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ARTICLE INFO ABSTRACT
Several natural water reservoirs, especially in the developing nations, have
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Published: Jun 23, 2015 destination opportunities for ecotourism due to the exponential effect of multiple

stresses on some Asian and most African lakes. Lake Victoria, the world’s largest
fresh water lake in Kenya, has experienced increasing stresses which continue to
dilute the pride that befits its stature. This study was conducted in four beaches along
the shores of Lake Victoria with a focus on ecotourism industry so as to exemplify the
sources of pollution, its implications and sustainability options within its Kisumu County
buffer areas. Water samples were methodically collected and tested for physical,
chemical and microbial status against reference standards. All results satisfactorily
compared with past data but showed exponential swell in trends of contamination to
the water body. There were indications of suitability of temperature and pH conditions
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(206counts/100ml) for undesignated areas, which was significantly behind developed
nation’s recreation beach designations. The BODs levels were within the
recommended 5-15 mg/L for raw water reservoirs or tertiary effluents. Urban beaches
depicted higher levels of pollution compared to rural ones while rainy/wet seasons
exhibited significant pollution loads. Time of the day was not a pollution factor. The
study recommends policy change and planning for shore lean ups, augmentation of
existing sanitation infrastructure, public sensitization programmes; enhancement of
institutional capacities; and image and destination branding of the sites.
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INTRODUCTION

Various natural water reservoirs have systematically experienced high ecological stresses
and this has slowed down their resourcefulness for aquatic species survival and human
exploitation. Several such water bodies, especially in the developing nations have failed to
demonstrate their ecological utility that have, on the other hand, been satisfactorily
demonstrated in most developed nations, for instance, the North American and European
countries. Some Asian and most African countries have had their fresh water bodies
dogged with underutilization for recreation due to negligence, poor planning and poor
management. Disposal of solid wastes have been reported at the deltas of Okavango,
Niger, Volta and Zambezi rivers. This has resulted to their low aesthetic stature and to
some instances even hydropolitical conflicts among the transboundary riparian entities
(Kitissou, et al, 2007). Within the Lake Tanganyika’s shores, areas have been reported to
exist, which resemble waste buffers, causing adverse pollution in some parts thereby
distressing the lake’s potential for ecological convenience.

In East Africa, Lake Victoria is shared among Kenya, Uganda and Tanzania with their shore
buffers being homes to rural and urban communities. There exist various industrial and
commercial activities, but unlike the developed countries, the water body has been stressed by
a myriad of activities that are only trendy towards the ecosystem degradation. This is
supposedly seen by this study as a major stake on the low ecotourism practice in the lake.
However, the exact scenario is not clear since a study has not been carried out with a focus on
ecotourism. This study seeks to exemplify the sources, implications and come up with
sustainability options for Ecotourism Enhancement. Kisumu county was chosen as the study
area since, similar to other areas, in Kenya, Uganda and Tanzania, it boarders the Lake Victoria
and exhibit similar but slightly more adverse recreational challenges.

Kisumu County is interfaced with the Kenyan side of Lake Victoria within a spatial zone
known as Winam-Gulf. Much of its observable arena from a substantial spatial distance
constitutes an atmosphere (Figure 1) that ought to be serene and attractive (East African
Community, 2007). The available water mass within the entire vicinity exhibits an
extensively exploitable resource by both inhabitants and prospecting visitors for
ecotourism. The lake has had a long and fascinating history with traditional communities
living along the waterfronts while running livelihood errands like fishing, transportation,
domestic and animal watering, and other cultural events (Lake Victoria Initiative, 2006).

i *a)

Figure 1: A view of serene front sites of lake Victoria that is suitabl

e for ecotourism venture
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Nevertheless, the state of affairs of the lake as a potential recreational surface water
resource has long been under multiple stress in the entire spatial reach of the lake, as
similarly experienced elsewhere in the developing nations. Lubovich, (2009) observes that
Lake Victoria’s ecosystem has been under immense threat from multiple pollution sources,
each posing its own challenges. Moreover, Kayombo, and Jorgensen, (2006) demonstrates
that the ecosystem has undergone substantial and alarming changes that have accelerated
over the last three decades. Massive algal blooms have developed (Figure 2), becoming
increasingly dominated by the potentially toxic blue-green variety.

