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Abstract

Lake Kyoga, one of the great African lakes in Uganda is facing an increasing
pressure from human activities yet there is limited information on water qual-
ity of the lake. Therefore this study determined selected physico-chemical pa-
rameters of Lake Kyoga at some landing sites (Kayei, Acholi inn, Waitumbea,
Masindi port) and anthropogenic activities (boat dock, waste site, garden,
fishing). The parameters included temperature, pH, water flow rate, dissolved
oxygen (DO), nitrite ( NO, ) and phosphate (PO,-P). The American Public Health
Association (APHA) and Water Watch Australia protocols, standard meters,
MercK’s rapid test kits and timing of a float were used to measure the parame-
ters. The results showed that the mean temperature, pH, DO, NO, and PO,-P
significantly (p < 0.05) varied across the anthropogenic activities. On the oth-
er hand, only temperature, pH and flow rate varied significantly (p < 0.05)
across the landing sites. Lake Kyoga water flow rates were the fastest at Ma-
sindi port (0.031 m/s) and the least in Waitumba (0.021 m/s) governed by riv-
er inflow and surface vegetation cover. The mean pH (6.73 - 7.15) and DO
(10.15 - 13.50 mg/1) of the lake at all the study sites were within the Environ-
mental Protection Agency (EPA) standard values of 5.5 - 8.5 and >9.0 mg/l
respectively. These mean pH and DO values reflect more or less neutral wa-
ters which are equally well saturated with oxygen at all the landing sites.
However, areas close to the waste sites had the least oxygen levels (10.15 mg/1)
followed by gardens (11.82 mg/l) while fishing areas were the most saturated
with oxygen (13.50 mg/l). On the other hand, temperature (25.06°C - 25.76°C)
and NO, (0.13 - 0.49 mg/l) levels in the study sites were above EPA stan-
dards of 25°C and <0.03 mg/] respectively signifying warmer waters and se-
wage pollution at the sites. Fortunately, the NO, levels were within the EPA
drinking water guideline of 0.5 mg/l. The orthophosphates (PO,-P) were high-
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est in the waste sites (0.35 mg/l), followed by gardens (0.24 mg/l) and least in
the fishing areas (0.12 mg/l). However, phosphates in the form of P,O,were
higher than the EPA standard value (0.5 mg/l) at Kayei (0.55 mg/1) and Acholi
inn (0.55 mg/1) landing sites as well as at waste sites (0.80 mg/l) and gardens
(0.55 mg/1) pointing to high nutrient (phosphorus) input at these sites. The high
concentrations of nitrites in Lake Kyoga at the investigated anthropogenic ac-
tivities and landing sites plus phosphate amounts close to waste sites and gar-
dens including Kayei and Acholi inn landing sites call for vigilance in protec-
tion of Lake Kyoga through optimized planning. Hence, National Environment
Management Authority should ensure proper sewage management in Lake Kyoga
catchment to avoid discharge of untreated sewage into the lake. The authority
should also regulate waste dumping and cultivation around the lake so as to
reduce nutrient (phosphorus) enrichment.
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1. Introduction

Lake Kyoga is one of the African Great Lakes situated in Uganda, East Africa [1].
An estimated 9.3 million people live in Lake Kyoga Basin with 85% of the popu-
lation mainly engaged in agriculture comprised of livestock farming and crop
growing as their major industrial activity [2] [3]. Consequently, most of the wa-
tershed areas have been rapidly converted into agricultural land and rangelands
[4]. For instance 48.5% of wetlands in the Lake Kyoga region were lost between
1994 and 2008 alone due to conversion to agriculture [5]. In addition, about
200,000 people are directly engaged in fishing [6] and the lake plays an impor-
tant role for inland water transport [7]. Furthermore, most of the inhabitants get
water for drinking and other domestic uses directly from the lake [8]. The above
activities have resulted into the disappearance of vegetation as well as gully ero-
sion in Lake Kyoga catchment causing pollution of the lake [9]. As the number of
people and animals increased around Lake Kyoga, more waste from human ac-
tivities and livestock has been discharged into the lake [10] leading to nutrient
(mainly phosphorus and nitrogen) enrichment.

Unfortunately, Lake Kyoga is very vulnerable to the impacts of pollution [11]
[12] [13]. The high nutrient enrichment has transformed the lake from meso-
trophic to eutrophic conditions [14]. As a result, there has been an increased al-
gal biomass and dominance by blue-green algae in Lake Kyoga indicating the
deterioration of its quality [15] [16] [17]. With the increasing human population
and associated activities in the Lake Kyoga catchment, water pollution problems
are likely to rise hence there is a need for continuous monitoring. However, pre-
vious limnological investigations on Lake Kyoga are few and small in scope as

compared to other African lakes and Lake Kyoga basin is the least studied of the
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Nile tributaries [18]-[23]. Hence this study determined the physico-chemical
quality of Lake Kyoga at the most common anthropogenic activities (boat dock,
waste site, garden and fishing areas) with high water pollution potential in se-

lected landing sites within the lake basin.

