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ABSTRACT

Pesticide use in the Lake Victoria catchment area of Uganda has continuously been increasing
in the last ten years due to increase in the production of horticultural export crops and sugarcane.
The farms have to use pesticides for increased crop productivity in order to meet market
demands. This study was conducted to monitor pesticide levels in soils and runoff water
following treatment of a sugarcane field in the Northern Lake Victoria watershed. Soil and
water samples were collected over a period of 304 days after planting of the sugarcane and
analysed for pesticide residues. In soils, glyphosate levels ranged from 0.8-135.5 ug/kg.
Ametryn ranged from 44.9-1705.4 ug/kg, and Dichlorophenoxy acetic acid (2.4-D) 15.6 —
835.2 ug/kg. In water, glyphosate levels ranged from 1.3 to 42.2 upstream and 0.4 to 9.3
downstream, ametryn ranged from < 15 to 31.5 pg/l upstream and from <I5- 18.6 g/l
downstream and, 2.4-D<10 to 15.7 Wg/l upstream and <10 to 13.4 pg/l downstream. The
quality of water obtained was compared with the Canadian Environmental Quality thresholds
for fresh water, irrigation and livestock water for selected pesticides. At the applied rates the
use of herbicides Touch down (48% glyphosate trimesium) and Gesapax-H (21% ametryn and
29%, 2,4-D) for the control of weeds in sugarcane farming system at Kakira was found to be
within acceptable levels.
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INTRODUCTION

Pesticides are used to control pests and thus increase crop productivity. Soils
play a major role in the fate and efficacy of applied agricultural pesticides. The
chemicals may be introduced in the soil either directly or indirectly as a result
of their use in controlling crop pests such as insects and mites, weeds, fungi
and nematodes. Ideally, the chemicals should serve their intended function
and then dissipate in such a way and to the extent that their residues cause no
immediate or long-term problems on the environment. The potential for a pes-
ticide to become an environmental hazard depends to a large extent on what
happens to its molecules in the soil (Felsot and Dahm, 1979, Monke and Mayo,
1990; Arienzo et al., 1994). Persitence is a function of many factors including
the degradation rate of the chemical in the soil (Racke et al., 1996). Pesticide
degradation depends on a number of factors, which include the properties of
the chemical itself, the soil in which the chemical has been introduced and
also environmental factors such as precipitation and atmospheric temperature
(Cheng, 1990).

Pesticides in soils may dissipate as a result of volatilisation of parent material
or products of its transformation (Eisenreich ef al.,, 1981; Whang et al., 1993),
degradation by micro-organisms or, physical.or chemical mechanisms within
the soil (Konrad et al., 1967, 1969; Kearney and Konston, 1976; Saltzman ef
al., 1994; Johnson et al., 1995; Racke et al., 1996), photo-degradation
(Takahashi et al., 1985) and surface runoff and leaching (Johnson et al., 1995).
The combined effect of all these forms of dissipation is difficult to assess but
can be estimated using data from field and laboratory studies. Plant influence
1s also very important for monitoring the mobility and persistence of pesti-
cides under more realistic conditions (Kookana ef al., 1995) and providing
data with which to assess simulation models (Nicholls ef al., 1982; Pennel et
al., 1990).

The Lake Victoria basin is densely populated (Bugenyi and Magunda, 1996)
and agricultural activities in the area are intense. To be able to sustain agricul-
tural productivity in the catchment the use of pesticides has become progres-
sively increasing. Among the most widely used pesticides are herbicides, or-
ganophosphate insecticides and synthetic pyrethriods (Wejuli andeMagunda,
1998). At Kakira Sugar Works in Jinja, the herbicide Touch down (Glyphosate
trimesium) is used to control weeds in the gleysols, which occur in valley
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bottoms and Gesapax H (2,4-Dichlorophenoxy acetic acid; 2,4-D, and
Ametryne) is used to control weeds in the nitisols, which occur on hilltops.
The objective of this study was to monitor the concentration of applied herbi-
cides in two soils and surrounding surface waters with time following field
treatment. In addition comparison of the results with the global guidelines as a
way of monitoring freshwater pollution from agricultural activities in the Lake
Victoria basin was done.

MATERIALS AND METHODS
Description of study site

The terrain of Kakira Sugar Estates comprises of an undulating topography,
with two major soil types, nitisols and gleysols. Nitisols are deep, dark reddish
brown well-drained clayey soils. The soils are very porous and also have a
high moisture storage capacity. Their permeability is rapid to moderate, even
in the deeper subsoils (Drissen and Dudal, 1991). Gleysols are dark soils with
permanent or temporary wetness near the surface. The surface soil consists of
a very dark grey to black heavy clay. The soils have higher organic matter
levels, higher cation exchange capacities and base saturation, and usually also
higher levels of phosphorus and potassium contributing to generally finer tex-
ture and slower organic matter decomposition, but also caused by influx of
ions from adjacent (higher) lands in this case nitisols (Drissen and Dudal,
1991).

