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ABSTRACT
Seasonal variation in nutrient loading in Lake Baringo were examined by investigating 10 limnolog-

ical variables which are; Temperature, pH, electrical conductivity (EC), total dissolved solids (TDS),
salinity, total nitrogen (TN), nitrates (NOs), nitrites (NO,), Ammonia (NH;), total phosphates (TP)
and orthophosphates (OP). Sampling was carried out in January (dry season), April (beginning of
rainy season), August (mid rainy season) and October (end of rainy season) from 10 different sta-
tions and analyzed using both chemical and statistical methods. All parameters varied seasonally
except salinity which was statistically significant. Temperature mean values ranged from
(27.844.94) to (31.01+1.97), pH (7.91+0.44) to (8.44+0.59), EC (332+83.78) to (540£1.69), TDS
(243.88+1.73) to (302.63£2.00), Salinity (0.08+0.05) to (0.2+£2.97), TN (2.52+1.79) to (3.52+1.75),
NO; (1.21£1.22) to (2.37£1.10), NH; (0.14+0.06) to (0.41+0.21), TP (0.74+0.33) to (0.85+0.90), OP
(0.20+0.08) to (0.41£0.59) while Nitrites was below the detectable limits <0.005. This result sug-
gests that seasonal variations had significant negative effects on water quality of the basin which is
adversely impaired by discharges from agricultural, industrial and domestic sources. These findings
will assist and guide management decisions.

Keyword: Temporal Variation, Nutrient Loading, Pollution, Physicochemical Parameters.
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1. INTRODUCTION

Water is the most significant natural resource, essential
for life and for the sustenance of mankind and the eco-
system (NWSS , 2015). Anthropogenic activities have
greatly altered nutrients flows from watersheds into
aquatic ecosystems, thereby increasing primary produc-
tion and causing widespread eutrophication. Globally,
Pollution of surface water with chemical pollutants and
eutrophication of lakes and rivers are of significant en-
vironmental concern (Ouyang et al.,2006). More than
40% of water bodies are affected by eutrophication
worldwide (Zamparas, 2015). Changes in Land use and
unsteady growing seasons leads to the increased use of
fertilizers which later leaches into rivers and lakes con-
tributing to the risk of eutrophication and biodiversity
loss (Bhateria and Jain, 2016) .Landscape disturbance
over several decades, and the resulting increase in sedi-
mentation is the dominant cause of the ongoing eutroph-
ication in many of the lakes in Eastern Africa (Olago
and Odada, 2007).The main concern of deteriorated
water quality over time in Lake Baringo is turbidity,
which has increased because of high rates of sedimenta-
tion resulting from increased soil erosion in the catch-
ment (Odada et al., 2006).

Previous erosion studies extrapolated from Perkerra
catchment reveal that Lake Baringo basin estimated sed-
iment yield is 10.38 million metric tons/year (Onyando
et al., 2005).Increased sedimentation has resulted to low
oxygen concentrations, high salinity, turbidity and eu-
trophication and this has rendered the bed of the lake in
the open waters nearly devoid of invertebrate life (Aloo,
2006).Additionally, water abstractions for irrigation
along the riparian corridors in Lake Baringo basin has
contributed to reduced stream flow’s which has resulted
in a reduction in the lake depth and thus only a limited
number of aquatic animals can survive under such con-
ditions (Odada et al., 2006).Seasonal changes play a
significant role in structuring characteristics of lakes and
the variation of condition of lakes of the same region
with similar local weather pattern might be expected to
follow a similar temporal pattern (Rask and Ruuhij,
2002).The release of nitrate, transport, exchanges and
transformations within the catchment are controlled by a
complex set processes which varies in time (Jarvie et al.,
2002).For instance, during rainy seasons, phosphates are
washed from soils into drainage ditches and canals
(Boman et al., 2018). Extreme seasonal variations have
had significant ecological influences on Lake Baringo
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Basin, resulting
Mwamburi, 2014).

to water quality change (Ouma and

Management of water resources is critically important
for the economy, the environment and society. Safe wa-
ter must be considered as a basic human right and
should be available and affordable to all. Therefore
there is a need to save the Lake from further deteriora-
tion, to avoid the disastrous consequences of these
threats and lead to a future where the full potential of
Africa’s water resources can be readily unleashed as
envisaged in the new Africa Water Vision for 2025.
United Nations recognized water security as one (Goal
6) of the seventeen sustainable development goals
(SDGs), which aims at ensuring availability and sustain-
able management of water and sanitation for all by
2030.Therefore there is a great need to understand the
cycle of water deterioration for water resources manage-
ment underpinned by the 2016 Water Act in light of
aiming to achieve Kenya’s Vision 2030 ambitions. Wa-
ter quality investigations provide information on the
health of water bodies and for developing strategies that
help in better management of catchment and water re-
sources ( Brainwood et al., 2004). Hence, the purpose of
this study is to investigate seasonal changes in surface
water quality in lake Baringo.