2. Materials and Methods
2.1. Location of Study Area

Lake Kyoga (Figure 1) is located north of Lake Victoria (lat. 1°15" - 1°45'N; long.
31°31' - 33°31'E) at an altitude of 1100 m on the central African plateau. The
Kyoga aquatic system is comprised of three major lakes namely Kyoga (1821
km?, length 190 km), Kwania (508 km?, 105 km) and Bisinia [24]. Lake Kyoga is
a shallow lake of about 3.6 m mean depth and the total surface area of open wa-
ter of Kyoga lakes is about 2700 km? [1]. The lakes lie within a 74,700 km® Lake
Kyoga catchment area with numerous wetlands in central Uganda [10] [25]. Lake
Kyoga Catchment area falls in the larger River Nile Basin, stretching from the
Great Lakes region (Burundi, Rwanda, The Democratic Republic of Congo, Tan-
zania, Uganda and Kenya) to North Africa [10]. The dense swamps that surround
the shores of Lake Kyoga with an area coverage of 2000 km* are mainly extensive
mats of papyrus comprising of Cyperus papyrus [25] [26]. The largest inflow into
Lake Kyoga comes from Lake Victoria through the Victoria Nile while Lake Kyoga
drains out through the Kyoga Nile connecting to Lake Albert [10] [14]. Most of the
rocks in Lake Kyoga basin are gneisses and granites [2] consisting mainly of feldspar
and quartz. Feldspar is a group of silicate minerals comprising of (Si, Al)O, linked
with K, Na, and Ca and sometimes Ba ions while quartz consists of crystalline si-
lica (silicon dioxide, SiO,) [27].

Key
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Figure 1. Map of Uganda showing Lake Kyoga and the location of the study sites.
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Lake Kyoga basin experiences a bi-modal rainfall distribution pattern with two
peak rainfall periods in April/May and October/November while the rest of the
months (March-November) have well-spread distribution of rainfall [23] [28].
The basin, however, receives low rainfall during December, January and Febru-
ary [28]. The mean annual rainfall in Lake Kyoga basin is 1294 mm [23].

Four landing sites (Figure 1) were thus purposively selected from Lake Kyoga
including Waitumba at geographical coordinates (1.6993°N, 32.0988°E), Masindi
port (1.6986°N, 32.0982°E), Acholi inn (1.6726°N, 32.2601°E) and Kayei (1.6767°N,
32.3934°E) to investigate the contribution of associated anthropogenic activities;
fishing, waste disposal, farming and transport (boat dock) to the physico-chemical

quality of the lake.

2.2. Sampling

At each of the landing sites (Kayei, Acholi inn, Waitumba and Masindi port), wa-
ter samples and on-site measurements were taken at every established anthropo-
genic activity (boat dock, waste site, garden and fishing areas). For temperature,
pH and DO, 6 on-site measurements were each taken during the mid morning,
afternoon and evening, totalling to 18 measurements for every parameter at each
anthropogenic activity. On the other hand, only 6 water samples were obtained
to determine nitrite and phosphate concentrations and 6 on-site flow rate mea-
surements taken at each anthropogenic activity, all during the mid morning period.
The water samples and measurements were taken at a distance of 10 m from one
another in an area of about 2500 m’. All the water sampling and measurements

were done in the months of December, 2015 and January, 2016.

2.3. Determination of the Physico-Chemical Parameters

2.3.1. Dissolved Oxygen (DO) and Temperature

Dissolved Oxygen and temperature were determined using a simple DO meter
[29]. After rinsing the tip of the DO meter electrode with distilled water, it was
then dipped into the water at the sampling points and left for some time until the
readings stabilized. The stable DO and corresponding temperature values were

then read and recorded.

2.3.2.pH

The pH of the water samples was determined using a pH meter [30]. The pH
meter was also dipped into the water at the sampling points and left for some
time for the readings to stabilize. The stable pH values of the water were also

read and recorded.

2.3.3. Water Current or Flow Rate

The water current (flow rate) was determined by timing a float [31]. Four euca-
lyptus plant leaves of almost equal weights were set on the water surface one af-
ter another and allowed to flow over a distance of 2 m and the time taken for

each leaf to cover the distance recorded in seconds. The average time taken by
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the four leaves was then determined. This was repeated for each of the six sam-
pling points. Then the water current or flow rate, V was then calculated from the

expression, V = distance/time.

