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Abstract

The study was undertaken to evaluate the stability of coumaphos, MC-labelled lindane and chlorpyrifos
insecticides/acaricides in a simulated cattle dipping vat. During the period of the study the pH of the suspension
in vat increased due to addition of soil from the vacinity of cattle bam as well as due to standing in cement-
concrete of the vat. The residual amounts of lindane and chlorpyrifos were estimated by counting the
corresponding radioactivity in the suspension. Lindane dissipated rapidly and its half-life during the first phase
was 4 d only. After standing for 3 weeks lindane residues were equivalent to 3.5% of the original amount in
the suspension and 9.6% in the supematent. Similarly, 97% of the original amount of lindane had dissipated in
the soil sediment at the end of 3 weeks, indicating that dissipation of lindane was primarily due to volatilization.
Chlorpyrifos was more stable under the experimental conditions and its half life was calculated to be 22 d
during the first phase of dissipation. After 3 weeks the concentration of chlorpyriphos in the suspension
remained almost unchanged. However, in the supernatant its concentration increased to 115% of the initial
amount. The concentration of soil-bound residues of chlopyrofos remained less than 5% of the total amount
applied through out the period of study.

The initial concentration of coumaphos in the suspension was 200 mg/L. During the period of study
the residual concentration of coumaphos in the vats was measured by high performance liquid chromatography
(HPLC) and the metabolites were identified by thin layer chromatography (TLC). The stability of coumaphos
was found to be related to the pH of the suspension. In the first phase of dissipation the half life of coumaphos
was 99 d. However, it was extended to 114 d on addition of superphosphate fertilizer. The addition of sodium
citrate did not have any affect on the stability of coumaphos. Three metabolites of coumaphos were identified
in the control vats as well as those treated with superphosphate or sodium citrate. These were chlorferon,
potasan and an unidentified metabolite. The concentration of chlorferon decreased in the control vat as well
as those treated with superphosphate or citrate. Potasan was dectectable during the first 30 - 90 d but not later.

1. INTRODUCTION

Ectoparasites such as ticks and mites are directly pathogenic to the host animal and
are also involved in the transmission of many pathogenic organisms. Acaricides are chemicals
which are used to control their infestation in livestock. The gamma-isomer of
hexachlorocyclohexane (HCH), commonly known as lindane, is one of the most effective
acaricides and is commonly used for the control of ticks in many countries. Similarly, among
the organophosphorus compounds chlorpyrifos and coumaphos are highly effective against
ticks in low concetrations.

In practice the acaricides are added to animal dipping vats and the animals are made to
pass through the vats. Spraying and body washing of animal with acaricides are also
practiced in many countries. But use of acaricide in animal dipping vats provide more
thorough coverage and the same suspension is used repeatedly for the treatment of several
animals. Therefore, this method of treatment is ultimately less costly in herd treatment. In
addition, the use of dips allows better disposal of acaricidal residues. For efficient and cost
effective ectoparasite control a minimum effective concentration and stability of acaricide in
livestock dip are important. Therefore, regular monitoring and introduction of procedures
to improve stability in the dip are essential.
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The objective of the present study was to evaluate the stability of HC-labelIed lindane,
MC-Iabelled chlorpyrifos and coumaphos in simulated animal dipping vats under current
practices and to develop procedures to improve their stability.

2. EXPERIMENTAL PROCEDURES

Simulated model vats were constructed with cement-concrete, each to hold 50 L water.
These were placed under tamparature, light and air flow conditions simulating field
conditions. Soil was collected form the vicinity of cattle barn and a portion equivalent to 1%
of the weight of water content was added to each vat every month. A mixture of MC-labelled
and unlabelled lindane (4 g) was dissolved in 50 ml acetone and added to 40 L water in each
vat to give a concentration of 100 mg/L. Similarly, vats were treated with a mixture of 14C-
labelled and unlabelled chlorpyrifos. The level of water was maintained in each vat to a
constant level through the period of study. Following the addition of acaricides in the model
vat the solution was well mixed. The dissipation of the insecticides was monitored over a
period of 9 weeks and the by analyzing samples taken at intervals shown in Table I. Triplicate
samples of 0.5 mL were collected from each vat at each sampling time and radioactivity was
estimated by counting in a liquid scintillation spectrometer. For analysis of residues in the
sediment, the suspension containing the sediment was stirred well for several minutes and
samples taken for analysis. A 10 mL aliquot was entrifuged at 3000 rpm for 10 minutes and
then 0.5 mL of the supernatant was taken for measurement of radioactivity. Soil from each
vat was collected by filtering well mixed suspension. One g soil sample was extracted for 4
h with methanol in Soxhlet apparatus and radioactivity in the methanol solution was
estimated. Unextractable radioactivity remaining in the soil was estimated by combustion of
the soil samples in a biological material oxidizer, absorption of the resulting 14CO2 in liquid
scintillation cocktail and analysis by liquid scintillation spectrometer.