Sugarcane was planted on 14" April 1999. Fertilisers, N and P, were applied at
planting at the rate of 200 kg N/ha as Urea and 150 kg P/ha as TSP. Touch
Down (48% Glyphosate Trimesium) was applied one week after planting and
three weeks after in the gleysol area at the rate of 6 l/ha. Gesapax H (21%
ametryn and 29% 2,4-D) was applied one day after planting at the rate of 7 1/ha
and again at the rate of 3.5 I/ha one-week after planting in the nitisol area. The
estates department of Kakira Sugar Works applied these herbicides as part of
their routine sugarcane plantation management.

Both soil and water samples were initially collected 2 days prior to planting
sugarcane and analysed for major physical chemicals. Background levels in
soil and water samples of glyphosate, 2,4-D and ametryn were dttermined.
Soil and water samples were then collected at different periods after planting
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and herbicides treatment and analysed for herbicide levels. The water sam-
ples were collected at the point of discharge in the field and 100 m down
stream. Soil samples were collected at a depth of 0-10 cm from the soil sur-
face. The samples were collected from different sampling points and bulked-
up (composite) to give 10 soil samples from the nitisols while all the samples
from the gleysols were analysed for accumulation of the pesticides due to run-
off from nitisols. Water samples were collected twice, in the morning and
afternoon the day soils were sampled and then bulked up. Only one water
sample was collected after a rain shower.

Soils of the experimental site were sampled on grid of 25-m interval, at a
depth 0-30 cm. These samples were analysed for key properties including pH,
organic matter and clay. This information was then interpolated on the study
site surface area to allow the demarcation in a GIS environment the different
soil units.

Extraction and analysis

The pesticides were extracted from the soil using a 1:1 acetone:hexane mix-
ture in a soxhlet extraction apparatus for 5 hours. The extracts were cleaned up
using a column packed with florisil and eluted with 200 ml of 6% diethyl ether
and then 200 ml of 15% diethyl ether. Glyphosate was analysed using an HPLC
with UV Detector. The mobile phase consisted of 0.848g of KH,PO,/ 960 ml
of water, 40 ml of methanol (HPLC Grade) brought to pH 1.9 by 85% H_PO..
The detection limit of the HPLC/UV using the detector response method was
0.08 pg/L for glyphosate. Ametryn and 2,4-D were determined using Gas Chro-
matography with FID. The column type used was Ov-1 and the carrier gas was
nitrogen. The detection limit, using the detector response method was 10 pg/L
and 15 pg/L for 2,4-D and ametryn respectively.

RESULTS AND DISCUSSION

The distribution of the selected soil properties is presented in Figure 1, 2, 3
and 4. On the experimental site, nitisols are found on the upper portion of the
slopes and gleysols in the bottomlands and river valleys. Nitisols comprised
approximately 4.06 hectares and gleysols 1.16 hectares.

The value of pH ranged from 3.8 to 6.1 grouped into three broad classes. Nitisols
had pH values ranging from 3.8 to 5.4, while gleysols had pH values ranging
from 4.6 to 6.1. Organic matter ranged from 1 to 9% on nitisols while it ranged

106



WEJULI M. S., M. K. MAGUNDA AND A. B. M. LUGUDO

from 4 to 9% on gleysols. The clay content on nitisols ranged from 42 to 69%
and from 51 to 69% on gleysols.
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Figure 1: Soil map of study field at Kakira, Northern Lake Victoria catchment
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Figure 2: Distribution of pH in the surface soil (0-30 cm) of the study field at
Kakira, Northern Lake Victoria catchment -
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Figure 3: Organic matter distribution in the surface soil (0-30 cm) of the study field at
Kakira, Northern Lake Victoria catchment
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Fig. 4: Clay distribution in the surface soil (0-30 cm) of the study field at Kakira,
Northern Lake Victoria catchment.

The level of pesticides in soils and water samples collected over a period of
304 days after planting are shown in Table I. Glyphosate levels in soils increased
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for the first 50 days, before decreasing overtime, while the level of ametryn
and 2,4-D in soils decreased monotonously overtime. The level of glyphosate,
ametryn and 2,4-D had a similar pattern as in the soil though with a relatively
low magnitude, both up-stream and down-stream. It is important to notice that
the levels of ametryn and 2,4-D were very low three months after pesticides
application.

