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Abstract

A three year field study was undertaken to examine the fate of residues of lindane in soil and crops after
repeated seasonal applications of lindane to soil in which maize and rice crops were grown. In the 1993 rice
study, the lindane residues in the treated soil were 0.6 mgkg ' (lday) and 0.04 mgkg1 (2 months) after
application respectively. In the soil from the maize plots, lindane residues were 0.19 mg kg"1 (1 day) and
0.16 mg kg"1 (lmonth) after application and not detectable after 6 months. In the 1994 maize study, the lindane
residues in the soil were 0.12 (1 day), 0.10 (1 month) and 0.033 mg kg ' (2 months) after application respectively
while in the crop they were 0.19 (1 day), 0.105 (2 weeks) and 0.05 (4 weeks) mg kg"1, respectively. In general,
lindane residues were not detected in the soil one year after application indicating that there was no
accumulation of lindane in the soil during the period 1992-1994 and therefore unlikely to be any long term
effects on soil fauna. Lindane residues in rice and maize crops continued to decrease during the period up to
harvest.

1. INTRODUCTION

Control of insect pests of rice and maize rely largely on the use of chemical pesticides.
In addition to lowering the population levels of an insect, pesticides can cause changes within
both the non-target organisms and co-inhabitants of its environment. Some pesticides can also
accumulate in the soil and cause environmental pollution when they are leached to the
underground water or runs off to streams and rivers.

Most pesticidal chemicals can be absorbed to varying degrees and in some cases can
be translocated to the edible parts of plants growing in contaminated soils [1]. The presence
of chlorinated hydrocarbon pesticide residues in human adispose tissue most often results
from the consumption of contaminated food, either deliberately treated with chemicals for the
control of pests or incidentally contaminated from environmental or industrial sources [2].
Despite the use of lindane in controlling insect pests, little is known about its fate in the soils
and crops under conditions of Nigerian agriculture.

The publicity generated by the restrictions of certain pesticides, especially
organochlorines, in developed countries has led to the ban of the use of these chemicals
without sufficient information on their impact on other environments. Knowledge of the
behaviour of pesticides and their residues in soils and crops in Nigeria is vital as it is not
scientifically justifiable to make predictions of pesticidal residue accumulation using data
generated elsewhere since pesticidal residue accumulation in will depend on factors such as
the nature of the pesticide, soil type, moisture, soil pH, temperature, cultivation, mode of
application and soil organisms [3]. The objective of the study was to determine lindane
pesticide residues in soils and their absorption into crops in a field experiment after yearly
applications of lindane.
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2. MATERIALS AND METHODS

2.1. Materials

Lindane was obtained as the commercial formulation (200 g L"1 emulsifiable
concentrate, Gammalin 20, ICI Ltd, Nigeria). A solution containing standard lindane was
obtained from Supelco, Baltenfonte, PA by the International Atomic Energy Agency, Vienna,
Austria. The standard solution was stored in the refrigerator (4°C) until used. Analytical
grade hexane, methanol and acetone were supplied by Aldrich Chemical Ltd, Gullingham,
Dorset SP8 4JC. Sep Pak phase C-18 cartridges were obtained from Waters Chromatography
Division, Millipore Cooperation, Milford, Massachussetts, 01757, USA.

2.2. Plot design and lindane application

The plot design and application procedures have been described elsewhere [see this
Tecdoc, Umeh et al.].

2.3. Crop sampling

The aerial parts of 12 plants per subplot were collected 1 day and 2 months after
lindane application from both the rice and maize fields in the 1992 and 1993 studies, while in
1994 the sampling intervals were 1 day, 2 weeks and 1 month after application. Amounts
(~ 100 g) of plants were chopped into one mixture and stored in polyethylene bags in a freezer
compartment until extracted.

2.4. Soil sampling

Soils were sampled at lday pre-treatment, 1 day, 2 and 6 months after lindane
application. On each sampling occasion, 12 cores of soil were taken from a 5 m x 5 m area at
the side of each subplot to a depth of 15 cm using a soil auger. The samples were ground to
pass 0.25 mm mesh sieve and mixed to provide one bulk sample for each subplot. Duplicate
soil samples were taken for measurement of moisture content and for residue analysis. All
soil samples were stored in polyethylene bags in a freezer compartment until extracted.

2.5. Residue extraction and analysis

2.5.7. Extraction of plant tissue samples

The plant tissue samples were thawed at room temperature. Samples (20 g) were
homogenised with of methanol (200 mL). These suspensions were shaken mechanically for
1 h in a screw-capped jar. The suspensions were filtered to remove plant debris. Volumes
(10 mL, 1993; 50 mL, 1994) were dried by aspirating with nitrogen and redissolved in
methanol + water (3.5 mL, 1+2.5 by volume).

2.5.2. Soil

Samples (20 g) of soil were placed in a screw-capped bottle, mixed with methanol
(200 mL) and mechnically shaken for 1 h. The suspension was filtered and volumes (10 mL,
1993; 50 mL, 1994) were dried with nitrogen. Each residue was then redissolved in methanol
+ water (3.5 mL, 1 + 2.5 by volume).
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2.5.3. Clean up procedure

Each aqueous methanol extract was passed through a preconditioned C-18 SPE
column and then eluted with hexane. The hexane extract was dried with nitrogen and
redissolved again in methanol and the clean up procedure repeated. The residue was
dissolved in hexane (2 mL) and stored in a refrigerator until analyzed by the gas
chromatographic method.

