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This study was conducted in WondoGenet district, Southern Ethiopia to assess the water quality of rural
water supply schemes in relation to the sustainability of their service delivery. 28 functional water points
were selected randomly, for their assessments. The assessments included sanitary surveillance of water
points and water quality analyses. Water samples were analyzed for pH, temperature, total dissolved solids,
turbidity, total hardness, fecal and total coliform bacteria, fluoride, chloride, nitrate, manganese, and iron.
The results obtained show that most of the 'user perceived' acceptable drinking water quality parameters
were within the World Health Organization (WHO) guidelines for drinking water quality, based on aesthetic
and taste considerations. Only one dug-well had marginally higher level of total hardness (that is, 220 mg/I

of CaCOg3), while four water points had higher turbidity ranging from 8.3 to 64 NTU when compared with the
WHO guidelines. In all the sampled water points, the level of iron (<0.009 to 1.25 mg/l), manganese (0.10 to
1.50 mg/l), chloride (0.80 to 62.5 mg/l), and nitrate (0.90 to 12.7 mg/l) were within the WHO guidelines.
Fluoride was also found to be below the WHO health based limit (<1.5 mg/l). However, majority (85.7%) of
the water points had detectable levels of total coliform bacteria (1 to 68 cfu). On the other hand, it was only
in 25% of the water points that fecal coliform bacteria were detected (1 to 10 cfu). This shows that the
bacteriological water quality is of concern as majority of the water points had detectable levels of coliform
bacteria. Therefore, regular chlorination of water points, particularly dug wells, should continue. Besides,
disinfection of water at the household level can be an added advantage.
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INTRODUCTION

Water quality and the risk to waterborne diseases are
critical public health concerns in many developing
countries. Today, close to a billion people most living in the
developing world do not have access to safe and adequate
water (UNICEF/WHO, 2012). The World Health
Organization (WHO) estimated that around 94% of the
global diarrheal burden and 10% of the total disease
burden are due to unsafe drinking water, inadequate
sanitation, and poor hygienic practices (Fewtrell et al.,
2007; Pruss-Ustiin and Corvalan, 2006).
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Thus, the provision of safe and adequate water contributes
to better health and increased individual productivity. It is
also recognized that there is significant relation between
water supply and sanitation improvements and the
potential for health and economic benefits (El-Fadel et al.,
2003; Fewtrell et al., 2005; Peter, 2010; WHO/UNICEF,
2000). Accordingly, rural water supply schemes should
deliver the expected service to users for a reasonable
period of time in terms of quality, quantity, accessibility,
coverage, affordability and continuity simply called
sustainability (Harvey and Reed, 2004).

One of the most important factors that affect service
delivery and the continued use of rural water supply
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schemes is the quality of water the schemes deliver to
users (Brikke, 2002; Schouten and Moriarty, 2003). If
water supply schemes fail to meet acceptable drinking
water quality standards (that is, physical, chemical and/or
bacteriological) people may stop using the scheme and
resort to unsafe sources; and will be further exposed to
acute and chronic illnesses (Karn and Harada, 2002). This
will  bring challenge in meeting the Millennium
Development Goals (MDGs) of ensuring environmental
sustainability, improving health and eradicating extreme
poverty of the rural majority living in the developing world
(United Nations, 2005).

The water supply coverage in Ethiopia has been one of
the lowest in Sub-Saharan Africa (African Development
Fund (ADF), 2005). The country’s water supply sub-sector
has been characterized by poor performance with a
number of problems including unsustainability and
unreliability of water supply services (MOWRD, 2006). To
tackle these problems, the Government of Ethiopia issued
the National Water Resources Management Policy in 1999
(MoOoWRD, 1999) and the Water Sector Strategy in 2001
(MoWRD, 2001) so as to increase and sustain the water
supply services in both rural and urban areas and
ultimately to ensure that every Ethiopian citizen has
access to water of acceptable quality and sufficient
guantity. In this regard, reports show that the total water
supply coverage in the country is increasing: 2002 (22%),
2007 (42.2%) and 2008/2009 (59.5%) (ADF, 2005;
MoWRD, 2007, 2008). On the other hand, reports show
that 33% of the rural water supply schemes in Ethiopia are
estimated to be non-functional at any time (MoWRD,
2007).

Despite these problems, to scale-up the water supply
coverage of the country and achieve a 100% water supply
coverage in most of the regional states including the
Southern Nations, Nationalities and Peoples Regional
State (SNNPRS), the Government of Ethiopia adopted the
Water Supply and Sanitation Universal Access Program
(UAP) targeting to provide 15 L of safe water per person
per day within a 1.5 km rural dwelling radius from the point
of source by 2012 (MoWRD, 2006) (that is, 3 years before
the Millennium Development Goals (MDGSs) target). In this
regard, the UAP emphasizes on groundwater development
for drinking water supply in rural areas (MoWRD, 2006).

