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Abstract

Persistence of lindane in model cattle dips under field conditions in the sub-tropical climate of Delhi was
studied. In one set of experiments two model dips were utilized and filled with 200 L of water and treated with
2.37 MBq of uC-labelled and 4 g unlabelled lindane each. The radioactivity in water samples at zero time was
estimated and considered to be 100 % (744 dpm /mL) which declined to 17.5 % (132 dpm/mL) 180 d after
the treatment in Dip 1 (control dip). In the second dip 50 g of cowdung and soil were added 28 d after treatment
and subsequently every time before sampling. The results in both the dips were similar indicating no effect of
soil and cowdung on the persistence of lindane in the dips. The half life of lindane in water was 101 days.
Lindane was extracted from water by hexane in the presence of methanol. The efficiency of this procedure
was 99+ % . The main metabolites of lindane in water, identified by HPLC, were 1, 2, 4- trichlorobenzene,
1,3,5- trichlorobenzene and an unknown compound.

In another experiment, 50 L of water was added to one dip which was treated with 2.90 MBq of "C-
labelled and 1 g unlabelled lindane in 25 ml acetone. The cattle dip was recharged at monthly intervals with
about 10 % of the initially applied lindane (290 kBq of " C labelled and 100 mg unlabelled lindane in 25
mL acetone). Soil and cow dung were added as in the first experiment. The concentration of lindane declined
rapidly to 11.69 % (1.9 ug/mL, 425 dpm/mL) after the third recharge. The main metabolite was 1,2,4-
trichlorobenzene which accounted for about 21 % after first and second recharge. The effect of pH ranging from
5 to 9 was also investigated. The dissipation appeared to be faster at pH 8 and comparatively slower at pH 6.

1. INTRODUCTION

It has been observed that wherever cattle dips are used to control the pests especially
ticks of cattle, sheep, goats, etc., the pests tend to develop resistance against the acaricides
[1]. This is due to a decline in the concentration of the acaricide in the dips with time
thereby increasing the survival rate of the pests and hence the development of resistance.
Therefore, a study on the persistence of the acaricide under local climatic conditions and
development of methods to stabilize the acaricides in the dips is of utmost importance.
However , before this can be attempted, a knowledge of the causes of this decline in the
concentration of acaricides is essential. Lindane is one such compound which has been in
use since some time as an acaricide [2]. Hence, such studies were undertaken with lindane
using radioactive and unlabeled compounds.

2. MATERIALS AND METHODS

Small scale models of cattle dips were constructed outdoors with bricks and plastered
with cement (100 cm x 38 cm x 100 cm). For the first experiment these were filled with
200 L of water. One was kept as control (Dip 1) and second as the experimental dip (Dip
2). Each dip was treated with 2.46 MBq 14C (sp. act. 647.5 MBq/mmol) and 4 g unlabeled
lindane in 25 mL acetone. Cowdung and soil mixture ( 100 g 1:1, w/w) was added to
the experimental dip every time before removing the sample after the initial addition of
cowdung 28 d after treatment with lindane. Each sample of 50 mL was replicated three
times from each dip. The experiment was continued for one year and sampling periods are
given in Table I.
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Figure 1. Dissipation of lindane in model dips

TABLE I. CONCENTRATION OF LINDANE IN MODEL CATTLE DIPS TREATED
WITH 14C-LABELLED LINDANE.

Davs after treatment

0
7
14
21
28
35
50
65
80
120
180
365

Concentration of lindane (ug'/mO

Dip

20.1 ±
17.4 ±
13.6 ±
12.9 ±
12.8 ±
11.4 ±
10.6 ±

8.7 ±
6.3
5.0
3.5 ±
1.6 ±

I2

0.04
0.15
0.16
0.12
0.43
0.78
0.13
0.30

0.02
0.14

20.1
18.0

14.0
12.9
12.5
11.4
10.5

8.4
5.6
4.4
2.9
1.5

]

±
±
±
±
±

±

±
±
±

Dip 2!

0.07
0.16
0.12
0.12
0.39
0.41
0.12

0.01
0.01

1 Concentration of lindane was calculated from the measured radioactivity of the suspension
2 Dip 1 was the control; no soil or cowdung was added
3 Soil and cowdung mixture (1+1) was addded to Dip 2 28 days after treatment with lindane
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In the second experiment, the same type of cattle dip with 50 L water was treated with
2.90 MBq 14C and 1 g lindane in 25 mL acetone. The cattle dip was recharged at regular
intervals of one month with 290 kBq and 100 mg unlabelled lindane in 25 mL acetone. Equal
proportions of cowdung and soil were added before sampling as in the first experiment.

