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ABSTRACT

This research focuses on the investigation of the existing main drinking water quality (dug well)
sources of in the rural area of Ankasha Woreda in the North western Ethiopia. In this study,
samples were collected from 9 dug wells both in the dry and wet seasons, where the people use it
for drinking purposes. The quality of the water samples were analyzed using physico-chemical
and bacteriological parameters based on standard procedures. Analyses of the mean of physico-
chemical parameters during the dry and wet seasons were: Turbidity (4.576 = 0.26, 14.1467 +
13.645 NTU), E.C (163.3 £ 142.317, 167.156 = 126.348 us/cm), TDS (123.486 = 91.76, 76.471
28.169 mg/L, pH (6.487 £ 0.537, 6.322 + 0.515) , temperature (19.603 + 0.475, 23.933 + 0.461
OC , Alkalinity (25.4 + 12.207, 30.66 + 12.689 mg/L), total hardness (16.908 + 16.826, 15.722 +
8.327mg/L), nitrate (23.05 £ 10.992, 3.328 + 0.996 mg/L), nitrite (1.566 + 0.843, 2.502 + 0.652
mg/L), sulfate (149.4 £ 67.417, 16.9 + 4.479 mg/L), chlorine, (zero,0.06 = 0.064 mg/L), iron
(1.77 £ 1.9, 0566 = 0.44 mg/L) and, manganese (0.029 + 0.005, 0.406 *0.256 mg/L),
respectively. All these physicochemical parameters were within the WHO and Ethiopian
standard limit. Analyses of the mean of bacteriological parameters in the dry and wet seasons
were: Fecal coliform (33.185 + 0.263, 23.557 + 16.187 CFU/100 mL), respectively. The total
coliforms found in the range of 3 to too numerous to count in the dry season and from 30 to too
numerous to count in the wet seasons. These values are beyond WHO and Ethiopian standard limit
and the consumers are at risk of consuming these dug well water sources. Therefore, the Water
Supply Office of Ankasha woreda in the rural area must do treatment on the dug well waters to

save consumers from water borne disease.
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1. INTRODUCTION

1.1 Back ground of the study

Water quality refers to the relationship between water composition and the impacts of natural
and human processes. Chemical compounds are introduced into the water supply system through
leaks (pore) and cross connections, resulting in deterioration (pollution) of ground drinking water
quality (Napacho and Manyele, 2010).
Safe drinking water is a basic human right as well as a necessity for good health. Fresh water is
already in scarcity in many regions throughout the world particularly in rular area. It will become
much more limited in the next century due to population increase, urbanization, and climate
change (Jackson et al., 2001). The availability of safe drinking water and sanitation is a global
issue. However, developing countries, like Ethiopia, have struggled to establish safe drinking
water from improved sources and suitable sanitation services (WHO 2006). People are still
reliant (dependent) on vulnerable water sources such as rivers, streams, springs, and dug wells as
a result of this. Because these sources are exposed (polluted), they are vulnerable to flooding, as
well as contamination from environment change; birds, animals, and humans. (Addisie, 2012).
The quality of water is affected by an increase in anthropogenic activities and any pollution
either physical or chemical causes changes to the quality of the receiving water body (Aremu et
al., 2011). Chemical contaminants occur in ground drinking water throughout the world which
could possibly threaten (dangerous) human health. In addition, most sources are found near
gullies (digging out) where open field defecation (execration) is common and flood-washed
wastes affect the quality of water (Addisie, 2012).
Surface water is typically thought to be significantly dirtier than groundwater. However, a
variety of factors influence groundwater quality, including discharge of industrial, agricultural,
and domestic waste water, land use practices, geological formation, rainfall patterns, and
infiltration(sinker) rate (Al-Tabbal and Al-Zboon, 2012). The primary goal of hydrochemistry
testing is to better understand the mechanisms that affect groundwater quality, both natural and
anthropologic (human made), in order to determine whether the water quality observed is
suitable for the intended purpose. Natural factors such as geology and geochemical processes can
also have an impact on groundwater quality. Geocentric sources are one of the factors that

influence the chemical composition of groundwater, which varies through time and geography



(Vikas et al., 2009; Gunduz et al., 2010; Mamatha and Subra Rao, N. 1993; Brindha et al.,
2011).

The demand on natural resources is increasing as a result of fast industrialization and an
increasing human population, and their conservation is one of mankind's primary issues. For
millions of people, groundwater is an essential resource for drinking and irrigation. Groundwater
quality is just as important as quantity because it is the most critical component in determining
its suitability for drinking, residential, irrigation, and industrial uses. Groundwater quality is
determined by the concentration of chemical contents, which is highly influenced by geological
(earth rotation system) formations and anthropogenic activity. Water quality has deteriorated
(exposed) as a result of agricultural and anthropogenic activities, posing (cause of disease) major
health risks to humans. Once contaminated, groundwater cannot be restored to its original

condition. But the ground water could be minimize the degree of contaminate.

Over 60% of communicable (transmission) diseases in Ethiopia are caused by poor
environmental health conditions caused by unsafe and insufficient water supplies, as well as poor
sanitary and sanitation practices (Mako et al., 2019). About 80% of the rural population and 20%
of the urban population do not have access to safe drinking water. Children in the country suffer
from three-quarters of their health problems as a result of communicable diseases caused by the
environment, particularly water and sanitation. Diarrhea is responsible for 46% of mortality in
children under the age of five, with water-related disorders (sick) accounting for a large amount
of this. According to Ethiopia's Ministry of Health, 6000 children die each day from diarrhea and

dehydration (lack of water or scarcities of water) (Mako et al., 2019).

1.2. Statements of the problem
In many developing countries, such as Ethiopia, water quality and the danger of water-borne
infections are major public health problems. This is related to a lack of detailed research and
subsequent monitoring of water quality parameters in the majority of Ethiopian in rural area. The
ground water quality of Ankasha woreda in rural area needs to be studied comprehensively
because of its importance as a source water supply for rural area. At present, the rural area has
different pollutant that are discharged and infiltrated into the groundwater. There are no reports

on the quality of water sources (dug wells) used in the rural area of Ankasha woreda in Awi



zone. Therefore the focus of this study is to evaluate the physicochemical and bacteriological

level of pollution in the rural areas of Ankesha woreda and its potential risk on the consumers.
1.3 Objectives of this Study
1.3.1 General objective

The general objective of this study is to evaluate the quality of drinking water sources used

in the rural areas of Ankasha woreda in Awi Zone

1.3.2. Specific objectives
The specific objective of this study is to analyze the quality of water sources used in the rural
areas Ankasha woreda using:
physiochemical parameters (pH, temperature, TDS, EC, Turbidity, Mn?**, Fe®* free

chlorine, total chlorine , total alkalinity, hardness , NOs and NO,

Bacteriological parameters (total coli form and fecal coli form).

1.4. Significance of the study
The significance of this study is analyze the level of contaminants of ground water in Ankasha
woreda in rural areas based on the physicochemical and microbiological parameters and give
information for people, governmental and non-governmental organization about the quality of

drinking water sources of Ankasha woreda in rural areas .

1.5. Scope and limitation of the research

This study mainly focused on the investigation of the factor that affect the different characteristic
of water quality parameters such as physicochemical and bacteriological without including all
other water quality parameters. The study area is limited to Ankasha woreda in rural area and
water sources in the surrounding areas (nine bore wells). This study focused on some parameters
that influence the characteristics of water quality parameters such as physicochemical and
bacteriological, but it did not include other parameters. Some of the key challenges/limitations
for the research work were a lack of enough finances, distance between the study area and the
laboratory, unavailability of equipment sand chemical reagents, etc.



2. LITERATURE REVIEW

2.1. Human health and water quality

The availability of enough and safe water is vital for the health of any community. As a result,
water is very essential for human survival, health, and self-respect. As a result, in addition to the
benefits to community health, everyone has a right to safe and sufficient water that may be used
in an equitable manner for drinking, cooking, personal, and home hygiene. In this
scenario(vision), both the adequacy and the safety of drinking water are critical in reducing the
occurrence of water-related and water-borne health problems, particularly diarrheal diseases,
typhoid ,typhus (Katyal, 2011).

Open field feces, animal wastes, plants, economic activities (agricultural, industrial, and
commerce), and even wastes from residential areas, as well as the area's flooding state, are all
possible contamination sources that pose a risk to drinking water quality. Contamination can
occur in any water source, including older water supply systems, dug wells, pumped or gravity-
fed systems (including treatment plants, reservoirs, pressure break tanks, pipe networks, and
delivery points). The most vulnerable systems are those with non-watertight casings or caps.
This is particularly true if the water sources are near surface runoff that could potentially reach
the source. Overflow or infiltration by floodwaters, as well as inundation of waters that often
contain significant amounts of contaminants, are other ways pollution reaches and enters a water
distribution system (Haylamichael and Moges 2012).

The availability of safe and sufficient water for drinking, domestic usage, and personal
hygiene is significant to the community's health. Quantity, quality, cost, coverage, and continuity
are the major five important components that must be addressed if public health is to be
enhanced and sustained through the provision of a safe and appropriate water supply.

The majority of the time, the occurrence of communicable diseases in the country is linked to
local water supply conditions. The following are the infectious diseases that are impacted by
changes in water supply conditions. (Addisie, 2012):

Those that are transmitted through drinking water (water borne diseases, such as
typhoid typhus, syncs, cholera, gastroenteritis etc.)
Those that are spread via aquatic vectors (water based diseases, such as

schistosomiasis



Those diseases spread by water-dependent insects (water-related diseases like
malaria and yellow fever)
Those diseases caused by a lack of appropriate water for personal cleanliness
(water-washed diseases like scabies and trachoma).
According to morbidity data, there is still a significant occurrence of communicable diseases in
the country, which are most often associated to water supply conditions, with over 60% of the
top ten diseases being related to poor quality and scarcity of household water usage (UNICEF,
2008)

2.2. Physico chemical aspects of drinking water quality parameters

In relation to a set of standards, water quality parameters are divided into three categories:
physical, chemical, and biological qualities of water. These variables are directly related to thesis
safety of drinking water for human use. Water quality measurements provide crucial information
about a water body's health. These limits are used to determine the quality of drinking water.
(Gupt et al., 2009). Chemical pollution in drinking water sources can be caused by natural
sources such as certain human and animal activities industries and agricultural activities. When
harmful compounds are present in drinking water, there is a danger they will cause acute or
chronic health problems. Because the quantities of contaminants in drinking water are rarely high
enough to induce acute health consequences, chronic health effects are more common than acute
health effects (Benignos, 2012). Temperature, PH, TDS, EC, turbidity, hardness, calcium,
magnesium, chloride, Sulphate, alkalinity, nitrate, and some hazardous metals such as iron,
manganese, and others are the principal physical and chemical parameters of ground drinking
water quality(dug well) water.

