
DEVELOPMENT OF PROCEDURES TO STABILIZE XA9846537
CHLORFENVINPHOS IN MODEL CATTLE DIPS

Y. PASTOR, T. CACERES, R. MERINO, P. VELLAMAR, R. CASTRO
Department of Environmental Toxicology, Ecuadorian Atomic Energy Commission,
Quito, Ecuador

Abstract

The environmental fate and dissipation of chlorfenvinphos acaricide was studied in water and sediment in
model cattle dips with recharge, without recharge and with added stabilizers. Chlorfenvinphos concentration
decreased with time in all of them, and the monthly recharge at 10% of the initial concentration was inefficient
to maintain a concentration that would be effective for tick control. However, the loss of pesticide in the model
dip with added phosphate buffer as stabilizer was the least. Volatilization was the principal factor that influenced
the dissipation of the pesticide. The sediment bound residues increased with time. Mineralization of C-
chlorfenvinphos due to microbial activity showed that the CO2 production increased with time in biometers
flasks with different amounts of sediment. 2,4-Dichloroacetophenone, and 2,4-dichlorobenzaIdehyde were
identified as degradation products. Isomerization of chlorfenviphos from isomer Z to E was influenced by sun-
light. Chlorfenvinphos was stable in aqueous solution for 14 days under pH 4 to 9. Leaching tests demonstrated
that the pesticide was not a potential pollutant of ground water.

1. INTRODUCTION

The Ecuadorian cattle ranchers have serious problems due to cattle tick infestation. The
tick acts as a vector in disease transmission and can cause serious economic losses. At the
present time the tick control is based on the use of acaricides by several methods such as the
use of sprayers, dust bags and cattle dips. However, the most efficient and widely applied
method in the country is the use of dips. It is very important to use pesticides at the right
concentration in order to have an efficient control and to avoid the development of resistance.
Moreover, it is important to know the principal routes of acaricides degradation in the cattle
dips, which will help in improving their stability and in reducing the high cost associated with
their rapid degradation. It is also important to dispose off used contents of cattle dips after
their use in order to avoid their adverse environmental effects.

Under controlled conditions, the use of nuclear techniques is very useful to monitor the
fate of radiolabelled pesticides and to identify their residues at trace levels. One of the com-
monly used pesticides in cattle dips is the organophosphate chlorfenvinphos. The pesticide
is sold in Ecuador under the trade name of Steladon. The commercial formulation is com-
posed of a mixture of the Z and E isomers in 90: 10 (w/w) ratio, respectively.

The objectives of this research were to evaluate the stability of chlorfenvinphos in model
cattle dips, test procedures to improve their stability, determine the influence of the
microorganisms on the degradation of the pesticide, study the leaching behaviour of the
pesticide after disposing in the soil and study the stability of chlorfenvinphos exposed to
sunlight.

2. MATERIALS AND METHODS

2.1. 14C-Iabelled and unlabelled chlorfenvinphos, metabolites and formulation

C-Chlorfenvinphos, labelled in ethyl moiety, with specific activity of 1.21 MBq/mg was
supplied by the International Atomic Energy Agency's Laboratory at Seibersdorf, Austria. The
analytical standards of chlorfenvinphos (Z+E) and the individual isomers Z and E were kindly
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donated by CIBA GEIGY Limited, Basilea, Switzerland, and Shell Research Limited,
Sittingboume, Kent, U.K. The standards of 2,4-dichloroacetophenone and 2,4-
dichlorobenzaldehyde were obtained from Chem Service Inc., Tower Lane Chester, U.S.A.
The formulation of chlorfenvinphos, which is locally used to control cattle ticks was
purchased in Quito, Ecuador

2.2. Determination of the purity of uC-chlorfenvinphos.

The purity of the pesticide was determined on thin layer chromatography plates developed
in two solvent systems: (1) toluene+ethyl acetate+ethanol (20+75+5, v/v/v) and (2) tolu-
ene+ethyl acetate (80+20, v/v). The purity of chlorfenvinphos was 75.2% in system 1 and
in 72.8% in system 2.

2.3. Purification of 14C-chlorfenvinphos.

Because the radiolabelled pesticide did not have the desired purity of 95+%, it was further
purified by using a preparative silica-gel plate (Aldrich). An aliquot containing 18.5 MBq 14C-
chlorfenvinphos dissolved in 650 uL benzene was applied on the plate and the plate
developed in solvent system 2. The zone which contained the pesticide was scrapped and
extracted with 2 x 1 0 mL acetone and 10 mL methanol. The extract was mixed for 10 min.,
diluted to 30 ml with acetone, filtrated through a 20 urn filter disk and concentrated to 5 mL.
After the purification, the purity of chlorfenvinphos was 96- 97 %.