2.3.4. Nitrite (NO, )

Nitrite (NO,) concentrations were determined colorimetrically using Merck’s
rapid test kits [32]. The kit was opened and set up with both tubes on the left.
The comparator block was slid all the way to the left so that the end holding the
tubes protrudes laterally over the bottom part of the box. The color card was
unfolded and inserted with the coloured end first into the slit at the lower right
hand edge of the box. Water sample (5 ml) was obtained from the sampling bot-
tles using a syringe and then injected into test tube A (measurement sample)
while the same volume of distilled water was injected into test tube B (blank).
One microspoonful of NO,-1 reagent was obtained and added to test tube A with
the sample and then it was closed, shaken vigorously until the reagent was com-
pletely dissolved. The test tube was left to stand for 3 minutes. The sample test
tube with the reagent and the control test tube were placed into the slit. The co-
lour card was slid through to the left until the closest possible colour match was
achieved between the two open test tubes when viewed from above. NO, con-
centrations in mg/l were read from the colour card at the lower right hand edge

of the comparator block within the bottom part of the box.

2.3.5. Phosphate (P04-P)

Phosphate (PO,-P) concentrations were also determined colorimetrically using
MercK’s rapid test kits [33]. The kit was opened and set up with both tubes
placed in the comparator slits behind the colour disk. Water sample (6 ml) was
obtained from the sampling bottles using a syringe and injected into test tube A
(measurement sample) and same volume of distilled water was injected into test
tube B (blank) while placed in the comparator slits behind the colour disk. Five
drops of PO,-1 reagent was added into test tube A while kept in a vertical posi-
tion and then it was closed, shaken vigorously until the reagent was completely
dissolved. The test tube was left to stand for 1 minute in the slit of the compara-
tor disk. The comparator was held to the light while kept upright and the disk
rotated until the closest possible colour match was achieved between the two
large windows of the comparator. PO,-P concentrations in mg/l were read off in

the small window of the comparator.

2.4. Data Analysis

The data were summarized in form of descriptive statistics (minimum, maxi-
mum, standard deviation, mean, standard error of the mean) and presented in
tables and bar graphs. Comparisons of the physico-chemical parameters across
the various landing sites and anthropogenic activities were carried out using one
way ANOVA (F test) and Kruskal Wallis (H) test while relationships between

the parameters explored using spearman’s correlation coefficient (r,). The above

DOI: 10.4236/jwarp.2017.911080

1229 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2017.911080

R.Ongom et al.

tests were done after verifications of the assumptions of normality of data and
homogeneity of variance using Kolmogorov Smirnov (KS) and Levene (L) tests
respectively. All the inferences were made at 5% level of significance with the
analyses done using Microsoft Excel 2007 and SPSS 20 Computer packages.

3. Results and Discussion

3.1. Physico-Chemical Parameters in Lake Kyoga

The physico-chemical parameters across the various anthropogenic activities in

the landing sites are presented in Table 1.

3.1.1. Temperature
Temperature as a physico-chemical parameter influences the overall quality of
water through its effects on the physicochemical and biological characteristics of
the water body including the rate of chemical reactions, solubility of gases e.g.
oxygen etc. [34]. Temperature varied significantly (p < 0.05) across the various
landing sites and human activities (Table 1) though with low variability within
the samples, Ze. CV (landing sites = 1.87% - 2.26%; human activities = 1.70% -
2.16%). Kayei had the highest temperature (25.54°C) while Masindi port had the
least (25.12°C). On the other hand, waste sites recorded the highest temperature
(25.76°C) and gardens the least (25.06°C). Temperature values also showed sig-
nificant (p < 0.05) variations at the anthropogenic activities in each of the land-
ing sites with waste sites having the highest temperature in most of the landing
sites except in Waitumba where temperature was highest at the fishing site (Figure
2). The slightly higher temperature at Kayei is due to the relatively lower water
flow rate while the low temperature value at Masindi port is associated with
mixing of water as a result of high flow rate. This is supported by the fact that
flow rate was significantly negatively correlated with temperature (r, = -0.49, p =
0.02, n = 24) and Masindi port recorded significantly (p = 0.05) the highest flow
rate than other landing sites. With an average depth of only 3.6 meters, Lake
Kyoga waters can easily be mixed. According to Beadle [35], Lake Kyoga is a po-
lymictic lake which mixes on daily basis. Shallow water bodies have a high over
turn which prevents them from undergoing thermal stratification from top to
bottom. Due to the mixing, no heat storage occurs in any zone of the water body
resulting into a general uniform low temperature of the shallow water body. The
heat in the epilimnion zone is rather distributed uniformly to the lower cool lay-
ers of the water body hence a uniform low temperature in the entire water body
[36]. The high temperature values in the waste sites may be attributed to the high
decomposition of the wastes. According to Juma [37], decomposition of organic
matter releases energy locked in bonds of the organic substances inform of heat
thus raising the temperature at the waste sites more than other sites.

On the other hand, the low temperatures at the garden site may be due to in-
creased mixing of the water near the garden despite the decomposition of or-

ganic matter from the garden. However, the temperature values in the study sites
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Table 1. Descriptive statistics of the physico-chemical parameters of Lake Kyoga across different landing sites and anthropogenic
activities and comparison using one way ANOVA (F) and Kruskal Wallis (H) tests.

