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Abstract

The degradation of 14C-labelled deltamethrin under variable conditions of pH and temperature, leaching
of UC-labelled amitraz in soil columns and dissipation of these insecticides in model dipping vat was studied.
Deltamethrin was stable for 28 d in buffer solutions at pH 4,7 and 8 and at temperature of 14, 28 and 35°C,
but degraded in a solution at pH 9. Metabolites identified by TLC corresponded to 3-phenoxybenzoic acid and
3-phenoxybenzyl alcohol. After 75 days of standing in a model dip, about 60% of the total radioactivity was
found in the sediment and corresponded mainly to deltamethrin. When MC-Amitraz was applied to soil columns,
placed under outdoor conditions, 4 months later all of the radiocarbon was found in the upper 10 cm section
and about 90% of the recovered radioactivity corresponded with amitraz. A study of the dissipation of amitraz
in a field vat showed that after 20 d of use the concentration of amitraz in a field dip decreased from 210 ug/mL
to 155 ug/mL.

1. INTRODUCTION

Deltamethrin and amitraz insecticides are used for the control of ectoparasites on livestock
and poultry [1,2,3]. In Brazil they have been in use as acaricides for more than 10 years as
pour on or in vat solution for the control of the cattle tick, Boophilus sp. Amitraz is used on
a large scale, and its discharge in the soil is the usual way for disposal of the used dips. The
addition of lime to the vats, to increase the pH to about 10 or higher, is a usual procedure
recommended by the manufactures to reduce the degradation of amitraz. Information on the
chemical behaviour, fate and stability of amitraz and deltamethrin in the dips and underlying
soil as well as their sorption to the dip sediment is not available. In this paper we report the
results of studies on deltamethrin and amitraz to evaluate their stability in a field vat (amitraz)
and in a model vat (deltamethrin) and their behaviour in soil.

2. METHODS AND MATERIALS

14C-deltamethrin [(s)-_oc_- cyano - 3 - phenoxybenzyl (1R, 3R) - cis -3 - (2,2-
dibromovinyl)-2,2-dimethylcyclopropanecarboxylate, (7-14C-benzyl labelled)], with specific
activity of 1.29 MBq/mg (651 MBq/mmol) and radiochemical purity of 98+% was purchased
from International Isotope Munich, Germany. Commercial deltamethrin (Butox) was obtained
from the local market in 10 ml ampoules. Analytical deltamethrin (99% purity) was received
from the United States Environmental Protection Agency. Standards of metabolites used as
reference in chromatography were 3-phenoxybenzoic acid and 3-phenoxybenzyl alcohol.MC-
Amitraz [N-methylbis(2,4-xylyliminomethyl)amine] with specific activity of 1.51 MBq/mg
was obtained from Institute of Isotopes, Budapest, Hungary. It was purified on polyamide
TLC plates before use.

2.1. Study of the effect of pH and temperature on the stability of deltamethrin.

14C-Deltamethrin (50 uL of 111 kBq/mL) and 50 uL Butox (50 g/L E.C. formulation)
were added to 5 mL 0.2M phosphate buffer solutions of pH 4, 7, 8 and 9. Solutions were
incubated in the dark at 15, 25, 35 and 45°C. Two replicates samples were taken and analysed
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at each sampling time. Sample were taken at 0, 3, 4, 7, 14, 28 and 48 days after the treatment
and extracted with 3x5 mL of a mixture of hexane+ethyl acetate (1+1, v/v). The organic
fractions were combined, filtrated over sodium sulfate, concentrated in a rotoevaporator
(Biichi) at 40°C to dryness and redissolved in 5 mL of the solvent mixture. Aliquots (lOOul)
were radioassayed in a Packard Model 1600TR liquid scintillation counter (LSC) and 200ul
applied to a silica-gel thin layer plates (Merck 60 F254). The plates were developed in the
solvent mixtures which constituted hexane+ethyl acetate (1+1, v/v) or toluene+hexane+acetic
acid (15+3+20, v/v/v). Deltamethrin recovery was 89.5%. Air dried plates were scanned in
a Berthold LB 2723 TLC scanner and autoradiographed. Radioactive zones were scraped in
to liquid scintillation vials and radioassayed by LSC. The organic solution was also analyzed
by high performance liquid chromatograpy (HPLC). For this purpose the organic solution was
concentrated under a stream of nitrogen. A Shimadzu Model LC-10 HPLC equipped with a
Phenomenex Zorbax silica column (5 urn, 250 mm length x 4.6 mm ID), a Packard
radiometric detector and a U.V. detector was used for the analysis. The wavelength of the
U.V. detector was fixed at 220 nm. The eluting solvent mixture was comprised of
hexane+dioxane (1+1, v/v) and the flow rate was 1 mL/min.

