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In modern agricultural practices, pesticides are used in order to reduce yield loss
caused by pests although it is already known that excessive pesticide application
could cause environmental problems. Bypass flow (overland and vertically
through macropores) has been identified as an important mechanism - for
transporting pesticides to surface and groundwater (Foster et al. 1991; Williams et
al. 1991). Pesticides can be transported by bypass flow either in solution or
adsorbed on suspended or colloidal matter. Worrall et al. (1995) studied the
properties of vertical bypass flow, which used a lysimeter to investigate
suspended and colloidal matter in leachates. Vertical bypass flow can cause poor
pest control, crop injury, and increased loss of pesticide or accumulation of
pesticide in the soil (Kloppel et al. 1994).

The degree of damage suffered by crops varied with the aggregate stability and
pore-size distribution of the topsoil (Hazelden 1991). The widespread use of
pesticides has caused concerns about environmental pesticide contamination.
Farmers tend to apply pesticides more frequently and sometimes at higher doses
in order to control insect pests effectively. Continuous use of pesticides has been
reported to cause contamination of surface and ground water as reported in several
parts of the world (Kookana et al. 2001). Significant amounts of chlorpyrifos
residues in ground water have been reported (Salama et al. 2001). The degree of
pollution is exacerbated if it involves persistent pesticides. Preliminary studies
have shown that chlorothalonil, a chlorinated fungicide, and chlorphyrifos and
profenofos, organophosphate insecticides, are widely used in vegetable farms in
the Cameron Highlands, Malaysia. However, studies on pesticide contamination
in Malaysian agroecosystems are limited (Enoma et al. 2001). This study was
conducted to examine the leaching potential of chlorothalonil, chlorpyrifos and
profenofos in the vegetable agroecosystem of the Cameron Highlands, Malaysia.

MATERIALS AND METHODS
The field study was undertaken in the Cameron Highlands, which is situated in the

north of the country and 1,830 m above sea level. It covers an area of 71,218 ha,
of which about 7.2% is under cultivation.
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The Highlands are characterized by rugged terrains and slopes that are often
greater than 40° in steepness. The soils are predominantly sandy loam in texture.
Soil pH ranges between 4.5 and 5.5, but may be considerably higher in those areas
previously treated with lime. The average monthly rainfall is between 105 and
317 mm with an average yearly rainfall of 2474 mm. The average daily relative
humidity is 88%. The Cameron Highlands’ dominant feature of high altitude gives
it g cool sub-tropical climate with mean daily temperature ranging from 14° to
21°C.

The experimental plot was established on a uniform slope of 2%. The plot
consisted of a rectangular area of 15 X 10 m surrounded by wooden boards
pushed into the soil to a depth of 5 cm with 30 cm protruding above the soil
surface. The boards were covered with polyethylene plastic to ensure that only the
surface flow generated within the confined plots was collected. A surrounding
drain was built around the plot to channel the runoff water and sediment to a
collecting point where runoff water and sediment samples were collected.
Sediments and surface water were collected using a bucket, which was installed
under a shelter to prevent direct contribution to water volume by natural
precipitation at the point of collection.

A lysimeter was installed in the plot to collect and measure leaching of the
pesticides. The lysimeter was constructed in the shape of a trapezium with the rear
end measuring 102 cm (length) x 56 cm (wide) x 35 cm (height) and gradually
tapered at the front end to a height of 30 cm. The lysimeter was fabricated from
stainless steel to withstand rusting throughout the duration of the experiment. An
opening was made on the floor at the deeper portion of the lysimeter where a 6
mm (i.d.) teflon tube was attached. Another opening was made at a central
location 5 cm from the lower end of the lysimeter. A 15 mm (i.d.) plastic breather
tube was connected to the opening. The lysimeter was partitioned into two parts
by a PVC netting and a blanket of 25 um glass fibre filter to keep soil particles
from falling directly into the leachate. Leaching of water under the plot was
collected from a lysimeter buried under the plot.

