A preliminary investigation to water and soil quality in four forest reserves near
Kampala, Uganda

Tamie J. Jovanelly, Ph.D Department of Physics, Astronomy, and Geology, Berry College, Mount Berry, Georgia 30165
James Okot-Okumu, Ph.D Department of Environmental Management, Makerere University, Kampala, Uganda
Erima Godwin, Department of Environmental Sciences, Makerere University, Entebbe, Uganda

ABSTRACT

There are four forest reserves that are located on the outskirts of Kampala, Uganda
that area conservation groups have deemed extremely important to protect through
restoration practices and the enhancement of environmental research and educati
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RESULTS

The authors measured a low dissolved oxygen level (2 ppm) and a basic pH of 8.4
at both sites in Kitubulu forest reserve (Table 1). The water temperature was much
warmer than at the other forests we visited; ranging from 23.2 to 27.7 °C. Arange in
hardness was identified at the two locations (50-240 ppm).

The authors were able to identify and sample five locations at Mabira forest reserve.
Water temperature ranged from 19.3-19.8 °C. At location M3 a pH of 4.0 was
recorded; the other locations ranged from 6.8-7.8. The dissolved oxygen measured
at location M3 was < 10 ppm. This dissolved oxygen was found to be similar at the
other locations (ranging from 8.9-10). The iron was found to be 0.3 ppm at all of the
Mabira forest sample sites, except M3, where it rose to 7.2 ppm. The water temper-
ature at two sample locations in Zika forest reserve was recorded at 20.7 and 20.8
°C. The pH at both locations was slightly acidic at 6.2. The dissolved oxygen at Z1
was 7.0 ppm and 7.8 ppm at Z2. The total hardness was measured at 25 ppm (Z1)
and 50 ppm (Z2). Total iron content in both water samples was measured at 0.3
ppm.

At Mpanga forest reserves the water temperature was reported at 20°C (P1) and
22.7°C (P2) at two locations. At P1 the pH was measured at 6.2, P2 at 7.2. The dis-
solved oxygen was measured at 6.3 and 7.2 ppm, for Z1 and Z2, respectively.
Some total iron is reported at P1 (0.3 ppm), but none at P2. At all sample sites in all
four forest reserves the total ammonia reported was 0.25 ppm.

The second part of the field investigation included analysis for both soil color classi-
fication and grain size texture (Table 2). All soil samples monitored for grain size
was found to be coarse sand except for the sample collected at K1 (fine sand) and
Z2 (medium sand). The color of the soil varied between forest reserves and
between locations within each forest reserve. At Kitubulu forest reserve the color
was found to be reddish-brown at K1, light grey at K2. At Zika forest reserve, very
dark yellowish-brown was determined to be the color at Z1 and black for Z2. Four
soil samples were analyzed at Mabira forest resrve. Three of these (M1, M2, M4)
are established to be black in color; M3 was classified as olive brown. The soil at
Mpanga forest reserve varied between the two locations; P1 was very dark grey, P2
was reddish-brown.
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Photograph 1. A research
team from Makerere Uni-
versity was defermined
prior to data collection.
The research feam includ-
ed professors and gradu-
ate students from
Makerere University. Near-
by stake holders, and for-
estry and water profession-
als from Kampala assisted
in the field. In two weeks
time we were able to col-
lect and analyze data
from four forest reserves.
This exceeded expecta-
tions of the research team.

TABLE 2. Soil descripfions and
Munsell chart colors reported for
each of the sample sites within the
four forest reserves near Kamapala,
Uganda. The next anficipated phase
isfhe analytical determination of
soil mineraclogy. This would greatly
help with area farming practices
and conservation.

Photograph 2. Dr. Jovanelly teaches Makerere University graduate stu-
dents how to complete water chemistry and soil analysis. This was the
first time that the Makerere University students used such instrumentation.

DISCUSSION AND CONCLUSIONS

The first goal of this preliminary study was to determine the potential for establishing long term
water and soil monitoring stations at the four forest reserves near the capital city of Kampala
that are endangered by human encroachment and misuse. Through this research project the
authors were able to select sampling locations that are both safe and accessible.

The second goal was to collect a baseline data set of water and soil analysis at each of the
forest reserves. Although preliminary, the results of the water chemistry may provided some
evidence of landscape degradation already occurring. A very acidic pH of 4.0 was reported at
site M3 at Mabira forest reserves. This site was also had an unusually high total iron content
of 7.2 ppm (USEPA recommends 0.3 ppm in drinking water) and a hardness of 0 ppm
(classifies as soft water). Although suspect, the chemical conditions could reflect an environ-
ment impeded by mining or leaching. For example, in areas known to have acid mine drain-
age the buffering ability of water is depleted by neutralizing carbonate and bicarbonate ions to
form carbonic acid (H,CO3).

Once exposed to acid mine drainage, the affected carbonate buffering system is not able to
control changes in pH as well. The buffering system is completely destroyed below a pH of
4.2, where all carbonate and bicarbonate ions are converted to carbonic acid. The carbonic
acid readily breaks down into water and carbon dioxide (Farrner and Richardson, 1981).

At Site 3, we measured an acidic pH and reported no hardness. Moreover, 0.5 km upstream
at site M1, the total hardness was reported at 240 ppm (classified as very hard water); this is
the highest reading reported at Mabira forest reserves. Water hardness has been known to be
a useful indicator of upstream mining activity because often it is found to be considerably high-
er in watersheds with active or abandoned mines.

The very low dissolved oxygen readings (<2ppm) reported at both sites in Kitubulu forest
reserve are also of concern. Dissolve oxygen levels below 2 ppm can result in the demise of
both vertebrates and invertebrates living in a water system. Our second hypothesis to explain
the low dissolved oxygen involves siltation blocking light that prevents photosynthesis to pro-
duce oxygen. The authors believe that these temperatures and dissolve oxygen values have
little to do with the collection site as Kitubulu is a dense evergreen canopy rainforest and the
stream was shaded. Moreover, the sample day was cloudy. Sedimentation from an upstream
carwash bay and an illegal adjacent sand pit may be adding siltation (turbidity) to this stream
causing it to inadvertently warm. the large value (15 ppm) reported for phosphate at K1 is
likely a runoff signature from the detergent being used at the car wash bays or sewage from
nearby homestead communities. The recommended level of total phosphorous in stream eco-
systems to avoid algal blooms is 0.01 to 0.1 ppm (USEPA, 1988). Raw sewage typically has
phosphate levels around 10 ppm (Laws, 2000). The jump in total hardness at site K2 is curi-
ous and comes without explanation.
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