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Abstract
This report has been prepared after a successful assessment of water quality from esarious r

sourcesvi t hin Ongata Rongai and its enviroams. The
ter quality for domestic use within Ongata Rongai.

The study involved collection of data from the wais water resources identifi¢gdat provide

water for domestic use h&se involved boreholes, river water, rain water and dam waterr-Histo

ical water quality information was obtained from WRMAd WASREB databaseSampling of

water from the vaous water resources was done and ldtersamples were taken to the labor

tory for examination where key physical, chemical and biological parameters of the water were
tested.

The analysis of the results was done based on the acceptable limits specified by the Kenya
Standards for Drinking water (KS 489 2007) and the determitdiealues compared with the
historical values.

Out of all the tests carried out on the samples, most of the results obtained were withia the re
ommended value in the KS and WHO Standards. Fluorides levels however stood out as 6 out of
the 16 tested sampleschéluorides levels higher than the recommended values. Fluorides had
the least safe value of 10/16.

Management of the indicators of pollution in groundwater is of great importance especially if the
water is used for drinking. Thereatsoa needor continued and regulatedonitoringof water

guality from this various resources studitkhder the leadership of WASREB, this can easily be
affected. For the resourcé&RMA should also strive to involve users in conservation of water

resources to ensurasgtainable use.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

1.11 Background Information
Surface water and groundwater are both important sources for communityswapdy needs.

Groundwater is a common source for single homes and small towns, and rivers and lakes are the
usual sources for large cities. Although 98% of liquid fresh water exists as groundwater, much of
it occurs very deep in the earth. This makes pagpiery expensive preventing the full deve

opment and use of all groundwater resources.

Water quality is a term used to describe the chemical, physical and biological characteristics of
water, usually in respect to its suitability for a particular purpdée. development of water
guality standards has made it easier to measure and determine water quality and gauge the diffe
ent levels of consumption. Before water can be put to some of its uses especially domestic and
industrial, it is necessary to know igsiality. Therefore physical, chemical and bacteriological
properties of the water are defined and in order to do this accurately, appropriate tests are carried
to examine the water. In Kenya, fairly consistent data is contained in various reports velch sh

the natural groundwater quality is good and meets the drinking water stands for most-constit

ents, except for fluoride which often exceeds 1mg/L.

Groundwater is susceptible to quality degradation that can result from poor environmergal sanit
tion. In the rural areas, shallow wells are particularly threatened by indiscriminate solid waste
disposal as well as seepage of untreated sewage from septic tanks and pit latrines. The risk of
shallow well contamination in urban areas is bound to increase in poopoith the increase of

human population in the informal settlements where sanitation coverage is lowest. In urban areas
groundwater is equally under threat of contamination from solid waste leaches, raw sewage and
industrial effluent discharges seepingo the ground and reaching water bearing roak fo

mations. (African Boreholes Initiative Paper 2005)

Water is in constant circulation, powered by the energy from sunlight and gravity in a natural
process called hydrologic cycle. Water evaporates from lagses like oceans and land-su

faces, I's held temporary as vapour in the atm
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precipitation and melted snow, called runoff. Where the average rate of precipitation exceeds the

rate at which runoff seepstinthe soill, it evaporates, or is absorbed by vegetation, bodies- of su
face waters such as streams, rivers, amd | ake
face becomes groundwater, slowly seeping downward into extensive layers of porousl soil a

rock called aquifers. Under the pull of gravity, groundwater flows slowly and steadily through

the aquifer. In low areas it emerges in springs and streams. Both surface water and surface water

eventually return into the ocean.

1.1.2Surface water source
The total land area that contributes surface runoff to a river or lake is called a watershed. The

volume of water available for supply depends mostly on the amount of rainfall.it also depends on
the size of the watershed, the slope of the ground, theofygml and vegetation, and the type of

land use.

The discharge of a river varies with time. When the average discharge of a river is not enough
for a dependable supply of water, a conservation reservoir may be built. The flow of water is
blocked by a damallowing an artificial lake to be formed. Conservation reservoirs store water
from wet weather periods for use during times of drought andstosam flow A water intake
structure is built within the reservoir, with inlet ports and valves at severgisdefince the
gudity of water in a reservoir varies seasonally with depth, a multilevel intake allows water of
best quality to be withdrawn. Sometimes it is worthwhile, for economic reasons, to provide a
multipurpose reservoir which is designed to sgtestombination of community water needs. In
addition to drinking water, the reservoir may also provide flood control measures, hydroelectric

power, and recreation besides other benefits.

1.1.3Ground water sources
Groundwater is one of the most valuabktural resources possessed by many developed and

developing nations. It is reliable in dry seasons or droughts because of the large storage, is
cheaper to develop, since, if unpolluted, it requires little or no treatment and it can often be
tapped wherét is needed, on a stage by stage basis. As a result, groundwater has lmecome i
portant for human water supply in urban and rural areas in developed and developing nations
alike. Groundwater is an important element of the overall Ongata Rongai water Suppiyh

the large number of privately operated boreholes. However, a gloomy picture hangs over the use
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of groundwater in certain regions. Studies have shown that ground water contains contaminants

that are deleterious to human health in certain regions.

1.2 Problem Statement
Fresh water is a finite resource, essential for agriculture, industry and even human existence.

However, indiscriminate exploitation and unplanned use of various water resources for various
purposes diminishes in qualitative aquaantitative terms. The health of a community is generally
affected by the water they consume and use.

Rapid increase in population and industrialization together with lack of wisdom to live in-harm

ny with nature has led to deterioration of quality ofavat t hus resul ti ng i n
Demand for fresh water within the region of this study i.e. Ongata Rongai is raising,ea cons
guence of the fast growing population within
needs a serious and imniei@ attention to understand the importance and control of water qual

ty, so as to ensure the checks and balances are within the accepted boundaries as put down in the
Water Act.

1.3 Objectives of the study
The principal objectives of this study are to

1. To investigate into the various water quality parameters such as Turbidity, colour, taste
and Odour, pH, chloride, conductivity, iron, hardness, conductivity, fluoride, totad-alk
linity and biological characteristics

2. Make recommendations based on thelifigs of the assessment which will thus pe a
plied to the current case study area and regions whose waters have similar characteristics
to those of Ongata Rongai.

3. Determine the presence or absence of water pollution.

1.4 Significance of the study
The quality of both surface and groundwater in some parts of the country is changing, particula

ly shallow aquifers groundwater and shallow water wells. This is largely associated with human
activities. Groundwater is less susceptible to pollution fromeb@cbecause the soil and rocks
through which groundwater flows screens out most bacteria. However bacteria occasionally find
their way into the groundwater and sometimes could be in high concentration. There are various

dissolved organic and mineral ctihgents found in surface waters and groundwater in varying
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concentration. Otherwise, at high concentrations they may render the water unsuitable for human

consumption and may require treatment before consumption.

Most surface and groundwater supplies@mesumed directly by the public or pumped intaw
ter distribution systems with minimal treatment. Due to the high potential for pollution scenario
that exists in a fast growing environment like Ongata Rongai, it is important to monikor co

sistency in watequality to ensure that the water for domestic use is safe.

This study seeks to investigate and give a record of the current state of water quality for domestic
use in Ongata Rongai region. This study will, therefore, help in making better decisiong when
comes to planning, managing and operating of the various water resources that will be looked

into and determining the water quality majorly for domestic use in Ongata Rongai area.

Page4



Assessment of Water Quality for domestic use in Ongata RongaeA

CHAPTER 2: LITERATURE REVIEW
2.1 Introduction

Water qualityrefers to the physical, chemical, radiological and bacteriological characteristics of
water. Water quality assessment refers to the overall process of evaluation of the physncal, che
ical, radiological and biological nature of water in relation to nammality, human effects and
intended uses, particularly uses which may affect human health and the health of the aguatic sy

tem. Water quality analysis therefore falls into four broad categories, namely:

Physical analysis;
Chemical analysis;

Bacteriologi@l analysis;

> > > >

Radiological analysis.

Physical analysis is primarily involved with the appearance, colour, taste and odour, sohds, te
perature, and turbidity of water, which are majorly used to define the aesthetic properties of w

ter.

2.2 Chemical characteristics
In chemical analysis, substances of health concern with effects on the taste, odour or appearance

of drinking water that would normally lead to rejection of water at concentrations significantly
lower than the existing standards for propealth, are investigated. These investigations help to
establish healthhased summary statements and guideline values. These summary statements and
guideline values for each substance, upon adoption by water authorities, aid in the provision and
usage of vater which is satisfactory aesthetically and has uniform quality (UNESCO and WHO,
1996).

Bacteriological water analysis is a methodnélyzingwater to estimate the numbers of bacteria
present and, if needed, to find out what sort of bacteria theylaeeamportance of bacterioleg

cal analysis of drinking water helps to determine the presence of potentialbeaterpatb-

gens. It suffices here to say that bacteriological analysis of water provides the most sensitive

quality parameter.
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Nonetheless, theeed for radiological analysis of water has grown with the prolific transfo
mations that have taken place in the late 20th and early 21st century. The emergence of nuclear
power plants and warfare, for example, has had serious impacts on water sourdeatle.gf

human beings, and the flora and fauna in the aquatic environment. Radiological analyses thus
help in assessing the level of contamination of a given water body by radioactive pollutants.

2.21 pHin water

2.2.1.1Introduction
pH (pondusHydrogenium), is a measure of the acidity or basicity of an aqueous solution or

simply as the measure of hydrogen ion concentration of a solution. It is defined as tlae colog
rithm of the activity of dissolved hydrogen ions (H+). By virtue of its logarithnaiture, pH is a

dimensionless quantity. Technically, it can be represented as:

- 0 THg T H_w (Equation 1)
bl
Where:
aH is the (dimensionless) activity of hydrogen ions.

pH is an important variable in water quality asses#as it influences many biological and
chemical processes within a water body and all other processes associated with water supply and
treatment. Pure water, for example, has a pH around 7 (neutral); the exact values depand on te
perature. When an acid dissolved in water pH will be less than 7 and when a base, or alkali is

dissolved in water the pH will be greater than 7.

The pH of most natural waters ranges from 6 to 8.5, though lower values can occur inalilute w
ters high in organic content and haghvalues of eutrophic waters, ground water brines and salt
lakes The pH of clean water depends on several factors, including the types of rocks and veget
tion within the watershed.(UNESCO and WHO, 1996).