In order to study the affect of additives on the stability of coumaphos, Asuntol powder
(Bayer Co., Germany) containing 50% (w/w) coumaphos was suspended in the vat water to
a concentration of 200 mg/L. To one vat 1% superphosphate fertilizer (containing a mixture
of calcium sulphate and calcium acid phosphate) was added. To the second vat sodium citrate
was added. The third vat served as the control. The temperature of the water during the
experimental period varied from 20°C to 28°C. The change in the pH and residues of
coumaphos in each vat were measured at each sampling time. A 100 mL sample of the
suspension from each vat was extracted with ethyl acetate and the extract analysed by HPLC.
The HPLC was equipped with a UV detector and a C-18 reverse phase column. The
wavelength of the detector was adjusted at 254 nm. Acetonitrate+water (65+35, v/v) was used
as mobile phase. The extract was also analysed by TLC. The TLC plates were developed in
benzene+ethylacetate (9+1, v/v) solvent mixture. Asuntol and analytical standards were used
for characterization/identification of the spots.

3. RESULTS AND DISCUSSION

Table I shows data on the change in the pH and the dissipation of lindane in the vat
suspension and in the supernatant water. The pH on 0 day, before the addition of the soil, was
6.4. However, it increased steadily with time and reached a maximum of 9.5 after 7 weeks.
The initial concentration of lindane in the suspension was 77.7 mg/L, which was below the
calculated concentration of 100 ppm. The concentration in the supernatent was 35.5 mg/L.
The dissipation seems to be biphasic as shown in Fig 1, with much faster loss of lindane
during the first phase and somewhat slower dissipation in the second phase. The half-life in
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the first phase was calculated to be 4 d. The half life of lindane has been reported to be 191
d a t p H 7 a n d 11 h at pH 9 [1].

Data related to the dissipation of chlorpyrifos in model vats are shown in Table II. The
initial concentration of chlorpyrifos in the suspension was 87.4 mg/L, but it steadily decreased

Table i. Dissipation of "c-labelled lindane in a model dip

Sampling
period

0 day

2 days

1 week

3 weeks

5 weeks

7 weeks

9 weeks

DH

6.51

8.4

8.7

9.0

9.0

9.5

9.3

Concentration of

In suspension

77.7

55.5

31.9

2.7

1.1

0.6

0.3

lindane fme/L)

In suoernatent

35.5

22.0

13.9

3.4

1.4

0.7

0.4

1 pH measured prior to the addition of the soil to the vat

Table II. Dissipation of Mc-labelled chlorpyrifos in a model dip

Period of
samplina

0 day

2 days

1 week

3 weeks

5 weeks

7 weeks

9 weeks

6.51

8.5

8.7

9.0

9.3

9.1

9.1

Concentration of chlorpyrifos I

In suspension

87.4

76.4

44.3

42.4

29.9

30.0

32.2

rmg/U)

In supernatent

8.5

7.8

8.1

8.6

9.9

9.4

9.8

1 pH measured prior to the addition of the soil to the vat.
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Fig. 1. Dissipation of lindane in a model dip.

to 32.2 mg/L after 9 weeks. On the other hand, the concentration of chlorpyrifos in the
supematent somewhat increased with time. This is because the concentration of chlorpyrifos
of 100 mg/litre used in the suspension was much higher than its reported1 maximum solubility
of 1.4 mg/litre in water. Fig 2 shows a plot of the decline of chlorpyrifos in the suspension
over the 9 week period. The dissipation of chlorpyrifos was slower than that of lindane. The
half-life of chlorpyrifos was calculated to be 22 d. The initial pH of the suspension, before
the addition of the soil, was 6.5. But later it increased, and reached a maximum of 9.1 after
9 weeks. This indicate a relationship between change of pH and the dissipation of
chlorpyrifos. Chlorpyrifos undergoes hydrolysis and the rate of hydrolysis increases with pH.
The half life of the insecticide in water has been reported to vary between 1.5 d at pH 8
(25°C) to 100datpH7(15°) ' .
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Fig. 2. Dissipation of chlorpyrifos in a model dip.

