifos,

chlorsulfuron,

chlorthal-dimethyl, cypermethrin, 2, 4-D, diuron, glyphosate, malathion, methomyl, methyl
arsonic acid, monocap, norflurazon, oxyfluorfen, paraquat, temik, and trifluralin. The results
of SIMS analyses of the pesticides on the four samples gave signature ions and the molecular
ions. SIMS is a valuable tool for analysis of those species, which are strongly adsorbed, to the
surface sample but are of high volatility!".
The negative ion mass spectra of 52 organophosphorus

pesticides

obtained by chemical

ionisation with methane under electron capture conditions have been done. The mass spectra
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show few fragment ions, but these are characteristic for the chemical class of the compound
(phosphate, phosphorothionate,

phosphorothiolate,

phosphorodithioate).

The occurrence of

the molecular anion is strongly dependent on the structure of the molecule and its ability to
stabilize by charge delocalization

of the radical formed in the primary electron capture

reaction!".
Malathion urinary metabolites have been determined by isotope dilution ion trap GCIMS. The
electron impact spectrum of dimethyl malathion diacid (MDA) shows characteristic dimethyl
dithiophosphate moiety ions: mlz 93 [98%, [CH30)2pr,

125[100%, [(CH30PSf],

and 158

[44%, [(CH,o),~)SHr]. Additional ions of the dicarboxyethyl side chain ofMDA include
mlz 113[76%, [CH30C(O)CH=CHCOr)
[CH30C(O)CH2C(S)COr

and 145 (61%, [CH30C(O)CHCH2COOCH3r

or [CH30C(O)CH=C(SH)COrl.

In the methylated

malathion mono acid (MMA) analogues the dimethyl dithiophosphate

or

u- and B-

fragment ions remain

abundant; i.e., mlz 93 and 125 are both greater than 95% and the mlz 158 ion is 40-42% of the
"base peak. The intensity of the mlz 113 acylium ion is somewhat lower, approximately 5060%,

and

a

second

acylium

[CH3CH20C(O)CH=CHCOr].
mlz

159

IOn

IOn

IS

present

of

mass

mlz

127

[30-37%,

The mlz 145 ion of dimethyl MDA is replaced by an abundant
(B)

[85-89%,

[CH3CH20C(O)CH2CH(O)OCH3r

or

(alpha)]. None of the malathion

metabolites

exhibited

major ions (>10%) of mass greater than mlz 159, although minor

[M-CH30r

and [M-

HCOOCH3r ions were present!".
The structure of malathion monoacid produced by carboxylesterase hydrolysis of malathion in
rat urine has been elucidated by the NMR spectra and has been demonstrated that it is «monoacid that is produced biologically'".
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Severalpesticides in apple, peach, tomato and potato samples have been analysed. The mass
spectrometer was operated in the chemical ionisation mode using methane reagent gas at a
source pressure that gave a 1011 ratio for m/z 17 to m/z 16.

Although carbofuran and

dimethoate elute together, one can be analysed in the presence of the other because carbofuran
gives no response at m/z 230 while dimethoate gives no response at m/z 222. The results
show that none of the targeted pesticides were found in concentrations

above the tolerance

limits set by the Environmental Protection Agency!".
Dimethoate and dimethoate oxygen analogue in mangoes have been analysed by GC/MS136•
The spectra were~btained

on a Finnigan model 3300 quadrupole mass spectrometer equipped

with a Cl source and INCaS data system. Under methane Cl conditions, dimethoate exhibited
a fragmentation pathway distinctly different from that previously observed under electron
impact (El) conditions. The presence of the ion at m/z 199 resulting from the loss of a
methoxyl group from the protonated molecular ion [MH] provided
"distinguish dimethoxy from diethoxy organophosphate

a simple method to

pesticides. Loss of the methylamide

side chain from MH+ to give the ion at m/z 171 also provided a diagnostic fragment ion to
characterize the dimethyl phosphorodithioate

moiety. Under El conditions,

the general

fragmentation scheme was dominated by bond cleavage between the Sand

C with the

subsequent loss of the complete

side chain

and proton

transfer

to yield

dimethyl

dithiophosphoric acid (m/z 158). The ion at m/z 125 is a commonly observed fragment ion
encountered in both phosphorodithioates
is due to N-methylthioacetonitrile.
presence of dimethoate.

and phosphorothioates.

The ion base peak at m/z 88,

The four ions at m/z 125, 171, 199 and 230 confirm the

The proposed fragmentation pathway for dimethoate under methane

Cl conditions is shown below:
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(CH30)2P(S)SCH2C(O)NHCH3
(dimethoate)

--.
MW --.
(mlz 230)

(CHP)2P(S)SCHX
(mlz 171)

+ (CHP)2P=St
(mlz 125)

--.

CH30)P(S)SCH2C(O)NHCHrHt
(mlz 199)

+ HSCH2C=NCH3t·
(m1z 88)

Theproposed fragmentation pathway for dimethoate oxygen analogue is:
(CH30)2P(0)SCH2C(O)NHCH3
(Dimethoxon)
(m1z 214)

~

MH+ + [MH-H20t + (CH30)2P(O)SCH2-Hr
(m/z 196)
(mlz 156
(mlz 183)

+(CH30)P(O)SCH2C(O)NHCH3-Hr
(mlz 143)

.

For dimethoate oxygen analogue, loss of a methoxyl group from MH was evident (m/z 183).
The ion at m1z 196 is as a result of MH+ losing water!".
Fifteen organophfsphorus

pesticides residues in Greek virgin olive oil have been analyzed by

capillary gas chro~atography

with specific detectors (FPD and NPD), after sample extraction

with n-hexane and cleanup by partitioning between n-hexane and acetonitrile.

Malathion,

dimethoate and its oxygen analogue, dimethoxon, were detected at the concentrations ranging
from 0.0005 to 0.1800)..lg/g, while malaoxon, the oxygen analogue of malathion was not
detected in the samples!".
Dimethoate and dimethoxon were analysed with a Tracor model MT -222 gas chromatograph
equipped with a Tracor model 702-NP alkali flame ionisation detector. The pyrex glass
chromatograph column (75 em x 2 mm I.D.) was packed with 2% OV-101 on 80-100 mesh
Ultra-Bond 20 M. The operating parameters were as follows: detector temperature 240oe,
inlet and outlet temperatures 210oe, column temperature

175°e, column flow rate 60 ml

helium/min, and plasma gas flow rate 3.5 ml hydrogen/min and 120 ml air/min. Under the
conditions described the absolute retention times of dimethoate and dimethoxon were 2.16
min and 1.44 min, respectively":

85.

GC, Perkin-Elmer Sigma 2000 equipped with nitrogen-phosphorus

detector (NPD), analysed

dimethoate residues in chrysanthemums and soil. Ge column: glass 1.5 M x2 mm i.d., packed
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with S% OV-17 on 80-100 mesh Chromo sorb W DMCS. Operating conditions: nitrogen
D

carrier, 60 ml/min; hydrogen, 8 mllmin, air, 140mLlmin; column oven, 210 C, detector,
2S0 C; injection port, 230 C; injection volume, l-Sul.; chart speed, O.S em/min.
D

D

Use of 5%

OV -17 column and peak height and standardisation for determination gave retention time of 2
min and 43 s for dimethoate!".
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CHAPTER THREE
3.0

EXPERIMENTAL

SECTION

3.1 GREEN HOUSE EXPERIMENTS
Experiments were carried out in the greenhouse at Bayreuth University, Germany, where the
tropical conditions were simulated. Malathion and dimethoate laced with labeled ones were
applied to the pea plant as emulsion concentrates (EC). In the first set of experiments the
pesticides were applied to the foliar surface of the garden pea plant (Pisum sativum). In the
second set of exkriments

the pesticides were applied to the soil surface on which the garden

pea plants were grown. The experiments were carried out between 15th February and 15th
September of 1998. The details of the experiment are given in the following sections.

3.1.1 Foliar dissipation

of malathion

and dimethoate

from the garden

pea (pisum

'-sativum)
Malathion (e. c. of 50% a.i.) laced with labeled malathion (2, 3_14C)and dimethoate (e.c. of
40% a.i.) laced with labeled methoxy-v'C dimethoate were applied to the foliar surfaces of the
pea plant with micro-pipettes

in the green house under simulated tropical conditions. The

pesticides were applied at three times the recommended

label rates. The degradation and

dissipation profiles of the pesticides were followed with time. Methoxy-v'C dimethoate was
synthesised in the laboratory from 14C-methanol, phosphorus
chloro N-methyl acetamide (CICH2CONHCH3).

pentasulphide

(P2S5) and 2-
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3.2 MATERIALS AND ANALYTICAL METHOD

3.2.1 CHEMICALS
Phosphorus pentasulphide

(P2SS)

from Sigma Chemicals

Company,

N-methyl

2-chloro

acetamide from Frinton laboratories, U.S.A and labeled 14C-methanol (Sp. Activity of 50
mCi/mmol), purity of 99%, was purchased from ICN Pharmaceuticals, U.S.A. Malathion (2nd,
3rd 14C-Iabeled)of Sp. Activity 5.7 u.Ci/mmol, purity of 99%, was purchased from Sigma
Chemical Co. St. Louis Missouri, U.S.A. The radio purity of the compounds was confirmed
by HPLC. X-ray

yperfilm, enhanced spray, fixer and developer were purchased from Kodak

for autoradiography. Alrodyne 315, Aerosol OT and methyl Cello solve used together with
dimethoate as surfactants were purchased from Sigma Chemicals Co., Germany. Activated
carbon and celite were procured from Sigma Chemicals, Germany. TLC plastic plates, coated
with silica gel, were purchased from Merck Company, Germany. Non-labeled

emulsion

concentrates (50% and 40% a.i.) of malathion and dimethoate, respectively were purchased
from the local suppliers in Kenya. All the chemicals and solvents used were of pure grade.
2,5-diphenyloxazole
and Lumasafe'

(PPO) and 1,4-bis-2-(5-phenyloxazolyl)-benzene

(POPOP) in toluene

Plus for organic and aqueous solutions, respectively for liquid Scintillation

counting were purchased from Packard BioScience B.Y. Netherlands.

14C02 released during

combustion was trapped by Carbo-Sorb and mixed with Permafluor" E Cocktail from Packard
BioScience B.Y., Netherlands.
PA, U.S.A.

The metabolite standards were obtained from Western Chester
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3.2.2 INSTRUMENTS

AND APPARATUS

Liquid Scintillation Counter (Canberra Packard 2500 TR), Biological

material oxidizer

(packard 307), Vacuum evaporator, Ultrasonic water bath, gyrotory water bath shaker (model
G 76), centrifuge machine, phosphor imager (Fuji film BAS-2500), TLC Scanner Berthold
LB 2760, Berthold UV-254 nm lamp, Gas Chromatogram

(Carlo Erba HRGC FractoVap

4160; detection by FID) and Double Focused Finnigan MAT 95 Mass Spectrometer.
3.2.3 Synthesis of methoxy-l'C

dimethoate

in the laboratory

The labeled dimethoate (methoxy-i''C dimethoate) was synthesised from P2SS' N-methyl 2chloro acetamid\ and labeled "C-methanol according to the modified procedure described by
Chen P. R. S. and Dauterman W.c.158. 250llCi of "Cvmcthanol with specific activity of
50mCi/mmol, neat liquid in a sealed ampoule were used. The 14C-methanol was extracted
from the ampoule by vertically supporting the ampoule with a clamp. Non-labeled methanol
was placed over the glass hook seal, and one-third of the ampoule was placed in liquid
"nitrogen to draw the methyl iodide to the bottom of the ampoule. The glass hook seal was
carefully broken with a glass rod to allow the solvent to flow into the ampoule, which· was
mediated by the reduced pressure in the ampoule. The ampoule was scratched just below the
glass hook area and touched with a hot glass rod until a crack developed. The top of the
ampoule was then easily broken off to allow access to the internal contents'".

The contents

were transferred into a 10 ml round bottomed flask. The ampoule was rinsed with toluene and
the washings added to the flask. The total volume of methanol, both labeled and non-labeled,
was 150 Ill.
To the 10-ml round-bottomed flask, 14C_methanol in 2ml toluene was added, and then 0.926
mmol of P2S5was added. The flask was connected to the reflux apparatus and the flask was
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immersedin a water bath that was heated at a constant temperature of 85°C for 10 hours. 14C_

0, O-dimethyl phosphorodithioic acid was formed. Toluene was removed under vacuum and
the acid was neutralized with 1.852 mmol of aqueous KOH by adding 2 ml of KOH solution
gradually and the mixture was cooled over ice. The resulting potassium
solutionwas reacted with 1.852 mmol ofN-methyI2-chloro

salt in aqueous

acetamide in 2 ml of chloroform.

The mixture in the round-bottomed flask was heated at 85°C for 5 hours. Shaking the mixture
in a separatory funnel separated the chloroform layer. The chloroform layer was dried over
anhydrous magnesium sulphate, and the solvent was removed under vacuum. An aliquot of
the aqueous frac~on was partitioned with 2 ml of fresh chloroform, shaken severally and the
chloroform layer separated. This was repeated a number of time until most of the radioactivity
was removed from the aqueous layer.

The equations below represent the reactions that

occurred leading to the formation of methoxy-v'C dimethoate:

(i). 4 14CJ.:!30H+ P2SS
~ 2 C4CH30)2P(S)SH + H2S
(ii). C4CH30)2P(S)SH + KOH
~ 14CH30)2P(S)SK +H20
(iii). C4CH30)2P(S)SK + CICH2CONHCH3 ---. C4CH30)2P(S)SCH2CONHCH3 + KCl.

The crude product of methoxy-l'C

dimethoate and standard non-labeled dimethoate were

spotted on a commercially made TLC plate (254nm UV -active silica gel) and developed in
benzene Imethanol mixture (9:1). The solvent front was allowed to rise to a height of 15 em
on a plate of 20x20 em. The plate was dried and placed in a container of iodine crystals to
locate the spots. Three spots were observed. R, of one of the spots corresponded to that of
standard dimethoate. Scanning the plate with a TLC Scanner checked the distribution of
radioactivity

in the three spots. Three peaks were observed

corresponding to the spot of dimethoate.

with the highest

peak
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Thecrude methoxy-PC dimethoate was cleaned by spotting the product on 250 -um analytical
TLCplates (20x20 em). A line was drawn 2 em from the bottom of the plate. At the centre of
the line, standard dimethoate was spotted. The crude product was streaked with a 10 mlmicro-pipetteI 60,

161.

A space of 2 em was left from both edges of the plate. The upper part of

the plate was marked where the solvent front moved for 15 ern. After drying, the plate was
placed in a rectangular tank saturated with a benzene/methanol

mixture (9: 1). The solvent

front was allowed to move a distance of 15 cm. The plate was dried and the portion of the
plate where the standard of dimethoate was spotted was cut longitudinally.
placed in a tank

The piece was

f iodine crystals and the spot located. The equidistant spot was marked on

the other piece of the plate to outline the position of the methoxy-v'C dimethoate. The silica
gel containing the spot was removed and placed in a 10-ml flask. 5-ml of methanol was added
and the silica gel was extracted for 3 hours in an ultrasonic water bath. The extract was
removed from the flask and the silica gel was again extracted with fresh methanol. The
~

extracts were combined and vacuum evaporated. The residue was placed in a freezer at _20DC
for the crystals of methoxy-l'C

dimethoate

to form. The purity of the compound was

ascertained by running a TLC scanner chromatogram when one peak was observed on the
TLC radio-chromatogram.
The non-labeled emulsifiable

concentrate (40% a.i.) of dimethoate

was always found to

contain impurities (even the fresh one). The emulsion concentrate was also subjected to TLC
clean up.
This led to the loss of the surfactants in the EC formulation. To restore this formulation in the
cleaned up non-labeled dimethoate (EC), 30 mg of the cleaned dimethoate was mixed with
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3.26 mg of Alrodyne 315, 3.26 mg of Aerosol OT and 8.70 mg of methyl Cellosolve per 50

ml of tap water.
3.2.4 Sample treatment and sampling procedure
Garden pea seeds were grown in half-litre polyvinyl chloride (PVC) pots with perforated
bottoms in the green house. The pots on irrigation trays were placed on the benches from
where the seedlings were watered to avoid washing away the pesticide. Metal lamps of 5x250
W continuously illuminated the plants for 11 hours a day. The temperatures

in the green

house ranged from l O'C to 26°C. The average relative humidity was 70%. The values of both
temperature and~umidity

are average values which were collected during the field study in

the Kisii field station. Figure 1 below shows some of the seedlings in the green house used in
this study.
Figure 1: Potted pea seedlings in the Greenhouse

f
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When the seedlings were 21 days old, they were spotted with the pesticides

usmg

micropipettes. Each leaf received 100fll of the pesticide solution in tap water on a spot having
a diameter of 15 mm. The first three foliage leaves on each plant were spotted.

