
FATE AND DISTRIBUTION OF LINDANE AND ENDOSULFAN IN
MAIZE AND COWPEA ECOSYSTEMS RESPECTIVELY

P.O. YEBOAH XA9743719
Department of Chemistry,
Ghana Atomic Energy Commission

K.G. MONTFORD
Biotechnology and Nuclear Agriculture Research Institute,
Ghana Atomic Energy Commission

R.K.KLAKE, C.K AKPABLI
Department of Chemistry,
University of Ghana

Legon, Ghana

Abstract

A quantitative study is presented on lindane and endosulfan residues in maize and cowpea ecosystems
respectively. Both pesticides were found to dissipate very fast under the tropical Ghanaian conditions. The high
rate of dissipation in leaves is attributed to the fact that the leaves were exposed to sunshine and wind leading to
increased volatilisation. Endosulfan was found to dissipate faster from the cowpea ecosystem than lindane did in
the maize ecosystem. The mean residue levels of lindane in maize grains were 0.02 |ig g '; whilst residue levels
of endosulfan in cowpea seeds were 0.05 u.g g'1. These levels are lower than the maximum residue limits
recognised as acceptable by the Codex Alimentarus Commission.

1. INTRODUCTION

As a result of increasing world population, there has been a proportionate increase in
the demand for food. Currently, 58 percent of the world's population is undernourished [1].
There is therefore the need to increase food production. This can be achieved through the
application of such products of modern technology, as high yielding crop varieties, fertilisers,
irrigation and pesticides. Pesticides help boost food production by reducing pest populations
to tolerable levels. In 1986, it was found that crop loss due to pests was 40%. Cotton yields
have also been found to increase three fold through effective use of chemical pesticides for
pest control in the Sudan [2].

Despite the benefits derived from pesticides, some of them tend to persist in the
environment, and may thus pose a hazard to living things. Organochlorine pesticides
constitute one group of such pesticides that are persistent. Examples of these include DDT,
lindane and endosulfan. These compounds have also been found to (i) be highly fat soluble
and hence accumulate in fatty tissues of animals, (ii) accumulate in food chains, and (iii)
degrade into other toxic residues which can have long term adverse effects on the
environment [3,4].

In Ghana, the surviving organochlorines in use are lindane, endosulfan, aldrin and
dieldrin. Lindane, formulated under the trade name Gammalin 20, has been restricted to be
used only in the cocoa growing industry. However, due to mixed cropping , other crops end
up by being sprayed with lindane during its application. These crops include maize, cocoyam
and cassava. Under such conditions, lindane can serve to control insects that bore into stems
of the maize plant.
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Notwithstanding the hazards posed by organochlorine pesticides to the environment
and being banned or restricted in temperate regions, developing countries including Ghana,
continue to use them to boost food production. They are also used in public health to control
disease vectors. Their continued use has been attributed to their high efficiency, low cost, and
easy availability. Furthermore, owing to the intense heat and high humidity in the tropics,
organochlorine pesticides dissipate at faster rates than in temperate regions. Consequently, it
is suggested that, there should be less danger of possible accumulation of their residues in
soils, plants and animal matter, that could lead to the precipitation of environmental hazards.

Whereas considerable data on pesticide residues are available in the developed
countries to assist in decision making regarding the continued use of particular pesticides,
knowledge on pesticide residues and their effects are rarely available in many developing
countries. Hence the need to generate data on the effects of these pesticides in various
agroecosystems in the tropics to allow correct decisions on their use. These should include
extensive knowledge about their fate, persistence, distribution, effect on yield, and the way
they affect target and non target organisms to enable an assessment of their potential for
human and environmental hazards.

Maize is a staple Ghanaian food which is taken in many forms. It may be boiled,
roasted, or ground into dough. Since lindane is applied to maize, a knowledge of lindane
residues in maize will therefore be of immense importance to Ghanaians. Cow peas are also
taken in Ghanaian homes in the boiled form. They are also ground and fried. In northern
Ghana, the leaves are used to prepare soup [5].

