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ABSTRACT

Studies on Lake Victoria especially on the Nyanza Gulf has focused on fish kills, fish

pathogens, algal blooms, limnological studies and eutrophication. This may be due to the

fact that surveying water for faecal indicators is quite laborious, but an important water

body such as Lake Victoria, at certain key points needs monitoring on a very regular basis.

Population increase, agricultural, industrial and urban development in Lake Victoria's

catchment area, soil erosion, introduction of exotic fish species, infestation of the water

hyacinth and the subsequent alterations in the communities, contribute to changes in the

water quality and the functioning of the ecosystem of the lake. This study is the first

correlational study on the existence of faecal indicators in the shoreline waters of Lake

Victoria. The study sought to establish the existence and magnitude, spatial and temporal

variation of the various species of enteric bacterial pathogens in the inshore lake water by

analysing the microbial quality of the water and establishing the link between the levels of

pathogens and their relationship to the physical and chemical parameters of the lake. The

existence, magnitude, spatial and temporal variation of the various species of enteric

bacterial pathogens such as Salmonella, Vibrio, Escherichia coli, Total and faecal

coliforms was studied for thirteen months between January 2002 and January 2003 from 5

different possible polluting sources along the inshore waters of Lake Victoria, Kisumu

Town. Membrane Filter Technique was used for its accuracy. Samples were incubated

using different culture media, selective and differential, specific for different species of

bacteria. The results obtained show the presence of E.coli in the water sampled in various

sites indicating faecal pollution. The incidence of both total and faecal coliforms were

quite high for example mean total coliforms for Kisat River was 7.1 x 105 CFU I 100mI

and 5.6 x 105 CFU I 100mI for 100m away from the inlet to the lake. This river had the

highest densities of faecal coliforrns compared to all other sites that were studied. The
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mean total coliform for log transformed data at the different sites and distances were

analysed statistically. There were significant differences up to P:S 0.05 in the total

coliform counts at different sites. For faecal coliform there was no significant difference

between the distances of sampling. However, between sites there was a significant

difference in the levels of faecal coliform up to P:S 0.01. There was no significant

difference in Salmonella densities at P:S0.05. This was also true for Vibrio densities. The

colonies were counted according to standard methods for examination of water and waste

water using American Public Health Association (APHA) recommended protocol and

biochemical tests were done for confirmatory results. Analytical Profile Index (API) 20E

was used for species identification. The most important enteric pathogens identified in this

study were Salmonella spp, Vibrio spp, E. coli, Enterobacter, Serratia, Klebsiella and

Citrobacter. These pathogens also cause diseases other than the gastrointestinal tract, such
r

as the lungs and the urinary tract. This study recommends the establishment of a national

or regional water quality monitoring agency for Lake Victoria with a municipal office

doing very regular bacterial pollution indicator level analysis. This study also gives for the

first time the varied enteric pathogenic species up to the species level. The species

identification using API 20E and the confirmation of the existence of E. coli in the sub-

cultured water samples is a sure indication of sewage pollution.
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CHAPTER ONE

INTRODUCTION

1.0 General Introduction

The supply of clean freshwater, free of any form of contamination, in Kenya currently is

very rare and can as well be regarded as a thing of the past. There is general scarcity of

clean water supply, partly because of limited fresh water resources, both surface and

ground, due to de-forestation, and/or contamination of fresh water resources by

increasingly environmentally unfriendly human activities. These activities generate

agricultural wastes, heavy metal and microbiological contaminants. It is believed that

administrative inefficiency and mismanagement are factors that also contribute to water

scarcityand contamination in most parts of Kenya (Orwa, 2000).

Pollution of the Lake Victoria basin has become a priority for research in Kenya because

agricultural activities, agro-based industries and urban centres in the Kenyan catchment

side of the lake have negative effects on the water quality of the rivers draining into Lake

Victoria (Crul, 1995). These activities contribute to eutrophication and contamination of
I

the lake water with possible implication on the fisheries economy of the lake (Crul, 1995).

Recent research on Lake Victoria, especially on the Nyanza Gulf has been focused on fish

kills, algal blooms, and eutrophication (Crul 1995). Limnological studies in the Mwanza

Gulf started in 1973 (Akiyama et. al., 1976) and were carried out continuously through

1978 by Tanzanian Fisheries Research Institute (TAFRIIHEST project), (Akiyama et. aI.,

1976). The lirnnological monitoring was more or less limited to those parameters relevant

to the fish ecology and fisheries studies, but none with respect to micro-organisms (Crul,



1995). Apparently, Lake Victoria Environmental Project, (LVEMP), is now the Agency

charged with the responsibility of carrying out research on pollution by pathogens within

the lake waters. Lake Victoria is, as many of the African Great lakes, a shared water body.

Mutual consultations and coordination of action between the lacustrine states is urgently

needed.

Only then can comprehensive programmes of scientific research supported by the

international community supply the riparian states with the necessary background to take

measures for conservation of the lake (CrulI995).

Water quality research is one of such researches required for conservation of the lake. It is

important in controlling and monitoring pollution of the lake. This has its implications in

public health control because water plays an important role in disseminating a large

number of important human diseases such as the ones identified in this research. Next to

many bacterial diseases, e.g. cholera, typhoid and paratyphoid, there are several

widespread parasitic diseases, such as bilharziasis; (Shistosomiasis), malaria and' river

blindness linked to water (Crul, 1995).

Kenya Marine Fisheries Research Institute (KMFRI), in 1996 carried out a project on the

effects of River Kisat, which drains into the Jake, and is one of the sampling sites in this

study, on microbiological lake water quality. This was an annual report for KMFRI. The

results of this project show that the river water has high incidences of E. coli. His work

shows that the total coliform count at station A, a sampling point before sewage discharge

had a mean total coliform count of 9.3 x 105 CFU I 100mi. The counts ranged from

5.0x103 CFU/lOOml to 1.8xl06 CFU 1100ml. KMFRI's work shows that after the sewage
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has passed through the sewage plant built along this river, the coliform level is still very

high and this is released into the river, which eventually discharges it into the lake. The

formsobtained from the (see appendices 19 and 20) pollution loading, section of LVEMP

at the Ministry of Water offices confirms that this is true. He recommended that work

should be done regularly to assess the water quality especially at the point where River

Kisat discharges its water into the lake.

Later on, Werimo and Ouko of KMFRl again, in a study conducted between November

1998 and October 1999 on Fish handling methods, landing facilities, fish contaminants

and Pathogenic bacteria at Dunga fish landing base, also one of the sampling sites in this

research, came up with E. coli, Salmonella spp and Vibrio cholerae as some of the serious

pathogens associated with the fish from the lake. This study sought to establish how far

this contamination goes and also suggest possible safe fish landing points along the

shoreline.

The most common waterborne microbial disease reported by Centres for Disease Control

(CDC), is acute gastroenteritis illness (AGI) (CDC, 1990). If asked to list the symptoms

of a water-borne disease, one would probably say diarrhoea, vomiting or other flu-like

symptoms. While diarrhoea and gastroenteritis are the most commonly identified

symptoms associated with drinking water pathogens, these acute ailments are merely the

tip of the iceberg regarding the spectrum of water-borne disease. Many other chronic

diseases are being linked to microbial pathogens potentially transmitted by the water route.

Drinking water is only one vehicle for disease transmission; some agents are transmitted

primarily through contact or via food. However, disease agents, such as Salmonella typhi,

Vibrio cholerae, Giardia lamblia and Hepatitis A virus, are frequently transmitted via
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contaminated drinking water and, where this is the case, improvements in drinking-water

quality may result in substantial reductions in disease prevalence (WHO, 1997). Because

of this multiplicity of transmission routes, improvements in the quality and availability of

water, excreta disposal, and hygiene- in general are all important factors in reducing

diarrhoeal morbidity and mortality. All these factors contribute greatly to the underlying

justification for this study.

Water quality is closely linked to the level of economic development and (in many

countries) microbiologically safe drinking water is considered a fundamental right,

although the definition of microbiologically safe is unclear. "Whatappears to be harmless

to the healthy individual may potentially be fatal to immune-compromised and elderly

populations. There is a reason to be concerned for the future microbiological safety of

drinking water, in developing countries like Kenya. This is because: Sources of drinking

water continue to receive agricultural, industrial and municipal wastes; Water treatment

and distribution system age and deteriorate (for example the Dunga water treatment Plant

which is in dire need of repair); Water supplies are overwhelmed by excessive demand

and there appears to be an increase in disease or at least an increased recognition of

disease, caused by pathogens with varying degrees of resistance to treatment and

disinfections (Ford and Colwell, 1996).

In most countries, the principal-risks to human health associated with the consumption of

polluted water are microbiological in nature, although 'the importance of chemical

contamination should not be underestimated (WHO, 1997). This study, therefore, carried

out a concurrent physico-chemical study of the lake water. Ideally, drinking water should

not contain any micro-organisms known to be pathogenic or any bacteria indicative of
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faecal pollution (WHO 1997). In this study the lake water is considered "drinking water"

because many residents in Kisumu use it directly for domestic purposes. The detection of

Escherichia coli provides definite evidence of faecal pollution; in practice, the detection of

thermo-tolerant (faecal) coliform bacteria is an acceptable alternative (WHO 1997).

The inshore waters of Lake Victoria along the Kisumu shoreline provide the Kisumu town

population with water for drinking, other domestic uses and industrial purposes. This

water also acts as the recipient of a variety of industrial effluents, domestic and sewage

discharges and general run-off after a downpour. Kisumu town is littered with pools of

sewage spills (see plate1 and 2) from broken sewage pipes (see plate 3) or malfunctioning

sewage tanks. This is part of the run-off after a heavy downpour that ends up into the

lake.

Plate 1: Sewage burst near Joyland Primary School, Kisumu City.
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Plate 2: Sewage Flowing in Lower Gesoko Estate, Kisumu City

Plate 3: Broken sewage pipe at Kasagam, Kisumu city.
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1.1 Background information on local status

The very first studies on the largest part of the lake with offshore waters deeper than 60

meters was first studied in 1927 - 1928 by Graham (1929) and later more thoroughly by

Fish (1957), Newell (1960) and Kitaka (1972). This is far into the lake, away from the

sites of this study.

Between March 1994 and March 1995 Mwamburi and 0100 researched on distribution and

concentration levels of Trace metals in water and sediments of Lake Victoria, Kenya and

covered eight metals namely AI, Fe, Mn, Zn, Pb, Cr, Cu and Cd (0100 and Mwamburi,

1995). Before this, in 1992, Calamari and others also researched on "The Conservation of

the Aquatic environment Winam Gulf area. A Preliminary Hazard assessment" (Calamari

et al, 1992).

Onyari and Wandiga studied Distribution of Cr, Pb, Cd, Zn, Fe and Mn in Lake Victoria

sediments in 1989. Earlier on, in 1985 Onyari had done research on heavy metal

concentration in sediments and fish from Winam Gulf of Lake Victoria as part of his

M.Sc. thesis at University of Nairobi. (Ochieng, 1987), researched on Limnological

aspects and trace elements analysis in Kenyan natural inland waters (M.Sc. Thesis

University of Nairobi).

One of the earliest works done in relation to pollution of the lake and its basin was in 1979
.

by Nyambok and Owayo on mineral resources of Lake Victoria basin (Nyambok, 1979).

Recently, work on pollution in Kisumu town was by Erastus Otieno Orwa who studied the

groundwater Quality in Manyatta and Migosi estates of Kisumu town (Orwa, 2000). His

work did not involve the lake water directly. His fmdings point to the fact that even the
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ground water is contaminated, the water table of Kisumu being very high, and 2 - 3m

deep. His work was also based on contamination of the water by Pathogens such as E.Coli

and FColi among other contaminants (Orwa, 2000).

The study whose recommendations this research is based on was by Kiragura et. al.

(1996), a report on the identification of pollution sources in Lake Victoria (Kenya)

Catchment area - A Kenya-Belgium Joint Project in Freshwater Ecology.

Other studies that have been done are by the European Union (E.U.) on pollution indicator

fish species on river Nyando and Miriu. This was done in collaboration with KMFRI,

Kisumu personnel.

International Centre for Research and Agro Forestry (ICRAF) has also done work on

River Miriu and a Ph.D. student at Moi University has done work on Benthic life in both

Nyando and Miriu Rivers (Raburu, 2002).

Recently, the three npanan countries Kenya, Uganda and Tanzania under the

organizations of Uganda Freshwater Fisheries Research Organisation, UFFRO, KMFRI

and Tanzania Fisheties Research Institute TAFRl are carrying out routine limnological

studies in inshore areas close to the institutes and this involves: General characteristics of

the lake which include latitude, longitude etc; Hydrological characteristics such as inflow,

precipitation over the lake, outflow, lake level fluctuations and so on; Morphometric

characteristics of the lake such as surface area, Maximum depth, length, breadth etc. (Crul,

1995).
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Much more recently, due to international concern over the welfare of the lake, the Lake

Victoria Environmental Management Project (LVEMP) was established in 1996. LVEMP

bas the mandate to oversee all the issues concerning the lake as it works with secretariats

in the three riparian countries e.g. Fisheries Research Institutes in the riparian countries to

have properly equipped laboratories to analyse the water quality from the lake. The

LVEMP project document of June 1996 outlined some of the major threats to the lake as

follows: The lake basin is used as a source of food, energy, drinking and irrigation water,

shelter, transport and as a repository for human, agricultural and industrial wastes.

With the populations of the riparian communities growing at rates among the highest in

the world, the multiple activities in the lake basin have increasingly come into conflict.

This has contributed to rendering the lake environmentally unstable.

The lake ecosystem has undergone substantial and, to some observers, alarming changes;

which have accelerated over the last three decades (LVEMP Project document, 1996).

Massive blooms of algae have developed and come increasingly to be dominated by the

potentially toxic blue-green algae variety. The distance at which a white disc is visible

from the surface, (a transparency index measuring algal abundance), has declined from 5

metres in the early 1920s to one metre or less for most of the year in the early 1990s

(LVEMP Project document, 1996).

Water-borne diseases have increased in frequency (LVEMP Report, 1996). Water

hyacinth, absent as late as 1989, has begun to choke important waterways and landings

especially in Uganda (LVEMP Report, 1996).
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Some areas of the rivers feeding the lake and the shoreline are particularly polluted by

municipal and industrial discharges. Some information has been collected by local and

national authorities on the scale and location of polluting industries, and there are a

number of basic industries that are common to most of the major urban areas; for example,

breweries, tanning, fish processing, agro processing (sugar, coffee) and abattoirs. Some of

these have implemented pollution management measures but, in general, the level of

industrial pollution control is low (LVEMP Project Report, 1996). Small-scale gold

mining is increasing, in Tanzania in particular, and this is leading to some contamination

of the local waterways by mercury, used to amalgamate and recover the gold (LVEMP

Project document, 1996). Some traces of the heavy metals, such as chromium and lead,

are 'also found in the lake, although the problem has not yet reached major proportions

(LVEMP Project Report, 1996).

1.2 Statement of the Problem

There is lack of accurate information on the levels and sources of pollution to the lake in

terms of sewage 'or microbial organisms. The majority of the research done covers fish

pathogens but not sewage pathogenic indicators in the water at pollution source points.

Although the studies discussed in the literature review section above reveal some

pollution, only one of them by Kenneth Werimo (KBJP, 1996) has established exactly the

existence of the pathogens responsible for the water borne diseases in a river feeding the

lake directly from a sewage plant.

Diseases such as typhoid caused by Salmonella", which fmds its way onto the fish landing

points led to the ban of fish by the European Union. This study, therefore, sought to
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confirm the problem of the possible continuous contamination of the lake water by

sewage, confirm quantitatively that there is existence of the various enteric bacterial

speciesof pathogens in the lake water and at levels that are not permitted by WHO. The

existenceof these pathogens has not been linked to the physical and chemical parameters

of the lake and to the incidences ofthe enteric diseases observed at any health facility near

the lakebefore and this study sought to correlate these aspects.

1.3 Hypothesis

1.3.1 Null Hypothesis

• The levels of indicator bacteria such as Total coliforrns, Faecal coliforms,

Escherichial coli, and pathogenic enterics such as Vibrio cholerae, and Salmonella

typhi in the lake water fall within acceptable levels (WHO levels).

• The Physico-chemical parameters of the lake water are within the acceptable

range.

• Pathogen levels contaminating the lake water are highest at the source of entrance

of the effluents into the lake compared to the interior of the lake.

• There is no connection between enteric diseases experienced in the surrounding

areas to the lake water due to microbial contamination.

1.4 Justification

Pollutionof the lake water is an aspect of environmental degradation that requires proper

routine monitoring, because of its implications on human health.. Kenya Belgium Joint

Project, (1993) Report on freshwater Ecology suggests that the quality of the lake water

needs to be assessed for pathogens. This is because cases of typhoid fever, gastro

enteritis, chole~a and dysentery out-breaks have become fairly frequent within the lake
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region; for example, in October 2000 there was cholera outbreak in Seme - Kisumu rural,

while in June 2001, there was another cholera outbreak in Seka, Kendu-Bay. These are

diseases that can be controlled with proper sewage disposal and sanitary procedures.

This study was intended to provide reliable data from which to evaluate the quality of the

lake water along the Kisumu town shoreline, with regard to bacteriological pollution,

especially the pathogens that cause water-borne diseases. This could lead to putting in

place proper policies on water quality control, fisheries and fish handling for the lake.

1.5 Objectives

1.5.1 General Objective

To determine the bacterial and chemical quality of the lake water along the shoreline of

Kisumu City and relate this to the incidence of enteric diseases at the district hospital.

1.5.2 Specific Objectives

• Carry out a preliminary survey to locate point sources for sewage discharges into
,

the lake.

• To determine the levels of Total coliforms, faecal coliforms, Vibrio cholerae, and

Salmonella typhi in the water sampled at different points along the lake shoreline

of Kisumu Town and compare this with WHO levels or standards on bacterial

f
pollution indicators.

• To determine the levels of physico-chemical parameters such as pH, Temperature,

Dissolved Oxygen, Alkalinity, Hardness and Conductivity. ~
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• To determine whether or not there is spatial and temporal variation in Total

coliform, Faecal Coliform, Vibrio cholerae, and Salmonella typhi in the water

sampled along the lake shoreline of Kisumu town. I

• To try and relate the fmdings to hospital incidences of enteric diseases over the

same period.

• To put forward guidelines aimed at abating pollution of the lake water especially

from sewage disposal. \
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CHAPTER TWO

LITERATURE REVIEW

2.0 Aspects of bacterial contamination

The risk of acquiring a waterborne infection increases with the level of contamination by

the pathogenic micro-organisms (WHO, 1997) However, the relationship is not

necessarily a simple one and depends very much on factors such as infectious dose and

host susceptibility. The higher the dose, the greater the chances that the microbes will

overcome the body's immune defences.

An estimated 80% of all diseases and over one-third of deaths in developing countries are

caused by the consumption of contaminated water and, on average, as much as one-tenth

of each person's productive time is sacrificed to water-related diseases (WHO, 1997).

While risk assessment today typically focuses on estimating the risk of disease (adverse

impact on human health) associated with chemicals in the air, water, soil, and food for

people and terrestrial and aquatic life, there is increasing recognition that the risks from

waterborne microbial pathogens need to be given higher priority in regulatory programs,

especially for domestic water supplies (WHO, 1997). Craun (1986) estimated that only

8% of the diseases associated with domestic water supplies are related to chemical agents,

more than 90% are due to microbial agents. He noted that little attention has been given to

microbial agents in drinking water as human health hazards compared with the attention

given to the potential for chemical contaminants in water supplies to be adverse to human

health (Lee and Lee, 1993).
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While waterborne diseases are typically considered to be problems of the underdeveloped

countries with inadequate sanitary practices, there is increasing recognition that

industrialized developed countries also have significant public health problems caused by

use of untreated, partially treated, or inadequately treated domestic water supplies (Lee

and Lee, 1993).

The incidences of major outbreaks of the classical waterborne typhoid fever and cholera

have become very low in the United States since the initiation of the chlorination of

domestic water supplies in the 1920s (WHO, 1997). However, outbreaks of waterborne

microbial diseases still occur as a result 0f consumption 0f untreated, inadequately treated

and conventionally treated domestic water supplies in the U.S. as well as other countries

(Lee and Lee, 1993). It has long been recognized, however; that the level of chlorination

for the conventional contact time is not adequate to control many enteroviruses and is

significantly deficient in controlling cyst-forming and oocyst-forming pathogenic

protozoa

The provision of adequate supply of safe water was one of the eight components of

primary health care identified by the International Conference on Primary Health Care in

Alma-Ata declaration on primary health care, (WHO, 1997). This places the supply of

adequate and safe water as a very basic human need.