. . . . b Standard
Parameters Location Site/ Activity Min. Max. SD CV (%) Mean + SE ForH p (39]
Kayei 248 270 048 1.87 25.54 + 0.06
Acholi inn 24.5 26.8 0.57 2.26 25.39 + 0.07
Landing Site 23.25%  0.00
Waitumba 24.5 26.5 0.53 2.11 25.36 + 0.06
Temperature Masindi port 245 267 0.49 1.94 25.12 £ 0.06 25
(C) (n=72) Boat dock 245 263 045 177 25.30 = 0.05
Human Waste site 250 270 044 1.70 25.76 + 0.05 )
o 63.19%  0.00
Activity Garden 245 265 047 1.90 25.06 + 0.06
Fishing 245 265 055 2.16 25.30 + 0.06
Kayei 5.7 7.5 0.34 4.98 6.88 +0.04
Acholi inn 6.1 7.5 0.30 4.37 6.90 + 0.04
Landing Site 21.80%*  0.00
Waitumba 6.2 7.5 0.29 426 6.90 + 0.03
pH Masindi port 6.4 8.5 0.36 5.03 7.15 + 0.04 o585
(n=72) Boat dock 66 80 026 3.77 7.01 £ 0.03
Human Waste site 5.7 8.5 0.52 7.78 6.73 +0.06 )
. 58.95™  0.00
Activity Garden 6.4 75 017 2.44 6.99 + 0.02
Fishing 6.8 7.5 0.14 2.00 7.11 + 0.02
. 0.00  0.02
Kayei ) \ 0.009 5439  0.016 +0.004
N N 0.01  0.03
Landing Site Acholi inn 9 ; 0.007 27.58 0.025 +0.003
(n=6) 3.07%  0.05
. 0.00  0.02
Flow rate (m/s) (F320) Waitumba N ” 0.011 82.66 0.013 + 0.004 -
o 0.01  0.06
Masindi port 5 1 0.017 54.13 0.031 £+ 0.007
Human 0.00 0.06
o Garden (n = 24) 0.013  60.841  0.021 +0.003 - -
Activity 0 1
Kayei 13 150 261 21.33 12.23 +0.31
Acholi inn 50 146  2.11 17.67 11.94 + 0.25
Landing Site 4.48° 0.21
Waitumba 52 150  2.55 21.06 12.09 + 0.30
DO (mg/l) Masindi port 53 148  1.89 15.71 12.06 + 0.22 .
(n=72) Boat dock 103 148 117 9.15 12.84 +0.14 N
Human Waste site 50 141 294 28.96 10.15 + 0.35 .
. 7928  0.00
Activity Garden 13 147  2.03 17.21 11.82 +0.24
Fishing 113 150  0.86 6.36 13.50 £ 0.10
Kayei 0.1 0.8 0.22 78.35 0.28 + 0.05
Nitrite, Acholi inn 00 08 026 8388  0.31+0.05
NO, (mg/l) Landing Site 0.45° 0.93 <0.03
(n=24) Waitumba 0.0 0.8 0.22 86.81 0.25 + 0.05

Masindi port 0.0 0.8 0.25 90.85 0.28 + 0.05
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Continued
Boat dock 0.0 04 0.3 69.49 0.18 + 0.03
Human Waste site 0.1 0.8 0.28 56.84 0.49 + 0.06
. 26.80°*  0.00
Activity Garden 0.0 0.7 0.22 69.99 0.32 £ 0.05
Fishing 0.0 0.3 0.09 68.76 0.13 + 0.02
Kavei 0.0 07 021 2937 0.24 +0.04
ayel .
¥e 0.0) (1.6 (0.48) (0.55 % 0.09)
N 0.0 0.7  0.18 0.24 +0.04
Acholi inn ©00) (16) (041) 75.33 (0.55 + 0.09)
Landing Site ’ ’ ’ U 3.99 0.26
Phosoh Waitumb 0.0 0.6  0.16 79,40 0.20 + 0.03
artumba R
o "prpaée’ 00) (14 (037) (0.46 + 0.07)
;1 (( 2 252; T 00 05 012 . 016003
mg/lh = P 0.0) (11 (027) : (0.37 + 0.07) 0.5
0.0 0.3 0.09 0.13 + 0.02 P,0
1 mg/l PO,-P = Boat dock ©00) (07) (021 68.76 (0.30 £ 0.05) (P205)
2:29 mg/l P05 0.1 0.7 0.20 0.35 . 0‘04
. . . 35+0.
[33] Waste site 59.06
Human (0.2) (1.6) (0.46) (0.80 % 0.09) .
.. 2422 0.00
Activity Garden 0.0 07 017 2001 0.24 +0.03
(0.0) (1.6) (0.39) ’ (0.55 + 0.07)
o 0.0 0.3 0.09 0.12 + 0.02
Fishing 74.41
(0.0) (0.7) (0.21) (0.27 + 0.05)