A report by COWI Consulting Engineers (2002) indicates that the lake’s water
transparency has declined from 5 m in the early 1930s, to 1 m or less (>70%) for most of the
year by the early 1990s. Waterborne diseases also have increased in frequency. Although
presently under some control, water hyacinth which was absent in the lake as late as 1989,
has choked important waterways, landings and beach areas in Kenya and Uganda. Both
point and non-point source pollution is a major problem in the Lake Victoria basin.
Kiwango and Wolanski, (2007) observe that industrial facilities frequently discharge
effluent directly into the lake, with little prior treatment. This primarily is a problem in the
major urban centers of most port towns of Lake Victoria's (Machiwa, 2002). Adding to the
industrial contamination is the non-point source pollution from human and animal wastes
entering the lake from urban areas and rural villages alike.

—— e

Figqure 2: Satellite Images of deteriorated quality of Lake Victoria (Source: NASA 2007)

It is estimated that 80 percent of the riverine phosphorus entering Lake Victoria comes from
municipal and industrial sewage, and the dumping of untreated sewage from city suburbs,
villages and informal settlements (Kiwango and Wolanski, 2007). The continuously incoming
human and animal wastes contain dangerous bacteria that can negatively affect water quality
and sicken communities. Development activities, discharge of nutrients and growth of
population has caused changes in the lake ecosystem. Massive blooms of algae have
developed, water borne diseases have increased in frequency and water hyacinth has choked
important waterways, landings, recreational areas as well as water supply intakes (LVEMP,
1995). Recreational adventures are, as a result in the current state, not exactly feasible at the
lake water. This has been associated with negative perception and little engagement in
recreation (Okungu, Hayombe, and Agong', 2015). Stakeholder discussions at KLIP
Ecotourism Symposium (2013) suggest that ecotourism product, destination and city branding
should be implemented for Kisumu County. But the environmental threats subsisting in Lake
Victoria as explained above denote the multiple stresses experienced by the massive and
naturally occurring water resource. This study explores the water quality attributes that signify
recreational absence at the lake environs, and aims at demonstrating sustainability options for
ecotourism enhancement in Kisumu County.
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Effective Implementation of the recommendations would enhance the culture of
responsibility among African nations within the upstream and downstream stakeholders.
This would result in sustainability of aquatic biodiversity, participation by local and
foreign recreationists and encourage development of recreational facilities. It would also
demonstrate ease of destination. Cases of water related disease outbreaks would
significantly reduce.

REVIEW OF RELATED LITERATURE

Canadian Council of Ministers of the Environment, (2008) upholds the idea that water that is
primarily meant for recreational purposes should be suitably free from microbiological risks
hazards. In addition WHO (2003) asserts that specific chemical hazards ought to be dependent
on circumstances of the surrounding area, hence, should be assessed on a case-by-case basis. A
number of such hazards entail potential pathogens. Factors promoting survival and dispersion
of pathogens include the nature of the beach, tidal phenomena, presence of sewage outlets, the
season, presence of animals and the number of swimmers if any (WHO, 2003).

The temperature of a body of water influences its overall quality. Its adverse changes on
recreation-sensitive water resources demonstrate thermal pollution. Temperature ranges
within which living organisms can thrive are deemed fit for ecotourism-water contacts
(Behar, 1997). Water with a pH of 7 has equal concentrations of H+ ion and OH- ion and is
considered to be a neutral solution suitable for skin contact and not detrimental when
ingested. If a solution is acidic (pH<7), the concentration of H+ ion is greater than the
concentration of OH- ion. Factors that affect pH levels include Acidic rainfall; Algal
blooms - generally causing water to be more basic; releases from industrial processes -
depends on whether acids or bases are released; release of detergents into water; carbonic
acid from respiration or decomposition and Oxidation of sulphides in sediments -
generally more acidic. The level of (pH < 6.0) and (PH > 9.0) do not support aquatic life.
Behar, (1997) suggests the optimum pH value for recreational activities to be 7.0-8.0.
Turbidity, a measure of the water’s lack of clarity, is caused by suspended and colloidal matter
such as clay, silt, finely divided organic and inorganic matter, and plankton and other
microscopic organisms. High turbidity ratio (>50 NTU) hinders a recreationist’s visibility in
water towards immersion recreation, for instance swimming, and may cause physical injuries
(American Public Health Association, et al., 2012) or result into fear and skeptism among
potential recreationists (Okungu et al, 2015). Solids are found along lake shorelines and
beaches in suspension and dissolved states. Total Suspended Solids (TSS) includes silt, stirred
up bottom sediment, decaying plant matter, or sewage treatment effluent.

Phosphorus (P) and nitrogen (N) are the primary nutrients that, in their excessive
amounts, pollute lakes, streams, and wetlands. Nitrogen enters the ecosystem in several
chemical forms and also occurs in other dissolved or particulate forms, such as tissues of
living and dead organisms. Elevated levels of Nitrogen compounds can have harmful
effects on humans and animals (Minnesota pollution Agency, 2008). Common sources of
excess nitrate-rich lakes and streams include septic systems, animal feed lots, agricultural
fertilizers, manure, industrial waste waters, sanitary landfills, and garbage dumps. High
nitrate concentrations also contribute to eutrophication, accompanied by unpleasant odour
and taste of water, as well as reduced clarity.