2. MATERIALS AND METHODS

Study Area

Lake Baringo is a freshwater lake located in a tectoni-
cally active closed basin in the Eastern arm of the Rift
Valley in Kenya and is an internationally recognized
important world Ramsar site. It is located between 00°
300N and 00°450N, and 36°000E and 36°100E, lying
60 km north of the equator at an altitude of 975 m above
sea level. It has a surface area of 130 km? and an alti-
tude of about 1100m a.s.l. It drains a total area of 6,820
km?’. The lake’s water catchment includes the Mau Hills
and Tugen Hills. Several seasonal rivers drain into the
lake, including Ol Arabel, Makutan, Tangulbei, Endau
and Chemeron. River Perkerra and Molo are perennial
rivers, although with significantly reduced water dis-
charges during dry seasons. It has no visible outlet and it
is believed to have an underground seepage at Kapedo
to the north and the water flows out as geysers and hot
springs into Lake Turkana.lt is characterized by a very
high annual evaporation rate that ranges from 1,650 to
2,300 mm and annual rainfall that varies between 1,100
mm and 2,700 mm .The long rains occur in the months
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of April to August, whereas the short rains fall from
October to November.

Population Density

According to the population and housing census con-
ducted in 2009, the population size of Baringo County
was 555,561, consisting of 279,081 males and 276,480
females. The county’s intercensal growth rate is 3.3 per
cent per annum, which is above the national average of
3 per cent. The population of the county was estimated
to be 613,376 in 2012 and is further projected to in-
crease to 677,209 and 723,411 in 2015 and 2017, re-
spectively.

Economic Activity

The study area is inhabited by three major ethnic groups
namely the Turgens to the east, Pokots, to the north,
Ilchamus/Njemps South and eastern sides. All groups
are agro-pastoralists. Pokot who inhibit the northern part
of the area are heavily dependent on livestock keeping
and in particular goats while the Njemps are mainly
fishermen. The Turgen settled up on the humid hills
with good conditions for rain fed farming are in most
cases agriculturalist. Perkerra Irrigation scheme has in-

M.A. Ochuka et al.

creased horticultural production and led to the growth of
Marigat town. Additionally, large scale sisal farming
has led the establishment of sisal industry in the catch-
ment. The community heavily relies on charcoal burning
as one of the major socio-economic activity alongside
Bee-Keeping and brewing of local liquor as an alterna-
tive source of income. Donkey abattoir in Mogotio, the
Goldox Company, is one of the latest company for large
scale production of donkey meat for export to china.

Lake Baringo Catchment is also an international tourist
site and tourism has become one of the economic activi-
ties in the catchment. The study area is a critical habitat
and refuge for more than 500 species of birds and fauna,
seven species of fresh water fish, several species of ani-
mals including the hippo, Crocodiles and many more
freshwater organisms. The lake has major seven islands
namely Ruko, Rongena, Linage, Samatian, Olkokwa,
Parmalok and the Devil’s Island. The largest being Ol-
Kokwa Island which is extinct volcanic center and has
several hot springs. Ruko Island on the other hand is a
park having a variety of wildlife such as Zebra and Gi-
raffe.

Plate 3. Tourist Lodges at Kampi va Samaki Beach.

Plate 2 Large Scale Sisal Plantation in Mogotio

T

Plate 4. Brewing of Local liquor at Kataran.
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Figure 1: Lake Baringo

Sampling

Samples were collected in four seasons; beginning of
dry season (January), end of dry season (April), rainy
season (August) and end of rainy season (October) dur-
ing the year 2018. Ten water quality sampling points
were selected in areas where human activities were
high. The sampling sites were designed to cover a wide
range of determinant that reasonably define the spatial
extent and water quality of the catchment. The sampling
sites were River Molo inlet (Site 1), River Perkerra
inlet (Site 2), River Endau Inlet(3), Samatian Island
(Site 4), Ol-kokwa Island (Site 5), Parmalock Island
(Site 6), Kampi ya Samaki (Site 7), River Endau (Site
8), River Perkerra (Site 9) and River Molo (Site 10).
However, river Endau being a seasonal river was sam-
pled once in the month of August when the rains were
high. The sampled water quality parameters included
water temperature, Water PH, Total Dissolved Solids,
Electrical Conductivity, Salinity, Total Nitrogen, Ni-
trates, and Nitrites, Ammonia, Total phosphate and Or-
thophosphate.