This report therefore covers studies to identify and quantify lindane and endosulfan
residues in maize and cowpea ecosystem respectively, under Ghanaian conditions.

2. EXPERIMENTAL

2.1. Apparatus

A Hewlett packard gas chromatograph series II, model 5890, equipped with a 63 Ni
electron-capture detector and a SPB 5 capillary column (30 m x 0.5 mm id) was used for the
study. The carrier gas , nitrogen, had a flow rate of 15 mL min"1. The operating temperatures
were: injector, 200°C; detector, 300 °C; and column, 200° C isothermal. The attenuation was
set on the HP 3396A recording integrator at 8, while chart speed was 10 mm min"1. Each
injection had a volume of 1 |xl.

Solid Phase Extraction (SPE) Bond Elute C-18 columns (500 mg in 2.8 mL) were
purchased from Analytical Instruments Varian GmbH, Vosendorf, Austria.

2.2. Reagents and materials

All solvents were Nanograde , and purchased from Mallinckrodt Specialty Chemical
Co. Paris, Kentucky,USA. All other reagents were Analar grade. Commercial lindane
formulated as an emulsifiable concentrate under the trade name Gammalin 20 was obtained
from ICI Ghana Ltd, whilst endosulfan formulated under the trade name Thiodan 35 was
obtained from Hoechst Aktiengesselshaft Frankfurt, Germany. Cypermethrin was obtained
from Shell Chemicals, Abidjan, Cote d' Ivoire.
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The maize planted was a local variety called "Abelehi" which matures in 107 days;
and the cowpea a variety called "Asutem". Lindane and endosulfan standards were obtained
from the International Atomic Energy Agency (IAEA) in Vienna.

2.3. Experimental farm

The experiment was conducted on a 1.6 ha. plot situated at the Ghana Atomic Energy
Commission, Kwabenya, which is about 20 km from the centre of Accra. The plot had been
treated with 1 kg AI of lindane the previous year. Four plots each measuring 50 m x 50 m
were marked out. Two diagonally opposite plots were sown with maize whilst the others were
sown with cowpeas.

2.4. Pesticide treatment

The maize plot that had been earmarked for pesticide treatment was sprayed twice
with a water emulsion of the commercial lindane at a rate of 0.5 kg ha"1 in accordance with
local practices. The split application was done to avoid the resurgence of insect pests that may
survive the first application.

Pesticide treatment of the cowpea plot was also in accordance with the
recommendations of the Plant Protection and Regulatory Services of Ghana's Ministry of
Food and Agriculture. Two earlier treatments were carried out with the synthetic pyrethroid
cypermethrin at a dose of 50 g AI ha"1, per each treatment. This application was to control
insect pests that destroy cowpea flowers. These were followed by the application of
endosulfan (Thiodan 35) at a dose of 750 g AI ha"1. The endosulfan application was to control
the pod borers that destroy cowpea seeds. The weeding, planting , spraying and harvesting
schedules are as shown in Table 1.

Table 1. Schedule of activities

Activity

planting

spraying, lindane

spraying, cypermethrin

spraying, endosulfan
weeding, manual

fertiliser application
harvesting

Crop

maize
cowpea
maize
maize
cowpea
cowpea
cowpea
maize
cowpea
maize
cowpea
maize

Date

Control
2/6

17-18/6
-

-

-
21/6
4-6/6
22/6
9/9

24/9

Treated
3/6

19-20/6
17/6
1/7

21/7
31/7
12/8
23/6
2-3/6
25/6
9/9

24/9
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2.5. Soil characteristics

2.5.1. Sampling

The method followed the FAO/IAEA protocol [Appendix I]. Eight cores of soils were
sampled at random from each sub-plot using a soil auger of 25 mm diameter and a depth of
150 mm. These were combined, ground and passed through a 2 mm sieve by mechanical
shaking. Duplicate sub-samples were then taken for the measurement of pH, moisture
content, organic carbon and particle size.