*Significant (p < 0.05); Min.—minimum; Max.—maximum; SD—standard deviation; SE—Standard error of the mean; CV.—coefficient of variation;
F—data normally distributed and same variances; H—data not normally distributed and variances are different; Kolmogorov-Smirnov p > 0.05, normally

distributed; Lp—Levene p > 0.05, same variances.
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Figure 2. Physico-chemical parameters (temperature, pH, DO) at the various anthropogenic activities in the landing sites.
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with an overall average of 25.35°C (Figure 2) were slightly lower than the range
of water temperatures of Lake Kyoga (26°C - 30°C) reported by Hughes and
Hughes [38] and those for some small lakes (26°C - 28°C) in the basin [14].
However the recorded temperatures at the study sites were slightly higher than
the standard of 25°C [39] evidencing warmer waters. According to Mungoma
[26], Lake Kyoga can be categorized as warm polymictic. Furthermore, sampling
was done during the months of December and January with low rainfall and

high maximum temperatures [28] [40].

3.1.2.pH

pH is the negative logarithm of the hydrogen ion concentration of a solution and
is a measure of whether the liquid is acidic or alkaline. It ranges from 1 (very acid-
ic) to 14 (very alkaline) [39]. The pH of a water body is a useful parameter as
most biological activities of organisms occur within a narrow pH range. There
are fatal consequences posed to a particular organism in case pH varies beyond
the required limit [41]. pH values also govern several other important parame-
ters of water quality, e.g. ammonia toxicity, chlorine disinfection efficiency, and
metal solubility [39]. There was a significant (p < 0.05) variation of pH across
the various landing sites and human activities (Table 1) with also low variability
within samples (CV; landing sites = 4.26 - 5.03%; human activities = 2.0% -
7.78%). Masindi port registered the highest pH (7.15) while Kayei had the lowest
(6.88). On the other hand, fishing areas recorded the highest pH (7.11) and
waste sites the least (6.73). pH also significantly varied (p < 0.05) at the anthro-
pogenic activities in each of the landing sites with fishing sites having the highest
pH in most of the landing sites except in Masindi port where pH was highest at
the waste site (Figure 2). The waste sites recorded the least pH in the rest of the
landing sites.

The least pH at the waste sites followed by garden is associated with the pro-
duction of organic acids during the decomposition of organic wastes [42]. As the
amount of available dissolved oxygen required for the decomposition of organic
constituents (carbohydrates, proteins and lipids) of the organic matter in the waste
sites and gardens decreases, the organic compounds undergo anaerobic fermen-
tation processes leading to ammonia and organic acids [43]. For instance, de-
composition of organic matter forms humus which produces a lot of humic ac-
ids especially in agricultural areas [37] [42]. Hydrolysis of these acidic materials
causes a decrease of water pH values [43]. The high pH at Masindi port may be
attributed to the mixing of the water due to the slightly high water flow rate de-
spite the formation of the acidic compounds from the decomposition of organic
matter from the waste sites. The overall temperature was significantly negatively
correlated with pH (r, = —0.23, p = 0.00, n = 288) since decomposition of organic
wastes also generates some heat [37].

Fishing areas are relatively deeper portions of the lake with less organic matter
hence low decomposition compared to the shallower shoreline areas used as boat

dock with a lot of organic matter hence increased decomposition thus justifying
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the high pH in the fishing areas and the relatively low pH at the boat docks.
However, the pH values in the study sites (6.73 - 7.15) with an overall average of
6.96 (Figure 2) were below the pH range (7.6 - 9.0) of Lake Kyoga obtained by
Hughes and Hughes [38]. However, the obtained pH values of the lake were
within the pH range of 5.5 - 8.5 [39]. The obtained pH values of Lake Kyoga are
also circumneutral to slightly alkaline similar to the pH of most small lakes in
Lake Kyoga basin. This can also be attributed to the high buffering capacity of
Lake Kyoga as previously reported by NaFIRRI [14] for the small lakes in the ba-

sin.

3.1.3. Flow Rate

Measuring the flow rate of water is the first step to good water management [31].
Flow rate significantly (p < 0.05) varied across the various landing sites (Table
1) with high variability within the samples (CV = 27.58% - 82.66%). Masindi
port recorded the highest flow rate (0.031 m/s) while Waitumba had the least
(0.013 m/s). The overall flow rate with the measurements taken near gardens is
0.021 m/s.