Physical and Chemical Analysis.

Physical parameters were measured in insitu including:
Temperature, Electrical conductivity, PH, salinity and
Total Dissolve Solids using HACH, USA (Model: sen-
sion™+ EC71) portable multi-meter. While the Chemi-
cal parameters such as Total phosphorus (TP) and total
nitrogen (TN) concentrations were analyzed according
to APHA 2005. Total nitrogen (TN) was analyzed with
unfiltered water samples, via digestion with concentrat-
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ed sulphuric acid (by autoclave procedure) to convert
organic nitrogen to ammonium nitrogen (NH4-N), with
subsequent analysis for TN carried out, as outlined for
NH;-N. Nitrate and nitrite were measured with the cad-
mium reduction method and ascorbic acid method
(using HACH DR2800 spectrophotometer); Ammonium
was determined with the phenol hypochlorite method,
using nitroprusside as a catalyst. Total phosphorus was
analyzed by oxidizing unfiltered water samples with hot
5% potassium per sulfate (K2S208) in distilled water.
The tubes (samples, standards and blanks) were auto-
claved for 30 min. They were further cooled to room
temperatures with the tube caps slightly loosened. The
TP concentration was then determined using the meth-
ods described above for inorganic phosphate. Phosphate
phosphorus (PO4-P) was measured with the ascorbic
acid method.

Statistical Analyses

Descriptive statistics such as mean and standard devia-
tion (mean £+ SD) of physicochemical parameters were
calculated using Microsoft Excel and SPSS package.
Inferential Statistics like the one way analysis of vari-
ance (ANOVA) was used to analyze the seasonal varia-
tions in the physico- chemical parameters at a signifi-
cance level of p< 0.05.
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Figure 2. Seasonal Variation in the concentration of TN,
NO3, TP, OP and Salinity.
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Figure 3. Seasonal Variation in the concentration of
Salinity and Temperature Value.
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Figure 4. Seasonal Variation in the concentration of TDS and EC.

3. RESULTS AND DISCUSSION
Physico-Chemical analysis was carried out on samples for four seasons; January (dry season), April-August (rainy
season) and October (End of rainy season). The release of nutrient including nitrates, organic phosphorus and ammo-
nia into the water body from agricultural lands, industries, water treatment plants contributed to the algal blooming;
and this conditions are seasonal (El-sheekh, 2016). All physical and chemical parameters of Lake Baringo and its
catchment demonstrated statistical insignificance (P >0.05) except salinity. A summary of the range, mean value,
standard deviation of measured variables are provided in Table 1.

Table 1: Monthly Means of the Physico-Chemical Parameters.
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Physico-chemical Parameters

Months TN NO3 NH3 TP OP TEMP PH EC TDS Salinity*
January

Mean+SD  3.43+2.84 1.24+1.66 0.41+0.21 0.83+0.74 0.41+0.59 31.01£1.97 8.05+0.66  540+1.69 302.63+2.00 0.2+2.97
Range 1.36-9.98  0.28-5.11  0.12-0.77  0.4-2.6 0.13-1.84  28.2-33.8 7.2-8.73 538-543 300-305 0.00-0.2
April

Mean+SD  3.52+1.75 1.21£1.22  0.2740.12  0.74+0.33  0.20+0.08  29.04+2.17 7.91+0.44  537.5+9.26 287.63+34.86  0.15+0.09
Range 2.07-6.63  0.09-3.21  0.11-0.53  0.49-148  0.09-0.32  24-31 7.18-8.5 520-552 202-303 0-0.2
August

Mean+SD  2.52+1.79 123145 0.17£0.14 0.76+0.31 0.35+0.16 27.8+4.94 8.18+0.53  332+83.78 297.5+113.11  0.09+0.04
Range 1.4-6.86 0.32-429  0.05-0.44  0.54-1.37  0.18-0.63  21.3-32.6 7.4-8.78 224-438 183-433 0-0.1
October