2.4. Determination of chlorfenvinphos concentration in the commercial formulation

Chlorfenvinphos concentration in Esteladon 300 formulation was determined by GC/NPD
in phosphorus mode. The operating conditions for the GC were as following: injector tempera-
ture 220 °C, detector temperature 280 °C, H2 flow rate 46 ml/min, air 280 ml/min and N2 20
ml/min. The GC was equipped with a DB1 megabore column (0.53 mm x 30 m x 1.5 um).
The following temperature programme was used: initial temperature 80 °C, hold time 1 min,
ramp rate 30 °C/min, final temperature 250 °C for 3 min. The formulation was found to
contain 308 g per liter of active ingredient.

2.5. Determination of moisture content and organic matter in the sediment.

For the determination of moisture content of the sediment used in the model dips and
biometer flasks, the sediment was dried in an oven at 110 °C for 24 hours. The total organic
matter was determined using a colorimetric method in the samples previously digested and
oxidized with sulfuric acid and potassium dichromate.

2.6. Assembly of model dips.

In order to simulate the current field practices, two plastic tanks, each with 60 litre
capacity, were built, fitted inside wooden boxes and placed outdoors. Roofs were constructed
above the tanks to protect them from the rain. The tanks were surrounded by wood shavings
for insulation and the shavings were covered with sediment collected from the viscinity of a
field dip. The model closely simulated a field dip. The tank was filled with 40 L of water.
A stock solution of I4C-labelled chlorfenvinphos was prepared by transferring 4.5 mL 14C-
chlorfenvinphos solution (containing 9.42 mg chlorfenvinphos) and 125 mL of Esteladon
formulation (containing 38.8 g AI) into a 200 mL volumetric flask. The volume was braught
to the mark with acetone. The total activity of the solution was 11.47 MBq. To each tank 65
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mL stock solution was added to give a final concentration of 250 |ig/mL and 3.7 MBq
radioactivity in 50 L. To each tank 50 g (oven dried wight) sediment collected from the field
was also added. The contents of the dips were well mixed and the initial concentration
determined by taking 3 x 1 mL samples from each tank and counting the radioactivity in a
Packard liquid scintillation counter (LSC). All samples were quench corrected by means of
external and internal standards methods.

2.6.1. Model dips with added copper sulphate, superphosphate fertilizer or both:

A stock solution containing chlorfenvinphos formulation (18.75 g AI) was spiked with 100
mL acetone solution of 14C-chlorfenvinphos (4.56 mg). Three model dips containing water
were treated, each with 27 mL of the stock solution. To the first dip 100 mg copper sulphate
and 20 g sediment (oven dreid weight), to the second dip 25 g superphosphate fertilizer
(acidic buffer) and 20 g sediment and to the third dip superphosphate fertilizer and copper sul-
phate as well as sediment added and the volume in each tank made up to 20 L. Thus, each
dip contained 250 ug/mL chlorfenvinphos and 1.48 MBq radioactivity.

2.7. Sampling of water and sediment and addition of sediment to the model dips

Samples from each dip were taken every 15 d. The liquid contained in each dip was ho-
mogenized and 3 x 1 mL sub-samples taken for direct radioassay by LSC. Samples (3 g) of
sediment were taken from each dip every thirty days. After every fifteen days 50g sediment
(oven-dry basis) was added to each dip to simulate passage of cattle through the dips.

2.8. Monthly recharge of the model dips.

To simulate the field conditions and to compare the differences between the dips with
recharge and without recharge, one dip was recharged once every month with 10% of the
initial pesticide concentration and radioactivity. In order to simulate the loss of water caused
by the pass of cattle through the dip 5 L of suspension were removed from the dip and
replaced with 5 L fresh water. To this 6 mL of the stock solution was added and the solution
was mixed.

