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Original Research Article
WATER QUALITY AND DISTRIBUTION OF PATHOGENIC MICROORGANISM S
ALONG KABIANGA RIVER WATER BETWEEN JANUARY AND MARCH 2016 IN
KERICHO COUNTY, KENYA.

ABSTRACT

Safe and clean water is of major concern to mankind because it is directly linked with the
health and their wellbeing. The disposal of different kinds of pollutants and nutrients
through sewage, agricultural runoff and industrial effluents into rivers and water bodies
effect a sequence of changes in its physicochemical characteristics. Kabianga River is
known for provision of clean drinking water, a habitat for many aquatic plants and living
organisms and irrigation water to farmlands. Excessive industrialization and consequent
urbanization has led to several problems of water quality management of the river. This
research was aimed at assessing the quality of Kabianga river to ascertain the levels of
microorganisms and if it meets the local and international microbiological standards.
Standard bacteriological techniques was used to describe bacteria content from water
samples. The water samples were collected during rainy and dry seasons. The results
indicates that water is highly contaminated with human pathogenic bacteria. The most
dominant bacteria in both seasons was Escherichia coli, salmonella, shigella, proteus,
pseudomonas aeruginosa. From the findings it can be concluded that the water from this
river isnot fit for human consumption or for domestic uses. Therefore regular monitoring
of the water microbiological quality and public health education should be carried out to
sensitize theresidence on the danger s of using the polluted water.

Key words: Pathogens, Micraobiological, Coliforms, Contamination,

INTRODUCTION

The causes of climate change and many diseaseadligign, this results to emergence of many
contagious diseases. Water pollution is responétislenany of such death which is estimated to be
about 14,000 people every day. Water pollutionlmamlefined 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. This problem of water contaminatioaleming in 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
pollution are caused widely due to Mechanizatiot abstraction of natural resources. The main area
of concerns in the whole world today is pollutidrag, soils, underground water, sedimentation, and
surface water runoff. The recommendations of thssite solutions for contamination of these
natural resources has resulted to the developnfembwel know-hows that put importance on the
demolition of the contaminants and impurities iigkly instead of the conservative method of
dumping. This is due to their probability to getointhe food chain. High concentrations of
insecticides and pesticides have been identifietlraported in air, water, soil and in foods among
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others. Many of such contaminations have also bespgorted to be toxic, mutagenic, and
carcinogenic and tumorogenic which means a moreapproach needs to be followed [2].

Pollution of river waters with deleterious microbagluding bacteria, viruses, parasites as well
as fungi has been in a steady increase in thetrpesh The major source of microbes in water is
feces from human and other animals. Entry of pathsegnto rivers can occur either from a point
source, non-point source or both. Non-point sounierobial pollution of rivers occurs from
rainwater surface run-offs, storm sewer spillagesower flow, while point source pollution
comes from discharge of untreated or partially te@aeffluents from waste water treatment
plants. The impact of river pollution on human deg® mainly on the water use, as well as the
concentration of pathogen in water In order to cedwater borne disease outbreaks. World
Health Organization (WHOQO) developed microbiologigalality guide lines based on intended
water uses .The guidelines stipulates, that feahlfiorms (FC) should not exceed 103 per 100
mL of water to be used in irrigation of crops tlaa¢ eaten uncooked ,sports fields and public
parks in unrestricted regions (WHO,2004). Environtak Protection Agency (EPA) is stricter
and requires zero (0) FC/100 mL of water to be usenrigation of crops not commercially
processed including crops eaten raw. Kenya stanofadiinking water quality states that no
Escherichia coli, Shigella, pseudomonas aeruginosa or coliforms should be detectable in 250 mL
of drinking water. Bacteriological threat valuatiand measurement of water worth is an urgent
concern which focuses on different legislationgh® governmental and scientific inquiry and
validation.[3]. Bacteria, protozoa and viruses are universal irafgjsettings. Since most of this
pathogens are important biologically and can sémeevital environmental functions, many are
harmful to the ecology and human health. Pollutedkéhg water with pathogens has been a
concern in people’s infection and for a long tinteeration has concentrated on end product.
However, such tactics are progressively observethadequate and not sufficient to prevent
occurrences of sickness among many people. Resbasckhown that more attention has been
paid to preventing illness from source-to-tap ratth@n the causal agents themseligss].
Besides, it has been shown that poor bacteriolbgiater quality is not safe for aquatic life and
other ecosystem functiofs, 6, and 1]. It can therefore be deduced tha@ople’s health and
environmental health are obliquely related, modgtlpathogenic risk are assessed along the
source-to-tap spectrufn, 8].