There were

three plants in each pot after thinning. The total number of leaves spotted in each pot was
nine. The pesticides were applied as emulsifiable concentrate sprays laced with the labeled
one at concentrate rates of 6A2mg/ml

and 22.14mg/ml

in tap water for dimethoate and

malathion, three times the recommended

field concentration

7.38mg/ml for \dimethoate

respectively.

and malathion

rates of 2.14mg/ml

The initial radioactivity

and

in the

malathion and dimethoate solutions received by each sample was O.0528flCi and OAflCi,
respectively.
Two and three hours later for malathion treated and dimethoate treated samples, respectively
(the spots on the leaf surfaces had dried up), sampling was done by cutting the spotted leaves
at the petioles with a pair of scissors and wrapped in a polythene bag. A sample consisted of
all the treated leaves in the three plants per pot. Three pots were sampled randomly at every
sampling. The remaining part of the plant was also sampled for the determination of the
translocated pesticide residues. Subsequent sampling was done at the following hours after
pesticide application: 4, 12, 24, 48, 72, 96, 288 and 384. Samples (triplicates) were analysed
immediately and when not possible they were frozen at -20°C. The samples from the treated
leaves were analysed for surface (dislodgeable) residues, extractable and bound (penetrated)
residues.
The dislodgeable (surface) residues were determined in the malathion treated leaf samples by
rinsing the samples with 10 ml of double distilled water. The washing was repeated five times
each time with fresh double distilled water and the separate washings were combined. The
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sixthwashing was always done to check if the radioactivity on the leaf surface was reduced to
the background level. 1 ml aliquot of the combined washings was mixed with 4 ml of the
cocktail (Lumasafe"

Plus) in a vial and counted in Liquid Scintillation

Counter. The

dimethoate treated leaf samples were rinsed twice with 10 ml of water followed by rinsing
twice with 10 ml of pure acetone. The acetone surface wash fractions were combined and
stripped of the acetone solvent, and the residue was dissolved in the water fraction from the
surface wash. 1 ml of the combined rinsing was mixed with the cocktail and radioassayed.
The rinsed leaves were blotted carefully and then frozen at -20°C prior to extraction and
analysis.

\

The extractable residues in the rinsed malathion-treated

leaves were air-dried and weighed.

The leaves were crushed in a mortar containing liquid nitrogen, placed in extraction thimbles
and continuously extracted for four hours with 40 ml of pure methanol in Soxhlet extractors at
65°C. The extract was concentrated to 10 ml in vacuum evaporation at 35°C. The extracts
were cleaned up by a modified method described by Valerio Leoni and others I 62. The highly
coloured extracts were passed and eluted with pure methanol through a glass column of
internal diameter of 20 mm packed with 2 g of celite at the base followed by 0.8 g of activated
carbon dispersed in 3.2 g of celite and topped with glass wool. The column was restored by
the method described by Marvin L. Hopper'?'. The eluted extract was concentrated to 5 ml by
vacuum evaporation. One ml of the cleaned extract was mixed with 4 ml of the cocktail (PPO
and POPOP in toluene) and radioassayed.
The rinsed dimethoate-treated

leaves were cut into small fragments with scissors and placed

into a mortar containing liquid nitrogen (N2)' The frozen tissue was ground with a mortar into
a fine powder and the liquid nitrogen was allowed to evaporate,

leaving a thoroughly
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homogenised frozen powder.

The total fresh weight

of the homogenised

tissues was

determined.The tissues was extracted as follows:
The whole-homogenised tissue was added to 10 ml of water in a centrifuge tube and
vigorously shaken for one hour at room temperature in a gyro tory water bath shaker. The
sample was centrifuged for ten minutes at 1200 rpm and the supernatant decanted. The
extraction was repeated with fresh double distilled water. The residue was extracted twice
with 10 ml of pure chloroform. After centrifuging,

the mixture was filtered by vacuum

filtration using Whatman filter paper of internal diameter of 47 mm. The residue was again
extracted with pure acetone. The extract was stripped of the acetone solvent and the residue
was dissolved in\chloroform

fraction. The water and chloroform fractions were separately

radioassayed. The correction of quenching for the liquid scintillation counter was by internal
standardisation.
The bound residues from both extracted malathion-treated

leaf samples and dimethcate-

treated leaf samples were determined by drying the samples in a draught of air overnight. A
sub-sample of 500 mg of the extracted air-dried leaf samples was weighed in ashless folded
filter paper and oxidised in Packard oxidizer 307. The 14C02 released was trapped by Carbosorb" and mixed with Permafluor E cocktail and radioassayed.

For determination

of the

efficiency of the oxidizer, a labeled standard of l-pentanol and 1,3-butanediol was oxidised
and the efficiency of the oxidizer determined was 94%.
The translocated residues in the rest of the plant (the treated leaves had been excised) were
determined by chopping the whole plant sample into small pieces and then placing the pieces
in liquid nitrogen in a mortar and crushing them with a pestle. After the liquid nitrogen was
allowed to evaporate, the homogenised sample was dried overnight in a draught of air. A sub-
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sample of 500 mg was taken in a folded filter paper and combusted. This represented the
portionof the pesticide that was translocated from the treated leaves.

3.2.4 Monitoring of 14COZ and "Cvcompounds

in evapotranspired water

A potted pea plant was enclosed in a glass bell jar placed on a trough (figure 2). In foliar
application, the pesticides were applied at concentrations of 6.42 mg/ml and 22. 14mg/ml in
tap water for dimethoate and malathion, respectively.
were 0.175)..lCi and 0.737 u.Ci for dimethoate
experiments, thettial

The initial total radioactivity values

and malathion,

respectively.

For the soil

total radioactivity values were 0.201 and 0.737~Ci for dimethoate and

malathion respectively. Each set of the experiment had a control in which there was no
pesticide added.
For each pesticide (malathion and dimethoate) two different experiments were carried out. In
one experiment, the emulsifiable concentrate solution laced with the labeled one in tap water
'--

was applied to the first three foliage leaves on each plant and there were three plants in each
pot. In the other experiment, the emulsifiable concentrate solutions of the pesticides laced
with the labeled ones in tap water were applied to the soil on which the pea plants were
growing. The contact between the bell jar and the trough was sealed with a heavy-duty
masking tape to make the system airtight. A tube connected the out let of the bell jar to the
wash bottle containing ethanolamine that trapped 14C02• The wash bottle at one end was
connected to a vacuum pump. The gas jars were covered with aluminium foil to protect
ethanolamine from photodecomposition.

The evapotranspired

water condensed under the

glass jar and collected in the trough. The passages of the tubes were filled with sachets of
silica gel to trap the water vapour that could be drawn through the ethanolamine.

The
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ethanolamine was removed and replaced every 24 hours. An aliquot of the solution was
radioassayed. The evapotranspired water that collected on the trough was withdrawn with a
hypothermic syringe after 12 hours and an aliquot was radioassayed. The potted plants in the
belljars were watered through the air inlet using a Pasteur pipette connected to separating
funnelclamped to a retort stand. Water flowed by gravity.
At the end of the sampling period, the potted plants were removed from the bell jars and
separated from the soil in the pots. The plants were cut and divided into the leaves that
directlyreceived the pesticides, the roots, stem and the other leaves with floral parts for foliar

appliedpesticid~. For the soil-applied pesticides, the plants were separated from the soil
carefully. The plants were cut and divided into, roots, stems, leaves with the floral parts. The
soil was also removed from the pots and analysed. The samples were extracted and analysed
for dislodgeable extractable, bound and translocated residues as explained earlier.
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Figure 2: Experimental set up for the determination
evapotranspired water in the greenhouse.

of 14C02 and 14C-compounds in

The figure above shows the experimental set up for the determination of 14C02 emitted and
the "Cscompounds in the evapotranspired water from the potted plants under the glass bell jar
in the green house. For each determination, two identical experiments were set up, with one
acting as a control in which the pesticide was not applied either to the foliar surface or the soil
surface.

3.2.5 Application

of the pesticides to the soil on which the Pea plants were grown

The garden pea plants were grown in a green house in PVC pots with perforated bottoms,
each of 2S0-ml capacity. The pots on trays were placed on top of a bench In the green house.
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Afterthinning each pot had three seedlings. The seedlings were watered through the trays.
Metal lamps of 5x250W continuously

illuminated

the plants for 11 hours a day. The

temperaturesin the green house ranged from 10°C to 26°C. The average humidity was 70%.
Whenthe seedlings were 21 days old, the pesticides were applied to the soil. The soil in each

PVC pot received an initial pesticide concentration of 15.531lg of malathionig of soil with the
total initial radioactivity of 0.412 uCi. The concentration of dimethoate in the soil was also
15.531lg of dimethoate/g of soil with the initial total radioactivity of 0.3261lCi in each PVC
pot. Sampling after pesticides application was done at the following hours: 1, 3, 5, 6, 24, 48,
96,192,216,31\

r

384,408,504,576

and 696 hours.

Both the plant and soil samples were collected (three replicates) from the green house at the
same time. The whole plant including the roots was removed after the roots were washed to
remove the soil. The plant was chopped into small pieces and ground in a pestle and mortar.
The crushed material was placed in an extraction thimble and extracted continuously for four
hours with pure methanol solvent for both malathion-treated

and dimethoate-treated

samples.

The highly coloured extract was concentrated to 5 ml and cleaned by passing the extract
through a glass column packed with 2 g of celite at the base, followed by 0.8 g of activated
carbon dispersed in 3.2 g of celite and topped with glass wool. The extract was eluted with
pure methanol. The eluted extract was concentrated
aliquot of 1 ml of the extract was radioassayed.

in vacuum evaporation to 5 ml. An

This gave the extractable residues. The

extracted plant sample was air-dried and finely ground in a Retsch Ultracentrifugal

mill. A

sub-sample of 500 mg from the extracted plant material was placed in a folded filter paper and
combusted in the biological material oxidizer. The 14C02 released was trapped by 7 ml of
Carbo-Sorb" and mixed with 7 ml ofPermafluor®

E cocktail and radioassayed.

so
The soil samples were air-dried over night and ground in a mortar and pestle. The
homogenized soil sample of Sg was placed in an extraction

thimble and continuously

extracted for four hours with pure methanol. The extract was concentrated

in a rotary

evaporator to S ml and then eluted with pure methanol through a glass column filled with
celite followed by activated carbon dispersed in celite and topped with glass wool. After
concentrating the extract to S ml, an aliquot of one ml of the extract was taken and
radioassayed. A sub-sample of SOO mg of the extracted soil sample was placed in ashless
folded filter paper and combusted to 14C02 which was trapped by 7 ml of Carbo-Sorb" and
mixed with 7 mI ~f Permafluor® E cocktail and radioassayed. The recovery rates of malathion
and dimethoate from the spiked soil samples at a concentration of IS.S3Ilg/g

were 9S % and

90.5 % for malathion and dimethoate respectively. The recovery rates from the spiked plant
samples at the concentration of l Omg/sample for malathion and 2.3mg/sample for dimethoate
were 89 % and 83.7 % for malathion and dimethoate, respectively. The results were corrected
according to these recovery rates. The data were subjected to statistical analysis according to
the method of Mactaggart and Farewell'?".

3.2.5 Adsorption and desorption of malathion and dimethoate in the soil
Sub-sample of dry soil was taken and homogenized in a mortar and pestle. It was then sieved
through a 2 mm-pore

screen. A modification of the method described by Mersie W. and

Chester L.F.164 was adopted. Two different types of soil were used, one from Kenya (Kisii
soil) and the other one, a standard soil used for greenhouse experiments in Germany. A soil
sample of 2g was weighed into a IS-ml glass centrifuge tube and 10 ml of O.OIM CaCl2
solution containing a mixture of cold malathion and 2, 3-14C-malathion was added. O.OIM
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CaCl2 solution was prepared by dissolving 2.1909g of CaCI2.6H20 in de-ionized distilled
water.The total initial radioactivity of the pesticide solution in O.OlM CaCl2 solution was 0.5
/lCi.A blank:centrifuge tube containing 2 g of soil in 10 ml of 0.0 1M CaCl2 solution and three
controltubes containing O.OlM CaCl2 solution and labeled malathion were also prepared. In
the test centrifuge tubes, the experiments

were done in three replicates.

The pesticide

concentrations in O.OlM CaCl2 solution were made at 0.05, 0.1, 0.5, 1 and 5ppm. The
centrifugetubes were shaken by gyro tory water bath shaker at room temperature of 25°C up to
24 hours, which was enough for the samples to attain equilibrium. Samples were removed

from the shaker ~ 4, 8 and 24 hours and centrifuged at 1200 rpm for 10 minutes. An aliquot
of 1 ml of the supernatant was removed and added to 5 ml of the Lumasafe'

Plus cocktail for

scintillation counting. The difference between the amounts of "Cvresidues

found in the

control tube and the supernatant was taken to be the amount adsorbed by the soil. Desorption
was determined on the same samples used for adsorption by removing all the supernatant
from the tube after 24 hours of shaking and replacing it with pesticide free O.OlM CaCl2
solution. The tubes and the contents were shaken and centrifuged after 4, 8 and 24 hours of
shaking and 1 ml aliquot was removed and counted after adding the cocktail.

3.2.6 Determination of metabolites
The dislodgeable, extracted and the evapotranspired water samples were all cleaned up before
being analyzed by thin layer chromatography

(TLC), scanning with the Berthold Scanner,

autoradiography, phosphor imaging and by Gas chromatography and mass spectrometry.
The dislodgeable residues (water washings) and the evapotranspired

water samples were

concentrated to dryness under vacuum evaporation and the residues were redissolved in pure
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ethylacetate. Pure ethyl acetate had been eluted through neutral aluminium oxide packed in a
glasscolumn. The eluted solvent to which molecular sieves were added to remove any water
moleculeswas kept in sealed bottles. One ml of the extract was eluted with pure ethyl acetate
througha glass column packed with 2 g of celite at the base followed by 0.8g activated carbon
dispersedin 3.2 g of celite and topped with glass wool. The eluted extract was concentrated
to 1 ml in vacuum evaporation. The extracts were further concentrated to 50 III by blowing
nitrogen gas through them in the vials. The same procedure was adopted for methoxy-l'C
dimethoate.
The extractable r~idues for malathion-treated

samples were concentrated to dryness and the

residuewas re-dissolved in one ml of pure ethyl acetate. The extract was concentrated to 50111
by passing nitrogen gas through it in the vial. The extractable residues for dimethoate-treated
samples were in two fractions, the chloroform extract and the water fraction. The water
fraction was first concentrated to dryness and the residue was dissolved in one ml of ethyl
acetate. The extract was further concentrated to 50111by passing nitrogen gas through it in the
vial. The chloroform extract was concentrated to dryness in vacuum evaporation and. the
residue was dissolved in pure ethyl acetate. The extract was further concentrated to 50111by
passing nitrogen gas through it in the vial.
Plastic TLC silica gel pre-coated plates of 20x20cm were spotted at the 2-cm mark from the
bottom with 10111of the extracts using 10 III syringes. The plates were dried and placed in
rectangular developing tanks saturated with n-hexane/ethyl
malathion samples and benzene/methanol

acetate (4:1) mixture for the

(9:1) mixture for dimethoate samples. The solvent

front was allowed to move a distance of 15 em after which the plates were removed from the
tanks. The plates were air-dried and the spots on the plates observed.

Malathion and its
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metabolites were observed under the 254nrn UV-light provided
Dimethoate and its metabolites

were observed

after placing

by the Berthold lamp.

the plates in a container

containingiodide crystals. The R, values of the sample spots were compared with those of the
availablemetabolite standards, which were spotted alongside the samples.
The developed plate (20x20cm) was taken and mounted on TLC scanner with a Geiger Muller(GM) rate meter. The method adopted is one described by Touchstone and Murrell"?
andby Joseph Sharma and Friedl66• The instrument utilizes a mechanically driven windowless
gas -flow Geiger counter. The TLC plate moved under the detector at a constant speed and
the count rate w~ recorded in the form of a radiochromatogram

on a paper.

