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Abstract

Dissipation and degradation of 14C-labeIIed coumaphos in suspension and binding to sediment was studied in a
model laboratory glass vat was studied. The water in the vat was treated with a mixture of MC-labelled and
unlabelled coumaphos and initial concentration determined. Two weeks later 50 g soil was added to the suspension
and 3x25 mL samples taken and analysis. The procedure was repeated every two weeks for 44 weeks. pH was also
recorded at each sampling time. At the end of the experiment soil was extracted by using Soxhlet apparatus and
by supercritical fluid extraction and concentrations of free and bound coumaphos and metabolites were determined.
Very little dissipation of total I4C occurred and 88% of the initial concentration was still present at the end of 44
weeks. The I4C content in the filtrate declined to 20% but there was a corresponding increase in the UC content of
the sediment mixed with emulsion. The pH of the suspension steadily decreased with time. HPLC analysis of the
filtrate, soil wash and Soxhlet extract indicated the presence of coumaphos and three metabolites chlorferon, potasan
and oxygen analogue of coumaphos. Analysis of supercritical fluid extract of the sediment-bound radioactivity
showed the presence of coumaphos but no metabolites. In another study filtered and washed soil from the tank was
incubated with an EPTC-degrading bacterial strain, Rhodococcus TE1 to study the effect on the metabolism of
coumaphos. About 10.9% of 14C was released in the incubation mixture and it contained mostly chlorferon with
some oxygen analogue of coumaphos. Exposure of l4C-labelled coumaphos to U.V. and sun lamp, to study
photolysis, resulted in the formation of a brown precipitate. While the 14C content in the filtrate decreased, its
concentration in the precipitate increased. The filtrate contained primarily coumaphos, whereas, the precipitate
contained coumaphos, chlorferon and potasan. These findings suggest that in the field vat the potential for
coumaphos degradation and also its precipitation under the sun light conditions may occur.

1. INTRODUCTION

Coumaphos [CO-Ral; 0,0-diethyl 0-(3-Chlor-4-methyl-2-oxo-2H-l-benzopyran-7-
yl)phosphorothioate] is used for the control of a number of arthropod pests that attack domestic
animals [1]. This acaricide has been used since 1968 in dipping operations and has provided an
excellent control of the cattle ticks in the U.S. eradication program [2]. In general, coumaphos
concentration level in a vat is considered stable over time and any decrease in the insecticide
concentration is normally attributed to removal by cattle. However, losses of coumaphos are
possible due to microbial degradation, chemical and photodegradation, and adsorption on
sediments which subsequently settle to the bottom of the dipping vats. Therefore, attention is
required to monitor the dissipation, degradation and binding to sediment of the acaricide in vats
so that no loss of efficacy is experienced.

The purpose of these experiments was to provide information on the dissipation,
degradation and binding of 14C-coumaphos in a model laboratory vat system. The experimental
protocol established during the first FAO/IAEA Research coordination meeting (1992) was
followed in conducting this study.

2. MATERIALS AND METHODS

Chemicals: Co-Ral (coumaphos), A 11.6% emulsifiable formulation was obtained from Miles
Inc., Kansas (U.S.A.). Analytical grade coumaphos, its oxygen analogue, chlorferon (3-chIoro -

15



4-methyl-2-oxo-2H-l-banzopyran),potasan[0,0-diethyl-0-(4-methyl-2-oxo-2H-l-benzobyran-7-
yl) phosphorothioate] were obtained commercially. Radiolabelled coumaphos (phenyluC) was
a gift from IAEA, Vienna.

Model Vat Solution: A laboratory model glass vat (60x30x30 cm) to accommodate about 42
litres solution was placed in a wooden box. The glass walls were covered with black plastic
sheets and the space between the box and the tank was filled with cardboard. To prepare a 14C-
homogeneous formulation, cold formulation (106 mL), 14C- coumaphos (3.7 MBq in 10 mL
acetone) and 60 mL acetone in an Erlenmeyer flask were magnetic-stirred for about 20 minutes.
The homogeneous solution was then quantitatively transferred to the tank and the flask was rinsed
with additional amount of acetone (3x10 mL). Tap water was added to the tank to bring the final
volume to 41 L and level was marked on the wall of the tank.

Sediment: Soil (50 g, oven - dry - basis) collected from an agricultural field was added to the
tank every two weeks.

Sampling: Zero time samples from the tank were taken before the addition of soil. The water
in the tank containing 14C-homogenous formulation described above was well mixed and three
1.0 mL samples were collected from a depth of about 15 cm. Soil was then added after initial
sampling. Two weeks later water level in the tank was brought to the mark by adding tap water,
50 g soil was added, stirred well for 5 minutes and immediately 3x25 mL samples were collected
from a depth of about 15 cm. The pH of the suspension was immediately determined. This
procedure was repeated every two weeks till the end of 44 weeks.