Good health is dependent upon clean, potable (drinkable) water supply. This means that

the water must be free of pathogens, dissolved toxins, disagreeable turbidity, odour, colour

and taste. Water of this quality does not come easily, part-icularly in developing- regions

15



whereit must first be treated to render it safe for consumption (Talaro and Talaro, 1993).

Thisis especiallytrue of most towns in Kenya, Kisumu City included.

Most diseases contracted through drinking water cause morbidity (gastroenteritis)

althoughmortality has also resulted in immuno-compromised hosts and infants (eDC,

1990). According to CDC (1990), only about one quarter of the incidents of waterborne

diseasesis reported each year. CDC (1990) recounted difficulties in keeping an accurate

record of waterborne diseases. These include the willingness of consumers to seek

medical attention, proper diagnosis of the causative agent of the illness, limitations of

clinicallaboratory tests, identification of environmental source, (since waterborne diseases

tend to be sporadic, self-limiting, and restricted to one time events), and the identification

. of a waterborne disease is usually made more epidemiologically. Therefore, according to

the CDC (1990), it is doubtful that more aggressive reporting practices alone would

accuratelyreflect the real occurrence of water-associated diseases (Lee and Lee, 1993).

Through exposure to arr, soil, and effluents, surface waters usually acquire harmless

saprobicmicro-organisms (Lee and Lee, 1993). But along its course, water may also pick

up pathogenic contaminants. Lakes such as Lake Victoria suffer contamination due to

directsewage'disposal orrelease of poorly treated sewage.

AII1QIlg the most prominent water-borne pathogens of recent times are the protozoans.

Giardia, Cryptosporidituu, the bacteria; Catnpylobacter, Sdlmouella, Shigella, Vibrio and

Mycobacterium, and polio, hepatitis A and Norwalk Viruses (Talaro & Talaro 1993). To

ensurethat wateris free from infectious agents, its microbial contents must be periodically

monitored.
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The infection dose of viral and protozoan agents is lower than bacteria, in the range of one

to ten infectious units or oocysts (Lee and Lee, 1993). Some early bacterial agents such as

Shigella sonnei remain prevalent and new pathogen of faecal origin such as zoonotic C.

jejuni arid E. coli 0157:H7 may contaminate pristine waters through wildlife or domestic

animal faeces. The common feature ofthese bacteria is the low inoculums (a few hundred

cells) that may trigger disease. The emergence, in 1992 of serotype 0139 of V cholerae

with epidemic potential in Southeast Asia suggests that other serotypes apart from V

cholerae 0139 could also be epidemic (Lee and Lee, 1993).

Attempting to survey water for specific pathogens can be very difficult and time

consuming, because of dilution and relatively short survival rates in water. Waterborne

pathogens are 'commonly carried- ill faeces, and- this is usually how they get- into drinking

water supplies like wells and reservoirs (Talaro and Talaro, 1993).

Because high faecal coliform levels mean the water may be unsafe to drink, faecal

contaminatlon has become the standard for analysing water purity. Faecal contamination

can be detected by-testing the-water/or the-presence of various indicator bacteria: These

bacteria are normal intestinal flora of humans and other animals that live longer in water

and are easier to-identify thanindividual pathogens (Talaro and Talaro, 1993).

Enteric bacteria most useful in the routine monitoring of microbial pollution are Coliforms

and enteric strept-ococci, This study, however, did not- use enteric st-reptococci but used

coliforms as the indicator organisms. Because these organisms survive in natural waters

but do not multiply there, findirrgtherrr in high numbers implicates rec-ent or high levels of
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faecal contamination. However, recent studies show that E. coli can multiply along banks

especially during low tide (Helena, 2000).

Environmental protection Agency (EPA) standards for water sanitation are based

primarily on the levels of faecal coliforrns, which are described as gas producing enterics

such as-E.co1i-(Dufour, 1976). If faecal coliform counts are high (>200 CFU/ 100mI of a

water sample) in a river or a lake, there is a greater chance that pathogenic organisms are

also present. If one swims in waters with high levels of faecal coliform, one has a greater

chance of developing fever, nausea or stomach cramps from swallowing disease causing

organisms, or from path-ogens entering the body through cuts/abrasions in the skin, the

nose; mouth or ears. Some examples of diseases and illnesses that can be contracted in

water with high faecal- co liform counts include typho id fever, hepatitis, gastroenteritis,

dysentery and ear infections (Dufour, 1984).
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Faecal coliform standards are as follows:

USES

less than 200 FC/ J OOml

LEVEL

Drinking water OFC/100ml

Swimming 200 FC/ 100ml

Partial Body contact 1000 FC/ 100ml

Treated sewage ejjluent

Source: Kelly, 2003

Faecal coliform multiply rapidly when conditions are good for growth and die in large

numbers when they are not (Ellis, 1989). E. coli: is a species of faecal coliform that is

specific to faecal material from humans and other warm-blooded animals. EP A

recommends Ecoli as the best indicator of health riskfrom water contact in recreational

waters. In rural areas of developing countries the great or majority of health-related water

quality problems are the results of bacteriological or other biological contaminations.

Long-term health problems are now being recognized as a squeal, -an after effect or

secondary result, - to earlier microbial infections (Kelly, 2003).

2.1 Other aspects of bacterial contamination

The bacterial inhabitants of the intestines of warm-blooded animals include members of

the genera Clostridium, Pseudomonas, Proteus and Lactobacillus as well as Coliforms and

faecal streptococci. All these will be present in sewage or in surface water contaminat-ed

with sewage. Pathogenic micro-organisms will also be present in sewage - polluted

surface waters but their variety and numbers will depend on such fact-ors as the general

state of health of the community, the geographical region 'and the extent of any sewage

treatment available. The pathogenic bacteria may include the genera Vibrio, Leptospira,
l

Brucella, Mycobacterium Salmonella and Shigella (Ellis, 1989). The table below shows

values for treated and untreated wat-er supplies.
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Table 1: Guideline values for bacteriological water quality

Organisms Guideline value

AUwater intended for drinking

E. coli or thermotolerant coliform bacteria" Must not be detectable in any 100ml sample

Treated water entering tbe distribution ,
,

system

E. coli or thermotolerant coliform bacteria'" Must not be detected in any 100ml sample

Total coliform bacteria Must not be detected in any 100ml sample

Treated water in the distribution system

E coli or thermotolerant coliform bacteria'" Must not be detectable in any 100m! sample.

Total coliform Bacteria Must not be detectable in any 100ml sample

In the case of large supplies where sufficient

samples are examined must not be present in

95% of samples taken throughout any 12

month period.

Source: From Guidelines for-drinking water- quality, second Ed, Vol. 3 (WHO, 1997).

a. Immediate investigative action must be taken if either E. coli or total coliform bacteria are detected.

The minimum action in the case of total coliform bacteria is repeat sampling; if these bacteria are

detected in the repeat sample, the cause must be determined by immediate further investigation.

b. Although E.coli is the more precise indicator of faecal pollution, the count of thermotolerant coliform

bacteria are not acceptable indicators of the sanitary quality of rural water supplies, particularly in

tropical areas where many bacteria of no sanitary significance occur in almost all untreated supplies.

c. It is recognized that, in the great majority of rural water supplies in developing countries, faecal

contamination is widespread. Under these conditions, the national surveillance agency should set

medium term targets for the progressive improvement of water supplies.
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It is quite laborious to discover and count individual pathogenic micro-organisms existing

in low concentrations in surface water. Hence only three types of bacteria, also known as

indicator bacteria, are normally iso lated (Ellis, 1989).

They live exclusively in the intestinal tract of human and other homoeothermic animals

without causing disease, at concentrations of up to 109 or even 101O/gof faecal matter,

(Ellis, 1989). These are the faecal co liforms (or Escherichia coli) the faecal streptococci

and Clostridium perfringens, all of which exist in faeces in far higher numbers than do

intestinal pathogenic organisms.

Usually, for the determination of the microbiological quality of surface waters, it is the

faecal coliforms, which is primarily determined (Ellis, 1989) Indicator organisms are

themselves present in faeces in very large numbers. Faecal coliforms may be present at

between 106 and 109/g, faecal streptococci and at between 105 and 108/g (Roseberry, 1961;

Faechem, et al, 1983; Rose et al. 1993). These extremely large numbers result in very high

counts of indicator organisms in untreated sewage and an appreciable count in surface

waters which are even lightly polluted with faecal matter, (Ellis, 1989).

Although very variable and dependent on several factors such as strength of sewage,

temperature, extent of sewage system, the proportion of industrial waste water and so on,

the number of Escherichia coli in sample of crude sewage received at a wastewater

treatment works might be between 1 x 107 CFU/100 ml arid 1 x 108 CFU 1100 mI. The

number in the fmal effluent from a conventional works, depending on the treatment

techniques employed, might still be between one - tenth and one - hundredth of these

figures (Ellis, 1989). In the U.S.A. it has been suggested (Ellis, 1989) that in human
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faeces, there are 4 times as many faecal coliforms as faecal streptococci while in animal

faecesthere are only 1.4 times as many.

This suggests that by determining the ratio of faecal coliforms and faecal streptococci it is

possible to discover whether surface water is polluted principally by animal or by human

wastes. However, it must- be emphasized that these ratios are known to relate with

certainty only to U.S.A. and may differ appreciably in other parts of the world (Ellis,

1989).

The rate of die-off of indicator bacteria in surface waters depends on a number of factors

that include the quality of the water, particularly its temperat-ure (Ellis, 1989). The rate of

die off also depends on which particular indicator organism is being considered.

Previously it had been thought that faecal streptococci would die off at a faster rate than

faecal Coliforms and yet would perhaps be able to exist for up to a few weeks at a

moderate temperature (Ellis, 1989).

Although it is recognized that some Coliforms may be able to reproduce initially in

polluted water, it is considered that the die-off rate for faecal Coliforrns is often faster than

had hitherto been considered. For reservoir water in Southern England, it has been

suggested that the time required for 90% ofthe Escherichia coli to die off (t90) was 88h at

15°C and that for streptococci was 96h at the same temperature (Poynter and Stevens,

1975).
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The ability of certain Coliforms to reproduce in surface water - which is known as 'after-

growth' is apparently limited to Enterobactor and Klebsiella (Helena, et al, 2000). The

isolation of Enterobacter and Klebsiella from surface water in the absence of Escherichia

coli could be an indication of either less recent pollution or surface run off (Helena, et al,

2000). Faecal coliforms will survive longer in good-quality surface water with a limited

microbial life than in organically polluted water but it is temperature that will have the

principal effect (Ellis, 1989). The survival time for faecal coliforms is unlikely to be

longer than 50 days in any waters and is unlikely to exceed 20 days if the temperature is

between 20°C and 30°C (Feachem et al, 1983). The survival time for faecal streptococci

may be usually about the same or even greater but if the Streptococci are of animal

sources such as the S bovis and S equinus, the survival times may be appreciably shorter

(Feachem et al, 1983).

2.2 Seasonability of bacteria in surface waters

Not a lot is known about the seasonability of bacteria in surface waters in tropical

situations (Wright, 1986). Certainly a seasonal variation has been reported, (Wright,

1986) but whether it is higher in the wet or dry season depends on the geographical

situation. In this context it is interesting to consider the result of an investigation in Sierra

Leone, West Africa (Wright, 1986).

During this investigation the bacterial quality of one major river, one minor river, 13

streams, 4 springs, 5 swamps and 4 wells was investigated over all seasons with a

temperature variation of the waters of only 25°C - 27.5°C (Wright, 1986).
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The pattern for all the sources, except for the major river, was the same in that the counts

of faecal coliforms were consistently low during the wet season, with a slight rise during

the transition from the wet season, followed by a progressive rise during the dry season

and a further limited period of increase at the commencement of the wet season. In the

major river there was a decline in the counts during the transition from the wet to the dry

season and the dry season counts were always lower than those of the wet season.

Of importance was the lack of correlation between Salmonella counts and those of faecal

indicators. Peak concentrations of the Salmonella were found in January during the dry

season and in an extended three-month period at the beginning of the wet season (Wright,

1986). Certainly the higher level of indicator bacteria in the majority ofthe waters during

the dry season correlates well with a dry season increase in diarrhoeal disease in the

tropics (Ellis, 1989).

2.3 Survival of pathogenic organisms in sewage effluents

Sewage systems are an obvious major source of pathogenic organisms in surface waters.

In many parts of the world, attempts are made to treat virtually all sewage prior to

discharge to surface waters (Ellis; 1989).

In many developing countries, however, that extent of sewage treatment cannot be

immediately contemplated although many works do exist to treat discharges from large

urban areas and plans are in hand for the provision of many more (Ellis, 1989).
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The principal aun of conventional sewage treatment plants is the stabilisation of

putrescibleorganic matter in order to reduce the oxygen demand of the produced effluent.

Thereductionor elimination of pathogenic organisms is merely a side-line. Yet for much

of the world it is the very appreciable reduction of the number of pathogens that would

otherwiseenter surface water systems that must be the principal aim of wastewater

treatment(Ellis, 1989)

The reduction of pathogens in sewages can be brought about either by wastewater

treatment processes or by disinfection. Conventional wastewater treatment processes

possess only a limited potential for the removal of the pathogenic organisms so to

overcome this deficiency the disinfection of treated effluents with chlorine is widely

practised in several parts of the world. Conventional wastewater treatment may only

approach the level of pathogen removal achieved in ponds if followed by one or more

tertiary treatment techniques such as slow sand filtration, maturation lagoons or grass

plots.

The common disinfectant is chlorine although the use of ozone, ultraviolet radiation and

even gamma-radiation has been considered. Chlorine is normally available in gaseous

form or as a solution of a salt of hypochlorous acid. When used with portable water

supplies and if applied at the correct dosage within a limited pH range and with an

adequatecontact time, chlorine is a most efficient disinfectant.
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Sewage effluents, however, contain far higher concentrations both of ammonia and of

readily oxidizable organic material than potable waters and also possess a far greater

variety of pathogenic organisms, which will be present in far greater concentrations (Ellis,

1989).

Chlorine is a powerful oxidizing agent capable of reacting with both organic and inorganic

materials in sewage effluents and thus creating an appreciable chlorine demand, which

might even be considerably greater than the biochemical demand.

Consequently the amount of chlorine that would have to be added to a treated effluent to

be effective might be measured as several tens of parts per million. This constitutes a very

considerable dosage and represents a very appreciable cost. Dosages of as little as from 2

to 9 mg/l, when applied to a good quality effiuent, kills between 90% and 99% of enteric

bacteria but many viruses and parasites are far more resistant (Ellis, 1989). The cysts of

Entamoeba hystolytica may be 100 times as resistant as Escherichia coli and 19 times as

resistant as many viruses (Water Research Centre, 1979).

The cost factor alone renders the use of chlorine inappropriate for much of the world, as

also does the level of technical expertise required to apply it correctly.

However, bearing in mind the limited efficacy of chloramines as disinfecting agents, the

massive doses required to obtain free chlorine in a treated effluent, the contact time

necessary for an effective kill, the harm that released chlorine may inflict on the life of the

receiving stream or lake and the dangers associated with chlorinated organics in the
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environment, one must be inclined to describe the use of chlorine in these situations as

beingover-optimistic, over-costly and over-subscribed.

2.4 Chronic sequelae of enteric water borne diseases

Chronic sequelae are defined as the secondary adverse health effects that occur as a result

of microbial infection with different symptoms from the initial acute reaction, typically

lasting three or more months (Kelly, 2003).

Shigella spp, Yersnia spp, Campylobacter jejuni, and Klebsiella pneumoniae have also

been connected to rheumatoid disease (Kelly, 2003). Enteric pathogens generally produce

an acute short-term illness that is usually self-limiting in days or weeks. In contrast,

chronic sequalae are long lasting and often incurable. Human enteric pathogens are micro-

organisms that infect man VIa the faecal oral route, surviving and invading the

gastrointestinal system, and can be transmitted by contaminated drinking water as

mentioned earlier. The Centre for Disease Control and Prevention (CDC), estimates that

900,000 cases of waterborne diseases occur each year in the United States, resulting in 900

deaths (Kelly, 2003).

Much is known regarding acute diseases attributable to enteric pathogens; however, the

risks of acquiring a chronic infection and experiencing long-term health effects, while

recognized, are poorly quantified. Symptoms of enteric microbial infections range from

mild to severe with a number of the infected being asymptomatic and completely unaware

of the infection's presence. Chronic infections may manifest as a prolonged condition of

the initial disease, recurrent episode, a secondary condition directly or indirectly caused by

the pathogen. Chronic diseases associated with enteric infections are a fairly new area of
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researchbecause the link to the previous enteric infection is not so easily established

(Kelly,2003).

Host stability appears to be an important precursor to chronic sequelae. Conditions of

health,immunocompetence, and genetic predisposition are all important factors. Persons

with challenged immunity, i.e., AIDS patients, are frequently infected with enteric

bacteria,protozoa or viruses. Determining the true impact of water borne organisms today

andtheirpotential health impact for the future is difficult (Kelly, 2003).

Participantsfrom the institute of Medicine Forum on Emerging Infections workshop, Oct.

21st - 22nd
, 2002, discussed the need for long-term surveillance systems to establish a

temporal relationship between infection and chronic sequelae and- develop prevention

strategiesto eliminate or minimize chronic effects (O'Connor, 2002).

Awarenesshas increased, in recent decades, regarding the chronic syndromes of E. coli

0157;H7. This deadly strain of intestinal bacterium killed seven people and made more

than 1000 others ill in Walkerton, Ontario, in 2000 (CDC, 1990). Most likely, the town's

well water was contaminated when heavy rains washed manure into the wells at a time

when the disinfection system was broken. In June 1998, hundreds of children were

exposedto E. coli after playing in a water theme park near Atlanta. Two died and another

24 became ill. Following infection with this and other strains of E. coli acute renal failure

and abnormal bleeding can occur and lead to death in both adults and children (Kelly,

2003).
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Unbornchildren are at increased risk of microbial infection where exposure to microbes

canlead to malformation and miscarriages. Pregnant women are warned of the routes of

infectionfrom Listeria due to its ability to cause spontaneous abortion even in the late

stagesof pregnancy (Kelly, 2003).

Linkingwater-borne microbial infections with secondary complications is difficult due to

the fact that associative illnesses are not likely to be identified. Furthermore, chronic

effectsmay occur at a much later date. Patients with acute illnesses are not typically

followedover time to observe the secondary effects. In fact, even the initial acute

infectionis rarely documented (Kelly, 2003).

Probablythe best-known and most deadly case of contamination in the U.S. in recent

yearshappened in 1993, in Milwaukee, Wisconsin, when Cryptosporidium contaminated

theMunicipalwater supply. At least 50 people died, and some 400,000 people became ill,

4,000 badly enough to be hospitalised (Kelly, 2003). In Kenya, due to lack of proper

documentationmost cases of chronic sequelae or diseases go unreported.

2.5 Chemical contamination

A significant number of serious problems may also occur asa result of the chemical

contaminationof water resources (WHO, 1997). The kinds of micro-organisms found in

an aquatic environment are to a large extent, determined by the physical and chemical

conditions that prevail in that environment (Michael et al., 1993). The environmental

conditionsvary from one extreme to another in terms of such factors as temperature, light,

pH and nutrients (Michel et al., 1993).
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2.5.1 Temperature

Temperature readings are used in the calculation of various forms of alkalinity, in studies

of saturation and stability with respect to calcium carbonate, in the calculation of salinity,

and in general laboratory operations (APHA 1985). Elevated temperatures resulting from

discharges of heated water may have significant ecological impact. Normally, temperature

measurements may be made with any good mercury filled Celsius thermometer.

Many characteristics, physical and biological, of a water body are directly affected by

temperature. The rates of biological and chemical processes depend on temperature.

Temperature affects the oxygen content of water (oxygen levels become lower as

temperature increases); the rate of photosynthesis by aquatic plants; the metabolic rates of

aquatic organisms; the sensitivity of organism to toxic wastes, parasites and diseases.

Causes of temperature change include weather, removal of shading stream bank or

shoreline vegetation, impoundments (a body of water confined by a barrier, such as a

dam), discharge of cooling water, urban storm water, and groundwater inflows to the

water body.

Thermal pollution is one way that the temperature of water body can increase. It is an

increase in water temperature caused by adding relatively warm water to a body of water.

Thermal pollution can come from storm water running off warmed urban surfaces (streets,

sidewalks, parking lots) and industries that discharge warmwater from their facilities that

was used to cool machinery (USEP A, 1992).
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As with the other parameters of water quality control, thermal pollution is not monitored

by the authorities concerned along the shores of the Lake Victoria, in Kisumu town even

thoughthe results of this study does not show very large variations.