Sweet peas (Pisum sativum) were planted in the plots on January 4, 2000.
Fourteen bunds, each measuring 10 m x 0.8 m, were prepared according to the
usual conservation practice of farmers in the Cameron Highlands. The bunds were
separated by furrows of 0.27 m width. The pesticides used were chlorothalonil
(Daconil®; containing 50% a.i w/w), chlorpyrifos (Dursban®; containing 30% a.i.
v/v) and profenofos (Selecron®; containing 45% a.i. v/v). The treatments applied
were chosen to be similar to the farmers’ practices. The plot was sprayed using a
knapsack sprayer at a spraying volume of 800 L ha™. The plot was first sprayed
on January 19, 2000 (chlorothalonil and chlorpyrifos), then on February 2, 2000
(chlorothalonil and chlorpyrifos), on February 9, 2000 (chlorothalonil and
profenofos), on February 16, 2000 (chlorothalonil and chlorpyrifos), on March 1,
2000 (chlorothalonil and chlorpyrifos) and finally on March 13, 2000
(chlorothalonil and chlorpyrifos and profenofos). The treatment rates for
chlorothalonil, chlorpyrifos and profenofos were 0.12 kg a.i ha, 0.67 kg a.i ha™
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and 0.79 kg a.i ha’', respectively. Runoff water (2.5 L), leachate (2.5 L) and
sediments (50 g) from the plot were sampled in the tipping bucket at 3 days before
the first treatment and at intervals for 60 days after the last treatment.

The leachates collected from the lysimeter were sampled at day 3 before treatment
and at intervals for 60 days after the last treatment. In order to determine the
persistence of profenofos and chlorpyrifos under these field conditions, core soil
samples were taken with an auger to depths of 10, 20, 30, 40 and 50 cm between 1
to 60 days after the last treatment. All samples were stored in the refrigerator at
-5°C prior to analysis, which was carried out within 7 days after sampling.

Residues of the three pesticides in water samples were extracted in liquid-liquid
extraction and the organic solvent was further concentrated and subjected to gas
chromatography (GC) (Rand et al. 1976). However, for pesticide extraction from
soil and sediment samples, different methods were employed for each pesticide.
Chlorothalonil residue was extracted by shaking with acidic acetone. The solvent
was then subjected to liquid-liquid extraction and the organic solvent was
concentrated before subjecting it to GC. Chlorpyrifos residue was extracted with a
hexane:acetone mixture (1:1) in Soxhlet extraction for 8 hr (USEPA 1977). The
extract was concentrated and cleaned up with florisil. The extract then was
concentrated again before subjecting it to GC. Profenofos residue was extracted
with acetone in Soxhlet extraction for 4 hr. The extracted solvent was
concentrated and extracted again in liquid-liquid extraction with dichloromethane.
The extract was evaporated to dryness and redissolved in acetone before
subjecting it to GC. A Hewlett-Packard model 6890 GC was used for residue
detection. Chlorothalonil extracts were examined on GC equipped with electron
capture detector (GC-ECD Hewlett-Packard G1530A). Temperature programming
was also used, with an initial temperature of 100°C maintained for 1 min and
raised to 250°C for 13.6 min. Injector and detector temperatures were kept
adjusted to 250°C and 350°C, respectively. The capillary column employed was
DB608, 30 m long, 0.32 mm i.d. and 0.25 pm film thickness. The carrier gas
(helium) flow was maintained at 2 mL min”. Chlorpyrifos and profenofos
extracts were detected on GC equipped with Nltrogen Phosphorus Detector (GC-
NPD Hewlett-Packard 5890). Temperature programming was also used, with an
initial temperature of 100°C maintained for 1 min and raised to 250°C for 4 min.
Injector and detector temperatures were kept adjusted to 280°C and 300°C,
respectively. The capillary column employed was UB3, 25 m long, 0.32 mm i.d.
and 0 52 um film thickness. The carrier gas (helium) flow was maintained at 2 mL
min™. The recoveries of the three pesticides in water and soil samples were within
the accepted value of >82% and >86%, respectively, when the samples were
spiked at 0.01 mg kg, The detection limit of the three pesticides in water samples
was 0.01 ng mL™ and in soil samples, 0.01 mg kg™