The pH is a very important factor, because certhgmical processes geared towards improving
water quality can only take place when water has a certain pH. For instance, chlorine reactions

only take place when the pH has a value of between 6.5 and 8.
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2.2.1.2Causes of pH in water
The main causes @H variations in water are: industrial effluent i.e. dumping pollutants directly

into water, and acid rain from atmospheric depositions. Fluctuations in pH can be caused by ph
tosynthesis and respiration of algae in eutrophic waters. During photosyrileegs take up
carbon dioxide from the water. This consequently accounts for a raise in pH. Since plants do
photosynthesis when there is sunlight, the pH of the water will be highest during the middle of
the afternoon and lowest just before sunrise. (UNE&Gd WHO, 1996).

Extreme values of pH can result from accidental spills, treatment breakdowns and insufficiently
cured cement mortar pipe linings or cement mortar linings applied when the alkalinity af-the w

ter is low.

2.2.1.3Effects of pH onthe usability of water
Although pH has no direct impact on consumers, it is one of the most important operasional w

ter quality parameters. Careful attention to pH control is necessary at all stages of water trea
ment to ensure satisfactory watdarification and disinfection. Low pH values, (less than), i
dicate that the water is corrosive and that it will tend to dissolve heavy metals such as lead and
chromium and other substances that it contacts. These heavy metals and other diskelved su
stances tend to become toxic when dissolved in water. High values of pH, (greater tham- 8.5), i
dicate that the water is alkaline, and that on heating, it will tend to form scale (Pedro et. al.,
2007).

pH affects aquatic life. Stream or pond water with a pHi& less than 5.5 is too acidic for fish
to survive. A change in stream water pH can also affect aquatic life indirectly by altering other
aspects of water chemistry. For example, low pH levels can increase the solubility of certain

heavy metals. These@lv the metals to be more easily absorbed by aquatic organisms.

2.21.4Management of levels opH and guideline values
pH adjustment in water is achieved through the use of: calcium carbonate, carbon dipxide, h

drochloric acid, lime (quicklime andydrated lime), sodium carbonate, sodium hydroxidg, su
phuric acid (AWWA, 1971).
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The minimum and maximum allowable range of pH for potability as issued by the WHO (in
1984), the Safe Drinking Water Act and the European Community 48.6.5The Kenya stah

ard (KS 4591, 2007), however, has adopted a minimum value of 4 for carbonated waters.

2.2.2 Alkalinity in water

2.2.2.1Introduction
Alkalinity is a measure of the ability of a solution to neutralize acids to the equivalence point of

carbonate obicarbonate. Alkalinity is loosely related to the Acid Neutralizing Capacity (ANC)
of a solution and ANC is often incorrectly used to refer to alkalinity (Edmunds and Shand,
2008).

Only three types of alkalinity can be determined from water analysis nahalsoxide OH
carbonate C® yand bicarbonate HGO alkalinity. These subdivisions are useful in the softe

ing process and in the boiler water analysis. Waters of low alkalinity have a low bufferilng capa
ity and can be susceptible to alterations in phke amount of strong acid needed to lower the pH

of a sample to 8.3 gives the free alkalinity (Caustic alkalinity), and to a pH of 4 gives the total
alkalinity (APHA, 1999). Most of the natural alkalinity in waters is due to HC@roduced by

the action ofground water on limestone or chalk. The amount of alkalinity present is expressed
in terms of CaC@

2.2.2.2Sources of Alkalinity in water
Alkalinity in drinking water emanates from bicarbonates, carbonates, and hydroxide mens co

ponents in raw or treadewater supplies. Bicarbonates are the major components because of ca
bon dioxide action on basic materials of soil; borates, silicates, and phosphates may be minor
components. Alkalinity of raw water may also come from salts formed from organic acids, suc

as humic acids (De Zuane, 1997).

2.2.2.3Effects of Alkalinity on the utility of water
High levels of alkalinity have been shown to cause corrosion of boilers and boiler sittiggs (Ta

lor, 1958). Evidence from research further shows that high level&alfraly may render water
unfit for many industrial and agricultural processes e.g. irrigation (Pedro et al., 2007)a¥Fluctu
tions in alkalinity levels have also been found to interfere with water treatment procegsges (A
WA, 1971).
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2.2.2.4Management oflevels of Alkalinity and guideline values
There are no recommended guideline values for alkalinity in drinking water, however, from the

potability viewpoint; alkalinity is not a significant parameter. Variations of concentration from 5
to 125 mg/L are exmted, and the extremes of these values are tolerated in water supplies (John
De Zuane, 1997).

2.2.3 Chloride in water

2.2.3.1Introduction
Chlorides are compounds of chlorine which occur as chloride ions (Cl ) in solution. Chlorides

are soluble inwater and are unaffected by biological processes, hence, reducible by dilution.
Almost all natural waters contain chloride ions. Their concentrations vary considerablg-accor
ing to the mineral content of the earth in any given area. Small quantitieonfleblof calcium

and magnesium are found in many waters. This characteristic adds palatability to the water thus
is desirable for consumption. The concentration of chloride in natural waters is commonly less
than 10 mg/L in humid regions and pristine heaters. Tidal streams contain increasing
amounts of chloride (as much as 19,000 mg/L) as the bay or ocean is approached. Sea-water co
tains chloride levels of about 19,300 mg/L, while brines may have levels as high as 200,000
mg/L (Pedro et al., 2007).

2.2.3.2Sources of Chloride in water
Chloride is introduced in water through the leaching process of chlorides from sedimentary rocks

(e.g. evaporites, rock salt deposits) and soils. Salt water intrusion through ocean tides in coastal
areas and tidastuaries is also a major source of chloride in sea water (Pedro et al., 2087). Hig
er concentrations of chloride can occur near sewage and other waste outlets, irrigation drains, salt

water intrusions, in arid areas and in wet coastal areas.

Chloride mayget into surface water from several sources including; wastewater from industries
and municipalities, wastewater from water softening, road salting, produced water from gas and
oil wells. In addition, atmospheric deposition of oceanic aerosols introdht@sle in surface
waters when carried inland in minute crystals or droplets. Chloride is also introduced into water
as a result of agricultural runoff, especially when fertilizers containing chlorides are washed into

water bodies (Spellman, 2003).
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The useof deicing salt on roads during winter periods in temperate lands has been knawn to r
sult in seasonal fluctuations in levels of chloride in ground water, streams and reservoirs adjacent
to the road when carried as runoff (UNESCO and WHO, 1996). Industfiuent (galvanizing

plants, watessoftening plants, oil wells, refineries, and paper works) may also leach into

groundwater or streams leading to increased levels of chloride in water.

2.2.3.3Effects of Chloride on the utility of water
High concentrations of chloride can make waters unpalatable and, therefore, unfit for drinking or

livestock watering. Chloride in excess of 100 mg/L, for example, imparts a salty taste to water
and beverages. Excessive chloride concentrations increase retession of metals in the gh
tribution system, depending on the alkalinity of the water. This can lead to increased esncentr
tions of metals in the supply (UNESCO and WHO, 1996). Chlorides also contribute to the total

mineral content of water.

High levek of chloride in water also create problems for certain industries. Food processing i
dustries, for example, usually require chloride levels lower than 250 mg/L. Some industries like
textile industries, processing plants, paper manufacture and synthsigr manufacturing,er

quire chloride levels of less than 100 mg/L (Pedro et al., 2007). High concentration of chloride
has been shown to cause physiological damage to both human and plant cells. The effects of high
levels of chloride are catastrophic talividuals who are affected by heart and kidney diseases
(De Zuane, 1997).

2.2.3.4Management of levels of Chloride and guideline values
Chloride in water is not removed by conventional treatment. Levels of chloride in watex-howe

er, can be lowerkby the process of dechloridation which is achieved by the use of agents like:
activated carbon, aluminum ammonium sulphateselchange resins, sodiumdailphite (sod

um pyrosulphate), sodium sulphite, and sulphur dioxide. Pollution control andwlitzh also

be used to reduce chloride concentration. The actual removal of chloride, however, can be a
complished through a demineralization process (which includes reverse osmosis or elgctrodial
sis) (De Zuane, 1997).

The WHO (1963) listed 200 mg/L asgaideline value for chloride as a maximum acceptable
value, and 600 mg/L as a maximum allowable value. On the other hand, The Europeam Comm

nity (1980) used 250 mg/L as a guideline value and 200 mg/L as a level over which effects may
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be registered. The ERA (1979 and 1981) issued a secondary drinking water standardder chl
ride at 250 mg/L. The WHO (1984) listed a guideline value of 250 mg/L (De Zuane, 1997). The
Kenya standard (KS 458, 2007) has adopted 250 mg/L as the standard for chloride in drinking

water.

2.24 1ron in water

2.24.1Introduction
Iron is a white, malleable, ductile, metallic chemical element, vital to animal and plant life. Iron

is the fourth most abundant el ement byvweight
els of oxidation; either as bivalent ferrous iron, or as trivalent ferric iron. Under reducing cond

tions, iron in water will tend to be in the ferrous state. Elemental iron iogarfeeFed readily

combine with oxygen and sulphur containing compoundarto oxides, hydroxides, carbonates,

and sulphides.

The concentration of iron in natural fully aerated waters is generally below 0.5 mg/L. Gesundw
ter having a pH less than 8.0 may contain 10 mg/L of iron; but it is not rare for values as much as
50 mg/L b occur in extreme cases. Acid waters from thermal springs, mine wastes and industries
may contain more than 6000 mg/L (Pedro et. al., 2007).

2.2.4.2 Sources of Iron in water
The presence of iron in groundwater is often attributed to the solotioocks and minerals,

chiefly oxides, sulphides, carbonates and silicates. Iron occurs in the silicate minerals of igneous
rocks, pyroxenes amphiboles and micas. Iron also occurs in oxides such as magm€ite (Fe
hematite (FEOW and limonite (2FBOf.3HFO). The sulphide and carbonate minerals, pyrite

(FeS) and siderite (FeCf) are also important sources of iron in water (Pedro et al., 2007).

2.2.4.3Effects of Iron on the utility of water
The presence of iron in drinking water is objectionghienarily because the precipitation of

iron changes the appearance of the water turning it turbid yltown to black. In addition, the
deposition of iron precipitate causes staining of plumbing fixtures and laundry. Anothér cond
tion which has been assated with iron in water supplies is the growth of miorganisms in

distribution systems. Accumulation of microbial growth leads to a reduction in pipeline carrying
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capacity and clogging of meters and valves. Sloughing of the accumulations oftetoledds

verse consumer reactions including complaints of tastes and odours. (AWWA, 1971).