MeantSD  3.17+1.40 2.37+1.10  0.14+0.06  0.85+0.90 0.31+£0.07 28.83+3.03  8.44+0.59 430.88+4.91  243.88+1.73 0.08+0.05
Range 1.89-6.02  0.59-4.2 0-0.19 0.25-291  0.19-04 22.8-32.7 7.4-8.92 420-435 241-246 0-0.1

*Significantly varies at P<0.05. Source: Researcher’s Survey, 2018

Abbreviation Description

TN Total Nitrogen

NO3 Nitrate

NH3 Ammonia

TP Total Phosphate

OP Orthophosphate

TEMP Temperature

EC Electrical Conductivity
TDS Total Dissolved Solids
SD Standard Deviation
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The temperature of any given water controls the rate of
all chemical reactions and affects fish growth, reproduc-
tion and immunity (Bhateria and Jain,
2016).Temperature ranged from 28.2 to 33.8°C with
mean value of 31.01+1.97°C for dry season while in wet
season, temperature ranged from 21.3-32.6°C with
mean value of 27.844.94°C. The mean value of temper-
ature in dry season was higher than wet season. The
temperature in dry season was above the acceptable
range (25°C —32 °C) as recommended by World Health
Organization. Similar results were observed in Tigris
River which showed highest temperatures during the
summer months and lowest during the winter months
(Varol et al., 2011). A study in Nile water of Egypt,
showed low temperatures values during the winter sea-
son and increase toward the summer season (Al et al.,
2014) The general high temperatures in Lake Baringo
could be attributed to high solar radiation considering
the fact that the study area is in semi-arid part of Kenya.
The variation in temperature could be attributed to time
and season of sampling. Early morning samples and late
evening recorded lower temperatures compared to mid-
day sampling. Additionally, the high temperature rec-
orded during the dry season due to the depth of the wa-
ter; when the water level is low, light rays from the sun
can penetrate through the water and it gets heated to
high temperatures. The high water temperatures could
also be attributed to effluent discharges from the tourist
lodges and surface runoffs from large scale Perkerra
irrigation scheme in the catchment. Previous studies in
the same Lake reported high temperature ( Omondi, et
al 2011). Dallas (2017) water temperature variations
results from thermal discharges, agricultural run offs,
river regulation, industrial effluents, domestic discharge
and global warming. The rise in temperature of water
accelerates chemical reactions, raises metabolic activity
of organisms and decreases solubility of gases (Umarani
et al., 2011). Increased metabolism instantaneously
lowers oxygen availability creating a noxious condition
that could quickly cause stress and mortality and eco-
system breakdown (Andrew and Gedan, 2014). Cold
water contains more oxygen than warm water (EI-
sheekh, 2016). Leading to the proliferation of invasive
species in an aquatic system (Havel and Kats, 2015).
Future changes in climate patterns may also intensify
current and generate new water quality challenges
which may have unknown long-term impacts on the
world’s ecosystems (UNEP, 2016).According to Ouma
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and Mwamburi, (2014) higher temperature contributed
to chlorophyll-a concentration in Lake Baringo. When
the results were subjected to statistical analyses, there
was no seasonal significant difference (P>0.05).

Aquatic organisms are affected by pH because most of
their metabolic activities are pH dependent. pH of an
aquatic system is an important indicator of the water
quality and the extent of pollution in the watershed are-
as (Kumar, 2011). The pH values ranged between 7.2-
8.73 with a mean value of 8.05+0.66 for dry season
while in wet season, the pH ranged from 7.4-8.78 with a
mean value of 8.18+0.53.The pH values were higher in
wet season than dry season. The pH range both in dry
and wet season were within the pH range of (6.5 to
8.5) required value for drinking and domestic purposes
by World Health Organization (WHO, 2011) and Kenya
Bureau of Standards (KEBS) limit for natural water (6.0
-8.5) .Optimal pH range for sustainable aquatic life is
pH 6.5-8.2 (Adeyemo et al., 2008). The result agrees
with (Atobatele and Olutona, 2013). The high pH dur-
ing the wet season can be linked to the process of pho-
tosynthesis; Photosynthesis increases pH value in the
surface water through the removal of CO,. A similar
finding was obtained by (Edokpayi et al.,
2015).However (Wilbers et al., 2014) reported a slightly
lower pH in the wet season than in the dry season in
their studies of spatial and temporal variability of sur-
face water pollution in the Mekong Delta, Vietnam.
High pH values may be attributed to fertilizers from the
intensive irrigated horticultural activities in the catch-
ment and large scale sisal farms at Mogotio. Additional-
ly, the high pH could be attributed to lack of any sur-
face outlet and high concentrations of carbonate salts,
typically sodium carbonate. However, low pH in the
catchment could be attributed to discharges from car
washing within the Lake and its tributaries and decom-
position of organic matter from wastewater originating
from nearby towns such as Mogotio town and Marigat
can lead to acidification. Decrease in pH of water in-
creases the solubilization of some metals, which may be
toxic to fish and render the water unsuitable for other
insignificant

