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ABSTRACT
The release of encapsulated diazinon (O,O-diethyl-0-[6-methyl-2-(1-methylethyl)-4pyrimidinyl] phosphorothiollate) from various borate-starch matrices was measured. In water 100% release
was achieved in 3 hours for the borate-l matrix and 80% release was realised in 24 hours for the borate-2
matrix .. The release of diazinon into acetone was considerably less. The release of diazinon from the borate
matrix into air was comparatively faster than the release of chlorpyrifos from a commercially made slow
release formulation of Suscon. Kinetics of pesticide release study in the soil were inconclusive. The borate-l
matrix leached significantly less than the Emusible Concentrate (EC) formulation.

In our earlier publication!, a detailed discussion
on the methods of encapsulation of diazinon (0,0diethy 1-0- [6-methyl-2-( 1-methylethyl)-4-pyrimid
inyl] phosphvrothionate) in a starch matrix using
boiling boric acid solution was given. However, the
most important aspect of successful encapsulation is
the percentage of pesticide encapsulated inside the
starch matrix and the rates at which the pesticide is
released from the matrix.
The mechanisms of controlled release are many
and varied, but most of the current encapsulated
systems are now based on mechanisms such as diffusion through a rate-controlling medium, erosion of
biociegraciaple wall materials, and retrograde chemical re~ctioiI~'" l}elease rates usually are not zeroorder and are controlled by several sequential or
simultaneous mechanisms, making simple analysis
difficult2. It is possible, however, to determine experimentally an ovcrall order of release for these
complex systems.
The results reported here are of kinetic studies
on the release of diazinon from starch-borate encapsulated granules in water and in soil, and are compared to the results with the hydrolytic degradation
of diazinon and the release rate of chlorpyrifos from
commercially
made
encapsulated
granules
'Suscon'.

Starch-borate-diazinon
encapsulated granules
were prepared according to the methods described

previously 1. The particle size and percentage of
active ingredient encapsulated were determined as
prescribed 1. All chemicals used were reagent grade
and all organic solvents were distilled before use.
Diazinon 60 EC, used for encapsulation, was obtained from Grace Agro-chemicals,
Kingston,
Jamaica. High purity water, obtained by passing
distilled water, through a Milli-Q watcr purification
system (Millipore Co., U.S.A.) was used for kinetic
experiments. Suscon, commercially available encapsulated granules, was obtained as a gift from Dr.
A. Mansingh of the Department of Zoology.

Release from the Starch-Borate
in Water

Complexes

Approximately 9.5 g of the granules was placed
in a covered 250 em conical flask and covered with
25 cm3 water. The active ingredient content was
such that the volumes of water used were in excess
of the solubility. Mter the prescribed period (0-48
hours) had elapsed, the granules were fIltered off and
the filtrate extracted with three 30 cm3 portions of
15% dichloromethane/hexane solution. The combined extracts were dried by anhydrous sodium sulfate, transferred to a 100 cm3 volumetric flask and
made up to the mark. The extract was then analysed
by gas chromatography.

0.75 g sample~ were placed in an Erlenmeyer
flask with 250 em of water-acetone (15% water)

solution and placed in a water bath thermos tatted at
30°C. After an elapsed time (0-28 days) the granules
were filtered off from the water -acetone mixture and
the filtrate was extracted with three 30 cm3 portions
of 15% dichloromethane/hexane solution. The extracts were dried by anhydrous sodium sulfate and
transferred to volumetric flasks. The contents were
analysed for pesticide concentration
by gas
chromatography.

1.5 g encapsulated granules (10% diazinon)
packed in a fIne cloth mesh, were placed at the
bottom of a 100 cm3 beaker. 40 g soil (2.5 cm) were
placed on the top of the mesh and the beaker was
covered by a cloth mesh secured with a rubber band.
The soil was analysed for the pesticide at the end of
24 hours, one week, 3 and 6 months by Soxhlet
extraction using 15% dichloromethane in hexane
followed by gas chromatographic analysis.

