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Original Research Article
WATER QUALITY AND DISTRIBUTION OF PATHOGENIC MICROORGANISM S
ALONG KABIANGA RIVER.

ABSTRACT

Background: Safe and clean water is of major concern to mankewhuse it is directly linked
with the health and their wellbeing. The disposatiifferent kinds of pollutants and nutrients
through sewage, agricultural runoff and industetiluents into rivers and water bodies effect a
sequence of changes in its physicochemical chaistats. Kabianga River is known for
provision of clean drinking water, a habitat for mgaaquatic plants and living organisms and
irrigation water to farmlands. Excessive indusization and consequent urbanization has led to
several problems of water quality management ofitres.

Aim: This research was aimed at assessing the qualiabfanga river by ascertaining the
levels of microorganisms and if it meets the Iauad international microbiological standards.
Study design: The study used experimental design.

Methodology: The water samples were collected during rainy ang skasons. Standard
bacteriological techniques was used to describgebhaacontent from water samples.

Results: The results indicates that water is highly contated with human pathogenic bacteria.
The most dominant bacteria in both seasons Wssieerichia coli, Salmonella, Shigella, Proteus
andPseudomonas aer uginosa.

Conclusion: From the findings it can be concluded that the wétam this river is not fit for
human consumption or for domestic usédherefore regular monitoring of the water
microbiological quality and public health educatishould be carried out to sensitize the
residence on the dangers of using the pollutedrwate

Key words: Water Quality, Pathogens, Microbiological, Coliforms, Contamination,

INTRODUCTION

The causes of climate change and many diseasedlusign. It has resulted to emergence of many
contagious diseases especially water borne disedsels has resulted to death estimated to be about
14,000 people every day [3]. Water pollution candefined according to online dictionary as any
damage in its natural features by adding anthrapogeollutants, which interrupt the normal usage
of water. This can be achieved through drinkingeclly by humans or by supporting biotic
communities. The problem is alarming particularly third world countries compared to
industrialized ones. The main variations in thel@gical position and quality of water due to natura
disasters like earthquakes and tremors, volcantwitaes, algal blooms and storms are also
contributing factors. Fresh water is limited resayrvital for agriculture, industry and even human
existence, without fresh water of adequate quaatity quality, sustainable development will not be
possible [1]. The buildup of many contaminants anttients through dirt, industrial seepages and
sewages and unindustrialized overflows into theewhbdies results into a series of variations @ th
physicochemical and features of water, which aee shbject matter of several inquiries. This
pollutions are caused widely due to mechanizatioth abstraction of natural resources. The main
area of concerns in the whole world today is pwalutof air, soils, underground water,
sedimentation, and surface water runoff. The recendations of the possible solutions for
contamination of these natural resources has esktdt the development of novel know-hows that
put importance on the demolition of the contamisaahd impurities relatively instead of the
conservative method of dumping. This is due tortpeobability to get into the food chain. High
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concentrations of insecticides and pesticides lh@en identified and reported in air, water, sod an
in foods among others. Many of such contaminatienge also been reported to be toxic, mutagenic,
and carcinogenic and tumorogenic which means a m@areapproach needs to be followed [2].
Pollution of Kabianga river waters with deleteriouscrobes, including bacteria, viruses,
parasites as well as fungi has been in a steadgase in the recent past. The major source of
microbes in water is feces from human and othera$tim animals. Entry of such pathogens into
this river occurs either from a point source, h@mpsource or both. Non-point source microbial
pollution occurs from rainwater surface run-off®ren sewer spillages or over flow, while point
source pollution comes from discharge of untreaiegartially treated effluents from waste
water treatment plants especially from tea factomethis area. The impact of river pollution on
human depends mainly on the water use, as wehesdncentration of pathogen in water In
order to reduce water borne disease outbreaks.dWtehlth Organization (WHO) developed
microbiological quality guide lines based on inteddvater uses .The guidelines stipulates, that
fecal coliforms (FC) should not exceed 103 per d0of water to be used in irrigation of crops
that are eaten uncooked ,sports fields and pulai&spin unrestricted regions (WHO,2004).
Environmental Protection Agency (EPA) is strictadaequires zero (0) FC/100 mL of water to
be used in irrigation of crops not commercially ggssed including crops eaten raw. Kenya
standard of drinking water quality states that Escherichia coli, Shigella, Pseudomonas
aeruginosa or coliforms should be detectable in 250 mL oh#&img water. Bacteriological threat
valuation and measurement of water worth is annirgencern which focuses on different
legislations of the governmental and scientificuimg and validation[3]. Bacteria, protozoa and
viruses are universal in aquatic settings. Sincetrabthis pathogens are important biologically
and can serve the vital environmental functionspynare harmful to the ecology and human
health. Polluted drinking water with pathogens besn a concern in people’s infection and for a
long time attention has concentrated on end proddotvever, such tactics are progressively
observed as inadequate and not sufficient to pteweourrences of sickness among many
people. Research has shown that more attentiobdeas paid to preventing illness from source-
to-tap rather than the causal agents themsdhses). Besides, it has been shown that poor
bacteriological water quality is not safe for agudfe and other ecosystem functi¢s) 6, and