The quality of groundwater sources can be one
challenge for scaling-up coverage and assuring conti-nued
use of water supply services. This is because of the fact
that there are evidences of strong factors that may affect
groundwater quality including rapid urbanization (Foppen,
2002; Al-kharabsheh, 1999) and land use practices
(Gardner and Vogel, 2005), distance of onsite sanitation
facilities from groundwater table (Bordalo and Savva-
Bordalo, 2007; Odai and Dugbantey, 2003), level of
groundwater (Papadakis et al, 2007) and natural rock
characteristics (Rossiter et al., 2010; Tekle- Haimanot et
al., 2006), among others.

Quite a number of studies have been conducted on
drinking water quality supplies both in the urban and rural
settings in countries such as Thailand (Kruawala et al.,
2005), Zimbabwe (Hoko, 2005, 2008), Malawi (Pritchard et
al., 2008; Mkandawire and Banda, 2009) and India (Suthar
et al., 2009). On the other hand, studies in Ethiopia have
focused mainly on technical functionality of water supply
schemes (Admassu et al., 2003; Gebrehiwot, 2006; Jeths
et al, 2009), equity and multiple uses of water
infrastructure (RiPPLE, 2010) and linking water supply and
sanitation (Hagos et al., 2008). Nevertheless, systematic
studies on the relationship between rural drinking water
supply schemes water quality and service sustainability
has been lacking in the country. Therefore, this study was
conducted to assess if the quality of drinking water from
rural water supply schemes affects the sustainability of
their use.

MATERIALS AND METHODS
Study area

The study was conducted in the SNNPRS, Sidama Zone, Wondo
Genet Woreda (district) (Figure 1). Total area of the district is 226.45

km? with a total projected population in 2010/2011 of 169, 659
(FEDD, 2010). There were 14 Kebeles (villages) in the district of
which three were under township administration, while the rest
(n=11) were exclusively rural. Out of the 14 villages, five were in the
dega agro-ecology (temperate climate) with an altitude range
between 2400 to 3000 m.a.s.l., and nine in the weyna-dega agro-
ecology (semi-arid climate) of altitude between 1500 to 2400 m.a.s.l.
The area also receives an annual rainfall of 1057 mm. Groundwater
from shallow aquifers is the main source for drinking water supply in
the district. The water supply systems include springs, both on-spot
and gravity piped distribution systems, and hand-dug and machine-
dug wells fitted with hand-pump. People also use rivers and streams
nearby for irrigation, cattle watering, washing clothes, and bathing.

Study design and data collection

Preliminary data on number villages, total population, and number
water supply schemes by type and functionality were obtained from
the district's water and energy office. During the study period
(February 2011), there were a total of 170 water points including on-
spot springs (n=71), distribution spring stand-posts (n=53), dug wells
fitted with hand pump (n=37) and rope pump (n=9), of
which75% (n=127) were functional (Table 1). Randomly, 28 (32%)
functional water points composed of on-spot springs (n=14) and dug
wells fitted with hand pump (n=14) were selected for sampling.
Stand-posts from distribution spring systems were excluded from
sampling mainly to avoid erroneous results that may emanate from
additional contamination of the water in the distribution pipeline or
reservoir. This is because analyzing water at the source (spring cape)
or at the stand-post would only give a distorted result. Additionally,
rope pump technologies were not included in the sampling because
they were on a pilot trial stage and were not community managed.
W ater samples were collected in four consecutive days from 11 to 14
February, 2011. A water quality analyst with a complete set of water

quality analysis kit (Po'[alab® WAG-WE10010) was contracted
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Figure 1. Map of the study area and the sampling locations.

from the SNNPRS water and energy bureau water quality analysis
laboratory. Water samples were both analyzed onsite and offsite for
selected water quality parameters. Temperature, pH, total dissolved
solids (TDS), and turbidity were conducted onsite. Fecal and total
coliform bacteria were processed onsite using membrane filter
method and were transported to the regional laboratory. Total
hardness, fluoride, chloride, nitrate, manganese and iron were
analyzed in the laboratory after the samples were properly
transported using a pre-cleaned 1L plastic containers in an ice box.

Generally, sample container preparation, storage and transport
procedures followed the recommendations of Standard Methods for
the Examination of Water and Wastewater manual (APHA, 1998).
Analysis of fluoride, chloride, nitrate, manganese and iron was
carried out using HACH DR 500 instrument (UV-visible
spectrophotometer) in accord with the procedures of the HACH
manual (HACH, 2010). In addition, total hardness was determined
using titration method. Since the samples were collected in a
relatively dry season, the result does not explain seasonal changes
in water quality.