Scanning was

possible with 4 individual lanes on the 20x20-cm plate, which was done on X-mode. In this
case after one lane was scanned, the plate was returned to the original position and then
switched over to the next lane for a scan of that lane. This was repeated until all the four
preset lanes on the plate were scanned. The detector was not active during the rapid right to
left retrace. The instrument automatically shut off when the detector reached the end of the
plate. The detector was a windowless flow-through Geiger chamber. The counting gas, was
argon/methane (9:1) mixture.

The following instrumental

production of radiochromatogram

conditions were set up for the

peaks of high quality: Time constant was 0.5 sec., Speed

chart was 300 mm/hour, the slit width was 1 mm and the minimum detectable radioactivity
counts was 500 counts/min. The spots corresponding to the radiochromatograms

formed were

scrapped and the silica gel was mixed with the cocktail (POP and POPOP in toluene) and
radioassayed for quantitation.
After the plates were scanned by a Berthold TLC scanner to locate positions of radioactivity,
the plates with the developed radioactive spots were sprayed with enhancing spray and left for
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the spray to dry up. The plates were taken to the dark room and placed in a TLC cassette.
HyperfineX-ray film was placed on each plate and the cassette was sealed with a heavy-duty
maskingtape. The cassette was placed at -80°C in a freezer and left for a period ranging from
3 to 7 days depending on the amount of radioactivity in the spots on TLC plates. Radiation
effectson a photographic emulsion result in the appearance of a latent image that appears as
silver grains after development. Within a limited range of doses (radiation intensity time),
blackeningis proportional to the concentration of the radioactive element in the spot.
The films were removed from the cassette in the dark room and immersed in a tray containing
a developer. Th\ films were removed and rinsed with tap water and then placed in a tray
containing a fixer. They were again rinsed with tap water. After drying the films in an oven,
spots were observed on the films. The films containing spots were scanned with a computer
program and transformed into a text.

A more sensitive instrument, a phosphor imager (Fuji film BAS-2500) was used to record the
same radioactive spots within a short time. The developed

plates were wrapped in a

polyethene foil. A screen was placed on the wrapped TLC plates and the plates were placed in
the TLC cassette. The cassette was left overnight. The phosphor imager makes use of an
imaging plate (IP), which is a two dimensional sensor formed by a layer of fine crystals of
photostimulable phosphor. The emitted B-energy is stored upon exposure. In the reading unit,
the imaging plate is scanned with a laser beam. Data recording and analysis was carried out
on a 32-bit workstation. After reading, the image data on the imaging plate was erased by
exposition to incandescent light, and thus the plate was reused.
For gas chromatography and mass spectrometry, the ethyl acetate extracts were concentrated
to dryness in vials by blowing pure nitrogen gas from a gas cylinder through needles. The

h
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residueswere dissolved in 10 III of N-methyl N-trimethylsilyl-trifluoracetamide

(MSTF A),

F3CQO)N(CH3)Si(CH3)3solvent, as a derivatizing agent. The residues were dissolved in the
MSTFA so as to convert the free acids into silyl methyl groups. The conversion of the free
acidsinto silyl methyl groups is represented by the equation:
R-CH3-COOH+ MSTFA

______

.~ R-CH3-C(O)OSi(CH3)3. The free acids in the

sampleswere detected by the GC-MS as trimethyl silyl (TMS) derivatives.
The extracts were injected

into the GC-MS

instrument

for isolation

and structural

identificationofthe metabolites in the extracts. A Carlo Erba HRGC Fractovap 4160 recorded
the GC spectra: ~tection

was by FID. The column was a fused silica DB-I, J&W Scientific,

30 m, 0.32 mm, film O.1).!m. The gas phase was hydrogen. Column pressure was 50kPa.
Temperatureprogram: 3 min isothermal at 80°C and then from 80 to 280°C by
3°C/min.The mass spectra were recorded by a double focused Finnigan MAT 95
mass spectrometer. The injection amount is recorded on the chromatogram and depends on
dilution by MSTF A. The temperature program: inject at 50°C, fast rate to 120°C and then to
300°Cby 3°C/min; in a delay of 6 min no spectra were recorded. The masses were scanned
between 41 and 800 mu. The various

compounds in the sample injected into the GC-MS

were initially separated by gas chromatography and each individual compound was recorded
as reconstituted ion current (RIC). The height of the peaks of RIC gave an idea as to the
proportion of each compound in the sample.
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3.3 THE FATE OF MALATHION IN SOME KENYAN SOILS
3.3.1 FIELD APPLICATION
Emulsifiableconcentrate 50% active ingredient malathion laced with labeled methoxy-v'C
malathion has been applied to soil in PVC pipes in Kisii and Nairobi areas under field
conditions.In Kisii, the pesticide has been applied twice, during the long rain and in the short

rain season. In Nairobi the pesticide was applied only during the dry season. A method
describedby John Harvey, Jrl67 has been adopted with slight modification. PVC pipes were
usedin place of the metal pipes. Taking samples at different time intervals after application of
I

the pesticides h'

made it possible to follow the dissipation and degradation patterns of the

pesticide.

3.3.2 MATERIALS AND ANALYTICAL METHODS
3.3.2.1 Chemicals

Methoxy-l'C

malathion

[(S-1 ,2-bis( ethoxycarbonyl)ethyl-O,O-C4C)-dimethyl

phosphorodithioate]; specific activity: 5.2 mCi/mmol

and radiochemical

purity: 98% (by

HPLC) was obtained from Sigma Chemical Company, St. Louis Missouri USA. Emulsifiable
concentrate (50% a.i.) malathion was purchased from the local suppliers.
standards malathion,

malaoxon,

malathion

monocarboxylic

Non-labeled

acid and isomalathion

were

obtained from Chester PA, USA. The organic solvents methanol, ethyl acetate, petroleum
ether (40°C-60°C), n-hexane were all pure grade purchased

from Sigma Chemicals Ltd

through the local agents. Triton-X in water and PPO and POPOP in toluene used in liquid
scintillation spectrometry

were

purchased

International Atomic Energy Agency (IAEA).

from

Sigma

Chemical

Company

through
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3.3.2.2 INSTRUMENTS
Biologicalmaterial oxidizer (OX-600 model), Liquid Scintillation Counter (Packard Tri-Cab®

1,000 model) both from Canberra Co. USA, precoated silica gel 60 F 254 TLC plates, paperlinedglass tanks saturated with eluting solvents, Berthold UV lamp for viewing TLC spots
(allavailable in the department of Chemistry, University of Nairobi).
3.3.2.3 Sample treatment and sampling procedure
Thefirst field study was carried out in the Kisii field station at an altitude of 1788 M, latitude

0[0041' S and longitude of 34° 48'E from l", April 1995 to 30th, June 1995 while the second
field study was 6\rried out from 15th, November 1995 to 17tll January 1996. For the Nairobi
field station at an altitude of 1815 M, latitude of 01° 18' S and longitude of 36° 45 'E the field
studywas carried out between 1st, June and 31 st, July 1995.

A plot measuring 20 m x 20 m was prepared. A total of 30 PYC pipes each of length 45 em
and internal diameter of 6 ern were driven into the soil with 3 em left protruding above the
"soil surface to prevent loss of soil due to surface run-off. The pipes placed one metre apart,
were left undisturbed for one week before the application of the pesticide. After one week,
2.43 !lCi of methoxy-i'C malathion (specific activity of 5.2 mCi/rnmol) and 15.375 mg of
non-labeled malathion (EC of 50% a.i.) in 8.3 ml of n-hexane was applied to soil in the pipe
while in the second application,

1.5 u.Ci of methoxy-l'C

malathion

(specific activity of

5.2mCi/mrnol) and 15.432 mg of non-labeled malathion (EC of 50% a.i.) was applied. The
total amount of the combined pesticide applied to the soil in each pipe was 15.53 mg in each
of the two applications.
In the Nairobi field station, 1.8/-lCi of the methoxy-v'C

malathion

(Sp. Activity = 5.2

mCi/mrnol) and 15.415 mg of non-labeled malathion (EC of 50% a.i.) in 8.3 ml ofn-hexane
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wasappliedto the topsoil in each pipe. The total amount of the combined pesticide applied to
thesoil in each pipe was 15.53 mg.
Sixhours later, three pipes were randomly harvested and taken to the laboratory where they
were stored at room temperature before analysis.
analysis was done immediately

For the samples from Nairobi area, the

after sampling due to the proximity

of the area to the

laboratory.There was a time lag between sampling and the analysis of the samples from the
Kisii field station due to the long distance covered before samples were delivered to the
laboratory.To reduce the time lag between sampling and analysis of the samples from Kisii
area,the sample in the last field study (from 151,\ November 1995 to 17thJanuary 1996), were
takento the Chemistry laboratory in Maseno where storage facilities existed and the samples
were extracted and the extracts later taken to Nairobi for the analysis.

Initially sampling was

done weekly for one month, bi-weekly for two months and monthly in the rest of the
samplingperiod for all the field studies carried out.
The soil from the pipes was removed and air-dried in a draught of air under the hood. The soil
sample (three replicates) was mixed and homogenized with a pestle in a mortar. A sub-sample
of 50 g from the homogenized sample was weighed and placed in an extraction thimble. The
soil was exhaustively extracted in Soxhlet extractors with 200 ml of pure methanol for four
hours. The extract was reduced by vacuum evaporation to 10 ml. Three different types of
residues were determined in the soil samples extractable residues, bound residues and total
residues.
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3.3.2.4

Analytical methods

The concentrated extract (replicates of three) was cleaned by passing it through a glass
columnof internal diameter of 20mm packed with 2 g of celite at the base followed by 0.8 g
of activated carbon dispersed in 3.2 g of celite and topped with glass wool. The extract was
elutedwith pure methanol. The eluted extract was concentrated to 10 ml from which 1 ml of
the extract was taken and mixed with 5 ml of the cocktail (PPO and POPOP in toluene) and
taken for liquid scintillation counting using Packard Tri-Carb® 1,000 LSC model. Samples
which are highl\COloured are expected to quench the radioactivity and this was reduced by
removing colour

and _standardising

the

machine

by

quench

standardisation method was used for quench correction of the LSC.

correction.

External

The results gave the

extractable residues in the soil samples. The remaining 9ml of the extract was stored in a
fridgefor other analytical determinations.

-,.

The extracted soil sample was air-dried under the hood. A sub-sample of 1,500mg (replicates
of three) was taken in porcelain boats and combusted by a biological material oxidizer (OX600 model). The 14C02released was trapped by Harvey carbon-14 cocktail. The trapped 14C02
was mixed with the cocktail (PPO and POPOP in toluene) and radioassayed to determine the
bound residues in the soil samples. The total residues in the samples were obtained by
combining the extractable residues with the bound residues.
The remaining methanol extract was concentrated to 5 ul in a vial by blowing nitrogen gas
through. The methanol extracts were spotted on the 254-nm UV -active pre-coated aluminium
plates. The spots were left to dry and the plates were placed in a chromatographic
saturated with a solvent mixture of ethyl acetate/petroleum

tank

ether (4: 1). The polarity of the
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solventmixture was reversed by changing solvent mixture ratio to ethyl acetate/petroleum
ether(1:4). The solvent front was allowed to move for 15cm. The plates were air-dried to
evaporatethe solvent mixture and were viewed under UV -lamp along with the metabolite
standards at 254-nm wavelength.

Standards

of malathion,

isomalathion,

malaoxon

and

malathionmonocarboxylic acid were applied alongside the samples.

3.3.2.5 Leaching Experiments

in the laboratory

Leaching experiments were done in the laboratory with soil from three different areas:
Mombasa,Nairobi and Kisii. The soil samples were homogenized and sieved through a

\

2-mmpore sieve. The sieved soil samples were packed in glass columns (I.D. of 27mm) to the
height of 420mm with glass wool plug at the bottom. Each soil column was saturated with
O.OIMcalcium chloride (CaCI2) solution by passing the solution through it by capillarity for
12 hours. The column was then allowed to drain freely overnight with the O.OIM CaCl2
solution. The dry mass of the soil in each column was 300 g. Malathion of 22.14 mg with
initialradioactivity of 0.303 u.Ci was applied from the top of the soil column and washed with
O.OIMCaCl2 solution at the rate of7.3 ml per hour for 48 hours. After 48 hours the volume of
the leachate was measured and analyzed for radioactivity.

The soil column was carefully

removed and sub-divided into 0-7 em, 7-14 em, 14-21 ern, 21-28 em, 28-35 em, and 35-42
portions for the determination of radioactivity. The volume of the leachate was analysed by
adding 2-ml aliquots to 10 ml of Triton-X cocktail and radioassayed. The extractable residues
in various sections of the soil column were determined by extracting the soil in the Soxhlet
extractor with 150 ml of dichloromethane. One ml aliquot of the dichloromethane

extract was
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mixedwith 5 ml of the cocktail (PPO and POPOP in toluene) and radioassayed. The extracted
soilwas air-dried and combusted to determine the bound residues.
Todetermine the efficiency of the Soxhlet extraction, 50-g of each soil sample from Kisii and
airobiwere spiked with 0.0645 u.Ci of malathion. The soil was extracted exhaustively with
200ml of methanol. The extractions were done in replicates of three.

One-ml aliquot, after

elution through the column packed with activated carbon and celite, was mixed with the
cocktailand radioassayed. 500 mg of the air-dried soil sample was combusted to determine
thebound residues.
Soil samples fr~

both Nairobi and Kisii areas were submitted to the National Agricultural

ResearchLaboratory (NARL) at Kabete for the characterisation of the soil samples.
Weatherparameters for both Kisii and Nairobi areas for the periods over which sampling was
carriedout were acquired from the Meteorological Department, Dagoretti.
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CHAPTER FOUR
4.0 RESULTS
4.1 GREENHOUSE EXPERIMENTS
4.1.1 Foliar dissipation of malathion

from the Pea Plant (Pisum sativum)

Allthe results are presented in both the graphical and tabular forms in the appendix.
Figure3 shows the results of disappearance of malathion (labeled at the 2nd and 3Td carbons of
the diethyl malonate) from the foliar surface of the pea plant in the greenhouse over a period
of384 hours (16 days). The initial total radioactivity applied to each sample was 0.0528 uCi
and the total amount of malathion applied was 10mg /sample. The concentration of the
\
.
pesticides in the plant was expressed in mg/whole sample to offset effects of dilution caused
by plant growth. The plant sample weight depended on the age of the plant at the time of
sampling.
The dislodgeable (surface) residues initially decrease rapidly up to the 96th hour (4th day) of
post treatment. Thereafter, the rate of dissipation decreases. The concentration of extractable
residues increases rapidly and attains a maximum value of 25.4% of the total initial pesticide
concentration applied after 48 hours (2 days). Later the concentration of extractable residues
decreases slowly with time. The bound residues build up slowly and attain a concentration of
4.2% of the initially applied concentration at the end of the study. The amount of translocated
residues increases slowly with time reaching a maximum value of 16.7% of the initially
applied pesticide concentration. The amount of the translocated residues is higher than the
bound residues throughout this study ( figure 3). First order Kinetics model for the data in
table 6 gives tl/2= 11 days for the total residues in or on the Pea plant.
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Figure 3: Foliar dissipation of malathion
from the pea plant
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It was observed that the sum of the concentrations
residues, bound residues and translocated

of dislodgeable

residues, extractable

residues does not add up to the total initial

concentrationof the applied pesticide (table 6 in the appendix). The margin even widens as
timegoes by. This prompted the setting up of an experiment (figure 2) for the determination
of 14C02evolved and the 14C_compounds in the evapotranspired water from the pea plant in
thegreen house. The results of the experiment are shown in figures 4 and 5. The data show
that when the pesticide is applied to the foliar surface of the pea plant, there is very little
amount of 14C02 emitted but the concentration

of cumulative

"Cvcompounds

in the

evapotranspiredtater is high. High amount of 14C02is emitted from the pesticide applied to
the soil surface on which the pea plants were grown but there is low concentration of 14C_
compoundsin the evapotranspired water. The pattern of the evolution curve for 14C02evolved
from the pea plant grown on the soil treated with the pesticide is exponential (figure 4).
Initiallythe rate of 14C02evolved is low up to the 200th hour (8th day). Thereafter, the rate of
14C02producedincreases and this trend is maintained up to the 400th hour

(17th

day) when the

curve tends to attain a limiting value. The 8th day, when the rate of 14C02production starts to
increase corresponds to the time when the bound residues in the soil start decreasing (figure
31a). This increase is therefore attributed to the microbial degradation of the bound residues
in addition to the microbial degradation of the extractable residues that was already going on
as shown by the initial low production of 14C02up to the 8th day. The rate of production of the
amount of 14C02from the foliar treated Pea plants is low and the same trend is maintained
until the 360th hour (16th day) when there appears to be a slight increase in the rate of the
amount of 14C02(figure 4).
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Therate of emission of 14C-compunds is high from the foliar treated pea plant throughout

the

study.However, the emission of "Cvcompounds from the pea plant grown on the treated soil
is negligible(figure 5). The increase in 14C-compounds in evapotranspired water and the slight
increase in 14C02 evolved with time makes up for shortfall in the sum of dislodgeable,
extractable, bound and translocated residues in the plant. When the values for these two
parameters,14C02 evolved and 14C-compounds in evapotranspired water are added to the sum
of the other residues, a mass balance of the pesticides is made.