The level of oxygen gas dissolved in water (DO) provides aquatic animals with oxygen to
carry out cellular respiration, hence an indicator of the quality of a freshwater lake water
quality. Its concentrations ranges depend on seasonal and temperature conditions but
should not be less than 4mg/L for recreational quality considerations (Johnson, et al, 1999).
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Sources of DO include diffusion from the atmosphere and water at the surface, aeration as
water flows over rocks and uneven surfaces, aeration through churning action of wind
and waves and photosynthesis from aquatic plants. Concentration of DO is affected by
plant activity, human activities, temperature; decaying organic matter in water -
decomposition releases heat, warming water and decreasing dissolved oxygen capacity;
and stream flow - the faster the water moves and churns, the greater the amount of oxygen
is dissolved. When comparing water quality of different samples at the same temperature
and air pressure, percent saturation is generally used instead of mg/L.

Clean and healthy recreational waters should be void of algal presence. As algae die and
decompose, the process consumes oxygen. Submerged plants without sunlight die,
decompose and consume more oxygen. Without enough DO in the water, fish and other
organisms suffer and die because they can't “breathe” (Nyenje et al, 2010). Algal blooms,
while initially increasing DO levels, may create hypoxic conditions as they decompose
(EPA, 2013). When an algal bloom appears, it blocks sunlight from reaching any
submerged vegetation, killing those plants and decreasing the amount of DO produced.
When the bloom dies off, microbes consume more oxygen as they decompose the organic
material. This causes DO levels to plummet even lower, creating hypoxic or even anoxic
conditions. Enhanced input of plant nutrients, mainly nitrogen and phosphorus - in
general originating from agricultural and urban areas, through the soil or directly into
rivers and oceans - contribute to immense eutrophication rate (Gilbert et al, 2008).
Escherichia coli, (E. coli), is used as an indicator organism because it is easily cultured, and
its presence in water in defined amounts indicates that sewage may be present in water.
Sewage presence signifies presence of pathogenic (disease-causing) organisms. E. coli
levels at designated swimming beaches should not exceed 88/100 mm (mL) in any one
sample, or exceed a three-sample geometric mean average over a 60-day period of
47/100mL (WHO, 2003). Recreational waters existing in non-designated beaches should
not have more than 206 E. coli/100mL in any one sample (WHO, 2003). Occasional higher
numbers are not unusual, particularly after storm events and where urban or agricultural
runoff occurs. Sources of fecal contamination include wastewater treatment plants, failing
septic systems, domestic and wild animal waste, and storm water runoff (New Hampshire
Department of Environmental Services, 2011).

MATERIALS AND METHODS

Conceptual Framework

The framework in Figure 3 illustrates the linkages between the current water quality status
and the expected ecotourism development through sustainability options offered by the
researcher. Origins of pollution are hinted to include urbanization. It also explains
manifestations of recreational water stress as seen in literature.

Sampling stations

Four beaches along the Kisumu County’s Lake Victoria shores were purposively picked
for the study. Each beach selected for the study was a sampling station from which water
samples were taken for four different days: two days during rainy/wet season (11t and
15t July, 2014) and at different times (9.30am and 4.30pm for each of the days); and two
days during dry season (29t and 30t December, 2014) and at different times (9.30am and
4.30pm). (rainy/wet season in Kenya and East Africa fall between the months of May and August;
dry season fall between the months of November and February). Figure 4 illustrates the physical
demographic characteristics of the studied beaches.
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Figure 3: A researcher’s study concept for addressing quality status, origins and Sustainability Options
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Figure 4: Illustration of physical demographic characteristics of the studied beaches

At each site four sampling points were set up within 4m lateral equidistance, over 3m
surface distance into the lake, and 0.5m depth towards the lake bed as illustrated in Figure 5.
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Figure 5: A researcher’s model of sampling points as used in the beaches during the study

Standards of Test Parameters

Water samples were collected for confirmatory recreational water quality test procedures
at a Kenyan government- calibrated laboratory, against international standards, on the
indicators in Table 1.