2.2.1. pH of pure water
The pH of pure water measures the acidity and alkalinity of solutions in relation to hydrogen and
hydroxide ions and is expressed as a sequence of positive values ranging from 0 to 14. Water
with a pH of 7 is considered neutral, while water with a pH lower than 7 is referred to as acidic,
while water with a pH greater than 7 is referred to as basic. It has been observed that water with
a low pH is hazardous, while water with a high pH has a bitter taste. The pH of water should be 7

between 6.5 and 8.5, according to WHO guidelines (WHO, 2006). It's important to measure pH
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at the same time as chlorine residual since the effectiveness of chlorine disinfection is highly pH
dependent: disinfection is less efficient when sthe pH exceeds 8.0. Simple tests in the field, such
as those used for chlorine residual, can be used to check that the pH is in the appropriate range
for chlorine disinfection (less than 8.0). It is possible to assess pH and chlorine residual at the
same time substance is measured by pH. The pH scale is calculated using neutral substances as a
reference. Alkaline or basic substances have a pH of greater than 7.0 (7.1-14.0). Acidic
substances are those that have a pH of less than 7.0 (0 - 6.9). The minimum and maximum pH
values for portable water, according to the WHO, are 6.5 to 8.5. There are no negative health
effects from drinking slightly acidic or basic water. We can eat lemons, drink soft drinks, and eat
eggs, after all. However, if the pH of the water is too low, it can cause corrosion and pitting of
pipes (rod iron) in distribution systems. One of the following two approaches can be used to
restore acidic water (Oljira, 2015):

Neutralizing filters raise the pH of water by passing it through a calcium carbonate filter bed
(CaCOs3). This reduces the acidity and raises the pH. When the water pump is running, a soda ash
(Sodium Carbonate) solution is delivered through a tube into the pumping input and
automatically injected

2.2.2 CONDUCTIVITY

The electrical conductivity (EC) of water is a measure of the ability of a solution to carry or
conduct (transmission) an electrical current. Since the electrical current is carried by ions in
solution, the conductivity increases as the concentration of ions increases. And Conductivity
increases with increasing amount and mobility of ions (Hailu, 2017. The conducting capacity of
water which in turn is determined by the presence of dissolved ions and solids and their total
concentration, mobility, valence and temperature. Water conductivity increases with raising
temperature (Beyene, 2020). The higher the ion sable solids, the greater will be the electrical
conductivity or the higher current flows in the water bodies.

Electrical conductivity (EC) was used to determine the total amount of dissolved salts (TDS).
The ability of a solution to carry an electrical current is measured by its electrical conductivity in
water. This ability is influenced by the presence of ions, their overall concentrations, mobility,

and measurement temperature (Addisie, 2012). Conductivity is an important component in



determining water quality since it provides a good estimation of the total of dissolved materials
in the water under investigation (Muhammad, 2004). Conductivity is a numerical expression of
an aqueous solution's capacity to carry (transmit) an electric current. The ability depends on the
presence of ions, their total concentration, mobility, valence and relative concentrations, and on
the temperature of the liquid. Solutions of most inorganic acids, bases, and salts (aqua) are
relatively good conductors. In contrast, the conductivity of distilled water is less than 1
pmhos/cm. Because conductivity is the inverse .According to WHO standards EC value of
drinking water quality should not exceed 400Ms/ cm.

2.2.3. Total dissolved solids (TDS)

Potassium, calcium, sodium, bicarbonates, chlorides, magnesium, and sulfates are just a few of
the inorganic and organic mineral deposits or salts that water can dissolve (Eze, 2012). The water
had an awful (harmful) taste and a diluted appearance due to the mineral deposits. Total
dissolved solids in water are greatly influenced by natural interactions with rocks and soil.
Pollution, particularly rural runoff, contributes only a little amount to TDS. TDS in drinking
water can come from a variety of places, including sewage and urban industrial pollutants. As a
result, TDS testing is largely used to assess the overall quality of water (Mohsin et al., 2013).
Water with extremely low TDS concentrations may be unpleasant in terms of drinking water
quality due to its flat, insipid taste. TDS concentrations that are too high, on the other hand, can
create some health issues (Lechevallier et al., 1990). Laxative effects, primarily from salt,
sulfate, and magnesium sulfate, are possible. The adverse impact of elevated sodium levels on
certain cardiac patients and kidney function have been widely recognized (Pearce et al., 2005).
The greatest acceptable and highest permissible levels for total dissolved solids, according to
WHO regulations (WHO, 1993), are 500 mg/l and 1000 mg/I, respectively.

Table 1: Summary of electrical conductivity categorizes range (Source: Richard, 1954)

Range Range of EC(ps/cm) Categorized range
1 100-250 Excellent
2 250-750 Good




2.2.4. Turbidity

Turbidity is a measurement of how cloudy water is; the more cloudy the water, the higher the
turbidity. Turbidity is a measurement of water's cloudiness; the cloudier the water, the higher the
turbidity. Soil erosion, urban runoff, and high flow rates can all contribute to excessive turbidity
(Lechevallier et al., 1990). Total suspended solids (TSS) are closely connected to turbidity, but it
also includes plankton and other creatures (WHO, 2006). Although turbidity is not a big health
hazard in and of itself, its high concentration can obstruct disinfection and provide a breeding
ground for bacteria (Murphy, 2007).Turbidity is also considered as indirect indicator for the
presence of microbes (WHO, 2006) and, therefore, microbiological parameter is closely linked to
the microbiological safety of drinking water (Murphy, 2007).Therefore, turbidity has to be
correlated with bacterial contamination, and the probable existence of pathogens that are of
human health concern (Fedinic, 2019).

Turbidity must be kept to a minimum in all disinfection operations, preferably less than 1
NTU. The turbidity of disinfected water should be consistently less than 5 NTU (Crittenden, et
al., 2013) and preferably less than 1 NTU (Crittenden, J. C.et al., 2013). (Nephelometric
Turbidity Unity). Turbidity is a unit of measurement for the amount of light dispersed by
suspended organic (including algae) and inorganic particles as it travels through a water column.
As the presence of suspended load rises, light scattering increases, and turbidity is commonly
measured in Nephelometric Turbidity Units (NTU). Turbidity is a physical and microbiological
property that can be characterized in two ways. It is categorized as a physical characteristic
because it can lead consumers to have aesthetic and psychological objections, and as a
microbiological parameter because it can harbor infections and hinder disinfection effectiveness.
The particular composition of the turbidity-causing elements determines direct health impacts,
but there are further implications. Because turbidity in water can be created by sewage matter,
harmful organisms may be covered by the turbidity particles and so avoid the disinfectant's
action (Oljira, 2015).

2.2.5. Temperature
Water with a lower temperature is usually more desirable (WHO, 1997; Volk et al., 2002;
WHO, 2006). High water temperature, which facilitates the transition of elements into dissolved

form from host rocks and a high rate of evaporation in Ethiopia's rift-valley location, is one of



the main factors for greater TDS (Alemayehu, 2000). High water temperatures encourage the
growth of microbes, which can lead to problems with taste, odor, and color in drinking water
(Momba et al., 2006). The concentration of dissolved oxygen and the activity of bacteria in water
bodies both are affected by temperature (Murphy, 2007). Temperature is a critical parameter
affecting several reactions, including disinfectant degradation and by product production, in the
study of the physico-chemical quality of pipe water samples (Volk et al., 2002). As the
temperature of the water rises, so does the demand for disinfectants, as well as the development
of byproducts, nitrification, and microbiological activity. Maximum water temperature is set as
an aesthetic goal to aid in the selection of the best water source or the optimum location for a
water intake (WHO, 1997; WHO, 2006). The temperature of drinking water should not exceed
15 degrees Celsius because water's palatability is influenced by its coolness (WHO, 1997; Volk
et al, 2002; Ahmed et al., 1998). Temperatures above 15°C can accelerate the growth of noxious
organisms like algae, which worsening the taste, odor, and color of drinking water (Kotowski,
1989); Mombal et al., 2002).

2.2.6. Total Hardness

Water hardness can be thought of as a physical or chemical property. It represents the total
amount of calcium and magnesium ions in the body. Hardness was originally tested and analyzed
in raw water sampling as an indicator for water quality in terms of precipitating soap. Calcium
and Magnesium are the main precipitating ions in this assay. In other words, in order to produce
foam or lather, —hardl water requires the use of more soap. Hard water is natural ability to
produce scale in hot water pipes, boilers, and heaters are another disadvantage of hard water over
soft water. As a result of the greater rainfall and less interaction with soil minerals, surface raw
water is softer than ground water (Oljira, 2015). Hard water is characterized by high mineral
concentration, which is usually not harmful to humans. Because it contains primarily calcium
and carbonates, which are the most dissolved ions in hard water, it is commonly measured as
calcium carbonate (CaCO3). The degree of hardness of water that is acceptable to the public
varies greatly from one community to another. The calcium ion has a taste threshold of 100-300
mg/l, with a maximum permitted concentration of 500 mg/l as CaCOs. According to the World
Health Organization (Edition, 2004) and the National Drinking Water Quality Guidelines for
Ethiopia, the overall hardness permissible limit is 300 mg/l (Girma et al. 2011).



Table 2: Summary of hardness and softness categorize range (Source: Dezuane, 1996)

No Range of concentration (mg/L) Categorized of hardness
1 0-50 Soft water
2 50-150 Moderately hardness
3 150-300 Hard water
4 More Very hard water
than 300
2.2.7. Alkalinity

Alkalinity is a measure of the ability of water to absorb hydrogen ions without significant pH
change. Simply stated, alkalinity is a measure of the buffering capacity of water and is thus a
measure of the ability or capacity of water to neutralize acids. The major chemical constituents
of alkalinity in natural water supplies are bicarbonate, carbonate, and hydroxyl ions. These
compounds are mostly the carbonates and bicarbonates of magnesium, and calcium. These
constituents originate from carbon dioxide (from the atmosphere) and occurring as a by-product
of microbial decomposition of organic material or minerals primarily from chemical compounds
dissolved from rocks and soil (Oljira, 2015). According to the portability of drinking Water set
by WHO standard guideline, the maximum permissible allowable limit should not be exceeded
200mg/I of CaCO3 (WHO, 2006).

The presence of one or more ions in water, such as hydroxides, carbonates, and bicarbonates,
is known as alkalinity. Its definition is the ability to neutralize acid. To stabilize the corrosive
effects of acidity, most drinking water supplies should include a moderate proportion of
alkalinity. pH less than 7.0 indicates the presence of acid substances, while pH greater than 7.0
indicates the presence of alkaline substances. Metallic pipes (rod iron) corrode when exposed to
acidic water. Excessive quantities, on the other hand, might result in a variety of problems. Only
total dissolved solids (TDS) of 500 mg/L are used in WHO standards to express alkalinity
(Mohsin et al., 2013)

2.2.8. Nitrate (NO3)
Nitrates are mostly derived from human activities; they are one of the most common chemical
contaminants of water bodies around the world. It is also a chemical type of nitrogen that can be

found in most soils. When plant residues, animal manures, and human waste degrade, nitrates
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can develop. It can be directly applied to the soil as a nitrogen fertilizer (Brown, 2001). Nitrate
contamination of drinking water is more usually linked to some sort of pollution caused by
human activity. Nitrates are very soluble in water and can travel through soil. Nitrates can build
up in ground water, which can then be used as a source of drinking water (Pontius, 1992).

2.2.9. Sulfate

Sulfate ions (SO,%7) occur in natural water and in wastewater. The high concentration of sulfate
in natural water is usually caused by leaching of natural deposits of sodium sulfate (Glauber’s
salt) or magnesium sulfate (Omer, 2019). If high concentrations are consumed in drinking water,
there may be objectionable tastes or unwanted laxative effects but there is no significant danger
to public health (Omer, 2019). Sulfate mainly derived from the dissolution of salts of sulfuric
acid and abundantly found in almost all water bodies. High concentration of sulfate may be due
to oxidation of pyrite and mine drainage etc. Sulfate concentration in natural water ranges from a
few to a several hundred mg per liter but no major negative impact of sulfate on human health is
reported. The WHO has established 250 mg/| as the highest desirable limit of sulfate in drinking
water (Hailu, 2017).