The difference in the rate of water flow at the selected landing sites is due to
their relative proximity to river Kafu that pours its waters into the lake and
causes a drag of water increasing its flow. According to NEMA [10], river Kafu
which straddles the border of Nakasongola and Masindi channels into Lake Kyo-
ga. Masindi port being the closest to the river has the highest flow rate. Gibb [44]
earlier on reported that the water balance of Lake Kyoga and its catchment area
including the Kafu has a seasonal effect on the flows at Masindi Port just below
the outlet from the lake. Slightly opposite Masindi port is Waitumba landing site
but with the least flow rate. This anomaly of flow rate at Waitumba landing site
would be attributed to the relative curve created by papyrus and water hyacinth
(Eichornia crassipes) around this site which is also located close to the shoreline.
The papyrus and water hyacinth (Eichornia crassipes) tend to absorb the drag-
ging effect of water reducing on the water velocity. According to Twongo et al.
[45], the shore environments of Lake Kyoga with potential for the establishment
and proliferation of water hyacinth are sheltered from violent off-shore and
along-the-shore wind and wave action. However, the obtained average flow rate
(0.021 m/s) is relatively low probably attributed to low rainfall, ie. dry periods
during the sampling months (December, January). According to Vega et al [43],
flow rate decreases in the dry seasons. Generally, the buffering capacity of the
lake from acidic conditions increased with flow rate thus the significant positive
correlation between flow rate and pH (r, = 0.45, p = 0.03, n = 24). They further

stated that flow rate causes dilution of contaminants.

3.1.4. Dissolved Oxygen (DO)
Dissolved oxygen (DO) is a useful water quality parameter and an index of
physical and biological processes in water which favor solubility of oxygen [46].

Organic matter discharged into oxygen saturated waters as food source is broken
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down into less complex organic substances by aerobic bacteria. However, the
rate of bacterial uptake of oxygen outstrips DO replenishment from the atmos-
phere and photosynthesis in case of large quantity of wastes, hence creating
anaerobic conditions in the water [39]. As shown in Table 1, there was relatively
high variability of DO within the samples across the various landing sites and
human activities, Z.e. CV (landing sites = 15.71% - 21.33%; human activities =
6.36% - 28.96%). Kayei recorded the highest DO (12.23mg/1) and Acholi inn, the
lowest (11.94 mg/l) but the differences in DO values within the landing sites
were insignificant (p > 0.05) (Table 1). The overall mean of DO at the study sites
was 12.08 mg/l (Figure 2). According to a report by NaFIRRI [14], most Kyoga
basin lakes are well aerated with minimum DO concentration always above 5 mg
L™". Hence all the studied landing sites with mean DO above 5 mg/l and insigni-
ficant DO variations are equally aerated. Furthermore, the obtained DO concen-
trations at all the study sites of the lake were within the standard value of >9.0
[39]. Mungoma [26], earlier on reported that Lake Kyoga is saturated with DO
most of the time with measurements ranging between 87% - 126% DO satura-
tion.

On the other hand, DO varied significantly (p < 0.05) across the various hu-
man activities. Fishing areas had the highest DO (13.5 mg/l) and the waste sites
the least (10.15 mg/l). DO values significant (p < 0.05) varied across anthropo-
genic activities in most of the landing sites except in Acholi inn where there was
no significant difference (p > 0.05). However in all the landing sites, the fishing
areas had the highest DO followed by boat dock, garden and lastly the waste sites
(Figure 2). The low DO in the waste sites is associated with increased decompo-
sition of organic matter which requires oxygen especially during aerobic decom-
position. According to Kristensen et al. [47], oxygen plays two important functions
during the degradation of organic matter, Ze. is a terminal electron acceptor for
electrons released during oxidation of organic carbon and is a reactant in the
oxygenase catalyzed primary attack on the substrate molecules. Thus high levels
of organic matter consume large amounts of oxygen [43].

The high DO in the fishing areas may be attributed to either low decomposi-
tion of little organic matter in the fishing areas or low coverage of the water sur-
face by any vegetation mat which hinders the dissolution of oxygen. Fishermen
also usually clear any surface vegetation covering to create way for fishing. The
least recorded minimum DO was at the garden site in Kayei (1.3 mg/l) also at-
tributable to decomposition of organic matter from the garden. The least mini-
mum DO was below the minimum DO (3.8 mg/l) recorded in some of the small
lakes in Kyoga basin [38].

The decomposition of organic matter by aerobic bacteria (which uses oxygen)
forms humic acid thus lowering pH. This justifies the significant positive corre-
lation between pH and DO (r, = 0.38, p = 0.00, n = 96). The significant positive
correlation between pH and DO could also be attributed to increased photosyn-

thesis in the lake. According to Lukubye and Andama [48], high photosynthetic

DOI: 10.4236/jwarp.2017.911080

1235 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2017.911080

R.Ongom et al.

rates in low-velocity waters which reduce the available carbon dioxide (increas-
ing the pH) would liberate oxygen leading to positive correlation between DO
and pH. On overall, there was also a significant positive correlation between DO
and flow rate (r; = 0.69, p = 0.00, n = 24) signifying that high water flow rate en-
hances mixing of the water hence increased oxygen circulation in the lake. Vega
et al. [43], obtained higher flow rate and dissolved oxygen, an indication of a
better water quality. As expected, temperature was significantly negatively cor-
related with dissolved oxygen (r, = 0.36, p = 0.00, n = 288) since solubility of oxy-

gen in water decreases with increase in temperature [43] [49] [50].