1]. It can therefore be deduced thatople’s health and environmental health are obliqu
related, mostly if pathogenic risk are assesseagaioe source-to-tap spectrims].

An inclusive thoughtful and well calculated undargting of the dangers and risks of both
existing and possible dangers of polluted wateswerts quality should be assessed. This can be
achieved through assessment of the entire watgiyssgstem. The concept ‘source-to-tap’, is
where a high value source, in combination with neféctive treatments and distribution can
yield water which is safer for consumption. Theref@s a milestone of water quality risk
assessmerin, 10], the source-to-tap basis has been mobilized forwie a focus on human
health. These interventions which include the ergwurce-to-tap gradient are most probable to
successfully report not only point-source contaridamaof water but also the more composite
influence of non-point sources of water pollutanttin a given watershed1]. Complete risk
valuation and administration is critical for bothndking water provisiori4, 12, and 13] as well as
larger environment protectidm]. Thus risk managing in a source to tap framewobeigeved to

be serious given the appreciation that hazarde@uetless and resources to deal with them are
inadequate[14, 15, 12 and 9]. This research was therefore aimed at charactenezaind
determination of microbial concentration in Kabiargiver during the rainy and dry seasons to
ascertain its quality for domestic uses. This Wlp both the policy makers and implementers to
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ascertain the safety of the water and hence comeithpa better solution or recommendations
which can alleviate or reduce human death due tern@ntamination and microorganisms
pollutions.

Abbreviations. MPN: Most Probable, EMB: Eosin Methylene Blue, XLD: Xylose Lysine
Deoxy cholate.

MATERIALSAND METHOD

Sample Collection

Samples were collected frotdabianga River Kericho West sub- county Kenya, avete
analyzed at university of Kabianga microbiologydediory. Water samples to be analyzed were
collected in sterilized 250 mL plastic bottles. &ftollection the samples were filtered and kept
at £c, in a refrigerator.

Presumptive Test.

The number of coliforms in water were determined dtgtistical estimation. Most probable
number (MPN) test was used. This test involved &iphe series of fermentation tubes and was
divided into three parts: The presumptive, Confidnaed Completed test. In presumptive test,
dilution from the water samples were added to ketbroth fermentation tubes. Water was
poured in each tube to a volume of 10 mL in dowdltength lactose broth. The tubes were
incubated at 3% and observed after 24 hours and 48 hours foeagi of gas production. In the
confirmed test one transfers material from the égghdilution of those lactose broth tubes that
showed growth and gas production were streaked Bosmn methylene blue (EMB) agar plates.
EMB prevents growth of Gram-positive organisms. iféains which are  Gram- negative
produced acid. Under acidic conditions the Eosuh mwethylene blue dyes were absorbed by the
organisms of a colony. In the completed test, thlerdes formed were inoculated into lactose
broth and agar slants. The production of acid aasl ig the lactose broth and microscopic
confirmed the identity of Gram —negative non-spiorening rods from slants, this constituted a
positive completed test.

| solation and I dentification of Coliforms.