2.5.2Dissolved Oxygen (DO)

Dissolved Oxygen (DO) refers to oxygen molecules that are dissolved in water. The

presence of oxygen dissolved in water is of fundamental importance to the life and health

of any surface water.

It is on the dissolved oxygen that fish and other aquatic organisms depend for their

respiration. Dissolved oxygen is essential to allow aerobic micro-organisms to stabilize

any biodegradable organic material present and, in addition, the level of dissolved oxygen

will often have an effect on the toxicity to fish and other aquatic life of extraneous

substances. Dissolved oxygen differs from most other parameters of pollution in that it

does not act as a measure of potentially polluting ability of a discharge on a receiving

stream (Ellis, 1989). Analysis of DO is a key test in water pollution and waste treatment

process control (APHA, 1985).

Commonly, the source of dissolved oxygen in surface waters is the atmosphere and air is a

mixture principally of oxygen and nitrogen of which only 20.9% is oxygen and

approaching 80% is nitrogen. Both nitrogen and oxygen are poorly soluble in water,

although oxygen is rather more soluble than nitrogen. As air is dissolved in, the

proportion of oxygen in the mixture of dissolved gases is about 38%, which is nearly twice

that found in the atmosphere (APHA, 1985). Even under optimum conditions it is rare to

fmd more than 8 - 10mg/l of oxygen and this concentration is not steady but varies
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inverselywith salinity, directly with pressure and inversely with temperature (Ellis, 1989).

Without free dissolved oxygen, streams and lakes become uninhabitable to gill-breathing

aquaticorganisms.

The amount of oxygen that can be dissolved in water, as already mentioned, is inversely

proportiona-lto temperature and the maximum oxygen that can be dissolved LTl water at

most ambient temperatures are 9 mg/l.

This saturation decreases rapidly with increasing water temperature (see table on oxygen

solubility in the appendix section). Dissolved oxygen levels in natural and wastewater

depend on the physical, chemical and biochemical activities in the water body. The

analysis for DO is a key test in water pollution and waste treatment process control. Two
f

methods for Dissolved Oxygen analysis commonly used are: The Winkler or Iodometric

method and its modifications and the electro metric method using membrane electrodes.

The iodometric method is a titrimetric procedure based on the oxidizing property of DO

while the membrane electrode procedure is based on the rate of diffusion of molecular

oxygen across a membrane (APHA, 1985). If more oxygen is consumed than is produced,

dissolved oxygen levels decline-and some sensitive organisms may move away, weaken or

die including pathogenic micro-organisms.

Through ram, wind, waves and currents, oxygen is mixed in from the air above.

Underwater plants and algae also contribute oxygen that is grven off during

photosynthesis. If DO levels are severely low, large quantities of fish may die. Fertilizer

and manure runoff from street, lawns and farms also cause low DO. Fertilizer and faecal
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matter encourage the growth of too much algae, which uses up the oxygen quickly

(U.S.E.P.A, 1999c). Organisms die and are decomposed by bacteria, which also use up a

great deal of oxygen. Respiration by aquatic organisms, decomposition and various other

chemicalreactions consume oxygen (U.S.E.P.A, 1999c).

2.5.3 pH

pH is the percentage of I-t (hydrogen ions) in a solution, the higher the % of ions the

higher the acidity. The measurement of pH is one of the most important and frequently

used tests in water chemistry. The pH level is important to aquatic life. Several factors

'affect pH. Human activity affects the pH level of aquatic ecosystems. Acid rain, a result

of air pollution and matter emitted from tailpipes and smokestacks affect pH. When the

pollutants combine with water in the atmosphere, they form sulphuric and nitric acids,

which fall as acid rain, snow, hail and fog. Other pollutants carried by runoff, industries,

and sewage effluents also change the pH of the water bodies. A pH value of between 7.0

and 8.0 are optimal for supporting divers aquatic ecosystems. Very high (greater than 9.5)

or very low (less than 4.5) pH values are unsuitable for most aquatic life.

A pH range between 6.5 and 8.5 is generally suitable (USEP A, 1992). High pH levels (9 -

14) denature cellular membranes (EPA, 2003). Because plants take in CO2 during the day

and release it during the night, pH levels in water can change from day to night.

Acidic and alkaline compounds can be released into waterfrom different types of rock and

soil. When calcite (CaC03) is present, carbonates (HCO), CO~-) can be released

increasing the alkalinity of water (EPA, 2003).
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Lakes and rivers may show a wider range in pH depending upon local environmental

conditions (Michael et al, 1993). The neutral point, where Wand OH- ions are equal

occurs at pH 7.0 at 2S°C. This point is temperature dependent. The pH value of most

natural waters is in the range of 4 to 9 (Twort et al, 1994). It is recommended that pH

levelsbe maintained at between 65 and 9.0 to ensure the protection of aquatic ecosystems.

The hydrolab had a pH meter that gave pH readings along with the other parameters

(Twort et. al. 1994).

2.5.4 Conductivity

Conductivity or specific conductance is a measure of the ability of water to conduct an

electric current and is symbo lized as 'k'. It is an indicator of the total disso lved so lids in

water since the ability to carry an electric current is dependent upon the presence of ions in

solution, on their total concentration, mobility and valence and on the temperature of the

water (Twort et al, 1994). Conductivity measurement in this study was done using a

hydrolab. (YsI- Yellow Spring Institute Environmental Monitoring System).

Ions come from the breakdown of compounds and conduct electricity because they are

negatively or positively charged when dissolved in waters. Therefore, conductivity is an

indirect measure of the presence of dissolved solids such as chloride, nitrate, sulphate,

phosphate, sodium, magnesium, calcium and iron and can be used as an indicator of water

pollution. Solutions of most inorganic compound that do not dissociate in aqueous

solution conduct a current very poorly (APHA, 1992).
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Someions occur naturally when water flows over rock or soil containing calcite (CaC03),

such as calcareous shells, calcium, and carbonate ions will dissolve into the water and

increase conductivity. Acid mine drainage may contribute iron, sulphate, copper,

cadmium, arsenic and other ions if minerals containing these constituents are present and

are exposed to air and water. Runoff from roads can also carry salts and leaked

automobile fluids that contribute ions to water. Although conductivity is not regulated, it

is a good indicator of the amount of dissolved solids in water (EPA, 2001).

2.5.5 Alkalinity

Alkalinity is the measure of the buffering capacity of water, or the capacity of bases to

neutralize acids. Alkalinity does not refer to pH, but instead refers to the ability to resist

change in pH. These buffering materials are primarily bicarbonate (HeO;, -) and

carbonate (CO; -), and occasionally hydroxide (OH-), borates, silicates, phosphates,

ammonium, sulphides and organic ligands. As increasing amounts of acids are added to a

water body, the pH of the water decreases, and the buffering capacity of the water is

consumed. If natural buffering materials are present, pH will drop slowly to around 6;

then a rapid pH drop occurs as the bicarbonate buffering capacity (HC03 - and C032
) is

used up.

At pH 5.5, only very weak buffering capacity remains, and the pH drops further with

additional acid. A solution having a pH below 4.5 contains no-alkalinity, because there are

no HC03 - and CO; - ions left. Principally, however, alkalinity is caused by the presence

of bicarbonates, carbonates and hydroxyl ions, which are formed as a result of the

interaction of carbon dioxide in water with basic materials such as calcium carbonate of

chalk or limestone in rocks (Ellis, 1989). It is also a measure of water's resistance to
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changes in Ph (APHA, 1985). It is the sum of all the titratab1e bases. The measured value

may vary significantly with the end-point pH used. Alkalinity not only helps regulate the

pH of a water body, but also the metal content. Bicarbonate and carbonate ions in water

can remove toxic metals (such as lead, arsenic, and cadmium) by precipitating the metals

out of solution. Treated sewage effiuents can also add alkalinity to a water body. Levels

of20 -200 mg/l are typical of fresh water (EPA, 2001).

Total alkalinity is measured by measuring the amount of acid (e.g. Sulphuric acid) needed

to bring the sample to a pH of 4 - 2. At this pH all the alkaline compounds in the sample

are ''used up. Alkalinity can be expressed in several forms, but one of the most common is

mg/lofCaC03.

Because the alkalinity of many surface waters is primarily a function of carbonate, and

hydroxide content, it is taken as an indication of the concentration of these constituents.

The measured values also may include contributions from borates, phosphates, silicates

and other bases if these are present, (Ellis 1989).

2.5.6 Turbidity

Turbidity is the cloudiness of water and is the result of suspended material in the water

(Waterwatch Tasmania, 1996). Water that is not clear but is "dirty", in the sense that light

transmission is inhibited, is known as turbid water. Suspended matter such as clay, silt,

finely divided organic and inorganic matter, soluble coloured organic compounds and

plankton and other microscopic organisms can cause turbidity. Turbidity is an optical

property that causes light to be scattered and absorbed rather than transmitted in a straight

line (APHA, 1985). Suspended solids are varied, ranging from clay, silt and plankton, to
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industrialwastes and sewage. With higher levels of turbidity, the water loses its ability to

support a diversity of aquatic organisms.

Water becomes warmer as suspended particles absorb heat from the sunlight and causes

low oxygen than cooler water. Photosynthesis decreases because less light penetrates the

water, resulting in even further drops in oxygen levels. The combination of warmer water,

less light and oxygen depletion makes it impossible for some forms of aquatic life to

survive.

In the treatment of water for drinking purposes, turbidity is of great importance first

because of the aesthetic considerations and second because pathogenic organisms can hide

on (or in) the tiny colloidal particles (Vesilind, 1992). Turbidity is commonly measured in

Nephelometric Turbidity Units (NTU). It is reported that 0 - 25 NTU is optimum for most

aquatic life.

2.5.7 Hardness

The term 'Hardness', comes from the fact that a typical hard water reacts with ordinary

soap to form a curd or scum. Permanent hardness (which is not precipitated by heating) is

due to sulphates and chlorides of calcium and magnesium. Hardness is usually expressed

in mgll as CaC03. U.K Regulations and EC Directive set a minimum hardness of 60ml as

Calcium (equivalent to 150mg/l as CaC03).
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2.6Water quality

The definition of water quality is not objective, but socially defined depending on the

desired use of water. Different uses require different standards of water quality. Water

used for hydropower generation, industrial purposes, and transportation does not require

high standards of purity. Such uses as recreation, fishing, drinking, and habitat for aquatic

organisms rely on higher levels of water quality.

Table 2: Guideline Values for Drinking Water

• CPHEEO- Central Public Health & Environmental Engineering Organisation

• BIS - Bureau Of Indian Standards

• WHO - World Health Organisation

BIS* BIS*
Parameter CPHEEO* ., _WHO*.1983 1991

Colour IPt/CO Scale 25 50 . 25 15

Turbidity NfU 10 25 10 5 --

Total Dissolved Solids mg/L. 2000 3000 2000 1000
.

pH 6.5 -9.2 6.5 -9.2 6.5 -8.5 6.5 - 8.5

Alkalinity (as CaC03) mg/L 600 - 600 -

Faecal coliform Counts/mL 0 0 0 0

Protozoa - Nil Nil Nil

Helminths - Nil Nil Nil

Free living organisms - Nil Nil Nil

(From Twad Board: Operations Water Quality Data)
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For that reason, water quality should be taken to mean the physical, chemical, and

biological characteristics of water necessary to sustain desired uses. Monitoring the

quality of water is important because clean water is necessary for human health and the

integrity of aquatic ecosystems. The table above shows guidelines for drinking water.

Well owners and municipalities of various towns in Kenya rarely follow these guidelines.

They need routine monitoring, which is rarely done.

Ecosystems filter and cleanse water, that is, they are capable of self-renewal with time.

This ability, however, is being impaired by pollution and habitat degradation in many

rivers, lakes, and estuaries around the world. Water-borne diseases from faecal

contamination of surface waters continue to be a major cause of mortality and morbidity in

the developing world and Kenya is not an-exception. Worldwide- water quality conditions

appear to have degraded especially in all regions with intensive agriculture and large

urban/industrial areas.

Cases of algal bloom and eutrophication are being documented more frequently in most

inland water systems around the world, Population increases in these areas, especially

Africa, and the need to increase agricultural production require increased use of fertilizers,

which will exacerbate the-ground- water pollution problem.
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CHAPTER THREE

STUDY AREA LOCATION

3.0 Research Study Area

The research area was the Lake Victoria shoreline of Kisumu town, Kenya (see map 1).

Kisumu town lies in Winam Division of Kisumu district in Nyanza Province of Western
;

Kenya. Itis situated in the extremities of Lake Victoria, on the shores of Winam Gulf in

Western parts of Kenya, East Africa (see Map 2).

Map 1: Map of study area location showing the lake basin drainage and study

area.
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Administratively Kisumu town has city status and the city covers both the built up areas

and some rural neighbourhoods. It is situated between 24,350 and 34,551E and the

latitudes00,02'N and 00. 11'S, Kisumu City covers a total area of 417 km", of which the

waters of Lake Victoria cover 157 km2 (35.5%), (Otieno, 2000). This study was done

within this 157 km2 of the municipality, which is the lake water part ofthe municipality.

3.0.1 Topography

The town sits on a plateau formation. To the west it has the lowlands that go up to Kajulu

area and to the east it has the Kano Plains. The town area is characterized by a gentle

rolling landscape, which enters the relatively flat Kano plains at its boundaries.

3.0.2 Geology

The rocks of Winam division can be divided into four well-defined groups. Recent

deposits, Pleistocene deposits, Tertiary volume rock and Precambrian intrusive rocks.

Phonolites crop out in the area around and north of Kisumu within the boundaries. of

Winam Division, this rock type covers approximately 25 km2. Partly decomposed

phonolites and a few poriphyritie granite intrusions, dating back to post-Nyanzian and

Bukoban periods are generally exposed in a few places indicating that the underlying rock

formation is primarily a phonolite. Some pyroclastics also occur in the area. The

underlying rock structure of a lake affects the chemical content of a water body thus

influencing the physico-chemical parameters of the water.
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Map 2: The Winam Gulf of Kisumu City, Kenya
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Kisumu area experiences a modified equatorial type of climate (Ojany and Ogendo, 1973).

There are two rainy seasons; the long rains from March to June and the short rains from

. October to December (DHV, 1987). As in many other such zones, there is a clearly

marked dry season in the study area.

Annual rainfall is influenced by the topography and on average varies from about 1,000

mm/yr in the Southern part of Winam Gulf to 1600 mm1yr in the Northern part.

Temperature of the area ranges between 17.1°C - 34.3°C with minimum temperature

range of 17.1 to 18°C and mean maximum temperature of 30°C (nCA et aI, 1997).
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Climatic variation normally affects the levels of pathogens ill terms of dilutions that

presentswith the rainy season and vice versa.

3.0.4Demography

The population of the district is 500,000 according to the 1999 census (Central bureau of

statistics, 1999). Since 1948, the population of Kisumu City has increased steadily

(Obudho, 1995). It was estimated that the population was 10,899 in 1948 and rose to

23,526 by 1962 (Obudho, 1995). By 1979, the population had increased to 152,634

persons. Census data of 1989 indicated that the average yearly population growth rate

between 1969 and 1979 was 3.45% while that of 1979 and 1989 was 5.06% indicating a

corresponding increase in growth rate.

With the development of the slum dwelling is a corresponding increase in the need to

dispose of sewage and this has not been very effectively catered for. Most sewage pipes

are broken due to lack of maintenance and sewage spills are a common place. This could

be because the established sewerage treatment plant was meant for a smaller population

than the current population and as the sewage spills over there is a higher risk of the lakes

water being contaminated with every run off.

3.0.5 Drainage and Sanitation Systems

Apart from Nyamasaria - KiOOsRiver, which runs in a south - westerly direction in the

eastern parts of the town, the only other natural drainage system passing through Kisumu

town is Awaya/Kisat stream, which runs on the northern parts. There are numerous water

drains.
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Almosteach household has attempted to ensure that storm water as well as the wastewater

from domestic uses are drained away from their residences (Orwa, 2000). The rivers,

Nyaudo,Awach, and Kuja drain from agro based settlements and must be carrying wastes

suchas nitrates, phosphates and depositing it in the lake.

A World Bank low-cost housing scheme that was implemented in the 1980s constructed

some open storm water drainage system and open and closed sewage drains in the

municipality. However, due to lack of proper maintenance by municipal authorities, the

majority of these formal waste disposal facilities in the area have collapsed. Sewage

bursts are a common feature, with over-flowing open sewage, drainage systems and

torrents of overland flow gushing down the streets. These cause flooded condition and

swamps in the lower eastern parts of the town. These sewage bursts were observed during

this study (see plate 1). In addition, the town experiences an acute shortage of piped water

supplies.

The inability of the local authorities to provide adequate services has been attributed to

lack of finances available to the local government (Orwa, 2000). Akivaga (1988) and

Anyumba, (1995) document that the collapse of the services by the municipal is the major

.cause of pollution problems in the town. The municipality supplies water for domestic use

in Kisumu town to a majority of the residents. Some residents use borehole water, while

others use the lake water. The Kisumu Municipality has a water treatment plant at Dunga

and another one at Kajulu. The Dunga plant pumps the water to the residents while the

Kajulu one is gravitational. Most Hotels and people living along the shore depend on the

lake water for domestic water requirements. The workers at the treatment plant confirmed
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that they treat the water, which is from the lake, before they pump it. However, the

problemthey face is to do with finances.

The other waste treatment plant is close to the River Kisat. It is supposed to treat

industrialwastes before the wastes are released into the river. The plant broke down many

years ago. Industries channel wastes to this plant and river Kisat, whose water is

eventually released into the lake. In 1995, the KMFRl staff, doing research in

collaboration with Belgium, filed newspaper cuttings in relation to pollution of the lake

(see appendices 3, 4, 5 and 6).

Recent newspaper reports have cited graft and corruption as the major cause of poor

maintenance of these facilities (Daily Nation March 4th and December 28th 1998; March

2000, East African Standard Newspaper September 7th
, 2000).

3.0.6 Administration

Kisumu town is the administrative centre ofNyanza province and is headquarter to many

governmental departments in the province. It is also a major Health and Education centre

in the Province. Lack of water, poor sewerage facilities and the possibility that many

people use untreated water increases the incidence of water-borne diseases.

3.0.7 Economic Activities

The town has various economic activities such as manufacturing industries e.g. East

Africa Industries, Kenya Matches, Kisumu Cotton Mills, Equator bottlers, Fish processing

plants and 'Jua Kali' activities. The wastes from these facilities are disposed of and most

of it finally finds its way into the lake.
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CHAPTER FOUR

MATERIALS AND METHODS

4.0 Research Methodology

4.0.1 Sampling Points

The sampling points were as shown in plates 4-8: Kisat River Sampling point; Car wash

Sampling Point; Nyalenda Sewer Sampling Point; Dunga Water Pump Sampling Point and

Dunga Fish Landing Base.

Plate 4: Kisat River Mouth showing
the thick sludge with a thin film of oil.

Plate6: Nyalenda sewer discharge with
water from the Nyalenda sewage
treatment lagoons.

Plate 5: Car wash sampling point
showing one of the activities that
contaminate the lake.

Plate 7: Dunga water pump where
Kisumu City council pumps water from.
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Plate 8: Dunga Fish Landing Site where fishermen bring in the fish from the lake.

Plate 4 shows the Kisat river inlet. The River drains into Lake Victoria and it passes

throughthe densely populated slum of Obunga within Kisumu Municipality. This is an

areawith no sewage system and therefore a lot of human wastes certainly find their way

into the river. The river also flows through the industrial area where effluents are

dischargedinto it. Just before it enters the lake, it passes the Municipal sewage treatment

plantwhich currently is in dire need of repair and does not carry out effective treatment of

the effluent and sewage, which is discharged into Kisat. Kisat river mouth was chosen as

a sampling site due to the fact that its waters carry sewage from the Kisat sewage

treatmentplant which lacks in maintenance and repair.

Plate 5 shows the Car wash sampling site. This site has a lot of human activity around.

The site receives dirty vehicles for cleaning and the place has many Kiosks where

different types of dishes are made. High human activity poses a higher pollution risk to

the area than other places along the shoreline. This is because vehicles come with all sorts

of contaminants to the area, people doing kiosk business here wash things in the lake and

toilets built close to the lake used by these people contaminate the lake through seepage.
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Plate 6 shows the Nyalenda sewer inlet. The source point here receives water from the

Nyalenda sewage treatment ponds or lagoons. Like the Kisat treatment Plant, Nyalenda

sewage treatment lagoons also need maintenance and apparently do not effect complete

treatmentof the sewage. This is the point where the sewage water enters into the lake via

theNyalenda river. The lagoons have a lot of water weeds; for example, the hyacinth. If

they were open oxidation points at one time then the oxidation cannot be effectively

carriedout due to the presence of the weeds.

