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ABSTRACT

An experimental setup was constructed to investigate leaching of l4C-Carbofuran into sub-surface water
through Bungor series sandy loam soil. The indoor lysimeter was constructed using homogenous and
packed disturbed soil column. The outdoor lysimeter was constructed using undisturbed soil column. In the
field, leachate production was influenced by rainfall intensity but tracer transport was independent of water
transport to a certain degree. A high rainfall intensity at 39 DAA has not enhanced tracer leaching into sub-
surface water in vegetable agroecosystem whereas a lower rainfall intensity at 21 DAA has enhanced its
leaching. Indoor lysimeter behaved incoherently and showed non-parallel relationship between applied
water and also volume of leachate produced with tracer transport. In both types of lysimeter, tracer
transport and carbofuran transport generally correlated. Carbofuran and tracer were leached at a lower
magnitude in outdoor lysimeter compared to the indoor lysimeter. The maximum total radioactivities
leached were 1.1% and 0.4% of applied radioactivites from indoor lysimeter and outdoor lysimeter at 35
and 21 DAA respectively. The maximum total carbofiiran equivalent leached were 193.9 ug/L and 393
Hg/L at 35 DAA and 21 DAA from indoor lysimeter and outdoor lysimeter respectively.
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1. Introduction

The application of pesticide to agricultural ecosystem (agroecosystem) may lead to contamination of the
sub-surface water. Insecticide carbofuran is highly soluble in water, at 20°C its solubility in water is 320
mg/Ll. The possibility that carbofuran being leached below the rooting depth of vegetation and thus
contaminating the sub-surface water is high, in a wet tropical country such as Malaysia, where a high
intensity rainfall is a norm during early and end of the year and the relative humidity is above 85%.
Indoor study is carried out under a controlled temperature, relative humidity, soil temperature, air
temperature, light intensity and applied irrigation water, to produce data that are generally limited to the
evaluation of individual process. Field study takes the climatic factors into account. A combination of
climatic factors such as rainfall, humidity, sunlight, air temperature, soil temperature and wind speed; with
physical, chemical and biological factors such as surface runoff, soil adsorption, soil conjugation,
hydrolysis, pesticide mineralisation, plant uptakes, microbial degradation and invertebrates respiration will
manifest under outdoor condition.
Under a varying climatic condition in the field, a higher relative humidity of above 90% as compared to 40-
60% indoor may greatly reduced transpiration in the field grown plant2. Indoor grown plant with a higher
transpiration rate and rapid translocation of the absorbed 14C-labelled compounds may lead to better plant
growth. Hie influence of plant transpiration and root translocation on leaching of compound into sub-
surface water below the rooting depth of plant is thus different between the indoor and outdoor lysimeters.
The present lysimeter study was carried out to investigate the leaching potential of l4C-carbofuran through
packed soil column under controlled environment in the laboratory, and through undisturbed soil column
under natural climatic condition in the field. The transport of water, tracer and carbofuran insecticide into
sub-surface water in vegetable agroecosystem was described.
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2. Materials and Methods

A small-scale lysimeter was setup under controlled laboratory condition using homogenous and packed
disturbed soil column. Under field condition, an outdoor lysimeter was also constructed using the
undisturbed soil column. The packed soil column was setup in three replicates whereas the undisturbed
column was setup in four replicates. These lysimeters were constructed using Bungor series sandy loam
soil obtained from MINT'S field station at Dengkil Complex, Selangor. This sandy loam soil is heavily
leached and Jacking in the organic matters. The most important parameters of this soil are as shown in
Table 1.

Table 1. The characteristics of Bungor series soil
(Taxonomic name: Typic Paleudult)

Parameter Vatae ___
Carbon (%) L04
Nitrogen (%) 0.11
C:N 9.45
pH(H2<>) 5.16
pH (KC1) 3.85
CEC(Cmol/kg) 5.51
A vai lable P (ug/g) 4.14
Sand (%) 72.40
Sih (%) 9.28
Clay(%) 18.16

In the laboratory, the indoor lysimeter was setup using homogenous and packed disturbed soil column at
57% water holding capacity (Fig. 1). The outdoor lysimeter was constructed using 25 cm long undisturbed
soil column (Fig. 2). Whilst the surface area of the indoor soil column was 1600 cm2, the surface area of the
outdoor lysimeter was only 200 cm2.
For both lysimeter setups, Ihe insecticide carbofuran was applied at 1 kg/ha on the soil surface. The specific
activities of 14C4abeled carbofuran applied were 700 KBq/mg active ingredients (a.i.) and 3140 KBq/mg
a.i. for indoor and outdoor lysimeters respectively. The ring-labeled carbofuran standards were obtained
from Sigma Chemical Company, USA, and Institute of Isotopes Co. Ltd., Germany, respectively. The
analytical carbofuran standard was obtained from Chem Service, USA. The purity of the standards was
more man 98%.
Under controlled environment in the air-conditioned laboratory, irrigation water was added daily during
weekdays and every two days during weekends. The irrigation regime was applied based on the rate of
average yearly rainfall. The average value of locally recorded yearly rainfall3 is approximately 2000 Urn2