2.9. Analysis of the suspension

The suspension in each dip was analysed by taking 5 ml samples. The samples were ho-
mogenized and centrifuged for 10 min. The pH of the supematent was determined and 2 x
1 mL sub-samples radioassayed. The suspension samples (4 mL) were extracted with ethyl
acetate and the extract was dried on sodium sulfate. The recovery of extraction was 93%.
The organic phase was analyzed by GC/FPD which was operated under the following
conditions: injector temperature 230 °C, detector temperature 250 °C. The gas flow rates were:
H2125 mL/min, air 250 mL/min and N2 40 mL/min. The GC was equipped with a DB-1701
megabore column (0.53 mm x 30 m x 1.0 urn). The temperature was programmed as
following: initial temperature 200 °C, hold time 3 min, ramp rate 20 °C/min, final temperature
240 °C for 1 min. A 2 mL aliquot of the organic phase were concentrated to near dryness us-
ing nitrogen, using isoctane as keeper. The concentrated solution was cleaned on a small silica
gel column, which was eluted with a mixture of hexane+ethyl acetate (6+4, v/v). The cleaned
material was analysed by GC/ECD for chlorfenvinphos metabolites. The operating conditions
for GC/ECD were as following: injection port temperature 220 °C, detector temperature 310
°C. The flow rates were as following: 10 mL/min for N2 as carrier and 30 mL/min for N2 as
make up. The GC was equipped with a megabore column RTX1 (0.53 mm x 30 m x 1.5 urn)
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and operated under the following temperature programme: initial temperature 140 °C, hold
time 1 min, ramp rate 5 °C/min, final temperature 200 °C for 1 min.

2.10. Treatment of sediment and determination of extractable and bound residues.

The sediment collected from each cattle dip was air dried for 24 h and homogenized.
Three samples of 100 mg were combusted in a Harvey OX-600 Biological Oxidizer. Sediment
samples were extracted in a Soxhlet apparatus with methanol for four hours. Bound residues
were estimated by combusting triplicate samples in the oxidiser. The methanol extracts were
concentrated and the extracts analysed by TLC. TLC spots for the metabolites were scrapped,
extracted with ethyl acetate and analyzed by GC/ECD.

2.11. Study of the degradation of chlorfenvinphos from microbial activity.

Degradation of chlorfenvinphos due to microbial activity was studied in biometer flasks.
A total of 18 biometer flasks were used. Six flasks (IX) were charged each with 75 mL field
water, 1.72 g sediment and 250 uL stock solution of I4C-chlorfenvinphos to obtain a final
acaricide concentration of 250 (ig/mL and radioactivity of 5.55 kBq. A second batch of 6
biometer flasks (5X) were charged with 75 mL water, 8.63 g sediment and 250 pL stock solu-
tion. Four additional flasks were charged, two each similar to IX and 5X and foam plugs
were inserted between the flask and the side arm to trap any volatile effluents. The plugs were
extracted with 100 ml methanol and radioassayed. Finally, 2 biometer flasks were charged
similar to 5X, autoclaved for 24 hours to prevent microbial activity and were used as control.
The side arms of the flasks were charged with 10 mL monoethanol amine + methanol solution
(20 %) to trap I4CO2 produced as a result of the microbial metabolism. Every 8th day samples
from the solution in the side arm was analysed for radioactivity and the solution was replaced
with fresh amine solution. This procedure was followed for a 10 week period. After 4 and 10
weeks of incubation the sediment was extracted and bound and extractable residues were
determined in 3 IX and 3 5X flasks. Water was extracted and analyzed by GC/FPD for
chlorfenvinphos and by CG/ECD for metabolites. Samples of water were also acidified,
extracted and analysed by TLC for diethyl phosphate residues. The TLC plates were devel-
oped in a mixture of isobutanol + isopropanol + ethanol + water (25+20+20+34, v/v/v/v) and
sprayed with acid molybdate reagent (Hanes reagent).

2.12. Photoisomerization of chlorfenvinphos isomers.

In order to study the effect of sunlight on the isomerization of chlorfenvinphos (conversion
from isomer Z to E) a test was carried out in which a 50 ng/uL (x 3) solution of
chlorfenvinphos analytical standard was applied on glass plates which were exposed to sun-
light for a period of 8 h. At the end of this period the glass plates were washed with 2 ml
ethyl acetate and analysed by GC/FPD.