The media was prepared aseptically and dispenseteirplates. Samples from the positive
completed test were cultured on the EMB and wemhén sub-cultured in MacConkey,
Salmonella, Shigella media and Xylose Lysine Deoxycholate agar (XLDY aybservations
made.

Motility
The colonies from EMB, were picked and stabbed theomedia. Non -motile colonies only

grew on the stab. The motile grew along the stabwaare swum out away from the stabbed
area.
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Morphological and Biochemical Tests

Microorganisms' morphologies were classified byedirexamination with the light microscope
and the staining characteristics by gram stain,clviglassified microorganisms into Gram
negative and morphologically 8scilli.

Oxidase Test

Oxidase discs were moistened using distilled wtten a colony was picked from EMB plate
those that were appearing pink dry and from Mac@grtate that appeared pink and those from
XLD plate were smeared on the discs. After 3mimlaservation was done.

RESULTS AND DISCUSSION

Presumptive Test

The results of the presumptive tests are as ineTablhere was growth in almost all the tubes
which was a positive presumptive test with highePMWof 460. This corresponds to cfu of
lactose fermentation. This bacteria were presurndxk tfecal coliform. During the rainy seasons,
all the tubes had higher MPN with highest beingQL@able 2).

Table 1: Presumptive Test dry season

Sample Number of 3 tubes 3 tubes 3 tubes SSLB MPN
points positive BSLB 10 SSLB1mL 0.1mL
tubes mL
Samplel T1 3 3 1 460
T2 3 3 1 460
T3 3 2 1 150
Sample 2 T1 3 3 0 240
T2 3 2 0 93
T3 3 2 1 150
Sample 3 3 3 3 1 460
3 3 3 1 460
3 3 2 1 150
Table 2: Presumptivetest Rainy season
Sample Number of 3 tubes 3 tubes 3 tubes SSLB MPN
points positivetubes BSLB10mL SSLB1mL 0.1mL
Samplel T1 3 2 2 210
T2 3 3 2 1100
T3 3 2 2 150
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Sample 2 T1 3 3 2 1100
T2 3 2 0 93
T3 3 2 2 210
Sample 3 3 3 3 2 1100
3 3 3 2 1100
3 3 3 2 1100
Confirmed Test

In the confirmed tests coliforms which were Granegative produced acid; under acidic
conditions the Eosin and methylene blue dyes weserbed by the organisms of a colony.

Completed Test

In the completed test, the colonies formed wereutaied into lactose broth and agar slants
which resulted into production of acid and gashi lactose broth and microscopic indicating the
presence of Gram — negative. Non-spore-forming rfsden slants constituted a positive
completed test.

Eosin Methylene Blue Agar (EMB)

There was growth of different colonies in the medihe colonies were pink with dark center
(Figure 1), mucoid and entire margin, and greemigh metallic sheen and pink mucoid with
entire margin. Since EMB is a selective media faang negative bacteria the bacteria which
fermented lactose in the medium formed colored rieky while those that did not ferment
glucose appeared as colorless colonies. EMB agarused to distinguish coliforms and fecal
coliforms that signal the possible pathogenic nocganism contamination in water samples.
EMB was also used to differentiate in the colonhtyid - dysentery groupEscherichia coli
colonies grew with metallic sheen, with dark Cerangl non-lactose fermenting gram negative
bacteria appearing pink.

Figure1: Growth of E. coli on different media
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Using Mac Conkey Results

The colonies that were transferred from EMB weraygh small mucoid with entire margin,
pink large mucoid with entire margin and dry royghk colonies, however in another plate the
pink colonies were small and large with the samesratteristics since MacConkey is a selective
media for isolating gram-negative bacteria and roémteric bacilli. The agar distinguishes those
gram negative bacteria that can ferment glucose fittose that cannot ferment glucose. Lac
bacteria such asscherichia coli andKlebsiella produced acid which lowered the pH of the agar
to 6.8 and resulted in appearance of pink colonlex-Non-lactose fermenting bacteria
Salmonella, Proteus speciesPseudomonas euruginosa andShigella did not use lactose but used
peptone water. This formed ammonia, which raisedpid of the agar and lead to formation of
white/colorless colonies on the plate. Some orgasisespeciallyKlebsiella produced mucoid
colonies.