2.5.2. Determination ofpH

The method followed that prescribed by Davies[6]. A sample (20 g) of the air dried
sample was washed into of water (100 mL). The suspension was stirred with a mechanical
stirrer for 5 minutes and allowed to stand for 30 minutes. The pH was determined using a
meter which had been calibrated with pH4 and 7 standard buffers.

2.5.3. Determination of soil moisture

The soil sample were weighed into moisture cans and dried in an oven at 105°C to
constant weight. The moisture content was determined as a percentage loss in weight.

2.5.4. Determination of organic carbon

The method followed that prescribed in Appendix I. A sample of soil (0.5 g) passed
through a 0.5 mm mesh sieve was added to 1M potassium dichromate solution (10 mL).
Concentrated sulphuric acid (20 mL) was added to the suspension, thoroughly swirled and
allowed to stand on asbestos for 30 minutes. Distilled water (100 mL) was added, followed
by orthophosphoric acid (10 mL) and finally barium diphenylamine sulphonate indicator
(2 mL). The resulting solution was then titrated with 0.2M ferrous ammonium sulphate
solution until the solution changed from blue to green. A blank titration was carried out to
standardise the potassium dichromate.

2.5.5. Particle size analysis

Particle size analysis was determined by standard hydrometer method following
dispersion with sodium hexametaphosphate, as prescribed by Charmetski [7] and Dickson
[8].

2.6. Residue analysis

2.6.1. Sampling

2.6.1.1. Soils
Triplicate samples (50 g) were taken for residue analysis. For lindane, sampling was

made at the following times (crop growth stages): pre-treatment (4th leaf stage), day of first
treatment, 1 day (ankle stage) and 14 days after first treatment (knee high stage). Samples
were also taken on the day of second treatment, followed by 14, 30 and 60 days (post
tusseling stage) after the second treatment. For the cowpea plots (including the endosulfan
experiment), sampling was done on the pre treatment day (flowering stage), 1, 7 (pod
formation stage), 14 (pod drying stage), and 22 (harvesting stage) days post-treatment.
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2.6.1.2. Leaves
For the maize ecosystem, the youngest and oldest leaves were taken off randomly

chosen plants from each of the sub-plots as follows: pre-treatment day of first treatment 1, 14
days after first treatment. Samples were also taken on the day of second treatment, followed
by 14 and 30 days after second treatment. With cowpeas, leaves were randomly sampled from
the various sub-plots as follows: 1,7 14 and 22 days post-treatment.

2.6.2. Extraction and clean up

2.6.2.1. Soils
The triplicate samples were accurately weighed and transferred into a single thickness

cellulose extraction thimble, (43 mm i.d.x 123 mm long) and extracted in a Soxhlet through
10 cycles i.e. for ~5 h with methanol (250 mL). An aliquot (5 mL) of the methanol extract
was evaporated to dryness over nitrogen. The residue was taken up in methanol (1 mL) and to
this was added water (2.5 mL). Prior to this, a C-18 Bond Elut solid phase extraction column
had been reconditioned by flushing through two volumes of methanol followed by two
volumes of distilled water. The diluted extract was poured through the reconditioned column
at a flow rate of 2 mL min"1 and then washed with methanol + water (3+7 by volume, 1 mL)
followed by distilled water (1 mL). The washed column was vacuum dried for 15 min and
then the pesticide was eluted from the column with hexane (2 mL) into a glass vial. The
eluent was made up to 2 mL with more hexane and then analysed by gas chromatography.