Iron imparts an inky flavour to water when present in large amounts. This flavour tends to make
the affected waters objectionable thus making people reject the wador(TE058). Various

iron salts are used as coagulants in water treatment, therefore the precipitation of iron may cause
difficulty in water treatment processes such as ion exchange. As a result, owners of individual

household treatment units become aggted.

2.24.4Management of levels of Iron and guideline values
There are three general methods used for the control of iron in water supplies. The primary

method involves precipitation followed by filtration. The second method invaiwvesxchange,
and the third method involves stabilization of the iron in suspension using dispersing agents to
prevent the deposition of iron (AWWA, 1971).

In 1963 the WHO adopted a 0.3 mg/L as a maximum acceptable level and 1.0 mg/L as a max
mum allowabldevel. The European Community adopted, in 1980, a guide of 0.05 mg/L and a
maximum of 0.20 mg/L. WHO (1984) recorded a guideline of 0.3 mg/L. The Kenya standard
(KS 4591, 2007) adopts 0.3mg/L as a standard for iron in drinking water.

2.2.5 Conductivity in water

2.25.1Introduction
Conductivity is a measurement of the ability of an aqueous solution to carry an electrical current.

Specific conductance, on the other hand, is a measure of the electric current in a given water
sample byionized substances. Conductivity is expressed as microsiemens per centimetre
(e€S/ Cm) .

The electrical conductivity of water estimates the total amount of solids dissolved in water

(TDS). This is measured in parts per million (ppm) or mg/l.

The electrical coductivity of water depends on the water temperature: the higher the gemper
ture, the higher the electrical conductivity would be. The electrical conductivity of watersncrea

es by 23% for an increase of 1 degree Celsius of water temperature.
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Since eleaical conductivity is a measure of the capacity of water to conduct electrical current, it
is directly related to the concentration of salts dissolved in water, and therefore to thestotal di
solved solids (TDS). Salts dissolve into positively charged @&t negatively charged ions,

which conduct electricity. Since it is difficult to measure the TDS in the field, the EC of water is

used as a measure.

Chemically pure water in liquid form has a very low electrical conductance. The presernsge of di
sociated ios in solution, however, renders the solution conductive. The most important factors

in determining how well a given solution will conduct an electrical current are: variations- in di

solved solids (mostly mineral salts), the number and kinds of ions prédsemtegree to which
dissolved minerals dissociate into ions, their relative charge of ions and their mobility and the
temperature of the solution (Hem, 1967). The conductivity of most freshwaters ranges from 10 to
1,000 €S/ Cm. Hi gher0o0Wa le 5 €, m, g rceaant ebre totbasrer v e d

those waters which receive large quantities of lanebftifPedro et al., 2007).

2.25.2Causes of Conductivity in water
Conductivity arises from dissolved mineral matter in water. Free carbon diaxidanamonia

also impart conductivity in water, though their effect is negligible, except in waters of very low

salinity.

2.25.3Effects of Conductivity on the utility of water
Since the conductivity of water is directly proportional to the presence afdisismineral ma

ter and temperature; waters with very high conductivity may possess repugnant tastes and thus

less attractive to consumers.

2.25.4Management of levels of Conductivity and guideline values
No known method has been proposed formtamagement of the levels of conductivity in water,

and no guideline values has been proposed for conductivity in drinking waters.

2.2.6 Fluoride in Water

2.2.6.1Introduction
Fluorine is a pale greenisgtellow noxious gas that is highly reactiveis the most electroneg

tive el ement . Fl uorine constitutes about 0. 08

mo st abundant el ement in the earthodés crust.
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Fluorine is not found in a free state in nature, as it is a gas. It is always fooacdhimination
with chemical radicals or other elements as fluoride compounds. When these compesunds di

solve in water, they dissociate into ions to form fluorides (De Zuane, 1997).

Fluoride concentration in water depends on pH and the presence of complgaimg, however,

it has been observed that fluoride in water increases with salinity (Weinstein and Davison, 2004).
The mobility of fluoride in water depends to a large extent on the calcium ion content a-the w
ter. This is due to the fact that fluorideis low solubility ions with divalent cations.

Fluoride concentration in natural waters varies from 0.05 to 100 mg/L, although in mast situ
tions it is less than 0.1 mg/L. Fluoride concentration in groundwater is often as high as 10 mg/L.
Very high concatrations of fluoride, far exceeding the WHO guideline value of 1.5 mg/L, are
encountered in volcanic aquifers and lakes in the East African Rift system and in Hawaii. Loca
ized occurrences of high fluoride in groundwater associated with sedimentary &mdompdic

rocks are also reported from Ohio, Sri Lanka, India, Malawi and Tanzania (Howard and Bartram,
2003).

2.2.6.2Sources of Fluoride in Water
Fluoride is found in almost all water sources and supplies. Some sources contain too much, most

contain todittle, while a few contain just the right amount of fluoride for optimum dental health.
Sources of fluoride in water can be divided into two broad categories, namely:

i. Natural sources

ii. Artificial sources

2.2.6.2.1Natural sources of Fluoinde in water
Fluoride is widely distributed in the earthos

in fluoride-containing minerals in igneous and sedimentary rocks such as fluorspar, amphiboles
(hornblende), fluorite, mica, cryolite and apatFluoride originates from the weathering oé-th
se minerals which subsequently enter the surface waters with the runoff. In ground water, flu

ride results from direct contact between the ground water and the fhoomtning rocks.
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2.2.6.2.2Artificial sources of Fluoride in water
In public water supplies of developed countries like the USA, fluoride is found in drinking water

as an additive intended to provide public health protection from dental caries during the process
of artificial waterfluoridation. Runoff from agricultural lands using phosphoric fertilizers; and
from industries, does contribute to increased levels of fluoride in water bodies. Furthergrore, li
uid and gas emissions from certain industrial processes (such asaneétdienicalbased ma-
ufacturing) have also been shown to contribute to the origin of fluoride ions (F ) to water bodies
(Letterman et al., 1999).

2.2.6.3Effects of Fluoride on the utility of Water

2.2.6.3.1Medical effects of Fluoride
Fluoride in concentratianbetween 0-4.7 mg/L in drinking water has a beneficial effect on the

structure and resistance to decay on ck-il dren
l ess, fluoride in excess of 1.5 mgftkenbdbe s emeh
The recommended optimal fluoride intake for children to maximize caries prevention and min

mize the occurrence of enamel fluorosis is stated to beQ005mg/kg/day (NRC 2006a).

Fluoride in excess of 6.0 mg/L has been observed to causagedionottling and disfiguration

of teeth (Pedro et al., 2007). An acute overdose2Dmg/L) can result in nausea, diarrhoea,
abdominal pain, headache and dizziness. tieng exposure to high levels of fluoride, fo-e

ample, has been attributed to dériiaorosis. In its mildest form, dental fluorosis is characte

ized by very slight opaque, whitish areas on some posterior teeth. As the defect becomes more
severe, discolouration is more widespread and changes in colour range from shades of grey to
black.In most severe cases, gross calcification defects occur, resulting in pitting of the enamel.
In some of the latter cases, teeth are subjected to such severe attrition that they wear down to the
gum line, and complete dentures may be obtained (Lettermah, €999). This condition is
permanent after it develops in children during tooth formation, a period ranging from birth until

about the age of 8.

On the other hand, skeletal fluorosis is a bone and joint condition associated with probenged e
posure to lgh levels of fluoride. Fluoride appears to worsen the growth of osteophytes present in
the bone and joints, resulting in joint stiffness and pain. Epidemiological studies of fluoride and

bone fracture have indicated that there is an increased risk offiaahere in populationsxe
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posed to fluoride at 4 mg/L. A few human studies have also suggested that high concentrations
of fluoride exposure might be associated with alteration in reproductive hormones, thus having

an overall effect on fertility and dewgiment outcomes (NRC, 2006a).

The chief endocrine effects of fluoride exposures in experimental animals and in humans include
decreased thyroid function, increased calcitonin activity, increased parathyroid hormone activity,
secondary hyperparathyroidisand impaired glucose tolerance. Case reports and in vitro and
animal studies have indicated that exposure to fluoride at concentrations greater than 4 mg/L can
be irritating to the gastrointestinal system, affect renal tissues and function, and alterdrepat

immunologic parameters (NRC, 2006b).

2.2.6.3.2Industrial effects of Fluoride
The concentration of fluoride in water intended for industrial use is a critical factor fodconsi

eration in industry. Several industries like: the baking industry, caivieery, sugar manufaatu

ing industry, dairy industry, power generating industry, paper and pulp industry, iron and steel
industry and the petroleum industry are not affected by the level of fluoride in water. However,
the concentration of fluoride becomesritical factor for consideration when it comes to the o
erations of industries like: carbonated beverages industry, food processing industry and brewing

industry.

Typical levels of fluoride recommended for use in some of these industries are dtligtréable
2.0

Table 2.0: Levels of fluoride recommended.

Type of Industry Recommended levels of Fluoride (mg/L)
Carbonated beverages 0.21.0

Food processing and canning <1.0

Brewing <1.0

(Source: Pedro et al., 2007)

2.2.6.4Management of level®f Fluoride in drinking water
Depending on the area under consideration, the levels of fluoride in water can be managed by

two distinct methods, namely:
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A Defluoridation: a process in which the concentration of fluoride is reduced/ lowered
in waters with hig levels of fluoride.

A Fluoridation: a process in which fluoride is added to water with low levels of fluoride.

These two distinct processes are discussed below.

2.26.4.1Defluoridation
Defluoridation refers to a scientific process used to reducedheentration of fluorides in a

given water supply/body. Defluoridation can be achieved by chemical precipitation, adsorption,
or by membrane separation processes (Twort, 2000). Adsorption media successfully used are
granular activated carbon (GAC), borfeac, serpentinite, activated bauxite and activated ialum

na. All these processes, with the exception of activated alumina, have limitations which would

make the process uneconomical.

Activated alumina has been used successfully in severadailk plantsActivated alumina is an
excellent medium for fluoride removal and it normally comes from several aluminium roanufa
turers in various mesh sizes of granules and degrees of purity. For defluoridation, it is used in
mesh sizes between 28 and 48 (AWWA, 19At}ivated alumina is highly selective to fluorides

in the presence of sulphates when compared to synthetexairange resins. In the presence of
bicarbonates, although the fluoride level is reduced, the adsorption capacity shows aemajor d
cline (Twort,2000). One major limitation of the activated alumina is the problem of disposal of
the generated waste which comes out after the treatment of large volumes of water asthe alumi
ium becomes saturated with fluoride and must be regenerated. This problalsohiasen found

to affect the process of defluoridation by the use of bone char (Hem, 1967).