Dry Granules: 0.5-1.0 g encapsulated granules
was weighed and placed in tared dishes and then
placed in a fume cupboard to enhance air flow above
the dishes. The dishes were weighed periodically
and differences in mass noted.
Wet Granules: 0.5-1.0 g <try granules was
placed in tared dishes and 1-2 cm3 of water added.
The dishes containing the wet granules were
weighed and left to dry. They were then reweighed
after a prescribed time and the difference in mass
noted. This was repeated several times.

An approximately 30 ppm solution of diazinon
was prepared in buffers of pH 6 and 9 by using the
60% Basudin formulation of diazinon. The solutions were transferred to 100 cm3 volumetric flasks
and placed in a thermostatic water bath at 30°C. At
appropriate time intervals, 5 cm3 portions were
removed and extracted with three 30 cm3 portions
of 15% dichloromethane/hexane solution. The extracts were combined in a round bottom flask, dried
by anhjdrous sodium sulfate, concentrated to below
10 cm
and transferred with hexane to 10 cm3
volumetric flasks. The flasks were made up to the
mark by washings from the round bottom flasks.
The extracts were analysed by gas chromatography.
Duplicate experiments were performed.

Water Extraction: Aqueous solutions containing the pesticide at concentrations used in this study
(0.5, 5 and 60 ppm) were extracted in a similar
manner as in the pesticide release studies discussed
above.
Starch Extraction: A starch-borate matrix was
prepared and a known quantity of the pesticide was
added. The pesticide was extracted and analysed as
described above.
Soil Extraction: Recovery for soil extraction
was done by placing a known concentration of the
pesticide in a soil of similar composition to that in
which the release study was done. Extraction and
analysis were done as before.
The percent recoveries in all experiments were
in the range of 80-86% as shown in Table I:

TABLE.l

Extraction Recoveries for the various
types of Extractions used in this
study

Water
Water
Water
Starch
Soil (Soxhlet)
Soil (Shaking)
Soil (Soxhlet)

Diazinon
Diazinon
I
Diazinon
I
Diazinon
Diazinon
I
Diazinon
I
CWorpyrifos!

i

60 ppm
5 ppm
0.5 ppm
7 mg/g
1 mg/20g
1 mg/20g
1 mg/20g

86±1

83±1
82±2
85±1

82±2
83±2
80±2

A Shimadzu 9A gas chromatograph and Chemcadet pH meter were used. The attachments and
settings of these instruments are the same as
described in our earlier publicationl.

The release rates of the encapsulated pesticide
were determined under abiotic laboratory conditions
by soaking the borate-l formulation 1 in water and
water/acetone (0, 15, and 100% water). Although it
has been customary to wash the controlled-release
formulation granules before any release stupy is
done, this procedure was not followed here as it is
usually necessary in agriculture to have some active
ingredient on the surface to give initial pest control.
Release studies were therefore carried out with this

in mind to determine the initial release from the
controlled-release formulation surface.
Release of pesticide from the borate-l matrix in
wat~r was fast. All the active ingredient (100%) was
released in 3 hours. Since these formulations were
designed to be used in soil with moisture ranges from
0-30%, studies were done in 15% water/acetone.
The rate of release of diazinon was considerably
slowed down with 15 % water/ acetone as shown in
Figure 1. There was no observable release of

-0

~

The release of diazinon from the borate-2 matrix
into 100% water was about eight times slower than
that from the borate-l matrix (Figure 2). The release
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FIGURE 2 Plots of Square Root of Time Versus
Percentage
of Diazinon Released for
some Starch-Borate
Matrices

o Corn

FIGURE 1 Effect of Water on Release Rate of
Diazinon from Corn and Cassava
Starch· Borate Matrices

diazinoll in 100% acetone which suggests that the
mechanism of release involves softening of the
matrix with a subsequent diffusion of the active
ingredients from the matrix.- It also suggests that
water is necessary for release and that the rate of
release is directly dependent on moisture content.
All the release data gave straight lines when the
concentration of diazinon released was plotted
against "'time (Figure 1). This is in agreement with
Fick's law for dissolution-diffusion release from a
monolithic system 4.

rates increase quite substantially as the percentage
of boric acid increases in the matrix. There was no
marked trend in the initial three hours as the samples
had varying amounts of unencapsulated pesticide on
the surface, the release of which was faster than those
in the matrices. The cassava starch- borate granules
showed a slightly faster release rate than the com
starch-borate granules (Figure 3).