Analysis: Samples taken every two weeks were centrifuged or filtered and the 14C content of the
supernatant or filtrate was determined. The 14C content of the solid residue was determined by
combustion. The solution phase (1 mL) was diluted with methanol (9 mL), shaken vigorously
and the supernatent was analyzed by HPLC.

A bulk sample collected at the end of 44 weeks (1.0 L) was filtered under suction through
a filter paper and exhaustively washed with distilled water. The filtrate and washings were
combined and concentrated to dryness in a rotary evaporator. The material was dissolved in
methanol, radioassayed and analyzed by HPLC. The soil residue was extracted with methanol
in a Soxhlet extractor for 24 h. The extract was radioassayed and analyzed by HPLC. The soil
residue containing bound or nonextractable I4C was subjected to supercritical fluid extraction
(SFE) and the released material was analyzed by HPLC (Fig. 1).

Biodegradation Study : An EPTC-degrading bacterial strain, Rhodocossus TE1, isolated from
EPTC-adapted soil3 was used. An aliquot of the washed soil from sample taken after 44 weeks
described above was taken into a sterile Erlenmyer flask and BMNG medium was added [3].
The medium was inoculated with TE1 cells. Aliquots were withdrawn from the incubation
mixture at various time intervals for measurement of cell growth, determined
spectrophotometrically at 600 nm, and for analysis to determine the metabolic products. Each
time the incubation mixture was exhaustively extracted with methanol, radioassayed for 14C and
analyzed by HPLC.

Photolysis Study : The photochemical reaction vessels were equipped with an outer water-
cooled immersion wells to maintain a constant solution temperature (22°C) during the photolysis
reaction. For UV irradiation the light source was a 450 Watt immersion ultraviolet lamp mounted
in a 250 mL (water cooled) glass cell and connected to an "Ace-Hanovia" Model 7830 power
supply. For sunlight irradiation a 150 Watt xenon compact arc lamp PTI Model A1010
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Figure 1. Schematic diagram for the Analysis of sample collected after 44 weeks
from the model laboratory vat.



connected to PTI Model -220/250 power supply was used. 14C-homogenous formulation of
coumaphos (300 ug/mL) solution (250 mL) described earlier was irradiated till the concentration
of l4C-coumaphos was reduced to about 30% of the initial concentration. During the irradiation,
a magnetic stirring bar was used to continuously mix the solution. Samples were withdrawn
initially and at appropriate intervals and radioassayed. The mixture was filtered and the filtrate
was analyzed. The precipitate was dissolved in methylene chloride and analyzed by HPLC.

Determination of Radioactivity : Liquid sample were assayed in a Packard Model 3320
scintillation spectrometer, and sediment were assayed by combustion in a Packard sample
oxidizer, Model 307 followed by liquid scintillation counting (LSC) with an external standard and
correcting data for quenching.

High-Pressure Liquid chromatography (HPLC) : The high-pressure liquid chromatograph was
a Varian LC 5500 equipped with a variable wavelength UV detector (^.=220 nm) connected to
a radioactivity monitor and data station (Berthold LB504 and 512). The column was a Whatman
Partisil-10 ODS-2 (25 cm long, 9.4 mm inner diameter). The composition of the mobile phase
was 30:70, water: methanol. The flow rate was maintained at 1.5 mL/min. Under these
experimental conditions the retention times of chlorferon, coumaphos oxygen analogue, potasan
and coumaphos were 3.2, 4.0, 5.5 and 7.1 min., respectively.

Thin-Layer Chromatography (TLC) : The concentrated solution were chromatographed for
cleanup on preparative silica gel plates (Whatman PLK5F, 20x20 cm, 1000/um thickness) with
a solvent system of toluene-ethanol-acetic acid (75:25:1). The concentrated solution was directly
applied at the bottom of the central linear region of the TLC plate while vertical channels on the
two sides were used for reference authentic compounds. After development of the plate, it was
photographed by a Berthold Beta camera LB292 to detect radioactive regions. The radioactive
region at Rf 0.90, 0.40 and 0.10 were scraped off the plate, extracted with methanol, the extracts
were radioassayed and finally analyzed by HPLC.

Supercritical Fluid Extraction (SFE) : The supercritical fluid extractor (Suprex Model SFE-50,
Suprex corp., Pittsburgh, PA) was used as described by Khan et al [4]. The extraction of soil
containing bound 14C was carried out for 3 h at a pressure of 370 atm and temperature of 180°C
using carbon dioxide as a supercritical fluid and methanol as a modifier. The flow rates of CO2

and methanol were maintained at 1.0 and 0.5 mL/min, respectively. The extracted material was
radioassayed and analyzed by HPLC.