2.5.4. Gas chromatographic analysis

1992a) : Instrument, Shimadzu 9; column, fused silica capillary,30 m x 0.25 mm i.d.;
temperatures, column, 240°C, injector, 250°C, detector, 35O°C; carrier gas, nitrogen;
detector, 63Ni electron capture.

1993b) : Instrument, Varian 3700; column, fused silica capillary; temperatures,
column, 190°C; injector, 220°C; detector, 270°C; carrier gas, nitrogen; detector, 63Ni electron
capture.

1994a) : Instrument, Hewlett-Packard 5890A; column, fused silica capillary, 30 m x
0.25 mm i.d.; temperatures, column, 240°C ; injector, 25O°C; detector, 300°C; carrier gas,
nitrogen; detector, 63Ni electron capture.

" Dept. of Food Technology and Science, University of Tennesse, Knoxville, USA.
b) Dept. of Chemistry, University of Ibadan, Nigeria.

3 RESULTS AND DISCUSSIONS

The limit of detection of lindane was 0.0044 mg kg"1 for both crop and soil samples.
The recovery from fortified soils after clean up was 93.5%. There were no detectable lindane
residues before lindane application in 1992 for the rice plots and in 1992 and 1993 for the
maize plots. Lindane residues were not detected in the untreated rice and maize soil because
the field experimental design was oriented to avoid any contamination by erosion from
treated to untreated plots. Absence of lindane residues at the beginning of the studies in each
new site confirmed that lindane had not been used in the locations before the study was
started.

Only data of the extractable lindane residues in the soil are reported. In the 1993 rice
study, the lindane residues in the treated soil were 0.36 mg kg"1 (1 day) and 0.04 mg kg"1 (2
months) after application respectively. For the maize soil the residues were 0.19 mg kg"1 (1
day) and 0.016 mg kg"1 (1 month) after application and were either very low (< 0.09 mg kg"1)
or not detectable at 6 months after application. All these results suggest that there is no
problem of long term residues of lindane building up in the soil from either rice or maize
fields.

The 1994 maize study gave similar results to that of 1993 in that residues of lindane in
the soil were not detectable after 6 months probably as a result of loss of lindane due to
volatilization and microbial degradation. Some other studies have shown that organochlorine
pesticides dissipate at higher rates under tropical and sub-tropical conditions than in
temperate regions [4, 5]. The high lindane residues (0.25 mg kg"1) found in maize foliage, 1
day after application, will have arisen from lindane sprayed onto the leaves, since it was
applied as a surface treatment and not incorporated into the soil. The residues dissipated
rapidly (0.094 mg kg"1 at 2 months after application) but not as fast as they did in 1993 when
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they were found to be as low as 0.0033 mg kg"1 at the same interval after application. The
cause of the differences between the years is unknown.

Table 1. Characteristics of the soils from the crop fields

Field
Crop

ricea)

maize a)

%sand

21

25

%silt

25

20

%clay

54

55

%
organic
matter
2.23

1.85

pH

6.3

6.1

%N

0.9

0.08

a) classified as a clay

Table 2. Concentration of lindane samples taken from the rice field

Year

1992

1993

1994

Crop

ricea)

maize b)

ricea)

maizec)

maize c)

Sample

soil*

crop

soil*

crop

soU*

crop

soil*

crop

soil*

crop

Lindane residues at period from spraying

I day
before

ND

-

ND

-

ND

-

ND

-

ND

-

mgkg1 (SD)
1

day
NM

0.53
(0.19)
NM

0.25
(0.19)
0.36

(0.02)
NM

0.19
(0.013)

NM

0.12
(0.007)
0.19 e)

(X).O6)

1
month
NM

NM

NM

NM

NM

0.011
(0.01)
0.16

(0.013)
0.0033
(0.003)
0.103
(0.44)
0.05

(0.03)

2
months

0.17
(0.05)

0.1
(0.04)^

0.1
(0.02)
0.094

(0.004)
0.04

(0.05)
0.02

(0.002)
NM

NM

0.033
(0.045)

NM

6
months

0.09
(O.H)

-

0.09
(0.01)

-

ND

-

ND
-

NM

-

ND = not detectable, NM = not measured
a) plot location, Igbariam; b) plot location, Ugwuoba; c) plot location, Enugu
d) there were no detectable residues of lindane in any of the samples of soils

taken from the untreated control plots before and after application to
treated plots on each occasion.

e) lindane residues at 2 weeks after application = 0.11 (SD,0.02) mgkg"1.
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4. CONCLUSIONS

In conclusion, our results indicate that lindane was not detected in the soil samples
taken 6 months after application to rice and maize agro-ecosystems in Nigeria. The results
also show that there was no accumulation of lindane or its metabolites in the soil during the
study period thus giving little cause for concern as far as a build-up of lindane residues and
long term effects on either soil fauna or transfer to the food chain is concerned. They also
show that data from temperate countries should only be applied with caution to Nigerian
conditions. The variability in the physical and biological properties of soil give rise to
difficulties in the prediction of the fate of pesticides as their degradation is a complicated
function of volatilisation loss by erosion, leaching, biotic and abiotic conversion [6].
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