uses. pH variation was statistically

(P>0.05).

Electrical Conductivity (EC) is directly related to total
solids and is a function of the geology of the area. It
also indicates the presence of dissolved ions in water
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(Odiyo et al., 2012). EC is a numerical expression abil-
ity of an aqueous solution to carry electric current. Elec-
trical conductivity (EC) values season ranged from 538-
543 pS/cm for dry with a mean value of 540+1.69 pS/
cm while wet season ranged from 224-438 puS/cm with
a mean value of 332+83.78 uS/cm.lIt is evident that the
mean value for dry season was higher than the wet sea-
son.The obtained values were within WHO limits of
600uS/cm (WHO, 2011). The findings were in con-
formity with (Deepa et al., 2016; Vaishali et a.l.,
2013 ).This result contradicted the normal expected
results of a wet season which is characterized with
heavy rainfall having high EC values due to high sur-
face runoff from agricultural lands (Shabalala et al.,
2013). Anhwange et al., (2012) reported a decrease in
conductivity during the dry season.

EC is controlled by geology of the area where the water
body is situated, the size of the watershed, wastewater
from sewage treatment plants, wastewater from septic
systems, urban runoff from roads and agricultural run-
off. Baringo catchment streams run through areas with
mainly clay loam with alluvial deposits which tend to
have higher conductivity because of the presence of
materials that ionize when washed into the water. Addi-
tionally, the high Conductivity during the dry season
could also be attributable to increased evaporation rates
due to the arid nature of the catchment. It could also be
due to increased decomposition and mineralization of
organic materials (Ecjhao and Begum, 2008). Agricul-
tural surface runoffs and domestic effluent discharges
into the Lake from the Tourist Lodges on the Island
such as Samatian Island, and at the shores such as Soi
lodge and from Kampi ya Samaki Health Center are
attributed to the high EC. Increased deforestation due to
intensive charcoal burning in the study area weakens
the soil structure making it susceptible to erosion and
are drained into water bodies thus increasing ion con-
centration. The lower value obtained during the wet
seasons could be related to the dilution effect by rain
water. Dissolved ions can alter the taste of water and
also contribute to the hardness of water. Water with
high EC values is not suitable for domestic purposes
and irrigation as it can lead to the salinity of agricultural
soils. All the sampling seasons exhibited high EC and
statistical analysis of the data obtained for both seasons
showed no significant difference (p > 0.05).

M.A. Ochuka et al.

Duffy and Weber (2007) reported that the concentration
and composition of Total Dissolved Solids (TDS) in
natural water is determined by the geology of the drain-
age, atmospheric precipitation and the water balance.
TDS vales ranged from 300-305mg/l with a mean value
of 302.63+2.00 mg/1 during dry season while in the wet
season, the values ranged from 183-433mg/l with a
mean value of 297.5£113.11 mg/l.The results indicates
that the TDS values were higher in dry season than wet
season. A previous study in Lake Baringo revealed sim-
ilar results of high TDS (Mwamburi, 2015; Kumar et
al.,2015).However,(Islam and Azam, 2015;Manohara et
al., 2019) in their studies observed high TDS values
during the wet seasons resulting from run-off in wet
seasons. TDS values were within the acceptable Nation-
al Environmental Management Authority (NEMA, Ken-
ya) limits of 1200 mg/l for natural water. Statistics anal-
ysis indicates no significant difference at (P>0.05). Sim-
ilar Primary sources for elevated TDS level in river wa-
ter are agricultural runoff, leaching of soil contamina-
tion and point source water pollution discharge from
industrial and sewage treatment plants particularly dur-
ing dry season with low water level. Lower TDS during
wet season could be attributed to the dilution effect.
Electrical conductivity, BOD and turbidity of water
increases with increase in TDS and this influences the
existence of aquatic life a river can support. Waters
with high (TDS) are unpalatable and potentially un-
healthy. High TDS levels gives the water a musty taste
and impairs its aesthetic values through discolorations.
Sedimentation has affected the water quality of lake
Baringo with approximately 400 tonnes of silt deposited
into the lake during every rainy season turning the ap-
pearance of the lake muddy and brown in appearance
(Josephine, 2014).