Silica is also known with the adsorption of fluoride. The adsorption process is best carried out
under slightly acidic conditions (pH®B); the lower the pH, the one effective the removal.eR

verse osmosis and electrodialysis, which are membrane type desalinisation processes, can be
used to remove fluoride along with other ions. Membranes exhibit anion and cation rejections in
the range 9®9%. For these processeshte successful the feed water must betgated to pe-

vent membrane fouling and scaling (Twort, 2000). Other substances used in defluoridation are
tricalcium phosphate and anion exchange resins (De Zuane, 1997). The modified lime softening

process haslgo been used in certain areas for defluoridation (AWWA, 1971).
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The use of water filtration and purification systems has been shown to reduce fluoride eencentr

tion in community water by 13%9%, depending on the type of system. Distillation, fomexa

ple an remove nearly all the fluoride (NRC 2006b). Aluminium sulphate coagulation is known

to reduce fluoride levels by 1@0% but the pH must be kept in the optimum range for caagul

tion to ensure residual aluminium levels are low; the aluminium sulphateetpgsesd could be

as high as 750 mg/ L. I n the ONalgoda process?o

has reduced fluoride levels to below 1.5mg/L, but the chemical doses required are substantial.

2.26.4.1Fluoridation
Fluoridation is the deliérate adjustment of the fluoride concentration of a public water supply in

accordance with the scientific and medical guidelines (Letterman et al, 1999). The goal in water
fluoridation, as it always has been, is to obtain the lowest rate of tooth detayhwiteast

amount of dental fluorosis.

Fluoridation has been achieved by the use of chemicals like: ammonium silicofluoride, fluorspar
(CaFp), hydrofluoric acid, hydrofluosilicic acid, sodium fluoride, and sodium silicofluoride
(NRC, 2006b). Sodium fluade is the only compound used at present for the fluoridatioruef m

nicipal water supplies and it is manufactured from hydrofluoric acid (AWWA, 1971).

2.2.6.5Water Quality Guidelines for Fluoride in drinking water

2.2.6.5.1History of Fluoride guideline development
The 1958 and 1963 WHO International Standards for Drintuater referred to fluoride, stating

that concentrations in drinkingater in excess of 1iQ@.5mg/Litre of fluoride may give rise to
dental fluorosis in some children, and much high@rceatrations may eventually result in kel
tal damage in both children and adults.

To prevent the development of dental caries in children, a number of communal water supplies
were fluoridated to bring théulbride concentration to 1.0migre. The 1971 Iternational Staa-

ards recommended control limits for fluoride in drinkiwgter for various ranges of the annual
average of maximum daily air temperatures; coninaiks ranged from 0.80.8 mg/ltre for tem-
peratures of 26i382.6°C to 0.91.7 mg/litre fortemperatures of 1A 2°C. In the first edition of

the Guidelines for Drinkingwater Quality, published in 198 a guideline value of 1.5 mgre

was established for fluoride, as mottling of teeth has been reported very occasionally at higher
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levels.It was also noted that local application of the guideline value must take into acaeunt cl
matic conditions and higher levels of water intake. The 1993 guidelines concluded that there was
no evidence to suggest tliae guideline value of 1.5 mgfe set in 198 needed to be revised. It

was also recognized that in areas with high natural fluoride levels, the guideline value may be
difficult to achieve in some circumstances with the treatment technology available. It was also
emphasized that in setting nationtdrelards for fluoride, it is particularly important to consider

climatic conditions, volume of water intake and the intake of fluoride from other sources.

2.2.6.5.2Guideline values for Fluoride
The optimal fluoride level in water is the level tipabduces the greatest protection against caries

with the least risk of fluorosis. The guideline value for fluoride has been based on the climatic
conditions of the area under consideration, and the quantity/volume of water consumed; and not

healthbased asessments as has been the norm (Gray, 2008).

The WHO guideline value for fluoride in water is 1.5 mg/L but this value may change depending
on climatic conditions and water consumption. Othigyanizationghat have developed gue

line values for fluoridericlude: USPHS (1942) 1.0 mg/L; USPHS (1946) 1.5 mg/L; and the E
ropean community 0-I.5 mg/L (related to temperature) (De Zuane, 1997). The Kenya Standard
(KS 45901, 2007) adopts 1.5 mg/L as a standard for fluoride in drinking water.

2.27 Hardness in water

2.27.1Introduction
This is the property of water which prevents lather formation with soap and produces limescale

in kettles and hot water systems. Hardness may be considered as a physical or chemieal param
ter of water. It is determined ke concentration of multivalent cations in water. It represents
the total concentration of calcium (€%and magnesium (Mg)pions in water although (Bed

and (So¢ Xare also responsible (Tebbutt, 2003). Water hardness is categorized as:

A Carbonatéhardness: this is also referred to as temporary hardness (hardness that can be
removed by boiling or addition of lime). It is caused by the presence of dissolved ca
bonate and bicarbonate salts of calcium and magnesium. When dissolved these minerals

yield calcium and magnesium cations (fa9g3) and carbonate and bicarbonate anions

(COF? , HCG )
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A Non-carbonate hardness, also referred to as permanent hardness (hardness that cannot be
removed by boiling), is represented by any salts of calcium and magnésich as du
phates and chlorides) (SQLCL , NGF ).

Noncar bonate hardness = Tot al hardness b al kal

Total hardness is defined as the sum of the calcium and magnesium concentrations; both e

pressed as calcium carbonate, in milligrams per litre.

If concentrations of Na and K salts are present, thecadsonate hardness may be negative

since such salts could form alkalinity without producing hardness (Tebbutt, 2003)
The degree of hardness can be represented as shown in tables 2.1 and 2.2.

Table 2.1Degree of Hardness

Concentration mg/L Degree of hardness
07 50 Soft

507 100 Moderately soft
10071 150 Slightly hard

15071 250 Moderately hard
25071 350 Hard

350+ Excessively hard

(Source: Gray, 2008)

Table 2.2: Degree of Hardness

Concentrationmg/L Degree of hardness
07 75 Soft

757 150 Moderately hard
1507 300 Hard

300+ Very hard

(Source: Gray, 2008)

Page20



Assessment of Water Quality for domestic use in Ongata RongaeA

2.27.2Causes of Hardness in water
Hardness in water is primarily caused by the presence of minerals mainly calcium andiinagnes

um init. The minerals get into the water if it passes through soft rock like chalk or limestone. If
water passes through hard rocks, like granite or through peaty soils, it does not pick up these

minerals therefore remains soft.

2.2.7.3Effects of Hardness onhe usability of water
Depending on the interaction of other factors, such as pH and alkalinity, water with hardness

above 200 mg/L may cause scale deposition in the distribution system and pipework and tanks
within buildings. High levels of hardness wilka result in excessive soap consumption afd su
sequent Ascumo formati on. On heating, hard we
Soft water, with a hardness of less than 100 mg/L, may, on the other hand, have a low buffering

capacity and so beare corrosive for water pipes.

2.27.4Management of levels of Hardness and guideline values
High levels of hardness (greater than 150 mg/L) can be managed by the use of precipftation so

tening or cation exchange. No guideline value has been proposed for hardness since it does not

cause a health concern at levels found in drinking water (Vigil, 2003).

2.2.8 Nitrites and Nitrates
Nitrites represent the first product of oxidation of freenania by biochemical activity. Unpo

luted natural waters contain practically no nitrites. The nitrite concentration present is due to the
organic matter in the soils. Concentrations exceeding the very low value of 0.001lmg/L are of

sanitary significance.

Nitrates represent the final stage of oxidation of ammonia and mineralization of nitrogen from
organic matter. This oxidation is achieved by nitrifying bacteria and can also occur in x-well o
ygenated environment. Excessive levels of nitrate may causaséimess and sometimes death

in infants (Twort, 1962)

Microbiological measures

The most important microbiological measure of drinkivater quality is a group of bacteria
called coliforms. Coliform bacteria normally are not pathogenic, but they aresajwagent in

the intestinal tract of humans and are excreted in very large numbers with human waste. Water
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contaminated with human waste always contains coliforms, and it is also likely to contain path
gens excreted by infected individuals in the commuiSigice it is easier to test for the presence

of coliforms rather than for specific types of pathogens, coliforms are used as indicater orga
isms for measuring the biological quality of water. If coliforms are not found in the water, it can
be assumed th#lhe water is also free of pathogens. The coliform count thus reflects the chance
of pathogens being present; the lower the coliform count, the less likely it is that pathogens are in

the water.

2.3 Physical characteristics
The physical characteristics whter are those that are apparent to the senses of taste, smell, sight

and touch. Colour, taste, and odour are physical characteristics of drinking water timat are i
portant for aesthetic reasons rather than for health reasons. Colour in water may ebgause
decaying leaves or by algae, giving it a brownish yellow hue. Taste and odour may be caused by
naturally occurring dissolved organics or gases. Somewat#r supplies, for example, have a
rottenegg odour that is caused by hydrogen sulfide gas. {€hempurities associated with the
aesthetic quality of drinking water include iron, manganese, copper, zinc, and chlogde. Di
solved metals impart a bitter taste to water and may stain laundry and plumbing fixturass. Exce

sive chlorides give the water abjectionable salty taste.

2.3.1 Colour
Pure water is colourless. Presence of colour in water is due to foreign substances such as organic

matter from soils, vegetation, minerals and aquatic organisms. Colour in water is classified as
either true colour mapparent colour. Water whose colour is partly due to dissolved solids that
remain after removal of suspended matter is known as true colour. Colour contributesd by su
pended matter is said to have apparent colour. During treatmentptous isthe mostdifficult

to remove.

Colour is a physical parameter that is not necessarily related to toxicity or pathogenic cantamin
tion of water. Nevertheless the colour of water has a profound impact on its marketability for
both domestic and industrial use. Colalxater can create psychological rejection and fear to

consumers (Spellman, 2003)

The Kenya Standards (KS) and World Health Organization (WHO) guidelines specify 15 Total
Colour Units (TCU) as the acceptable level of colour in water. The WHO guidelindsmased
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on acceptance of the fact that at 15 TCU no c
acceptance is expected. Table 2.3 shows different colour problems encountered in water and

their possible causes.