Despite the problemsencouotered
in determining release rates in soil by extracting the released or
bound pesticides, this was attempted - on a preliminary basis - using pots and column tests. Most
workers have employed bioassays to monitor release
rates. There are two feasible approaches with small
scale pot tests: (1) to extract the released agent from

day, one week, three months and six months. For the
samples taken at one day and one week, only the soil
was analysed. For the samples taken at three and six
months intervals, both the soil and matrix were assessed for pesticide residues.
The initial amount of pesticide found in the soil
for the starch-borate matrix was approximately
twice the amount for the Suscon formulation (Table
2). The amount of pesticide found in soil at the end
of six months for both matrices was less than one
percent of the amount put in (200 mg) . The quantity
of (:testicide found in the starch-borate and Suscon
matrices at the end of six months was 50% and 95%
of the quantity of pesticide put in respectively
(Tables 2 and 3). The amowlt of pesticide unaccounted for could be attributed to degradation or
volatilization.
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FIGURE 3 Effect of Starch Type on Release
Rate of Diazinon from Corn and
Cassava Starch Borate 2 Matrices

the soil and perform a bioassay to quantify concentration and (2) to obtain semiquantitative results
using organisms in situ. The second approach is
more convenient and results in fewer errors since the
extraction stage is eliminated. However, when this
method is used, the visual symptoms of biological
response are delayed and no specific time interval
can be ascribed to measurement.
It was planned
initially to use the second approach in this study, but
the disadvantage in using this approach, discw,sed
above, led to it being abandoned. It was therefore
decided to determine the release rate by extraction
and then to quantify the amount of pesticide extracted by Gc.
The pot tests were done on the borate-l matrix
and the Suscon granules. No work was done in soil
on the borate-2 granules, but based on the water tests,
it is expected that these granules should release the
pesticide slower in soil than the borate-l granules
(unless they are more biodegradable) as water was
found to be the major factor that determines release
rates.
This study was conducted over a period of six
months and samples were taken at intervals of one

184, 187
161. 158
121,124

107
150. 149
104

TABLE 3

Variation of Chlorpyrifos Concentration
in Suscon Matrix as a Function of Moisture Content in Soil and Time. Initial
Mass
1.5 g; Active Ingredient
14%

=

Soil Moisture (%)

5
10
15
5
10
15

=

Time/Months

3
3
3
5
5
5

Mass Found/mg

190, 192
205, 198
207, 192
189
183,178
191, 192

It was observed in the literature that diazinon
was found to be stable5 up to ten days at pH 7,9 and
11. A hydrolysis study on diazinon at pH 9.0,
showed an initial stability for more than six days
after which hydrolysis proceeded even faster than at
pH 6.0. At the end of the study (40 days), the initial

amount of diazinon had decreased by less than half
(Table 4). Therefore hydrolysis might not have
been a major contributing factor to the low quantity
of diazinon found in the soil. It also means that the
50 % of active ingredient was actually released from
the matrix, and little or no degradation had taken
place within the matrix. This observation is supported by Schoen et a1.6, who showed that the
degradation of diazinon by hydrolysis decreases
with increasing concentration since the diazinon
concentration within the matrix was fairly high.