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
assessmeri, 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
ascertain the safety of the water and hence comeithpa better solution or recommendations
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which can alleviate or reduce human death due ter@ntamination and microorganisms
pollutions.

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

MATERIALSAND METHOD

Sample Collection

Samples were collected frakabianga River Kericho West sub- county Kenya, aede

analyzed at university of Kabianga microbiologydediory. Water samples to be analyzed were
collected in sterilized 250 mL plastic bottles jgieaned and rinsed in distilled water. After
collection the samples were filtered and kept°at # a refrigerator.

| solation of Microor ganisms

The number of coliforms in water were determined dhgtistical estimation. Most probable
number (MPN) test was used. This test involved &ipte series of Durham fermentation tubes
and was divided into three parts: The presumpti@enfirmed and Completed test. In
presumptive test, dilution from the water samplesyevadded to lactose broth fermentation
tubes. Water was poured in each tube to a voluni® ofiL in double strength lactose broth. The
tubes were incubated at ®@5and observed after 24 hours and 48 hours foreacel of gas
production. In the confirmed test one transfersemaitfrom the highest dilution of those lactose
broth tubes that showed growth and gas productiere streaked onto Eosin methylene blue
(EMB) agar plates. EMB prevents growth of Gram-pesiorganisms. Coliforms which are
Gram- negative produced acid. Under acidic conaiitithe Eosin and methylene blue dyes were
absorbed by the organisms of a colony. In the cetagdl test, the colonies formed were
inoculated into lactose broth and agar slants. grbduction of acid and gas in the lactose broth
and microscopic confirmed the identity of Gram -ateg on-spore-forming rods from slants,
this constituted a positive completed test.

| solation and Identification of Coliforms.

The media was prepared aseptically and dispensdteirplates. Samples from the positive
completed test were cultured on the EMB. The ce®rthat grew on EMB appeared pink
mucoid and entire. Green metallic sheen. Pink getowith dark center and pink/white colonies.
The colonies from EMB were further sub-culturedMiacConkey,Salmonella shigella media
and Xylose Lysine Deoxycholate agar (XLD) and obsgons made.

| solation using MacConkey

The colonies that grew in EMB were further subadtl in MacConkey. These colonies were
further sub-cultured igalmonella shigella media.
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Xylose Lysine Deoxicholate (XL D) Agar

This was a selective media for isolationSafmonella and shigella species

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.

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

Oxidise discs were moistened using distilled w#ten a colony was picked from EMB plate
those that were appearing pink dry and from Mac@gniplate that appeared pink and those
from XLD plate were smeared on the discs. AfterrBam observation was done.
RESULTS AND DISCUSSION

Presumptive Test

The results of the presumptive tests are as ineThAthere was growth in almost all the tubes
which was a positive presumptive test with highé?Nof 460. This corresponds to cfu of
lactose fermentation. This bacteria were presumdxettfecal coliform. During the rainy seasons,

all the tubes had higher MPN with highest beingQL@able 2).

Table 1: Presumptive Test dry season

Sample point§ Number 013 tubes| 3 tubes| 3 tubes| MPN
positive tubes| BSLB 10 mL | SSLB 1 mL | SSLBO.1mL
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
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Table 2: Presumptivetest Rainy season

Sample points| Number 013 tubes BSLB 3 tubes SSLB 3 tubes| MPN
positive tubes| 10 mL 1mL SSLBO0.1 mL

Samplel T1 3 2 2 210
T2 3 3 2 1100
T3 3 2 2 150

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 test one transfers material frova highest dilution of those lactose broth tubes
that showed growth and gas production were streakéal Eosin methylene blue (EMB) agar
plates. EMB prevents growth of Gram-positive orgars. Coliforms which were  Gram-
negative produced acid; under acidic conditions Husin and methylene blue dyes were
absorbed by the organisms of a colony.