Xylose L ysine Deoxycholate Results

The pink dark centered colonies from EMB plate, egypd white mucoid with entire margin.
The media turned yellow. XLD is a selective mediuged in the isolation déalmonella and
Shigella species in water .It had a pH of 7.4 leaving itwé bright pink or red appearance due to
the indicator phenol red, sugar fermentati§smonella fermented the sugar xylose to produce
acid Shigella colonies which remained re@almonella metabolized thiosulphate to produce
hydrogen sulphide which lead to the formation dbanaes with black centers. This differentiated
them from similarly colore@higella colonies.

Salmonella Shigella Results
The colonies from XLD plate that appeared whiteeveansparent large and entire colonies in

SS media. Dark centered pink colonies in XLD platre transparent/ white mucoid colonies
.The pink colonies in XLD plate were pink and diygure 2).

Figure 2: Salmonella Shigella plates showing growth of microorganisms.

The colonies that appeared pink in EMB, turned llamicoid colonies indicated presence of
Salmonella and the pink colonies indicated the presencéhggella . The colonies in MacConkey

were pink with a characteristic smell. Inhibitiohgram positive microorganisms was obtained
by bile salt mixture. Members of the genBamonella did not ferment lactose but produced
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hydrogen sulphide gas. The resulting bacteria ¢estoappeared colorless with black centers.
Shigella did not ferment lactose or produced hydrogen sdiplgias (Figure 3).

Figure 3: Plateswith growth of Salmonella
Motility

The positive samples from presumptive test, wetei@d in motility media .The samples from
points 1and 3 showed positive results for motilidotile organisms extended from the stub line
and produced turbidity throughout the media. Nort@mrganism from sample point 2 grew
only along the stub line and the surrounding mede clear. The two samples that showed
presence of motile organisms were from sample pbiahd 3 during rainy season. This was
attributed to the fact that more runoffs enter tiver at these points and that the population
around these point are high compared to samplé Boifhe isolated organism wBsoteus spp.

Morphological and Biochemical Tests

Microorganisms displayed diversity of cell arrangens. Microorganisms' morphologies were
classified by direct examination with the light muscope and the staining characteristics by
gram stain, which classified microorganisms intangmegative and morphologically Bacilli.

Biochemical tests

The tubes which were inoculated with colonies fr8& had a blue slant. The small mucoid
colonies was obtained from XLD plate. The only migen that utilizes the citrate and not the

sugar in TSI wadseudomonas aeruginosa. Simmons citrate blue was a positive citrate test
while green was a negative/no growth (Figure 4 @nhdrhere was increase in pH causing the
color change in the bromothymol blue indicator toeb.Under neutral conditions the medium

remained green color, the color change to bluesé&ul because the growth on Simmons citrate
agar is often limited and would be hard to obsefvewere not for the color change. Bacteria

that develops in such media &®#monella and Rovidencia.
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Figure 4: Positivetube Figure5: Negativetubes
TripleSugar Iron Tests

The colonies that were transferred from XLD plateich were small pink colonies, appeared
red indicating that there was no utilization of thegars. The only organism that do not utilize
sugars isPseudomonas aeruginosa. Others, were able to utilize either glucose or sser
appearing as red slant and yellow butt or yelloanswith yellow butt. Triple sugar iron test
which tests the ability of microorganisms to fermengar and produce hydrogen sulfide was
used as selective identification of enteric baatercludingSalmonella andShigella. Blackening

of the butt was due to production of hydrogen delfilue to utilization of glucose only. Carbon
dioxide production was recognized as bubbles obgaseen the agar and the wall of the tube or
within agar itself. The carbon dioxide productiensufficient to split the agar into two or more
sections. The microorganisms that were isolatederd them produced hydrogen sulphide.