2.2.10 .Free chlorine residual

Chlorine is added to drinking water supplies for the purpose of destroying or deactivating disease
causing microorganisms. This is termed as water disinfection. Chlorine and chlorine compounds
are widely used for the disinfection of drinking water and swimming pool for the control of
micro biological growth in cooling water and in many other water treatment systems. Accurate
measurement of the free chlorine residual is an important aspect of the control these chlorination
process. The chlorine level can be expressed in terms of the free chlorine, combined chlorine, or
total chlorine residual. For the majority of application measurement of the free chlorine residual
is very important. Chlorine is usually added to water in liquid form as sodium hypochlorite or
solid form as calcium hypochlorite. Excess of chlorides is dangerous and unfit for use.
Maintaining an adequate level of free residual chlorine is of great importance in terms of
distribution system water quality management. The (WHO, 2003), guideline value for the
palatability and health significance of residual chlorine is 0.2 to 0.5mg/l in drinking water
distribution systems (Hailu, 2017).
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2.2.11. lron
Iron is the second most abundant metal in the earth's crust, of which it accounts for about 5%.
Elemental iron is rarely found in nature, as the iron ions Fe?* and Fe** readily combine with
oxygen .lron is an essential element in human nutrition. Estimates of the minimum daily
requirement for iron depend on age, sex, physiological status, and iron bioavailability and range
from about 10 to 50 mg/day. As a precaution against storage of excessive iron in the body,
JECFA established a provisional maximum tolerable daily intake (PMTDI) in 1983 of 0.8 mg/kg
of body weight, which applies to iron from all sources except for iron oxides used as coloring
agents, and iron supplements taken during pregnancy and lactation or for specific clinical

requirements.

The ground water in most of the country is not likely to contain high concentrations, since iron is
expected in anaerobic or highly acidic groundwater, which has not been reported in the available
literature (T. Shibabaw, 2014). Hydro-geochemical data and reports confirm that the
groundwater of the country does not contain high concentration of iron. Iron is one of the most
abundant metals in the Earth’s crust. Iron can be released from GI pipelines where the pH of the
water is very low and water is acidic. After longer period of time the pipes will get rusted and the
iron ion will be released from the pipe to the water and cause change in the color of the water-
become reddish and the test also becomes metallic which in turn will result in abandoning the
water supply. Based on the pH test of the water, water with low pH- acidic needs decision to
whether cancel implementation of the water supply, use treatment option like addition of
bicarbonate and use of U-PVC pipes for the network and other needs in the system(T. Shibabaw,
2014).

2.2.12. Manganese
Manganese (Mn) is an essential element for humans and other animals. It occurs naturally in
many food sources, surface water and groundwater sources, particularly in anaerobic or low
oxidation conditions, and this is the most important source for drinking-water. The most
important oxidative states for the environment and biology are Mn?*, Mn** and Mn"* The
greatest exposure to manganese is usually from food (Beyene, 2020). Manganese is one of the

most abundant metals in the Earth’s crust, usually occurring with iron. It is used principally in
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the manufacture of iron and steel alloys, as an oxidant for cleaning, bleaching and disinfection as
potassium permanganate and as an ingredient in various products. (T. Shibabaw, 2014). And
WHO limit for manganese is 0.4mg/l. Typical range in ground water is usually less than 1 pg/I
(up to around 1 mg/L)(T. Shibabaw, 2014).

2.3. Bacteriological drinking water quality
Professionals in the field of drinking water are concerned with water supply and purification
through a treatment procedure. The fundamental concern in water treatment is, of course,
creating potable water that is safe to drink (pathogen-free) and does not have any disagreeable
features, such as a foul taste or odor. To provide it, the drinking water practitioner should be well
in a wide range of knowledge. In order to properly examine raw water for pathogenic
microorganisms and decide the type of treatment required to ensure that the quality of the
finished potable water satisfies regulatory standards. Microbial contamination is perhaps the
most important public health issue linked with drinking water supplies. When pathogens, such as
bacteria, viruses, and parasites, are absorbed in drinking water, they can cause a variety of health
problems, the most serious of which is infectious diarrhea disease transmitted through the faecal-
oral route. Analyzing water for every specific pathogen, some of which might cause sickness at
extremely low concentrations, is impractical. Since the majority of diarrhea-causing pathogens
are faecal in origin, it is more practical to test water for indicator species that are also found in
feces. Coliform bacteria, which encompass a wide spectrum of bacteria that can ferment lactose
and create gas at 37°C, are the most widely utilized indicator species. The presence of total
coliforms in water is not useful predictor of poor water quality because many, but not all,
coliforms are faecal in origin. Because thermo tolerant coliforms, or faecal coliforms, can
tolerate higher temperatures than most environmental coliforms, those that ferment lactose and
produce gas at 44°C are known as thermo tolerant coliforms. These have a stronger link to faecal
contamination than total coliforms. Escherichia coli (E. coli) is the most specific sign of faecal
contamination because, unlike some faecal coliforms, it never grows in the aquatic environment
(UNICF, 2008). Because pathogens can absorb onto suspended particles and be shielded from
disinfection to some extent, it is recommended that turbidity be measured with E. coli (or facel
coliforms) when evaluating faecal contamination. When disinfecting water, it's  also important
to check the chlorine residual and pH. These four indicators (E. coli/faecal coliforms, turbidity,

disinfectant residual chlorine, and pH) are considered the minimum level for determining the
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microbiological quality of drinking water (WHO, 2006). As a result, estimation of faecal

coliform and total coliforms is a major part of bacteriological analysis.

2.3.1. Total coliforms

To minimize confusion with other members of the group, coliform organisms are better referred
to as total coliforms. They are not an indicator of fecal contamination or health risk, although
they can provide basic information on source water quality. Total coliforms have long been used
as a microbiological indicator of drinking water quality, owing to their ease of detection and
enumeration in water. Traditionally, they have been characterized in terms of the method used to
enumerate the group, and as a result, there have been many variations depending on the culture
method. Total coliform levels may be lower in surface waters with harsh living conditions for the
organisms. The die off rate for the organisms can be accelerated, thus yielding possible lowered
concentrations by cold temperatures in the winter or extreme pH levels. Turbidity is another
surface water characteristic that may affect the levels of coli forms. Mallin et al. (2000) found
that coli forms have a much longer survival rate when in association with suspended solids.
According to Assessing Microbia, gram-negative, non-spore forming, road shaped bacteria
capable of growth in the presence of bile salts or other surface active agents with similar growth
inhibiting properties, oxidize-negative, fermenting lactose at 35-370C with the production of
acid, gas, and aldehyde within 24-48 hours according to Assessing Microbial Safety of Drinking
Water (Duffour et al., 2003).

2.3.2. Faecal coliforms
Although the term "fecal coliforms"” is commonly employed, it is incorrect. "Thermo tolerant
coliforms™ is the correct word for these organisms. The group of total coliforms that can ferment
lactose at 44-45 °C is known as thermo tolerant coliforms. Klebsiella, Entero-bacter, and
Citrobacter are all members of the Escherichia (E-coil) genus to a lesser extent. Only E.coli was
regarded to be specifically of fecal origin, as it was usually found in huge numbers in the feces of
humans, other mammals, and birds, and was rarely, if ever, found in water or soil in temperate
climates where fecal contamination had not occurred (Hardina & Fujioka, 1991). The number of
domestic animals in an urban watershed may be another cause of elevated fecal coli form levels
(Young and Thackston, 1999). Young and Thackston (1999) and Mallin et al. (2000) found that

high levels of fecal coliforms in urban watersheds were the result of animal sources rather than
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human. They also found that fecal coli form counts from septic systems in surface waters of an
urban watershed were negligible in comparison to other sources of fecal coli forms. Fecal coli
forms levels can be affected by various physical and chemical parameters of surface water. Fecal
coliform levels may be lower in surface waters with harsh living conditions for the organisms.
The die off rate for the organisms can be accelerated, thus yielding possible lowered
concentrations by cold temperatures in the winter or extreme pH levels. In an urban watershed,
fecal coli form levels were much higher in the summer than in the winter (Young and Thackston,
1999). Turbidity is another surface water characteristic that may affect the levels of coli forms.
Mallin et al. (2000) found that coli forms have a much longer survival rate when in association
with suspended solids. High levels of fecal coli forms were correlated with high levels of

suspended solids in the Chesapeake Bay.

The risk of coliform contamination depends on the user's health or sensitivity. The risk of E. coli
presence is zero count per 100ml, which is only of low or intermediate risk, rather than the WHO
Guideline of one count per 100ml. The presence or absence of thermo tolerant coliforms or E.

coli, according to risk classification (Michael, 2006) of rural water supplies shown in table below

Table 3: Water quality counts per 100ml and the associated risk (Source: Michael H., 2006)

No Water quality counts per 100 mL and the Risk category
associated risk

1 0 no risk

2 1-10 Low risk

3 11-100 Intermediate risk

4 101-1000 High risk

5 >1000 Very high risk
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3. Material and Method

3.1. Description of the Study Area
The study was conducted in the rular area of the Kebele at Ankesha Guagussa Woreda in Awi
Zone of Amhara National Regional State, North Western Ethiopia. Geographically, the Ankesha
Guagusa woreda lies within 10°50'20" to 10°49'10" North latitude and 36°49'30" to 36°50'40"
East longitude (Figure 1) as shown below. The study area is located about 458km from Addis
Ababa (the capital of Ethiopia) and 140 km from Bahir Dar ( the capital city of the Amhara
Regional State).

3.1.1 Topography
Ankesha Guagusa woreda is topographically dominated by plain and high land areas: 60.4% is
covered by plain areas, 35.6% steep slopes, gorges, and valleys, 2.2% swampy areas, 0.3% water

bodies and 1.5% others. fact sheet, unpublished).

3.1.2. Climatic condition and agro ecology

At Agew Gimjabet Town Meteorological recording station. The elevation of Ankesha Guagusa
is between 2000 to 2800 meters above sea level, with 54.17% Dega and 45.83% Wenadega
(Tadess Bitew, 2020). As per the agro-climatic zone classification, the study area can be
categorized as -Degall. Based on the ten years (2012 — 2023) rainfall data in the area has a
unimodal rainfall pattern with the main rainfall period is from June to September every year. The
highest average rainfall (359.3mm) was recorded in August and the lowest one (13.7mm) was
recorded during March (fact sheet, unpublished).

The 10 years (from 2012 to 2023) average minimum and maximum annual temperature data
record of the study area in the highest average temperature (33.4°c) was recorded in March and

the lowest one (8.3°c) was recorded in Jul (fact sheet, unpublished).
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Figure.1 .Sampling Area maps of Ankasha woreda in rular area.
3.1.3 Sample collection and preservation

The water samples were collected from nine different bore wells, using cleaned plastic bottles
(500ml) in two terms (dry and wet seasons) in the rular areas of Ankasha woreda for

physicochemical and bacteriological analysis.