2.6.2.2. Leaves and seeds
Leaf tissue (20 g) and/or seeds were homogenised separately for 2 minutes in a

Waring blender and mixed thoroughly with methanol (200 mL). The suspension was the
filtered and a volume (20 mL) of the methanol extract was dried over nitrogen and the residue
was dissolved in methanol (1 mL) and diluted with water (2.5 mL). The aqueous methanol
extract was passed through a preconditioned SPE column at a flow rate of 2 mL min'1. The
column was then washed with distilled water (1 mL). The washed column was vacuum dried
for 15 min and then eluted with hexane (1.5 mL) into glass vials. The eluent was made up to
2 mL with hexane and analysed by gas chromatography.

2.6.3. Recovery experiments

2.6.3.1. Soils
Samples of pesticide-free soils (50 g) were air dried and sieved as before. Volumes

(1 mL) of lindane and endosulfan standards (10 (igmL1) were added to the soils. The soil was
then extracted using a Soxhlet for 5 hours (10 cycles) with methanol. The extracts were then
cleaned up for GLC measurements as in Section 2.6.1.

2.6.3.2. Seed and leaves
Samples (10 g) of maize grains, cowpea seeds, maize leaves and cowpea leaves were

homogenised using Waring blender. A volume (1 mL) of standard solutions (10 (Xg mL"1)
was added to the homogenised samples (maize leaves and grains, lindane; cowpea seeds and
leaves, endosulfan). Methanol (100 mL) was added to each mixture and shaken mechanically
for thorough mixing. The methanol extract was filtered and a volume (20 mL) of the extract
cleaned up for GLC analysis as in Section 2.6.2.
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3. RESULTS AND DISCUSSION

3.1. Recoveries and soil charateristics

Though the plot had been exposed to pesticides only a year before the investigation,
initial analysis before application of any pesticide showed the absence of pesticide residues
within the limit of detection of the gas chromatograph (0.01 jxg g"1) . All blank samples were
found to be below the detection limit. Spiked soil samples gave recoveries of 80.5 and 92.7%
for lindane and endosulfan residues, respectively. Spiked leave samples gave recoveries of
95.2 and 80.5% for lindane and endosulfan residues, respectively.

The persistence of pesticides in soils is known to depend on soil characteristics. The
major ones include organic matter, moisture, texture and acidity. The soil analysis showed the
soils to be slightly acidic with an average pH of 6.3 and had a sandy clay loam texture (Tables
2 and 3). The average moisture content of the soils from the four subplots during the
sampling period ranges from 4.78-13.3 g kg'1 and 3.40-7.74 g kg"1 in the maize and cowpea
soils respectively.

3.2. The maize ecosystem

The dissipation of lindane in maize soils was very fast (Table 5) with 46% of the
initial residue detected on the day of treatment lost one day after the first application (6th leaf

Table 2 Soil characteristics of the maize plots.

Propertya)

PH
% sand
% silt
% clay
% organic matter
% organic carbon

Plot
Control (SD)

6.21(0.17)
64.2 (5.4)
13.4 (2.8)
24.5 (4.7)
2.4 (0.8)
1.4 (0.5)

Treated (SD)
6.3 (0.15)
63.8 (7.3)
11.1 (3.9)
25.0 (3.8)
1.9 (0.8)
1.1 (0.5)

a) texture class : sandy clay loam

Table 3. Soil characteristics of the cowpea plots

Propertya)

pH
% sand
% silt
% clay
% organic matter
% organic carbon

Plot
Control (SD)

6.4 (0.3)
57.0 (7.6)
12.2 (2.4)
29.0 (5.0)
2.0 (0.4)

1.8 (0.7)

Treated (SD)
6.3 (0.2)

63.0 (3.2)
11.0 (1.6)
26.2 (4.0)
2.2 (0.3)
1.3 (0.2)

a) texture class : sandy clay loam
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stage), and less than 5% remained after 14 days. This may be attributable to volatilisation
under the hot windy and rainy conditions of the area (Table 4). Increase in temperature is
known to increase pesticide loss from soils through volatilisation, chemical degradation and
bacterial decomposition, all of which are temperature dependent [9],

Rainfall might also have contributed to the pesticide loss by causing surface run-off.
Furthermore, water competes with pesticides for adsorption to the soil surface [10] and
lindane will therefore be more easily volatilised from surfaces of soil that have high moisture
content. The moisture content of 5.8 to 13.8 observed during the period of investigation were
fairly high and could have been a contributing factor to the fast dissipation rate.

