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Abstract

The degradation of uC-lindane (y-1,2,3,4,5,6 - hexachlorocyclohexane) was investigated under
laboratory conditions. Chickpea plants and soil were treated with l4C-lindane. The results indicated a decrease
of lindane on the plant surface from 36.6% to 6.5% and a corresponding increase in extractable residues from
within the plant from 12.5% to 34.5% during the 60 days of the trial. In the soil, extractable residues decreased
from 47.4% to 31.2%. Bound residues in both plant and soil remained low throughout the trial. After 60 days,
the chickpea plants took up 16.4% of the lindane applied to the soil.

1. INTRODUCTION

The use of organochlorine pesticides constitutes an important component of the efforts
to control agricultural pests and vectors of disease in most areas of the developing world [ 1].
Man and the environment are exposed to many contaminants, either consecutively or
simultaneously. Residues in soil may result from agricultural practices such as agrochemical
usage, disposal of industrial wastes, etc. [2].

The rates of degradation of the insecticide l4C-lindane were studied under laboratory
conditions since the use of radiotracer techniques provides an attractive method in pesticide
residue studies. The objective of the present work was to obtain information on the
degradation rates in soil and chickpea plants sown in pots and growing under outdoor
condititons.

2. MATERIALS AND METHODS

2.1. Chemicals

l4C-lindane (y-l,2,3,4,5,6-hexachlorocyclohexane, spec, act., 2.3 GBq/mmol)
dissolved in solvent at at a concentration of 1.7 x 106 Bq mL"1 was obtained from Amersham
International, UK. The formulated lindane (50 g kg"1) was obtained from Asmidal, Algeria.
Solvents used were of analytical grade.

2.2. Soil

The soil was collected from the Institut Technique des Grandes Cultures (ITGC) field
near Algiers, and was sieved to remove particles >2mm prior to use. The soil was a silt clay
with the following characteristics: clay content, 49.1%; silt content, 31.0%; sand content,
19.6%; pH, 6.5; organic carbon content, 1.95%.

2.3. Crop

Chickpea plant (Cicer arietinum ELC variety) seeds were treated with fungicides
(carboxine and thiram). The rate of seed emergence was 95% as determined in prior
laboratory studies.
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2.4. Preparation of the soil pots

Soil (3 kg) was placed in PVC pots (length, 30 cm; diameter, 18 cm). Fifteen pots
were used for the pesticide degradation study in soil and 3 pots for the residue study on
chickpea plants with all applications on 6 June 1995.

2.5. Insecticide application

Soil trials
Lindane (1275 mg of 50 g kg"1 DC formulation) was added to an aliquot (1 mL) of the

l4C-lindane and dissolved in water (49 mL). A volume was applied by micropipette over the
surface of the soil in each pot equivalent to an application rate of 1 kg ha"1.

Three pots were taken at random soon after the treatment to determine the post
application lindane residues. Subsequently, triplicate pots were sampled biweekly during two
months.

Plant trials
Lindane (25.5 mg of 50 g kg"1 DC formulation) was added to l4C-lindane (1 mL). An

aliquot (1 mL) was added to the soil surface and to the foliage of the plant in each pot.

2.6. Experimental conditions

During the experiment period, the temperature ranged from 20°C to 35°C. The soil
was kept moist during the experiment period by adding water periodically .

2.7. Determination of radioactivity

Plants
Surface lindane residues were obtained by washing the foliage surface with water (2 x

50 mL). The l4C-content was assessed by liquid scintillation counting (LSC, Packard Tricarb)
of triplicate aliquots (1 mL) of these washings. The washed plants were ground up and
extracted with acetone+hexane (1+1 by volume, 100 mL) by stirring the suspension for lh.
The total suspension was transferred into a separatory funnel containing sodium sulfate (20 g
L"1, 200 mL) and shaken for a few minutes. The 14C-content of the extracts was determined
by counting triplicate aliquots (1 mL) of the solvent phase using LSC. The non-extractable
l4C-residues remaining in the solid debris after extraction were determined by complete
combustion using a biological oxidiser, trapping the I4COT in scintillation cocktail
(Carbosorb).

So/7

Samples (10 g) of soil were extracted using acetone + hexane (1 + 1 by volume, 100
mL) in a similar manner to the plant samples. After extraction, samples of the- soil were
submitted to combustion analysis. The l4C-content in the solvent extracts and in the COi trap
were determined by LSC.

2.8. Thin layer chromatography

Some of the extracts from the plants and soil materials containing extractable residues
were evaporated to low volume using a rotavapor (Buchi) at 60°C. Aliquots were applied to
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a TLC plate and the plates eluted with acetone+hexane (1+9 by volume). The radioactive
spots were scraped off the plates, added to liquid scintillation cocktail and counted by LSC.

3. RESULTS AND DISCUSSION

3.1.14C residues in plants

The amount of l4C-residues removed from the plant surface just after application was
36.7% and these decreased to 6.5% after 60 days whilst the amount of extractable residues
within the plant increased from 12.5% to 34.5% during the same period (Fig. 1). The amounts
of bound residues remained low during the experiment. The total recovery of surface, plant-
extractable and plant-bound 14C-compounds was 100% of the applied dose.
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Fig. I. Surface, extractable and bound
residues in plant.
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Fig. 2. Extractable and bound residues
in soil.

(a) I4C Undone standard. (b) One hour after treatment.

Fig. 3. Radiochromatograms.
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Fig. 4. 15 days after treatment. Fig. 5. 30 days after treatment.
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Fig. 6. 45 days after treatment. Fig. 7. 60 days after treatment.

3.2. uC-residues in soil

The amount of extractable residues decreased with time from 47.4% to 31.2% while
the amounts of bound residues increased very slowly 0.14% to 1.2%. The total radioactivity
from extractable and bound residues at t=0 represented 95.1 % of the applied dose to the soil.

3.3. Uptake of "C-lindane from soil by plants

The uptake of 14C-lindane by chickpea plants from treated soil was studied during the
same period. The data indicated that, after 60 days, 16.4% of the applied radioactivity was
taken up into the plant and 28.7% remained in the soil as extractable residues. The total
radioactivity from both plant and soil extractable and bound residues was 45.7% of the
applied dose.
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3.4. Thin layer chromatography

The development of the TLC plates at the different sampling times showed the
presence of lindane (Rf = 0.6) at all sampling times and was the only compound at the first
sampling time. During the course of the experiment two unknown metabolites appeared from
15 days after treatment. The first metabolite (Rf =0.16) persisted over the whole experiment
(Fig. 4) while the second (Rf = 0.91) disappeared after day 45 (Fig. 5).
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