The water samples were collected in different locations of rular area of in Ankesha woreda The
samples were collected after the samples were collected, labeled cautiously and transported to

the laboratory for analysis.

.

Figure; 2 sampling site (sample point) of water source.
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Table 4: GPS location of water source in the rural area of Ankesha woreda

Description Site code Latitude Longitude

Buya Tena Tab BTTDW 10°51°17.145 N 36753'51.515 E

Buya-2 BUDW 10°51°19.190°'N 36%53’52.506 E

Awusa Adega AADW 10°51°21.234"'N 36%53’52.607 E
Askual chur ASDW 10°51°24.260 N 36°53'53.689 E
Ankasha School ASSDW 10°5127.350 N 36°53'54.810"’E
Agina K/m AKDW 10°51'38.867 N 36%53’54.810"E
Hateta Gunier HGDW 10°52'14.090°'N 36°53°39.468’E
Teberaista Sefer TSDW 10°51'10.632"N 36°53’15.047"’E
Ankesha Guniersefer ~ AGDW 10°51'18.516 N 36°53’32.957"’E

3.1.4 .Apparatuses (Equipment) and Chemical (Reagent)
Apparatuses: Forceps, hand vacuum pump(for filtration purpose) ,incubator, membrane
filtrations unit, pet redish,tounge,test tube ,membrane filter paper, pad cotton, spoon ,pH meter,
conductivity meter ,turbidity meter ,advanced photometer, watch, pipette, battery .absorbent pad
,main power supply(incubator operation) ,hand(magnify) lens(to count microbiological result),
electrode, beaker,

Reagent (chemical):  Calico(to treated alkalinity), Hardicol Nol, HardicoNo2(to analysis
hardiness), DPD Nol, DPD No2(to determine chloride),alkaline thioglycollate (C,HsNaO,HS or
Lauryl sulfate) Mn Nol,Mn No2 tabletes(to analysis manganese in waste water) , nitrates
powder, nitrate and nitricol tablet(to determine the nitrate in water) , sulfate turb tablet (BaCl2(to
determine sulfate in water),Ethanol(to sterilized or burn specially bacteriological determination)
,and deionized water(for dilution of the higher concentration sample that were not display in

photometer.
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3.1.5 Analysis of Water

Physico-Chemical Analysis Method
The analysis of the water samples collected were carried out for various parameters as follows:
Turbidity; the turbidity of water sample was determined by using microprocessor turbidity
meter (H193703 ELE international, Hungary).A hundred ml of water samples were poured to the
light scattering, mainly photon correlation spectroscopy using a turbidity meter. The method is
based on the variable aspect of light scattering which originate in motion of suspended particles.
Finally turbidity meter reads in Nephelometric turbidity units (NTU).The test procedure were the
following: We were filled a test tube filtered sample and retained for used as the BLANKING
TUBE, filled a test tube with un filtered sample to the 10ml mark, selected the photometer and
recorded the result that were displayed in LSD.

Electrical conductivity (E.C); The Electrical conductivity of water sample was determined by
the digital E.C meter (Jenway model- 401, Poland) on the field of the sample site. To determine
the influence of electrical conductivity on the water quality, 10ml of water samples are prepare in
the beaker. The conductivity meter probe was dipped in to the beaker then readings were taken.
Number that appears in the steady motion was record as the Electrical conductivity of sample in

micro semince/cm (us/cm).

Total dissolved solid (TDS); The Digital TDS meter was used to determine total dissolved solid
(TDS) of water sample. (CC- 401, Poland).10ml of water samples were prepared in the beaker.
The TDS meter probe (electrode) was dipped in to the beaker contained water samples, and then
readings were taken. Number that appears in the steady motion was record as the TDS of

samples in mg/I.

pH; The pH of water samples was measured by a digital water pH meter (Jenway model- 370,
England) on the field of sample site. Three standards buffer solutions were prepared using buffer
tablets. The buffer tablets were (4, 7and 10). Each tablet was dissolved in 10ml distilled water to
form the buffer solutions specified. The pH-meter was calibrated by the buffer solutions of pH 4,
7 and 10 at 25°C. The pH values of the samples were recorded in the field(APHA, 2000).
Temperature; the temperature of water sample was measured on the site of collection with
digital pH meter (Jenwa model-370) after inserting the probe into beaker contained 10ml of the
sample water (APHA, 2000).
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Figure: 3 The demonstration of the laboratory work during in dry and wet season period

Nitrate, Nitrite, Iron Manganese, Sulfate, Free residual chlorine, total hardness and Alkalinity
by photometer (Photo.7500, England).Following the procedures in APHA (1998). The analysis

procedures were attached in the appendix part.

3.1.6. Bacteriological analysis
For the collection of samples, WHO drinking water guideline (WHO, 2014) and American
public health association guideline (APHA, 1998) laboratory protocols were applied. For the
bacteriological analysis, water samples were collected in sterile glass bottles and transported to
the laboratory in ice box containing ice freezer packs. Water samples were analyzed by using
Wagtech portable advanced water quality test kit. The Total and Faecal coliform of the samples

were analyzed using the membrane filter technique.

Water samples were placed and analyzed on the surface of 100 ml filtering membrane. Using
sterile forceps, a sterile cellulose membrane filter paper (0.45 um pore sizes, 47 mm in diameter)
was placed on the membrane filter support assembly a sanitized petri dish with an absorbent pad
that had been soaked in membrane lauryl sulfate trptose broth(Wagtech England) . Funnel unit
were placed carefully over the filter support assembly and were locked in place. The samples
were poured in to the funnel assembly then the entire volumes of sample were filtered through

the membrane-filter by applying vacuum pump.
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Up on completion of the filtration process, vacuum were disengaged (separate, or dis
connect), opened and using a sterile forceps funnel were removed and membrane were removed
immediately and placed on membrane lauryl sulphate broth (sodium do decyl sulfate
(NaC2H25SOS,(SLS) with a rolling motion to avoid entrapment of air in petri dish and also to
expand the media along the all surface of petri dish. Finally, the prepared culture petri dishes
were incubated for 24 hrs.at 37 °C for Total coliform and44 °C for Fecal coliform. Up on
completion of incubation period, typical Total coliform and Fecal coliform colonies (yellow
colour) were seen on the surface of membrane filter paper. All yellow colonies extending on the
membrane were counted with the aid of a magnifying lens and recorded as Total coliform, fecal
coliform respectively and the result were compared with WHO guide lines maximum permissible

limit value.

3.1.7 Data Analysis
. Data for all parameters were analyzed by using SPSS version and excel programs. The
descriptive data was presented by way of figures, tables, range, mean and standard deviation.
One-way ANOVA was employed to see significance variation (p<0.05) between sampling points

for each variable in dry and wet season.
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4. RESULTS AND DISCUSSION

4.1. Physico-chemical analysis

The physicochemical water quality parameters provide crucial information about a water body’s
health. These parameters are used to determine (evaluate) the quality of drinking water.

4.1.1 Turbidity

Turbidity is a measurement of the cloudiness of water and measured by passing a beam of light
through the water photo metrically. The turbidity value of the water samples collected during in
the dry and wet seasons were 4.57556+0.25957 NTU and 14.1467+13.6447NTU respectively
figure 3 and table in appendix (A). In this study the range value of turbidity fall between, 4.1to
4,98 NTU in dry and 0.9 to 37.8 NTU in wet seasons. The maximum turbidity was recorded
during the wet season and the minimum turbidity was recorded at dry season. The highest
turbidity was observed at GSDW (37.2NTU), the lowest turbidity was observed at HGDW (0.98
NTU) during the wet season. During the dry season, the highest turbidity was observed at
HGDW (4.98NTU) and the lowest was observed at TDW (4.1NTU). Statistically, there was no
significant difference in the mean value of turbidity at the sampling sites (P = 0.687). All these
values were below the maximum allowable permissible limit set by WHO (2012) and Ethiopia
water quality standard (5 NTU). It is recommended that for water to be disinfected, the turbidity
should be reliably less than 5 NTU (WHO, 2012). (Addisie, 2012) reported that the turbidity
value of Simada district in Ethiopia in the range of 0.7 to 46 NTU.Eriksson (2013) reported the
turbidity level of 6.5 for the drinking water from the well found in Koga irrigation; this was a
little higher than the drinking water limit of 5SNTU suggested by the WHO. But in the water
sample site of ASSDW, AKDW, TDW and GSDW were exceeded the maximum permissible
limit of WHO.
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Figure; 4 turbidity concentration of water during dry and wet seasons
4.1.2 Electrical Conductivity

The electrical conductivity (EC) of water is a measure of the ability of a solution to carry or
conduct (transmission) an electrical current. The electrical conductivity value of the water
samples collected during dry and wet seasons are: 1673.3+142.3us/cm,167.156+126.3.48 ps/cm
respectively as shown in figure 5 below and table in appendix A. E.C value in this study ranged
from 6.6 to 510 ps/cm, 78.2 to 490 ps/cm, respectively. The maximum value was recorded
during wet season; the minimum value was recorded during the dry season (USEPA, 2004). The
maximum acceptable level of EC is 1000us/cm. EC values of all studied samples lied within
permissible range for drinking purposes. These values are higher than the EC values reported by
Addisie (2012) (496us/cm) and lower than the EC value presented or investigated by Gebreyesus
(2013) (3700us/cm) in Ethiopia. The result depicts that the EC values in the rular area of
Ankesha woreda during dry and wet season scenarios were below the WHO maximum
permissible limits (except sample site TDW).Statistically, there was a significant difference in
the mean value of EC at sampling sites (p=0) as shown in appendix both during the dry and wet

season.

23



m Dry season m Wet season

2

=

B

>

=]

o

o

g

g

k<]

L

S ot
PO v ¥ X ©

Sample site

Figure; 5. Electrical conductivity of water samples during dry and wet season.

4.1.3. Total Dissolved Solids (TDS)

Total Dissolved Solids are the inorganic matters and small amount of organic matters which
are present as solution in water. The TDS value of the water samples collected during dry and
wet seasons were 123.486+91.76mg/L,76.47+£28.169mg/L, respectively as shown in figure 6 and
table in appendix (A) below . The TDS value of in this study ranged were between 86.8 t0357
mg/L and50.8 to 346 mg/L, respectively. This analysis indicated that all the TDS in the samples
were lower than the WHO maximum permissible limit. Primary sources for higher total
dissolved solid in the ground water might be due to agricultural runoff, rock erosion, discharge
of domestic waste from the rural area and other human activities like washing of different
vehicle at and around the river (Annalakshmi and Amsath, 2012) .Another study in Ethiopia by
Lewoyehu (2021) reported the water quality of Mecha distinct, total dissolved solids
concentration ranged 11-152mg/L. The TDS values found in water sources during the dry season
were higher than the wet season due to discharge of fertilizers, pesticides, herbicides and animal
wastes in to the water bodies by flooding. Statistically, there is a significant difference between
in the mean value of TDS at the sampling site of p- value (p=0) of in both dry and wet seasons
are zero in appendix C (i.e. 0.00<0.05) According to the WHO standards (WHO, 1997) the
highest desirable and highest permissible level for total dissolved solids are 500mg/L and
1000mg/L, respectively. Accordingly, total dissolved solids value for all samples in the studied
area lied within desirable range for drinking purpose. But as it could be seen in the figure below

the sampling site of TDW was highest TDS value due to it may be the location of site it found

24



below the Age Gimjabet hospital, there were highest inflows of used(not used) wastage

chemicals near by the dug well, and it may the infiltration of agricultural used chemical.
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Figure; 6; total dissolved solid water during dry and wet season.