Salinity refers to the total dissolved salts which are usu-
ally but not limited to sodium and chloride ions as well
as others such as potassium and bicarbonate ions
(UNEP, 2010).Salinity is a dynamic water quality indi-
cator of the nature of the exchange system. The Salinity
value ranged from 0.00-0.2ppt with a mean value of
0.2+2.97 for the dry season and wet season ranged from
0 to 0.1 with a mean value of 0.09+0.04.1t is evident
that the dry season had higher salinity value compared
the wet season .Generally, the salinity level in the study
area was low. High salinity in dry season could be at-
tributed to the high evaporation rates increasing the
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concentration of the water constituents while the low
salinity can be related to the dilatation effects of the
incoming flowing water from the catchment during the
rainy season. The semi-arid nature of Lake Baringo
Catchment could also be a contributing factor to higher
salinity. Salinization of water bodies has always been
related to agricultural activities especially in arid and
semi-arid environments throughout the world (Plessis,
2019).Increases in precipitation and runoff combined
with warmer sea surface temperatures and lower cur-
rents increase the intensity of stratification ( Ranjan et
al., 2013).The finding is in agreement with a previous
study serthalaikadu Lagoon, east coast of India where
salinity values of monsoon season had very low than
those of during the summer season (Nagalakshmi et al.,
2016). Increased salinity increases the tension on fresh-
water organisms by affecting metabolic function and
oxygen saturation levels. Riparian and emergent vegeta-
tion can also be altered by rising salinity. The seasonal
Variation in salinity was statistically significant p<0.05.
Total nitrogen is the sum of total kjeldahl nitrogen
(ammonia, organic and reduced nitrogen) and nitrate-
nitrite. It can be derived by monitoring for organic ni-
trogen compounds, free-ammonia, and nitrate-nitrite
individually and adding the components together
(McGill et al., 2010). A Total Nitrogen values ranged
from 1.36-9.98 with a mean value of 3.43+2.84 for dry
season while the wet season the values ranged from 1.4-
6.86 with a mean value 2.52+1.79. It is evident that the
values in dry season were higher than the values ob-
tained in wet season. This result is consistent with the
findings of (Gosine and Mahon, 2015; Balarabe and
Auta, 2012 ).Gosine and Mahon, (2015) reported high-
er concentration of potential sources of coastal pollu-
tion during dry days at 1.4 mg/l than on wet days in
Coset Bay watershed .Similarly, Balarabe and Auta
(2012) discovered a disparity in nutrients obtained
from Nguru Lake during the dry seasons to be signifi-
cantly higher than values recorded in the rainy seasons.