~gure 4: 14C02 emitted from the soil and the pea plant
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Figure 5: Cumulative 14C-compounds
in the evapotranspired
water from plant and soil treated with malathion
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4.1.2 Metabolites of malathion from foliar application
4.1.2.1 Autoradiography of malathion
Figure 6 shows results of autoradiography

of the dislodgeable,

evapotranspired

water and

extractableresidues. The autoradiography of the dislodgeable residues gave an autoradiogram
with 5 spots. The spots were at R, values of 0, 0.21, 0.25, 0.33 and 0.39 (first column) on a

TLC plate developed in the n-hexane: ethyl acetate (4: 1) mixture and the solvent front moved
a distance of 15cm (Figure 6). The spot at the R, value of 0.25 corresponds to the malathion
reference standard. As there were no authentic reference standards for the metabolites, the
other spots cou~ not be identified with what metabolites they represented. There were three
metabolites in the evapotranspired water samples with R, values at 0, 0.25 and 0.39 (second
column). One of the spots at 0.25 represents malathion while the spot at the origin could be
the conjugated malathion or its metabolites.

The spot at 0.39 was not identified. The

extractable residues from leaves, which received malathion directly, gave only one spot

..

(column three) at the origin, which represents either a conjugate of malathion or one of its
metabolites.
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Fig.6: Autoradiogram of malathion and its metabolites in evapotranspired water and
dislodgeable residues from the treated leaves of the pea plant

KEY:
1. Refers to the auto-radiogram spots from dislodgeable residues
2. Refers to the auto-radiogram spots from evapotranspired water
3. Refers to the auto-radiogram spots from extractable residues
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Fig.7: Autoradiogram of metabolites in the plant samples treated with malathion

KEY:
1- Refers to the auto-radiogram spots from extractable residues in leaves
2- Refers to the auto-radiogram spots from translocated residues
3- Refers to the auto-radiogram spots from extract residues in the whole plant
4- Refers to the auto-radiogram spots from extract residues in soil

70

The autoradiogram above shows spots of metabolites from extractable residues, translocated
residues,whole plant extract residues and the soil extract residues in columns one, two, three

and four respectively. Each sample yielded one spot, which corresponds, to malathion. The
secondcolumn that corresponds to the translocated residue sample did not yield any spot
probablydue to its low concentration, which could not be detected by the method. There are
faintspots at the origin, which may be conjugates of malathion or its metabolites.

4.1.2.2 Mass spectroscopy of mal~thion
Therewere seven different mass spectra from dislodgeable residue samples.

Out of these

spectra, only four have been identified with malathion and some of its metabolites 0,0dimethyl

Phosphorodithioate,

Diethyl

mercaptusuccinate

and

Bis-( dimethoxy

(
phosphinothionyl sulphide).

The identification of the spectra is by use of the general scheme

of fragmentation for organophosphorus pesticides'I"
Figure 8 is gas chromatogram of the compounds in the samples, which have been identified
by scan numbers. From the height of the peaks of reconstituted ion current (RlC) for. each
compound in the sample, the concentration of the various compounds in the sample has been
determined. In the dislodgeable residues, the scan numbers 934 and 976 have been identified
with malathion and diethyl mercaptosuccinate,

respectively.

RlC shows each compound

present in the gas chromatogram as resolved by gas chromatography.
compounds have been expressed as a percentage

The proportions of the

of the original compound,

Malathion is assigned 100% and diethyl mercaptosuccinate

malathion.

is assigned 10%. For the other

compounds whose mass spectra are given below, their scan numbers could not be read from
the RIC spectrum and therefore, their proportions in the samples could not be determined. The
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massspectra in figures 9, 10, 11 and 12 have been attributed to malathion, 0, 0- dimethyl
phosphorodithioate, diethyl mercaptosuccinate

and bis- (dimethoxy phosphinothionothionyl

sulphide),respectively.

Figure8: Gas chromatogram (reconstituted ion current) for the compounds in the
sample
\
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Figure 9: Mass spectrum for malathion
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The peaks at m/z 330, 173, 158, 129, 127, 125, 99 and 93 have been identified

III

the

spectrum. The peak at m/z 330 is attributed to the molecular ion while the peak at m/z173 is
the diagnostic peak ( the fragment ion is characteristic of malathion).
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Figure 10: Mass spectrum for 0, 0- dimethyl Phosphorodithioate
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Figure11: Mass spectrum for diethyl mercaptosuccinate
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The peak at m/z 206 has been attributed to the molecular ion of the
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Figure 12: Mass spectrum for bis-(dimethoxy

PhOSPhi\othionYI sulphide)
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76

4.1.2.3 Foliar dissipation of dimethoate from the pea Plait
Figures13a & 13b show the results of dissipation of methoxY-14C dimethoate from the foliar
surfaceof the pea plant in the greenhouse over a period of 384 hours (16 days). The initial
total radioactivity applied to each sample was O.4/lCi and the total pesticide concentration

C
appliedwas 2.3mg/sample.
Thedissipation curve of the dislodgeable residues shows two phases. An initial rapid rate of
decreaseup to 96 hours (4 days) post application and a slow decline in the later stage. The
concentration of the extractable residues (the aqueous fraction and the chloroform fraction)
increases initially and passes through a maximum after 96 hours (4 days). Thereafter, the
extractable residues decrease gradually. The bound residues increase slowly and after sixteen
days,the concentration expressed as a percentage of the initial pesticide concentration is 5%.
The translocated residues increase slowly and at the end of the study, the concentration is
4.6% of the total concentration of the pesticide applied initially. Although the concentration
of the bound residues is higher than that of the translocated residues, at the end of the study
(384 hours), the two residues are almost at the same concentration. The first order Kinetics
model for the data in table 9 gave t1/2= 29 days for the total residues of dimethoate both in and
on the surface of the pea plant.
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Figure 13a: Foliar Dissipation of dlethoate

from

the pea plant in the greenhouse

3.--------------------------------------------------,

Q)
0..

E

2

C1l

-(/)

OJ

::::l..
•.....••
(/)

(!)

::::l

"0
(/)

(!)

0:::

.•....
0

c.i
c
0

~it

0

U

o

it

•
100

,

,

200

300

Time (Hours)

---*-

Dislodgeable Residues
Extractable(Aqueous Fraction) Residues
-T- Extractable (Chloroform fraction) Residues
----v- Bound Residues
___ Translocated Residues
-0-

--D- Total extractable Residues

-+-

Total Residues

,
400

500

78

Figure 13b: Foliar dissipation of dim~hoate
from the Pea plant
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Theexperiment (figure 2) was set up to investigate the amounts of 14C02 emitted and the 14C_

compoundsin the evapotranspired water. Figures 14 and\15 show the results of the
investigation.The rate of 14C02 production from the pesticide applied to the soil is initially
J

high,up to the 96th hour (4th day) when the rate decreases. Thereafter, 14C02production is low.
Theproduction of 14C02from the foliar applied pesticide is low (figure 14).
The amount of 14C-compounds in evapotranspired water from the foliar applied pesticide is
high and increased with time throughout the period of study. This is in contrast with the
amount of "Cvcompounds from the plant that received the pesticide through the soil. The
amountof 14C-compounds in the evapotranspired water was low but also increased with time
(figure 15). There is a higher amount of "Cvcompounds in evapotranspired

water from the

pesticideapplied directly to the pea plant than from the pesticide applied to the soil, because
thereis a small proportion of the pesticide in the plant as bound residues while in the soil, a
higherproportion of the pesticide is in the bound form and is not available to the plant.
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Figure 14: Cumulative 14C02 emitted fron!the

plant

and soil treated with dimethoate
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(
Figure 15: Cumulative 14C-compounds i~ evapotranspired
water from soil and foliar applied dimethoate
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1.3 Metabolites of dimethoate from foliar application
4.1.3.1Autoradiography of dimethoate
Figures16 and 17 show TLC radio-chromatogram

of the crude product of the synthesised

methoxy-14dimethoate and purified methoxy-14 dimethoate. The R, values of the peaks are
0.113,0.24 and 0.5. The peak at 0.24 corresponds to the reference standard dimethoate. The
other peaks could not be identified

since there were no authentic reference standards.

However,they have been previously identified as 0, 0, S-trimethyl phosphorodithioate

0[0.5 and dimethoate acid at 0.113 by W. C. Dauterman et a1139•

at R,
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Figure 16: TLC radio-chromatogram of the crude product of the synthesised
methoxy -

14C

dimethoate

Key:
1 - Refers to radio-chromatogram
2 - Refers to radio-chromatogram

peak at R[ of 0.113, which represents dimethoate acid.
peak at R, of 0.24, which represents

3 - Refers to radio- chromatogram peak at R[ofO.5, which represents
phosphorodithioate.

dimethoate.
0,0, S-trimethyl
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Figure17: TLC radio-chromatogram

of the purifie~hOXy-14C

dimethoate

j

The radio-chromatogram above shows methoxy-I''C dimethoate after purification of the crude
product. This is the radio-chromatogram

peak represented by 2 in figure 16.
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Figure 18: TLC radio-chromatogram

metabolites in dislodgeable residues leaves

treated with dimethoate

KEY:

1 - Refers to the radio-chromatogram

peak at R, of 0.15, which has not been identified.

2 - Refers to the radio-chromatogram

peak at R, of 0.24 which has been attributed to the

presence of dimethoate.
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TLC Scanner radio-chromatogram of the dislodgeable residues gave two peaks with R, values
--------------.

of 0.l5 and 0.24 (figure 18). The peak at R, 0.24 corresponds to the reference standard
dimethoate.The other peak at 0.15 was identified as dimethoxon. Dimethoxon

appears to

increase in concentration

dimethoate

with

time

in the dislodgeable

residues

while

concentrationdecreases with time.
Figure 19 shows the autoradiogram

of extractable residues (water fraction) of the treated

leaves of the pea plant. The samples were collected 96, 192, 288 and 384 hours after
treatment.All samples showed spots at R, values of 0.113 and 0.24. Intensity of the spots of
the radio-chromatogram decreases as the period of sampling after treatment increases. The
spotat R, of 0.24 corresponds to the reference standard of dimethoate. The other spot could be
dimethoate acid having been identified earlier in figure 16.
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Figure 19: Autoradiogram of dimethoate and its metabolites
in extractable residues (aqueous fraction)

KEY:

1- Refers to the samples analyzed after 96 hours post application
2- Refers to the samples analyzed after 192 hours post application
3- Refers to the samples analyzed after 288 hours post application
4- Refers to the samples analyzed after 384 hours post application
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Figure20 is a radio-chromatogram,

which represents metabolites in the extractable residues

(aqueousfraction), from the leaves treated with dimethoate. The peaks are at R, of 0.113 and

0.24. Only the peak at R, of 0.24 has been identifiedwith
notbe identified. The radiochromatogram

dimethoate. The other peak could

is from samples analyzed 48, 96, 192 and 288 hours

postapplication.
Figure20: TLC radio-chromatogram of extractable residues (water fraction) of the
leaves treated with dimethoate

-,

"

192 Hrs
.,.1.....-:-.,..-,-

'\i}

':ime (Hours) after apPlicatiO~,

Refers to the radio-chromatogram
2- Refers to the radio-chromatogram
dimethoate.

-'

peak at Rj of 0.113, which has not been identified.
peak at R, of 0.24, which has been attributed to
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Figure21 is the TLC chromatogram of extractable residues (chloroform fraction). The two
peaks from samples collected 288 hours and 24 hours alter treatment have the same R, value,
0.113,which remains unidentified.
Fig. 21: TLC radio-chromatogram of dimethoate and its metabolites in extractable
residues (chloroform extract)
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KEY:
1- Refers to the TLC chromatogram peak from the sample analysed after 288 hours.
2- Refers to the TLC chromatogram peak from the sample analysed after 24 hours.
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Figure 22 represents the radio-chromatogram of extractable residues from the soil analysed by
the Phosphor Imager Fujifilm BAS-2500. There are two spots on each column with R, values
)
0[0.113 and 0.24. Only the spot at 0.24 has been identified with dimethoate.
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Fig. 22: Radio-chromatogram of extractable residue~ from the soil and the pea plant

KEY:
1- Refers to the spot with R, 0[0.115, which is dimethoxon.
2- Refers to the spot with Rj of 0.24, which is dimethoate.
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Figure 23 is a radio-chromatogram

(from the Phosphor

Imager Fujifilm BAS-2500) of

metabolitesin extractable residues from the pea plant gro~n on the soil that was treated with
dimethoate.The spots represent metabolites in samples analyzed 6, 24 and 96 hours post
pesticideapplication. The spots are at R, values of 0.113 and 0.24.

Figure 23: Radio-chromatogram

of dimethoate and its metabolites in extractable
residues from the pea plant grown on soil treated with dimethoate

Time (Hours) after application

KEY:
1- Refers to the spot at 0.113, which has not been identified.
2-

Refers to the spot at 0.24, which represents dimethoate.
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4.1.3.2 Mass spectroscopy of dimethoate
Therewere thirteen different spectra from dislodgeable residue sample of which only four
havebeen attributed to dimethoate and its metabolites.

The gas chromatograms

or the

reconstitutedion current (RIC) showing the scan numbers of the compounds in the samples
are included. The heights of RIC of the compounds in the samples have been used to
determinethe proportions of the compounds in the samples. Two samples of dislodgeable
residuesanalysed 24 and 96 hours after treatment gave the same number of spectra. In the
extractableresidues (chloroform extract) of the treated leaves, only two spectra could be
identified. Identification of the peaks in the spectra is by use of the general scheme of
fragmentationfor organophosphorus

pesticides':", The proportions of the various compounds

in the samples have been determined

from the RIC peaks of the compounds

in the

chromatograms represented by figures 24 and 25. The acids of dimethoate and dimethoxon
weredetected as trimethyl silyl (TMS) derivatives.
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Figure24: The Gas chromatogram of the compounds in dislodgeable
residues (sample analysed after 24 hours)
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Figure 25: Gas Chromatogram

(of the compounds
(sample analyzed after 96 hours)
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Figure 26: Mass spectrum of dimethoate
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Figure 27: Mass spectrum of dimethoxon (oxygen analogue of dimethoate)
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98

Figure28: Mass spectrum of TMS derivative of dimethoxon acid
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and 183 have been identified in the spectrum. The peak at m/z

272 is due to the molecular ion of the TMS derivative.
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Figure 29: Mass spectrum of TMS derivative of dimethoate acid
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Figure 30: Mass spectrum of dimethoxon isomer
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4.1.4 Dissipation 2, 3 "Cvmalathion

from the soil and its uptake by the pea plant

Figures31a and 31b show the results of dissipation of 14C-malathion (labeled at the 2nd and 3rd
carbonin the diethyl malonate of malathion) from the soil and its subsequent absorption by
the pea plant grown on the treated soil. The initial total pesticide concentration was 15.53fl
gig. The initial loss of the extractable residues is very rapid up to 48 hours (2 days) after
treatment. Thereafter, the rate of decrease of the extractable residues is gradual.

After 768

hours(32 days), the period over which the study was carried out, only 1.5% of the total initial
concentration of the applied pesticide was remaining in the soil as extractable residues. From
theresults, the bound residues increase rapidly from the start and attain a maximum value of
42% of the applied pesticide after 192 hours (16 days) then start decreasing.