Table 1: Test parameters and their Quality Standards (Source: WHO, 2003; U.S. Environmental
Protection Agency, 2012)

Parameter Indicator Unit standard {WHO)
Phovzical Queality EFH TOto 8.0
Torbidity SONTU
TS5 200 - 250 meT
Chamical Quatity Do DD =4 meL
B Dhiscues affacts of concentration
™ Dhiscues affacts of concentration
Microbisl qualiy Ezcherichia coli 28 covnt /100 ml daziznated

206 coune' 100 ml vndaziznet=d

Sampling points were set at the four study sites (Asat, Ogal, Usoma and Lwangni
beaches). Water samples were taken for physical, chemical and microbial tests both in-situ
and at laboratory.

Sampling Procedure, Laboratory Tests and Data Analysis

Determination of PH: Water samples were taken using a hand-held turbidity meter at the
test kit (Figure 5) for in situ field measurements, and poured in 125ml pre-cleaned plastic
bottles (made of polypropylene). Excessive turbulence was avoided to minimize presence of
air bubbles near the measurement cell while the container was completely filled to the top.
pH level was then red from a scale of 0-14 and recorded in a chart.
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Figure 6: The test kit used to carry to test for Thermo-tolerant Coliforms, Turbidity and pH
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Determination of Turbidity and Total Suspended Solids: Using a test kit (Figure 6), each water
sample was agitated gently within the turbidity tubes, and about 2 minutes was allowed
until air bubbles disappeared. The tub was held vertically and turbidity level was read
using the calibrations. TSS levels were determined using the same kit.

Determination of Dissolved Oxygen: Electrometric method was suitable for the field
determination of DO as the method is simple to perform (HACH Company, 1997-2009).
Apparatus used included battery-powered meter, designed specifically for DO
measurement; and oxygen-sensitive membrane electrode. The electrode in a portion of the
sample to be analyzed for DO was rinsed then electrode immersed in water, ensuring a
continuous flow of water past the membrane to obtain a steady response on the meter.
Determination of Total Nitrogen: Samples were acidified in the field with 2ml/L
concentrated Sulphuric acid. A suitable volume of sample was measured into digestion
bottles and 5 ml of the oxidizing reagent (KSO, in NoH with distilled water) added into
each bottle. The digestion bottles were closed and autoclaved at 121°C for 30 minutes.
After the samples were cooled to room temperature, digestion bottles were opened and 1
ml of buffer solution (H3BOs; and NaO) in distilled water was added. The solution from
the digestion bottles was transferred to a measuring cylinder, filled to 60ml with the
ammonium chloride buffer and mixed. The 60ml was then transferred to a conical flack
and poured into Cadmium reduction column. The absorbance was recorded from a
spectrophotometer at 543nm wavelength with a detection limit of 0.025mg/L.NO, - for a 1
cm cell.

Determination of Total Phosphorus: Principle: 25mL of the samples were transferred to
digestion flasks and 5 ml of the ammonium per-sulphate solution added. The solution was
autoclaved for 30 minutes at 121°C and then brought to room temperature. The 30 ml
solutions were transferred into a reaction bottle and 1 ml ascorbic acid added, mixed and
left for about 30 seconds after which 1 ml combined solution was added. The absorbance
was measured and recorded in mg/L on a spectrophotometer within 10-30 minutes. All
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the glassware used were soaked in a 10% hydrochloric acid solution and rinsed with
distilled water (HACH Company, 1997-2009). .

Determination of Escherichia Coli: A small amount (0.5-5mL) of water sample was poured
into a bottle of Coliscan Easygel and mixed by swirling the bottle. The mixture was then
poured into a labeled petri-dish, covered, and swirled to uniformly distribute the sample.
After settling undisturbed for approximately 45 minutes, the Petri dishes are inverted and
incubated at 35 degrees C for 48 hours. Purple/blue E. coli colonies on a microscopic plate
were counted and results calculated per 100 ml of water sample (HACH Company, 1997-
2009).

BOD was determined under the following environmental assumptions (HACH Company,
1997-2009; Nanyang Technological University, 2004): Sufficient Nitrogen, Phosphorous,
Sulphates, Potassium and certain trace elements; free from toxins (BOD was sufficiently
present, hence toxins were not tested); presence of a mixed culture of microorganisms.