Total Nitrogen concentrations showed clear seasonal
variation and exhibited a tendency to decrease during
the wet season and increased in the dry season. This
may be attributed to the dilution of nutrients as a result
of the heavy rains High River flows and the resultant
dilution effect in the wet seasons. Similarities in the
concentration irrespective of the seasons resulted from
dry season irrigation farming and concentrations of
these nutrients due to evaporation and increased surface
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runoffs during the wet season. Additionally, aquatic
macrophytes growing in riparian wetlands and shallow
water bodies can absorb and accumulate large quantities
of contaminants in the wet season (Xiaolong et al.,
2010). However, the seasonal variations in the TN con-
centrations was not statistically significant P>0.05
Nitrate is a form of nitrogen and a vital nutrient for the
growth, reproduction and survival of organisms
(Adeyemo et al., 2008). Estimation of Nitrate levels is
important in evaluating the potential biological produc-
tivity of surface water (Venkatesharaju et al., 2010).The
nitrate values for the dry season ranged from 0.28-
5.11with a mean value of 1.24+1.66 while the wet sea-
son values ranged from 0.32-4.29 with a mean value of
1.2341.45.The results indicate that the dry season had a
higher mean value that the wet seasons. The concentra-
tions of NOjs did not exceed the WHO threshold limits
for domestic water use and National Environmental
Authority in Kenya (NEMA).Similar results were re-
ported by Mbui et al.,(2017); Atobatele and Olutona
(2013) and Adeyemo et al.,(2008). During the dry sea-
sons, nitrates are usually built up and that high levels of
nitrates are only observed during early rainy seasons.
This is because initial rains flush out deposited nitrate
from near surface soils and nitrate level reduces drasti-
cally as rainy season progresses (Symader and Bierl,
2010). However ,a contradicting results have been re-
ported by (Deepa et al., 2016). High nitrate detected can
be attributed use of fertilizers Perkerra irrigation
scheme which get leached and eroded to streams. The
presence of nitrate originate from the contamination by
surface runoff from riverine agricultural irrigated hor-
ticultural farms (Maghanga et al.,2013). Nitrate is con-
tributing significantly to the water pollution (Singh,
2013). Brewing Local Traditional Spirits commonly
known as “Chang’aa” in Kiswabhili at the Lake shores is
a common phenomenon in Lake Baringo catchment
particularly at Kataran Village. They use the Lake water
as a condenser and pouring the molasses in the lake.
The by-products (e.g. mash, yeast surplus) generated
are discharged into the Lake. This causes water pollu-
tion because the distillery wastewater contains nutrients
in the form of nitrogen and potassium. Recent studies in
Lake Baringo reflected presence of algae at river Molo
inlet due to rich inflow of nutrients into the lake from
the catchment areas (Ndiba et al., 2018).

Increase in Nitrates causes deterioration in both the hy-
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gienic and aesthetic aspects of water quality due the
proliferation of aquatic weeds. Nitrates render a water
body eutrophic consequently creating a number of hu-
man health problems (Fennessy and Cronk, 1997).
Consumption of drinking water contaminated with high
levels of nitrates by infants below six months old and
certain young animals causes “oxygen debt” in the
blood, a fatal condition known as methemoglobinemia
or blue baby syndrome and miscarriages in pregnant
women (Weselak et al., 2007).The difference in the
mean values of the concentrations observed during the
dry and wet season was statistically insignificant
(P>0.05).

Nitrite is the intermediate oxidation state between am-
monia and nitrate, can appear as a transient species by
the oxidation of ammonia or by the reduction of nitrate.
In present study, nitrite was below the detectable lim-
its .Nitrites are relatively short-lived because they are
quickly converted to nitrates by bacteria.

Ammonia comes from the biodegradation of waste and
inputs from domestic, agricultural and industrial, and
that is why it is a good indicator of contamination of
water ways. The Ammonia is abundant in surface wa-
ters and its concentrations is highly variable during lake
seasonal cycles .The most important source of ammonia
is the ammonification of organic matter. Ammonia is
rapidly oxidized by certain bacteria, in natural water
systems, to nitrite and nitrate, a process that requires the
presence of DO. Ammonia concentration varied season-
ally across the sampling periods. The ammonia values
for dry season ranged from 0.12-0.77 with a mean value
of 0.41+0.21 while in the wet season, the values ranged
from 0.05-0.44 with a mean value of 0.17+0.14.1 .It is
evident that the value of ammonia was higher in the dry
season that in wet season. A similar study in Dongting
Lake, China also revealed that ammonia concentrations
during the dry season were higher than those during the
wet season (Tian et al., 2017).Additionally, Barakat et
al.,(2016) observed a higher ammonia concentration in
summer compared to the winter season in Oum Er Rbia
River, Morocco. The higher ammonia concentration in
dry season can be attributed to the reduced dilution of
effluents. The residents in the study area are majorly
pastoralists and this is attributable to the presence of
ammonia in the water due to inputs of decomposing
animal dung during animal watering. In contrast to the
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results, previous finding in the upper Mississippi River
revealed that Total ammonia nitrogen concentrations in
surface water were greatest in winter and lowest in sum-
mer (Razier et al., 1996).Generally, the ammonia levels
were low due to the oxidation of ammonia by nitrifying
bacteria coupled with ammonia assimilation by plants
and planktonic algae. This process reduces ammonia
concentrations in overlying surface water. Increase in
ammonia content depicted the disposal of sewage dis-
posal or effluent discharge of industries used ammonia
liquor or ammonia gas for process of its production
(Vaishali and Punita, 2013). Ammonia provides nutrient
for algae and other forms of plant life and thus contrib-
ute to overloading of natural systems and cause eu-
trophication. Ammonia can block oxygen transfer in the
gills of fish, thereby causing immediate and long term
gill damage. There was no significant difference
p>0.05.in the ammonia concentration across the sam-
pling periods. In this study, ammonia levels were above
the EPA recommended limit of 0.02 mg/L for freshwa-
ter environments.