3. RESULTS AND DISCUSSION

Laboratory vat solution was examined with respect to 14C - coumaphos dissipation. As
demonstrated in Fig.2, very little dissipation of total l4C occurred in the well-mixed
suspension/emulsion samples taken during the course of the experiment. Thus, at the end of 44
weeks period about 88% of the initially added 14C was still present in the sample collected after
stirring the suspension in the tank (Fig. 1). There was decline in the initial concentration of 14C
in the filtrate over the period of 44 weeks (Fig.2). This in turn corresponded to an increase in
the 14C content of the sediment mixed with emulsion. Thus, by the end of the experiment, the
I4C concentration in the filtrate decreased to about 20% of the initially added 14C The filtrate
obtained under the experimental conditions described showed a decline with time in coumaphos
concentration (Fig.3). At the end of 44 weeks period the concentration of coumaphos in the
filtrate was found to be about 20 mg/L. A decrease in pH of the mixture with increasing time
was also observed (Fig.3). At the end of the experiment exhaustive washing of the sediment
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mixed with emulsion removed about 51% 14C while about 37% of MC remained adsorbed on the
sediment (Fig. 1). HPLC analysis of the concentrated combined filtrate and washing solution
revealed the presence of coumaphos (139.1 mg/L), chlorferon (4.7 mg/L), potasan (4.9 mg/L) and
oxygen analogue of coumaphos (0.9 mg/L). Fig. 4 shows the structures of these compounds.
Soxhlet extract of the soil contained 32.9% of the initially added I4C while 4.1% 14C remained
nonextractable (bound residues) from the soil (Fig. 1). Analysis of the extract by HPLC showed
the presence of coumaphos (77.3 mg/L), chlorferon (4.0 mg/L), potasan (3.0 mg/L) and oxygen
analogue of coumaphos (1.1 mg/L).

The sediment material containing bound 14C was subjected to supercritical fluid extraction.
This resulted in a recovery of 67.4% of bound 14C. Analysis of the released material in the SFE
extract by HPLC showed that it contained 6.1 mg/L of coumaphos. No other known metabolite
of coumaphos was present in the material released by SFE.

The filtered and washed soil after 44 weeks described earlier was incubated in BMNG
medium with Rhodococcus TEL No inhibition on the growth of bacteria was observed during
the course of incubation. At the end of nine weeks incubation about 10.9% I4C was released in
the incubation mixture. The released material constituted chlorferon (7.4%) and oxygen analogue
of coumaphos (2.0%) while 1.5% 14C material remained unidentified.

The results of the photolysis of !4C-emulsifiable formulation of coumaphos with increasing
time of exposure to U.V. and visible radiation are shown in Figs 5 & 6. During the course of
photolysis under the UV and sun lamps formation of a brown precipitate was observed and its
amount increased with increasing time of exposure. The precipitate was filtered from the samples
withdrawn at appropriate intervals and the filtrate was analyzed by HPLC for coumaphos
concentration. It was observed that while total 14C content of the mixture during photolysis
remained nearly constant, the concentration of coumaphos in the filtrate decreased steadily with
increasing time (Figs 5 & 6). Thus, at the end of experiment it was observed that the precipitate
formed from the emulsifiable formulation of coumaphos exposed to UV (72 h) and sun (130 h)
lamps contained 86.5% I4C and 64.5%!4C, respectively of the initially added I4C in the
formulation. The corresponding values for the filtrate were 8.9%14C and 31.3%14C, respectively.
Analyses of filtrate revealed the presence of coumaphos only. The precipitate was dissolved in
methylene chloride, subjected to preparative TLC and finally analyzed by HPLC. In both cases
coumaphos was partially photodecomposed into two products namely chlorferon and potasan.
Thus, the total amount of I4C associated with the precipitate obtained by UV irradiation
constituted 71% 14C coumaphos, 23% 14C chlorferon and 6% I4C potasan. The corresponding
amounts of 14C associated with the precipitate obtained by sun lamp exposure were 75% 14C
coumaphos, 14%14C chlorferon and 11% 14C potasan. It appears that during the photolysis period
a considerable amount of coumaphos and its products, chlorferon and potasan, co-precipitated
with the matrix material of the emulsion. These observations suggest that in the field vat
possesses the potential for coumaphos degradation and also its precipitation under the sun light
conditions may occur.
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Figure 2. Variation in 14C concentration with time in the model laboratory vat.
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Figure 3. Variation in coumaphos concentration and pH of the solution in the model
laboratory vat.
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Figure 4. Products formed from coumaphos.
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