2.2. Degradation of deltamethrin in water+sediment in a biometric flask

A 300 uL solution of 14C-deltamethrin in hexane (1.11 MBq/mL) was evaporated and
redissolved in 300uL acetone. To this 500(iL Butox was added to obtain a 14C-Butox
preparation. A 50uL aliquot of this preparation was added to each of the biometer flasks
containing (a) 50 mL pond water, (b) 50 mL pond water plus 80 mg sediment, (c) 50 mL
pond water plus 80 mg sediment autoclaved at 120°C for 1 hour for 2 consecutive days and
(d) 50 mL pond water plus 800 mg sediment. The evolved 14C02 was estimated on a weekly
basis. At the end of 56 d the sediment was separated from the water and extracted 3 times
with a hexane+ethyl acetate (1+1, v/v) mixture.

2.3. Dissipation of deltamethrin in a model dip vat under field conditions.

A model dipping vat was prepared by placing a glass tank (50 x 22 x 22 cm) in a
wooden box lined with soil between the tank and the box. The vat was placed outdoors and
a roof was constructed over it to protect it from the rain and direct sunlight. The vat was
filled with 20 L of pond water. A mixture of 10 mL Butox and 4 mL 14C-deltamethrin
solution (1.11 MBq/mL) was prepared and added to the water in the vat. Finally, 20 g
sediment was added to the vat. Duplicate samples of 10 mL of the water sediment mixture
were collected at time zero and every 2 weeks for analysis. Aliquots of 1 mL of the
sediment+water mixture were analysed for total 14C by LSC. The rest of the sample was
centrifuged and the activity of the supernatant measured.

To estimate deltametrhin residues, the sample was extracted with 3x10 mL
hexane+ethyl acetate mixture. The organic phase was combined, concentrated to 5 mL and
analysed for deltamethrin and metabolites by TLC. Analytical standard of deltamethrin was
used for confirmation of the spot for deltamethrin.

The sediment in the centrifuged samples was washed 3 times with 5 mL of
hexane:ethyl acetate (1:1) mixture, the extracts combined, concentrated to 1 mL and analysed
by TLC.
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2.4. Leaching of amitraz in soil columns

MC-Amitraz solution and 20 mL Traitox (a commercial formulation of amitraz) were
added to 10 L pond water in a glass tank and 7 g Ca(OH)2 added to simulate field vat
conditions. After 3 months, 3 litre of distilled water was added to the tank to bring the total
to the initial volume and the vat contents were used for leaching studies.

In order to prepare soil columns polyethylene cylinders (5 cm dia x 50 cm long) were
driven into the soil, which contained 61% clay, 12% silt, 27% sand and 2.9% organic matter
and had a pH of 6. The intact soil columns were removed from the field and placed in a
plastic box with sand and vermiculite to fill the spaces between the columns and to allow
collection of water from each column. A 1 mL aliquot from the vat suspension containing
92.5 kBq 14C-amitraz was applied to the top of each column. Water was added to the columns
and the leachate collected at 0, 30, 60 and 180 d after treatment and replicate samples
analysed. At the end of 180 d the soil columns were cut, each in seven sections of 0-2.5,
2.5-5, 5-10, 10-20, 20-30, 30-40, 40-50 cm and analysed. Prior to analysis the weight of the
soil was recorded and moisture estimated in a Mettler LJ16 Moisture Analyser. Calculations
were based on the dry weight of the soil. Radiocarbon in each section was estimated by
combustion of 3x500 mg dry samples. Soil sections with radioactivity were extracted with
hexane and analysed for amitraz. For extraction, 50 g soil samples were shaken in 200 mL
hexane in a horizontal shaker for 4 h, followed by extraction for 8 h with methanol in Soxhlet
apparatus. Combined extracts were concentrated in a rotoevaporator at 40°C to dryness,
redissolved in 1 mL acetonitrile and analysed by polyamide TLC plates using
hexane+acetone (8+2 and 6+ 4, v/v) mixtures.

2.5. Dissipation of amitraz in a field dipping vat

Studies with Amitraz in a commercial cattle dipping vat were performed during July
1991 at a farm in Sao Paulo State. The vat was filled with water from a pond and treated
with Triatox, a commercial formulation of amitraz, to obtain amitraz concentration of 0.42
ug/mL. A total of 360 animals were dipped in the suspension. The procedure used involves
an initial dip of the first 30 animals to have the amitraz well dissolved in the vat, followed
by two more dips of these animal. Dipping was repeated every two weeks. Samples of the
suspension were collected and analysed for amitraz residues. Duplicate 50 mL samples were
extracted with hexane (25 mL) by shaking in an horizontal shaker for 30 minutes. The organic
phase was separated, filtered on a bed of Naj SO4 and made to 25 mL with hexane in a
volumetric flask. The solution was analysed by a gas chromatograph which was equipped with
an FID detector and a column packed with 2% OV 17 on chromosorb W.