Phosphate can be found as a free ion in water systems
and as a salt in terrestrial environments. In most water
bodies phosphorous is recognized as the limiting nutri-
ent and considered to be the most significant among the
nutrients responsible for eutrophication of lakes, as it is
the primary initiating factor. Phosphates can be in or-
ganic form (organically-bound phosphates) or inorganic
form (including orthophosphates and polyphos-
phates).Phosphate comes from fertilizers, pesticides,
industry and cleaning compounds. It also occurs natu-
rally originating from phosphate containing rocks. A
modest increase in phosphorus under the right condi-
tions can cause eutrophication. During the dry season,
the phosphate values ranged from 0.4-2.6 with a mean
value of 0.83+0.74 while in wet season, the values
ranged from 0.54-1.37 with a mean value of
0.76+0.3.The values were higher in wet season than in
dry seasons. It exceeds the permissible limit of 0.3 mg/1,
and hence, the risk of eutrophication. Similar result was
Observed by (Atobatele et al.,2013; Singh and
Meetei,2013;and Anhwange et al., 2012).Additionally,
a study in northern Spain (Europe) river catchments
revealed that phosphates increased in summer and au-
tumn, with a maximum mean value of 0.23 mg/l in
summer, and decreased in spring and winter, with a
minimum mean value of 0.11 mg/l in spring (Alvarez-
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Cabria et al.,2016). On the contrary, Kumar et al.,
(2015) recorded highest phosphate values during post-
monsoon season could be attributed to the heavy rain-
fall in Pichavaram mangrove forest water, south- east-
ern India. The high value of phosphate in wet season are
mainly due to the use of detergents, weathering of rock
minerals, decomposition of organic matter, detergents,
fertilizers, industrial waste, household waste and phos-
phate minerals, domestic discharges especially use of
based detergents for laundry. The residents around the
lake bath directly into the Lake and even wash clothes
right inside the lake. Apart from that the car washing
activities observed at Kampi ya Samaki Beach, River
Molo and River Endau increased the flow of soap into
the streams contributing to phosphate increase. A small
amount of phosphorous may enhance the growth of al-
gal blooms leading to eutrophication and ultimately
produce harmful toxins. When additional phosphorus
becomes available to the aquatic system, it stimulates
the growth of algae and other aquatic plants. Phosphate
value above 0.025 mg/L is found to accelerate eutrophi-
cation process in rivers and lakes (Howell, 2010). Deg-
radation of water bodies consequently kills fishes and
other aquatic animal due to oxygen deficient condi-
tion. Orthophosphate values in dry season ranged from
0.13-1.84 with a mean value of 0.41+0.59 in dry season
while in wet season, the values ranged from 0.18-0.63
with a mean value of 0.35+0.16. There was no signifi-
cant difference p>0.05 in phosphate and orthophosphate
concentration across the sampling seasons.

CONCLUSION
The study shows that seasonal variations had great in-
fluence on the water quality. The deterioration in water
quality results from release of higher amount of organic
pollutants into the water. Anthropogenic activities influ-
enced water quality within the basin. The study reveals
that in dry season the level of pollution was much high-
er than in wet season. We therefore have the following
recommendation for the relevant stakeholders.

I. Baringo County Ministry of Agriculture, Livestock
and Fisheries (MoALF) should promote sustainable
Agricultural practices that does not compromise the
quality of water in the catchment.

II. The County Government of Baringo and relevant
stakeholders should promote alternative sources of
income to minimize charcoal burning as a major
source of livelihood in the catchment in order to
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reduce soil erosion and sedimentation.

III. WRMA, NEMA and the County government of
Baringo, should reprimand managers of tourist
lodges directly  discharging effluent into Lake
Baringo and relocate the donkey abattoir.

IV. Eldama Ravine Water and Sanitation Company
should channel Municipal effluent discharge treat-
ment plants before releasing into water bodies to
reduce pollution in Lake Baringo tributaries.

V. The Government should enforce legislation protect-
ing riverbanks and Lake Shores against cultivation
to help reduce soil erosion and siltation at Lake
Baringo.
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