Plate 7 shows where the Municipality water pump is stationed. It is the water intake point.

Thewater pumped from here goes to the water treatment and storage plant before it is released

to the consumers. There is a lot of mixing of water in this site.

Plate 8 shows the Dunga fish landing base with canoes, some having just come in, others

waiting for evening. This is a fish landing base with a lot of human activity. The

fishermen with their canoes bring fish from the lake and sell it to fishmongers here.

4.0.2 Sampling

There were 5 sampling sites as shown on plates 4 to 8. Strict attention was given to

.details, which are standard for water samples intended for bacteriological analysis such as:

collection in sterile bottles; samples represented the supply (Lake water) from which they

were taken; they were kept from contamination both during and after sampling; carrying

out tests before 6hrs elapsed from the time of sampling; storage in ice coolers at between

o'c and loDe before being taken to the laboratory.

48



Twowater samples were collected right at the shore and 100m away from the shore (four

per point) for all the points of sampling and they were labelled accordingly. Direct or

sourcesampling was done. In total 20 samples were collected every month from the five

samplingpoints for bacteriological analysis and 5 (one per sampling point) for physico-

chemical parameters such as Hardness, Alkalinity and Disso lved Oxygen and

Conductivity. The rest of the parameters such as pH and Temperature were measured

usingthe Hydrolab in the lake.

When the sampling began in January 2002, the water Hyacinth covered the shores of the

lake and the worst blocked places were the mouth of River Kisat and Car wash/Railway

Pier sampling points. The water currents, depending on the direction of the wind, move

this weed during these periods ofthe year. The sampling took 13 months to cater for rainy

and dry season months and to allow observation on dilution effect on pathogen

concentration. The 100m sampling was done to determine whether there was dilution

effect on the pathogen concentration.

4.0.3 Sampling Technique, Storage and Transportation

The opening and closing of the bottle in the process of sample collection was carried out

. with meticulous care to avoid any bacterial contamination from an outside source. When

collecting water from the lake, the bottle was brought mouth downward, a foot below the

water surface with one hand holding the stopper- and the other hand holding the base of the

bottle. The stopper was removed carefully and the mouth' of the bottle was turned such

that it was directed against the water current and water flowed into the bottle without

getting into contact with the hand. In case there was no current, the bottle was moved

horizontally, the mouth foremost, so that water flowed into it.
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The bottle was then brought to the surface and the stopper replaced. Sampling the five

sourcepoints took approximately one and a half to two and a half hours depending on the

engineand the coxswain and also whether the sampling was done in the morning or in the

afternoon. In the afternoons there were stronger winds and waves than in the morning and

thisslowed down the sampling process.

Cool boxes containing ice were used to store and transport the collected samples to the

Kenya Marine Fisheries and Research Institute microbiology Laboratory. Before testing,

the water samples were mixed by inverting the bottle 25 times. Two routes were taken in

the specimen analysis in the laboratory. These were, direct using microscopy, which

involved staining, gave direct clues on the microbes that had been cultured, depending on

shape and the second was culturing, which involved cultivation of microbes in specific
•

media, isolation, biochemical tests and identification.

For every sampling, 20 Triple sugar Iron Agar slants were prepared. 13g of the medium

was weighed and suspended in 200ml of distilled water, brought to boil to dissolve

completely and then distributed in the distilled water by mixing thoroughly. The mixture

was then sterilized by autoclaving at 121°C for 15 minutes. The liquid medium was

allowed to set in a position where it formed a slope and a butt about one inch long. This is

a composite medium for the differentiation of Enterobacteriaceae according to their ability

to ferment lactose, sucrose and dextrose, and to produce hydrogen sulphide. Some species

of Proteus may give similar reactions to Salmonnella and Shigella. For this reason Triple

Sugar Iron was used in parallel with Urea Agar Base.
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20 urea agar base slants were also prepared using urea agar base medium after every

sampling. To prepare 100 ml, 2Ag were suspended in 95 ml-distilled water, brought to

dissolve completely and sterilized by autoc1aving at 121°C for 20 minutes. The mixture

was then cooled to 50°C and 40% Urea Solution (SR20) aseptically introduced into the

tube. The two were mixed thoroughly then distributed into sterile tubes and allowed to set

in a tilted slope position. Urea media were used for the detection of urea splitting

organisms such as Proteus vulgaris. The detection of urea analysis is especially helpful in

the differentiation of the genus Proteus from other gram-negative bacilli that inhabit the

intestinal tract, especially those that cause disease (Lois, 1991). Members of the genus

Proteus mimic most of the enteric pathogens in the property 0f not being able to ferment

lactose. Media used in the identification of enteric pathogens incorporate lactose for the

purpose of separating the intestinal pathogens from the non-pathogenic bacteria that make

up the normal flora of the intestinal tract (Lois, 1991). Most non-pathogenic normal

intestinal flora ferment lactose (Lois, 1991).

Bismuth Sulphite agar, BSA, was prepared as follows: 12g in 300ml distilled water and

then cooked to pasteurise by putting the mixture on a hot plate with a magnetic stirrer.

This sterilizes the medium. The medium was cooled in a water bath and kept at 50°C to

remain liquid. This was then poured aseptically into sterile petri dishes with their lids held

over the plate to protect them from contamination by airborne bacteria. The plate was

rotated over the tabletop so that the melted medium covered the entire bottom of the petri

dish. The plate was then allowed to solidify. This medium is used in the detection of

Salmonella species.
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11.2Sg of Eosin Methylene Blue, EMB, were dissolved in 300 millilitre of distilled water.

Themixture was autoclaved to pasteurise at 121°C for 15 minutes. It was then cooled to

sooe and shaken to restore the colour.

Thiosulphate citrate bile salts agar, T.C.B.S, is a selective and differential medium for

Vibrios. Bromothymol blue acts as an indicator (Lois, 1991).TCBS (26.4g) was weighed

and mixed with 300 millilitre of distilled water, pasteurised at 121°C for 15 minutes. It

was then placed in a water bath to cool down to 50°C but also to keep it liquid so that it

doesnot gel. The TCBS is then poured in 20 plates and no air bubbles are allowed in.

Lauryl Broth was also prepared in SOml of distilled water using 1.90g of the medium.

MacConkey agar was prepared for isolation of Shigella species. The agar contains Crystal

violet dye to inhibit the growth of gram-positive cocci and the pH indicator neutral red to

impart differential characteristics (Lo is, 1991).

4.0.4 Sample Analysis, Bacterial Enumeration and Identification

The prepared media were then inoculated using the water samples according to the labels

on the media plates and tubes, which corresponded to the sampling points in the lake. The

aseptic transfer of microbe's technique was used to inoculate the media. Sterilised

inoculating loop was used to inoculate the uninoculated media slants. The media plates

were inoculated using sterilised serological pipettes. To isolate the individual bacterial

cells, streaking for isolation technique was used.

For the preliminary culturing of bacteria, the spread plate and the membrane filter

techniques were used (Presnell & Andrews, 1976). The spread plate technique involved
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makingserial dilutions of the water samples using 9.0m! ~ strength Ringer's solution with

a specified volume of the sample. Taking 1.0m! of original lake water sample and mixing

it with 9.0 rnillilitres of sterile Y4 strength Ringer's solution make a lOx dilution.

Similarlytaking l.0m! from the 10x dilution tube and mixing it with 9.0 millilitre of fresh

sterile Y4 strength Ringer's solution gives a 100x dilution. Dilutions were made to reduce

the number of colonies formed so that counting can be done easily. Still even with the

dilutions, the colonies formed were at times too numerous to count (TNfC). The diluted

samplewas spread on the media using a sterile spreading wire on the entire surface of the

plate. 0.1 ml of the sample was spread on the culture media plates for E. coli, and

Salmonella spp. 1 millilitre of the sample was filtered for Total coliforms and faecal

coliforms.

Once the culture media (for spread plate) were inoculated, the petri dish lids were replaced

and the bottom of each dish was marked with the sample reference number. The samples

were allowed to dry then incubated at 37°C for 24h. The colonies formed were then

counted and recorded in the appropriate recording sheet.

The colony colours were also noted. The culture of bacteria that formed on the plates after

the spread plate method, were isolated and subjected to Biochemical tests, which led to

identification, both by the biochemical reaction results and a further sub-culturing for

Analytical Profile Index (API) 20E kit identification.

4.0.5 The Membrane Filter Technique

The membrane filtering apparatus and the membrane filters available at the Kenya Marine

and Fisheries Research Institute are those manufactured by Millipore Co-operation,
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Bedford, MA, U.S.A. The membrane filter technique uses a filtering apparatus, which

consists of a funnel of glass 500ml capacity attached to the base of the apparatus

containing a disk of sintered glass on which the membrane is supported. The outlet is

provided with a tap and fits into the rubber stopper of a suction jar. The apparatus is

assembled without the membrane, wrapped in aluminium foil and sterilized by autoclaving

at 121°C for 15 minutes. Thereafter a little alcohol in a cotton swab is applied to the inner

surfaceof the funnel as well as its base and flamed (Ndiege, 1994).

A sterile blunt ended forceps was used to remove a sterile membrane filter from its packet.

The forceps was sterilized by flaming. The membrane was held by its edge and placed in

the filtration apparatus and clamped into place. The sample bottle was shaken vigorously

then 1.0 ml of sample was pipetted into the filter ftmnel. 20 ml of sterile Ringer's Solution

was added in order to properly distribute the sample during filtration. A vacuum was

applied to draw the sample through the membrane filter. 5 ml of Ringer's Solution was

applied all around the wall of the inner surface of the funnel. The vacuum was applied

again and the apparatus rinsed. The filtration apparatus was dismantled and the membrane

filter removed using the resterilised forceps, taking care so that only the edge of the filter

is touched. The lid of a pre-prepared petri dish and was removed and the membrane

placed onto the pad (grid side uppermost). The membrane was lowered starting at one

edge in order to avoid trapping air bubbles. All the prepared plates were then incubated

for a period of 1S-24h.

The colonies per grid were then counted. The total number of grids per membrane filter,

which is120, is multiplied by the total number of colonies counted, (BPA, 2002, Ndiege,

1994). To calculate total counts per one hundred ml the following formula was used.

54



ColonyForming Units (CFU) per 100 rn1 Number of colonies x 100
Volume filtered

The results were then tabulated in various tables as presumptive data. The microbes were

categorized into Total coliforrns colony forming units (CFU)/lOO rnl; faecal coliforms,

cfu/IOOml; E, Salmonella spp., CFU/O.l. 1ml of sample was filtered for Total coliforms

and faecal coliforms. 0.1 millilitres was spread on culture media plates for E. Coli, Vibrio

spp. and Salmonella.

Isolates that appeared on the nutrient agar were inoculated on McConkey agar plate.

Quadrants were made on the plate and the quadrants were then streaked to obtain isolated

colonies. The inoculated plates were then incubated at 35 - 37°C for 18 - 24 h aerobically.

The plates were then observed after incubation.

4.0.6 Setting of Biochemical Tests

A well-isolated colony was picked using a wire and inoculated on TSI or KIA or LIA and

motility tubes (TSIIKIA and LIA were inoculated by stubbing the butt and streaking the

slant while motility tube was inoculated by stubbing straight down the medium and

removing the wire along the stub line. The tubes were incubated again at 35 - 37°C for 18

- 24h aerobically. The reactions on the slant and the butt were read after the biochemical

tests. The tubes were read as shown below and the reaction on the slant against the butt

reported. If there is growth only on the stub line then motility is negative. Diffusion or

cloudiness in the motility medium is a positive motility.
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Table 3: Biochemical Incubation Results Nomenclature according to Bergey's
Manual of Determinative Bacteriology 7tb Ed.

Organism But Slope H2S

Escherichia coli AG A -

Salmonella typhi A NCorALK +

Proteus vulgaris AG A +

Shigella dysenteriae A NCorALK -

AG acid (yellow) and gas formation

A acid (yellow)

NC no change

ALK alkaline (red)

+ Hydrogen sulphide (black)

No hydrogen sulphide

The following biochemical tests were carried out for the different species of

enterobacteriaceae under the study.

Salmonella spp - BSA (Bismuth Sulphite Agar - from OXD-id,.UK). followed by

Triple Sugar Iron

Agar slants for biochemical analysis and urea agar slants.

Vibrio spp - T.C.B.S. culture medium was used followed by indole.

Faecal coliforms - MacConkey broth followed by indole

E. coli - Eosin Methylene Blue (E.M.B.) followed by indole.
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Afterpreliminary culturing, gram staining, sub-culturing and biochemical analyses using

differential media, the cultures were used for specific bacterial identification, using

analytical profile index 2GE (API 20E)- for Entrobacteriaceae. These were presumptive

results from biochemical tests.

API 20E is an identification system of Enterobacteriaceae and other non-fastidious Gram-

negative rods that use 23 standardized and miniaturized biochemical tests and database.

The kit is normally accompanied by an identification list of organisms so that it is possible

to identify with the API 20E (Analytical Profile Index -20E; The E stands for

Enterobacteriaceae).

4.0.7 The Principle of identification

The API 20E strip consists of 20 micro tubes containing dehydrated substrates. These

substrates are inoculated with a bacterial suspension, which reconstitutes the media.

During incubation, metabolism produces colour changes that are either spontaneous or

revealed by the addition of reagents. The reactions are read according to the interpretation

of reactions and the identification is obtained by referring to the analytical profile index.

This is a catalogue of the bacteria that could be identified using the kit or using the

identification software. The catalogue gives both the generic and species name (Table 14).

4.1 Operation of API 20E

Each capsule is manually inoculated with a Pasteur pipette. Some capsules are overlaid

with oil to provide conditions of reduced oxygen tension. Strip is placed in humid

chamber incubated for either 5h for rapid test or 18-24h for overnight result. Seven-digit

number is derived from scoring seven sets of three reactions each. The number is then

57



found in a codebook or catalogue that reveals the bacterium or identifies the bacterium

corresponding to that number.

4.2Data Analysis and Processing

Minitab,SPSS, and M-Stat statistical packages were used to analyse the data. Descriptive

statistics,which generally characterizes or describes a set of data elements by graphically

displaying the information or describing its central tendencies and how it is distributed

was also employed in data analysis. The data elements were colony forming units or

counts per lOOml of bacteria and not the water samples. The colonies formed what is

referred to as patchy populations and were considered to have arisen from clustered

samples. Frequency distributions, means and modes were used in the analysis. Standard

deviation, coefficient of variation and analysis of variance, which reflects relative

variation was obtained from the data of the different sampling sites and was used to make

comparisons. Measures of relationship were conducted using correlation coefficients to

reflect the degree of strength and direction of association between variables and the degree

to which one variable could be predicted from another as shown in the various figures.
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CHAPTER FIVE

BACTERIAL POLLUTION INDICATORS

5.0 Introduction

The inshore waters of Lake Victoria along the Kisumu shoreline provide the Kisumu town

population with water for drinking, other domestic uses and industrial purposes. This

water also acts as the recipient of a variety of industrial effiuents, domestic and sewage

discharges and general run-off after a downpour. Kisumu town is littered with pools of

sewage spills (plate 2) from broken sewage pipes (Plate 3) or malfunctioning sewage tanks

(plate 1). This is part of the run-off after a heavy downpour that ends up in the lake. The

risk of acquiring a waterborne infection increases with the level of contamination by the

pathogenic microorganisms. Disease agents, such as Salmonella typhi, Vibrio cholerae,

Giardia lamblia and Hepatitis A virus, are frequently transmitted via contaminated

drinking water and, and where this is the case, improvements in drinking - water quality

may result in substantial reductions in disease prevalence. (WHO, 1997).

Ideally, drinking water should not contain any microorganisms known to be pathogenic or

any bacteria indicative of faecal pollution (WHO 1997). The detection of Escherichia coli

provides definite evidence of faecal pollution; in practice, the detection of thermotolerant

(faecal) coliform bacteria is an acceptable alternative (WHO 1997).

5.1 Methodology

The research period was 13 months, from January 2002 to January 2003. The water

samples collected were analysed for bacterial pollution indicators from sewage.

Preliminary survey was done to locate point sources for sewage discharges into the lake.
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Thiswas done for other effluent discharge points such as industries as well as fish landing

sitesand bathing sites. Strict attention was given to details, which are standard for water

samples intended for bacteriological analysis such as; collection in sterile bottles; samples

represented the supply (Lake water) from which they were taken; they were kept from

contamination both during and after sampling; carrying out tests before 6hrs elapsed from

the time of sampling; storage in ice coolers at between OoCand 10°C before being taken to

the laboratory.

Two water samples were collected right at the shore and 100m away from the shore (four

per point) for all the points of sampling and they were labelled accordingly. Direct or

source sampling was done. When the sampling began in January 2002, the water Hyacinth

covered the shores of the lake and the worst blocked places were the mouth of R. Kisat

and Car wash sampling points. The water currents depending on the direction of the wind

move this weed. The sampling took 13 months to cater for rainy and dry season months

and to allow observation on dilution effect on pathogen concentration.

Most of the media used were industrially prepared with the right constitution normally

referred to as defined media. Most of the culture media used were both selective and

differential. They are particularly useful in Public Health Microbiology such as the one

that was carried out in this research to determine water quality.
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5.2 Results

TheBiochemical tests done after preliminary culturing gave varied results, some of which

are shown below.

Plate 9: Biochemical Slants showing
positive and negative- Urea Agar Test
differentiating Proteus from Shigella and
Salmonella

Plate 10: Biochemical Slants showing an
example of TSI Agar test results used in
preliminary identification of enterics

From the biochemical tests, the organisms that showed Urea Test negative, TSI revealing

acid butt, alkaline slant, and hydrogen Sulphide gas positive with a black precipitate at the

bottom were presumed to be Salmonella species. Organisms that showed Urease test

negative revealing acid butt (yellow) alkaline (Pink or red) slant, gas negative at butt

without a black precipitate was presumed to be Shigella. Organisms that did not show a

combination of characteristics described above may be generally regarded as coliforms.

For V. cholerae species, microscopic observation of suspected colonies was done using

Gram stain, apart from the biochemical test with TCBS.
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The tables below show the mean values of different bacterial pollution indicators at

different sampling sites. Statistical analysis was done to show how these means differed

from site to site and from shore to lODm. The results of the analyses are as shown in the

tables.
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Table4a: Effects of site and distance from shore on total coliform level (Log
(x+l».

Bacteria Distance Sites
Kisat Car Nyalenda Dunga Dunga Mean

Total wash Sewer Water Beach Distance

colifonn
urn

Shore 5.54 4.95 3.16 159 1.75 3.82
100m 5.03 427 3.15 226 lA5 323
Mean Site 5.18 4.61 3.20 2A3 2.10

C.V (%) 27.20
LSD.PS .05 0.78 NS

0.01 1.36
0.005 1.68

C.V = coefficient of variation

LSD = Least Significant Difference

NS = Not Significant

Table 4a shows the mean counts of TC at different sites and at the shore and 100m into the

lake. There were significant differences up to PS 0.05 in the total coliform counts at

different sites. However, there was no significant difference at Dunga water pump and

Dunga beach up to PS 0.05. Kisat inlet (shoreO had the highest levels of total coliforms,

(5.54 log (x+l» while Dunga beach 100m into the lake had the lowest levels of TC, From

the table, Kisat is seen to be the main source of contamination among the sampled sites

along the lake. The trend of contamination reduces as one moves towards Dunga beach

sampling site. Dunga beach is out of town proximity, so polluting influences such as

untreated sewage is not a major influence in its shoreline. The difference in Total

coliform levels between Kisat and Dunga beach and water pump was significant up to PS

0.05.
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Table4b: Effects of site and distance from shore on faecal coliform level (Log
(x+l))

Bacteria
Kisat Car

wash
Nyalenda
Sewer

Distance Sites

Mean Site 3.81 3.22 L99

Dunga Dunga Mean
Water Beach Distance
urn

0.60 lA5 239
0.84 0.50 1.90
0.72 098

NS

Faecal
Coliform Shore 4.01

100m 3.61
3.61
2.82

2.26
1.72

c.v%
LSD. P:S0.05

0.01
0.005

C. V = coefficient of variation

40.37
1.08
2.18
NS

LSD = Least Significant Difference

NS = Not Significant

Table 4b shows the mean counts of FC from 5 sampling sites in regard to the shore and

100m. There was no significant difference between the distances of sampling. However

between sites there was significant difference in the levels ofFC up to P:S0.01. The mean

level of faecal coliform between Kisat and Dunga was quite large, and this again reduced

as one approached Dunga beach. Water pump bacterial levels at 100m into the lake were

higher compared to the shore (0.84 log (x+l) and 0.60 log (x+1). In terms of

contamination levels of faecal coliform, Kisat is still the main one to worry about.
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Table4c: Effects of site and distance from shore on Escherichia coli level (Log
(x+1»

Bacteria Distance Sites
Kisat Car Nyalenda Dunga Dunga Mean

wash Sewer Water Beach Distance
Escherichia pump

coli Shore 2.97 2.22 0.19 0.00 0.10 1.10
100m 2.40 1.87 0.54 0.20 0.03 r.or

; Mean site 2.68 2.05 0.37 0.10 0.07
c.v%
LSD. P:S 0.05

0.01
0.005

C. V = coefficient of variation

54.19
0.79
NS
NS

NS

LSD = Least Significant Difference

NS = Not Significant

Table 4c gives the log transformed values of Ecoli densities. For Ee counts, there was

significant difference only up to P:S 0.05. There was also no significant difference

between the distances (shore and 100m). E coli levels were highest at Kisat sampling site

and lowest at the Dunga water pump, hence there was significant difference in E coli

densities between these two sampling points at P:S 0.05 and between Kisat and the other

sites. However no significant difference existed between Kisat and Car wash. The water

pump shore levels of E. coli were lower than the 100m distance into the lake. It is only

this point that shows this disparity.
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Table4d: Effects of site and distance from shore on Vibrio level (Log (x+ 1»

Bacteria Distance Sites
Kisat Car Nyalenda Dunga Dunga Mean

wash Sewer Water Beach Distance

Vibrio om
Shore 0.94 0.10 0.17 0.00 000 0.24
100m 0.38 0.03 0.07 0.00 0.03 0.10
Mean Site 0.66 0.07 0.12 0.00 0.02

C.V% (33228%) High C.V
LSD. P:S 0.05 NS NS

c.V = coefficient of variation

LSD = Least Significant Difference

NS = Not Significant

Table 4d shows the Vibrio levels (log (x+l)) in the different sampling sites. There were

no isolates from the Dunga water pump. VB levels were considerably low at most of the

sampling sites. Dunga water point and Dunga beach had the lowest counts, The range

was from zero to 0.94 counts. This gives a large disparity with very high C.V at 332.30%.