Table 2.3: Colour problems and causes

Colour Possible Cause

Milky Precipitation of carbonates, excess airs-S
pended solids

Blackish tint Reaction with manganese and possibly iron
Yellowish tint Presence of humic compounds
Reddish tint Presence of dissolved precipitated iron

2.3.2 Temperature
The temperature of water is important in terms of its intended use, its treatment and its transport.

Water temperature affects other water properties for example chemical reactions, solubility of
gases and solids, amplification of taste addurs. Water temperature is important especially
when designing water structures and pipes (Tebbutt, 2003)

Water temperature also depends on the source of water. Groundwater temperature wel vary d
pending on the depth and the characteristics of the adquofa which the water is drawn (LsA
ley, 1979)

Surface waters are subject to great temperature variations. Temperature increments in water
tends to affect the solubility of oxygen in water, the rate of bacterial activity, and the rate at

which gases areansferred to and from the water. (Spellman, 2003)

2.33 Taste and Odour
Water with a bad taste and odour, is not attractive to consumers as the consumers automatically

associate the water with contamination. Tastes and odours in water are mainly duerss-th
ence of a variety of substances for example algae growth which secretes an oily substance that
may produce taste and odour, phenols and chlorophenols, or metals and salts from the soil. Some

odours are indicative of increased biological activity iatev. When water has a taste but not
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accompanying odour, the cause is usually inorganic contamination. Water that tastes bitter is

usually alkaline, while salty water is commonly the result of metallic salts. (Tebbutt, 2003)

When water has both taste andoar, the likely cause is organic materials. Tastes and odour
producing liquids and gases in water are produced by biological decomposition of organics e.g.
hydrogen sulphide. When certain substances combine, such as organics and chlorine, the effect is

taste and odour (Spellman, 2003)

Taste and odour can be neutralized by oxidizing the materials that cause the problem. Oxidants
such as potassium permanganate and chlorine are used. Another method is to feed powdered a
tivated carbon before the filter. Theti@ated carbon has numerous small openings that absorb

the components that cause the odour and tastes. These contained spaces must then be positively
vented to wet chemical scrubbers to prevent the fupl@f toxic concentrations of gas. (Spel

man, 2003)

The KS and WHO guidelines specify that the taste and odour of water should should faot be o
fensive to consumers. Table 2.4 and table 2.5 below, list various odour and taste preblems r

spectively and their likely causes

Table 2.4: Odour Problems and Caise

Odour Possible Cause

Oily smell Gasoline or oil contamination or persisté
becteria

Rotten egg odour Hydrogen sulphide

Methane gas Organic decomposition or presence of gas
aquifer

Phenolic Industrial or gasoline contamination

Chemical Organicchemicals

(L. Leonard, 1973)

Table 2.5: Taste Problems and Causes
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Taste Possible Cause

Alkali Taste High hardness, total dissolved solids, high
kalinity

Metallic taste Low pH, high metal content, corrosive wat
presence of iron

(L. Leonard, 1973)

2.34 Turbidity
Turbidity is defined as the dispersion and interference of light passage due to the presence of

suspended organic matter like silt, clay and other finely divided organic or inorganic particles in
water. Both the size and surface charadiesf the suspended material influence absorption
and scattering. Most turbidity is related to the smaller inorganic components of the suspended
solids burden, primarily the clay particles, microorganisms and vegetable material. The colloidal
material asociated with turbidity provides absorption sites for microorganisms and chemicals
that may be harmful or cause undesirable tastes and odours. Moreover, the adsorptive-characte
istics many colloids work to provide protection sites for microorganisms inmpgnithe disin-

fection process. (Spellman, 2003)

The degree of turbidity of water is often taken to be an approximate measure of the extent of po
lution. However it is not the only measure when determining presence or absence of pollution.
This is because ater may be clear but is contaminated by acids, toxic metals or other substances
that do not cause turbidity. Following rainfall, variation in colour of water may indicate centam
nation due to surface runoff and may lead to the need of treatment praar éspecially for gt

lic supplies. (Spellman, 2003)

The KS and WHO guidelines value for turbidity is 5 FTU and above this value water chn be o
jected for aesthetic value. Turbidity above 5 NTU may be discernible to consumers.

2.4 Biological Characteristics
Water may serve as a medium in which thousands of biological species spend part, if not all of

their life cycles. All members of the biological community constitute water quality parameters.
This is because their presence or absence may indicate inlgenmsthe characteristics of a
given body of water. Pathogens are of primary importance to water specialists. Pathogens are

organisms that are capable of infecting or transmitting diseases in humans and animals. These
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organisms are not native to aquatistems and usually require an animal host for growth and
reproduction. They can however, be transported by natural water systems. These water borne

pathogens include species of bacteria, viruses, protozoa, and parasitic worms (Spellman, 2003)

2.4.1 Bacteria
Bacteria are single celled microscopic organisms that multiply by binary fission. In ordekto mu

tiply they need carbon dioxide if they are autotrophs or organic compounds if they ace heter
trophs. Their energy comes either from sunlight if they actgslynthetic or from chemical rea
tion if they are chemosynthetic. Bacteria are present in air, water, earth, rotting vegetation, and

the intestines of animals (Spellman, 2003)

Human and animal wastes are the primary sources of bacteria in water. Threee ebbacter

al contamination include runoff from feedlots, pastures, and other lands where animal wastes are
deposited. Additional sources include seepage or discharge from septic tanks and setwage trea
ment facilities. Bacteria from these sources caerenells that are either open at the land su

face or do not have watertight casings or caps. (Spellman, 2003)

2.4.2 Protozoa
Protozoa are mobile, singtelled, complete sekfontained organisms that can be free living or

parasitic, pathogenic, or mici@spic, or macroscopic. They are highly adaptable and widsty di
tributed in natural waters, although only a few are parasitic. Most protozoa are harmless, only a
few cause illness in human beings e.g. Entamoeba histolytica (amebiasis) and Giardia lamblia
(giardiasis). (Spellman, 2003)

2.4.3 Viruses
Viruses are obligate parasites that require a host in which to live. They are the smallest biological

structures known, and can only be seen by use of an electron microscope. Waterbome viral i
fections areusually indicated by disorders in the nervous system rather than of gastrointestinal
tract. Viruses that are excreted by human beings may become a major health hazard to public
health. Waterborne viral pathogens are known to cause poliomyelitis andoun$ebepatitis.

Testing for viruses in water is difficult because:

1 They are small and low concentrations in natural waters

1 They are of numerous varieties and unstable
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M There are limited identification methods available

2.44\Worms
Worms are the normal inhéiénts in organic mud and organic slime. They have aer@abic r

guirements, but can metabolize solid organic matter not readily degraded by other mmcroorga
isms. Water contamination may result from human and animal wastes that contain worms.
Worms pose hazasdprimarily to those persons who come into contact with untreated water.
(Spellman, 2003)

2.4.5 Indicator Organisms
Indicator organisms are used as indicators of bacteriological water quality due to the technical

and economic difficulty in isolating andadtifying each pathogens relative to other micronfga
isms in water can also be very small, and thus, requiring a large sample volume. An idaal indic

tor should meet the following general criteria:

1 Be easily detected by simple, inexpensive laboratory tedise shortest time with
accurate results

1 Respond to natural environmental conditions and to treatment processes in a manner
similar to the pathogens of interest

1 Be present when the pathogenic organism is present and absent in clean, uncontam

nated water

Be present in faecal matter in large numbers

Have a high indicator/pathogen ratio

Be stable and nepathogenic

= =2 4

Be suitable for all types of drinking water (Cohn R, 2004)

Examples of indicator organisms include

2.4.5.1Total Coliform
Total coliforms are argup of closely related bacteria. They are defined as aerobic ancafacult

tively anaerobic, gram negative, nspore forming, and redhaped bacteria. Examples of the
total coliform group include most species of the genera Citrobacter, Enterobacter, |kledsdce

Escherichia coli and some species of Serratia and other genera. (Cohn R, 2006)
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Total coliforms are used to access water treatment effectiveness and the integrity of the distrib
tion system. They are also used as a screening test for recenttageatination. Shortcomings

to using total coliforms as a useful indicator of the microbial quality of drinking water include:

1 They are only marginally adequate for predicting the potential presence of pathogenic
protozoan cysts/oocysts and some virusesabse total coliforms are less resistant to
disinfection than these other organisms.

1 They may proliferate in the bifilms of water distribution systems, clouding thes u
es as an indicator of external contamination.

1 Coliforms are also often not of fae@algin (Cohn R, 2004)

2.4.5.2Faecal Coliforms and E.coli
Faecal coliforms are a subset of the total coliform group while E.coli are the major subset of the

faecal coliform group. They are distinguished in the laboratory by their ability to grow at-eleva
ed temperatures (44.5°C) and their ability to produce the enzyme glucuronidase. Under the total
coliform rule, all total coliform positive samples must be tested for either faecal coliforms or
E.coli (Cohn R, 2004)

Both faecal coliforms and E.coli are katindicators for the presence of recent faecal contmin

tion than total coliforms. However, they do not distinguish between human and animaliecontam
nation. Their densities are also much lower than those for total coliforms, and thus are not used
as an ingtator for treatment effectiveness and gtnsatment contamination. E.coli are also a

more specific indicator of faecal contamination than is the faecal coliform group. (Cohn R, 2004)

CHAPTER 3: METHODOLOGY

3.1 Introduction
The main objective of theroject is to assess water quality for domestic use within Ongata
Rongai from the various water resources used within the region and thereafter make necessary

recommendations as concerns the water resources within Ongata Rongai area. Fronbthe set o
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jectives, the study approach employed so as to achieve the set objectives involves the following

four mainstream stages, namely:

T

T

T

T

Reconnaissance stage.
Feasibility studies stage.
Fieldwork stage.

Challenges faced.

The specifics of each of the mainstream stagesiftmed below:

3.2 Reconnaissance Stage

Field visits were made to the study area. Initial trips were purposefully made for reconnaissance

purposes. Reconnaissance/planning involved the following activities:

T

Statement of the project objectivéise objectives of this study were defined. The abje

tives of this study have been given in the literature review section.

Identification of parametersParameters to be studied were identified during this stage.
These parameters include: chemical analysipHe alkalinity, chloride, iron, conduciiv
ty, fluoride, hardness, nitrates, physical characteristics i.e. colour, temperature, taste and

odour, turbidity, and biological characteristics i.e. bacteria, worms, indicator organisms.

Acquisition oftopographical naps: topographical maps to be used to provide prior-info
mation with regards to the possible location of the various water resources and the relief

of the study area, etc.

A general survey of the study ardhis survey was accomplished ands of greatm-
portance especially ifamiliarizationwith the study area well. Information gathered-du
ing this survey was of help during the planning on how the fieldwork was to be tonduc
ed, for example, the order in which the sampling process was ciewald

Familiarization with the authoritiesat this stage, several authorities amwdanizations

e.g. local/lcommunity water providers, councils, water authorities etc., were contacted,
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and a notification of the study to be undertaken was given prioseTdngthorities anor-

ganizationswere of great relevance especially during data collection in a bid to achieve

the comprehensive objectives stated in chapter two of this report.