2.13. The effect of pH on the stability of chlorfenvinphos

Phosphate buffer solutions of pH 4, 5, 6, 7 and 9 were prepared using commercial buffers
(Metrepak). Two 40 mL aliquots of each solution were transferred in to flasks. To each flask
1 ml stock solution containing 0.8 mg mixture of non-labelled and MC-chlorfenvinphos (55.5
kBq radioactivity) was added giving a final concentration of 20 ng/mL. The flasks were
capped and the solutions homogenized for 14 d. Samples (1 mL) were taken at 0, 3, 7, 10 and
14 days and directly radioassayed. Also, samples were extracted with ethyl acetate and
analyzed by TLC and GC/FPD in order to determine the effect of pH on the stability of
chlorfenvinphos.
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2.14. Chlorfenvinphos leaching assay

PVC pipes of 40 cm length and 4.5 cm diameter were inserted in the ground in the coastal
region where the cattle dips are used. Soil around the columns was removed periodically in
order to reduce compaction inside the columns. The soil had 27 to 40% clay, less than 20%
sand and the following content of organic matter: 6.0% in the first section, 5.4% in the second
and 3.6% in the third and fourth sections. The field capacity of the soil was 44%. A gauze
pad was placed on the bottom of each PVC column. The columns were taken out of the
ground, transferred to the laboratory, 230 mL water was added to each column and columns
were left to drain freely for 48 hours in order to reach field capacity. A 1250 mL sample (x
3) of the final suspension was taken from the dips treated with MC-chlorfenvinphos and
copper sulfate or superphosphate and passed through three columns for each type of
suspension. It took about three days for the suspension to pass through each column. The
leachate was collected and radioanalyzed. After two weeks, 102 mL distilled water was added
to each column in order to simulate the natural rain. This amount of water represented a mean
precipitation during the last ten years in the area. Four such simulated rains were made on
each column weekly and the leachates were collected and analysed for pesticide content.

After water from the last simulated rain had drained the columns were cut at 5 cm inter-
vals. The soil in each segment was mixed and weighed. Two samples (5 g) from each
segment were used to determine the moisture content and three samples (1 g) were used to
determine the total MC by combustion in the biological oxidizer. The soil was extracted and
extractable and bound residues were determined. Samples of 35 g from each section were
extracted in a Soxhlet apparatus with 300 mL methanol for 8 hours. Bound residues were
determined by combusting 1 g soil samples after Soxhlet extraction.

3. RESULTS AND DISCUSION

3.1. Dissipation of chlorfenvinphos in model dips with and without recharge.

The initial concentration of chlorfenvinphos in the suspension was 250 (ig/mL, but it de-
creased with time in all treatments. As shown in Fig. 1 the decrease was more steady when
there was no recharge and no stabilizers were added. The dissipation was biphasic. The half
life for first phase was calculated to be 5 weeks and for the second phase 18 weeks. The
overall half life was 6.2 weeks. As shown in Fig. 2, with monthly recharge also the initial
dissipation was rapid. The overall half life in this case was 8 weeks. Thus, although the
recharge extended the half life of the acaricide somewhat, it was not enough to maintain the
concentration at an effective level. The pH of the solution was initially 7 and fluctuated be-
tween 6 and 7 through the period of study. Most of the residues in the sediment were
extractable. .

3.2. Dissipation of chlorfenvinphos in model dips with added stabilizers

The dips treated with superphosphate, copper sulphate or both as stabilizer were monitored
for a period of sixteen weeks. The concentration of pesticide in the suspension decreased to
36-39 % of the original concentrationas as shown in Figure 3, and there was no significant
difference between the three treatments. After standing for 16 weeks the concentration of
chlorfenvinphos was somewhat higher in the dips treated with the stabilizers (Fig. 3) than the
dip without recharge and without stabilizers (Fig. 1). The half life of the acaricide was
calculate to be 8.7, 5.7 and 7.5 weeks in dips treated with superphosphate, copper sulphate
and the mixture, respectively. Thus, it appears that the addition of superphosphate fertilizer
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Fig. 1. Residual concentration of chlorfenvinphos in model dip without
recharge measured at different periods of time.
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Fig 2. Residual concentration of chlorfenvinphos in model dip with monthly
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Type of dip

Buffer dip
Copper dip
Mix dip

2.4-dichlorobenzaldehvde
ng/uL

0.01
ND
0.02

had some effect on the stabilization of chlorfenvinphos. Fig. 4 shows a comparison between
the dip with monthly recharge with the dip with superphosphate fertilizer, the stability of the
two dips is quite similar. In the dips treated with superphosphate fertilizer or a mixture of the
fertilizer and copper sulphate the pH fluctuated between 5.2 and 5.8, and in the dip treated
with copper sulphate it ranged between 6.3 and 7.1. More than 99% of the residues in the
sediment were extractable.