Hence at P:S 0.05 there was no significant difference. Even though the Vibrio densities

were generally low, Kisat showed the highest densities compared to the other sites.
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Table4e: Effects of site and distance from shore on Salmonella spp level (Log
(x+l))

Bacteria
Kisat Car

wash
Nyalenda
Sewer

Distance Sites

Salmonella
spp Shore 0.47

Dunga Dunga Mean
Water Beach Distance
urn

0.09 0.06 0.42
0.19 0.10 0.26
0.14 0.08

NS

100m 0.36 0.41 0.24
Mean site 0.58 0.52 0.35

C.V%
LSD. P:'S0.05

126.41
NS

C.Y= coefficient of variation

LSD = Least Significant Difference

NS = Not Significant

Table 4e shows the salmonella density variation in the sites and distance. SL mean values

between sites were generally low. The shore registered higher values compared to 100m

but there was no significant difference between the sites at P:'S0.05. The c.V = 126.41%.

Kisat shore had the highest density of Salmonella (0.8) and this level reduced inshore at

100m (0.36). From the table, Kisat, like with the other bacterial indicators is the main

source of pollution to the lake with regard to Salmonella even though the mean densities

were considerably low for all the sites. The general tend of the density levels are that the

. shore has higher levels than the 100m into the lake sampling point.
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Table Sa: Variations in Total coliform levels (log (x+l)) in different months
and distance from shore.

Bacteria Distance Month
Feb Mar Apr May June Jul Aug Sept Oct Nov Mean

Site
Total Shore 4.98 5.52 3.77 2.55 3.94 3.97 2.47 3.98 3.53 3.44 3.82

Coliform 100m 4.37 4.08 4.13 2.10 3.63 3.10 1.66 3.70 2.90 2.64 323
Mean 4.68 4.80 3.95 2.33 3.79 354 2.07 3.84 3.21 3.04
month

c.v (%)
LSD. P::;0.05

0.01
0.005

28.54
0.93
1.53
1.66

NS

C.V = coefficient of variation

LSD = Least Significant Difference

NS = Not Significant

Table Sa shows the means for the levels ofTC calculated for the different months and how

they differed from the shore to the inside of the lake, (100m). For TC, the mean levels

between sites was not significant at all the levels of P. There was significant difference

between mean levels up to P:S().0()5. There was a significant difference between the mean

levels in month 1 and month 7.
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Table5b: Variations in Faecal coliform levels (log (x+l)in different months
anddistance from shore.

Distance Month
Feb Mar Apr May June Jul Aug Sept Oct Nov Mean

Site
Faecal Shore 4.11 3.96 199 1.31 194 1.40 129 2.73 2.52 2.62 2.39
Coliform 100m 3.38 2.36 2.37 126 133 0.48 0.39 2.48 2.23 270 190

Mean 3.75 3.16 2.18 1.29 1.63 0.94 0.84 260 2.38 2,67
month
C.V% 40.61
LSD. P:S0.05 0.79 NS

0.01 1.22
0.005 1.40

C.V = coefficient of variation

LSD = Least Significant Difference

NS = Not Significant

Table 5b shows the levels of bacterial pollution indicators according to months and sites.

There was no significant difference between the sites at all the levels of P. However

between certain months there was a significant difference. For example, between

February and August, there was a significant difference in the bacterial counts at P:S 0.05.

,Similarly between March (2) and July, there was a significant differenee in the bacterial

counts at P:S 0.05. There were significant differences between months up to P:S 0.005.

February and March had no significant differences between them. This was also true of

February and April. From the data, there was no significant difference between months

that follow one another but between seasons one can detect significant differences.

February (dry season), August (short rainy season). The shore had higher levels of FC

than 100m into the lake.
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Table 5c: Variations in Escherichia coli levels (log (x+ 1» in different months
and distance from shore.

Distance Month
Feb Mar Apr May June Jol Aug Sept Oct Nov Mean

Site
Shore 1.82 1.78 1.10 0.63 1.67 0.32 0.34 0.58 1.37 1.40 1.10
100m 2.03 1.63 1.59 061 1.14 0.18 0.12 0.38 1.05 1.36 1.01
Mean 1.92 1.70 1.34 0.62 1.40 0.25 0.23 0.48 1.21 1.38
month
c.v (%) 59.58
LSD. PS 0.05 0.86 NS

0.01 1.33
0.005 1.53

C.V = coefficient of variation

LSD = Least Significant Difference

NS = Not Significant

Table 5c shows how the mean densities of the bacteria varied between months and sites.

There was no significant difference between the levels of E. coli at shore and at 100m at

Ps 0.05. Between the months there was a significant diffetence between EC levels up to

and including P:S" 0.005. The mean densities ofE.coli varied according to the months with

. February having the highest level of mean densities followed by March. This level is

lowest in July and August.
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TableSd: Variations in Vibrio levels (log (x+ 1)) in different months and
distancefrom shore.

Distance Month
Feb Mar Apr May June Jul Aug Sept Oct Nov Meao

Site

Vibrio Shore 1.20 030 0.10 0.00 0.00 0.16 0.24 0.00 0.00 0.43 0.24
100m 0.20 0.22 006 0.06 0.00 0.00 0.00 1.10 0.24 0.14 0.10
Mean 0.70 0.26 0.08 0.03 0.00 0.08 0.12 0.05 0.12 0.28

, month
C.V% 334.5
LSD. PSO.05 NS NS

c.V = coefficient of variation

LSD = Least Significant Difference

NS = Not Significant

VB had no significant difference between months and between sites. There was a large

disparity between counts. In May no Vibrio isolated and the mean levels were generally

low from month to month. The levels at the shore were higher than at 100m into the lake

water.
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Table Se: Variations in Salmonella spp levels (log (x+I) in different months
and distance from shore.

Bacteria Distance Month
Feb Mar Apr May June Jul Aug Sept Oct Nov Mean

Salmonella Site
Shore 0.29 0.46 0.78 0.12 0.14 0.37 0.46 0.51 0.34 0.67 0.41

spp 100m 0.36 0.48 0.62 000 0.06 0.10 0.14 0.22 0.26 0.36 0.26
Mean site 0.32 0.47 0.70 0.06 0.10 0.23 0.30 0.36 0.30 0.52
c.v (%) 138.57
LSD. ~0.05 0.26 NS

0.01 OAO
0.005 NS

C.V = coefficient of variation

LSD = Least Significant Difference

NS = Not Significant

Table 5e shows the means for the Salmonella counts for the different months. There was

no significant difference between sites at P:::; 0.05.

However there was significant difference between months at P:::;0.05 and Ps 0.01.
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Figures 1-10 show the variations in bacterial pollution indicator levels at different sites

and distances along the shore and 100m in to the lake.
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a 100m
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Kisat Car Wash Nyalenda Shore Dunga Water Pump Dunga Beach

Figure 1: Variations in Total Coliform counts at different sites and distances from
the shore of Lake Victoria, Kisumu City

Figure 1 is a graphical representation of Total Coliform at different sites and distances

from the shore. The shoreline counts were higher than 100m at all the sites. Kisat had the

highest levels of TC both at the shore and at 100m from the shore. Dunga water pump had

the lowest level of TC at the shore whereas Dunga beach had the lowest level of TC at

100m in all the sampled sites. The levels of total coliform at 100m reduced consistently

from Kisat to Dunga Beach.
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Figure 2: Variations in Faecal Coliform counts at different sites and distances
from the shore of Lake Victoria, Kisumu City

Figure2 shows Faecal Coliform levels at different sites. Like TC, FC levels are highest at

Kisat (both shore and 100m) and it reduces at car wash and at Nyalenda sewer. Dunga

waterpoint had the lowest level ofFC log(x+l) = 0.52 compared to log (x+l) ofKisat 4.0.

Dunga beach shore had higher levels of FC than 100m from the shore. However, for

Dungawater pump, the FC levels at shore were lower than at 100m.
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Figure 3: Variations in Escherichia coli counts at different sites and distances
from the shore of Lake Victoria, Kisumu City

Figure 3 shows Escherichia coli counts between the shore and 100m for the different

samplingsites. Dunga beach had the lowest levels of EC at both the shore and at 100m.

Dungawater pump shore samples did not show the presence of EC. There were very low

levelsat Nyalenda sewer entrance as well <0.5 (log{x+1). Again Kisat sampling site had

the highest levels of EC at the shore and at 100m followed by Car wash. The difference

between Kisat and Dunga beach ranged between 0.01 for Dunga and 3.0 (log{x+l) at

. Kisat.
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Figure 4: Variations in Vibrio counts at different sites and distances from the
shore of Lake Victoria, Kisumu City

Figure 4 shows the Vibrio spp counts at the different sampling sites and distances from

the shore. Kisat shore had the highest levels of vibrio (0.95), while Kisat 100m from the

shorehad much lower levels «0.36). Both car wash shore and 1OOmhad very low levels

of the Bacterium «0.05)-log(x+ 1). Dunga water pump samples had no vibrio. Dunga

beachsamples also had none at the shore and very low at 100m «0.05) log(x+1).

76

-----------------------------------------------------



0.81

0.71

0.61

0.51

iO.41

!
0.31

0.21

0.11

0.01
Kisat

-0.0

aShore
III 100m

Car Wash Nyalenda Shore Dunga Water Pump Dunga Beach

Figure 5: Variations in Salmonella counts at different sites and distances from
the shore of Lake Victoria, Kisumu City

Figure 5 shows Salmonella spp counts at both 100m and shore for the various sites. Kisat

shore had the highest level (0.81 log [x+l ) followed by Car wash shore samples (>0.61),

then Nyalenda sewer shore samples (>0.45). The 100m levels of SL were much lower

than the shore except at the Dunga Water pump and Dunga Beach.
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Figure 6: Monthly variations in Total Coliform counts at different distances
from the shore of Lake Victoria, Kisumu City

Total Coliform (TC)

In Figure 6, March had the highest mean level of TC at the shore compared to 100m in the

lake. August showed the lowest level of TC at 100m and at the shore.

September showed the least difference in the counts of TC between the shore and 100m.
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Figure 7: Monthly changes in Faecal Coliform counts at different distances from
shore of Lake Victoria, Kisumu City

Figure 7 shows the mean CFUs per 100mi ofFC at the shore and at 100m from the shore.

For all the months, the levels of FC at the shore was higher than at 100m into the lake,

except in March 2002 when the shore levels and 100m levels of the indicator bacteria

differed only slightly. However in April 2002 the FC counts were higher at 100m distance

compared to the shoreline. This was also true for November 2002.
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Figure 8: Monthly changes in Escherichia coli counts at different distances
from the shore of Lake Victoria, Kisumu City

Escherichia coli (EC)

Figure 8 shows the mean counts for Escherichia Coli (EC) at shoreline and at 100m away

from the shoreline. As is with TC and FC, EC counts at the shoreline were generally

higher at the shore in comparison to 100m. The months that showed the lowest levels of

FC were July, August and September. February and March had the highest mean counts

. of E. coli compared to the other months. As is in Figure 6, April again had higher levels

of FC at 100m compared to the shoreline. This was also true for the month of February

though the difference was lower compared to April.
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Figure 9: Monthly changes in Vibrio counts at different distances from the
shore of Lake Victoria, Kisumu City

Vibrio (VB)

Figure 9 shows the monthly changes in VB counts at different distances from the shore.

VB showed the greatest disparity between shore and 100m into the lake. For example, in

FebruaryVB counts at the shore were very high compared to 100m into the lake. (This is

againduring the dry season where the dilution effect is not felt at the shoreline). However

the big difference between the distances in February drops considerably in March and in

April, the rainy season, so that the shoreline counts and 100m into the lake are just slightly

different. In June, no vibrios were isolated at both the shoreline and at 100m. In July and

August, no vibrios were isolated at the 100m distance into the lake. However in

September the vibrio counts at 100m into the lake were quite high while the shoreline

showed no vibrio counts. In October, the shoreline counts of VB increase and by

November it is higher than 100m into the lake. In May the levels of the shore for Vibrio

were lower than 100m inside the lake.
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Figure 10: Monthly changes in Salmonella counts at different distances from
the shore of Lake Victoria, Kisumu City

Salmonella (SL)

Figure 10 shows Salmonella (SL) counts as they varied between months. The counts in

February at 100m were higher than at the shore and in March the difference between ·the

two sites reduced. For the months of April to November, the shoreline counts were higher

than 100m and this difference in counts was highest during the month of August. From

. May the counts for both the shore and 100m rose steadily up to November. However, the

shoreline or counts dropped in October. In May, no salmonella was detected in the water

samples at 100m distance.
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5.3Variation of Bacterial Densities between sampling points

Table 8 shows the non-normalised bacterial densities. The data for the different bacterial

indicator levels from the table are shown in figures 11, 12, 13, 14, and 15. The non-

normalised data gives a better picture of the actual means of the colony forming units

(CFU)before they are log transformed.

Analysis was done to show how the different microbes varied in the different sampling

points and also how the shore levels and one hundred meters samples per site varied

between one another. These variations are shown in figures 11, 12, 13, 14, 15.

83



Kisat 100m n

Dunga beach point

Dunga beach 100m

Nyalendawater pump source 1...,...__

.8 Nyalendawater pump 100m
C

I
at
~'a Nyalenda sewer 100m

E
~ Railwaypier/car wash point 1...,.------------------

Nyalenda sewer point 1...,. ,

Railwaypier/car wash 100m 1...,. -'

Kisat river mouth Ih 17~~~~~~~~~~~~~~~~~~~~~~~~~~~___J

o 100000 200000 300000 400000 500000 600000 700000
Mean density (Total coliform)

Figure 11: Mean Density (CFU/lOOml) - Total Coliforms at Different Sampling
Points

Figure 11 shows the levels of total coliforms isolated at the various sampling sites. There

was a significant difference in the densities of total coliform observed at different

sampling stations. The highest density (6.6xl05± l.x105 CFU /lOOml) was observed at the

Kisat River Mouth and 100m from Kisat River inlet (5. x105 ± 1.4 xl05 CFU /lOOml).

The value at Kisat River inlet was significantly higher than those found at 100m from

Nyalenda Sewer, 100m from Nyalenda Water Pump Source, 100m from Dunga Beach and

Dunga Beach itself (F 0=0.05,9,80 = 4.89; P <0.0005). The mean densities observed for total

coliform in all sampled stations are shown in the figure 11.
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Figure 12: Mean Density (CFU/I00ml) - Faecal coliforms, at different
sampling points

Figure 12 shows the mean density of faecal coliform in the various sites of sampling.

There were no significant differences between the observed densities in all sampled

stations. The One-Way ANOVA test statistics showed an FO=O.05, 9,69 = 1.39; P = 0.209,

even though, the highest value was observed at River Kisat inlet (1.91 x105 ± 1.12 x105

CFU/1OOml). The occurrence of faecal coliform was prevalent in the River Kisat area and

100m from the Railway pier/car wash areas.
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Figure 13: Mean Density (CFU/I00ml) - E. coli at different sampling points

E. coli densities were also highest in the Kisat River and car wash areas. (Figurel3).

There were however no significant differences between the observed densities in all

sampled stations (F0=0.05,9,47 = 0.48; P = 0.883). The highest value was observed at River

Kisat inlet (91,147 ± 83,000 CFU /lOOml).
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Figure 14: Mean Density (CFU/I00ml) - Vibrio, at different sampling points

Figure 14 shows how the levels of Vibrio at the different the different sampling points .

.The observed densities of Vibrio species were very low at all sampled stations (1 - 9 CFU

/lOOml) except for Kisat River inlet (1.4xll05 CFU /lOOml). There was no significant

difference between stations (FO=O.05, 7,17 = 0.29; P = 0.948). The graphical representations

of the mean densities and for all sampled stations are shown in the Fig. above.
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Figure 15: Mean Density (CFU/I00ml) -Salmonella, at different sampling
points

Figure 15 shows the Salmonella densities. Salmonella density was highest at 100 m from

Dunga Water Pump area (41 CFU /lOOml). This value was significantly higher than

those observed at the Dunga Water Pump Source, Dunga beach and 100m from Dunga

Beach (Fo=0.05, 9,40 = 4.46; P = <0.0005). The Dunga Water Pump (100m) value was

however not significantly different from those observed at Kisat River areas and Railway

pier/car wash areas. The graphical representation of the mean densities for the sampled

sites are shown in the Fig. above. The scale here should be noted since it differs from

those of the other figures.
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Table 6: Specific pathogens identified in the study duringdifferent months

Month Sampling Point.

January 2003 Kisat shore

Kisat 100m

Dunga beach shore

December 2002 Kisat shore

Kisat 100m

Car wash shore

Car wash shore

Dunga beach 100m

November 2002 Car wash 100m

Car wash shore

Nyalenda sew. Mouth

Nyalenda water point

Car wash shore

October 2002 Kisat 100m

September 2002 Kisat shore

Car wash shore

Car wash shore

Kisat mouth

Car wash shore

August 2002 Kisat mouth (shore)

Car wash 100m

Kisat mouth (shore)

Kisat shore (mouth

Car wash 100m

Identified' Bacterial Species

Serratia liquefaciens

Aeromoasia hydrophila

Providencia alcalifaciens.

Serratia liquefaciens

Enterobacter cloacae

Serratia liquefaciens

Enterobacter cloacae

July 2002 Kisat shore

Kisatshore

Nyalenda sew. Mouth

Enterbacter zakazakii

Serratia liquefaciens

Klebsiella pneumoniae

Klebsiella pneumoniae

E. coli

Enterobacter cloacae

Klebsiella pneumoniae

Escherichia coli

E. coli

E. coli

Enterobacter cloacae

Klebsiella oxytoca

Klebsiella oxytoca

June 2002 All points were sampled but

identification was not done after N/A

preliminary culturingthe

preliminary identificatioon.
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May t002 Kisat 100m Enterobacter cloacae

· . Aeromonas hydrophi/la

· . Aeromonas hydrophi/la

· . . .
Nyalenda sew. Mouth. Escherichia cou.

April 2002 Kisat shore Enterobacter cloacae

Nyalenda water pl Serratia Iiquefacienss.

March 2002 Kisat 100m

Kisat 100m Pseudomonas aeruginosa

Car wash mouth . .
February 2002 Kisat shore Citrobacter freundii

Kisat shore Enterobacter cloacae

No identification done Serratia Iiquefaciens
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CHAPTER SIX

PHYSICO-CHEMICAL PARAMETERS

6.0 Introduction

The kinds of micro-organisms found in an aquatic environment are, to a large extent,

determined by the physical and chemical conditions that prevail in that environment.

These environmental conditions vary from one extreme to another in terms of such factors

as temperature, light, pH, and nutrients. For these physico-chemical parameters, a hydro

lab was used to take readings of the parameters in the lake but for the parameters not

included in the hydro lab, water samples were collected for laboratory chemical analysis.