Determination of equipment neededl equipment which were to be used foiststudy

were identified and arrangements for easy access were put in place. Some of phis equi

ment included the hardeld Global Positioning Service (GPS) receiver, thermometer and

sampling containers.

Table 3.0:A schematic representation of timstitutional framework for the water sector
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Table 3.1: The roles and responsibilities of these institutions:

Institution Roles and responsibilities
1. Ministry of Water and lii 1 Development of legislatiomolicy and strategy
gation (MWI) formulation, sector coordination and guidance
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and monitoring and evaluation
1 Overall sector investments planning and resol

mobilization

Water Services Regulatory|  Regulation and monitoring of service provisior|
Board (WASREB) (Water Services Boards and Providers)
Issuing of licenses to Water Services Boards
Setting standards for provision of water servic

1 Developing guidelines (water tariffs etc.)

Water Services Boards 1 Efficient and economical provision of water-

(WSBs) vices

1 Developing water and sewer facilities, intres
ment planning and implementation

1 Rehabilitation and replacement of infrastructut

1 Applying regulations on water services and ta
iffs

1 Procuring and leasing water and sewerageifaq
ties

1 Contracting WateService Providers (WSPs)

Water Service Providers 1 Provision of water and sanitation services, eng
(WSPs) ing good customer relation and sensitizatiah, ¢
equate maintenance of assets and reaching a

formance level set by regulation

WaterServices Trust Fund | § Financing provision of water and sanitation to
(WSTF) disadvantaged groups (ppmor) as water pe
erty fund
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6. The Water Appeals Board | 1 Arbitration of water related disputes and confli

(WAB) between institutions and organizations

7. National Water Conseav 1 Construction of dams and drilling of boreholes
tion and Pipeline Corpar
tion (NWCPC)

8. | Kenya Water Institute { Training and research
(KEWI)

3.3 Feasibility Studies Stage
Feasibility studies involved the followiragtivities:
1 Determination of the resource requiremertse actual financial costs to be incurred-du
ing this study were calculated. Other resources such as time required to undertake this

study, costs of extra equipment, etc. were also estimated.

1 Risk asessmentall risks, such as accidents, conflict with locals etc., that could arise as a
result of conducting a study in this area were identified and assessed. All the necessary

and prior mitigation and control measures were evaluated and subsequertigadop

1 Design of the data collection techniquédsata collection sheets were prepared andra ca
era was acquired. The methodology for the testing of samples; and the schedule for data

collection was designed at this stage.

3.4 Fieldwork Stage

Actual field opertions, involving data collection and sampling, began on tieéaanuary

2014. Sampling processes were done as p-er the
nation of Waters and Wastewaterso and the A We
Samples from boreholes, dam, stored rain water and a river flowing through Ongata Rongai Area
were taken in twditre plastic containers, packed and then transported to the Laboratorytfor tes

ing. Onsite data like: the exact water resource location tlvezaconditions at the time ofrsa
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pling, the type of soil, presence of possible sources of pollution and indicators of contamination

or pollution were recorded. Some-site data obtained from this study are given in appendix C.
Laboratory tests wereundee k en as speci fied in AStanaard Me
ters and Wastewaterso. A brief descriphnion an
dertaken are given in appendix B. Parameters tested in the laboratory included the fofiblying:
fluoride, conductivity, chloride, iron, total hardness, calcium hardness, total alkalinity, ®tal di

solved and suspended solids, dissolved oxygen and the bacteriological parameters. Some raw,
unanalyzed laboratory tests results are attached in app@ndictual field operations, involving

data collection and sampling processes were done at this stage. Care was taken to ensure the
samples were truly representative of the existing conditions and handled in such a way that no
contamination occurred befotesting. Testing was conducted at the University of Nairobi-Env
ronmental Health Engineering laboratory and also at the Kiserian Dam & water supply testing
laboratory. The water samples collected were tested using standard methods for examination of
wate

The following precautions were considered when handling the samples:

1 Before filling the sample bottle, it was be rinsed at least twice with the water beéing co
lected.

1 Each sample was treated individually with regard to the substances to be determined and
other conditions that may influence the results. A record of every sample collected has
been kept and well labelled.

T Enough quantity of water was collected to
out.

1 Minimum time interval between collecticand analysis was maintained so as to ensure

the results obtained are reliable. All samples that haghiioor testingwere refrigerated.

3.5Challenges experienced
Several limitations were encountered during this study. They include the following:

1 Someborehole operators refused access to the sample collection points.

T There were insufficient records of t he i ni

which would be used as a basis for assessment.
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Introduction
The objective of the project was to assess the water quality from various resources within Ongata
Rongai and hence determine whether or not the water is suitable to be employed and put into use
for various domestic uses. Following the set ofyes, sampling of water from various-r

sources was conducted and laboratory examinations were conducted and thereafteb-result o
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tained for assessment. Key parameters were investigated to assist in drawing accunate concl

sions and thus make relevant recoemdations.

4.2 Analysis of Results
The quality of water from the various resources was assessed in terms of its physical, chemical
and bacteriological characteristics. These were determined using standard methods of laboratory
examinations as prescribed $tandard Methods for the Examination of Water and Wastewater

(see Appendix B). The following parameters were assessed:

Table 4.0: Parameters assessed.

Physical Chemical Biological

Turbidity, Colour, Total Ds-| pH, Electrical conductivity, Total Coliform Count, E.Col
solved Solids, Total Suspén| iron, Total Hardness, Calciui Count

ed Solids Hardness, Total Alkalinity
Chlorides, Fluorides, Nitrate

Dissolved Oxygen.

Analysis of the results entailed the consideration of the historical values femmuys investig-

tions and the quality requirement for the intended beneficial use as specified by the WHO Stan
ards and also thKBS (KS-1:2007) Standards. From the field investigations carried out, it was
ascertained that most of the water used for damese comes from boreholes and thus more
emphasis on boreholes was prioritized. Rain water collected and also river water are egually e
ployed for domestic use at a lower scale as compared to borehole water.

The historical values obtained from initiakte conducted from the various boreholes, did not
include the boreholes that were sampled. As a result, it was not possible to do a parallet compar

son using the available values.

4.2.1Chemical Characteristics
Testing was done in order to determine asthlaish the levels of chemical constituents occu

ring naturally in water or foreign constituents that may have been introduced through atts of po

lution.
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4.2.1.1pH Value
pH in water indicates its acidity or alkalinity. From laboratory tests condugktdalues were

determined to range from a minimum of 5.99 to a maximum of 9.20 with a mean of 7.53. The
historical values of the available data range fromi63417 (Appendix E). Figure-@ illustrates

the variation of determined pH values from the teent sampled points.

H (WHO Standards (6.5 - 8.5)

p

1 2 3 4 6 6 7 8 9 0 11 12 43 14 156 16
Sample Sources

Figure 1: pH variation over the different sampled points

The values indicate minimal variation; with 12 sampled points recording a pH of above 7 thus it
can be inferred that water from these pointskalale in nature. The sample which recorded the
lowest pH value of 5.99 was from collected from rain water. This indicates slightly acidic, which

is brought about by presence of mineral acids, free carbon dioxide, sulphates or nitrogen oxides.
As for the dvanging and rising pH values of samples collected from boreholes, this could have
been caused as a result of water percolating through limestone in the rock stratum and more ions

dissolving in the water with time.

4.2.1.2Total Alkalinity
Total Alkalinity values determined from the laboratory ranged from a minimum of 40 mg/L to a

maximum of 401 mg/L; with a mean value of 216 mg/L. The historical data available had values
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ranging from a minimum value of 8 mg/L to 340 mg/L. (Appendix E). Figuteilustraes the

variation of determined total alkalinity values from the 16 different sampled points.
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Figure 2: Total Alkalinity variations over the different sampled points

Alkalinity is a function of bicarbonate, carbonate and hydraowys which have dissolved from
chemical compounds from rocks and soils. Out of all the samples collected, sample 1 and 2 had
bicarbonate alkalinity. This is further confirmed in their pH values which are above 8.3. Sample
7, which was from collected raimater had the lowest value of 40 mg/L while sample 15 which

was collected from a borehole had the highest value of 401 mg/L. Alkalinity in water has no
health significance but high levels makes water unpalatable and may affect the efficieney of ce
tain waker treatment processes such coagulation where treatment is needed. According to the set

standards, all the tested samples fall within range and satisfy alkalinity requirements.

4.2.1.3Chlorides
Chloride level fluctuated between 27 mg/L and 289 mg/L; aithaverage value of 138mg/L.

The upper value is above the maximum value recommended by WHO Standards of 250 mg/L.
From the past information available, the chloride values ranged between 0 mg/L to 145 mg/L
(Appendix E). Figure 4, illustrates the variatioof the determined chloride level®in the di-

ferent sampled water
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Figure 3: Chloride levels obtained from the sampled water

Sample 3 had the highest levels of Chlorides present of 289mg/L while shtnpeorded the
lowest value of 27 mg/LThese samples wemmllected froma borehole andain watertank re-
spectively.Chlorides in groundwater result from leaching of chlorides from rocks and soils and
are associated with sodium in drinking water. Ténels of chlorides as displayed on the chart
fall within acceptable limits as guided by the WHO Standards and3He2007.

4.2.1.41ron
The levels of Iron in the sampled water varied from a minimum of 0.05 mg/L to a maximum of

1.6 mg/L. The mean Irolevel was calculated as 0.356 mg/L. Using the past informatidn gat
ered, Iron present in the sampled water as at then varied from a minimum of 0.01 mg/Lxto a ma
imum of 1.6 mg/L. (Appendix E). Figure3illustrates well the variation of the Iron levelsire

different 16 sampled points.
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Figure 4: Iron levels on the sampled waters

Sample point 7 which recorded the lowest value of Iron present, i. e 0.05 mg/L was collected
from treated water in one of the treatment plant®mgata Rongai, while sample 1, whicle+e

orded the highest value of 1.6 mg/L, was collected from a borehole. This was more thdn the va
ue given as a guideline from WHO Standards of 0.3 mg/L. Excess Iron in water givesiit an u
pleasant metallic taste, affscthe colour to brownish which makes the water less attractive to
consumers, and also lowers the pH, making the water corrosive to distribution pipes. According
to the total sampled points, 31.25% samples have Iron levels higher than the recommended value
from KS and WHO Standards.