At the

conclusion of the study, 20.6% of the initial applied pesticide concentration was remaining in
the soil as bound residues. After 80 hours (3.3 days), the concentrations of the bound residues
and the extractable residues are at equilibrium. Thereafter, the bound residues are at higher
concentration than the extractable residues up to the end of the study. It is observed that there
is a higher proportion of the bound residues than the extractable residues of malathion in the
soil most of the time (figure 31a). The first order kinetics model gave t1/2= 17 days for total
residues of malathion in the soil.
Table 12 and figure 31b show the results of the uptake of the pesticide by the pea plant grown
on the soil treated with the pesticide.

Initially the extractable residues in the pea plant

increase rapidly and within 6 hours attain a maximum concentration

of 2.9% of the initial

concentration of the applied pesticide. Thereafter, the extractable residues decrease with time,
rapidly initially up to 192 hours (8 days) when the rate begins to decrease (figure 31b). From
the 8th day onwards, the rate of decrease of the extractable residues is low.

Initially the
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extractableresidues in the plant increase because processes like binding of the pesticide to the
planttissues, translocation and loss of the pesticide by evapotranspiration

to the atmosphere

havenot picked up. The extractable residues start decreasing immediately because at the time

(24 hours after treatment) the processes responsible for the loss of malathion from the Pea
plant exceed the rate at which the plant absorbs the pesticide from the soil. The rate of
formationof bound residues initially increases slowly with time and soon levels off after 192
hours(8 days). After 384 hours (16 days) the concentration of the bound residues exceeds the
extractableresidues in the pea plant.
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Figure 31a: Dissipation of malathion from the soil and uptake of
the same by the Pea plant from the soil
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Figure 31 b: Uptake of malathion from
the soil by the Pea plant
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4.1.5 Metabolites of malathion in the soil
4.1.5.1 Autoradiography of metabolites of malathion
Figures32 and 33 show results of the autoradiography of malathion and its metabolites in the
soiltreated with 2, 3 14C-diethyl malonate of malathion and in the pea plant which was grown
onthe treated soil. The two spots have same R, value of 0.25 that represents malathion.

Figure 32: Autoradiogram of metabolites from malathion in the soil and the pea plant

Origin
KEY

1- Refers to the autoradiogram spot from the soil sample.
2- Refers to the autoradiogram spot from the plant sample.
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Figure 33: Autoradiogram

of metabolites of malathion from the pea and soi

Origin

KEY:
1- Refers to the metabolite in the plant analyzed 24 hours after application.
2- Refers to the metabolite in the plant analyzed 96 hours after application.
3- Refers to the metabolite in the soil analyzed 24 hours after application.
4- Refers to the metabolite in the soil analyzed 96 hours after application.
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Figure33 shows autoradiogram for metabolites in soil and plant samples analyzed 24 and 96
hoursafter the application of the pesticide. All the spots have same R, value of 0.25 that
representsmalathion.

4.1.5.2 Mass spectroscopy

of metabolites of malathion

in the soil

Figure34 shows the gas chromatogram, the reconstituted ion current (RIC) of the compounds
in the soil sample while figures 35 and 36 show the mass spectra of metabolites in the soil
samples.The spectra represented by figures 35 and 36 have been attributed to malaoxon, an
oxygen analogue of malathion,

and an isomer of malaoxon

compoundsmalathion, 0, O-dimethyl phosphorodithioate

respectively.

The other

and diethyl mercaptosuccinate

identified along with malaoxon and malaoxon isomer have been identified in the
samplesand their mass spectra are represented by figures 9, 10 and 11, respectively.

also
plant
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Figure 34: Gas chromatogram of the compounds in the soil sample
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Figure 35: Mass spectrum of malaoxon
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Figure36: mass spectra of TMS derivative of malathion monocarboxylic
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4.1.6 Dissipation of methoxy-v'C dimethoate from the soil and its uptake by the plant
Figures37a and 37b show the results of dissipation of methoxy-v'C

dimethoate and the

absorptionof the pesticide by the pea plants grown on the treated soil, respectively. The total
pesticideconcentration was 15.53 ug/g.

The loss of the extractable residues from soil was

initiallyvery rapid up to the 48th hour (2nd day) after treatment. From the 2ndday up to the

40Sth hour (17th day), the rate of decline of the extractable residues was gradual. Thereafter,
therewas a slight increase in the rate of loss of the extractable residues. The bound residues
initially showed a rapid increase up to the 48th hour (2nd day). Thereafter, the residues
increasedgradually with time. The amount of the bound residues exceeded the extractable
residuestwo days after treatment (figure 37a). It is observed that the bound residues were in a
higherproportion than the extractable residues in the soil most of the time. The rate of loss of
the extractable residues of dimethoate

from the soil was low, as there was 10.3% of

dimethoate remaining in the soil as extractable residues 696 hours (29 days) after treatment.
The amount of "Cvcompounds in evapotranspired water from dimethoate applied to the soil
waslow (table 11 and figure 15) while the amount of these compounds in the evapotranspired
water from dimethoate applied to the foliar surface of the pea plant was high (table 11 and
figure 15).
The extractable residues in the plants increased slowly up to the 312tll hour (13tll day) after
treatment. Between the 13tllday and 21 st day there was a sudden increase in the rate of uptake
of the extractable residues by the pea plant and then the rate levelled off. The bound residues
also increased slowly throughout. It is observed from the data (figure 37b) that the amount of
extractable residues was higher than the bound residues all through in the pea plant. The first
order kinetics model for the data gave t1/2= 96 days for the total residues in the soil.
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Figure 37a: Dissipation of dimethoate from the soil and uptake
of the pesticide by the plant from the soil

25~----------------------------------------------~

20
,.....,
~
Cl

-

a 15

III
Q)

::::J
"0
III
Q)

10

a:::
'+-

0

U

c

5

0

o
0

~

'V

o

200

"

'V

400

Time Hours)

-0-y-

Extractable Residues in soil
Bound Residues in soil
Extractable Residues in plant
Bound Residues in plant

-

Total Residues in soil

---T-

~

~

600

800

113

Figure 37b: Uptake of dimethoate by the Pea plant
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4.1.7 Adsorption and desorption studies of malathion in the laboratory
Figures38 and 39 show the adsorption and desorption results of malathion in the Kenyan soil
at 0.05, 0.1, 0.5, 1 and 5 ppm concentrations of the pesticide in

adsorption results (figure 38) show that the adsorption

a.alM CaC12 solution. The

of the pesticide by the soil at

concentrationsgreater than a.l ppm increases with the increase in the period of shaking. The
adsorptioncurves are characterized with initial rapid adsorption and later gradual adsorption
withtime. The adsorption of the pesticide by the soil increases with increase in concentration
of the pesticide in the solution. The maximum period of shaking was 24 hours, which was
enoughfor the pesticide to establish equilibrium between the soil and the solution.

,-I

115

Figure 38: Adsorption of malathion by the Kenyan soil
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Thedesorption results (figure 39) show a similar pattern to that of the adsorption curve. The
amountof pesticide desorbed from the soil increases as the concentration of the pesticide in
thesoil increases. Desorption from the soil also increases as the period of shaking is increased
ateachconcentration of the adsorbed pesticide.
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Figure 39: Desorption of malathion from the Kenyan soil
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Adsorptionand desorption studies were also conducted with German soil which was used in
thegreenhouse experiments. Both the adsorption and desorption results (figure 40 and 41)
showthe same patterns as those with the Kenyan soil. Figure 40 shows the results of the
adsorptionstudies.
In desorption which is the reverse of adsorption, the pesticide already adsorbed in the soil
wasabsorbed by calcium chloride solution which was free of the pesticide. The experiment
was done to show that the adsorption of the pesticide by soil is a reversible process and
furtherdemonstrates that the two processes coexist one dominating the other depending on the
prevailingconditions.

(
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Figure 40: Adsorption of malathion by the German Soil
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Figure 41 shows results of desorption of malathion from the German soil.

Figure 41: Desorption

of malathion

from the German

Soil
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Figure 42 shows the relationship between the amount of the pesticide in solution and the
amount adsorbed by the soil at equilibrium

at different concentrations

of the pesticide

solution.There is linear relationship between the amount of the pesticide adsorbed by the soil
and the concentration of the pesticide solution. The amount of the pesticide adsorbed by soil
increaseswith the concentration of the pesticide solution.

Figure 42: Adsorption
at various

and desorption
concentrations.
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4.1.8 Adsorption and desorption studies of dimethoate in the laboratory.
Figures 43 and 44 show results of the adsorption and desorption studies of dimethoate in the
Kenyan soil. The adsorption curve (figure 43) is characterized by an initial rapid rate of
adsorption followed by a slow one. The adsorption of the pesticide in the soil increases with
the period of shaking which varied from 4 hours to 24 hours. For any length of time of
shaking, the adsorption of the pesticide by the soil increases with the concentration of the
pesticide in the solution.
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Figure 43: Adsorption of dimethoate by the Kenyan soil
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Theresults of desorption of the pesticide from the soil (figure 44) show the pattern as that of
theadsorption results.

Figure 44: Desorption

of dimethoate

from the Kenyan

soil
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The adsorption and desorption studies of dimethoate were also carried out in the German soil
used in the greenhouse experiments. Figures 45 and 46 summarise the results. The same
pattern as in the Kenyan soil was observed.
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Figure 45: Adsorption of Dimethoate by the German soil
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Figure 46 shows results of desorption of dimethoate from the German soil. The pesticide is
readilydesorbed from the soil into the pesticide solution as shown below.
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Figure 46: Desorption of dimethoate from the German soil
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Figure47 shows the relationship between the amount of the pesticide adsorbed by soil and the
concentration of the pesticide solution at equilibrium. The amount of pesticide adsorbed by
the soil increases with concentration of the pesticide solution.

Figure47: Adsorption and desorption of dimethoate at equilibrium
at various Concentrations.
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4.2 FIELD STUDIES OF MALATHION

4.2.1

Dissipation of methoxy-r'C malathion from Kisii soil between 15th November,
1995 and 17th January, 1996.

The weather conditions under which all the field studies were carried out are given in figures
55, 56, 57, 58 and 59 in the appendix. The soil characteristics are given in figure 20 in the
appendix. Figure 48 shows the results of a field study carried out between 15th November
1995and 3pt January 1996. The total initial activity and pesticide concentration was 2.43 uCi
and 15.53~g/g in the PVC cylinder, respectively.
This is a season of short rain spell in Kisii area. Figures 55, 56 and 59 show the weather
conditions prevailing at the time. The extractable residues decrease rapidly initially rapidly
up to the 21stday after treatment. Thereafter, the rate of dissipation is low up to the end of the
field study, 62 days after treatment. At the end of the field study, only 5% of the initial
pesticide dose was in the soil as extractable residues.
The bound residues build up very fast and attain a maximum concentration value of 51.8% of
the initial pesticide dose after 21 days. Later the bound residues start decreasing slowly. The
amount of bound residues remaining in the soil 62 days later was 22.2% of the initial
pesticide dose applied in the soil. The amount of total residues in the soil at the end of the
field study was 27% of the initial pesticide dose applied. First order kinetics model for data of
thepesticide in the soil gave tl/2= 41 days (see figure 64 in the appendix).
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Figure 48: Dissipation of malathion from Kisii soil
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4.2.2 Dissipation of methoxy-l'C
30th August, 1995.

malathion

from Kisii soil between 1st April, 1995 to

Figure 49 shows the results of the studies carried out in Kisii area between 1st April, 1995 to
30tl1 August, 1995. This was during the long rain spell.

Figures 55, 57 and 59 show the

weather conditions recorded at the time. The curve for the dissipation of the extractable
residues shows two phases, an initial fast rate of dissipation up to the

14th

day after treatment.

The second phase from the 14thday onwards is characterized by slow dissipation (figure 49).
The proportion of the extractable residues to the bound residues in the soil is low. There was
only 0.04% of the initial pesticide concentration remaining in the soil as extractable residues
77 days after pesticide application to the soil.
The bound residues increase rapidly so that after 7 days, a concentration

of 11.4 ug/g

(73.4%) of the initially applied pesticide dose was bound to the soil. Thereafter, the bound
residues start decreasing rapidly in the soil (figure 49). The rate of decrease is high up to the
49th day after treatment.

The decrease thereafter, is gradual. At the end of the field study (77

days later), there was 3.46Ilg/g (22.3%) of the initial pesticide dose remaining in the soil as
bound residues.
The dissipation curve for the total residues displays two phases. An initial fast rate of
dissipation followed by a slow one between the 49tl1 and 77th days.

In this season, the

pesticide residues in the soil are characterized with a higher proportion of the bound residues
than the extractable residues. It has to be emphasized that there was a time lag of 3 to 4 days
between sampling and the analysis of the samples in the laboratory. This was because of the
long distance covered between the field and the laboratory where the analysis was carried out.
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As a result, the true picture of the composition

of the pesticide

residues (bound and

extractable) at the initial stages of sampling is not well represented. By the time the analysis
was done, most of the pesticide had been adsorbed to the soil thus giving a higher proportion
of the bound residues. The portion of the curve (figure 49) showing the initial build-up of the
boundresidues is therefore, not well represented. First order Kinetics model gives t1/2= 36.7
days.
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Figure 49: Dissipation of malathion from Kisii soil
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4.2.3 Dissipation of methoxy-l'C malathion from Nairobi soil between I" June, 1995
and 10th August, 1995.
Figure 50 shows the results of dissipation of malathion from Chiromo soil in Nairobi area.
The study was carried out during the dry season. Figures 55, 58 and 59 show weather
conditionsprevailing at the time. The rate of loss of the extractable residues from the soil is
initiallyhigh up to the 14thday. Thereafter, the loss is gradual up to the end of the study. After

70 days, the amount of the extractable residues in the soil was 9.67)J.g/g (62.3%).
The bound residues form slowly and increase slowly with time. The rate of formation is
initiallyhigh but soon levels off after 14 days. The concentration of the bound residues does
not exceed the extractable residues in the soil. The rate of decline of the total residues in the
soilis initially high. Thereafter, the decline is gradual. There was 91 % of the initially applied
pesticidedose in the soil 70 days after pesticide application. First order kinetics model for the
datagives tJ/2 = 770 days.
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Figure 50: Dissipation of malathion from soil in Nairobi area
(From 1st June, 1995 to 31st July, 1995)
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4.2.4 Leaching Experiments
Figure 51 shows results of leaching experiments conducted in the laboratory with soil samples
obtained from Kisii, Mombasa and Nairobi areas. The characteristics of the soils are tabulated
in table 27 (appendix). The bar graph (figure 51) below shows that the Kisii soil with the
highest carbon content of 1.68% retained the highest amount of malathion

(62%). The

Mombasa soil with the highest sand content of 90% has the highest amount of malathion
(37.8%) in its leachate. The soil from Mombasa is predominantly sand with carbon content of
0.54%. Its inclusion in the leaching experiment was meant to show that without the clay
component, soil is not effective in retaining pesticide residues. This was why the soil from
Mombasa had the highest radioactivity

associated

with the pesticides

in the leachate.

Moreover, there were no minerals which are associated with the clay component in the soil
fromMombasa.

Figure 51: Leaching of malathion through the soil column
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4.2.5 Determination of efficiency of methanol extraction as a solvent.
The efficiency of Soxhlet extraction with methanol was determined with soil samples from
bothKisii and Nairobi areas. The results shown in figure 52 show that 88.4% and 91.6% of
theinitially applied pesticide can be removed by Soxhlet extraction with methanol from Kisii
andNairobi soils respectively.

Figure52: Recovery rate of malathion from spiked soil samples
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4.2.6 METABOLITES
Underthe ethyl acetate: petroleum ether solvent mixture in the ratio of 1:4, malathion had R,
valueof 0.55, malaoxon R, of 0.20 and the mono acid an R, of 0.203. Under the same solvent
systembut in the ratio of 4: 1 (ethyl acetate: petroleum ether) respectively isomalathion had R,
valueof 0.13 and malaoxon R, value of 0.17. Samples in the first day of sampling gave only
malathion as the metabolite. The other metabolites appeared on the third day after malathion
applicationto the soil.
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CHAPTER FIVE
5.0 DISCUSSION
5.1 GREENHOUSE

AND CONCLUSIONS

EXPERIMENTS

5.1.1 Foliar dissipation

of malathion

from the garden Pea plant (Pisum sativum).