Time/Days

Concentration of Diazinon/ppm
pH6
pH9
34.8
31.4
28.4
25.9
23.0
20.5
16.5
13.2

34.4
34.3
34.0
24.7
21.7
15.7
12.9
10.7

Studies on the biological activity of diazinon in
sandy loam soil indicate that diazinon stops showing
activity before five weeks, when an emulsifiable
concentrate formulation of diazinon was applied.
Pesticides applied to soil as granular formulations
tend to persist longer than when applied as sprays.
This might explain the relatively long persistence of
diazinon in the study. Some argue that slow release
formulations are not necessary, as granular formulations actually release active ingredients slOWly.It is
known2 how the starch-borate formulation compares with some commercial formulations which are
made by adsorption of pesticide on organic substrates such as com cobs or adsorption on clays.
These types of formulations are expected to release
pesticides much more rapidly than the starch-borate
formulations being investigated here.
When compared to the release of cblorpyrifos
from the Suscon granules, the release of diazinon
from starch-borate matrices is very fast. It may not
be fair to compare both formulations due to the
difference in the active ingredients. Chlorpyrifos is
much less soluble8 in water than diazllon (Chlorpyrifos - 2 ppm and diazinon - 40 ppm) and this
accounts for the slow release of cblorpyrifos from
Suscon. Since the starch matrix imbibes water when
wet, the solubility of diazinon causes it to diffuse
readily into the matrix and hence from the matrix into
the soil. The plastic matrix is relatively highly im-

permeable and this, combined with the low solubility
of chlorpyrifos, causes it to release cblorpyrifos very
slowly.

The release of pesticide in air was assessed for
both Suscon and the borate formulations by
gravimetric methods. Release of diazinon into the
air was also measured on wet granules of the starchborate preparation, since water is the major factor
which determines release from these matrices. This
was measured both gravimetrically and by gas
chromatography.
The addition of water to the starch-borate matrix
caused an increase in the release of diazinon as
expected. However, the increase in release was not
as fast as expected based on the release obtained
when the matrices were left to soak in water. It was
thought that almost 100% release would have been
realised in a short space of time. The adhesive
properties of starch films may account for the slower
rate of release.
After three wettings a significant portion of the
active ingredient still remained inside the matrix.
Trimnell et al. 9 found similarly that only the active
ingredient on the surface was released from the
borate-l matrix in three wet-dry cycles.
Ihe release of diazinon from the dry starchborate matrix was faster than the release of cblorpyrifos from Suscon (Table 5). No defmite differences or trends were observed between the release of
diazinon from the different starch-borate matrices.
However, after 30 days, it was observed that the com
starch-borate-2 matrix, released most of its active
ingredient. This also has the highest percentage of
active ingredient on the surface.
TABLE 5

10 520-

15
10
5
2

Distribution of Diazinon at various Soil
Heights after passage of 25 em3 Water.

Corn
Starch

Cassava
Starch

0.2
2.5
5.4
92.0

0.2
2.1
3.6
94.1

BasudinEC

6.0
23.2
48.5
22.3

After 30 days, it was found that there was an
increase in the weight of starch-borate-l granules so
the weight loss by pesticide volatilization was not
ascertained. It seems that the borate-l matrix might

have absorbed moisture from' the atmosphere as
none of the other matrices recorded any weight '
gained.

The Role of Starch Structure
Rates

in Release

The rate of release of entrapped active agent
depends on how tightly it is held by the host matrix.
Since the essentially linear o.ature of amylose allows
the chains to pack closely, the active agent in the
higher amylose-containing matrix is more securely
held than in the higher amylopectin-containing
matrix.
The greater level of branching in the
amylopectin matrix allows entrapped molecules to
leave easily when water is present. With greater
amylose content, it becomes difficult. for the
molecules to escape. This explains the release· patterns of the various borate matrices, and the matrices
made from various starch types.

It is important environnlentallyalld economic·ally that when pesticides are applied, they remain in.

i •

I

I.

or close to, the application zone. One way in which
pesticides are removed from their site of application
is by le.aching. Factors that influence leaching include the solubility in water and the absorption of
pesticides on the soil. Slow release formulation
usually reduces leaching. The rapid release of active
ingredients from the borate-} matrix was cause for
some concern as to whether formulations of this type
would actually have this advantage.
When comparative leaching studies with the
corresponding EC formulatlon were done, a significant reduction of leaching was obserVed (Table
5). Altb,ough the starch-borate matrix releases active
ingredients rapidly when soaked in water, based on
the leaching studies, it apparently holds or binds the
active ingredient to itself even when softened by
water, preventing leaching. A similar behaviour was
observed with the aeration of wetted borate granules,
which might be a result of the adhesive propertles of
starch pastes.
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