4.2.1.5Electrical Conductivity
Electrical Conductivity in the sampled water varied from 23uS/Cm to 825uS/Cm. The mean

conductivity of the samples was 474uS/Cm. The historical study that had been conducted had
values ranging fron25.9uS/Cm to 1191uS/Cm. (Appendix E). Figurd 4llustrates the vaar

tion of the determined Electrical Conductivity values from the different sample points.
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Figure 5: Electrical Conductivity values obtained

Pure water is a poor conductor of electricity. Conductivity is dependent upon the presence of
ions and thus an indicator of TDS in water. As the concentration of dissolved salts, usually salts
of sodium, calcium and magnesium, bicarbenahloride and sulphate, increases in watec-ele
trical conductivity increases. Electrical Conductivity also relates to salinity of water, and this was
confirmed from samples 1, 2, 15 and 16 which had aes#disie. The guidelines given\WiHO
Standardss a maximum of 2500 uS/Cm, thus all the tested sampled were within range.

4.2.1.6Fluorides
Fluorides ranged from a minimum value of 0.25 mg/L to a maximum \alde85 mg/L. The

mean fluoriddevel was calculated as 1.17 mg/L. Using the historicaleshbtained from the
past study, the fluorides values ranged from a minimum of 0.23 mg/L to a maximum of 6.78
mg/L.(Appendix E). Figure % illustrates the fluoride levels in water from the different sample

points.
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Figure 6: Fluoride levels in water sampled from the different points

A total of 6 out of the 16 sampled points had levels of fluorides higher thaedbmmended

value in the KS and the WHO Standards of 1.5 mg/L. The high levels of fluorides make water
unsafe fordrinking. Issues of teeth discolouration and dental fluorosis may arise to people who
consume the water regularly without any form of management measures apghedviater.
Fluoride, a naturatlement, exists in combination with other elements as flaazompound and

is found as a constituent of minerals in rocks and soil. When the water passes through and over
soil and rock formations containing fluoride it dissolves these compounds, resulting in the small
amounts of soluble fluoride present in waflnis explains the reason as to why most of the w

ter collected from boreholes hhdh levels of fluorides.

4.2.1.7Total Hardness
Total hardness ranged from a minimum of 29 mg/L to a maximum of 352 mg/L, expressed in

terms of calcium carbonate. The mean total hardness of the sampled water was found to be 175
mg/L. From the past study that had been conducted, the Total Hardnessraafesk between
4mg/L and 290 mg/L (Appendix E). Figure®4illustrates the variation of determined Total

Hardness values from the different sample points.
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Figure 7: Total Hardness values obtained from the different watesamples

Hardness is the soap consuming capacity of water; that is, the more soap required to produce
lather, the harder the water. From the determined values it can be inferred that the sampled water
wasgenerally soft as there was only one sample whichassed advised value of 300 mg/L in

the KS Standards. This was sample 1 which recorded a value of 352 mg/L.

4.2.1.8Calcium Hardness
Calcium hardness ranged from a minimum value of 6 mg/L to a maximum value of 178 mg/L

expressed in terms of calcium canate. The mean Calcium hardness of the sampled water was
calculated to be 74 mg/L. Figure74illustrates the variation of determined Calcium Hardness

values from the different sample points.
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Figure 8: Calcium Hardness valuesbtained from the different water samples

Sample 10 which was collected from rain watank recorded the lowest the lowest value of
Calcium Hardness. This means that it formed lather easily when used for various domestic uses.
Water collected from samgplpoint 3, recorded the highest level of Calcium Hardness. Generally,

all the samples recorded values within the advised WHO Standard value of 500 mg/L.

4.2.1.9Nitrates
Nitrate level determined from the various sample points ranged from a minimumofalue

mg/L to a maximum value of 8 mg/L. This was well within the Standards advised by WHO and
KS standards. From the past studies conducted within the Ongata Rongai indicated values which
ranged between a minimum value of 0.56 mg/L and a maximum valu@fg/L. (Appendix

E). Figure 48 illustrates the Nitrate levels in the water sampled from the various sample points.
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Figure 9: Nitrate levels in the different water samples tested

High Nitrate levels may indicate pollutidnom fertilizers, feedlots or sewage. This applies to
water collected from borehol es. Nitrate in wa
ygen. However, the concentration of Nitrates in the sampled water was found to be within the

acceptable mits of a Maximum value of 10, as specified by the KS and WHO Standards.

4.2.2Physical Characteristics
These parameters of water quality are important because they affect the acceptability of the water

to consumers. These key parameters affect the appearance and taste of the water.

4.2.2.1Colour
The Colour obtained from the water analysis tests ranged & minimum value of 5 Hazens to

a maximum value of 50 Hazens. From previous studies that had been conducted in the area, the
Colour values ranged between 5 Degrees Hazen and 60 Degrees Hazen. The variations in Colour

are as illustrated in figure 9.
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Figure 10: Colour variations in the water sampled

The sampled points 1 and 4 recorded the highest values of 50 degree hazens. These waters were
brownish in colour and it can be concluded that water in these sources were polluted; however
colour cannot be used as an indicator of pathogenic or toxic covaatsi A total of 14 samples
recorded values within the stated value of a maximum of 15 Degrees Hazens in the WHO and
KS Standards.

4.2.2.2Taste and Odour
Samples from points 4 and 6 were raw water from Mbagathi River and raw water that ifeeds K

serian am. They had an Odour because of the waste materials and sewage aianiihis
was an indication gbollution that had taken place. All the other 14 sampled points had no taste
or odour thus fit for various domestic uses. For drinking water, the \8Bt@dards advise a

guideline of oO6Unobjectionabl eb.

4.2.2.3Turbidity
The Turbidity values were determined to range from 0.4 NTU to 7.2 NTU as illustrated in figure

4-10. From the previous investigations conducted, the Turbidity ranged between a minimum of
0.4 NTU and a maximum of 47.1 NTU.
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Figure 11: Turbidity level variations in the different samples tested

Samples 4 and 6 recorded values of 6.9 and 7.2 respectively which are higher thannthe reco
mended value by WHO and K&andards. The rest of the samples recorded values within the
advised range of 5NTU. The high levels of turbidity in sample 4 and 6 indicate presenee of i
creased colloidal material in water whose source could be possibly contaminated from surface
run-off or from suspended solids, microorganisms and vegetable material in the groura. A m
jority of the samples which had Turbidity levels within the advised WHO and KS Standards

were clear an indication of little or no suspended materials.

4.2.2.4Total Dissolved Solids
The TDS values obtained from the tested samples ranged between a minimum value of 8 mg/L

and a maximum value of 408 mg/L. The mean TDS of the sampled water was calculated to be
255 mg/L. Figure 411 illustrates the variation of the determinedueal of TDS from the diffe

ent sample points.
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Figure 12: Total Dissolved Solids in the sampled water

Total Dissolved Solids (TDS), is the total amount of mobile charged ions including minerals,
salts or metals dissolved ingazen volume of water. TDS thus includes anything presentamn w

ter other than the pure water molecules and suspended solids. TDS concentration is thus genera
ly the sum of the cations and anions in water. Some dissolved solids come from organic sources
sud as leaves, silt and industrial waste and sewage. Other sources come from runoffzef fertili

ers and pesticides used on farms along some of the sources where sampling was done. Dissolved
solids also come from inorganic materials such as rocks and amd#yatontain calcium bica

bonate, nitrogen, iron phosphorus, sulfur, and other minerals. Sample 10 had the least of the
TDS. This was rain water which had not come into contact with the ground surface thus explains

the low levels of TDS.

4.2.2.5Total Suspended Solids
The Total Suspended Solids (TSS) values obtained from the tested samples ranged between a

minimum value of 0 mg/L and a maximum value of 45 mg/L. The mean TSS of the sanapled w
ter was calculated to be 5 mg/L. Suspended solids are insolublaten and settle out with
enough time. Figure-42 illustrates the variation of the determined values of TSS from the di

ferent sample points.
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Figure 13: Total Suspended Solids in the water samples tested

Total Suspended Solids (TSS) and Turbidity are distinct measurements that provide shmilar a
sessment of the water quality. TSS is a measure of the mass of solids found in a volume of water
and describes particulates of varied origin, including soils, syatajanic materials and debris

that are suspended in water. Only two samples had suspended solids present. These samples were
collected from raw water that feeds Kiserian dam and the other sample was collected from
Mbagathi River. This was also an indicat of pollution present. There is no guideline provided

by the WHO and KS Standards. The presence of TSS in water makes it less aesthetically enjoy
ble.

4.3.3Biological Characteristics
Microbiological parameters can have an immediate and significant impact on human health and

must therefore be analyzed more frequently. For bacteriological tests, coliform tests were used to
show the presence of bacteria. Upon confirmation, a faecal reoltest was carried out to check

for feacalcontamination.

Thus for this study, biological characteristics were determined by carrying out tests on the water
samples with a special emphasis on Total Coliforms and E.Coli.
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4.3.3.1Total Coliform Count
Total Coliforms were detected in 2 sample points as shown in the figiBe 24 out of the 16

tested samples had a most probable number index (M.P.N) of zero. According to the &S guid

lines, coliforms should not be detected in water.
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Figure 14: Determined Total Coliforms counts

Samples 4 and were collected from raw water Kiserian dam and water from Mbagathi River.

It can thus be concluded that this wateswalluted by wastes and sewa@enerally, most of

the sampled points tested negative, thus we can conclude that the water is safe for use in various
domesticpurposesSome of the reasons that lead to the satisfactory results observed could have

beenadequate disinfection at the tneaint works.

4.3.3.2E Coli Counts
All total coliform positive samples were tested for both faecal coliforms and E Coli. Two sa

ples from sample points 4 and 6, tested positive for the presence of E Coli as illustfigeck
4-14.
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Figure 15: Determined E. Coli counts

4.3 Discussion of Results

4.3.1Biological Characteristics
The presence of Total Coliforms indicates potential presence of pathogenic protozoan cysts and

some viruses in the various sources where the samples were picked from. E Coli tests which

turned out positive confirmed preserafdeacalcontamination.

4.3.2Physical Characteristics
A majority of these characteristics were within safe limits and acceptable levels in ternks of co

our, turbidity, taste and odour, total dissolved solids and total suspended solids.

Out of all the 16 sampled points, 2 sampled pointsdhgtitly highercolour levels. This may
have been caused by presence of minerals such as iron or by substances of vegetable origin such

as weeds and algae.

Turbidity levels of two sampled point wasuoh higher than the recommended levels. This was

because of the suspended solids and colloidal matter present in these samples.
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Two samples collected from raw water feeding Kiserian dam and another sample from Mbagathi
River had odour. This iassociatedvith presence of living organisms or decaying matter ohclu

ing weeds, algae or wastes containing hydrocarbons or ammonia.