Completed Test

In the completed test, the colonies formed wereutaied into lactose broth and agar slants. The
production of acid and gas in the lactose brothrammloscopic indicated the presence of Gram -
negative, non-spore-forming rods from slants ctutgtia 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 raek) while those that did not ferment
glucose appeared as colorless colonies. EMB agarused to distinguish coliforms and fecal
coliforms that signal the possible pathogenic nmacganism contamination in water samples.
EMB was also used to differentiate in the colonhtyid -dysentery groupEscherichia coli
colonies grew with metallic sheen, with dark Ceratnel non-lactose fermenting gram negative
bacteria appearing pink.
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Figure 1. Growth of different media

Using Mac Conkey Results

The colonies that were transferred from EMB weraygh small mucoid with entire margin,
pink large mucoid with entire margin, dry rough kpicolonies, however in another plate the
pink colonies were small and large with the samaratteristics, and since MacConkey is a
selective media for isolating gram-negative baatesind other enteric bacill, The agar
distinguishes those gram negative bacteria thatfeement glucose from those that cannot
ferment glucose. Lac bacteria such Eseherichia coli and klebsiella produced acid which
lowered the pH of the agar to 6.8 and resultedppearance of pink colonies. Lac-Non-lactose
fermenting bacteria salmonellgr,oteus species, pseudomonasrogenosa and Shigella did not
use lactose but used peptone water. This forms amamwhich raises the PH of the agar and
leads to formation of white/colorless colonies ba plate. Some organisms, especikligpsiella
produced mucoid colonies.

Xylose Lysine Deoxycholate Results

The pink dark centered colonies from EMB plate,esgppd white mucoid with entire margin,
white mucoid pulvinate with an entire margin. Thedia turned yellow. XLD is a selective
medium used in the isolation of salmonella &hnebella species in water .It had a PH of 7.4
leaving it with a bright pink or red appearance duoethe indicator phenol red, sugar
fermentation.Salmonella fermented the sugar xylose to produce &hyella colonies which
remained red. Salmonella metabolized thiosulphaigaeduce hydrogen sulphide which lead to
the formation of colonies with black centers. THifferentiated them from similarly colored
Shigella 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).
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Figure 2: Salmonella Shigella plates showing growth of microor ganisms.

The colonies that appeared pink in EMB, turnedlblagsed mucoid colonies indicated presence
of Salmonella and the pink colonies indicated the presenceSufyella .The colonies in
MacConkey were pink with a characteristic sm&ilmonella Shigella agar is selective and
differential media widely was thus used to isolaténhibition of gram positive microorganisms
was obtained by bile salt mixture. Members of teaugSalmonella did not ferment lactose but
produced hydrogen sulphide gas. The resulting bactelonies appeared colorless with black
centers.Shigella did not ferment lactose or produced hydrogen sdiphgas the resulting
colonies were colorless (Figure 3).

Figure 3: Plateswith growth of Salmonella

Sulphide and some pink colonies in the plate indE@resence @higella, they do not produce
hydrogen sulphide.

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. Northe@rganism from sample point 2 grew
only along the stub line and leave the surroundireglia 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 Roifhe isolated organism wBsoteus spp.
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Morphological and Biochemical Tests

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

Biochemical tests

These tests was used to test the ability of migamisms to ferment sugar present in the media
or its ability to use other components like citreté&Simmons citrate media as a source of carbon
and energy. Positive tests were reported. The twhésh were inoculated with colonies from SS
had a blue slant. The small mucoid colonies wasionétl from XLD plate. The only organism
that utilizes the citrate and not the sugar in iBSPseudomonas aeurogenosa. Simmons citrate
blue was a positive citrate test while green wasegative/no growth (Figure 4 and 5). The
increase in pH caused the color change in the hifgmwl blue indicator turning it to blue
.Under neutral conditions the medium remained gi@dar, the color change to blue is useful
because the growth on Simmons citrate agar is d¢ifteted and would be hard to observe if it
were not for the color change. Bacteria that dgvelo such media aré&almonella and
Providencia.