Henceforth, 1100 mL of distilled water was added daily to irrigate each indoor lysimeter. A local weather
record was also procured for the outdoor study. This record displayed rainfall, relative humidity and
maximum air temperature at Sungai Buah in Sepang area, within 1 Km radius of the lysimeter station.
To simulate vegetable agroecosystem, a cruciferae vegetable {Brassica sp.) was sown in each lysimeter.
Leachate was collected dairy during weekdays or after two days during weekends in the laboratory. In the
field leachate was collected when available at irregular intervals after rainfall Total radioactivity of
leachate was measured using the Liquid Scintillation Counter (LSC). Leachate was pre-filtered with
Whatman filter paper prior to analyses.
A control outdoor lysimeter was setup for checking splashing of radioactivity from the treated lysimeter
and possible contamination.
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Figure I. An indoor lysi meter setup using homogenous and packed disturbed soi! column.
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Figure 2. An outdoor lysimeter setup using undisturbed soil column.



3. Results and Discussion

3.1 The transport of water

Indoor lysimeter
The transport of water for the indoor lysimeter constructed from homogenous and packed disturbed soil
column was fluctuating between 600-1100 mL/day (Fig. 3). Water transport was shown to be between 55-
100% through Bungor soil column. This sandy loam soil consisting of 72.4% sand (Table 1) is very
permeable to water and would facilitate leaching of more than 50% magnitude under daily addition of
average yearly rainfall
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Figure 3. The total volume of leachate from indoor lysimeter
constructed using homogenous and packed disturbed soil column.

In the laboratory experiment, leachate was first observed after two days in two lysimeters and after three
days in the remaining lysimeter (Fig. 3). At 42 days after application (DAA), all lysimeters produced the
highest volume of leachate at 1130 mL, 1065 mL and 1075 mL respectively from lysimeter 1, lysimeter 2
and lysimeter 3. The volume of leachate percolating through the 30 cm packed soil column showed the
deepest drop in lysimeter 1, measuring 560 mL in between 42-43 DAA. This lysimeter also recorded a
deeper drop in volume of leachate produced at 330 mL magnitude, in between 56-57 DAA.



Outdoor lysimeter
For the undisturbed soil column, leachate was first sampled 5 days after application (DAA), after a rainfall
measuring 40.9 mm magnitude (Table 2). The precipitation, relative humidity and maximum air
temperature during this outdoor experiment was recorded approximately within a 1 km radius of the
lysimeter station. The highest rainfall intensity was recorded at 39 DAA measuring 124,2 mm, followed by
a 97.1 mm rainfall at 67 DAA and a 66.4 mm rainfall at 14 DAA.

Table 2. The weather record (December 1996-February 1997) of Sungai Buah Weather Station, Dengkil.

Days after
application (DAA)
5
8
tl
14
21
33
39
49
67
70
77

Rainfall
(mm)
40.9
23.8
39.8
66.4
45.6
0.6

124.2
1.4

97.1
0

36.6

Daily Relative Humidity
(%)
93
95
92
95
95
95
95
88
100
94
93

Maximum air temperature
at 8.30 am (°C)

31.8
30.0
31.5
29.0
3L6
32.5
32.0
34.0
32.5
32.2
32.6

Figure 4 explained the rainfall intensity in between different sampling intervals. A plateau in between 67-
70 DAA indicated that no rain was recorded. A small amount of rain was measured in between 21-33 DAA
and also in between 39-49 DAA.
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Figure 4. Cumulative rainfall (December 1996-February 1997)
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Figure 5. The total leachate volume of outdoor lysimeter
constructed using undisturbed soil column