The data collection also included sanitary survey of the water
points using a standardized checklist. The checklist was completed
by interviewing water committees, water users nearby and personal
observation of the water points. It included main points such as
general location information, aspects of the water point (that is, type,
technology used, year of construction, funding agency, served
population, functionality, and discharge rate) and sanitary
surveillance. Data were analyzed using Statistical Package for Social
Sciences (SPSS) 14.0 statistical package and MS Excel.

Legend
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Data were checked for normality, and median was used instead of
mean where data were not normally distributed.

RESULTS AND DISCUSSION
Water points

The sampled water points were found in 10 villages (Table
2) and were expected to serve for a total of 10,450 people
(6.2% of the total population in the district) based on
Government standard (that is, hand-dug well: 250 users;
machine-dug well: 500 users; and on-spot spring: 300
users) (MoWRD, 2006).

Regarding water discharge (Table 3), on on-spot springs
generate a median of 0.13 L of water per second. Similarly,
machine-dug wells and hand-dug wells generate a median
of 0.31 and 0.30 L of water per second, respectively. This
shows that all the water points had discharge rate above
the Government minimum for the design population.

Of the 28 water points, only 35.7% (n=10) were
developed by the Government. The rest (64.3%) were
developed by various NGOs. In addition, 42.9% of the



Table 1. Water points by scheme type and functionality.

Water point Functional Non-functional
Dug wells fitted with pump (hand pump and rope pump) 30 16
On-spot spring 60 11
Distribution Spring stand-post 37 16
Total 127 43

Table 2. Location, number and type of water points investigated.

SIN Village Number of water point (n)Water point type
1 Abaye 3 On-spot springs
2 Aruma 3 Dug wells fitted with Afridev hand pump
3 Babo Chorora 3 On-spot springs
4 Baja Fabrica 2 On-spot springs
5 Baja Gamecho 1 On-spot springs
6 Chuko 1 On-spot springs
7 Edo 6 Dug wells fitted with Afridev hand pump
8 Gike Gina 2 On-spot springs
9 Wosha Soyama 2 On-spot springs
10 Yuwo 5 Dug wells fitted with Afridev hand pump

Table 3. Water discharge rate (I/s).

Water sample (N=28)

On-spot spring

Machine-dug well Hand-dug well

n 14

Range 0.99
Minimum 0.01
Maximum 1.00
Median 0.13
Government standard (Minimum rate) 0.10

11 3
0.13 0.23
0.20 0.10
0.33 0.33
0.31 0.30
0.26 0.13

water points had served for more than twenty years since
construction, while 25% served for more than ten years. It
was only 21.4% of the water points, all being on-spot
springs, which served only for a year. This shows that quite
a good number of the water points have been serving
beyond their design period (that is, 20 years).

Sanitary inspection
Source protection and treatment

Chemical treatment such as chlorination of water points at
the source is one effective method to remove pathogens
from water and reduce the transmission of waterborne
diseases (Smith and Scott, 2002). In this regard, all the dug
wells investigated were reported to be chlorinated fairly
once in every three months. The

awareness for regular chlorination of the dug wells began
after the cholera epidemic in 2007/2008 in parts of the
country. However, since on-sport springs are running
waters (that is, continuously out flowing as opposed to
standing waters), chlorination cannot not be practiced.
Therefore, all on-spot springs are skipped from
chlorination.

Factors affecting water quality at source

Distance of contaminating sources such as pit latrines to
water points has been an important estimator in indicating
the possible source of bacterial contamination of
groundwater. In most cases, it is advisable to construct
latrine at a minimum radius of 30 m down-slope of the
water point (MoH, 2004).

In this study, only four (14%) of the water points were



found to be too close (<30 m radius) to latrines increasing
the risk of fecal contamination. This is because studies
have identified pit latrines as sources of bacteria to
groundwater (Dzwairo et al., 2006). On the other hand, in
10 (36%) of the water points people were observed bathing
and washing clothes near or around the water points.
However, it was only in six (21%) of the water points that
stagnant water was observed. 64% (n=18) of the water
points were not fenced at all, which could have prevented
animals from reaching the water points and might reduce
the possibility of contamination of the water points by
animals. Additionally, none of the water points had guards.
And, it was only in one of the on-spot springs that the
spring cape was not well covered.

Seasonal variations of water quality especially turbidity
is common when the groundwater table is relatively close
to the surface. In the study, users in 53.6% of the water
points reported that the water at the water points becomes
turbid after heavy rain indicating easy infiltration of runoff
to the groundwater and increased risk of groundwater
contamination. Similar result was also reported in Guinea-
Bissau (Bordalo and Savva-Bordalo, 2007).