The confirmatory tests for BOD were carried out during dry and wet seasons, one sample
for each beach. Standard Dilution technique was used where by: dilution water was
prepared by adding 1mL of phosphate buffer, MgSO, solution, calcium chloride solution,
ferric chloride and 2ml of settled raw late water seed. Dilution water was siphoned into
BOD bottle. Samples were incubated at 20 C for 5 days. DO in each bottle was then
measured by DO probe and BoDs was calculated as follows:

_ (Dg =Dy) - (B —B))f .
(BODg —as-mgO,/L) = ( = ) Equation 1

Where: D; = Initial DO of sample, mg/L; D, = Final DO of incubated sample after 5 days,
mg/L; By = DO of seed control before incubation, mg/L; B> = DO of seed control after
incubation, mg/L; and P = Decimal volumetric fraction of sample used

_(%..seed..in..Dy) = (voolume. of..dilution..water.in.sample)
(%..seed..in..B,) (volume..of..BOD..bottle)
1

....Equation 2

The BOD:s test results were compared to typical values (Table 2) for various waters

Table 2: Typical BODs values in mg/L for various waters (NTU, 2004)

Baw Sewass Waalk 110 m=/L
hMedinm 220 me/L
Strong 440 mz/L
Trpical 300 - 350 meL
Primary effluent 150200 me/L
Recondary effluent 20-30mgL
Tertiary effluent 5-15ms'L
Eaw msarvoir water 3-15meL

COD was not determined since it cannot provide any evidence of the biological
decomposition rate that precedes either in natural or man-made conditions. Toxins were
also not determined because of their little presence deduced once DO is present ion
substantial amount.
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Considered Standards, Assumptions and limitations to the method of study

Obtaining the best samples required careful selection; hence only clean containers were
used - rinsed several times with distilled water. It was hard to obtain a truly representative
sample when collecting surface water samples at the beaches since contamination levels
varied from point to point. Best results were obtained by testing more than one sample
from various points. No time was allowed to elapse between collecting the sample and
analyzing it with regard to respective test parameters. Depending on the test, special
precautions in handling the water samples were necessary. This prevented natural
interferences such as organic growth or loss or gain of dissolved gases. Each test
parameter was described with unique sample procedure, preservations and storage
technique.

RESULTS AND DISCUSSIONS

Laboratory test results obtained from the analyzed physical, chemical and microbial
quality parameters using different procedures were synthesized in a matrix of sites,
cluster, season and time as in Table 3. Discussions of the findings followed each test
parameter, whose results were weighed against the recommended guidelines (Table 2).

Table 3: Mean levels of measured beach water quality compared across sites, cluster, season and
time

Phorzical Quality Chemical Quality Microbial guality
Temp FH Turbidity TES Do TH TR sche ric hin Coli
{C) NTU (meL)  {(meT) (L) {mgL) {(Count/1 {ml)
Sitex
Azat 1558 762 4780 205 BB 7.13 1.18 0.16 152.60
gzl 21544 T.55 50.51 2118 .68 TOE 1.16 0.15 158.64
Uzoma 2693 T.51 &0.04 135.44 i 52 1.30 026 200.25
Lwengni 21587 BE1E 5B.B5 218.55 G558 1.18 041 210.6
Cluster
Ruwral 2550 7.5 48,25 21928 10 1.17 0.16 155.66
Urban 21645 T.E4 §3.94 128.9% .60 1.24 034 205.47
Season
Rziny 1482 T.TO 3919 134 B3 5.8 1.12 021 187.61
Doy 2713 7.73 54.00 191.44 .81 1.22 02e 163.52
Time
Moming 1550 T.58 025 130.34 .60 1.21 025 180.48
Ewvening 28645 T.E4 &3 210.73 710 1.20 024 175.55

Temperature: The average temperature for rural sites was 25.50°C while that of urban sites
was 26.45°C. Average temperature for rainy/wet seasons was 24.82°C across the sites as
compared to the 27.1 °C for the dry season. Yet, generally, all morning and evening hours
exhibited temperatures of 25.40°C and 27.0°C respectively, with near-uniform distribution
across individual study sites. These resultant temperature conditions are considerably
moderate for human body (Behar, 1997) during water-contact recreation activities in Lake
Victoria at any site, any season and any time of the day.

PH: PH levels did not exhibit significant variation across individual sites, clusters, season
and time. Rural clusters had a pH of 7.59 while urban cluster was a pH of 7.84. PH levels
for rainy and dry seasons were uniform but depicted slight differences in the time of the
day. Levels of pH (Figure 7) were generally within the recommended 7.0 to 8.0 limits in
Table 1, hence, conducive for all forms of recreational contact

Copyright © £L-BY-NE 204 Asian Business Consortium | AJASE Page 19



Okungu etal: Recreational Waters under Multiple Stress: Exemplifying Sources, Implications and Sustainability Options for Ecotourism ........  (10-126)

X Y > S h Y o A (\ S
& 2 & N & & & RS &
¥ o 4@0"" PSS & 9 & &
O <&
Beaches (Sites) Clusters Seasons Time

Fiqure 7: The illustration of pH results against recommended standards

Turbidity: Turbidity levels for the individual sites had some fluctuations in their averages
with urban sites being 23% higher than rural sites, but remained within the recommended
level of 50NTU. Consequently, the lake water was slightly more turbid during rainy
season (59.19NTU) compared to dry season (54.00NTU). Turbidity levels changed with
evening hours being higher at 63.94NTU. Morning demonstrated 49.25NTU. Turbidity
levels were slightly higher than the recommended levels for recreational water clarity, but
its fluctuations with time and cluster (Figure 8) meant that the levels can be controlled and
sites can be managed within recreational turbidity limits.