3.1.5. Nitrites (NO, )

Nitrite (NO3 ) is one of the forms of nitrogen which usually occurs in minute
concentrations with even relatively low levels in the waste treatment plant efflu-
ents since nitrogen tends to exist in the more reduced (ammonia; NH;) or more
oxidised (nitrate; NO,) forms. Unpolluted waters have low nitrite (<0.03 mg/1)
and values above 0.03 mg/l may indicate sewage pollution [39]. Hence the signi-
ficance of nitrite is mainly as an indicator of any likely sewage pollution. Nitrite
is also a direct toxicant with some carcinogenic effects thus stricter nitrite limit
in drinking waters [39].

Table 1 shows that there was high variability of NO, within the samples
across the various landing sites and human activities (CV, landing sites = 78.35%
- 90.85%; human activities = 56.84% - 69.99%). Nitrites did not vary significantly
(p > 0.05) in the different landing sites though Acholi inn recorded the highest
NO; (0.31 mg/l) while Waitumba the lowest value (0.25 mg/l). On the other
hand, NO, concentrations were significantly (p < 0.05) different in the various
human activities. Waste sites had the highest NO, (0.49 mg/l) and the fishing
areas the least (0.13 mg/1). Nitrites significantly (p < 0.05) varied across the anth-
ropogenic activities in most of the landing sites except in Kayei where there was
no significant difference (p > 0.05). Nitrites were highest in the waste sites fol-
lowed by garden, boat dock and least in the fishing areas in most of the landing
sites (Figure 3).

The high NO, in the waste sites followed by garden and boat dock is due to
the decomposition of organic matter (animal wastes and plant remains) from the
waste sites and gardens. At low oxygen concentrations, the organic compounds
(carbohydrates, proteins and lipids) in the organic matter from the waste sites
and gardens usually undergo anaerobic fermentation processes forming ammo-
nia [43]. Since nitrite is an intermediate product in the oxidisation of ammonia
to nitrate [39], the higher the amount of ammonia, the more the nitrite concen-
trations hence the high NO, levels in the waste sites followed by gardens re-
spectively. Since the oxidation of ammonia in the animal and human wastes as
well as from decomposition of plant remains requires oxygen, the significant nega-
tive correlation of DO with NO, (r, = -0.72, p = 0.00, n = 96) is likely. Vega et
al. [43] stated that nitrogen compounds are anti-correlated with dissolved oxygen
as organic matter is partially oxidized by oxygen.
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Figure 3. Physico-chemical parameters (nitrite, phosphate, flow rate) at the various anthropogenic activities in the landing sites.

The generated H' from the oxidation of ammonia or from the production of
organic acids during the decomposition of organic matter (e.g. humic acids) creates
some acid conditions thus the significant negative correlation of pH with NO,
(r,=-0.43, p = 0.00, n = 96). Furthermore, as the decomposition of organic matter
(forming NO; as one of the intermediate products) generates heat, there is in-
crease in temperature hence the significant positive correlation of temperature
with NO, (r,=0.40, p = 0.00, n = 96). Fishing areas with the least NO, levels
are relatively deeper portions of the lake which receive less animal and human
wastes hence low NO,. There was also a significant negative correlation be-
tween flow rate and NO, (r, = -0.52, p = 0.01, n = 24). According to Vega et al.
[43], flow rate dilutes pollutants of anthropogenic origin hence the negative cor-
relation with nitrites.

The insignificant variation of NO, levels in the different landing sites on
Lake Kyoga may be attributed to uniform disposal of sewage (animal and human
wastes) and agricultural wastes in the landing sites from the increased numbers
of animals and people in the catchment. Furthermore NO, levels in all the

study sites were above the standard value of 0.03 mg/l [39] confirming the in-
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creased sewage pollution in the study sites. Moreover the wastes including se-
wage disposed in Kyoga catchment are untreated. This is confirmed by a recom-
mendation by the people within Lake Kyoga basin to purify wastes around the
lake [8]. According to Cohen et al [4], pollution problems are compounded for
the African Great Lakes including Lake Kyoga by pollutant disposal. Most urban
areas around the lakes have either very limited or no sewage treatment capacity

hence raw sewage is discharged directly into the lakes [51].