In another experiment the effect of pH (pH 5,6,7, 8 and 9 ) on the stability of lindane
was studied. Water (1 L) was treated in glass jars with 74 kBq labelled and 50 mg unlabelled
lindane for each pH. Three replicates of 20 mL from each experiment were taken for
analysis. The sampling periods are given in Table II.

The total radioactivity in water was determined by using dioxane based scintillation
fluid. The extraction of the residues was carried out by benzene. The recovery in benzene
was about 99.4 ± 0.03 %. An alternate method was also developed for extraction of lindane
from water. Lindane was extracted by hexane in the presence of small amount of methanol.
The recovery by this method was 99+ %. The extract was concentrated by flash evaporator.
This reduced the recovery by about 3%. Lindane and its metabolites were analyzed by
Shimadzu model LC-4A HPLC using Zorbax ODS C18 RP column (25 cm length and
4.1 mm i.d.). Methanol at the rate of 0.5 ml per minute was used for elution. The
absorbance was recorded at 225 nm. Four main peaks were obtained , three of which were
identified by comparing their retention times with those of the standards as lindane, 1,2,4
-trichlorobenzene, 1,3,5-trichlorobenzene and unknown. The retention times of these peaks
for lindane, 1,2,4-trichlorobenzene, 1,3,5-trichlorobenzene and an unidentified peak were
8.3+0.8, 10.0±0.65, 10.75± 0.73 and 10.5 + 0.43 minutes, respectively. The fractions were
collected separately and radioactivity estimated. The quantitative estimation of lindane and
its metabolites was also carried out by determining the peak areas and using appropriate
standard curves.

3. RESULTS AND DISCUSSION

3.1. First experiment

Each cattle dip containing 200 L water was treated with 2.46 MBq I4C and 4 g
unlabelled lindane. At zero time 744 dpm/mL were detected which declined to 132
dpm/mL 180 d after the treatment in the control dip. The total residues of lindane in terms
of ug/mL are given in Table I. The lindane declined from about 20 ug/mL to 1.6 ng/mL
within 365 d of treatment. Its percent dissipation is presented in Figure 1. It was seen that
the dissipation of lindane was biphasic. The first phase was of rapid dissipation (0-14 d)
followed by a slow phase (14 -365 d). The half life of lindane in the first phase was 25 d,
however, the half life for the second phase was about 117 d. The overall half life of
lindane was 101 d in model cattle dip. The half life of lindane at the same site in the soil
was found to be between 124- 146 d [3] . The half life in water is slightly lower than in
soil. When the extracts of lindane residues from the first dip (control) and second dip
(experimental) were analysed by HPLC, only three peaks were found to contain radioactivity
in the first experiment. The retention times of these peaks were identical with those of
lindane, 1,2,4-trichlorobenzene and unknown. Of the three peaks obtained one could not
be identified as yet. The concentration of lindane and its metabolites for the first experiment
are shown in Table II. Lindane accounted for the bulk of the residues. However, 21d after
treatment, 1,2,4-trichlorobenzene was detected and subsequently the unknown metabolite.
Their concentrations increased gradually with time, reaching the maximum about 65 to 80
d after treatment. The proportions of lindane to its metabolites 1,2,4-trichlorobenzene and
the unknown compound in dip 1 were 78.05 : 16.68 : 5.25 respectively 50 days after
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TABLE II. CONCENTRATION OF LINDANE AND METABOLITES IN DIPS TREATED WITH
14 C-LABELLED LINDANE.

Concentration of lindane and metabolites (fi

Days
after Dip 1 Dip 2
Trt.

Lind.2 124- Un- Lind. 124- Un-
TB3 know* TB know

0 19.8 - - 20.1

7 17.2 - - 17.9

14 13.5 - - 13.4

21 12.3 0.6 - 12.3 0.5

28 11.3 1.05 0.4 10.9 1.3 0.3

35 10.3 0.9 0.2 9.8 1.3 0.3

50 8.6 1.8 0.6 8.1 1.9 0.5

65 6.8 1.5 0.4 6.4 1.5 0.5

80 4.68 1.71 0.40 4.20 1.06 0.39

120 3.43 0.94 0.59 3.15 0.79 0.46

180 2.44 0.68 0.39 1.95 0.66 0.24

'Iindane and its metabolites were analysed by HPLC and quantitative
estimation made from radioactivity.