Av. Level of Turbidity {NTU)

Beaches (Sites) Clusters Seasons Time

Figure 8: The illustration of Turbidity results against recommended standards

Total Suspended Solids (TSS): The levels of Total Suspended Solids were high in urban
beaches at 226.99mg/L compared to rural areas at 219.28mg/L, a mere 3.4% difference.
Rainy season saw TSS of 254.83mg/L, a lower load the dry season (191.44mg/L).
Likewise, TSS during morning hours higher than the evening loads at 230.34mg/L and
210.73mg/L respectively. These results showed a range that falls within the limits of 200~
250 mg/L, implying that the levels of suspended solids had no detrimental effects but
significantly created hindrances against clarity of water meant for swimming (Figure 9).
Results confirm COWI Consulting Engineer’s (2002) assertion that the lake’s water
transparency has declined by over 70% since 1990.
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Figure 9: The illustration of TSS results against recommended standards

Dissolved oxygen: Results pointed to a distribution of Dissolved Oxygen (DO) at 7.13 mg/L,
7.08mg/L, 6.62mg/L and 6.58mg/L for Asat, Ogal, Usoma and Lwangni beaches
respectively. Rural beaches, however, had higher DO (7.10mg/L) compared to the urban
beaches (6.60mg/L). Rainy and dry season shared similar rates, though evening hours
represented slightly more DO compared to morning hours across all the sites. The
resultant DO of between 7-15mg/L is deemed conducive for recreational water contact
(EPA, 2013) because it supports aquatic life. Overall DO results portrayed beaches studied
to be recreation friendly.

Nitrogen and Phosphorous: Levels of Total Nitrogen (TN) was found to be at an average
level of 1.17mg/L, across all sites with the exception of Usoma beach which was
1.30mg/L. By cluster, Total Phosphorous (TP), however, varied with rural sites indicating
low levels (0.16mg/L) as compared to the urban sites (0.34mg/L). Drier seasons
experienced higher Nitrogen and Phosphorous concentrations (1.22mg/L and 0.28mg/L)
respectively. The concentrations for both TN and TP, however, did not have significant
differences in time of the day (Table 2). Nevertheless, results suggest lake water is polluted
with Nitrogen, which is above 1 mg/L against which (with the high Phosphorous levels),
there occurs speedy eutrophication, algal bloom and multiplication of water hyacinth -
which create an eyesore condition. This condition eventually bars people from
participating in recreational activities like swimming and sunbathing.

Escherichia-Coli: Counts of E.Coli were recorded for all the sites to read
152.69counts/100ml, 158.64counts/100ml, 200.2counts/100ml 5 and 210.69counts/100ml
of water for Asat, Ogal, Usoma and Lwangni beaches respectively. Rural beaches
exhibited less counts (155.66 counts/100ml) compared to wurban beaches
(205.47counts/100ml), a difference of 24.2%. The E.Coli counts were higher during rainy
season (197.61counts/100ml) as compared to dry seasons (163.52counts/100ml), a
difference of 20.8%. E.Coli counts did not have significant variations for morning and
evening as illustrated in Table 2. Results (Figure 10) demonstrate the fact that E. Coli was
not an immediate threat against the recommended limit of 206 counts/100 ml for the
recreational waters in Lake Victoria under undesignated genre. Levels were far above the
levels of designated sites in developed nations by an average of 105.2%, though control
need to be done in the urban sites to bring down the levels below 88 counts for swimming,.
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Figure 10: Illustration of E.Coli counts at the beaches
Table 4: Physical quality of beach water at Lake Victoria
Sit= Temp TH "Torbidity TS5
&0 7.0 (TTU) (me)
Asat Average (Rabm) 2423 744 5513 100 .88
Average Dy} 2690 780 377 77.13
Total 15 55 7462 4643 T3.50
Ol Average Raimy 234 750 5234 6513
Average Dy 736 751 2030 71.23
Total 1544 758 4082 8 48
Tsnma Average Rapg 2823 74 FE03 F5. 25
Average Dy 27 75 2621 85513
Toial 14.93 751 42 87 8660
Lwaneni Average Raiq) 2500 Fa20 5800 o5 .08
Average (D) 247 507 3478 g 52
Toial 1597 818 2641 o4 B0
Table 5: Chemical and Microbial quality of beach water at Lake Victoria
Site Do TH TE Ezcherichia coli
{m=L) {m=L) {m= L) {{Count="1 0hml)
Azat Averags (Fainy £07 126 035 174.63
Avarzge (Drv) 7.29 109 0.43 130.75
Total 713 118 .41 152 68
D=1 Avsraze Fainy) 738 111 0iz 181.81
Avarzzs (Dry) 577 149 017 135.47
Total T3 130 .15 158 64
Tsoma Averzzs Fainy) f4F P 0 id 215 40
Avarzge (Drv) 675 113 0.i7 131.81
Total .62 114 .14 2M).2E
Lw zngni Averzzs Fainy) gra 124 017 21531
Averame Ty} gdd 114q 034 200
Total .58 118 .24 210.69