Table 1:  Pesticide levels in soil and water following treatment of sugarcane field
(Detectable limit: glyphosate = 0.08 ug/L; Ametryn = 15 pug/L; 2,4-D = 10
ug/L)

ays Soil Water (up-stream) Water(down-stream)
after o/ke dry soil ug/litre
planting | Glyph Amet 2.4-D | Glyph Amet 2.4-D Glyph Amet 2.4-D
*-2 0.14 bd 0.2 bd bd bd bd bd
7 135.5 17054 8352 | 04 bd bd 03 bd bd
20 59.8 9914 5833 | 224 315 157 93 186 134
54 171.7 5692 2655| 422 17.5 13.8 25 18l 122
90 693 2254 176.6| 136 154 129 92 bd 11.3
125 25.6 1220 1126 12.2 bd bd 45 bd bd
161 202 88.5 79.6 8.7 bd bd 36 bd bd
179 134 614 576 | 6.5 bd bd 32 bd bd
215 11.6 555 493 54 bd bd 1.8 bd bd
248 8.3 51.6 384 | 5.7 bd bd 22 bd bd
273 22 492 27.5 2.1 bd bd 0.6 bd bd

04 0.8 449 15.6 1.3 bd bd 04 bd bd
"Q Gd
FhW 65 - 2.600] 65 - 2.600
1lrrW - - 0.025 - - 0.025
LsW 280 - 25.0000 280 - 25.000

"Negative sign indicates days before planting. ** Canadian Environmental Quality Guidelines
(1999); Q Gd = Quality Guidelines; FhW = Fresh Water; IrrW = Irrigation Water; LsW =
Livestock Water; Glyph = Glyphosate; Amet = Ametryn; bd = below detectable limit.

The relatively high levels of ametryn and 2,4-D in soil a few days after plant-
ing were most likely due to the fact that samples were taken on the same day
after the second application of the herbicide, Gexapax-H. Whereas the rela-
tively low levels of glyphosate were likely due to the time of sampling and
also the longer interval between the two applications compared to Gesapax-H
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application. The general trend in dissipation for the three herbicides was simi-
lar and was very much associated to sugarcane growth. A full canopy of
sugarcane is normally attained 3-4 months after planting (depending on the
variety and growth conditions such as rainfall and soil fertility). Dissipation of
the pesticides was higher before the full canopy formation. This is observed in
120 days after planting (Fig. 5). The highest levels of pesticides lost through
surface run-off were also observed in this period (Fig. 6 and Fig. 7). The high
rate of dissipation in the first 120 days was most likely due to volatilisation
and surface run-off. As soil quality guidelines for more persistent chlorinated
pesticides in Canada range from 100 ug/kg for tetra and tri-chloroethylene to
900 pg/kg DDT (total), we could expect higher values for less persistent pes-
ticides. Furthermore, higher values would be expected for same chemicals in
the tropics as compared to temperate conditions. Taking a tentative guideline
value of 1000 pg/kg, it is provisionally taken that levels of pesticides in soil
three weeks after application were below this guideline level.
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Figure 5: Herbicide levels in soils after planting sugarcane (Glyphosate applied as touch
down in gleysols; Ametryn and 2,4-D applied as Gesapax H in nitisols)
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Figure 6.Herbicide levels in up-stream water after planting sugarcane (Detectable limit:

Glyphosate = 0.08 pg/l; Ametryn = 15 pg/l; 2,4-D = 10pg/l. Value on detectable
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Figure 7.
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Herbicide levels in down-stream water after planting sugarcane (Detéctable limit:

for Glyphosate = 0.08 pg/l; Ametryn = 15 pug/l; 2,4-D = 10ug/l. Value on

detectable limit implies value was below detectable limit)
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The levels of glyphosate and 2,4-D (for livestock purposes) in water did not
exceed the guideline concentration as seen in Table I. However, the guideines
used are derived in Canada (temperate region) where it is much cooler and
hence degradation much slower. Guidelines under tropical environments would
be much higher due to higher degradation rates. There was also limitation in
the analysis of ametryn and 2,4-D due to high detectable limits. More sensi-
tive equipment and procedure would have given better results and picture.

CONCLUSION

The levels of Touch down (glyphosate trimesium) and Gesapax-H for the con-
trol of weeds in sugarcane farming system at Kakira were below the tolerable
levels in runoff water and soil. However due to the relatively higher tempera-
tures in the tropics loss by volatilisation may be a major pathway for pesticide
dissipation. There is need to monitor loss by volatilisation in the field follow-
ing application.
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