RESULTS AND DISCUSSION

Table 1 shows the concentrations of chlorothalonil, chlorpyrifos and profenofos
residues in bedload sediment. The range of concentrations found in bedload
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sediment for chlorothalonil, chlorpyrifos and profenofos were 0.008-0.111 mg
kg!, 0.009-0.619 mg kg and 0.009-0.350 mg kg, respectively. Residues of
chlorpyrifos and profenofos were not detected in the sediment on days 20 and 30,
respectively. On the other hand, chlorothalonil residues could be detected in
sediment up to day 60. Chlorpyrifos and profenofos concentrations in sediment
were higher than chlorthalonil concentrations at day 2. This could be due to the
wet sediment sample collected, which tends to have higher amounts of water-
soluble pesticide. Profenofos has the highest water solubility (20 pg L), followed
by chlorpyrifos (2 pg mL™) and then chlorothalonil (0.2 pg mL™). Residues of
these pesticides in the sediment showed a decrease in concentration with
increasing sampling intervals. This decrease in concentration was probably due to
various factors such as leaching, run-off, evaporation and degradation processes.

Table 2 shows the pesticide residues in leachate sampled from the lysimeter. The
range of concentrations detected in leachate for chlorothalonil and chlorpyrifos
were 0.005-0.014 ng mL™ and 0.010-0.045 ng mL", respectively. In general, a
low concentration of the pesticides was detected in the water sampled from the
lysimeter. This may be due to a large amount of the residues being adsorbed to
the sediment. The residue of chlorothalonil and chlorpyrifos could be detected in
the leachates up to 20 and 14 days, respectively. However, the residue of
profenofos was detected only once on day 14 at approximately 0.018 ng mL™".
These results indicate that the pesticides had a limited mobility in the soil studied
as much of them were transported together with sediment.

Table 3 shows the residue concentrations of the three pesticides in runoff water
samples. In runoff water samples, chlorothalonil, chlorpyrifos and profenofos
were detected at levels ranging from 0.005 — 0.021 ng mL™, 0.016 — 0.083 ng mL"
"and 0.011 — 0.056 ng mL™, respectively. In general, the residue concentration of
chlorothalonil decreased as the sampling intervals were lengthened, but, in
contrast, the concentration of chlorpyrifos in runoff water increased. This may
have been due to desorption of chlorpyrifos into water, as chlorpyrifos has high
solubility. Residues of the chlorothalonil, chlorpyrifos and profenofos were not
detected in surface runoff on day 30. It is well known that the leaching potentials
of the pesticides are greatly influenced by the physico-chemical properties of the
compounds, the soil components and environmental factors, such as amount of
rainfall. In this case, the solubility of the compound and sorptive capacity may
contribute at least in part in determining the leaching potential of the compounds.
This may explain the low levels of chlorothalonil in the leachate and surface
water. The residue of profenofos in surface water was found to be higher than
chlorpyrifos, although it was applied only twice. However, the fluctuating
concentration of profonefos in surface water and leachate could be attributed to
rainfall variation in the area, and more residues were found in sediment.

Tables 4, 5 and 6 show the residues of chlorthalonil, chlorpyrifos and profenofos
in the soil profiles, respectively. A high concentration of chlorothalonil was found
in the top 20 cm of the soil core within 4 days after last treatment, but no
residue was detected on day 6. Similarly, residues of chlropyrifos and profenofos
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Table 1. Residue concentrations (mg kg'l) in bedload sediment (+ SD).

Days after Chlorothalonil Chlorpyrifos Profenofos

treatment
-3 ND ND ND
2 0.111£0.002 0.619+0.001 0.350+0.020
3 0.065+0.025 0.184+0.010 0.127+0.036
4 0.051+0.005 0.158+0.010 0.087+0.050
6 0.046+0.003 0.120+0.050 0.055+0.002
10 0.012+0.001 0.081+0.009 0.013+0.002
14 0.011+0.006 0.009+0.001 0.013+0.004
20 0.009+0.005 ND 0.009+0.006
30 0.008+0.003 ND ND
45 0.008+0.001 ND ND
60 0.008+0.004 ND ND

ND = not detected
Table 2. Residue concentrations (ng mL™) in leachates (+ SD).