The data (figure 3) on the foliar dissipation of malathion from the pea plant (Pisum sativum)
showsthat the rate of decline is fast during initial stages and relatively slow in the later stages.
Initiallythe concentration of the dislodgeable residues is high and its rate of dissipation is also
high. However, with time it is slowly penetrating into the plant tissues and the rest is lost into
the surroundings. The initial loss of the dislodgeable residues from the foliar surface is by
volatilisation from the surface of the leaves to the surrounding air, photodecomposition,
penetration into the cells and mechanical

removal. The high rate of dissipation

and

of the

dislodgeable residues is a positive attribute of this pesticide. Only 5.7% of the initial pesticide
doseis present as dislodgeable residues after 384 hours (16 days).

Persistent dislodgeable

residuescan be a source of field exposure, which results in dermal exposure to agricultural
workers168. The uptake of malathion by the plant cuticle is expected to be high given that its
watersolubility at 20°C is 143 mg/134 and its log Ko/w is 2.36. Malathion is classified as the
insecticide with intermediate

lipophilicity,

which is a measure of the partitioning

pesticidebetween the organic phase and the aqueous phase.

of the

A pesticide with high value of

logKo/w is said to be lipophilic. High rates of uptake of the pesticides through the cuticle
havebeen observed for compounds of intermediate lipophilicity

(log P 1-2, log S (molar

watersolubility) -1.5 to _3.5)36. This explains the observed high proportion of the extractable
residues, which penetrated

the cuticle and the translocated

residues

(figure 3) whose
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movement to all parts of the plant was governed also by the lipophilicity of malathion. The
extractable residues

initially

increased

and then

later started

decreasing

because

an

equilibrium had been attained during which the rate at which the pesticide was taken up by
the cuticle was balanced by other processes that tried to diminish the extractable residues. The
processes involved in the loss of the extractable residues within the cells of the plant were the
binding of the pesticide to the tissues of the plant, translocation to other parts of the plant and
evapotranspiration. With time, the rates of these processes put together exceeded the rate of
uptake of malathion through the cuticle and as a result the extractable residues started
decreasing 2 days after application. In the present study these processes were observed to
contribute greatly to the loss of the extractable residues (tables 6 and 8). In the later stages,
total concentration of all the residues put together decreased and therefore the overall rate of
dissipation also went down. The penetrated pesticide was lost during evapotranspiration".
The bound residues only made up 4.2% of the initially applied pesticide dose. The bound
residues, not detectable by standard analytical methods, were present in the form of the parent
compound and its metabolites".

These were the residues, which could not be removed by

extraction by solvents. This was long recognised by the FAO/IAEA joint meetings", which
found that pesticide residue values, which are determined in food for the purpose of setting up
the minimum residue limits do not include the bound residues. This led to the use of radio
isotope tracer techniques as one of the techniques, which can determine the bound pesticide
residues in the samples. The technique has aided in determining the bound residues in the
present study. The conjugation of the pesticide residues in the pea plant results in bound
residues. Conjugation could
latter is a biological

be through glucosidic bonds or through the glutathione. The

thiol compound,

whose conjugation

with pesticides

leads to their

/
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detoxification". Some of the bound residues are bound to the lignin part of the plant and are
normally not solubilized by hydrolytic treatments

I 69.

Malathion having a carboxyl functional

group could be covalently bonded to the epoxy groups in the cuticles of the pea plant. The
level of bound residues in plants varies with plant species, the pesticide and the exposure time
of the plant to the pesticides".

Although

the bound residues

are neither detected nor

determined by chemical analysis, they may be of toxicological significance. There are many
reports in the literature on the bioavailability

and the biological effects of grain- and plant-

bound residues of malathion on feeding animals'>

75.

However, there is no report on the

degradation of the bound residues of malathion to carbon dioxide by plants. Even in the
present study, there is no evidence that the plant biodegraded the bound residues in the pea
plant. So, we can not predict for how long the bound residues in plants can exert their
toxicological potency on the consumers.
The translocated residues form 16.7% of the initially applied pesticide dose. This is a big
fraction of the initially applied pesticide dose and can exert the insecticidal effects in other
parts of the plant. The importance of this finding to farmers who use malathion is that the
whole plant may not need to be sprayed. Part of the plant can be sprayed with the pesticide
and the rest of the plant gets it internally through translocation. This is especially effective
againstsucking insects.
The data (table 7) shows that when the pesticide is applied to the foliar surface of the pea
plant,there is very little CO2 emitted but the concentration of cumulative 14C_compounds in
theevapotranspired water is high (table 3). High 14C02 is emitted from the pesticide applied
to the soil surface on which the pea plants were grown but there is low concentration of 14C_
compounds in the evapotranspired

water. The high amount

of 14C-compounds in the
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evapotranspired water from the foliar applied malathion

on the pea plant is from the

extractable residues and the translocated residues of the pesticide in the pea plant. As water
moves from cell to cell in the plant during transpiration, it traps the pesticide with it and
evaporates through stoma of the plant. The 14C-compounds in the evapotranspired

water

include the parent pesticide, malathion, and its degradation products. This process of losing
the pesticide from the pea plant contributes to air pollution. In the present study, 17% of the
initially applied pesticide is in the evapotranspired

water. There are many studies in the

literature, which have documented evolution of volatile "Cvcompounds from other pesticides
applied to the foliar parts of plants":

53, 63.

The low concentration of 14C02 emitted from the

foliar applied malathion is probably due to the translocated

pesticide to the soil, which

undergoes microbial degradation in the soil.
The overall disappearance

of malathion residues have been found to be exponential and

partial log transformation of the data has aided in the calculation of the half-life value of the
total residues in the plant. Data showing no linear relation can often be transformed to obtain
linearity by log-log

and semilog

transformations.

Using,

either

the product-moment

correlation coefficient, r, or the coefficient of determination, R2, checks linearity'?'. The halflife value for the dislodgeable residues of malathion on the surface of the pea plant is 106.6
hours (4.4 days) while for the total residues in or on the surface of the pea plant is 266.5 hours
(11 days). The low value of half-life for dislodgeable residues of malathion on the foliar
surface of the garden pea shows that the insecticide disappears very fast from the surface but
exerts its biological effects on pests from inside the plant. Farmers are unlikely to get exposed
to malathion on the foliar surface of the plants. In the field, half-life values of 5.2 and 13.9
days from citrus foliage and the California Valencia orange rind, respectively have been
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reported". No reasonable comparison between the two studies can be made because the
weather conditions under which the other study was carried out are not indicated. In any case
the bound residues were not included in determining the half-life values obtained. The values
compare well to the ones obtained in the present study.

5.1.2 Metabolites of malathion from foliar application
5.1.2~1 Autoradiography

of metabolites of malathion

Considering the polarity of the solvent mixture, n-hexane/ethyl acetate (4: 1), it is possible to
speculate the nature of the metabolites with R, values higher or lower than that of malathion
(R, of 0.25). There are two metabolites with values of 0.33 and 0.39. These metabolites are
less polar than malathion while those with R, values of 0 and 0.21 are said to be more polar
than malathion. The spot at the origin represents probably the conjugated pesticide in plants.
No further identification

could be made on the spots due to lack of authentic reference

standards.

5.1.2.2 Mass spectroscopy of metabolites of malathion
Malathion has been identified with one of the mass spectra (figure 9). This has also been
confirmed with the mass spectrum of the reference standard of malathion.

The peaks in the

mass spectrum have been identified at rnIz 330, 285, 173, 158, 129, 127, 125, 99 and 93. The
peak at rnIz 330 is due to the molecular ion while mlz 173 is the diagnostic peak (diethyl
malonate).

The peak at rnIz 285 is (M+- 45) was due to the loss of CH3CH20-. The

elimination of C2HsC02CH=CHC02C2 H, leads to the formation of fragment at rnIz 158. All
theother peaks have been accounted for'?"

147, 148, IS2.
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Figure 10 has been attributed to 0, O-dimethyl phosphorodithioate

[(CH30)2 P(S)SH].

The

peaks identified are at mlz 157 (m") with fragment ion peaks at m/z 143, 129, 125, and 93.
Hydrolysis of the C-S bond at acidic pH normally leads to formation of the compound.

This

metabolite has been identified in radish plants'"
The spectrum

in

figure

11 has

been

identified

with

diethyl

mercaptosuccinate

{CH3CH2C02CH(SH)CH2C02C2Hs} with peaks at mlz 206 (m"), 72, 161, 159, 149, 131, 127,
103,99, 79 and 55. This is a product of the hydrolysis ofP-S bond at alkaline pH. The other
product resulting

from

the hydrolysis

at the P-S bond,

dimethyl

phosphorothioate

with Bis-(dimethoxy

phosphinothionyl

(CH30)2P(S)OH, has not been detected in this study.
The spectrum in figure 12 has been identified

sulphide) with a molecular peak at mlz 281. In addition, fragment peaks at m/z 253, 196, 168
and 154 have been attributed to the compound",

but these fragment peaks have not been

located in the spectrum.
Malaoxon, an oxygen analogue, which is formed on the surface of plants as a result of
oxidation by the UV light, has not been attributed to any of the spectra from the dislodgeable
residues. There are several literature reports on the absence of malaoxon in samples from
foliar surface of different plant species'":

66,

from Florida citrus leaf and fruit surfaces".

73,but the same has been identified in samples
The a- or ~-malathion carboxylic acid has not

been identified in dislodgeable residues in this study. The a-or ~-mono-carboxylic

acid has

been identified in samples from stored wheat grains" and soybean seeds". However, the
present study showed the presence of malaoxon in the soil.
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5.1.3 Foliar dissipation of dimethoate from the pea plant
The dissipation pattern of all the residues of dimethoate from the pea plant follows the same
pattern as that of malathion residues (table 9 and figure 13a). Compared with the dissipation
pattern of dislodgeable residues of malathion, the rate of dissipation

of the dislodgeable

residues of dimethoate is low (table 9). Sixteen days after treatment, there is 21 % of the
dislodgeable residues of dimethoate on the surface of the pea plant while there is only 5.7% of
dislodgeable residues of malathion. The half-life value for the dissipation of dislodgeable
residues of dimethoate from the foliar surface of the pea plant is 13 days while for the
dislodgeable residues of malathion, the half-life value is 4.4 days.
The log of Ko/w of dimethoate

is 0.78 and the solubility of the pesticide in water is

25,000mg/134• In other words dimethoate has lower lipophilicity. This is likely to retard its
uptake through the cuticle of the leaf surface of the pea plant. Consequently dimethoate is
more likely to remain on the surface of the pea plant instead of being translocated. The loss of
dimethoate pesticide from the plant surface is attributed to volatilization, penetration into the
leaves and co-distillation".

However, volatilization is unlikely to be a major process due to

the low volatility of dimethoate (its vapour pressure is 5.1x 10-6 mmHg at 20°C

)34.

Co-

distillation as manifested in the amount of "Cvcompounds in evapotranspired water may be a
major process but its rate is not as high as that of malathion in which there was 17% of the
14C-compounds in the evapotranspired

water. After 372 hours (15.5 days), 10.4% of the

initially applied dose was found in evapotranspired water as "Cvcompounds which comprised
of dimethoate and its degradation products. The solubility of the two pesticides in water does
not appear to influence the amount of these pesticides in evapotranspired water. The amount
of the pesticide translocated dictates how much of the pesticide will be in the evapotranspired
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water. In the present study, 4.6% of dimethoate was translocated while 16.7% of malathion
was translocated. Translocation enables the pesticide to reach many parts of the plant that are
actively involved in evapotranspiration

and this explains the higher amount of malathion in

the evapotranspired water than dimethoate despite the latter having higher solubility in water
than the former (solubility

of malathion

and dimethoate

is 143 ppm and 25,000 ppm,

respectively)".
Themaximum amount of the bound residues of dimethoate obtained from the study is 5%
while the bound residues of malathion is 4.2%, after 16 days. These amounts are almost the
same. Binding of dimethoate residues to the plant tissues can occur through the amide bonds
while for the malathion residues, binding is through the carboxyl bonds. The two pesticides
are alike in structure except the functional groups just mentioned (carboxyl for malathion and
the amide for dimethoate).
The half-life value, which determines the persistence of the pesticide in the pea plant, has
been determined based on the first order kinetics.

Half-life value of 29 days has been

determined for the disappearance of the total residues of dimethoate from the pea plant.. The
value is higher than that determined for malathion (11 days) in the same plant.

Overall,

dimethoate is more persistent than malathion in the pea plant. The half-life values for
dimethoate dissipation from bean, tomato, cucumber and cotton plants in the field have been
reported as 4.3, 6.0, 3.8 and 3.3 days, respectively".

The values reported are lower than the

one obtained in the present study. The values reported were from field studies and values of
the bound residues were not included, as they were not determined. So the low values are
expected. In addition, the plant species used are different from the pea plant used in the
present study and pesticides behave differently in different plant species".
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The sum of the dislodgeable, extractable, bound and translocated residues do not add up to the
initially applied dose (table 9). The remaining portion is what constitutes the 14C-compounds
and the 14C02 that were emitted. 372 hours (15.5 days) after the application of malathion and
dimethoate to the foliar surface of the pea plant, the malathion surface treated plant yielded
17% of the 14C-compounds in the evapotranspired water while the dimethoate surface treated
plant yielded 10.4% of the "Cvcompounds in the evapotranspired water. The amounts of 14C_
compounds in the evapotranspired
solubility in water,

which

water from the two pesticides do not depend on their

is 143 and 25,000

mg/l

for malathion

and dimethoate,

respectively". The translocation of the pesticide from the surface of the treated leaves of the
peaplant to other parts of the plant seems to determine the amounts of 14C-compounds in the
evapotranspired water. The more readily translocated pesticide will accumulate faster in the
leaves where evapotranspiration

occurs. This further confirms that the 14C-compounds in the

evapotranspired water is due to co-distillation of the penetrated pesticides (extractable and
translocated) in the plant cells and tissues.

5.1.3.1 Metabolites of dimethoate from foliar application
The TLC Scanner radiochromatogram

of the dislodgeable residues gave two peaks with R,

values of 0.15 and 0.24. The chromatogram

was developed on a TLC plate in benzene/

methanol (9:1) solvent mixture and the solvent front moved a distance of 15cm (figure 18).
The peak at R, of 0.24 corresponds to the reference standard dimethoate. The other peak at
0.15 is identified as dimethoxon.

The TLC Scanner chromatogram

in figure 18 is from

dislodgeable residues in samples analyzed 192,288 and 384 hours after pesticide application.
The dimethoxon increases in concentration

with time in the dislodgeable

residues while
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dimethoate concentration decreases with time. This is expected since dimethoxon is formed
from dimethoate.
Figure 19 shows the autoradiogram

of extractable residues (water fraction) of the treated

leaves of the pea plant. The samples were collected after 96, 192, 288 and 384 hours after
treatment. All samples showed spots at R, values of 0.113 and 0.24. Intensity of the spots on
the radiochromatogram decreases as the period of sampling after treatment increases. The spot
at R, of 0.24 corresponds to the reference standard of dimethoate. The other spot could not be
identified but the compound is more polar than dimethoate.

The unidentified

compound

probably originates from dimethoate thus explaining the increase in spot intensity of the
compound with time.
Figure 20 is a TLC radio-chromatogram

of extractable residues (water fraction) of the treated

leaves of the pea plant referred to in figure 19.
Figure 21 is the TLC chromatogram of extractable residues (chloroform fraction). The two
peaks from samples collected 288 and 24 hours after treatment have the same value of R, of
0.113, which remains unidentified.
Figure22 represents the radio-chromatogram

of extractable residues from the soil analyzed by

the Phosphor Imager Fujifilm BAS-2500. The spots in the columns 1, 2 and 3 represent
metabolites in samples analyzed 6, 24 and 96 hours after treatment, respectively. There are
two spots on each column with R, values of 0.115 and 0.24. The spots at 0.24 and 0.15 have
been identified with dimethoate and dimethoxon, respectively.