These physico-chemical parameters are likely to influence the growth of the pathogens

identified in chapter two. The physico-chemical parameters tested were dissolved oxygen,

temperature, hardness, pH, conductivity and alkalinity.

6.1 Methodology

Water samples were collected right at the shore and 100m away from the shore (one per

poin~4iJr all the points of sampling and they were labelled accordingly. Direct or source

sampling was done. 10 samples, two samples per sampling point (10 samples) were

collected for physico-chemical parameters such as Hardness, Alkaliriity and, occasionally,

Dissolved Oxygen (DO). The rest of the parameters such as pH, Temperature,

Conductivity were measured using the Multiparameter Hydrolab in the lake. Alkalinity,

Hardness and DO were analysed in the laboratory, especially in instances when the

KMFRl hydro lab was used and it did not include all the parameters, unlike that of the

water department.
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6.1.1 Alkalinity

Alkalinity was determined using the titration method. Alkalinity of a water sample is its

acid-neutralizing capacity. Hydroxyl ions present in a sample as a result of dissociation or

hydrolysis of solute reacts with addition of standard acid. Alkalinity thus depends on the

end point pH used.

When alkalinity is due entirely to carbonate or bicarbonate content, the pH at the

equivalent point of the titration is determined by the concentration of carbon dioxide at

that stage. Phenolphthalein was used for alkalinity titration to pH 8.3. The titration was

done at room temperature. The formula for the calculation of Alkalinity is as shown

below: (Source: APHA, 1985).

A x Mx50,OOO

ml of sample

Where: A- mls of acid used.

M- Molarity of acid used

ml of sample used was 50rnl

6.1.2 Hardness

Hardness is defmed as the sum of the calcium and magnesium concentrations, both

expressed as calcium carbonate in milligrams per litre. EDT A (ethylenediaminetetraacetic

acid) titration method was used to determine hardness (APHA, 1985). EDTA acid and its

sodium salts form a chelated complex when added to a solution of certain metal cations.

To insure this, a small amount of complexo-metrically neutral magnesium salt of EDT A

was added to the buffer; this automatically introduced sufficient magnesium and obviated
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the need for a blank correction. A limit of 5 min was set for the duration of titration to

minimize the tendency toward CaC03 precipitation.

The water was pre-treated by digesting it using Nitric acid. Calculation was done as

follows: (Source: APHA, 1985).

Hardness EDT A as mgCaC031L = A x B x 1000
ml sample

Where: A = ml titration for sample,

B = mgCaC03 equivalent to 1.00mL EDTA titrant.

Because 50ml of the sample was used the formula was:

AxMx 1000mL

50ml

A=mlsEDTA

M = Molarity of EDTA

ml sample =50ml

B = mg CaC03 equivalent to 1.00mL EDTA titrant

6.1.3 Dissolved Oxygen (DO)

The method used for DO analysis was from Standard Methods of the Examination of

Water and Waste Water, (APHA, 1985). The iodometric method was used. This is based

on the addition of divalent manganese solution, followed by strong alkali, to the sample in

a glass-stoppered bottle. DO rapidly oxidise an equivalent amount of the dispersed

divalent manganese hydroxide precipitate to hydroxides of higher valency. In the

presence of iodide ions in an acidic solution, the oxidized manganese reverts to the

divalent state, with the liberation of iodine equivalent to the original DO content. The

93



iodine was then titrated with a standard solution of thiosulphate. The samples for DO

analysis were collected very carefully. To the sample in the 250mI bottle, 1ml of MnS04

solution was added, followed by 1ml of alkali-iodide-azide reagent. The bottles were then

stoppered carefully to exclude any air bubbles and then mixed by inverting the bottle

several times. When precipitate had settled sufficiently to leave a clear supernate above

the manganese hydroxide floc, 1.0mI of conc. H2S04 was added. The bottle is re-stoppered

and then mixed by inverting several times until dissolution was complete. An equivalent

of 200mI original sample was titrated after correction for sample loss by displacement

with reagents. Titration was done with 0.0021MNa2S203 to a pale straw colour.

Calculation: For Titration of200mI sample, lml 0.002 1M Na2S203 = lmg DOlL.

The surface water samples were collected in 250mI narrow-mouthed glass stoppered BOD

bottles with tapered and pointed ground- glass stoppers and flared mouth. The above

physico-chemical parameters were analysed in the laboratory at KMFRI. All the methods

described above were APHA recommended methods (APHA, 1985).

6.2 Results

The physico- chemical parameters are shown on table 15. The dissolved oxygen ranged

between 0.12 -9.90mg/L for the sampled sites, the lower figure being for the sewage

source point, Kisat in October 2002. The recorded figure for Winam Gulf is 4.6-

9.45rng02 IL for surface waters (Burgis and Symoens, 1988). PH recorded range is

between 6.0 - 7.6 (Ochumba, 1990) while for this research it was 4.83-8.80. Alkalinity for

the Gulf region is normally 37-107 mg/L as CaC03 (Ochumba, 1990) and for this study it

was between 43-100mg/L as CaC03 while conductivity was139-237!!S/cm and the
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recorded one is 100-160/lS/cm. The lower and upper extremes were most of the time for

Kisat sampling points, either the shore or 100m from the shore.

The physico-chemical parameters recorded during this research compares well with the

results of lirnnological studies carried out earlier. The lirnnological studies levels quoted

were for the gulf region as a whole and not for suspected sewage source points into the

lake as is for this research. For example, the temperature range was between 21.92 and

29.31°C from this research fmdings while the earlier recorded temperatures for the

surface waters are between 23.8 and 29°C with a maximum of 31.SoC (Me lack, 1979).

Ochumba, 1990, recorded 24.5-29.5 0c.

The physico-chemical parameters were interpreted in relation to the pathogens. River

Kisat and Nyalenda sewer point registered the greatest variation in DO. The water that

comes in through these rivers is likely to have a high BOD due to the high organic content

of the water because they both carry sewage flow from the treatment plant and the lagoons

respectively. At Kisat, the DO varied between 0.66 and 9.90 mg/L; Nyalenda was between

0.82 and 7.77mgIL. The micro-organisms require a lot of oxygen to degrade the organic

material hence the low DO. The results of the parameters for the thirteen months arranged

in terms of sampling sites are recorded in Table 7.
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Table 7: Physico-chemical Parameters from water sampled along the shoreline
of Kisumu City

Moa" Statioa 00 Temp Coad pH Hard Alkal

mgll °c pSlcm mgCaCOJL CaC~
1

4 Apr. I Kisat river mouth 4.64 28.51 230.00 4.83 60.00 90.00

2 Feb. I Kisat river mouth 1.51 25.36 198.00 6.68 94.00 92.00

3 Jan. 03 I Kisat river mouth 3.40 27J.'I:J 154.60 6.94 55.00 78.00

7 July I Kisat river mouth 7.15 27.84 183.00 8.80 60.00 56.00

6 June 1 Kisat river mouth 2.70 27.61 179.00 5.88 74.00 80.00

5 May 1 Kisat river mouth 2.27 26.46 222.00 6.71 56.00 90.00

1 Nov. I Kisat river mouth 9.90 27.36 192.00 7.38 54.50 60.00

1 Oct. 1 Kisat river mouth 0.66 26.67 237.00 6.99 48.00 59.00

9 Sept. I Kisat river mouth 3.40 25.90 196.90 7.32 50.00 100.00

4 April 2 Kisat 100m 6.31 28.45 180.00 6.02 56.00 90.00

2 Feb. 2 Kisat 100m 2.68 25.46 197.00 6.64 94.00 92.00

3 Jan. 03 2 Kisat 100m 4.00 27.06 157.80 7.07 4l.00 78.00

7 July 2 Kisat 100m 7.15 27.84 183.00 850 60.00 56.00

6 June 2 Kisat 100m 6.13 27.91 181.00 6.43 74.00 80.00

3 Mar. 2 Kisat 100m 0.12 28.36 231.00 8.34 60.00 90.00

5 May 2 Kisat 100m 3.66 26.52 200.00 6.87 74.00 80.00

1 Nov. 2 Kisat 100m 9.40 26.78 175.00 7.67 56.00 87.00

I Oct. 2 Kisat 100m 8.33 28.19 164.00 7.65 54.50 60.00

9 Sept. 2 Kisat 100m 5.60 26.00 159.20 7.77 48.00 59.00

4 April 3 Railway pier/car 3.99 28.19 170.00 6.92 50.00 74.00

wash 100m

2 Dee.. . 3 Railway pier/car 8.35 28.84 210.00 7.66 54.00 80.00

wash 100m

2 Feb. 3 Railway pier/car 4.96 26.10 140.00 6.42 96.00 76.00

wash 100m

13 Jan. 03 3 Railway pier/car 6.26 27.05 155.10 7.07 43.00 80.00

wash 100m

7 July 3 Railway pier/car 5.05 26.62 170.00 7.96 56.00 52.00

wash 100m

6 June 3 Railway pier/car 5.43 27.63 170.00 6.89 50.50 60.00

wash 100m

3 Mar. 3 Railway pier/car 5.04 28.50 198.00 7.42 58.00 84.00

wash 100m

5 May 3 Railway pier/car 3.46 26.46 186.00 6.87 58.00 68.00

wash 100m

I Nov. 3 Railway pier/car 8.48 27.W 17l.00 7.64 50.00 82.00

wash 100m
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1 Oct. 3 Railway pier/car 6.98 28.24 155.00 7.57 51.00 58.50

wash 100m

9 Sept. 3 Railway pier/car 7.64 26.10 153.00 7.62 43.00 53.00

wash 100m

4 April 4 Railway pier/car 3.14 28.34 183.00 5.01 50.00 74.00

wash point

2 Dee. 4 Railway pier/car 7.40 29.31 211.00 7.55 54.00 80.00

wash point

2 Feb. 4 Railway pier/car 4.94 25.50 159.00 6.81 96.00 76.00

wash point

3 Jan03 4 Railway pier/car 3.62 24.12 165.50 7.36 43.00 80.00

wash point

7 July 4 Railway pier/car 5.05 26.62 170.00 7.96 56.00 52.00

wash point

6 June 4 Railway pier/car 6.65 27.91 173.00 6.94 so.50 60.00

wash point

3 Mardi 4 Railway pier/car 5.04- 28.85 198.00 7.42 58.00 84.00

wash point

5 May 4 Railway pier/car 4.07 26.69 183.00 6.62 58.00 68.00

wash point

I Nov. 4 Railway pier/car 7.61 27.09 176.00 7.64 50.00 82.00

wash point

1 Oct. 4 Railway pier/car 5.64 28.68 155.00 7.53 51.00 58.50

wash point

9 Sept. 4 Railway pier/car 7.64 26.30 148.00 7.20 43.00 53.00

wash point

4 April 5 Nyalenda sewer 7.41 28.09 173.00 620 64.00 74.00

100m

2 Dee. 5 Nyalenda sewer 6.11 27.70 207.00 738 55.00 75.00

100m

3 Jan.. 03 5 Nyalenda sewer 7.56 27.43 151.70 7.28 47.00 74.00

100m

7 July 5 Nyalenda sewer 5.14 26.02 166.00 7.89 52.00 50.00

100m

6 June 5 Nyalenda sewer 7.73 26.91 164.00 6.92 45.00 55.00

100m

3 Mar. 5 Nyalenda sewer 7.77 2820 197.00 8.15 58.00 80.00

100m

5 May 5 Nyalenda sewer 3.67 24.74 171.00 723 52.00 64.00

100m

1 Nov. 5 Nyalenda sewer 6.80 26.88 172.00 7.58 53.00 79.00

100m

to Oct.. 5 Nyalenda sewer 6.61 27.62 154.00 7.38 42.50 94.00

100m
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9 Sept. 5 Nvalenda sewer 5A8 25.60 139.70 7.51 52.00 43.00

100m

4 April 6 Nvalenda sewer 6.49 27.62 231.00 6.12 64.00 74.00

point

2 Dec. 6 Nyaleada sewer 7.12 27.80 207.00 no 55.00 75.00

point

n Ian. 03 6 Nyalenda sewer 0.81 23.08 L7050 6.92 47.00 74.00

point

7 Julv 6 Nvalenda sewer 5.L4 26.02 L66.00 7.89 52.00 50.00

point

6 June 6 Nvalenda sewer 6.54 26.58 164.00 6.78 44.00 55.00

point

5 May 6 Nvalenda sewer 2.36 23.86 171.00 6.87 52.00 64.00

point

1 Nov. 6 Nvalenda sewer l.39 2L92 169.00 7.57 53.00 79.00

point

I Oct. 6 Nyalenda sewer 2.44 2331 189.00 7.20 42.50 94.00

point

9 Sept. 6 Nvalenda sewer 5.48 25.80 139.00 7.21 52.00 43.00

point

4 April 7 Nyalenda water 7.86 28.26 167.00 642 50JKl 72.00

pump LOOm

2 Dec. 7 Nvalenda water 7.83 27.91 204.00 7.66 54.00 77.00

pump 100m

2 Feb. 7 Nyalenda water 4.56 26.31 162.00 7.31 68.00 80.00

pump 100m
.., Jan. 03 7 Nyalenda water 7.42 27.27 148.20 7.21 46.00 80.00.)

pump 100m

7 July 7 Nvalenda water 5.16 26.11 166.00 7.79 64.00 52.00

pump 100m

6 June 7 ~menda water 6.51 26.77 163.00 6.75 45.00 55.00

pump 100m

3 Mar. 7 Nyalenda water 8.04 27.96 188.00 8.56 50.00 80.00

pump 100m

5 May 7 N~menda water 6.63 26.13 164.00 6.95 54.00 66.00

pump 100m

II NQv. 7 Nyalenda water 7.61 26.88 170.00 7.17 48.00 85.00

pump 100m

I Oct 7 Nvalenda water 6.99 27.39 15LOO 7.62 44.50 93.00

pump 100m

9 Sept. 7 Nyalenda water 6.16 25.70 146.40 7.58 45.00 53.00

pump 100m

4 April 8 Nvalenda water 6.81 17.99 169.00 6.18 50.00 72.00

pump source
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12 Dee. 8 Nyalenda water 6.92 27-43 212J)0 7.63 5'tOO noo
pwnpsource

3 JaIL 03 8 Nyalenda water 6.05 27.00 153.70 730 46.00 80.00

pump source

7 July 8 Nyaleoda water 5..26 26.11 166J)() 7.77 46.00 60.00

pump source

6 JWIe 8 Nyalenda water 5..24 2632 164J)0 6.87 45.00 55.00

pump source

5 May 8 Nyalenda water 4.17 25.58 168.00 6.87 54.00 66.00

pump source

1 Nov. 8 Nyalenda water 6.76 26.73 170.00 7.37 48.00 85.00

pump source

I Oct. 8 Nyalenda water 6.36 27-47 155.00 7.88 4450 93.00

pump source

9 Sept 8 Nyalenda water 6.16 25.80 144.00 7.19 45.00 53.00

pump source

4 April 9 Dunga beach 100m 6.54 28..22 164.00 6.13 42.00 68.00

2 Dee. 9 Dunga beach 100m 7.22 27.50 201.00 7.15 50.00 75.00

2 Feb. 9 Dunga beach 100m 3.85 26.33 165.00 7.15 70.00 82.00

3 JaIL 03 9 Dunga beach 100m 7.94 26.86 145..20 7.23 43.00 83.00

7 July 9 Dunga beach 100m 5.26 25.76 161.00 7-49 60.00 51.00

6 JWIe 9 Dunga beach 100m 6.58 26.29 55.00 6.89 44.50 55.00

3 Mar. 9 Dunga beach 100m 8.83 28.70 185.00 8.59 54.00 78.00

5 May 9 Dunga beach 100m 6.48 25.63 154.00 7.14 46.00 58.00

I Nov. 9 Dunga beach 100m 7.90 26.15 166.00 7.79 50.00 80.00

1 Oct. 9 Dunga beach 100m 7.17 27.12 156.00 8.02 51.70 57.00

9 Sept 9 Dunga beach 100m 5.84 24.90 142.00 7.23 43.00 43.00

4 April 10 Duoga beach point 7.61 28.68 164.00 6.14 42.00 68.00

2 Dee. 10 Dunga beach point 6.23 27.76 202.00 7.12 50.00 75.00

2 Feb. 10 Dunga beach point 4.42 26.88 162.00 7.14 70.00 82.00

3 JaIL 03 10 Dunga beach point 7.76 27.05 145.60 7.23 43.00 83.00

7 July 10 Dunga beach point 5.31 25.76 161.00 7-49 60.00 51.00

6 June 10 Dunga beach point 5.48 26.29 163.00 6.16 44.SO 55.00

5 May 10 Dunga beach point 4.83 26.48 151.00 6.64 46.00 58.00

1 Nov. 10 Dunga beach point 830 26.46 166.00 7.98 50.00 80.00

1 Oct. 10 Dunga beach point 7.06 27.61 154.00 7.39 51.70 57.00

9 Sept 10 Dunga beach point 5.84 24.90 140.00 7..26 43.00 43.00
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Figure 16 gives the temporal means calculated to show variation in levels of the physico-

chemical parameters with time. This was done for the nine months that showed the

greatest consistency. The means were derived from the total samples collected every

month from the five sites for the varied months.
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Figure 16: Temporal Variation in pbysico-cbemical parameters

Correlation analysis was done for the physico-chemical parameters and the pathogen

levels to find out if there were any significant relationships and these are shown in the

figures that follow.
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Figure 17: Log Total Coliform Vs Water Quality Parameters

The figure above shows the mean logs for the various bacterial pollution isolated from the

different sampling sites. Total coliform that include both E. Coli and Faecal coliform were

generally high in all stations. The levels are derived from CFU that gave positive results

with selective medium for TC. Weak positive relationship was observed between total

coliform and alkalinity. The sampling points that receive sewage effluents such as Kisat,

Nyalenda sewer and Car wash showed higher levels of alkalinity. Temperature was fairly

constant for all the stations. There was however no significant relationship between total

coliform and other water quality parameters such as pH and alkalinity.
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Figure 18: Log Faecal Coliform Vs Water Quality Parameters

Figure 18 is for Faecal coliform in relation to the varied physico-chemical parameters.

The densities were generally high in all the sampling stations except for the water pump

point. The highest densities were also observed at Kisat and Railway pier. There was a

strong clear relationship between faecal coliform and temperature r = 0.72. The pH

remained fairly constant, between 4.5 and 9.0.
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Figure 19: Log E. coli Vs Water Quality Parameters

In Figure 19, Kisat River and Railway pier had the highest counts of E.coli.

Temperatures were relatively uniform 25-27oC while alkalinity was between 60 and 70

mgll pH and DO did not have any relationship to the counts of E. coli observed during the

study period. The lowest E. coli densities were observed at Nyalenda Water Pump and

Dunga.
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Figure 20 shows the log of the CFU levels from Thiosulphate citrate bile salts agar of

vibrio spp. Vibrio was not detected at the Nyalenda Water Pump and Dunga Beach but

very high densities were recorded from Kisat River mouth. The rest of the sampling

stations showed relatively low counts of Vibrio. No clear relationship was detectable

between Vibrio and DO, temperature, or alkalinity.
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Figure 21: Log Salmonella Vs Water Quality Parameters
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Trends of Salmonella density showed a general decline from the shoreline (Figure 21)

except for Nyalenda Water Pump and Dunga Beach where there was a general increase

away from the discharge points.

Among the physico-chemical parameters of water quality, alkalinity exhibited an inverse

relationship to Salmonella density. There was no clear relationship between Salmonella

density and DO, or pH. Salmonella and temperature exhibited negative correlation.
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Figure 22: Log Salmonella Vs Water Quality Parameters
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Figure 22 is a synthesis of all the bacterial pollution indicators in relation to the physico-

chemical parameters. Total coliform was generally high at all the discharge points from

Kisat River to Dunga beach. Total coliform, Faecal coliform and E. Coli, isolated using

different selective and differential media showed similar trends of density in all the

stations. Vibrio was, however, more prevalent in the Kisat river than any other station

and was not observed at Dunga beach. Salmonella was generally low in all the beaches

and had almost equal counts from one point to another.
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Table 8: Correlation between different parameters among the sampling points

Temp DO (:;ond [pff Hard AlkaJ TC FC ~C VB SL

Temp 1

DO ~.228423 1

Cond f-O.30042 -0.81453 1

pH f-O.25732 0.566218 f.O.54422 1

Hard ~.10536 f-O.56129 0.827021 f-O.70773 1

Alkal ~.302057 f-O.3022 0.557452 f-O.810% 0.787084 I

TC f-O.38564 0.173265 ~370346 f-O.02835 0.32594 0.313726 1

FC ~.724135 -0.1%59 ~.295401 f-O.66603 0.563257 0.627226 0.088885 1

EC ~.529367 0.32605 ~.095769 f-O.36736 ~.466354 0.619259 0.561272 0.745496 1

VB f-O.50986 -0.21862 ~.286606 f-O.II441 0.012211 -0.17799 0.512647 0.047647 0.0328621

SL f-O.55891 -0.62005 P.555917 f-O.09216 0.075252 -0.17435 0.256954 -0.01966 -0.29772 ~.799406
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6.3 Correlation between the bacterial pollution indicators and physico-
chemical parameters

The correlations between the different parameters studied are shown in Table 11.There

was a strong positive correlation between faecal coliforms, E. coli and temperature (r=

0.72 and r=0.53 respectively). E.coli and faecal coliform also had a positive correlation

with alkalinity, r=0.61 and 0.63 respectively. There was a positive correlation between

E.coli, faecal coliform and alkalinity, r=O:62 and 0.63 respectively. However, the

relationship between Vibrio and Salmonella with temperature was negative but strong.