Days after Chlorothalonil Chlorpyrifos Profenofos

treatment
-3 ND ND ND
2 0.012+ 0.002 0.015 +£0.004 ND
3 0.008+0.001 0.022 +0.003 ND
4 0.014 +0.001 0.045 £0.002 ND
10 0.006 £0.005 0.027 +0.005 ND
14 0.006+0.001 0.010 +0.001 0.018 £ 0.002
20 0.005+0.001 ND ND
30 ND ND ND
45 ND ND ND
60 ND ND ND

ND = not detected

Table 3. Residue concentrations (ng mL'l) in surface water runoff (= SD).

Days after Chlorothalonil Chlorpyrifos Profenofos
treatment
-3 ND ND ND
2 0.021+0.001 0.016+0.001 0.011+0.006
3 ND 0.031+0.009 ND
4 0.005+0.002 0.049+0.001 ND
6 0.006+0.005 0.056+0.001 ND
10 0.007+0.002 0.018+0.002 0.080+0.002
14 0.005+0.004 0.083+0.010 0.056+0.008
30 ND ND ND
45 ND ND ND
60 ND ND ND

ND = not detected



Table 4. Chlorothalonil residue (mg kg™) in different soil profiles (+ SD).

Day after Depth (cm)
treatment 0-10 10-20 20-30 30-40 40-50
1 0.083+0.008  0.005+0.001 0.005+0.002 0.005+0.001 ND
2 0.078+0.006  0.007+0.005 ND 0.007+0.001 ND
3 0.044+0.004  0.042+0.007 ND ND ND
4 0.030+0.008  0.010+0.008 ND ND ND
6 ND ND ND ND ND
10 ND ND ND ND ND
20 ND ND ND ND ND
30 ND ND ND ND ND
45 ND ND ND ND ND
60 ND ND ND ND ND
Table 5. Chlorpyrifos residue (mg kg™) in different soil profiles (+ SD).
Day after Depth (cm)
treatment 0-10 10-20 20-30 30-40 40-50
1 0.065 0.029 0.019 0.019 0.019
+0.003 +0.003 +0.002 +0.240 +0.002
2 0.005 ND ND ND ND
+0.001
3 0.007 ND ND ND ND
+0.002
4 0.005 ND 0.005 ND ND
+0.002 +0.001
6 ND ND ND ND ND
10 ND ND ND ND ND
20 ND ND ND ND ND
30 ND ND ND ND ND
45 ND ND ND ND ND
60 ND ND ND ND ND
Table 6. Profenofos concentration (mg kg™) in different soil profiles (+ SD).
Day after Depth (cm)
treatment 0-10 10-20 20-30 30-40 40-50
1 0.02+0.010 ND ND ND ND
2 0.45+0.010 ND  0.27+£0.01  0.14+0.020  0.22+0.023
3 0.26+0.007 ND  0.21+0.01  0.31+0.012  0.32+0.015
4 0.12+£0.008 ND ND ND ND
6 0.21+£0.008 ND  0.29+£0.01  0.25+0.006 ND
10 ND ND ND ND ND
20 ND ND ND ND ND
30 ND ND ND ND ND
45 ND ND ND ND ND
60 ND ND ND ND ND

ND = not detected
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accumulated in the top 10 cm within 4 and 6 days, respectively, after the last
application. Residues of chlorothalonil and chlorpyrifos were detected in the 30-
40 cm and 40-50 cm depths, respectively, at day 1 after the last application.
However, no residues were detected in the soil profile at depths greater than 10
cm at day 2. The residue of profenofos could be detected in soil at 40-50 cm depth
at days 2 and 3 after the last application. This result clearly shows that the
compounds did not persist in soil for more than 6 days, perhaps due to
degradation processes (Singh-Kumar et al. 2002). Earlier reports had shown that
the half-lives of chlorpyrifos, chlorothalonil and profenofos ranged from 10-120
days (Racke et al. 1992), 8.6 to 215 days (Singh-Kumar et al. 2002), and 8-10
days (Enoma et al. 2001), respectively. Our results seem to indicate that the
dissipation rate we found was faster than those reported in earlier studies, which
may be in part attributable to environmental factors such as higher rainfall in the
tropics than under temperate conditions.

In conclusion, our results showed that the downward mobility of these pesticides
is low and is unlikely to contaminate underground water in the study area. In soil,
these pesticides seem less persistent, probably because of their high dissipation
rates or because they are transported via sedimentation.
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