The two spots were also

detected in the extractable residues from the garden pea plant grown on the same soil (figure
23). The results show that the metabolites were absorbed directly from the soil by the garden
peaplant.
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5.1.3.2 Mass spectroscopy of metabolites of dimethoate
The mass spectrum of the dislodgeable residues gave thirteen spectra of which only four have
been identified with dimethoate and its metabolites. Two samples of dislodgeable residues
analyzed 24 and 96 hours after treatment gave the same number of spectra.
Identification of the peaks in the spectra is by use of the general scheme of fragmentation for
organophosphorus pesticides 148.
Dimethoate has been attributed to the spectrum shown in figure 26. The peaks in the spectrum
have been identified at mlz 229 (m'), 158, 129, 125, 93 and 87. The peak at mlz 229 is the
molecular peak. The peak at 158 is due to the elimination of CH3NHCOCR,
fragmentation ion [(CH30)2P(S)SHt.

which gives the

The loss of HS· gives (CH30)2PSt with mlz 125 which

loses S to give (CH30)2Pt with mlz 93. The peak at mlz 87 is a diagnostic peak for
dimethoate and is due to N-methylthioacetonitrile

(SCH2CH=NCH3fI48. The spectrum has

given evidence for the presence of dimethoate.
The mass spectrum in figure 27 has been attributed to the oxygen analogue of dimethoate,
dimethoxon. The peak at mlz 213 is the molecular peak. Other peaks identified in. the
spectrum are at 156, 129, 110, 109 and 79. The peak at mlz 156 is due to the loss ofCH3NCO
from the molecular ion to form (M+-57), CH30P(O)SCH3l+.

The peak at mlz 109 is due to

(CH30)2POHl+. The peak at mlz 79 is due to CH3POH l+148.
The mass spectrum in figure 28 has been attributed to TMS derivative of derivative of
dimethoxon acid. The peaks at mlz 272,257,213

and 183 are explained as follows. The peak

at m/z 272 is due to the molecular ion. The peak at mlz 257 is due to M -15 resulting from loss
of one silyl methyl group. The peak at mlz 213 is due to M-59 resulting from loss one silyl
methyl group and one CO2 molecule. The peak at mlz 183 is due to M-89 resulting from loss
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of three silyl methyl groups and one CO2 molecule. The fragments observed here have been
observed
ionization

in TMS derivatives

of alcohols

and carboxylic

acids upon electron impact

148.

The mass spectrum in figure 29 is due to TMS derivative of dimethoate acid. The formation
of dimethoate acid is due to the action of carboxyamidase

enzyme on the amide bond of

dimethoate". The peak at m/z 273 is due to M -15 ion which resulting from the loss of a silyl
methyl group. The peak at mlz 199 is due to M-89 which results from the loss of three silyl
methyl groups and one CO2 molecule.
In the extractable residues (chloroform fraction) analyzed 96 hours after treatment, only
dimethoate and dimethoxon

were identified.

The formation

of the oxygen

analogue,

dimethoxon, both in the dislodgeable (surface residues) and in the chloroform extract has
been reported in samples from foliar treatments of com, cotton, pea and potato plants, where
the formation of dimethoxon on the foliar surface of plants was attributed to a non-enzymatic
oxidation while its formation inside the plant was due to enzymatic oxidation". The formation
of 0, a-dimethyl

phosphorodithioic

acid is due to the hydrolytic reaction at the C-S bond.

The methylated dimethoate acid is formed from the hydrolysis of the amide bond. Both the
extractable and dislodgeable residues show the presence of dimethoxon, which results from
theoxidation of dimethoate. On the surface, the conversion of dimethoate to dimethoxon may
be due to UV -radiation action, while inside the plant, the conversion is by enzymatic action.
A lot of studies have been reported in the literature on the formation of dimethoxon from
dimethoate in and on the surface of plants'?'

79, 82, 83.

The present study and other reported

studiesshow that the formation of dimethoxon from dimethoate in and on the surface of the
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plant is a common process. However, the present study and studies reported in the literature
show that the formation of malaoxon from malathion is not a common phenomenon in or on
the surface of plants as compared with the behaviour of dimethoate on the foliar surface of
plants. In this study, malaoxon was formed from malathion only in the soil.

5.1.4 Dissipation of malathion from the soil and its uptake by the Pea plant
The initial fast rate of dissipation of the extractable residues up to the second day is due to the
high initial concentration of malathion on the surface of the soil (figure 31a). The loss of the
pesticide is through evaporation to the surrounding air, adsorption by the soil (the mineral and
organic parts), uptake by the pea plants

growing

on the treated

soil and microbial

mineralization of the pesticide. The soil used in this study had high mineral content but the
organic matter as represented by the carbon content (0.9%) was low (table 27). With time the
rates of these processes are reduced as the concentration of the pesticide in the extractable
form is reduced. Leaching is not expected to occur because the plants were watered through
the troughs underneath the potted plants. In the second phase, the dissipation rate is low. This
is due to the reduced concentration of the extractable form of malathion residues. Most of the
residues are in the bound form in the second phase (figure 31a). The loss of the extractable
residues is still through the uptake by the pea plant, which also loses them through
evapotranspiration, binding to the soil and microbial mineralization.
The bound residues increase with time while the extractable residues decrease. Initially the
rate of formation of the bound residues is fast as the concentration of the extractable residues
is also high. With time, the rate starts reducing as the maximum concentration of the bound
residues in the soil is attained. Binding of the pesticide to the soil is through the organic and
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mineral parts of the soil. The high lipophilicity

of malathion will favour binding to the

organic part of the soil. Binding of malathion to the soil through the clay minerals is also
likely. Previous studies have shown that malathion is adsorbed in each homoionic clay
saturated with Na+, Ca2+,Cu2+,Fe3+ or A13+by hydrogen bonding between the carbonyl oxygen
atoms and hydration water shells of the cation". In the present study there is evidence that the
pesticide is slowly sorbed into the soil and can not be extracted by the solvents, resulting in an
increasing concentration of bound residues with time (figure 31a). The bound residues start
decreasing withtime

after attaining a maximum concentration of 42.4% in the soil. Although

the bound residues start decreasing, there is no corresponding
residues in the soil.

increase in the extractable

It is also observed that there is no marked increase in the uptake of

malathion by the pea plant, which was grown on the soil that received the pesticide (figure
31b). In the parallel experiment to investigate the evolution of 14C02from malathion in the
soil, it was observed that 14C02was being evolved (figure 4). In the 192nd hour (8th day) when
the bound residues start decreasing, it is observed that there is marked increase in the
evolution of 14C02in the parallel experiment (figure 4). It can be concluded that apart from
the extractable residues that are undergoing microbial degradation with evolution of 14C02
right from the start, some of the bound residues are also metabolized to 14C02,In the present
study microbial degradation of the bound residues of malathion starts 192 hours (8 days) after
the start of the experiment.

There is no evidence to show that the pesticide is first desorbed

from the solid phase into solution and then acted upon by the microorganisms,
sudden increase in the extractable

residues when the bound residues

as there is no

start decreasing.

Although it has been said that the bound residues of a pesticide will resist chemical and
biological degradation,

it is not the case with bound residues of malathion,

which are
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vulnerable to biological degradation. It has been reported that biodegradation
occurs either when microorganisms
chemicals (scavenge)

of pesticides

have the ability to directly access the sorbed-phase

or after chemicals have been desorbed to the soil solution. The

biological route in the breakdown of pesticides in soil is by the microbial consumption of the
pesticide as an energy, carbon andlor nitrogen source".

During the utilization of malathion as

a source of energy, 14C02is released. There are many studies, which have been reported in the
literature where evolution of 14C02from pesticides in the soil": 93,94,95,97have been observed.
The uptake of malathion by the pea plant from the soil that was treated with malathion is low
(figure 31b). Malathion has log Ko/w of 2.36, which shows that the pesticide is lipophilic and
will strongly, be adsorbed to the soil. The amount that is available in the extractable form
follows the symplastic pathway in the plant, which is a long route. The solubility of the
pesticide in water is also low (143ppm)34. This low solubility lowers the amount of the
pesticide that is transported through the xylem. The bound residues increase initially fast up to
the 192nd hour (S" day), when a concentration of 0.2% of the total pesticide concentration is
achieved. Thereafter, the rate of increase is very low. The proportion of the bound residues
in the pea plant is very low although it exceeds the extractable residues after 400 hours (17
days). The pea plant appears not to take a lot of the pesticide from the soil (Table 12 and
figure 31b). The rate at which the pea plant loses malathion to its surroundings is faster than
the rate at which it is taken from the soil. This explains the decrease in the extractable
residues of the pesticide from the pea plant on attaining a maximum concentration of 2.43%
after96 hours (4 days).
The amounts of 14C_compounds in evapotranspired water were determined (figure 5). It is
observedthat the amount of 14C_compounds in evapotranspired water from the pea plant that
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was grown on the soil, treated with malathion, were low and show a marginal increase with
time. However, the amount of 14C_compounds in the evapotranspired

water from foliar

applied malathion is high and shows a rapid increase with time (figure 5). The much reduced
concentration of '4C-compounds in evapotranspired water from malathion applied to the soil
is basically due to the strong adsorption of malathion by the soil, thus reducing the amount of
the pesticide in solution available to the pea plant. The high amount of "Cscompounds

in

evapotranspired water from the plant surfaces, however, is explained by less effective
chemical adsorption reactions on the foliar surface of the plant". In the present study only
4.2% of the total pesticide constitutes the bound residues in the pea plant while the bound
residues constitutes 42% of the total pesticide in the soil. The dissipation of malathion from
the soil is exponential as seen in figure 31a. When the data is fitted into a first order kinetics
model, the total residues of malathion in the soil gives a half-life value of 17 days, which is
higher than the value obtained for the dissipation of malathion from the foliar surface of pea
plant in the greenhouse (11 days). The value from the soil is expected to be higher than from
the pea plant considering that the soil has higher adsorptive ability than the plant.

5.1.5 Metabolites of malathion in the soil
The results of autoradiography (figures 32 and 33) show only the presence of malathion in the
samples from soil as well as from the garden pea grown on the same soil for all the samples
analyzed 24, 96 and 192 hours after pesticide application. The other metabolites were not
revealed by autoradiography probably due to the low level of radioactivity in the metabolites.
The autoradiogram spots from the plant samples were very faint compared with those of the
soil. The mass

spectra revealed

the presence

of other metabolites

not detected

by
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autoradiography in the soil samples, i.e., malaoxon, diethyl mercaptosuccinate
dimethyl phosphorodithioate.

The peaks at m/z 314, 143, 127, 109 and 79 in figure 35 have

been attributed to malaoxon
[(CH30)2P(SH)OHt.
to [CH30POHt.

and 0, 0-

and its isomer. The fragment peak at m/z 143 is due to

The peak at m/z 109 is due [(CH30)2P=Ot. The peak at m/z 79 is due
Figure

36 is a mass

spectrum

for TMS

derivative

of malathion

monocarboxylic acid. The peak at m/z 359 is due to M-15 resulting from the loss of a silyl
methyl group and the peak at m/z 329 is due to M-45 resulting from the loss of three silyl
methyl groups.

5.1.6 Dissipation of methoxy-r'C dimethoate from soil and its uptake by the pea plant
The dissipation pattern of the extractable residues follows the same pattern as extractable
residues of malathion. However, the rate of loss of the dimethoate extractable residues is low
(figure 37a). The loss of the extractable residues is through volatilization to the atmosphere,
conversion into the bound residues, microbial mineralization to 14C02and uptake by the plant.
Volatilization is not expected to be a major process due to the low vapour pressure of
dimethoate (5.1x 10-6 mmHg at 25°C). High rate of loss of extractable residues through
leaching would have occurred due to the high solubility of dimethoate in water (25,000 ppm),
but this did not happen because the pots with soil were watered from the trays on which the
pots were placed. Initial loss of the pesticide is high due to the initial high concentration of the
pesticide in the extractable form. With time the concentration of the extractable residues is
reduced and the processes dependent on this are also retarded (figure 37a).
The bound residues in the soil are as high as 41.3% of the initial dose, after 29 days. This is
almost the same amount as that of malathion bound to the soil (42.4%) after 4 days. The
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difference between the two is that the rate of binding of malathion residues is faster than that
of dimethoate. For malathion, 42.4% of the initial dose was bound to the soil after 4 days
only. Binding of dimethoate residues to the organic matter of the soil may not be substantial
due to its low lipophilicity (log Ko/w = 0.78). However, binding of dimethoate to the soil
occurs through the mineral components of the soil. The soil is characterized with high mineral
content (table 20). It is possible that the amide bond can irreversibly bind to the metal ions in
the soil forming metal complexes. For malathion the complex formation has been reported in
the literature through the P=O bond, formed during the conversion of malathion to its oxygen
analogue, malaoxon'".

The bound residues of dimethoate

appear to be shielded from

microbes since the residues do not undergo mineralization like the malathion bound residues.
The residues are likely to persist long in the soil and can be mobilized by plants growing in
the soil.
The microbial degradation of the pesticide in the soil was not very much pronounced as the
data in table 10 and figure 14 show. There was an initial high rate of 14C02 production up to
the 96th hour (4th day). The rate of 14C02production reduced to zero and the accumulated
14C02produced remained constant 8 days after treatment. As a result no further 14C02 was
recorded beyond ten days. Considering that only the methoxy groups were labeled, it was not
possible to ascertain

if the other parts of the molecule

are susceptible

to microbial

metabolization. Only part of the extractable residues of dimethoate was metabolized. The
bound residues did not show any sign of being microbially metabolized,

as the amount of

bound residues did not decrease (figure 37a). This is in contrast with malathion, which
undergoes microbial metabolization of both the extractable and the bound residues.
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Table 13 and figure 37b show the results of uptake of dimethoate

from the soil. Both

extractable and bound residues of dimethoate in the pea plant increase with time. The data
show that the rate of uptake of dimethoate by the pea plant from the soil exceeds the rate at
which the pesticide is lost by the plant through evapotranspiration

and metabolization in the

plant. It has already been shown (table 9 and figure 13a) that the rate of translocation of
dimethoate in the pea plant is low (4.6%). This effectively reduces the loss of pesticide to the
atmosphere through evapotranspiration.

Given the low log Ko/w of dimethoate and its high

solubility in water" the uptake of the pesticide from the soil by the plant is favoured over the
loss of the pesticide from the plant.

Fernando Sicbaldi et al!" explain the correlation as

follows: a pesticide with a relatively high lipophilicity

increases its partition in all the

lipophilic cell structure because it may easily cross the plasma membrane of root hairs, cortex
and stele cells and consequently its movement in the root is symplastic.

The high affinity for

the lipophilic structure of the cell in turn affects the time required to reach the steady-state
concentration into the xylem sap, achieved only when all sites of interaction with lipidic
phases of the cells are saturated.

A chemical of low lipophilicity is less available to move

from external solution to stele by a symplastic pathway and is less partitioned than a more
lipophilic one into the lipid cell structure.

Compounds of low lipophilicity move mainly by

water mass flow through the root apoplast up to the Caspian strip, reaching the steady-state
concentration into the xylem sap more quickly. This interpretation is in good agreement with
the results obtained from both malathion and dimethoate in this study. For malathion the rate
of uptake by the plant is exceeded by the rate of loss through evapotranspiration
to the plant tissues.

and binding
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By regression analysis, the dissipation data of dimethoate from the soil in the green house fits
into a first order kinetics model and a half-life of 96 days has been calculated.