BODs: Results revealed BODs of 11.53mg/L and 11.38mg/L for wet and dry seasons
respectively while those of urban and rural clusters were 9.78mg/L and 13.13 mg/L
respectively (Table 6).
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Table 6: Classification of BOD:s results by season and cluster

Wet

Dy Foural

Utban

11.53 mgL

1138 meL

578 me'L

13. 13 me/T

Using the formula in section (Equationl), that is:

(BODg —as-mgO /L) =(

(Dl—DZ)—(Bl—Bz)f)

()]

This formula guided the results summarized in Table 7, as illustrated in details in Table 8.

Table 7: Detailed illustration of average BODs results

Rita Azat Orgal zoma Lwangni

Sezason Wet Dy Wet Dy Wet Dy Wet Dy
Bample Vol. (ml) 50 50 5.0 5.0 50 50 50
Bottle Vol (mL) 200 250 250 250 250 250 250 250
Dy 670 6.61 701 6.71 7Ol 6.85 7.03 696
Dn 636 637 672 6.45 668 6.62 6.76 6.66
Bample Deplat (D -Ih) 014 024 025 022 033 023 027 030
AvenngzB, 75 7.3 1.5 7.5 7.5 75 715
AverzzBa 65 B35 6.5 5 6.5 65 B5
Blank Dieplet (B -Ba) 10 10 L0 1.0 1o 1. 10 1.0
7 0.025 0.02 002 002 002 0.02 0.02 002
@, -Du) - (B.-Ba)f 012 022 027 0.2 031 021 025 028
Feport=d BOD:, m=/L 46 110 13.5 100 155 105 12.5 140

These results support earlier tests that demonstrated that rural sites are less polluted as
compared to urban sites, and that wet seasons exhibit high pollution levels as compared to
dry season. The BOD:s results were within the recommended 5 - 15 mg/L for raw water
reservoirs or tertiary effluents , and below the 30mg/L limit beyond which a water body
cannot support aquatic life (Nanyang Technological University, 2004).. It is above this limit
that toxins exist and the water cannot be used for recreation. The results confirm findings
of a sister study by Okungu, et al, (2014) that the sites are engulfed with suffers low
popularity in ecotourism industry due to risk perceptions. It confirms assertion by
Okungu, et al, (2015), that dire ecological status of the waterfronts generates risks which
significantly influence low participation by local people in recreational activities.

COMPARISON OF CONFIRMATORY RESULTS WITH HISTORICAL DATA
Table 8: Comparison of study results with Historical Data ( 2000 - 2005)

Orsalits o Unit standards Historical data 2000~ Confimmatory Reszarch
Parametsr (WHO, 2003) 2005 (LVEME, 205} Data (20143
Wat D Wat D
Plomical Temp - 24.16 26.31 24 82 27.13
==} 7.0 to 8.0 5.08 B8.53 7.7 .73
Torb SOWNTU 438.38 44 36 592 54
IS 200 —-250 mgL 2068 186.34 2548 191 44
Chemical DD DO-DO 4 me/L 658 6.01 .89 581
BOD: 5—15ms/L 10002 5. 11 1153 11.38
= Ne /L (Mo lawels) 01383 0207 021 028
™ e /L (Mo lawvels) 052 o0l 1159 1.22
Bactario E Coli 206 counts’ 100 ml 16635 147.81 197.6 163 5
logical rndesignated

o = Indicator
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Historical data and the data generated by the research results can be compared for the
study locations as generalities. This is because the historical data did not specifically target
the studied areas locations (Asat, Ogal Usoma and Lwangni beaches). Table 4 illustrates
the comparison by wet and dry season.

The above data demonstrates an average increase in all the physical, chemical and
bacteriological parameters (except pH under physical). The analysis yielding percentage
change is further presented in Table 9.