An aesthetic objective of less than 500 mg/L has been established for total dissolved solids
(TDS), in drinking water. At higher lels, excessive hardness, unpalability, mineral deposition
and corrosion may occur. At low levels, however, TDS contributes to the palatability of water.
Sample collected from point 10 had the lowest TDS, thus we can coritclvagthe most pala

able.

Only two samples out of the sixteen collected had suspended solids. These samples again were
collected from raw watefrom Mbagathi River and that which feeds Kiserian dam. A higit co
centration of total solids will make drinking water unpalatable and mighg ha adverse effect

on people who are not used to drinking such water. Total solids also affect the clarity of water,

which is the most probable casesamples from points 4 and 6.

4.3.3Chemical Characteristics
The pH of one sampled point; that is polntwas above the recommended standards by WHO

and the KS. It was too alkaline which may result to formation of precipitates that can foul water

system appurtenances.

Iron was found in objectionable quantities in five sampled points. High concentratitnos o
may affect the taste and appearance of water, causes staining of laundry, utensils and glassware,
cause plugging of the water pipes and cause the presence of Iron bacteria which feeds on iron in

water and form red brown slime which clogs water sgste

40% of the sampled water had Fluoride levels higher than the prescribed guideline value for fl
oride in drinking water; which is set at 1.5 mg/L. The high levels cause the browning of teeth.

Fluoride in excess of 1.5em@/ especwat éysiaaunht

Both total and calcium hardness levels of the sampled water were found to be within the limits
advised by WHO Standards ak&-1:2007limits. This thus means that this sampled water was

fit for various domestic uses fexample laundry.

Chlorides levels were above normal advised levels in one of the sampled point.
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Nitrates, alkalinity and electrical conductivity levels were 100% within the advised andaccept
ble limits specified by th&S-1:2007.
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CHAPTER 5: CONCLUSIONS AND RECCOMMEND A-
TIONS

5.1 Conclusions

In accordance with the set objectives for this project, the quality of water from the various r
sources within Ongata Rongai was assessed in the laboratory and the results analyzethéoth o
historical values accessédm WRMA and WASREB databaseBhe following conclusions can

be drawn from this investigation.

1. All the water from the sampled boreholes and rain wiatekswas good aesthetically;
that is, the water quality was good with reference to aesthetic quality parameters$-like co
our, turbidity, conductivity, total suspended solids and total dissolved solids apart from
source point one which was a borehole that was ndtmaintained thus most of the
tested parameters were not within the recommended specifications.

2. It was established that continuous monitoring of the boreholes, was done in 6 out of the 9
sampled boreholes. This was a good sign of good management afrémlbs though
some ofthe records were missinghis is contributed by bad governance and negligence.

3. Water from Kiserian dam was well monitored and some parameters like pH, colour and
electrical conductivity were monitored daily so as to ensure bdferaater is pumped to
consumers, all parameters are within #8-1:2007. This dam supplies a total of
1,228n%/ day for Ongata Rongai population.

4. For the piped water, it can be concluded that there is no sewage or waste water pollution
along the distribubn system. Apart from the piped water, all other sources whioh co

tained water ready for distribution had no signs to indicate any pollution.

5.2 Recommendations

With current issues of climate change and global warming, the future of water resources depends
on how well these resources are managed to ensure there is conservation of quality. Whe follo
ing measures should be taken to ensure sustainable and safe use of the water resources within

Ongata Rongai:

1. An efficient, accessible, retrievable and wethnaged water quality database that inco
porates the use of GIS should be developed and maintained. This database may be used to
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provide baseline data that may be used to model water quality in Ongata Rongai area.
The data system may also help while uralartg studies like changdetection analysis

and water quality monitoring.

. Since the water resources sampled; that is ground water, surface water and rain water, in
this area are not highly polluted, watershed and water catchment protection measures
shoutl be employed by WRMA and encouraged, to preserve if not improve the quality
of the water. This can be done through public awareness.

. Water Services Regulatory Board (WASREBhould come up with cleaut and tight
measures of ensuring that people who abstract water from boreholes have complied with
the standards specified in the Kenya Drinking water quality standards

. Apart from Oloolaiser Water and Sewerage Company whichlisgppater to a bigger
population in Ongata Ronganore Water Service Providers (WSPs) should be imcorp
rated into the system. Thereafter there mandate and duties should be laid down more
clearly e.g. theghould be given the mandate to inspect borehakenyriver water along
different points on its course and report its findings to higher authorities like the Water
Services Regulatory Board (WASREB).

. There is need to manage the quality of water especially groundwater in terms of reducing
fluoride levelswhere they have exceeded 1.5 mg/L. This is so as to safeguard human
health and in such cases, private operators who rely solely on groundwater supply, should

defluoridate their water if they desire to supply it for drinking purposes.
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APPENDIX A: SAMPLING PROCEDURES ADOPTED

The rationale for the collection of water samples was undertaken following the guidelines in the

following reference texts:

Standard Methodfor the Examination of Water and Wastewaters, Volume 20, Section.
1060, parts A, B, and C., and Section 3030. Parts A, and B.

Water Quality Sampling Manual®Edition.

The Essential Handbook of Groundwater Sampling.

Water Quality Assessmenfs Guide toUse of Biota, Sediments and Water in Enmiro
mental Monitoring2" Edition. Appendix 10.1.

Practise Manual for Water Supply Services in Kenya, Section 3.5.
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APPENDIX B: LABORATORY TESTS PROCEDURES

The Laboratory tests were performaccording to the procedures prescribed in Standarti-Met
ods for the Examination of Water and Wastewater under the followingestions:
Alkalinity: 2320 (# 29) 2320. B

Appearance: 2110 (# 6)

Chloride: 4500. B

Colour: 2120 (# 7)

Conductivity: 2510 (# 35)

Dissolved Oxygen: 4500. C (# 70)

Fluoride: 4500 FC.

Hardness: 2340 (# 31)

Iron: 3500 (# 107)

Nitrate: 4500 (# 60)

pH: 4500 (# 42)

Solids: 2540 (# 43)

Temperature: 2550 (# 49). 2550. B.

Turbidity: 2130 (# 15) .2130.B.

= =4 4 A4 -4 4 -4 -4 -5 -5 -2 -5 -2 -2
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APPENDIX C: FIELD DATA COLLECTION SHEET

Source Name/Number

Source location

Date and time of sampling

Weather at the time of sampling

Possible source of pollution in the vicinity

Temperature of the water

The mode of Source construction and its-c

ering

Characteristic changes caused in the w

during heavy rains

Character of the surroundings

Nature of soil

Miscellaneous

Table C1: Field Data Collection Sheet
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Source Name/Number: Borehole water

OR/001/14

Source location

37 0251171;UTM 9845671

Date and time of sampling

31 January 2014 at 1030hrs

Weather at the time of sampling

Partially sunny with some cloud cover

Possible source of pollution in the vicinity

Pit latrine within a radius of 40m.

Temperature of the water

27°C

The mode of borehole construction and

covering

Steel cased but not well protected fromn |

man interference on

Character of the surroundings

Borehole is not fenced and exposed f¢

small swampy area.

Nature of soil

Black cotton soil

Miscellaneous

The borehole water is not sold to the pub

i.e. private domestic use.

Table C2: Field Data
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Source Name/Number: Piped water

OR/002/14

Source location

37 0247783; UTM 9846979

Date and time of sampling

31" January 2014 at 1039hrs

Weather at the time of sampling

Sunny

Possible source of pollution in the vicinity

This was piped water from a Hospital

Temperature of the water

25.5C

Characteristic changes caused in the water-

ing heavy rains

The colour of the water changes during the ra

season

Character of the surroundings

There are other buildings and a good exis

piped system.

Miscellaneous

The water is supplied from one of the main w4

supplying companies in Ongata Rongai.

Table C3:Field Data

Page61



Assessment of Water Quality for domestic use in Ongata Rongaea

Source Name/Number

OR/003/14

Source location

37 0247783; UTM 9846979

Date and time of sampling

31°' January 2014 at 1130hrs

Weather at the time of sampling

Sunny

Possible source of pollution in the vicinity

No possible sources of pollution.

Temperature of the water

26°C

The mode of borehole construction and

covering

Steel cased and also protected from hur

interference on the

Characteristic changes caused in the w

during heavy rains

Not affected by heavy rains

Character of the surroundings

Construction activities are egoing within a
radius of 100m from the borehole

Nature of soil

Black cotton soil

Miscellaneous

The borehole water is sold to the public.

Table C4: Field Data
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Source Name/Number: Raw Dam Water

OR/004/14

Source location

37 0249471; UTM 9845394

Date and time of sampling

10" February 2014 at 1014hrs

Weather at the time of sampling

Sunny

Possible source of pollution in the vicinity

Sewagedisposal into the feeding rivers a
farming chemicals that may be drained into

flowing rivers.

Temperature of the water

24°C

Characteristic changes caused in the w,

during heavy rains

Colour changes experienced mostly.

Character of theurroundings

Construction and mining activities are pres

at a radius of 100m from the reservoir.

Nature of soil

Black cotton soil

Miscellaneous

After treatment, the water is supplied to f

public.

Table C5: Field Data
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Source Name/Numberreated Dam Water.

OR/005/14

Source location

36 0249448; UTM 9845224

Date and time of sampling

10" February 2014 at 1020hrs

Weather at the time of sampling

Sunny

Possible source of pollution in the vicinity

No possible sources pbllution.

Temperature of the water

25°C

The mode of storage tanks construction anc

covering

Well-constructed and covered so as to au
any forms of possible contamination frora-H

mans and earth surface.

Characteristic changes caused in the w

during heavy rains

Not affected by heavy rains

Character of the surroundings

Construction and mining activities are pres

at a radius of 200m from the storage tank.

Nature of soil

Black cotton soil

Miscellaneous

The water is supplied to the public.

Table C6: Field Data
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Source Name/Number: Raw River water

OR/006/14

Source location

37 0251993; UTM 9845090

Date and time of sampling

13" February 2014 at 1405hrs

Weather at the time of sampling

Rainy

Possible source of pollutian the vicinity

A private greenhouse upstream

Temperature of the water

24°C

Characteristic changes caused in the w

during heavy rains

Colour changes to the water to deep brown.

Character of the surroundings

Residential area

Nature of soil

Black cotton soil

Miscellaneous

The water accessible to use by the public

outdoor domestic activities.

Table C7: Field Data
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