3. RESULTS AND DISCUSSIONS

3.1. Effects of pH and temperature on the stability of deltamethrin

Deltamethrin was stable at pH 4,7 and 8 and at a temperature below 35°C. However,
it was unstable at pH 9. At this pH it degraded at 28°C and above. After incubation for 28
days at 45°, only 16% of the total radiocarbon extracted from the soil and applied to the TLC
plates corresponded with the TLC spot for deltamethrin. Two metabolites were also identified
on the TLC plates. One of these had Rf values of 0.42 and constituted 81% of the total
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radioactivity applied to the plate, and the second had Rf value of 0.66 and corresponded with
16% of the total radioactivity. These metabolites co-chromatographed with standards for 3-
phenoxybenzoic acid and 3-phenoxybenzyl alcohol, respectively. After 42 d of incubation in
buffer solution at pH 9.0 deltamethrin completely disappeared.

3.2. Degradation of deltamethrin in water and sediment mixture

Distribution of radioactivity evolved as CO2 and recovered from the water and
sediment mixture after 56 d of standing in the bipmeter flask is shown in Table I. Overall,
the evolution of 14CO2 was rather low and a maximum of 2.1% of the applied amount of
radioactivity evolved as 14CO2 when 800 mg sediment was added to the water treated with
MC-labelled deltamethrin in the biometer flask. With lower amount of sediment
correspondingly lower amount of I4CO2 evolved, and only 0.4% of the radioactivity
corresponded with 14CO2 when no sediment was added to the water. The addition of 80 mg
sediment to the water had no remarkable influence on deltametrhin degradation. However,
when the added amount of sediment was increased to 800 mg, there was a decrease in the
amount of radioactivity extracted (aqueous phase+organic phase) from the sediment. The
analysis of the organic phase by TLC showed that 80% of the radioactivity in the sediment
was deltamethrin, which showed a radioactive spot at Rf of 0.71 on the TLC plate. The main
metabolite was 3-phenoxybenzoic acid. Sterilization of the sediment prior to incubation had
no influence on deltamethrin metabolism.

Table I. Distribution of percent of the applied amount of radioactivity as evolved I4CO2 and
in the aqueous and organic phases of the extract.

Treatment

Pond water

Water plus sediment
(80 mg)

Water plus
autoclaved sediment

(80 mg)

Water plus sediment
(800 mg)

Total radioactivity as
14CO2 (cumulative)

(% of applied)

0.4

1.6

1.4

2.1

Radioactivity in
Aqueous phase
(% of applied)

86

33

67

39

Radioactivity in
Organic phase
(% of applied)

14

66

32

40

3.3. Dissipation of deltamethrin in a model dip vat

Results on the fate of deltamethrin in a model dip vat under field conditions indicate
that after standing for 15 days only 25% of the applied radioactivity remained and it
corresponded with deltamethrin. After centrifugation of the suspension, the radioactivity
present in the sediment corresponded to 50% of the total radioactivity in the sample. The
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extraction of the sediment followed by TLC showed that all the radioactivity was
deltamethrin. Similar results were obtained when the suspension was allowed to stand in the
vat for 30 days. However, analysis of the samples collected from the vat at 60 days showed
a decline in the radioactivity. Analysis of the sample after 75 days showed that 30% of the
recovered radioactivity was in the solution and 60% in the sediment. TLC analysis of the
radioactivity extracted from the sediment showed the presence of only one radioactive spot
at Rf 0.70, it contained 98% of the radioactivity applied to the TLC plate and
cochromatographed with deltamethrin.

3.4. Dissipation of amitraz

Results of the study on the leaching of amitraz in the soil columns showed that most
of the radioactivity was present in the upper 0-2.5 cm section of the soil column (Table II)
and it decreased in the lower sections. There was no radioactivity in the sections below 20
cm, indicating that amitraz stongly adsorbs to the soil and is not likely to leach in to the
lower strata of the soil or the ground water. TLC analysis showed that 90% of the
radioactivity corresponded with amitraz, indicating that this compound is quite persistent.

Table II. Distribution of radioactivity in different section of the soil column after the
application of MC-amitraz.

Soil section
(cm)

0-2.5
2.5-5.0
5.0-10
10-20
20-30
30-40
40-50

Percent of the applied amount of amitraz present
at different periods of time (d) after the application

0
97
3.2
-
-
-
-

30
76
18
3.0
0.6
-
-

-

60
63
32
3.0
1.4
-
-
-

120
73
23
3.4
0.4
-
-
-

The results of the analysis of amitraz in the field dip vat showed that the
concentration of the pesticide decreased from an initial concentration of 210 ug/mL to 155
Hg/mL after 20 d of standing. At that time a recharge was necessary in order to bring the
concentration back to 210 ng/mL.

Data obtained from the analysis of the soil columns showed that both amitraz and
deltamethrin have low mobility in soil and the risk of groundwater contamination from the
discharge of the used dips in to the soil would be expected to be negligible. Moreover, dips
in tropical areas are likely to be exposed to high temperatures of 35 to 45°C and, as this study
shows, deltamethrin degrades due to the combined affect of high pH (9.0) and temperature
(45°C). However, the dissipation can be controlled by monitoring the concentration in the dip
and periodic recharging. Although amitraz is metabolized by microorganisms such as
Pseudomonas and Achromonas spp [4] in our study the compound was found to be quite
stable under the local field conditions.
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