The results obtained by radiometric assay (Figs. 1-3) were confirmed when the samples
were analysed by GC. Two metabolites, 2,4-dichloroacetophenone and 2,4-dichloro
benzaldehyde were confirmed by GC analysis of the sediment extract. These metabolites were
also identified in the dips treated with the stabilizers. The concentration of the metabolites
after 16 weeks was as shown below:

2.4-dichloroacetophenone
ng/uL

0.02
0.05
0.08

3.3. Dissipation of chlorfenvinphos in biometer flasks.

Experiments using biometer flasks were carried out to determine the mineralization rate
of chlorfenvinphos. Different quantities of sediment containing organic matter content of 6.9%
were used. Table I shows data on the evolution of 14CO2 in the two sets of biometer flasks.
The evolution of I4CO2 increased with time. In the flasks containing IX sediment cumulative
radioactivity due to 14CO2 was 2.4% of the initial amount of radioactivity in the suspension.
In the flasks containing 5X the cumulative radioactivity after 10 weeks of incubation was
6.6%. Low background radioactivity was found in the flasks which were sterilized. This
assured that the mineralization of the acaricide was caused by the microbial organisms present
in the system. The initial low level evolution of the 14CO2 can be explained due to the
adaptation of the microbes to the substrate. Later on faster increment in the percentage of
I4CO2 formed is due to an exponential growth of the adapted microbial population.

Chlorfenvinphos concentration determined at the end of the test in biometer water sam-
ples by GC/FPD was 83.7 ng/mL and 56.3 ug/mL for the biometer flasks IX and 5X
respectively, the diference can be explained due to the higher quantity of sediment and
microorganis responsables for the mineralization. The pH increased from 7.01 to 9.85 and
probably it helped the mineralization of the pesticide. The bound residues in the sediment
increased during the assay reaching 22.2 % and 21.2 % in the IX and 5X biometers respec-
tively. Those figures were higher than the bound residues founded in the dips, but its
important to notice that the alcaline pH and the anaerobic medium present in the biometer
flasks may contribute to the formation of bound residues. McMinn et.al. [1] studied
chlorfenvinphos degradation under anaerobic conditions in soil and found an increase in the
formation of bound residues after eight weeks of soil incubation. The organic matter content
in the sediment used in the biometer flasks can contribute to the microorganisms growth and
an increase in pesticide degradation can be observed. Rouchaud et.al. [2] observed that
chlorfenvinphos degradation in soil enriched with organic matter was higher than the

66



degradation in the control soils. Further a high organic matter content will increase the soil
microbial activity and the microbial degradation of the pesticide will be simultaneously
increased. Therefore, under field conditions the organic matter content continuously added by
the passage of cattle through the dips is an important factor in the pesticide degradation. The
radioactivity present in the extract from the styrofoam plugs was very low, so no volatile
compounds eseemed to have been formed.

The metabolites identified and quantified in the water extracts using GC/ECD were 2,4-
dichloroacetophenone and 2,4-dichlorobenzaldehyde in the following concentrations:

Table I. Cumulative percent of the applied 14C-chlorfenvinphos evolved as 14CO2 and

trapped in biometer flasks.

Sampling

Period

(weeks')

1

2

3

4

5

6

7

8

9

10

Biometer flask

IX
5X

Biometer

flasks

I X

0.1

0.2

0.7

1.2

2.0

2.0

2.1

2.3

2.4

2.4

2.4-dichlorobenzaldehvde
ng/|il

0.11
0.18

Biometer

flasks

5X

0.1

0.3

0.9

1.6

2.9

4.1

5.0

5.6

6.1

6.6

2.4 dichloroacetophenone
ng/ul

0.26
0.99

These metabolites were also identified in the extract of the sediment. In addition, diethyl
phosphate was identified as a metabolite in the water of biometer flasks 5X by TLC.
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3.4. Photoisomerization of chlorfenvinphos

The commercial formulation of Chlorfenvinphos contains a mixture of the Z and E iso-
mers, 90% of Z and 10% of E. The Z isomer is more active than the E, as reported by
Beynon et. al. [3]. The GC analyses of the extracts from the model dips showed a change in
the isomer proportion with time; for this reason we performed a photoisomerization test with
chlorfenvinphos (analytical standard) by exposing it to the sunlight, and analyzed by GC
(FPD) the results showed a conversion from the Z to the E isomer (Fig.5). A similar
isomerization was found by Beynon and Wright [4] when they applied a formulation of
chlorfenvinphos to cabbage leaves.

3.5. Stability of chlofenvinphos

The activity obtained from all the water buffered solutions did not change during the
entire sampling time (14 d) at different pHs (range 4-9), the extracts were analyzed by radio
TLC and autoradiography, which showed only chlorfenvinphos present at all pHs and times
tested. Those results were confirmed by conventional techniques (GC/FPD) and the
concentration of chlorfenvinphos determined at the beginning of the experiment was the same
determined at the end at all pHs range.