Figure 4: Positive tube Figure5: Negativetubes
Triple Sugar Iron Tests

The colonies that were transferred from XLD plat@ich were small pink colonies, appeared
red indicating that there was no utilization of thegars. The only organism that do not utilize
sugars ispseudomonas aeurogenosa. Others, were able to utilize either glucose or sser
appearing as red slant and yellow butt or yellomnswith yellow butt. Triple sugar iron test,
tests the ability of microorganisms to ferment sumad produce hydrogen sulfide. It is used as
selective identification of enteric bacteria indhgl salmonella an&higella. Blackening of the
butt was due to production of hydrogen sulfide ttuatilization of glucose only. Carbon dioxide
production was recognized as bubbles of gas bettteeagar and the wall of the tube or within
agar itself. The carbon dioxide production is st to split the agar into two or more sections.
The microorganisms that were isolated, none of thesduced hydrogen sulphide.
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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 aug utilized organisnserratia

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

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

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

Oxidase Test

The small dry pink colonies from SS plate were as&l positive. There was a color change to
dark blue/purple. This means the bacterium conteyt@echrome producing intracellular oxidase
enzyme. This oxidase enzyme catalyzes the oxidatiaytochrome c turning reagent color to
blue/purple. Organisms lacking cytochrome as patheir respiratory chain do not oxidize the
reagent, leaving it colorless within the limit thfe test, and are oxidase negative. There was
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262 high concentration oE.coli upstream and downstream than midstream during thesehsor
263 while there was low concentration Klebsiella during the same season (Table 3). -
264  concentration of microorganisms incsed substantially during the rainy season (Tah
265 Table 3: Bacterial typesin Kabianga River during dry season
Bacterial type Upstream Midstream Downstream
Escherichia coli 6.8x 5.8x 6.8x10° + 1.2x10°
Salmonella spp 1.3x10"3 1.3x10"3 1.3x10M3E1.1x18"3
Shigella spp 1.3x10"2+1.. | 1.1x1072+1.1x | 1.3x1072+1.1x10"2
x1072 1012
Pseudomona 1.2x107"2+1.. | 1.1x1072+1.1x | 1.2x1072+1.1x10"2
aeruginosa x1072 1072
Proteus mirabilis | 1.1x1072+1.. | 0.9x1072+1.1x | 1.1x10"2+1.1x10"2
x1072 1012
Klebsiella 1.1x10"2+1.. | 0.9x1072+1.1x | 1.1x1072+1.1x10"2
x1072 1012
Enterobacter 1.1x1072+1.. | 0.9x1072+1.1x | 1.1x1072+1.1x10"2
x1072 1012
266 Table4: Bacterial typesin Kabianga River during Rainy season
Bacterial type upstream Midstream Downstream
Escherichia 9.8x 5.8x 9.8xL0% £ 1.2x10°
Salmonella spp 2.3x10"3 1.3x10"3 2.3x10"3ri.ix10"3
+1.1x10°3 +1.1x10°3
Shigella spp 2.3x1072+1. | 1.1x10"2+1.1x | 2.3x1072+1.1x10"2
x1072 1012
Pseudomona 2.2x1072+1. | 1.1x10"2+1.1x | 2.2x1072+1.1x10"2
aeruginosa x1072 1012
Proteus mirabilis 1.1x1072+1.. | 0.9x1072+1.1x | 1.1x1072+1.1x10"2
x1072 1012
Klebsiella 1.1x1072+1.. | 0.9x1072+1.1x | 1.1x1072+1.1x10"2
x1072 1012
Enterobacter 1.1x1072+1.. | 0.9x1072+1.1x | 1.1x1072+1.1x10"2
x1072 1012
267
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Microbiological quality of the surface water waglniabove the compliance level of National
standards, and the World Health Organization (Wig@dlelines for drinking water. The water
from this river is not potable, and poses a haadthto communities that rely on the river as the
primary source of domestic use. This is indicatgedhigher concentration of bacteria during dry
and rainy seasons. Mitigation need to be undertéketreat the water before use or advice
people on the dangers of using the water.
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