Methanol extractable and unextractable (bound) residues of lindane in soil/sediment taken
from the model vat are shown in Table III. Analysis of the samples taken soon after the
application of lindane to the vat showed total lindane residues of 75.3 ug/g which included
64.1 ug/g extractable and 11.2 ug/g (14.9%) unextractable. After 3 weeks the total residues
in the soil had decreased to 5.0 ug/g which included 50% extractable and the rest
unextractable. At the end of 9 weeks total residues of lindane in the soil/sediment were only
1.2 ng/g, indicating rapid dissipation from soil.

Table IV shows data on methanol extractable and non-extractable residues of chlorpyrifos
in the soil/sediment. The concentration of chlorpyrifos in the soil/sediment soon after the
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Table III. Extractable and unextractable residues of lindane in
the soil/sediment of model dip

Period of
samplincr

0 day

3 weeks

6 weeks

9 weeks

Residues

Extractable

64.1

2.5

1.0

0.5

of lindane in soil (uci/ct)

Unextractable

quantity
(fJLCf/Q)

11.2

2.5

1.5

0.7

% of total
residues in soil

14.9

50.0

60.0

58.3

Table IV. Extractable and unextractable residues of chlorpyrifos in
soil/sediment of model dip

Period of
samplincr

0 day

3 weeks

6 weeks

9 weeks

Residues

Extractable

323.0

191.6

84.8

79.9

of chlorpvrifos in soil (fiQfa)

Unextractable

Quantity
(fiCf/Cf)

15.4

7.8

3.8

2.4

% of total
residues in soil

4.5

3.9

4.3

3.0

application of the insecticide to the vat was 338.4 |ig/g which included 323.0 ng/g extractable
and 15.4 (ig/g unextractable. The total residues in the soil decreased with time and after 9
weeks only 82.3 ug/g chlorpyrifos was present. Most of the residues were extractable and
the proportion of soil/sediment bound residues did not excede the initial concentration of 4.5

Data related to the degradation of coumaphos in model vats are shown in Table V. The
initial pH of the water before adding to the vats was neutral. However, after it was added to
the cement vats the pH increased to 8.5. The addition of superphosphate decreased the pH
to 6.4. The pH in this vat slowly increased to 7.0 in 60 days and 8.2 after 180 d. The pH of
the vat treated with sodium citrate, on the other hand, was 8.9 and changed very little through
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Table V. The effect of additives on pH of the suspension and the
dissipation of coumaphos in a model dip.

Period
of
time

0

15

30

60

90

120

150

180

Control

pH

8.5

8.5

8.6

8.5

8.5

8.5

8.4

8.6

Residues of
coumaphos

(mg/L)

204.2 ± 2.6

197.7

184.1 ± 9.8

126.5 ± 0.7

101.0 ± 1.0

88.6 ± 1.9

93.0 ± 4.2

92.8 + 4.7

With

PH

6.4

6.5

6.8

7.0

8.0

8.3

8.4

8.2

super phosphate

Residues of
coumaphos

(mg/L)

209.5 ± 18.3

217.2 ± 10.8

195.8 ± 0.2

133.3 ± 2.6

117.1 ± 2.8

101.2 ± 8.4

94.1 ± 1.4

95.9 ± 3.9

With

PH

8.9

8.8

8.8

8.9

9.1

9.0

9.0

9.2

sodium citrate

Residues of
coumaphos-

(mg/L)

189.00 ± 7.6

183.9 ± 7.1

183.6 ± 16.9

115.0 ± 1.3

89.7 ± 33.2

81.0 ± 19.7

89.9 ± 7.2

88.7 ± 5.5
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Table VI. Concentration of chlorferon metabolite of coumaphos in model dips
at different sampling times.