3.6. Leaching of chlorfenvinphos in soil columns

The dips emulsion leachate from the buffer and copper columns were 20.8 and 26.0 %
of the initial activity applied to the columns, that showed that a high percentage of the
pesticide was retained in the soil and it was eliminated slowly when the simulate rains were
applied. After the simulate rains,the pesticide leachate from the buffer and copper columns
were 1.8% and 4.3% of the initial applied doses. Therefore, if those values are added to the
leachate values from the emulsion dips a total leachate of 22.6% for the buffer columns and
30.3% for the copper columns are produced. These results are present in Figure 6.

The 14C Chlorfenvinphos retained by the soil column was analysed by cutting the column
in four sections (Fig. 7). The highest concentration was found in the first section of both type
of columns. The high organic matter content present in that section may have influenced the
retention of the pesticide. Organic matter in the soil is known to play an important role in the
fate of pesticides in soil. The soil in the first section showed more extractable residues (79
%), which can contribute to the dissipation of this pesticide through processes such as
volatilization and photodegradation. Inch et al [5] studied the mobility of some
organophosphurus insecticides in soil and found that chlorfenvinphos was only slightly
mobile. The results of our experiments were consistent with their finding.

The fourth section had a lower quantity of pesticide than the other sections, but the bound
residues present were higher. A high quantity of clay was observed in this section and some
research performed before in the laboratory showed that vinylphosphates had a high affinity
for clays, so this could be the reason why more bound residues were determined.
Total percentages recovery of Cholfenvinphos from the initial activity applied were 69.7%
for the buffer column and 62.3% for the copper column, that diference can be explained for
the influence of volatilization during the experiment.
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Fig. 5. Gas chromatogram (GC-FPD) from the analysis of chlorfenvinphos
without (A) and with (B) exposure to sunlight for 8 hours. (Retention time
for E isomer was 9.9 and for Z isomer 10.3 min.).

3
o

I?

2:

30 y

25 -•

20--

15--

10 --

5 -•

0

ID Copper Dip

D Buffer Dip

0 1 2 3 4
Leachate* No.

*0: Leachate from applied suspension
1-4: Leachate from application of simulated rain

Fig. 6. Percent of the applied amount of chlorfenvinphos leached through the
soil columns receiveing acaricide suspension amended with superphosphate
fertilizer (buffer dip) or copper sulphate (copper dip).

69



ip
ho

s

G

'v,
Ci

o

o

a
^4*

o

Is
o

it 
of

Pe
rc

er
I Copper dip

D Buffer dip

60 --

50 --

S 40 --

30 -

20 -

10 -

1 2 3 4

Column section No.

Fig. 7. Concentration of chlorfenvinphos in different 5 cm sections of the
soil column

4. CONCLUSIONS AND RECOMENDATIONS

The principal factor that influence the dissipation of Chlorfenvinphos is volatilization.
The concentration of the degradation products in the model dips was minimum, and
the products identified in the model dips were 2,4 dichloroacetophenone and 2,4
dichlorobenzaldehide at trace levels.
The monthly recharge at 10% of initial concentration was insufficient to maintain a
concentration that would be effective for tick control. An assay using a higher recharge
concentration or a shorter recharge frequency should contribute to obtain information to
set develop new guidelines for cattle dip usage.
The addition of superphosphate fertilizer to the dips enhanced the stability of the acaricide,
but not enough to maintain the concentration at an effective level. However, the addition
of the fertilizer seems to maintain a concentration equivalent to the recharge, an assay
using both fertilizer and recharge in the same dip should provide useful information.
Bound sediment residues increase with time in the dips and in the biometer flasks .
However bound residues in biometer flasks are higher, probably by the anaerobic
conditions present.
The micro-organisms from water and sediment influence the mineralization of
Chlorfenvinphos. Microbial identification and quantification should be performed in future
studies.
Chlorfenvinphos isomer Z was converted to E by sunlight and it reduces the toxicity of
the pesticide, because the Z isomer is less toxic. To increase the useful life of the dip,
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exposure to sunlight should be minimized. Photodegradation could be used as a method
for the disposal of spent dip waste.
Under laboratory conditions, chlorfenvinphos is stable for 14 days at pH 4 to 9.
Chlorfenvinphos showed to be slightly mobile in soil columns, therefore it is not a
potential pollutant of the ground water.
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