Total coliforms had a weak negative relationship with temperature. Total coliforms

showed a weak correlation with pH, r= -0.02. Salmonella and pH similarly had a weak

relationship, r=0.09. The correlation between hardness and Vibrio was also negative and

very weak.

6.4 Correlation between the bacterial indicators

There was a strong positive correlation between Faecal coliforms and E.coli (r=0.75).

This relationship is justified because E. coli is one of the major groups of enterics

comprising Faecal coliforrns. E.coli and total coliforms also had a positive relationship,

r=0.6. Salmonella and Vibrio also showed a strong positive correlation (0.79).
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CHAPTER SEVEN
ENTERIC DISEASES OBSERVED AT KISUMU DISTRICT

HOSPITAL DURING THE RESEARCH PERIOD

7.0 Introd uction

This section deals mainly with inpatients suffering from enteric diseases that were

admitted into Kisumu District Hospital between January 2002 and January 2003 and

outpatients for the same period of time. A survey was done for the New Nyanza

Provincial hospital also along with the District hospital. Its analysis is not included here

because it is a referral hospital and the cases encountered there were mainly from other

diseases accompanied with diarrhoea.

Keeping easily accessible records for patients ill government hospitals is a feat the

Government is yet to surmount. There are no computers both in the outpatient and

inpatient registry departments at the Kisumu District Hospital. For the outpatients, the

register for one quarter was missing so the. data collection was. for only six months. In

total, 2672 patients with enteric diseases visited the hospital, 634 of whom were

outpatients. In the first quarter, January to March, there were 379 males and 412 females

admitted into the hospital. This is the dry season in western Kenya and water is generally

scarce. The reason given by the water department of Kisumu Municipal for this scarcity is

that the lake water level at the pumping point is low. This results in water being bought

from any source by Kisumu residents, such as contaminated wells, and also directly from

the lake. This water is not treated. The same was true of the dry spell between the

months of July and September, during which period the males were 271 and 264 females.

The rainy seasons both, short and long, showed a drop in patient numbers. For example,
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adult male with enteric diseases were 70 in the first quarter (dry season), 54 in the second

quarter (wet season), 100 in the third quarter (dry season) and 73 in the short rainy season.

The patients were admitted in different categories as follows: males, females and children.

The patients also came from various districts as is shown by the data collected. Some of

those districts have no close proximity to the lake, but some, such as Bondo, Rachuonyo,

Nyando, Homabay, Siaya and Kisumu have some connection with the lake, having some

of their parts bordering the lake. In this study, the records showed that Kisumu District had

the highest numbers of enteric diseases compared to the others.

This is expected since the study was done in Kisumu town, which is the headquarters of

the district and the residents therefore have easy access to the Kisumu District's hospital

facilities. The pooled results are shown in tables (12-16).

7.1 Methodology

The data here was collected usmg personal interview at the laboratory level and

observation of the various diagnostic tests employed. The other information regarding the

inpatients was collected from the. registry files that had the area of origin of the patients

and the diseases they suffer from. The data was not collected therefore from the patients

themselves because permission to deal with the patients themselves was denied due to

ethical reasons.

7.2 Results

The data collected from the hospital was ana lysed and presented in form of tables and

graphs as shown below.
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Table 9: Inpatients with Enteric Diseases - District by Disease

FEMALES MALES

DlSTRICT E.F G.E T.F Total DlSTRICT E.F G.E T.F Total

BONDO 41 17 6 64 BONDO 13 34 7 S4

HOMABAY 9 12 2 23 HOMABAY 2 19 6 27

KISUMU 53 160 9 222 KlSUMU 9 12 2 23

MIGORI 4 8 2 14 M1GORI 4 13 1 18

-*NYANDO 47 53 13 113 NYANDO 38 66 16 120

RACHUONYO 25 24 6 S5 RACHUONYO 1I 35 6 S2

SIAYA 44 70 18 132 SlAYA 18 56 II 8S

VIfllGA 5 13 4 22 VllfIGA 5 I1 I 17

OTHERS 22 47 14 83 OTIIERS 18 57 22 97

Totals 250 404 74 105 269 65

E.F- Enteric Fever G.E- Gastroenteritis T.F-Typhoid Fever
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Table 9 shows the number of inpatients admitted at the district hospital with the various

enteric diseases such as Enteric fever, Gastroenteritis and Typhoid fever. The patients

from the various estates from Kisumu City and its environs were the highest in number

being in the vicinity of the district hospital. The rest of the patients came from the other

districts such as Nyando, Rachuonyo, Migori, Siaya and so on. Nyando District for

example does not have a hospital of the calibre of Kisumu District Hospital, but a health

centre with no inpatient facilities. The highest number of patients suffered from

Gastroenteritis, 673, followed by enteric fever. Due to lack of proper diagnosis, the

patients having diarrhoeal diseases are just recorded as suffering from gastroenteritis, The

highest number of patients admitted with enteric diseases were females (728), compared to

males, (439). The least number of patients were admitted with typhoid fever. From the

table, Nyando District had the highest number of male patients with typhoid, enteric fever

and gastroenteritis followed by Siaya district- However, the highest number of females

admitted into the hospital with enteric diseases was from Kisumu district followed again

by Siaya.

".
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Table 10: Inpatients with Enteric Diseases - District by Age Group and Sexes

FEMALES ~ALES

DlSTRICT INFANTS ~HlLD ADULT TOTAL DlSTRICT INFANTS ~HlLD ADULT rt'OTALS

BONDO 13 ~ 38 64 !BONDO 15 ~ 34 156

HOMABAY 4 ~ 18 24 ~OMABAY 16 1 10 ~7

KISUMU 82 ~1 121 t224 ~SUMU 4 ~ 18 24

MlGORI 4 P 10 14 MIGORI 11 ~ :> 18

NYANDO 25 ~ 85 113 INYANDO 38 ~ 78 120

RACHUONYO 12 1 43 156 iRACHUONYO 24 ~ 27 154

SIAYA 35 11 87 133 ~lAYA 36 ~ 50 88

VllUGA b ~ 16 t24 I\'lHIGA b ~ 8 18

OTHERS 33 1 51 ~5 OTHERS 41 10 47 ~8

Totals 224 ~4 469 191 ~5 277

E.F - Enteric Fever G.E- Gastroenteritis T.F-Typhoid Fever

Table 10 shows the different age groups admitted in the Kisumu district Hospital with GE,

TF and EF. The highest number of patients admitted into the hospital were adults (746)

followed by infants (months to 5yrs) - (415). The adolescent age group were the fewest

admitted (79). The highest number of patients came from Kisumu District followed by

Nyando. Homabay had the least number of patients. Homabay District has a district

Hospital more or less similar the Kisumu District Hospital.

There were incidences of Helminthiasis and Amoebiasis recorded but these were mainly

among the outpatients. However, one cannot rule out chances that some of the G.E cases

were infections from amoebiasis since no proper diagnosis was done.
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Table 11: Inpatients with Enteric Diseases - District by Disease in children

FEMALE CHILDREN MALE CHILDREN

DISTRlCf E.F G.E T.F Total DISTRlCf E.F G.E T.F T0t21

BONDO 21 3 2 26 BONDO 4 15 2 21

HOMABAY 0 I 0 I HOMABAY 2 15 0 17

KISUMU 5 101 I 107 KlSUMU 0 1 0 1

MIGORI 3 0 3 6 MIGORI I 11 I 13

NYANDO 2 24 2 28 NYANDO 2 37 3 42

RACHUONYO 0 12 1 13 RACHUONYO 5 20 I 26

SlAYA II 32 2 45 SlAYA 2 35 0 37

vnnGA 0 4 2 6 VllfIGA 2 7 0 9

OTHERS 2 27 4 33 OTIIERS 3 38 6 47

TOTAL 44 204 17 TOTAL 21 179 13

E.F- Enteric Fever G.E- Gastroenteritis T.F-Typhoid Fever

In Table 11, analysis was done for the different numbers of male and female children

admitted into the hospital and again the highest number had gastroenteritis followed by

enteric fever and lastly, typhoid fever. Kisumu district had the highest number of children

admitted into the hospital.
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Table 12: Inpatients with Enteric Diseases - District by Sampling Time

ADULT FEMALES Ql Q2 Q3 Q4 ADULT MALES Ql Q2 Q3 Q4

BONDO 4 13 II 10 38 BONDO 9 3 12 10 34

HOMABAY 6 4 3 5 18 HOMABAY 9 3 12 10 34

KISUMU 121 4 3 5 133 KISUMU 6 4 3 5 18

MIGORl 131 21 17 20 189 MIGORl 1 1 2 1 5

NYANDO 23 23 19 20 85 NYANDO 20 15 25 18 78

RACHUONYO 8 16 14 5 43 RACHUONYO 4 4 12 4 24

SIAYA 19 32 27 9 87 SIAYA 10 12 15 13 50

VllllGA 5 4 4 3 16 VIHIGA 1 2 2 3 8

OTHERS 13 16 16 4 49 OTHERS 10 10 17 9 46

TOTAL 330 133 114 81 TOTAL 70 54 100 73

Q1- Quarter One
(Jan. - Mar.)

Q2- Quarter two
(Apr. - Jun.)

Q3- Quarter three
(July - Sept.)

Q4- Quarter four
(Oct. - Dec.)

Table 12 shows the patients admitted into the hospital during the different quarters of the

year. The first quarter, January to March, is the dry season in western Kenya. This quarter

had the highest number of patients admitted into the hospital (400). The season is

characterized with water shortages, low water levels at the lake, in borehole and in wells.

In the second quarter there was a decrease in the number of patients admitted into the

hospital (187). The long rainy season begins in April and ends in June. The water supply

sources improve during this time and the rate of infection. decreases so that the number

admitted into the hospital decreases. The third Quarter saw another increase in patient

number 214 admitted. This is the dry spell before the short rainy season. When the short

rainy season began there was a decrease in the number admitted into the hospital.
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Table 13: Inpatients with Enteric Infection - District by Disease

ADULT FEMALES E.F G.E T.F ADULT MALES E.F G.E T.F Total

BONDO 20 14 4 38 BONDO 9 19 5 33

HOMABAY 9 6 2 17 HOMABAY 9 19 5 33

KISUMU 56 67 3 126 KISUMU 9 6 2 17

M777IGORI 4 3 1 8 MIGORI 3 2 0 5

NYANDO 45 29 11 85 NYANDO 36 29 13 78

RACHUONYO 25 12 5 42 RACHUONYO 5 14 5 24

SIAYA 33 38 16 87 SIAYA 16 21 11 48

VIHIGA 5 9 2 16 VUllGA 3 4 1 8

OTHERS 18 20 10 48 OTHERS 15 19 12 46

Total 215 198 54 105 133 54

E.F- Enteric Fever G.E- Gastroenteritis T.F-Typhoid Fever

Table 13 shows the in-patient numbers according to sexes and GE. More adult females

suffered from EF than males. The number of female patients admitted into the district was.

highest from Kisumu District followed by Nyando District. Migori District had the lowest

number of patients admitted into the hospital both males and females.
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Figure 23: Distribution of Disease by Sampling Time (both Sexes)

Figure 23 above shows that the first quarter, which is the dry season, has the highest

number of gastroenteritis cases (O.E). This level of cases drops in the second quarter with

over 150 cases.

The second quarter is the rainy season and the drop could be due to the availability of

rainwater. The level of T.F also dropped during this season. In 2002 the short rains were

less than usual hence there was not much in terms of changes in the availability of water.

T.F showed the lowest cases overally. The first season, which is the dry season once

again, registered the highest number of E.F followed by the third quarter, which is the

short dry spell between the long rains, and the short rains. First quarter and third quarter

represent the dry periods of the year with water shortages.
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most vulnerable group to all infections due to no immunity that is still developing. More

Figure 24: Distribution of patients, by disease, and by age groups, for both
sexes

adults also suffered from EF and GE compared to the children. The adult group included

the elderly that are also quite vulnerable to infection due to age.
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Table 14: ANOVA for Inpatient Males by District by Disease of Children

MALES BY DISTRICT BY DISEASE OF CfllLDREN

Anova: Two-Factor Without Replication

SUMMARY Count Sum Average Variance

BONDO 3 21 7 49

HOMABAY 3 17 5.666667 66.33333

KISUMU 3 1 0.333333 0.333333

MIGORI 3 13 4.333333 33.33333

NYANDO 3 42 14 397

RACHUONYO 3 26 8.666667 100.3333

SIAYA 3 37 12.33333 386.3333

VlliIGA 3 9 3 13

OTHERS 3 47 15.66667 376.3333

E.F 9 21 2.333333 2.25

G.E 9 179 19.88889 187.3611

T.F 9 13 1.444444 4.027778

ANOVA

Source of SS d! MS F P-value Fcrit

Variation

Rows 652.6667 8 81.58333 1.456123 0.248182 2.591094

Columns 1947.556 2 973.7778 1738027 9.74E-05 3.633716

Error 896.4444 16 56.02778

Total 3496.667 26
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Table 14 shows that there was no significant difference between the number of female

children admitted from the different districts and between the different enteric diseases,

F(8,16) = 0.99 and F(2,16) = 3.2L This means that there was no difference in the number of

different types of diseases recorded from the districts and among the diseases themselves.

There is no significant difference in the cases of enteric diseases between districts in

regard to children but there is a significant difference between the diseases at P<0.05

where F(8, 16) = 17.3.The diseases vary within the districts.
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Table 15: Males by District by Season of Adults

Anova: Two-Factor Without Replication

SUMMARY r'-'ount ~um ~verage Variance

BONDO ~ ~4 ~.5 15

HOMABAY ~ ~4 ~.5 15

KISUMU ~ 18 ~.5 L666667

MIGORl ~ 5 L25 0.25

NYANDO ~ 78 19.5 17.66667

RACHUONYO~ t24 ~ 16

SIAYA ~ DO 12.5 4.333333

VlHIGA ~ ~ 12 0.666667

OTHERS ~ f16 11.5 13.66667

Ql ~ 70 'jI.777778 33.94444

Q2 ~ 54 ~ 75

Q3 ~ 100 lLlllll 59.61111

Q4 ~ 73 s.n nn 29.11111

ANOVA

Source oJ

Variation ~S if MS F Pwalue Fcrit

Rows 1050 8 13L25 23.98477 1.17E-09 2.35508

Columns 12L4167 3 40.47222 7.395939 ~.001l25 3.008786

Error 131.3333 ?4 5.472222

Total 1302.75 ~5
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In table 15 there, was a significant difference in the number of cases observed in the

districts at P< 0.05 and there was also a significant difference in the number of cases

observed between the different seasons, F(8,24) = 23.9 and F(3,24) = 7.39 respectively.
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CHAPTER EIGHT

GENERAL DISCUSSION, CONCLUSION AND FUTURE RESEARCH

8.0 General discussio-n

8.1 Microbial pollution indicators in the inshore waters of Lake Victoria

This study sought to reveal the presence of Faecal coliforms and Total coliforms in the

water of Lake Victoria especially at the shore. It also sought to show whether these

bacterial indicators vary from the shoreline into the lake, 100m from the shore. These two

objectives were achieved as is shown in the results. The bacterial densities were highest at

the shore compared to inside the lake (100m into the lake). There were few cases (Table

4c) like at the Dunga water pump point when the levels of the bacterial indicators were

. higher at 100m than at the shore. At the Dunga water pump, gabion like shore is built so

that there are no plants growing along the shoreline. EC exhibits after growth along the

banks and since the shore lacks soil and plants, this could account for its low levels at the

shore (Helena et. al., 2003). The densities of Vibrio and Salmonella were considerably low

(see table 4d and 4e). From the values on Tables 4a to 4e, Dunga water pump gives the

lowest values of the pollution indicators. The underlying reason for this is unclear except

for the fact that there is practically no human activity at this point of sampling. It is a

protected area and the ordinary populace does not get to meddle in the waters bordering

the pump area. However, on the left side of water pump point is the inlet of the Nyalenda

River/ Auji from the stabilisation lagoons. The spill from this river as its waters move into

the lake could be a contributing factor to the levels at 100m being higher than the shore.

The results on the bacterial pollution indicators show that the cleanest point in terms of

bacterial pollution indicators among the sampled points is the Dunga Water Pump site.
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The worst two contamination sites are Kisat and Car wash with Kisat leading in this

respect. If one were to do surveillance on bacterial pollution indicators along the lake's

inshore waters at Kisumu city then Kisat would be the priority site followed by Car wash.

The data was also analysed to see how the mean densities of the bacterial pollution

indicators varied from month to month in relation to the shoreline or 100m inside the- lake.

There was significant difference in the level of total coliform between the varied months

up to P:s 0.005. February and March had the highest levels of Total coliforms, August

had the lowest level of TC. August is the beginning of the short rainy season and the

flooding and increase in runoffs most likely contribute to dilution of these bacterial

indicators.

For all the months, the levels of Faecal coliforms at the shore were higher than at 100m

inside the lake, except for April and November. In April, the vo lume 0f water feeding the

lake at the shoreline increases. The lake level also rises. indicating higher water reception

at the lake level. This could cause dilution effect on faecal coliform counts at the shore

leading to low levels.

The results of this study show that the River Kisat sampling site has the highest incidence

of E. coli isolated in the study compared to- the other sites. The other site where E. coli

was isolated was Nyalenda Sewer mouth. This is where the River Nyalenda releases the

water from the Nyalenda stabilization lagoons,
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E. coli levels also had the same trends as the Total Coliform and Faecal Coliform levels in

February and March being the months with the highest levels and July and August having

the lowest levels.

The incidence of both Total coliform and faecal coliform in the water sampled from the

various sampling points is alarming and is very high compared to the levels that are laid

down for Total coliform in water used for Boating and Fishing (see Table 16).

The survival time for faecal coliforms is unlikely to be longer than 50 days in any waters

and is unlikely to exceed 20 days if the temperature is between 20°C and 30°C (Feachem,

1983). The temperature of the water for the various samplings was generally between

200e and 30° e which suggests that the Total coliforms isolated were less than 20 days in

the water. If the temperatures are within that range then they do not last more than 20

days.

In terms of water safety; it is August when the water shows the lowest level of the

bacterial indicators especially E. coli and is therefore safer than the other months. The

shoreline levels of E. coli were higher than 100m from the lake. If the residents. use water

from the shoreline, then the safest months would be July, August and September. Water

surveillance for the presence- of E. coli should be stepped up in February and March.

8.2 The physico-chemical parameters and the bacterial indicators

The samples taken for the physico chemical parameters were surface water samples. This

is because the water surface above a depth of 100m was the concern of this study. This is

the water depth that is accessible to people who use the lake water for domestic purposes.
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For limnological studies the water samples used are collected from a much higher depth to

show stratification of the parameters.

A DO of 9.90mgll is considered oversaturated and could have been caused by algal

blooms (KBJP, 1994) that are a common feature around this river's mouth. These

discrepancies observed at this station can also be attributed to the heavy industrial effluent

coming from the industries that release them into the river; it can also be attributed to the

changes in dilution. In the mornings the sludge is thicker and heavier because it is low

tide. In the afternoon however, the water comes back, the water level rises and the level at

the river mouth becomes higher causing dilution of the sludge.

Sewage effluent and the amount of water released into this river from industries, such as

fish processing industries and others could also. contribute to. dilution, Literature shows.

that the river also has a low biotic index due to pollution at its mouth compared to a point

close to. its. source (KBJP,. 1994). The recorded figure for Winam Gulf is.4.6-9.45mg021L

for surface waters (Burgis and Symoens, 1988).