Period
of
time
(days)

0

15

30

60

90

120

150

180

Control model dip

Chlorferon
concentration

(mg/L)

16.5 ±2.6

14.2 ±0.5

15.3 ±0.4

14.2 ±1.0

8.8

8.8

8.7 ± 0.1

7.1 ± 2.1

With super phosphate

Chlorferon
noncentration

(mg/L)

14.0 ± 1.8

16.1 ± 6.6

16.9 ± 2.2

10.9 ± 0.5

8.5

9.2 ± 0.5

8.1 ± 0.4

8.2 ± 0.5

With sodium citrate

Chlorferon
concentration

(mg/L)

13.4 ± 0.2

14.2 ± 0.5

18.2 ± 0.8

12.8 ± 0.6

11.9 ± 1.0

9.8

8.9 ± 0.2

8.1 ± 0.8



Table VII. Concentration of potasan metabolite of coumaphos in model dips
at different sampling times.

Period
of
time
(days)

0

15

30

60

90

120

150

180

Control model dip

Potasan
concentration

(mg/L)

4.1

3.1 ± 0.3

3.2 ± 0.2

-

-

-

-

-

With super phosphate

Potasan
concentration

(mg/L)

-

3.9

' 3.8 ± 0.1

-

2.2

-

-

-

With sodium citrate

Potasan
concentration

(mg/L)

3.8 ± 0.2

3.5 ± 0.3

4.2 ± 0.2

2.7

-

-

-

-



Table VIII. Rf value of coumaphos and metabolites on the TLC plates
developed in different proportions of the solvent mixture

Compound Rf (solvent mixture A1)

1. Individual
standards3

Chloroferon 0.44

Potasan 0.74

Coumaphos

2. Mixed
standards4

chloroferon 0.44

potasan 0.78

coumaphos 0.90

unidentified
metabolite nd

3. In sample
extract5

chloroferon 0.44

coumaphos 0.88

unidentified
metabolite 0.96

Rf (solvent mixture B2)

0.63

0.80

0.89

0.65

0.83

0.87

0.91

0.62

0.87

0.93

1 Solvent mixture A was benzene+ethylacetate in 90+10 (v/v) ratio.
2Solvent mixture B was benzene+ethylacatate in 70+30 (v/v) ratio.
3Rf of standards of compounds applied to TLC plate individually.
4Rf of compounds applied to TLC plate as a mixture of standards.
5Rf of compounds when the extract was applied to TLC plate.



the period of experiment. The initial measured concentration of coumaphos was betwwen 189
±7.6 and 209 ±18.3 mg/L. However, it steadily decreased in all three vats with time. The data
indicate that during the first 120 d the concentration of coumaphos in the vat treated with
superphosphate remained somewhat higher than the other two vats, evidently due to lower pH.
However, the final concentration in the three vats was roughly the same after 180 days. The
addition of superphosphate fertilizer stabilized the acaricide for a month or so but thereafter
its affect diminished. Obviously, in order to repeated addition of superphosphate to the vat
would be stabilize the acaricide for a longer period of time. The addition of sodium citrate
to the vat did not have any significant affect on the stability of the acaricide. From the data
in Table V the half life of coumaphos was calculated to be 99 d in the control vat and the
addition of superphosphate prolonged it to 114 d. The half life of the acaricide in the vat
treated with sodium citrate was calculated to be 98 d.

HPLC and TLC analysis of the radioactivity extracted from the vat suspension showed
the presence of three metabolites in addition to coumaphos in all three vats. The meatbolites
included chlorferon, potasan and an unidentified metabolite. The concentrations of the
identified metabolites are shown in Tables VI and VII. The Rf values of coumaphos and
metabolites on the TLC plates developed in two solvent mixtures are shown in Table VIII.
The initial presence of chlorferon in the control vat indicates that Asuntol had this metabolite
already present. However, its concentration steadily decreased with time. The concentration
of this metabolite in the vats treated with superphosphate fertilizer of sodium citrate slightly
increased during the first month but after that it started to decrease. The concentration of
potasan remained low in all three vats.

It can be concluded from this study that lindane dissipates from the model animal
dipping vats quite rapidly, mostly due to volatilization, with a half life of only 4 days.
Chlorpyrifos, on the other hand, is somewhat more stable and has a half life of 22 days. The
degradation of coumaphos can be slowed down by the addition of superphosphate fertilizer
but is not affected by the addition of sodium citrate. However, in order to stabilize coumaphos
repeated addition of superphosphate may be necessary.
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