4.1.4 pH

P is a measure of the hydrogen ion concentration. The pH values of water sources
(samples) during dry and wet seasons were 6.4866 + 0.5378, 6.322+0.51507 as shown in figure
8, and in the table appendix A. The P values ranged from 5.8 t07.23, 5.6 to 7.23, respectively.
The maximum recorded value was in dry season and the minimum recorded value was in wet
season. There was a significant difference between the mean value of pH at the sampling site
(p=0.026), because 0.026<0.05. In general, the result investigates that the existing water source
of in Ankesha woreda in rular area were in the range of the recommended value of WHO except
three sample site BTT, B-2&AWA were (5.6, 5.81& 5.92 respectively) below the recommended
value of WHO in the wet season and in the dry season the P" were below the recommended
value of WHO except two sampling site (BTTDW&B-2DW (5.9&5.8 respectively)). Eriksson
(2012) reported pH values between 7.3-7.4 for the bore well drinking water in the Koga
irrigation area which is in the permissible limit of WHO. (6.5-8.5). Aremu et al. (2011) reported

pH values between 6.52—-6.83 which were in the range of WHO standards, the average basic pH
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record ranging between 7.2+.1 -7.72+ 0.3 in Debrezeit town (Desta, 2009). Moreover a record of
pH 8.3 from water sources at Ziway town (Kassahun, 2008), and measurement of pH of 7.8 from
Adama (Nazareth) town (Eliku and Sulaiman, 2015) are in agreement with the present study. But
as seen below in the figure the concentration of PH in dry season were higher than in the wet

season.
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Figure; 7: pH value of water during dry and wet season.

4.1.5 Temperature

One of the physicochemical parameters used to assess the quality of drinking water were
temperature. The temperature value of the water samples collected during in the dry and wet
seasons were 19.603+0.4755°C, 23.9332 + 0.461 °C, respectively as in figure 8 and table
appendix A . In this study the temperature ranged from 19 to 20.4 °C the dry and 23.5 to 24.7 °C
the wet season. Statically there was no significant difference in the mean temperature values of
the water sampling sites (p =1.00). The water temperature in the wet season were greater than the
dry season because temperature variability might be due to the current change in the climatic
condition of the area and it may increase (growth) the bacteriology during wet season. As the
temperature of the water rises, so does the demand for disinfectants, as well as the development
of byproducts, nitrification, and microbiological activity increased. The temperature analysis of
dug wells water samples, all water samples are temperature above the recommended value of
WHO (except one sample site) were greater than 15 °c (WHO, 1997).
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In contrast, with the present study a relatively higher temperature values were reported in potable
surface (river) and ground water samples in Dubti, Amibara and Awash-Fentale Woreda of Afar
region ranging between 32-33 °C and 40-53 °C respectively from river and ground water sources
(Abadi, 2013) which is higher than the present study. Eriksson (2012) reported the maximum
temperature of 24.2°c for the bore well drinking water in the Koga area Horgby & Larson,

(2013) reported 22.2°c for bore well water source.

30 -
m Dry season ®m Wet season

N
o1
1

Temprature (°c)
= = N
o (6] o (@) ] (@]

sampling site

Figure; 8.temperature of water sample during the dry and wet seasons

4.1.6. Total Alkalinity
The alkalinity value of the water samples collected during in dry and wet seasons were
25.411+£12.2074 mg/L,30.667+12.689 mg/L, respectively as shown in figure 9 and table in
Appendix A. The total alkalinity assessment of this study ranged from 11 to 48.7mg/L CaCO3 in
the dry and 15 to 53mg/L CaCOj3 in the wet season. As in the presented study the maximum
recorded value was in wet season and the minimum record obtained was in the dry season.
Statically there was a significant difference in the mean value of total alkalinity in the water
sampling sites (p=0.00). In this study the total alkalinity at all the sampling sites both in the dry
and wet seasons were below the maximum permissible limit set by WHO (200 mg/L CaCOs3).
Similar Study conducted in Debre Berhan Town 133.6 mg/L. The concentrations of alkalinity in
dry season were higher than wet seasons due to no flood that enters or inflows (which contained

alkalinity) to the water body in the dry season.
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Figure 9. Total alkalinity of water samples in this study during the dry and wet seasons
4.1.7. Total Hardness

The total hardiness value of the water samples collected during dry and wet seasons were
16.9078+16.820mg/L,15.722+8.327mg/L, respectively as shown in figure 9, and table in
appendix A. The total hardness in this study indicated in the concentration ranged from 3 to
48.7mg/L in the dry and 5 to 32mg/L in wet season as CaCOj3. Therefore there was no significant
difference between the mean values in the at the sampling sites (P= 0.130). All water samples of
the total hardness values were lower than 50 mg/L CaCOgs, which is classified as soft water.
Therefore, the total hardness in the rular area of water supply sources is safe for consumers,
according to the WHO (2006) standard which is 300 mg/L. The obtained values were less than
the total hardness values reported by Oljira (2015) which is 20 and 118 mg/l of CaCO3.The total
hardness concentration in wet season is higher than dry season due to dissolution of Calcium and
magnesium salts and there were soil erosion as well as rock erosion, which they contained in

soluble salt and moved by the flood (in filtered) from different area in to the groundwater.
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Figure: 10 Total hardiness of water during dry and wet season.
4.1.9 Nitrate (NO3)

The nitrate value of the water samples collected during in the dry and wet seasons were
23.05 +10.992mg/L,3.3277+0.9967mg/L, respectively as shown in figurell and table in
appendix (A ) The concentration of nitrate in Ankesha woreda in the rural area water supply
source ranged from10.16-47.97mg/L in dry season, and 0.82-4.14 mg/L in wet season.
Statistically, there was significant difference between the mean value of nitrate at sample site
(p=0.039). The nitrate-nitrogen concentrations during wet and dry seasons were much less than
the maximum permissible limit of WHO (2011) of 50 mg/L. This indicates that water in the
study area is safe from the risk of NOj in the drinking water. Amenu et al (2013) reported nitrate
concentrations of 10.8 mg/L in the water sources of Ziway town. The nitrate level of the studied
water samples resemble the nitrate concentration reported by Addise (2012), i.e 3-12.76 mg/L
and Gebreyesus (2013)1.33-3.42mg/l). The nitrate concentration in the dry season was higher
than wet season due to less inflows of flood in the water body(which contained nitrate

concentration) and found high concentration of nitrates ion concentration in dry season.
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Figure, 11: Nitrate (NOs3) concentration in bore well water sources in the rural area of Ankesha
Woreda during the dry and wet seasons

4.1.10. NO; (nitrite)
The nitrite value of the water samples collected during in the dry and wet seasons
werel.566+0.8426mg/L and 2.5022+0.652mg/L, respectively as shown in Figure 12 and table
appendix (A) The nitrite concentrations found in the range of 0.7 to 3.5mg/l indry and 1.1 to 3.1
mg/L in the wet season. Statistically there were significant difference between in the mean
values of nitrite at sample site (p=0.045) and standard value as seen in appendix below. The
WHO guideline drinking water quality recommended that the nitrite level must be kept between
0-0.5mg/L. The concentration ranges of nitrite in dry and wet season were higher than the WHO
maximum permissible limit. And also the concentration of nitrite in wet seasons were higher
than dry season due to the using of soluble agriculture fertilizer (urea), animal waste, and
agriculture waste that inflows to the water body and which were increased the nitrite
concentration in wet seasons. Another idea may be the nitrite concentration were enhanced there
is nitrogen fusion(decomposition) with in moderate temperature (temperature in wet period were
higher) and moisture to generate(produced) nitrite which is used to growth of plant as nitrogen

fertilizers due to this reason nitrite may be increased during wet period.
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Figurel2 Nitrite concentrations in bore well water sources of Ankesha Woreda during the dry
and wet season.

4.1. 11.SULPHATE (SO)

The sulfate value of the water samples collected during in the dry and wet seasons
werel49.4+67.4169mg/L,16.9£4.4794 mg/L, respectively as shown in figure (13), and table
appendix (A). The concentration of sulphate in this study ranged from 23-250 in dry and 13-24
mg/L in wet season. Stastically, there was a significant difference in the mean values of the
sulfate at sample (p=0.0378).. The natural water was usually caused by leaching of natural
deposits of sodium sulfate (Glauber’s salt) or magnesium sulfate (Omer, 2019). With respect to
taste and corrosion potential the maximum permissible value of sulphate is 250 mg/L (WHO,
2004). The concentration of sulphate in dry season was higher than in the wet season, this is due
to the decreasing of the amount of water in dug well and simultaneously increasing the
concentration sulphate in dug well water and also there was high dissociation and infiltration of
sulfate ion or loss of sulfate ion of the water bodies displaced by the food due to the increased of

water volume of dug well in wet season.
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Figure 13.sulphate concentration in bore well water sources in the rural area of Ankasha Woreda

4.1.12. Free Residual Chlorine (FRC)

The FRC value of the water sample collected during in the dry and wet seasons were 0
(zero), 0.06+0.064mg/L, respectively as shown in figure 14 and table in appendix .In this study,
the ranged value fall between zero in the dry and 0.01 to 0.22 in the wet season. Stastically there
was a significant difference between the mean value FRC at sampling sites (p=0.037 According
WHO guide line the maximum permissible level of chlorine concentration in drinking water
should not exceed 0-5.0 mg/L.There all the sampling site of the concentration of FRC were
below the maximum permissible limit of the WHO. But the concentration FRC in wet season

was greater than dry season; it may be due to addition of chlorine during the wet season than the
dry season.
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Figure 14. FRC concentration in bore well water sources in the rural areas of Ankasha Woreda

during dry and wet seasons
4.1.13. Iron

The iron value of the water samples collected during in the dry and wet seasons
are:1.772+1.901mg/L,0.507+0.4402 mg/L, respectively as shown in figure 15 and table appendix
A. In this study , iron analysis ranged from 0.1 to 5.1mg/L in the dry season and 0.1to 1.5 in the
wet seasons. There was a significant difference between in the mean value of iron concentration
at the sample site (p=0.0287) and the standard p-value. So the Iron concentration in both seasons
was below the WHO maximum standard limit (10 mg/L). The concentration of iron in the dry
season was higher than that of wet season, this it might be due to dilution of the water sources

during the wet season.
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Figure; 15. Iron concentrations in the dug wells of rural area of Ankasha Woreda during dry and

wet seasons

4.1.14. Manganese (Mn) (Manganese lower)

Mn in water plumbing can cause water taste, color and odor. According to WHO guideline
the maximum permissible level of manganese concentration in drinking water quality should not
exceed 0.5 mg/L (Alan, et, al 2000).But the lower level of manganese should be 0.030mg/I
according to WHO minimum limit. The concentration of manganese value of the water samples
collected in during in the dry and wet seasons were 0.02866+0.0486,0.4056+0.2558mg/L |,
respectively as shown in in figure 16 and table in appendix (A) . The range of manganese
concentration in dry season was between 0.001 -0.15mg/L and in the wet season was between
0.09 to 0.83mg/L.There was variation or a significant difference between in the mean value of
manganese at sampling site p-value (p=0.034) dry and wet seasons. But the concentration of
manganese in wet season greater than the dry season and According to WHO guideline the
maximum permissible level of manganese concentration in drinking water quality should not
exceed 0.5 mg/L (Alan, et, al 2000).But the lower level of manganese should be 0.030mg/L
according to WHO minimum permissible limit.
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Figure: 16 The Manganese concentrations during dry and wet season
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4.2. Bacteriological test analyses
4.2.1. Total Coliform (TC)