Kisat inlet point is the major polluter of the Lake Victoria shoreline at Kisumu City. From

the tables (4 and 5) Kisat had the highest levels of all the bacterial indicators isolated in

this study. The same point also registered the greatest variation in Dissolved oxygen

(0.12mg/I to 9.90 mg/I). Even with the low DO, the bacterial numbers were still high.

Low DO interferes. with the growth and survival of bacterial indicators. in the water. Low

DO would therefore mean low numbers of micro-organisms. At Kisat, because the micro-

organisms. released from plant are quite high, the variation of DO does not seem to

interfere with their level.
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The low DO could also be due to the aerobic micro-organisms using dissolved oxygen to

stabilise biodegradable organic material present in the partially treated or untreated sewage

from Kisat sewage treatment plant.

The temperature affects the characteristics of a water body even though aquatic

temperature fluctuations are not as extreme as atmospheric temperatures. The rates of

Biological and chemical processes depend on temperature. The recorded range of

temperature fo,f the lake from earlier research is 23.8oC - 29°C (Ochumba, 1990}. In this

study the range was 22.0oC to 29.3°C. This range of temperature is normal for aquatic

life, therefore from, the results of this study the temperature may not have had a direct

impact on the densities of bacterial indicators.

Very high temperatures reduce dissolved oxygen levels and this has an indirect impact on

aquatic life. Since the temperatures in this study were not extreme, the DO effect on the

aquatic life would not be accounted for in,terms. of temperatures.

The temperature recorded tallies with earlier records with no extreme values outside the

expected values (Ochumba, 1990). The Nya1enda/Wigwa River/Auji sewer discharge

point that channels water from the lagoons had the 'lowest registered temperatures

(21.92oC).

When it rains, the mouth of Kisat River turns muddy, the turbidity rises and fluctuations in

temperature is expected. The highest was recorded at the car wash 29.31°C. Data

analysis, from this study, on correlation showed a strong positive correlation between
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faecal coliforms and temperature and E.coli and temperaturer = 0.72 and r = 0.53

respectively.

The level of pH also affects aquatic life. The majority of aquatic micro-organisms survive

best at a pH of between 7.0 and 8.0. Very high pH (9.5) and very low (4.5) pH values are

unsuitable for most aquatic life (USEPA. 2002). The range of pH recorded from the

different sampling points was between 4.83 (for Kisat) and 8.59 for Dunga Beach. The

influence of pH on the bacterial levels in this study was.not prominent since there were no.

extreme acidic or alkaline conditions. High pH levels of 9-14 denature cellular

membranes (USEPA, 20.0.2).

The highest level of alkalinity recorded was at Kisat river mouth 100mg/1as CaC03 and

the lowest was at both Nyalenda Sewer and Dunga sampling points 43mg/l as CaCO}.The

car wash sampling site registered alkalinity between 84-52 mg/l as CaC03 Apart from

Kisat, Nyalenda sewer point and Nyalenda water pump registered the highest alkalinity in

this study 94mg/1 as CaC03. Alkalinity for the Gulf region is normally 37-107 mg/L as

CaC03 (Ochumba, 1990.).-There was. a positive correlation.between Ecoli and alkalinity

(r= 0.62) and faecal coliform and alkalinity (r= 0.63).

The conductivity in this study ranged between 139J.lS/cmand 237J.lS/crn,the higher figure

being for Kisat and the lower one for Nyalenda sewer. Most of the sampling sites had

figures within the recorded range. Ochumba (1990.) recorded a range of 10.0.- 160fJ.Sicm

while in the KMFRI quarterly report of 1994 the recorded range is approximately 90 -

190fJ.S/cmfor October to December 1994.
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A lot of work is being done on routine physico-chemical parameters monitoring, fishing

surveillance, and fish pathogens by LVEMP through KMFRI but no sampling for

bacteriological analysis is done. In December, 2001 when this research began, the

microbiology Laboratory by LVEMP was yet to be established. The laboratory is in place

now but the water quality surveillance has not taken off as,mentioned earlier.

The results of this study concur with Werimo's work (KBJP 1995/96), for example, just at

the discharge point the total coliform density is 5.54 (log (x+l)) and 5.03 (log (x+l)) at

100m inside the lake from the discharge point. Research results show potentials of

contamination of fish, and other materials used for handling fish and contamination of

human beings may not be excluded. These enteric pathogens along with Enterobacter spp,

Klebsiella spp and Citrobacter freundii are among several enteric pathogens isolated from

the lake water in this study, as shown in the results section. Werimo's work was basically

on fish pathogens. and did not correlate his work statistically to disease. incidence in the

area as well as to the physico-chemical parameters as is the case in this study. A hospital

survey on enteric diseases.was done in this study at the District hospital. The results show

a wide occurrence of gastroenteritis, enteric fever and typhoid fever, which could be due

to any of the pathogens. mentioned above, and many others such as entercviruses which

were not part of this study. Like beyond 100m into the lake water, the level of water

contamination by pathogens.at effhient and sewage discharge points reduces considerably.

Of the water sampled in this study, Enterobacter was isolated 13 different times and

Klebsiella 5 times. Their occurrence was.higher than that of others such as E. coli. The

hospital survey I carried out in this study revealed that the diarrhoeal cases were mainly

acute. Nothing is listed as.chronic in the recorded diagnoses,
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This means that the effluent and sewage it releases into. the lake are, to. a large extent raw.

The fmdings ef this study suggest that Kisat River is a major source of pollution of the

lake water. These fmdings compares well with Werimos results (KBJP, 1996).

Studies en Lake Victoria especially en the Nyanza Gulf have focused en fish kills; fish

pathogens; algal blooms; limnological studies and eutrophication, as was stated in Chapter

one. Surveying water fer faecal indicators of pollution is quite laborious, but important

water bodies such as Lake Victoria, at certain key effluent entrance points, need

monitoring en a very regular basis.

8.3 API isolates

Escherichia coli was isolated in this study at sampling sites such as Car wash and Kisat

River Mouth in September 20.0.2. This was confirmed by specific species identification

with API. Similarly in August, E. coli was in the water sampled from the Kisat sampling

sites, both at the shore and lo.o.m from the shore.ta distance where, one would expect that

dilution has cleared most of the pathogens and the car wash sampling site. In May the

same year, E. coli was identified in the samples from Nyalenda sewer mouth. E. coli is a

sure indication that the inshore waters of Lake Victoria that the study covered, receives

faecally contaminated water from the pollution source points sampled.

Contamination of the public water supply system by sewage is detected by the presence of

coliforms. in the water. In a general sense, the term 'coliform' includes not only E. coli but

also other inhabitants of the colon such as Enterobacter and Klebsiella (Talaro and Talaro,

1993).
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However, because only E coli is exclusively a large intestine organism, whereas the

others are found in the environment also, it is used as the indicator of faecal

contamination.

The most important enteric opportunists identified in this study are E coli, Klebsiella,

Enterobacter, Serratia and Citrobacter. Interestingly, the diseases caused by these agents

usually invo lve systems other than the gastro intestinal tract, such as the lungs and urinary

tract (Talaro and Talaro., 1993).
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Table 16: Recommended Limits for Total Coliform and Faecal Coliform

(U.S.A.) *(in Water Microbiology Lab & Field procedures - Millipore - p.

40).

Types of water Faecal coliform/100mlTotal coliform/100ml

Drinking water* *

Primary contact water

(swimming)

Secondary contact

water(Boating, Fishing)

Desirable Permissible Desirable Permissible

o o
<1,000

o
<2,400

o
<200 <1,000

<5,000 <10,000 <1,000 <5,000

**The limits, naturally, for therrnotolerant E. coli are also zero for drinking waters.

*Outside U.S.A. states should have their own test limits for these organisms
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Bacteriological standards are in terms of coliforms, the indicators of pollution by wastes

from warm-blooded animals. Tests for Pathogens are almost never attempted because

once faecal coliforms have been identified then it is assumed the pathogens are present.

The present EPA standard calls for a concentration of coliforms of less than 1 per lOOml

for potable water.

The coliform group are normally chosen because they are generally present in water

containing the pathogens, survive longer in the aquatic environment, are relatively

harmless and are easily grown, isolated and identified.

Current regulations in the U.S.A. as well as in most other countries require that potable

water be tested for the presence of total coliform organisms and, if any are of faecal origin.

Faecal coliform analyses are used, for the most part, to determine the quality of

recreational and waste waters.

The lake water is used for varied purposes such as: Swimming/Bathing by the riparian

communities but also by some Kisumu town residents. Boating Gust inshore for site

seeing) and surveillance by Fisheries Department; Pumped to Kisumu residents for

drinking and domestic use after treatment by Kisumu Municipality. Fishing

Drinking/domestic use by those who live near the lake and have no piped water supply,

and small scale hoteliers at the lake shore e.g. Lwang'ni Hotel.
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Ideally, drinking-water should not contain any micro-organisms known to be pathogenic-

capable of causing disease - or any bacteria indicative of faecal pollution. To ensure that

a drinking-water supply satisfies these guidelines, samples should be examined regularly

(WHO, 1997). The detection of Escherichia coli provides definite evidence of faecal

pollution as has been mentioned earlier, but in practice, the detection of thermotolerant

(faecal) coliform bacteria is an alternative (WHO, 1997).

Within the Family Enterobacteriaceae (Enterics), several species were identified both at

the preliminary and confirmatory stages. These species, apart from E coli that is already

mentioned, were as follows: Cibrobacter freundii, Enterobacter cloacae, Klebsiella

pneumoniae, Klebsiella oxytoca, Serratia liquefacsiens, Providencia alcalifaciens,

Enterobacter zakazakii. The non Enterobacteriaeae identified was Aeromonas hydrophilla

which belong to the family Aeromonadaceae.

Klebsiella pneumoniae 1S a gram-negative bacillus (rod) capsulated, non-motile,

facultative enteric pathogen found in the intestine. It forms part of the normal flora but in-,
immunocompromised individuals can be pathogenic. Serratia and Enterobacter species

are common causes of urinary tract infections. Serratia species are opportunistic

pathogens (Michael et al, 1993). Similarly Enterobacter species are also opportunistic.

Serratia species were identified in six stations during this study in varied months (see

Table 6).

Pseudomonas aeruginosa was identified in March 2002 at Kisat mouth and 100m away

from the mouth. It is not an Enterobacteriaceae but belongs to the family
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Pseudomonadaceae. It is a rod shaped gram-negative aerobe that is also opportunistic and

Vibrio species were identified in the samples at preliminary analysis stages but also

is important in skin infections.

through biochemical confmnatory tests with TCBS, in sampling sites such as Dunga beach

frequented by fishmongers. The vibrio species were not identified using API since

biochemical tests gave confirmatory tests. However the mean density was very low.

Another microbe which was scarcely isolated using the selective and differential media

used was Salmonella species. The mean numbers were very low for all the sampling sites.

Salmonella is a fastidious microbe.

It will be isolated much more easily with undefined complex media that is further enriched

with blood or serum. A fastidious organism is one with demanding nutritional

requirements. In this case, the Biochemical test used was TSI or Triple Sugar Iron for-.
both Salmonella typhi (the cause of Typhoid fever) and the other typical Salmonella

serotypes. They form Hydrogen Sulphide gas with this medium and motility is another

accompanying confirmatory test for Salmonella. Since it needs special nutrition,

Salmonella has a tendency of dying out much earlier than the other enteric microbes. This

is why large numbers of Salmonellas have to be ingested to produce gastroenteritis,

because many of the cells are rapidly eliminated from the gastro-intestinal tract (Michael

et al, 1993). Values for treated and untreated water supplies are applicable to community

supplies and are given in the table below. The table is extracted from Guidelines for

drinking water quality, second Ed. Vol. 3 which is on surveillance and control of

community supplies p. 6.
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Table 17: Guidelines values for bacteriological water quality

Organisms

All water intended for drinking

E. coli or thermotolerant coliform bacteria

Guideline value

Must not be detectable in any lOOml sample

Treated water entering the distribution

System.

E. coli or thermotolerant coliform

Bacteria"

Total coliform bacteria

Must not be detected in any 100ml

sample.

Must not be detected in any lOOmI sample.

Treated water in the distribution system

E. coli or thermotolerant coliform

bacteria'?

T\tai coliform Bacteria

Must not be detectable in any lOOml

sample.

Must not be detectable in any 100m I sample. In

the case of large supplies, where sufficient

samples are examined,

Must not be present in 95% of samples taken

throughout any 12 month period.

'Immediate investigative action must be taken if either E. coli or total coliform bacteria are detected. The minimum

action in the case of total coliform bacteria is repeat sampling; if these bacteria are detected in the repeat sample, the

cause must be determined by immediate further investigation.

bAlthough E.coli is the more precise indicator of faecal pollution, the count of thermotolerant coliform bacteria are not

acceptable indicators of the sanitary quality of rural water supplies, particularlyin tropical areas where many bacteria of

no sanitary significance occur in almost all untreated supplies.

eIt is recognized that, in the great majority of rural water supplies in developing countries, faecal contamination is

widespread. Under these conditions, the national surveillance agency should set medium term targets for the progressive

improvement of water supplies.
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Now, who is the "National surveillance agency" in Kenya? As I did this study for 13

months, at the Kenya Marine and Fisheries Research Institute, not once did I encounter

government officials doing microbiological surveillance in terms of sampling regularly to

check for levels of pathogens in the water let alone their existence.

Originally, the study included E. histolytica analysis. The complication arose due to the

absence of trophozoites in the water. Most of the samples contained cysts so the idea was

abandoned after the first two sampling trips to the lake.

Of particular concern are the cyst-forming protozoans that cause giardiasis and

cryptosporidiosis, and the enteroviruses. In addition to causing gastroenteritis,

enteroviruses can cause a variety of other diseases, including meningitis, upper respiratory

tract infections, and encephalitis. Even though major outbreaks of waterborne disease of

~e Milwaukee type are comparatively rare, there is substantial evidence that human

enteric pathogens that are frequently present in domestic water supplies are responsible for

low-level incidence of chronic gastroenteritis (upset stomach, vomiting, diarrhoea) as well

as other "mild illness" in people.

While gastroenteritis and other such "mild illness" are rarely debilitating to healthy adults

for more than a few hours to a few days, enteric pathogens can cause severe illness, even

death, for young children, the elderly, or those with compromised immune systems.
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8.4 Enteric Diseases Observed at Kisumu District Hospital during the
Research period

The hospital Survey done in this research found that high numbers of critically ill patients

get admitted into the hospital with Gastroenteritis (G.E), Typhoid Fever (T.F) and Enteric

Fever (E.F) problems. Among the infants, the highest number of patients were those with

G.E (355) as compared to E.F and T.F. This number was higher than that of the adults

presenting with both G.E and T.F.

However, more adults were admitted into the hospital compared to infants below two

years and children below 12 years were the fewest in number in terms of admission. The

highest number of male infants came from Kisumu District. There is no clear reason for

this.

Whether the patients got infection from the Lake water could not be clearly established in

this study. It is assumed that contaminated water is the main source of infection in the

enteric disease section. However, the infections may have originated from contaminated

food instead of water as was mentioned in chapter one. This leaves many questions

unanswered. As is discussed in the results section, the highest number of patients

registered with enteric diseases was observed in the first quarter of the year and in the

third quarter of the year. These two are the dry seasons when water shortages are

experienced allover the western part of Kenya. This is what is referred to as GE in the

section of this study that deals with the enteric diseases reg!stered at the District hospital.

The survey of the District Hospital in Kisumu revealed a lack of proper diagnosis of

water-borne diseases. This is due to lack of adequate funds to buy the chemicalsl culture

media necessary for analysis of specimens from patients. Thus, most of the diagnoses

show abbreviations such as: GE, (for gastroenteritis) based mainly on the observed
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symptoms of diarrhoea and or minus vomiting. TF means the patient is suffering from

typhoid fever but no indication is made as to whether Salmonella typhi or any serotypes

that are pathogenic were isolated}

8.5 Conclusion

This study is the first correlational study on the existence of faecal bacterial indicators at

various key sites along the shoreline waters of Kisumu City. It correlated the bacteria to

their environmental physical and chemical factors and to the patients that could be part of

those affected by the use of the water. This study also gives, for the first time the varied

enteric pathogenic bacteria up to the species level. The species identification using API

20E and the confurnation of the existence of E.coli in the sub-cultured water samples, is a

sure indication of sewage pollution.

While KMFRI and LVEMP can be credited with the ongoing researches on the other

aspects of the lake water, the begging question is are they doing water quality monitoring

in terms of enteric pathogens and if so is it on a regular basis so that one can say with

certainty that the in shore waters are safe for drinking to the local population? Safe for

body contact and other recreational purposes such as boating? Are the law enforcers

checking on the effluent treatment and maintenance of the sewage treatment plants and the

lagoons? Most of these questions cannot be answered in the affirmative. Are we slowly

but surely neglecting a policy that is of great public health concern? Information based on

statistical back up and sound scientific research on the waterborne pathogens in the

inshore parts of the lake should be available to all. One would like to believe that

monitoring of effluent sources is done regularly so that the levels of bacterial indicator

pathogens do not go beyond WHO requirements as is revealed by this study. One would
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also like to see the old sewage pipes (see plate 3) repaired so that the sewage spills that are

a common scene in Kisumu, become a thing of the past.

The above photograph shows an old sewage pipe joined to a manhole that carries sewage

to the Nyalenda Lagoons. It passes over a runoff drainage channel. When the channel

floods during the rainy season then the sewage from this pipe easily finds its way into the

lake. This litter filled drainage channel is basically filled with sewage from the burst

manhole next to Joyland Primary School, (plate 1). The photograph below shows its

upper section in the lower Gesoko estate. The sewage spill has formed a kind of a small

stream f1ow~ to the lake.

The methodology used in this study is simple and affordable. Traditional methods such as

the membrane filter method accompanied by biochemical tests would enable water quality

monitoring on a regular basis by the concerned authorities.

8.6 Areas of Future Research and Recommendations

This study recommends regular monitoring of the gulf water, especially the Kisumu City

inshore waters for changes in the faecal-pollution indicator bacteria and physico -chemical

parameters especially at the sewage discharge points and their spatial variation in regard to

dilution. The industries releasing effluent to the lake should follow the legislative

requirements or face prosecution. The ionic content of the water is greatly influenced by

the presence of industrial effluent especially the inshore waters.

Following the source of infection of enteric diseases is not easy and for one to clearly get

the source of infection one would have to narrow down on a smaller population sample
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instead of the many districts covered under this study. This population sample would be

one that regularly and consistently visits the hospital and also has to use the lake water for

domestic purposes. This kind of investigation would perhaps answer some of the

questions on the source of infection for the patients.

What is clear is that the highest number of patients with enteric diseases in this hospital

originate from Kisumu District compared to the other districts. A major loophole

identified in this study at the hospital is the need for proper diagnosis of the infections that

present as enteric diseases. If for example Salmonella typhi is isolated then one would

know that this is the exact cause of an Enteric infection. Without specific isolates, one

would have just to make assumptions as to the cause of the infection based on the

symptoms.

For the District hospital to improve its knowledge on the kind of pathogens infecting its

patients that present with enteric problems, there is need for a specific fund allocation for

diagnosis of Enteric pathogens. There is need to purchase bacteriological media for the

isolation of the pathogens. The fund allocation should be for specific microbes, specific

preventive measures such as public awareness on simple accessible techniques of filtering

untreated water.

Secondly, it is important for the district hospital management to equip its registries, for

both outpatient and inpatient departments. Keeping data .in files or folders for large

numbers of patients is very cumbersome. In a world of Information Technology,

availability of electronic data storage should be apriority for the hospital. Therefore there

is a need for purchasing computers for these departments. A research on how data is
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stored in the public hospitals and recommendations in this area is appropriate. At the

research level one would also go much deeper than what this study revealed in terms of

identification of the pathogens:

There are entero-viruses that could be involved as the causative agents of these enteric

diseases such as the rota viruses. With adequate funding this would be an important

research area.

Identification using DNA probes or gene-specific probes, gas liquid chromatography and

plasmid finger printing are in use today. These molecular techniques give more accurate

information on the bacterial indicators. Immunobloting which involves polyacrylamide

gel electrophoresis can be used to demo-nstrate common and specific proteins of

microorganisms leading to identification. If LVEMP is entrusted with the job of

overseeing the lake's issues, then it is high time it started doing just that in terms of faecal

contamination of the lake.

NEMA should exert pressure on the Municipality of Kisumu which is entrusted with the

welfare of the lake by virtue of being next to it. The municipality of Kisumu should be

prosecuted by NEMA for not carrying out the laid down regulations in terms of sewage

. treatment as is stipulated in the environmental law. For example the Kisat effluent and

sewage treatment plant has been out of order from early 90s thus polluting the lake heavily

and regularly, culminating in a slow but sure way of polluting the inshore waters of Lake

Victoria.
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