In the outdoor lysimeter, most leachate was produced at 39 DAA (Fig. 5). A record heavy rainfall
measuring 124.2 mm was observed in between 33-39 DAA (Table 2 & Fig. 4). This heavy rainfall has
resulted in the highest volume of leachate produced in all lysimeters, measuring between 3200-3500 mL at
39 DAA. This increase was followed by a sharp drop in volume of leachate produced in all lysimeters in
between 39-49 DAA (Fig. 5). The rainfall between these sampling intervals was very low at 1.4 mm (Table
2).
In between 5-14 DAA, a higher cumulative volume of leachate produced in all lysimeters measuring
between 3530-^080 mL was also recorded (Fig. 5). The cumulative rainfall measured between these
sampling intervals was also higher at 106.2 mm (Table 2). On the other hand, the rainfall intensity recorded
in between 21-33 DAA was the lowest at 0.6 mm (Table 2). The volume of leachate produced by all
lysimeters at 33 DAA sampling interval was also the least at between 31-80 mL. It was observed that all
four lysimeters responded in parallel to rainfall intensity up to 39 DAA (Fig. 5). This leaching trend was
similar to all lysimeters from 67 DAA onwards except for one lysimeter that recorded a lower volume of
leachate measuring only 250 mL.
This data showed that under tropical field condition with high relative humidity and maximum air
temperature at above 27°C (Table 2), the volume of leachate produced in all lysimeters was influenced by
rainfall intensity. This statement however needs to be spelt out in reserve. It was observed that between
155-235 mL of leachate percolated in all lysimeters in between 67-70 DAA even though no rainfall was
measured. A drop in volume of leachate produced in all lysimeters also occurred in between 8-11 DAA
even though rainfall was measured at 39.8 mm. On the other hand, volume of leachate produced has
increased in between 5-8 DAA (Fig 5) even though rainfall measured was lower at 23.8 mm (Table 2).



3.2 The transport of tracer

Indoor lysiroeter
The indoor laboratory lysimeier was constructed using homogenous and packed disturbed soil column. On
the surface of each soil column, the local average yearly rainfall equivalent to 1100 mL of water was added
on a daily basis. From these lysimeters, between 0.005-1.1% of applied radioactivity was measured daily in
leachate (Fig. 6).
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Figure 6. Total radioactivity in leachate from indoor lysimeter
constructed using homogenous and packed disturbed soil column.

Figure 6 showed that the transport of Carbon-14 tracer was the highest in between 30-42 DAA in all
lysimeters even though these lysimeters behaved incoherently. The trends in radioactivity measured in
leachates were bell-shaped lor lysimeter 1 and lysimeter 2, but followed a straight line for lysimeter 1. The
leachate from lysimeter 1 recorded the highest amount of radioactivity, followed by lysimeter 2 and the
lowest amount was measured in lysimeter 3. The highest level of radioactivity in all lysimeters was
recorded at 35 DAT, when 131.0 KBq was measured in leachate from lysimeter 1. On the other hand, the
highest level of radioactivity measured in leachate from lysimeter 2 was 45.5 KBq, measured at 42 DAT.
The highest amount of radioactivity in leachate from lysi meter 3 was 4.8 KBq, measured at 30 DAA and 42
DAA sampling intervals.
The trend in tracer transport in lysimeter 1 and 2 was not in parallel with the volume of added water nor
with the volume of leachate percolating through each lysimeter (Fig. 3 & Fig. 6). It was observed that
despite the daily addition of similar amount of water, the highest amount of radioactivities measured in
leachates from lysimeter 1 and lysimeter 2 were peaked at 131.0 KBq and 45.5 KBq respectively. On the
other hand, the highest level of radioactivity measured in leachate from lysimeter 3 was almost negligible at
only 4.8 KBq. This study showed that tracer was transported independent of water transport in lysimeter 1
and 2, but dependent of water transport in lysimeter 3.

Outdoor lysimeter
Less radioactivity was measured in leachate from the outdoor lysimeter as compared to the indoor
rysimeter. The radioactivity measured throughout the experiment in all outdoor lysimeters ranged from
0.0005-0.4% of applied radioactivity (Fig. 1\ whereas radioactivity in all indoor tysimeters ranged from
0.005-1.1% of applied radioactivity (Fig. 6).
Figure 7 showed that the highest amount of total radioactivity in leachate from lysimeter 1, measuring 6.8
KBq, had peaked twice at 21 and 8 DAA. The highest amount of radioactivity in the other lysimeters



showed only one peak at 21 DAA (Fig. 7). The trend in tracer transport was somewhat parallel among the
four outdoor lysimeters, with lysimeter 4 recorded the highest value measuring 8.4 KBq at 21 DAA (Fig.
7). At 21 DAA sampling interval, lysimeter 1 and lysimeter 2 also recorded the highest radioactivities
measuring 6.8 KBq and 4.0 KBq respectively. Lysimeter 3 recorded the highest radioactivity at 8 DAA,
measuring 5.8 KBq. Less radioactivity was leached cumulatively into sub-surface water in between 21-70
DAA sampling intervals as compared to between 5-21 DAA sampling intervals.
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Figure 7. Total radioactivity in leachate from outdoor lysimeter
constructed using undisturbed soil column.