2Iind. = Undane
TB = Trichlorobenzene
4UnJoiow = Unidentified metabolite

treatment. These values are 8.61, 1.84 and 0.58 ng/mL. The data for both dips is quite
comparable.

3.2. Second experiment:

In the second experiment 16.31 ug/mL lindane (3638 dpm/mL) was present at zero time
which was considered to be 100 %. This declined from 100 % at zero time to 11.69 % (1.9
|ig/mL, 425 dpm/mL ) after third recharge. The sampling schedule and amount of lindane
in u/ml are given in Table III. After extraction of lindane residues by hexane these were
concentrated and subjected to HPLC. Four peaks were found to contain radioactivity and
were identified as lindane, 1,2,4- trichlorobenzene and 1,3,5- trichlorobenzene on the basis
of their retention times. One peak before 1,3,5- trichlorobenzene could not be identified as

42



TABLE III. CONCENTRATION OF LINDANE IN CATTLE DIP AFTER RECHARGE
AT REGULAR INTERVALS.

Days after treatment Concentration of lindane

itg/mL Percent of original

0 16.3 ± 0 . 1 100

1st recharge1 9.9 ± 0.2 60.7 ± 1 . 2

2nd recharge 7.9 ± 0.2 48.6 ± 1.0

3rd recharge 1.9 ± 0.1 11.7 ± 0.5
1 Dip was recharged at monthly intervals with lindane equal to 10% of the original

concentration.

TABLE IV. METABOLITES OF LINDANE IN DIP TREATED WITH
I4C -LABELLED LINDANE AND RECHARGED AT MONTHLY INTERVALS.

Sampling Concentration (jig/mL*)1

time

Lindane 124-TB2 135-TB3 Unknown4

ODays 16.5

After 1st
recharge 7.5 2.1 0.2 0.1
After 2nd
recharge 5.1 1.6 0.6 0.2

1 Lindane and metabolites were identified by cochromatography on HPLC and
quantitated by estimation of radioactivity on liquid scintillation counter.

2 124-TB = 1,2,4-Trichlorobenzene metabolite
3 134-TB = 1,3,4-Trichlorobenzene metabolite
* Unknown = One metabolite remained unidentified

43



TABLE V. EFFECT OF pH ON THE DISSIPATION OF LINDANE IN JARS.

Days after
treatment

0

7

14

21

28

35

Cone

B & l

58.1 ±5.0

39.1±0.6

22.6 ±0.5

18.4

14.2

4.6 ±0.5

entration (\igJmL) of lindane

pH6

61.4±0.5

50.9±0.4

24.7±0.3

24.9±1.1

16.4

6.1±0.2

pH7

55.5±2.2

39.7+07

23.6±0.6

16.5±0.6

14.4±0.6

4.7±0.2

in iars at different DH

pH8

63.7±0.4

37.6±1.3

23.3±0.2

16.2±0.5

14.0±0.1

5.0±0.2

pH9

60.6±3.3

40.3 ±0.3

19.1 ±0.5

20.9 ±0.2

14.5±0.3

5.4±0.2

yet. The amount of lindane and its metabolites are given in Table IV. At zero time only
lindane was present accounting for 100 % of the residues and its concentration was 16.45
Hg/mL which then declined to about 5.10 ug/mL (68.08 %) after second recharge. 1,2,4-
trichlorobenzene was found to be the main metabolite which accounted for about 21 % after
1st and 2nd recharge. The significant amount of 1,2,4 - trichlorobenzene may be due to
regular recharge of cattle dip by 10 % fresh lindane which may accelerate the formation of
this metabolite.

3.3. Effect of pH on persistence of lindane:

In the third experiment, effect of pH on the stability of lindane was studied and
data are presented in Tables V. The amount of lindane was 58.14 ug at zero time (100 %)
and this declined to 4.6 |ig (7.9 %) in 44 d in water at the pH 5. The disappearance of
lindane was slightly higher at pH 8 and was slightly less at pH 6.
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