All Samples indicated the presence of total coliforms (TC) in the water samples collected during
in the dry and wet seasons are, TC counts were in the range of 30 to un count CFU/100ml (|
ADW &TDW were un count value) in the wet and 3 to uncount CFU/100mL (TDW which was
uncount value) in the dry season as shown in figure (17) and table appendix (B). And there was
no significant difference between in the mean value of TC at sample site p-value ( p=0.273) and
standard probability value(0.273>0.05) in dry season. The highest TC counts at AADW, ADW
& TDW, due to in the water sampling site may be infiltration of contaminated or polluted (waste
water) nearby around to these dug well water. . In the dry season the TC counts (3 to un count
CFU/100 mL) are classified under moderate risk. In the wet season the TC counts at AADW,
ADW and TDW > 1000 CFU/100 mL classified under very high risk and the rest are classified
under moderate risk (11-100 CFU/100 mL) according to Michael (2006) risk classifications. The
TC in the wet seasons are higher than the dry season, this may be due to discharge of animal
waste ,human waste(excretion from toilet) ,agricultural waste ,domestic waste infiltration (sink )

are inflows of these waste by the flood to the ground water(dug well) in wet seasons.
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Figure; 17. The total coliform counts during the dry and wet seasons in the bore well water

sources of Ankasha Woreda.

35



4.2.2. Faecal Coliform (FC)

The faecal coliform value of the water samples collected during in the dry and wet seasons are:
33.183+0.2626, 23.55+£16.1873 CFU/100ml respectively as shown in figurel8 and table in
appendix (B) below. The feacal coliforms in this study area were found in the range of 0 to 260
CFU/100 mL in the dry and 5 CFU/100 mL to 50 CFU/100 mL in the wet season. There was no
significant difference between in the mean value of FC at the sampling site of p value (p=0.266)
and the standard value (0.05) as shown in the appendix below. Generally, this study indicated
that the water samples were highly polluted with fecal coliforms in the wet season than in the dry
season. This is due to the discharge (inflows) of animal, plant, human, agricultural wastage or
industrial wastes in to the water sources by flooding in rainy season. The FC analysis of the
study area was shown to be above the maximum permissible limit set by the WHO (0cfu/100ml)
some sampling sites Except ASSD, and HGDW in the dry season are below the maximum
permissible limit (i.e FC=zero CFU/100ml). This may be due to the corrosion of pipes that sink
the bacteria flowed to the water bodies by the flood laterally. But the sampling site TDW is
highest FC value: it may the location of the site where the bottom of the Ankesha town hospital
and mostly vulnerable by the waste flood, toilet ,and chemical wastage that inflow in to this dug

well.
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Figure; 18. Faecal coil form during dry and wet season of the bore wells used in Ankasha

woreda.

Figure 19, Bacteriological analysis of drinking water during dry and wet season
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5. CONCLUSION AND RECOMMENDATIONS
5.1 CONCLUSION

Based on the result of this study the following points were concluded characterization and
analyses of drinking water quality parameters were done using a total of 9 randomly selected
bore wells from different locations of the water source supply system of the rular area of
Ankasha Woreda. Comparison of the water quality parameters with the permissible limit of the
WHO guidelines (2012) and with that of the Ethiopian recommended values (Girma et al,2011)
were made regarding with safe and acceptable level of drinking water for customers. Most of the
studied physicochemical parameters such as Temperature, TDS, EC, pH, NOg total alkalinity,
hardness concentrations of all sampling sites water were found to be below WHO drinking water
standards in dry and wet seasons .But other parameters such as Temperature, Turbidity and
bacteriological parameters such as TC and FC were found above WHO drinking water standards

with an exception of a few sampling sites.

5.2 RECOMMENDATIONS
In view of the findings of this study the following recommendations (instruction) are

considered:

Protect water points from natural vegetation barriers, regular chlorination of water points,
preventing water stagnation around water points and fencing, and preventing bathing and
washing clothes near water points to prevent contamination of surface water.
Furthermore, employing an aqua tap to disinfect water at the home level can be
beneficial.

Proper sanitation, management, regular monitoring and maintenance of water sources
needed to be carried out.

The study area assembly should design sanitation programs and propagate these through
environmental education throughout the community about water handling and
management to prevent pollution of water bodies

Peoples should be care the use of open land feces and could be used in closed land.

The discharge of chemicals and fertilizers from agricultural activities should be properly

managed.
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Those which were highly contaminated should be carried out

Furthermore, researcher should be conducted on the trend, as well as other missed
parameters in this research and pollution status of Ankasha woreda in rular areas
drinking water supply and it should be search for multiple barriers to avoid
contamination of the bore wells (ground water).

39



7. Reference

Abera, M. (2017). Agriculture in the Lake Tana Sub-basin of Ethiopia. In Social and Ecological
System Dynamics (pp. 375-397). Springer, Cham.

Addisie, M. B. (2012). Assessment of drinking water quality and determinants of household
potable water consumption in Simada District, Ethiopia (Doctoral dissertation, Cornell
University)

Ahmed, S. A., Hoque, B. A., & Mahmud, A. (1998). Water management practices in rural and
urban homes: a case study from Bangladesh on ingestion of polluted water. Public
health, 112(5), 317-321.

Alemayehu, T. (2000). Water pollution by natural inorganic chemicals in the central part of the
Main Ethiopian Rift. SINET: Ethiopian Journal of Science, 23(2), 197-214.

Al-Tabbal, J. A., & Al-Zboon, K. K. (2012). Suitability assessment of groundwater for irrigation
and drinking purpose in the northern region of Jordan.

Amenu, D., Menkir, S., & Gobena, T. (2013). Assessing the bacteriological quality of drinking
water from sources to household water samples of the rural communities of Dire Dawa
Administrative Council, eastern Ethiopia. Science, Technology and Arts Research
Journal, 2(3), 126-133.

Annalakshmi, G., & Amsath, A. (2012). An assessment of water quality of river cauvery and its
tributaries arasalar with reference to physico-chemical parameters at Tanjore DT,
Tamilnadu, India. International Journal of Applied Biology and Pharmaceutical
Technology, 3(1), 269-279.

APHA AWWA, W. P. C. F. (1998). Standard methods for the examination of water and
wastewater 20th edition. American Public Health Association, American Water Work

Association, Water Environment Federation, Washington, DC.

Aremu, M. O., Olaofe, O., lkokoh, P. P., & Yakubu, M. M. (2011). Physicochemical
characteristics of stream, well and borehole water sources in Eggon, Nasarawa State,
Nigeria. J Chem Soc Niger, 36(1), 131-136

Benignos, A. (2012). Rural Water Supply Manual Design. Malina. I: Published

40



Beyene, K. K. (2020). Assessment of Industrial Waste Load of River Borkena and Its Effects on

Kombolcha Town and the Surrounding Communities. November.

Brindha, K., Rajesh, R., Murugan, R., & Elango, L. (2011). Fluoride contamination in
groundwater in parts of Nalgonda District, Andhra Pradesh, India. Environmental Monitoring
and Assessment, 172(1), 481-492.

Brown, C. (2001). A guidebook for local governments for developing regional watershed

protection plans. Northeast Georgia Regional Development Center.
Cheever, M. (2011). Waste Management in Ethiopia. Environ. Policy Review.

Crittenden, J. C., Trussell, R. R., Hand, D. W., Howe, K., & Tchobanoglous, G. (2012). MWH's

water treatment: principles and design. John Wiley & Sons.

Dufour, A., Snozzi, M., Koster, W., Bartram, J., Ronchi, E., & Fewtrell, L. (Eds.). (2003).
Assessing microbial safety of drinking water: Improving approaches and methods.
IWA Publishing.

Edition, F. (2011). Guidelines for drinking-water quality. WHO chronicle, 38(4), 104-108.

Edzwald, J., & American Water Works Association. (2011). Water quality & treatment: a
handbook on drinking water. McGraw-Hill Education.

Eliku, T., & Sulaiman, H. (2015). Assessment of physico-chemical and bacteriological quality of
drinking water at sources and household in Adama Town, Oromia Regional State,
Ethiopia. African Journal of Environmental Science and Technology, 9(5), 413-419. .

Fedinick, K. P., Taylor, S., Roberts, M., Moore, R., & Olson, E. (2019). Watered down justice.

Natural Resource Defense Council.

Gebreyesus, A. (2013). Physico Chemical and Microbiological Analysis of Potable Surface and
Ground Water Samples in Dubti Amibara and Awash Fentale Woredas of Afar Region

(Doctoral dissertation, Haramaya University).

41



Girma, A., Bamboro, S., Shimselis, B., Tadesse, C., Mokonnen, M., Gossa, T., et al. (2011).
National Drinking Water Quality Monitoring and Surveillance Strategy. Addis Ababa:
Unpublished

Gunduz, O., Simsek, C., & Hasozbek, A. (2010). Arsenic pollution in the groundwater of Simav
Plain, Turkey: its impact on water quality and human health. Water, air, and soil
pollution, 205(1), 43-62.

Gupta, D. P., Sunita, S. J., & Saharan, J. P. (2009). Physiochemical analysis of ground water of
selected area of Kaithal city (Haryana) India. Researcher, 1(2), 1-5.

Hailu, B. (2017). Physicochemical and microbial quality of drinking water from source to

household taps ; The case of Legedadi reservoir.

Hardina, C. M., & Fujioka, R. S. (1991). Soil: the environmental source of Escherichia coli and
enterococci in Hawalii's streams. Environmental toxicology and water quality, 6(2),
185-195.

Haylamicheal, I. D., & Moges, A. (2012). Assessing water quality of rural water supply schemes
as a measure of service delivery sustainability: A case study of WondoGenet district,
Southern Ethiopia. African Journal of Environmental Science and Technology, 6(5),
229-236.

Horgby, & Larson, K. (2013). Effects on Drinking Water Quality Due to Irrigation in the Koga

area of Merawi, Ethiopia.

Jackson, R. B., Carpenter, S. R., Dahm, C. N., McKnight, D. M., Naiman, R. J., Postel, S. L., &
Running, S. W. (2001). Water in Changing World. Issues in Ecology. Ecological
Society of America, Washington, DC, 9, 2-16

Kassahun, G. (2008). Physico-chemical and Bacteriological Drinking Water Quality Assessment
of Bahir Dar town water supply from source to yard connection (North-Western
Ethiopia). Addis Ababa University, Addis Ababa, Ethiopia.

42



Kassie, K. E. (2016). The problem of solid waste management and people awareness on
appropriate solid waste disposal in Bahir Dar City: Amhara region, Ethiopia. ISABB
Journal of Health and Environmental Sciences, 3(1), 1-8.

Kassie, K. E. (2016). The problem of solid waste management and people awareness on
appropriate solid waste disposal in Bahir Dar City: Amhara region, Ethiopia. ISABB

Journal of Health and Environmental Sciences, 3(1), 1-8.