About 5% of the residue detected on the day of first treatment remained in the soils 14
days (knee high stage) after application (Table 5). This is less than the 13% of the residue
detected in soils 14 days after the second application (above knee high stage). This relatively
slower rate of lindane dissipation after the second application might have been due to the fact
that the maize plants, which had matured at the time of the second spraying provided cover
over the top soil and lowered temperatures and minimised loss through volatilisation. Only
2.8% of the initial residue of lindane remained 30 days after the second application.

Thirty percent of the initial lindane residues detected in the maize leaves on the day of
first treatment remained one day after application and fell to 3% 14 days after the first
application (Table 5). Similarly, 14 days after the second application of lindane, the residues
had fallen to 1.7% of the initial level.

Table 4. Monthly total rainfall and mean temperatures

total rain,
mm
mean temp.
°C

May

49

28.5

June

81

26.9

Jury

41

25.5

August

17

25.3

September

75

26.4

Table 5 Lindane residues in soil samples and plant samples of the maize ecosystem

Sampling time

pretreatment
day of treatment
1 day after treatment
14 days after treatment
day of second treatment
14 days after second treatment
30 days after second treatment
60 days after second treatment

Mean lindane residue, ngg"1 (SD)
SoU
nd

0.22 (0.04)
0.12 (0.05)

0.011 (0.008)
0.025 (0.013)
0.032 (0.006)
0.008 (0.003)

nd

Plant leaves
nd

0.22 (0.014)
0.067 (0.01)

0.006 (0.002)
0.24 (0.02)

0.004 (0.001)
nd
-

nd = none detected
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Mean lindane residues levels in the maize grains were 0.02 |Xg g1 (Table 7), which is
well below the acceptable maximum residue limit for grains of 1 jig g"1 [10].

Table 6. Endosulfan residues in soil samples and leaf samples of the cowpea
ecosystem

Sampling time

pretreatment
day of treatment
7 days after treatment
14 days after treatment
22 days after treatment

Mean endosulfan residue, [ig g-1 (SD)
SoU
nd

0.29 (0.17)
0.022 (0.011)
0.008 (0.005)

nd

Plant leaves
nd

0.33 (0.022)
0.011 (0.006)
0.002 (0.001)

nd

nd = none detected

Table 7. Lindane and endosulfan residues
in maize and cowpea grains

Crop

maize
cowpea

Mean residues, (ig g 1 (SD)
0.020 (0.002)
0.045 (0.002)

3.3 The cowpea ecosystem

The amount of endosulfan in cowpea soils at 7days after spraying (i.e. pod formation
stage) was found to be only 7.6% of the residue detected on the day of treatment, similar to
that found with lindane in the maize soils (Table 6). The low persistence of endosulfan as
explained in the section for the maize ecosystem can also be attributed to the low organic
matter content of the soil (ranging from 1.91 to 2.18%), the fairly high temperature, the sandy
clay loam texture of the soil as well as the fairly heavy rainfall (Tables 3, 4). The mean
residue level of endosulfan in cowpea seeds was 0.045(ig g ' (Table 7). This is higher than
the residue levels of Undane in maize grains and could be due to the fact that endosulfan was
applied close to the time of seed formation, making it possible for endosulfan to be quickly
incorporated into the seeds before it could dissipate.

CONCLUSION

Lindane and endosulfan have been shown to dissipate quickly under Ghanaian
climatic conditions which are characterised by heavy rainfall and fairly high temperatures.
The residue levels of lindane in maize and endosulfan in cowpea were well below the
acceptable maximum residue levels.
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