231

232

233
234

235

236
237

238

239
240

241

242
243
244
245
246
247
248
249

250

KEY

A- Tube 1 from left red slant yellow butt, no ga®guction only glucose utilized -organisms
Salmolla and Shigella.

B-Yellow slant yellow but no gas production all augjutilized organisn®erratia

C-Yellow butt red slant there was gas productionlyoglucose utilized organism-
Escherichia,Shigella

D-Tube 1 from left Yellow butt yellow slant gas paction-organisnienterobacter, Klebsiella.

Tube 3and 5 from left-No sugar was utilized entiree red that is red slant red butt-organism
Pseudomonas aeruginosa.

Oxidase Test

The small dry pink colonies from SS plate were as&l positive test. There was a color change
to dark blue/purple. This means the bacterium eonstaytochrome producing intracellular
oxidase enzyme. This oxidase enzyme catalyzesxigatmon of cytochrome c turning reagent
color to blue/purple. Organisms lacking cytochroase part of their respiratory chain do not
oxidize the reagent, leaving it colorless witttie limit of the test, and are oxidase negative.
There was high concentration Bfcoli upstream and downstream than midstream duringrghe
season while there was low concentratiorKbdbsiella during the same season (Table 3). The
concentration of microorganisms increased substiinturing the rainy season (Table 4).

Table 3: Bacterial typesin Kabianga River during dry season

Bacterial type Upstream Midstream Downstream

Escherichia coli 6.8x10+1.2 5.8x10+1.2 6.8x10+1.2 10°
10° 10°

Salmonella spp 1§x1c?ﬂ.z 1§x1§il.1x 1.3x10+1.1x 10°
1 1




Shigella spp 1632’x1c?¢1.2x %.1x102:rl.1x10 1.3x10+1.1x10
1
Pseudomona 1.2x10+1.1x  1.1x1072+1.1x 1.2x10#1.1x10
aeruginosa 1072 107
Proteus mirabilis 1b%x164_rl.1x 9.9x1()zil.1x10 1.1x10G+1.1x10
1
Klebsiella spp 1b%x164_rl.1x 9.9x1c?¢1.1x10 1.1x10+1.1x10
1
Enterobacter 1.1x10+1.1x  0.9x10+1.1x10 1.1x10+1.1x1G
10° 2
251 Table4: Bacterial typesin Kabianga River during Rainy season
Bacterial type upstream Midstream Downstream
Escherichiacoli ~ 9.8x10+1.2 5.8x10+1.2  9.8x10+1.2 10°
10° 10°
Salmonella spp 2§x1@¢1.1x 1.093,x10”¢1.1x 2.3x10+1.1x 10°
1 1
Shigella spp stz’xldﬂ.lx %.1x102:rl.1x10 2.3x10+1.1x10
1
Pseudomona 2.2x1G+1.1x  1.1x10+1.1x10 2.2x10+1.1x1G
aeruginosa 10 2
Proteus mirabilis 1b%x164_rl.1x 9.9x1()zil.1x10 1.1x10G+1.1x10
1
Klebsiella spp 1b%x164_rl.1x 9.9x1c?¢1.1x10 1.1x10+1.1x10
1
Enterobacter 1.1x10+1.1x  0.9x10+1.1x10 1.1x10+1.1x1G
10° 2
252
253 CONCLUSSION
254  From the results it can be concluded that the rhiotogical quality of Kabianga river water was
255  high above the compliance level of National staddaand the World Health Organization
256  (WHO) guidelines for drinking water. The water fraiis river is not potable, and poses a health
257  risk to communities that rely on the river as thienary source of domestic use. This is indicated
258 by higher concentration of bacteria during dry aaitty seasons. There was high concentration
259  of E.coli upstream and downstream than midstream duringitheeason while there was low
260 concentration oKlebsiella during the same season Mitigation need to be uakiEmtto treat the
261  water before use or advice people on the dangarsiog the water.
262  Consent
263  Not applicable
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