Katyal. (2011). Water quality indices used for surface water vulnerability assessment.

International journal of environmental sciences, 2(1).

Kloos, H., & Haimanot, R. T. (1999). Distribution of fluoride and fluorosis in Ethiopia and
prospects for control. Tropical Medicine & International Health, 4(5), 355-364.

Kotowski, M. A. R. I. E. (1989). Technical Abstracts, 1988 (No. UCID-21646). Lawrence
Livermore National Lab. (LLNL), Livermore, CA (United States).

LeChevallier, M. W., Olson, B. H., & McFeters, G. A. (1990). Assessing and controlling
bacterial regrowth in distribution systems. American Water Works Association.

Lee, L., Lu, C., & Kung, S. L. (2004). Spatial diversity of chlorine residual in a drinking water
distribution system. Journal of Environmental Engineering, 130(11), 1263-1268.

Lehtola, M. J., Miettinen, 1. T., & Martikainen, P. J. (2002). Biofilm formation in drinking water
affected by low concentrations of phosphorus. Canadian journal of microbiology,
48(6), 494-499.

Lewoyehu, M. (2021). Evaluation of Drinking Water Quality in Rural Area of Amhara Region,
Ethiopia: The Case of Mecha District. Journal of Chemistry, 2021.

Mako, G. M., Gelanh, Y. K., & Mamo, B. Y. (2019). Knowledge, Attitude and Practice towards
Water Supply, Sanitation and Hygiene (Wash) Among Residents in Arsi Nagele Town, South
Eastern Ethiopia.

Michael, H. (2006). Drinking-water quality assessment and treatment in East Timor. Case Study:
Tangkae, Engineering Thesis, the University of Western Australia.

43



Miettinen, I. T., Vartiainen, T., & Martikainen, P. J. (1997). Phosphorus and bacterial growth in
drinking water. Applied and environmental microbiology, 63(8), 3242-3245

Mohsin, M., Safdar, S., Asghar, F., & Jamal, F. (2013). Assessment of drinking water quality
and its impact on residents health in Bahawalpur City. International Journal of
Humanities and Social Science, 3(15), 114-128.

Momba, M. N. B., Tyafa, Z., Makala, N., Brouckaert, B. M., & Obi, C. L. (2006). Safe drinking
water stills a dream in rural areas of South Africa. Case Study: The Eastern Cape
Province. Water SA, 32(5).

Muhammad, S. A. (2004). An Ecological Study on the Aquatic Life of Sarchinar Spring, Chaq-
Chag and Kliassan Streams, Sulaimani, Kurdistan Region of Irag. Unpublished MSc

Thesis, College of Science, University of Sulaimani, 142.

Murphy, S. (2007). General information on specific conductance. Water Quality Monitoring.
City of Boulder/USGS.

Napacho, Z. A., & Manyele, S. V. (2010). Quality assessment of drinking water in Temeke
District (part I1): Characterization of chemical parameters. African Journal of

Environmental Science and Technology, 4(11), 775-789.

Nkansah et al., 2010). Nkansah MA, Owusu Boadi N, and Badu M (2010). Assessment of the
quality of water from hand-dug wells in Ghana, Environmental Health Insight Vol.
4.pp 7-12.

Oljira, G.(2015) Investigation of Drinking Water Quality from Source to Point of Distribution:
The Case of Gimbi Twon in Oromia Regional State of Ethiopia, Addis Ababa Institute
of Technology, Addis Ababa, Ethiopia, pp. 34-54.

Oneil JG (2007). Biological, Chemical and Physical Drinking Water quality from shallow wells
in Malawi. Physics and Chemistry of the earth 32(2007) 1167-1177. 31

Omer, N. H. (2019). Water Quality Parameters. 19 http://dx.doi.org/10.1039/C7RAQ00172J%0A

https://www.intechopen.com/books/advance d-biometric-technologies/liveness detection-

44


http://dx.doi.org/10.1039/C7RA00172J%0A

Pawari, M. J., & Gavande, S. M. (2015). Assessment of Water Quality Parameters: A Review.
International Journal of Science and Research, 4(7), 1427-1431

Pearce, M. W., Willis, E., Jenkin, T., & Wurst, S. (2005). The potential for rainwater harvesting
to supplement domestic water supply in an Aboriginal community in semi-arid South
Australia. South Australian Geographical Journal, 104(2005), 1-10. 41

Pontius, F. W. (1992). A current look at the federal drinking water regulations. Journal-American
Water Works Association, 84(3), 36-50.

Post, G. B. (2021). Recent US state and federal drinking water guidelines for per-and
polyfluoroalkyl substances. Environmental Toxicology and Chemistry, 40(3), 550-563.

Sarda, P., & Sadgir, P. (2015). Assessment of Multi Parameters of Water Quality in Surface
Water Bodies-A Review. 3(Viii), 331- 336. www.ijraset.com

Santhosh, A., & Bhuvaneswari, G. (2014). Study on status of ground water quality in krishnagiri

municipal area limit. National Journal on Chembiosis, 5(1).

Subra Rao, N. (1993). Environmental impact of industrial effluents in groundwater regime of

Visakhapatnam industrial complex.

Talling, J. F. (2009). Electrical conductance—a versatile guide in freshwater science. Freshwater
Reviews, 2(1), 65-78.

Thivya, C., Chidambaram, S., Rao, M. S., Thilagavathi, R., Prasanna, M. V., & Manikandan, S.
J. AL W. S. (2017). Assessment of fluoride contaminations in groundwater of hard rock
aquifers in Madurai district, Tamil Nadu (India). Applied Water Science, 7(2), 1011-
1023.

T. Shibabaw. (2014). Water Quality Policy Guideline (Issue June). 37. World Health
Organization. (2009). WHO Guidelines for Drinking-water Quality.

45



Twort, A. C., Ratnayaka, D. D., & Brandt, M. J. (2000). Water supply. Elsevier.

UNICEF. (2008). UNICEF handbook on water quality. United Nations Childrens Fund, New
York/USA.

Vikas, C., Kushwaha, R. K., & Pandit, M. K. (2009). Hydrochemical status of groundwater in
district Ajmer (NW India) with reference to fluoride distribution. Journal of the
Geological Society of India, 73(6), 773-784.

Volk, C. J., Hofmann, R., Chauret, C., Gagnon, G. A., Ranger, G., & Andrews, R. C. (2002).
Implementation of chlorine dioxide disinfection: effects of the treatment change on
drinking water quality in a full-scale distribution system. Journal of Environmental
Engineering and Science, 1(5), 323-330.

WHO (2004) Guidelines for Drinking Water Quality, 3rd Ed. Recommendations. World Health

Organization, Geneva

WHO (2011) Guidelines for drinking-water quality, 4th edn, vol 1: recommendations. World

Health Organization, Geneva.
WHO. (1993). Guidelines for drinking-water quality. World Health Organization

World Health Organization. (2006). WHO guidelines for the safe use of waste water excreta and
grey water (Vol. 1). World Health Organization

WHO/UNICEF Joint Water Supply, & Sanitation Monitoring Programme. (2014). Progress on
drinking water and sanitation: 2014 update. World Health Organization s

World Health Organization (2003). Assessing microbial safety of drinking water. Published on
behalf of the world health organization and the organization of economic Co- operation

and development.

Yasin, M., Ketema, T., & Bacha, K. (2015). Physico-chemical and bacteriological quality of
drinking water of different sources, Jimma zone, Southwest Ethiopia. BMC research
notes, 8(1), 1-13.

46



Stastical analysis physical parameter Appendix (A)

Table. A, Laboratory analysis of physical parameter in dry season.

Turbidity  E.C TDS PH Temperature

BTTDW 4.5 85.7 59.97 5.9 20.4

B-2DW 4.6 148 104.62 5.8 19.43

AADW 4.7 79.9 55.58 6.2 19.9

ADW 4.8 138 96.6 6.45 19.6

ASSDW 4.4 209 146 6.4 19.5

AKDW 4.4 6.6 86.8 6.6 19

HGDW 4.98 165.5 115.9 7.4 19.2

TDW 4.1 510 357 7.23 20.2

GSDW 4.7 127 88.9 6.4 19.2

Table. A, Laboratory analysis of physical parameter in wet season.

sample site Turbidity E.C TDS pH Temperature
BTTDW 4.6 83.9 54.53 5.6 23.8
B-2DW 4.8 139.4 90.6 5.81 23.6
AADW 4.7 78.2 50.8 5.92 235
ADW 5.96 138 84.5 6.28 24.2
ASSDW 23.6 200 130 6.35 23.3
AKDW 12.6 121 78.7 6.37 24.7
HGSDW 0.96 143.9 93.5 6.44 23.9
TDW 32.3 490 34.6 6.90 24.5
GSDW 37.8 110 71 7.23 23.9

Stastical analysis of chemical parameter in appendix (B)

Table B, Laboratory analysis of chemical parameter in dry season.

sample Alkalinity Total NO, NO, SO, FRC Fe Mn
site hardness

BTTDW 11 3.2 47.97 35 140 0 2.8 0.01
B-2DW 13 3 24.67 1.7 110 0 45 0.02
AADW 18 4 29.64 2 250 0 0.3 0.01
ADW 28 6 15.97 1.1 150 0 51 0.15
ASSDW 29 16 20.33 1.4 230 0 0.1 0.056
AKDW 38 38 16.62 0.8 170 0 0.55 0.001
HGDW 48.7 48.7 17.42 1.2 110 0 1.2 0.001
TDW 25 25 10.16 1.7 23 0 1.05 0.007
GSDW 18 8.27 24.67 0.7 161.6 0 0.35 0.002
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Table, B, Laboratory analysis of chemical parameter in wet season.

sample alkalinity total NO3 NO2 SO4 FRC Fe Mn
site hardiness

BTTDW 15 4.5 0.82 3.02 16 0.03 0.6 0.31
B-2DW 17 9 3.19 2.8 13 0.04 0.3 0.27
AADW 23 10 3.39 3.1 24 0.02 0.4 0.30
ADW 31 17 4.13 2.9 14 0.04 0.1 0.27
ASSDW 36 24 3.52 2.5 22 0.22 15 0.83
AKDW 45 13 3.52 1.1 13 0.06 0.45 0.22
HGDW 53 18 3.83 1.9 13 0.01 0.2 0.09
TDW 33 32 341 2.3 22 0.03 0.85 0.65
GSDW 23 14 4.14 2.9 15.1 0.09 0.16 0.71

Stastical analysis of bacteriological parameter in appendix (C)

Table; 10 Laboratory analysis of bacteriological parameter in dry season(C)

sample site Feacalcoil form Total coil form
BTTDW 70 5

B-2DW 25 2

AADW 31 4

ADW 25 1

ASSDW 23 0

AKDW 76 12

HGDW 3 0

TDW un count 260

GSDW 80 13

Table; 10 Laboratory analysis of bacteriological parameter in wet season.

sample site Total coil form Feacal coil form
BTTDW 75 12

B-2DW 35 7

AADW Uncount 50

AD Uncount 37

ASSDW 30 15

AKDW 77 23

HGDW 90 43

TDW Uncount 5

GSbw 65 20
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ANOVA ANALYSIS OF PHSICO-CHEMICAL AND BACTEIROLOGICAL PARAMETER IN
BOTH DRY AND WET SEASON (D)