Table 9: Comparison of average results with Historical Data ( 2000 - 2005)

Creality a Unit standards Historical Confimnatory  Averase Percentass
Parameter (WHO, 20:03) data 2000~ FEesearch Data  Dewiation chansa
2005 Ay (2014) (A)
Plyzical Temp - 25235 25975 074 2.9
pH 70 to 3.0 3303 7.715 059 T1%
Terk S0NTU 4637 36.6 1023 7 .1%
=S 200 -250m=/L 19657 2312 G55 13.5%
Chemical DO DODO0 >4 megL 6295 6.83 0.555 2.8%
BOD: 3—-15mglL 9565 11.455 138 1% 8%
™= LIgL (Mo lewels) 0.1975 0.245 00475 4. 1%
™ LIzl (Mo lewels) 08465 1.205 2385 273
Bacteric E Coli 206 counts/100 1571 180.35
logical ml vndesienated 2345 14 5%

a = Indicator

The Figure 11 presents graphical outlook of the percentage of the deviations of the
recreational waters of Lake Victoria as established from table 9.

30.0% -

20.0% -
10.0% - I I I I

0.0%

Temp p Turb—TSS-— DO BOD5 TP TN-—E.Coli

Percentage change in the
quality parameters

-10.0%
Quality Indicator

Figure 11: Percentage comparison of status of historical and research data (2000-2005)

From Figure 11 temperature remained relatively constant because of persistent thermal
stratification, and vertical mixing through the density currents across the lake. The pH in
the other hand declined towards neutrality. The rest of the indicators were way above 10%
mark (except DO). These results confirms the increasing an increased magnitude of
pollution
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The Lake Victoria's water stress arise from uncontrolled and undesirable human activities in
the face value, and poor planning and lack policy implantations on a focused scenario. The
same is akin to other riparian countries that share the lake with their buffers being riddled
with pollution agents from industrial, commercial and agricultural activities. The river basin
networks leading to the lake contribute to the high turbidity levels, but their dilution effects
lowers the pathogenic risk of contagious illnesses. The beach water temperatures and pH in
Lake Victoria, Kisumu County are both conducive for recreational water-bodily contact
during rainy /wet and dry seasons, in both urban and rural waterfronts, and in the morning
and evening hours. This signifies suitability of the sites for recreational activities. The beach
waters remain relatively turbid with considerably high amounts of Total Suspended solids
across board but not above the acceptable levels for swimming and aesthetics, but this can
only be profiled for natural water bodies. However, the present turbidity levels do not
enhance adequate water clarity that should enhance a swimmers’ estimation of depths and
dangerous objects or aquatic reptiles. The levels of turbidity and suspended loads escalate
during rainy/wet seasons as compared to dry seasons.

Levels of Dissolved Oxygen are relatively moderate in Lake Victoria with meagerly
dwindling ratios, which, however is a confirmation of industrial lake pollution and
Biochemical Oxygen Demand levels. Likewise, the lake water’s pollution with Nitrogen
element results to the speedy eutrophication, algal bloom and multiplication of water
hyacinth. This has created an eyesore condition and skeptism among potential
recreationists as ecotourists. By releasing lots of nitrogen and phosphorous into the lake,
agricultural sector bear the responsibility for high eutrophication rates, leading to the algal
bloom and high BOD concentrations. This scenario acquaints this study with the reason
why sister studies did not find recreational activities to be popular in all the areas studied.
Urban waterfronts are prone to high E.Coli levels while both rural and urban waterfronts
experience high E.Coli counts during rainy seasons as opposed to dry seasons. But for
either clusters or seasons, time of the day does not determine levels of beach water
pollution. The determined E.Coli levels, though not too detrimental for swimming,
deserve controls for the beach waters to be rated favorably for recreational activities.

Recommendations

Solutions for the stress on the recreational waters, especially in African countries, can be
arrived at through efficient planning and policy implementation. The study recommends
planning and implementation of infrastructure augmentation and site sanitization,
including public sensitization programmes; cooperation among locals, polluters and
authorities with an aim of enhancing responsibility towards sustainability of safe
recreational waters; enhancement of institutional capacities so as to enable them respond
to pollution prevention policy; image and destination branding of the sites, including
designation of beaches for recreational activities.

The study recommends profiling of the following through proper planning and
implementation within the facets of recreational waters: designation of recreational areas;
Identification of contaminant sources and assemble relevant information; control
discharge of municipal wastewater.

Further research is suggested on recreational water quality modeling for specific water
fresh water bodies in Africa to establish possible time and levels at which the such waters
would no longer be useful for any meaningful economic venture, especially recreation.
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