In the outdoor lysimeter, most radioactivity was transported in between 8-21 DAA even though leachate
was produced the most at 39 DAA (Fig. 5). The radioactivity recorded in all lysimeters in between 8-21
DAA was between 13.9-23.1 KBq as compared to radioactivity leached in between 33-39 DAA at between
1.0-2.0 KBq. This result showed that tracer transport was not correlated to water transport.
Figure 8 showed that total radioactivity in leachate from the control lysimeter was very low, at below
background level to 0.08 KBq. The highest value equivalent to 4774 DPM was measured in between 11-14
DAA when 66.4 mm of rainfall was recorded {Table 2). This result could be the evidence that rainfall
splashing from the treated lysimeter to the control lysimeter has occurred during 11-14 DAA intervals. The
volume of leachate produced in control lysimeter was in parallel with other lysimeters (Fig. 5).
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Figure 8. Total radioactivity and volume of leachate produced from the control lysimeter



3.3 The transport of carbofuran residues

Indoor tysimeter
In the lysimeter constructed using homogenous and packed disturbed soil column under laboratory
condition, carbofuran was leached more by one iysimeter and substantially less by another (Fig. 9). One
lysimeter showed very little leaching. This laboratory experiment recorded highest carbofuran leaching in
between 30-42 DAA.
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Figure 9. Total carbofuran equivalent in leachate from indoor lysimeter
constructed using homogenous and packed disturbed soil column.

Figure 9 showed that the highest carbofuran concentration measured as total carbofuran equivalent was
recorded in leachate from lysimeter I, measuring 193.9 ug/L, at 35 DAA. The highest carbofuran
concentration recorded for lysimeter 2 was 59.7 ug/L, measured at 42 DAA. Lysimeter 3 showed the least
concentration of carbofuran in leachate, at 6.5 ug/L, measured at 30 DAA.

Outdoor lysimeter
In the undisturbed soil column under field condition, two lysimeters showed more transport, whilst the
other two rysimeters showed half of the magnitude (Fig. 10).
Figure 10 showed that the highest concentration of carbofuran measured in leachate from outdoor lysimeter
was recorded at 21 DAA. Lystmeter 4 recorded the highest carbofiiran leaching measuring 39.3 ng/L,
followed by lysimeter 1 measuring 38.9 ug/L. The highest concentrations of car bo fur an residues in
lysimeter 2 and lysimeter 3 were 20.7 ug/L and 18.7 ug/L respectively.
The concentration limit of the EC Drinking Water Directive (1980) for single pesticide is 0.1 jig a 3

However this data explained the carbofuran equivalent and cannot be directly related to this directive.
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Figure 10. Total carbofiiran equivalent in leach ate from outdoor lysimeter
constructed using undisturbed soil column.

Generally carbofuran transport correlated with the tracer transport in outdoor lysimeter. The tracer transport
showed that lysimeter 4> lysimeter 1> lysimeter 3> lysimeter 2. The carbofuran transport showed that
lysimeter 4> lysimeter 1> lysimeter 2> lysimeter 3. With the exception of lysimeter 3, maximum tracer
transport and carbofiiran transport coincided at 21 DAA. In lysimeter 3 the maximum transport of tracer
was measured at 8 DAA (Fig. 8).
Carbofuran residue measured in leachate from the four lysimeters showed that it was leached the most at 21
DAA, after 45.6 mm of rainfall. On the other hand after the highest rainfall intensity of 124.2 mm at 39
DAA, carbofuran was leached very little at only 0.15-0.62 ug/L. This study showed that under field
condition with high relative humidity and maximum air temperature, a high rainfall intensity at 39 DAA
has not enhanced carbofuran leaching into sub-surface water in Bungor soil. On the other hand, a rainfall of
lower intensity at 21 DAA has enhanced carbofuran leaching.

4. Conclusion

Under tropical field condition, the volume of leachate produced in outdoor lysimeter was influenced by
rainfall intensity but Carbon-14 tracer transport was independent to water transport to a certain degree. A
high rainfall intensity at 39 DAA has not enhanced tracer leaching into sub-surface water in Bungor soil but
a rainfall of lower intensity at 21 DAA has enhanced its leaching. The trend in tracer transport for two out
of three indoor lysimeters was not in parallel with the volume of added water nor with the volume of
leachate percolated. Carbofiiran transport generally correlated with tracer transport in indoor lysimeter
using homogenous and packed disturbed soil column, as well as in the outdoor lysimeter using undisturbed
soil column. In vegetable agroecosystem, re-application of carbofuran at 21 DAA might lead to sub-surface
water contamination.
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