Season Turbidity E.C TDS PH Temperature
Mean 4575556 163.3  123.485 6.48666 19.60333
Dry  Std.Deviation 0.259572 142.310 91.7602 0.53779 0.4755
Range 0.88 503.4 270.2 1.43 1.2
Mean 14.14667 167.155 76.47 6.32222 23.93333
WET  Std.Deviation 13.64473 126.347 28.1689 0.51506 0.460977
Range 36.9 411.8 295.21. 1.43 14
Season Alkali Hard NO3 NO2 S04 CL2 Fe Mn TC FC
Dry Mean 25.4111 16.9078 23.05 1.56667 149.4 O 1.77222 0.0286 33
Std.Deviation 12.2074 16.8206 10.9918 0.8426 67.4169 0 1.90067 0.0486 85.2626
Range 37.7 457 37.81 2.8 227 0 5 0.149 ---- 260
WET Mean 30.6667 15.722 3.32777 2.5022 16.9 0.06 0.50666 0.4056 23.5556
Std.Deviation 12.6886 8.3258 0.9967 0.652 4.4794 0.0644 0.4402 0.2558 16.1873
Range 38 27.5 3.32 2 11 008 1.4 0.74 - 45

Analysis of p- value of physico-chemical and bacteriological parameter(E)

Sum of Squares Df Mean Square F Sig.
Turbidity Between Groups 730.053 8 91.257 .701 .687
Within Groups ~ 1172.143 130.238
Total 1902.196 17
E.C Between Groups 272628.820 8 34078.602 139.234 .000
Within Groups ~ 2202.825 9 244.758
Total 274831.645 17
TDS Between Groups 133687.527 8 16710.941 181.158 .000
Within Groups ~ 830.205 9 92.245
Total 134517.732 17
PH Between Groups 3.565 8 446 4.055 .026
Within Groups .989 9 110
Total 4.554 17



Temperature Between Groups

Alkalinity

Hardness

NO;

NO,

SO,

CL,

Fe

Mn

TCF

Fcf

Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

1.560
86.460
88.020
2462.317
133.687
2596.004
1870.340
954.006
2824.347
414.612
2310.115
2724.727
227.779
284.315
512.094
18952.840
96571.125
115523.965
.017

.033

.049

12.390
25.268
37.658

272

910

1.182
2032916.778
1505077.500
3537994.278
35062.111
25593.500
60655.611

195
9.607

307.790
14.854

233.793
106.001

51.826
256.679

28.472
31.591

2369.105
10730.125

.002
.004

1.549
2.808

034
101

254114.597
167230.833

4382.764
2843.722

.020 1.000
20.721 .000
2.206 130
.202 0.039
901 0.045
221 0.0378
.569 0.037
.552 0.0287
.336 0.034
1.520 273
1.541 .266

Stastical analysis of physico-chemical and bacteriological parameter in

dry and wet seasons of anova (appendix E)

Parameter Season | mean Std Max.value | Min.value | p-value
Turbidity Dry 45755 0.25957 | 4.98 41 0.687
Wet 14.1467 | 13644 | 378 0.9
Total 9.36 6.952 21.39 25
EC Dry 163.3 142.3 510 6.6 0.00
Wet 167.156 | 126.348 | 490 78.2
Total 165.23 134.65 | 500 424
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TDS Dry 123486 | 91.76 357 86.8 0.00
Wet 76.47 28.169 | 346 50.8
Total 99.978 59.96 3515 68.8
pH Dry 6.4866 05378 | 7.23 5.8 0.026
Wet 6.322 0.51507 | 7.23 5.8
Total 6.4043 0.52644 | 7.23 5.8
Dry 19.6031 | 04755 | 20.2 19 1.00
Wet 23.933 0.46098 | 24.7 23.3
Temperature Total 21.7681 | 0.46824 | 22.45 21.15
Parameter Season | mean Std Max.value | Min.value | P-value
Alkalinity Dry 25411 | 12.207 | 487 11 0.00
Wet 30.66 12.6886 | 53 15
Total 28.0355 | 12.45 50.85 13
Total Hardiness | Dry 16.9078 | 16.826 | 48.7 3 0.130
Wet 15.722 | 83278 | 32 45
Total 16.315 | 12577 | 40.35 3.75
Nitrate Dry 23.05 10992 | 47.9 10.16 0.983
Wet 33277 | 09967 |4.14 0.82
Total 13.189 |5.9944 | 26.02 5.49
Nitrite Dry 1566 0.8426 | 35 0.7 0.553
Wet 25022 | 0.652 3.1 11
Total 2.0341 | 0.7473 | 3.3 0.9
Sulfate Dry 149.4 67.4167 | 250 23 0.978
Wet 16.9 4479 24 13
Total 83.15 35.948 | 137 18
Free chlorine Dry 0.00 0.00 0 0 0.780
Wet 0.06 0.0642 | 0.01 0.09
Total 0.03 0.0321 | 0.005 0.045
lron Dry 1772 1.90067 | 5.1 0.1 0.793
Wet 05066 | 04402 |15 0.1
Total 11393 |1.17044 |33 0.1
Manganese Dry 0.02866 | 0.0486 | 0.15 0.001 0.93
Wet 0.4056 | 0.2558 | 0.83 0.09
Total 0.217 0.1522 | 0.49 0.0455
TC Dry - - uncount |3 0.273
Wet - - uncount 30
Total 11
FC Dry 33.185 | 0.2626 | 260 0 0.266
Wet 23557 | 16.1873 | 50 5
Total 28371 | 8.225 155 25
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Appendix F: procedures of analysis of some chemical water quality parameters

Alkalinity: the method of test was based on a unique colorimetric method and uses a single
reagent. The test is simply carried out by adding a tablet to a sample of water. Under the
condition of the test a distinctive range of colors from yellow, through green to blue is produce
over the alkalinity range 0-500mg/l.The color produced in the test is indicative of the presence of
alkalinity of the water and was measured using palinest photometer and record the results that
displays on the photometer. Steps to test: first we were fill test tube with sample to 10ml mark
,second alkaphoto table(Calcicol)was added ,crushed, and was mixed until all the particles had
be dissolved, third stand for 1minute the remix and select photo number on photometer and then

recorded the result that was displayed as mg/I.

Total hardiness: the calcium Hardiness test was based on the calcicol indicator reagent method.
Calcium ion react specifically with calcicol indicator in the alkaline solution to give an orange
coloration. The reagent itself gives a violet color in the solution. The reagent for the method were
provided in the form of two tablet . These test was carried out simply by added one each tablet to
the sample of water. The color produced was indicative of the calcium hardiness and was

measured by using photometer.

The test procedure of total hardiness were the following steps: We were washed or cleaned the
test tube by its sample water, filled the test tube with sample to the 10 ml mark ,and were added
one calcicol No.1ltablet,crushed and mixed to dissolved ,fourth were added another one calcicol
No.2,crushed and mixed to dissolved. Then stand for 2minutes to allowed color development and

select photometer12, read and recorded the result that displays on the LSD in mg/ICaCOs3

Nitrate: The test procedure of nitrate were the following test ;We were fill the nitrates tube
with sample to 20ml mark ,added one level spoonful of nitrates powder and one nitrate tablet the
shake tube one minute and we were added one nitrite tablet ,then crush and mixed to dissolve ,

after these step stand for 10 minute to allowed full colour development and select photometer.

Then nitrate was first reduced to nitrite, the resulting nitrite then determined by diazon reaction
to form reddish dye and the reduction stage was carried out using zinc based nitrate powder and

the nitrate tablet which aid rapid flocculation after the one minute contact period and the
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intensity of the color produced in the test was proportional to the nitrate concentration and was

measured using palinest photometer

Nitrite: the test procedure of nitrite were the following ;first we were filled round test tube
with the sample to the 10 ml mark next added one nitricol tablet, crushed and mixed to dissolve.
Finally were stand for 10 minutes to allow full color development. So we were observed the
intensity of the color produced in the test was proportional to the nitrite concentration and was

measured using photo meter.

Sulfate: The method of sulphate test was based on a single tablet reagent containing barium
chloride (turb) tablet and it reacted with sulphate to form in soluble barium sulphate. This was
observed as turbidity in the test sample. The degree of turbidity was proportional to the sulphate
concentration in water and was measured using photo meter. And steps of test procedure, We
were filled test tub with sample to the 10 ml mark and added one sulphate turb tablet or BaCl,
,crushed and mixed to dissolve, a cloudy solution was formed this indicate the presence of

sulphate in the ground water

Free chlorine:  the method of chlorine test uses the DPD and standard method testing
chlorine and other disinfectant residuals. Free chlorine reacted with diethyl-p-phenylene diamine
in buffer solution to produce a pink coloration. The intensity of the clolour was proportional to
the free chlorine concentration. The procedure of chlorine test were first rinse test tube with
sample leaving a few drop of in the tube and .the DPD No.1 in two or three drops of the water
until the table was thoroughly dissolved. And invert the test tube to remove any bubble from the
inner walls of the tube. Then select photometer. The result represent is free chlorine. The next
step were the following; we added DPD No.3 tablet were added,crushed and mixed to dissolved,
stand for two minutes to allow full color development and take photometer reading . These result
represent the total chlorine residual as mg/l and the combined chlorine residual is obtained by
subtracting the free chlorine residual result from the total chlorine residual result.(i.e combine

chlorine= total chlorine —free chlorine)

Iron: the method of iron HR test was based on a single tablet reagent containing an alkaline

thioglycollate and carried out simply by adding a tablet to a sample of water. The thioglycollate
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(HSC2COO0-Na+) reduced ferric iron to ferrous iron(Fe2+- Fe3+) and together with any ferrous
iron already present in the sample, reacts to give a pink coloration.The method of iron test
producers were the following steps :We were washed the test tube by its sample water ,and were
filled the test tube with sample to the 10ml mark, The added one iron higher tablet ,crushed it
and mixed it to dissolved, stand for 1minute to allowed full color development and select the

photometer, read it and recorded the result that displayed on LSD in mg/I

.Manganese: the method of manganese test procedures were ,manganese in lower valency state
is oxidized to form permanganate by the action of an oxidizing agent .In the second stage the per
manganite formed was further reacted with leucomalachite green to form an intense turquoise
color complex. The intensity of color in the test tube was proportional to the total manganese
concentration in the water and measured using photometer
The test procedure were the following step; We were filled test tube with the sample to the 10ml
mark, added one manganese No.l tablet, crushed and mixed to dissolve, finally added one
manganese No.2 tablet, crushed it and mixed it to dissolve then cap (cover)the tube , stand for 20
minutes to allowed colour development , select photometer and recorded the result that was
displayed on the LSD

Generally the chemical tests were carried out using Palin test advanced digital photometer
(Photo- 7500, England ,used all chemical parameter analysis) following with HACH instruments
(HACH, 1999). The Alkalinity, total hardiness, nitrate, nitrite, sulfate, Chlorides, iron and
manganese of the water samples were measured colorimetric method by using Photo meter
(Wagtech -7500 England). Light from an incandescent lamp (bulb) was passed through a test
tube (PT-595) containing the sample solution, and then through a colored filter into a photocell.
The test tube was filled 10 ml of water sample to the 10 ml mark. The tablet was added, crushed
and mixed to dissolve. A few minutes were stranded to allow full color development. The

wavelength (nm) of each parameter was selected on Photometer and the results recorded in mg/L
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