3.1.6. Phosphates (P04-P)

The importance of phosphorus is mainly in regard to the phenomenon of eu-
trophication of lakes. Phosphorus and nitrogen promote the growth of algae lead-
ing to blooms. Orthophosphate (PO,-P) is the most readily used form of phos-
phates for the growth of algae [39] including other phytoplanktons. Hence the de-
termination of orthophosphate highlights the presence of one of the most im-
portant nutrients especially in waters receiving sewage discharges [39]. Phosphates
(PO,-P) also exhibited high variability within the samples across the various land-
ing sites (Table 1) and human activities (CV, landing sites = 75.33% - 89.37%;
human activities = 59.0% - 74.41%). There was also no significant difference (p >
0.05) in the mean values of PO,-P across the different landing sites much as
Acholi inn and Kayei recorded the highest PO,-P concentrations (0.24 mg/l)
while Masindi port had the least value (0.16 mg/l). However, PO,-P concentra-
tions showed significant (p < 0.05) variation in the various human activities. Si-
milarly PO,-P was highest at the waste sites (0.35 mg/l) and lowest in the fishing
areas (0.12 mg/l). PO,-P only differed significantly (p < 0.05) in the various anth-
ropogenic activities in Kayei landing site whereas there was no significant dif-
ference in the rest of the landing sites. The highest PO,-P levels were also recorded
in the waste sites followed by garden, boat dock and the least in the fishing areas
in the majority of the landing sites (Figure 3).

The high PO,-P in the waste sites followed by garden and boat dock is due to
the potential source of PO,-P from the wastes and plant remains from the gar-
dens. According to Lavelle and Spain [52], organic matter decomposition is a
good source of nitrogen and phosphorus. NEMA [10] reported an increase in
wastes into Lake Kyoga (and associated plant nutrients—nitrogen and phos-
phorous) hence enriched nutrients (e.g. phosphates) into the lake. Additionally,
Breeuwsma [53] reported that animal wastes and plant remains enrich the waters
with phosphates. Furthermore, boat docks are located in the shallower shoreline
areas which receive a lot of organic matter from the land surface and the bottom
of the lake is constantly disturbed by the docking of the boat and this easily cir-
culates the phosphates to the upper surface. Twongo et al [45] found out that
the shore environment of Lake Kyoga is characterised by a muddy bottom rich
in organic matter with relatively shallower water. On the other hand, PO,-P con-
centrations were also low in the fishing areas attributable to the fact that fishing
areas are relatively deeper portions of the lake which receive less plant remains

and organic matter and their bottom sediments (potential source of nutrients,
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ie P) are less disturbed hence low PO,-P concentrations in their upper photo-
synthetic zones. Hecky and Bugenyi [12] found higher phosphorus (PO,-P) con-
centrations near the mud surface and lower in the upper photosynthetic zone of
Lake Kyoga. However the relatively low overall phosphates (PO,-P) in the study
sites may be associated with less transportation of the phosphates into the lake
due to low rainfall since sampling was done in December and January i.e, months
with low rainfall [28].

Aerobic decomposition of the organic matter (with the production of humic
acid) to release phosphates also utilizes oxygen thus a significant negative corre-
lation of DO with PO,-P (r, = —0.66, p = 0.00, n = 96). Furthermore, Vega et al
[43] also reported that phosphorous compounds are negatively correlated with
dissolved oxygen as organic matter is partially oxidized by oxygen. Similarly, pH
was significantly negatively correlated with PO,-P (r, = —0.45, p = 0.00, n = 96).
On the other hand, as the decomposition process (forming PO,-P) generates
heat, it increases the temperature hence the significant positive correlation of tem-
perature with PO,-P (r, = 0.40, p = 0.00, n = 96). Since the nitrites and phos-
phates are produced by the same material ie. mainly decomposition of organic
matter, there is a significant positive correlation between NO, and PO,-P (r, =
0.67, p = 0.01, n = 96). Similarly, the significant negative correlation of flow rate
with PO,-P (r, = —0.74, p = 0.00, n = 24) is expected since increase in flow rate
causes dilution of contaminants of anthropogenic origin [43].

The insignificant variation of PO,-P concentrations in the different landing
sites on Lake Kyoga concurs with the report by NaFIRRI [14] which showed that
phosphates (PO,-P) were relatively evenly distributed in Lake Kyoga. Whereas
the even distribution of phosphates (PO,-P) reported by NaFIRRI [14] was at-
tributed to natural phenomena, the insignificant variation in this study may be
due to comparatively equal contribution of PO,-P by the investigated anthropo-
genic activities in the selected landing sites. The levels of phosphates (PO,-P)
when converted to P,0; exceeds the standard value of 0.5 mg/1 [39] especially in
Kayei and Acholi landing sites as well as at the waste sites and gardens possibly
due to increased human activities in the catchment at those sites. According to
NaFIRRI [14], the present elevated levels of phosphates in Lake Kyoga are mainly

caused by human activities in the catchment.

4. Conclusions

The high concentrations of nitrites in Lake Kyoga at the investigated anthropo-
genic activities and landing sites plus phosphate amounts close to waste sites and
gardens including Kayei and Acholi inn landing sites call for vigilance in protec-
tion of Lake Kyoga through optimized planning.

Hence, National Environment Management Authority should ensure proper
sewage management in Lake Kyoga catchment to avoid discharge of untreated
sewage into the lake. The authority should also regulate waste dumping and cul-

tivation around the lake so as to reduce nutrient (phosphorus) enrichment.
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