The value is

higher than that for malathion (t1/2=17 days) from the soil in the greenhouse. The value (96
days) of half-life for the disappearance of dimethoate from the soil is higher than the value (17
days) of malathion because in the greenhouse, leaching was controlled. Leaching was not a
major process by which dimethoate would have been lost from the soil due to its high
solubility in water because watering was through the trays beneath the PVC pots. The trays
never allowed water to drain through and the only way the pesticides could be lost from the
soil was by absorption by the pea plant, degradation of the pesticides by the microbes in the
soil, evapotranspiration by the pea plant and direct evaporation from the soil. In the present
study it has already been found that the degradation of malathion by microbes involves both
the bound and extractable residues while only the extractable residues of dimethoate undergo
degradation by microbes in the soil. Therefore, degradation appears to be the major process
responsible for the fast loss of malathion from the soil.
The dissipation rate of dimethoate from the foliar surface of the garden pea plant is higher (t1/2
= 29

days) than from the soil (t1/2= 96 days). This is expected from the data obtained from the

pea plant and the soil. For instance, in the garden pea plant only 5% of the pesticide was
bound to the plant tissues after 16 days. The corresponding

amount of bound residues of

dimethoate in the soil is 40.4%. The bound residue of dimethoate is shielded from any process
that can cause its diminishing. The loss of the pesticide through evaporation from the soil is
negligible (3.7%) while the loss of the pesticide through evapotranspiration
pea plant is substantial (10.4%) 372 hours after application (table 6).

from the garden
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5.1.7 Adsorption and desorption studies of malathion in the Laboratory.
The adsorption isotherm as described by Freundlich equation has been employed in this study
in which, at equilibrium malathion sorbed by soil and that left in solution is given by the
equation: X!M

=

KF (ads)Celln (where X is amount of pesticide; M is weight of the soil; KF is

Adsorptive capacity; C, is equilibrium concentration of pesticide; n is intensity of adsorption).
The data in tables were fitted into the Freundlich isotherm equation after log transformation.
The data fitted into the equation as defined by the values of n, which must be greater than one.
In the desorption studies the desorption isotherm was employed and all the terms defined in
adsorption isotherm also apply in this case except KF(ads)
is replaced by KF(des)which describes
the Freundlich desorption constant. The data were

transformed into the logarithmic form

(Figures 67, 68, 69 and 70). From the logarithmic data, the constants KF(ads)'KF (des)'n and ~
(correlation coefficient) were computed. The values are tabulated in table 22 (appendix).
The adsorption of malathion by the Kenyan soil is higher than by the German soil with the KF
(ads)
values of 2.8 and 1.7, respectively. The desorption of malathion from the Kenyan soil is
lower than it is from the German soil with the KF (des)of 6.2 and 1.7, respectively. The
adsorption (KF (adS))'provides information on the degree of affinity between the pesticide and
soils while desorption represents reversibility to sorption process and plays a significant role
in determining chemical mobility of pesticides in soil'".
Table 27 shows the characteristics of the soils used in the adsorption and desorption studies of
malathion in the laboratory. The Kenyan soil was obtained from Kisii area. The Kenyan soil
has higher organic content (1.68%) than the German soil (0.88%). The German soil generally
has a higher mineral content than the Kenyan soil. The organic and mineral contents in the
two soils determine the differences in the adsorptive capacities of the two soils. A number of
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soil properties are known to influence the retention and mobility of an insecticide in a soil
profile. They include organic matter content, soil texture, soil acidity, iron, manganese oxide
and clay content!".
The sorption behaviour of malathion in sediment samples from a tropical estuary has been
carried out!". The study found that malathion adsorption is essentially a heterogeneous multilayer interaction. The Freundlich model is based on a multi-layer
adsorption and is therefore governed by the physicochemical

type of heterogeneous

parameters such as partition

coefficient and solubility of the solute, particle size and organic content of the sediment, as
well as the energetics of the adsorption process.

5.1.8 Adsorption and desorption studies of dimethoate in the laboratory.
The data have all been fitted into the Freundlich isotherm equation after log transformation.
The amount of dimethoate adsorbed by the soils at different concentrations is lower than that
of malathion adsorbed by the same soils. Figures 71, 72, 73 and 74 represent the logarithmic
data of the adsorption and desorption studies. From the logarithmic data the constants KF (ads)'
KF(des)'

nand

r have been computed

for dimethoate and are tabulated table 23 (appendix).

The KF (ads) values of 1.2 and 1.5 for Kenyan and German soils, respectively, show that the
German soil has a higher adsorptive capacity than the Kenyan soil for dimethoate. It appears
that adsorption of dimethoate by the soil is via the minerals in the soil which are abundant in
the German soil than in the Kenyan soil (table 27). On desorption of the pesticide from the
soils, the pesticide, dimethoate, clings more to the German soil than the Kenyan soil as shown
by the KF(des) values of 2.6 and 1.9 for the German and Kenyan soils respectively.
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Comparison of the adsorption and desorption behaviour of the two pesticides in the two
different soils shows that malathion with KF (ads) of 2.8 is more adsorbed to the Kenyan soil
than dimethoate with KF (ads) of 1.2. Since malathion is more lipophilic (log Ko/w of 2.36) than
dimethoate (log Ko/w of 0.78), malathion is expected to be more adsorbed than dimethoate by
a soil with higher organic matter. This is the case with the Kenyan soil. The solubility values
of the two pesticides are 143 and 25,000 mg/l for malathion and dimethoate, respectively.
Dimethoate is therefore, expected to remain in solution rather than to be adsorbed by soil.

5.2 Dissipation of malathion from soils under field conditions
5.2.1 Dissipation of malathion from Kisii soil
In the short rain spell, there was heavy rain initially which accelerated leaching, rapid loss
through vapourization,

binding to the soil and microbial mineralization

of the extractable

residues. These processes together led to the initial rapid loss of the extractable residues. The
processes were also accelerated by the initial high concentration of the extractable residues.
Throughout the study rain was well-distributed

(figure 55). The maximum air temperatures

were on average above 200e while the minimum air temperatures

on average were above

lO°C. The evaporation was below 10 mm (figure 56). Wind speed for the entire period of
study was high and most of the time above 100krnlh (figure 59). As the concentration of the
extractable residues decreased with time, the rate of loss of the extractable residues reduced.
Leaching, the bound residues formation and vapourization

reduced and this explains the

decrease in the dissipation rate of the extractable residues in the later stage (figure 48). The
decrease in the concentration of the bound residues in the soil from the 21 SI day onwards
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(figure 48) is due to microbial degradation of the pesticide leading to the formation of 14eoz.
The dissipation of total residues in the soil displays a single-phase dissipation curve.
In the heavy rain season, the dissipation pattern of the extractable residues is the same as that
of the short rain spell (figure 48). The bound residues after a short build up start decreasing.
The long distance covered from the field to the laboratory delayed the immediate analysis of
the various residues in the soil. As a result the bound residue was formed while on transit and
this gave higher values of bound residues in the initial stages than it should. The decrease in
the bound residues starts from the 7thday, which is 7 days earlier than in the short rain spell.
This is attributed to the bound residues also being microbially degraded to 14eoz. Rain is also
evenly distributed during the study although it is generally higher than in the short rain spell
in some days (figure 55). Maximum

temperatures

are over 200e

while the minimum

temperatures are between 100e and 20oe. The soil temperatures are above 20°e. Evaporation
is below 20mm. The wind speed is generally higher than that prevailing in the short rain spell
(figure 59). The dissipation of total residues displays a two-phase curve, an initial fast rate of
dissipation and a slow one at the later stage (figure 49).
The decrease in the bound residues was initially puzzling, as it could not be reflected in the
increase in extractable residues in the soil. In other words, there was no accompanying
increase in the extractable residues as the bound residues started decreasing from the 7th day in
the long rain season and

from the 14th day in the short rain season. It was initially

hypothesized that the bound residues could be reverting to the extractable

form or the

microbes could be metabolizing them. However, the conversion to extractable form was not
tenable, as there was no observed increase in the extractable residues when the bound residues
started decreasing in the soil (figures 48 and 49).
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The mystery was resolved when the studies were done in the green house. In the green house
where malathion was studied in the soil, it was observed that the bound residues started
decreasing 8 days after treatment (figure 31a). This was further investigated by setting up a
parallel experiment in which the 14C02 evolved was trapped by ethanolamine
periodically analysed.

Interestingly,

and then

it was observed that 14COZ was being evolved long

before the bound residues started decreasing. However, on the 8th day when the bound
residues started decreasing, there was an upsurge in the evolution of the 14COZ (figure 4). This
study unequivocally

establishes

that bound residues of malathion

in the soil are also

metabolized by microbes. This is a novel finding in this study since it has not been reported in
the literature before. The common view held is that once the pesticide is bound to the soil, it is
safe from biodegradation".

In the field studies, malathion was labeled at the carbons of the

two methoxy groups while in the greenhouse, malathion was labeled at the 2 and 3 carbons of
the diethyl malonate.

Both positions

of carbon labelling gave 14COZ showing that the

degradation of malathion by the microorganisms

occurs at the two positions of carbon

labeling.
The major difference between the two field studies is the prevailing weather conditions as
both field studies were carried out in the same area. The data from the two field studies have
been fitted into a first order kinetics model after partial log transformation. The model gives
half-life values of 41 days during the short rain spell and 36.7 days during the long rain spell.
The method of estimation of the persistence of malathion in the soil is consistent with
previous studies of other pesticides in the soil":

96.
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5.2.2 Dissipation of malathion from Nairobi soil
The extractable and the total malathion residues show initial fast decrease after application to
soil but later the decrease is slow with time (figure 50). The initial rapid decrease is consistent
with earlier observations

that high initial concentration

of the extractable

residues will

promote high rate of loss of the extractable residues. Leaching is not a major process in this
case as there was little rain to encourage the leaching. However, malathion has been shown to
undergo leaching in soils from both Nairobi and Kisii (figure 51). In the leaching experiments
of malathion with the soils in the laboratory from Nairobi, Mombasa and Kisii, malathion
distributes itself with depth, although most of it still remains

at the topsoil, with the

concentration decreasing along the soil column. The soil from Mombasa, which is mainly
sandy without any clay content and has low carbon content (0.54%), had the highest amount
of malathion in the leachate (figure 51).
The extractable residues in the soil were converted into the bound residues with elapsed time
in the field (figure 50). The weather conditions in Nairobi at the time were characterized with
low precipitation (figure 55), evaporation and wind speed values were low (figures 58 and
59). The low precipitation led to dry conditions in the soil, which did not favour microbial
degradation of the bound residues of malathion in the soil. The bound residues did not
decrease at any time as observed in the dissipation pattern of the bound residues (figure 50).
This observation is consistent with other studies on degradation
organochlorines in flooded and non-flooded soil conditions

of malathion and some

29, 116.

When the data were subjected to the first order kinetics model, they gave a half-life value of
770 days for the total residues of malathion in the soil. This value is very much exaggerated
because the kinetics model assumes that the conditions prevailing at the time of the field
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study will remain in force throughout. This is unlikely, as the weather is known to change
from the dry spell when the study was carried out (figures 55, 58 and 59) to the long rain
spell. The advent of long rains will obviously accelerate the disappearance of the pesticide
from the soil through leaching, volatilisation,

vapourisation

and degradation.

In the dry

conditions, which prevailed during this study and considering the high mineral content of Mn
and Ca in the soil, the high half-life value of 770 days is reasonable. Complex formation has
been shown to inactivate and immobilise pesticides'?". Moreover, malathion has a carboxylate
group which provides a potential binding site for metal ions. The explanation fits well with
the findings in this study. There was a slow build up of the bound residues in the soil. The
bound residues did not attain a maximum point and then start to decrease. The decrease in the
extractable residues in the soil was gradual.

It has been reported that malathion or its oxygen

analogue, which was found to be in the soil during this study can form insoluble complexes
with metals in the soil'!'.
The heavy rains have been shown to influence the high rate of dissipation of malathion (table
25 and figure 49). The soils from Kisii and Nairobi had pH less than 7 (4.9 and 6.1 for Kisii
and Nairobi, respectively). The soil from Kisii had slightly higher organic carbon and clay
contents (table 27). The soil characteristics from the two areas were not very different. The
prevailing weather conditions during the field studies in the two areas clearly determined the
rate of dissipation of malathion. The use of methanol as a solvent for continuous extraction
was effective as 88.4% of the freshly spiked malathion to the soil from Kisii could be
recovered while 91.6% was recovered from Nairobi soil with Soxhlet extraction (table 29).
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5.2.3 Metabolites in the soil from Nairobi and Kisii areas
Soil samples from both Kisii and Nairobi areas show the presence of malathion, malaoxon,
malathion monocarboxylic

acid and isomalathion.

Malaoxon

is formed by oxidation of

malathion and is one of the main degradation products in air, soil and animals although the
rates of reaction are different

I 39.

Exchange of sulphur with oxygen is by Mixed Function

Oxidase. In the soil the photo-oxidation of malathion is by UV -light (2537~)13O. Malaoxon is
knowh to have a higher Acetyl Cholinesterase
compound, malathion. Isomalathion

enzyme inhibiting potency than its parent

is an isomer of malathion.

It is easily formed from

malathion without the initiation of any particular enzyme. However, it is found to disappear
very fast from the environment".
action of the carboxylesterases

The formation of malathion mono carboxylic acid is by the
on malathion. The conversion is known to occur in animals,

plants and the soil", The pH of the soils from Nairobi and Kisii were 4.9 and 6.1 respectively.
The acidic conditions in the soil would favour the chemical hydrolysis

of the malathion

molecule at the S-C bond leading to the formation of dimethyl phosphorodithioate

and diethyl

malonate". It could not be established whether this chemical hydrolysis took place or. not
since the authentic standards of these compounds were not available. In this study, malathion
was degraded to carbon dioxide implying that the microorganisms were utilizing the pesticide
for energy production.

5.3 CONCLUSIONS AND RECOMMENDATIONS
The use of

Radioisotope

tracer technique has greatly helped

residues in both the soil and the pea plant. Considering

III

determining

the bound

that a large proportion

of the

pesticides is converted into bound residues as shown by the data generated, it can confidently
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be said that there has been gross underestimation

of the pesticide

residues in samples

determined normally for routine checks. The bound residue forms a larger proportion of all
the residues in the soil due to the higher soil adsorptive ability than in the plant where the
bound residue constitutes a smaller proportion. Although the technique has high precision and
gives results fast, it has some limitations. The radioactive materials which the technique can
only analyse, are expensive to procure. The equipment is equally expensive and initial input
in its installation is enormous. Radioisotope

tracer technique is able to analyse the bound

pesticide residue after combusting them to 14C02, thus destroying the identity of the bound
pesticide residues.

The technique

can be supplemented

with other techniques

such as

supercritical fluid extraction (SFE), which can be used to extract bound pesticide residues
without interfering with the identity of the bound residues. Application of !3C_or 15N_NMR
spectroscopy has aided in the evaluation of the nature of binding in bound pesticide residues.
It has been shown that the extractable residues of malathion and dimethoate do undergo
microbial degradation and that the bound residues of malathion are also biodegraded. The
biodegradation of both malathion and dimethoate by microbes occurred in the soil, producing
quantifiable 14C02. The non-degradation

of bound residues of dimethoate makes dimethoate

more persistent than malathion in the soil.
In the garden pea plant, dimethoate was found to persist longer than malathion on the foliar
surface. The dislodgeable residues which persisted on the foliar surface of the plant may be a
hazard to agricultural workers. Malathion was found to dissipate faster than dimethoate from
the foliar surface of the pea plant and was translocated to all parts of the plant. This is a
positive attribute for malathion when applied at a localized point on a plant, as it is able to
exert its effects in other parts especially upon sucking insects. However,

translocation
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increased the amount of the pesticide residues in evapotranspired water. This was in contrast
with dimethoate, which is 170 times more soluble in water than malathion, but less amount of
its residues was in the evapotranspired water.
Dimethoate was found to be less translocated than malathion. Both pesticides were bound to
the plant tissues to the same extent, which has been attributed to the two pesticide molecules
being almost similar in structure but differing only by the fact that dimethoate has an amide
functional group while malathion has a carboxyl functional group. Dimethoate formed the
oxygen analogue, dimethoxon on the foliar surface and in the plant. Malathion did not form
its oxygen analogue, malaoxon, in the pea plant. However, malaoxon was detected in the soil.
The other metabolites formed, which are more polar than the parent compounds are less
harmful and are more soluble in water and, can be eliminated by the plant.
Since the bound residues did not start decreasing after their formation in the pea plant, it is not
possible to say what happens to the bound residues of the pesticides.

However,

it is

documented that the bound residues of malathion in plants become bio-available to organisms
when the former feed on the plants. The bound residues in the plants are also reported to have
biological effects on the feeding animals. Since no information has been documented on the
bound residues of dimethoate on the feeding animals, it is suggested that this line be pursued
to conclusion. Bound malathion residues in the soil from Kisii, and soil used in the
greenhouse experiments underwent microbial degradation while bound residues in soil from
Nairobi did not undergo microbial degradation. Although the prevailing conditions support
the observed phenomenon, it is suggested that further work on malathion in the soil from
Nairobi be pursued. The dissipation studies should be carried out during the heavy rain, and
culturing should be carried out to establish the existence and nature of the microorganisms
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responsible

for biodegradation.

Most metabolites

detected

on the TLC plates during

autoradiography could not be authenticated due to lack of reference standards. The work
should be revisited with a view to identifying the metabolites.
In view of the high mortality rates in the agricultural workers who use pesticides in the
developing countries, a program should be undertaken to educate the workers on the safety
measures to take when applying pesticides.
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