Users in six (21%) of the water points complained that
the water had taste and/or odor problems. Similar taste
complaints were reported by Hoko (2008) from boreholes
in Zimbabwe. Besides, users in four water points (all hand
pumps) complained that their children have experienced
dental fluorosis because of high fluoride content in the
water. However, water quality analysis showed that the
fluoride content in these water points was within the World
Health Organization (WHO) drinking water guidelines; 1.5
mg/l (WHO, 2004). In one water point, users complained
observing worms in their water and suggested that it may
be because of the presence of a pit latrine uphill near the
water point.

Water quality analyses
Acceptability aspects

In the study, five ‘user perceived’ acceptable drinking
water quality parameters (that is, total hardness, total
dissolved solids (TDS), pH, turbidity and temperature), that
were considered to have an effect on the acceptability of
water for use were determined. Generally, the results
showed that most of the measured values of these
parameters were within the WHO guidelines for drinking
water quality (WHO, 2004) based on aesthetic and taste
considerations (Table 4).

The pH values of 18% (n=5) of the water points (all on-
spot springs) were between 5.7 and 6.4. Although pH
affects the taste of water (Hoko, 2008), no complaint
regarding sourness (acidity) was reported by users during
the sanitary survey. All the dug wells (depth range: 8 to 14
m) fitted with hand-pumps (n=14) had pH values

within the range of 6.6 to 7.8, which is within the WHO
recommended limit for taste considerations. Temperature
in these water points ranged from 18.2 to 30.3°C. Although
no guideline is set for it, higher temperatures are not
recommended mainly because they make drinking difficult.
Regarding hardness, one dug well indicated marginally
higher level of total hardness (that is, 220 mg/l as CaCOg3)
while the rest (n=27) were within the WHO (2004)
guidelines range depicting lower levels of calcium and
magnesium in the groundwater.

Four (14.3%) water points (on-spot springs and dug
wells, two each) were indicated to have higher turbidity
ranging from 8.3 to 64 NTU compared to the WHO (2004)
guideline, while TDS was found to be within the WHO
recommended range based on taste considerations in all
the cases. In this regard, a Spearman's rank correlation
test also confirmed that there is no significant correlation
between TDS and turbidity (P=0.08) changes across water
points. It is worth noting that these values are deemed to
vary based on seasonal changes. This is because of the
fact that the study was conducted in a relatively dry
season, thus in a wet season some values may be lower
due to dilution while others higher as a result of dissolution,
dissociation, infiltration and/or other physical and chemical
processes.

Chemical and bacteriological aspects

Table 5 shows results of chemical and bacteriological
analyses. In all the sampled water points, (n=28) the level
of iron (<0.009 to 1.25 mg/l), manganese (0.10 to 1.50
mg/l), chloride (0.80 to 62.5 mg/l) and nitrate (0.90 to 12.7
mg/l) were within the WHO guidelines for drinking water
quality (WHO, 2004).

Fluoride was also found to be below the WHO health
based limit (that is, 1.5 mg/l), despite complaints by users
regarding dental fluorosis on children in four water points
(all dug wells). In this regard, reports indicate that
sometimes fluoride levels between 0.9 and 1.2 mg/l may
cause mild dental fluorosis (WHO, 2004). Others also set
an optimum drinking water fluoride level of 0.5 to 0.65 mg/I
in fluoride endemic areas (Viswanathan et al., 2009).
Since part of the study area (including the four water
points) lies in fluoride endemic region—Rift Valley region of
Ethiopia, total daily fluoride intake from different sources
should also be considered to justify for the dental fluorosis.
The Rift Valley region of Ethiopia is charac-terized by
higher level of groundwater fluoride. For instance, Tekle-
Haimanot et al. (2006) reported that out of 668 wells (deep
and shallow) analyzed for fluoride level in the Rift Valley
region of Ethiopia, 44.5% of the wells had values above
1.5 mgl/l.

The WHO guidelines for drinking-water quality (WHO,
2004) recommends that for all waters intended for drinking
no total and/or fecal coliform bacteria should be detected
in any 100 ml water sample. In this regard,



Table 4. Measured acceptability parameters for drinking water quality.

Number of sample Total hardness

(N=28) (mg/l as CaCO3) TDS (mg/l) pH Turbidity (NTU) Temperature (°C)
Average 85.7 246.8 6.8 6.2 24.3
Standard deviation 47.5 248.6 0.5 13.8 2.9
Minimum 30.0 4.8 5.7 0.0 18.2
Maximum 220.0 921.5 7.8 64.0 30.3
Median 74.0 158.3 6.8 2.0 244

WHO guideline (2004) < 1200 <5 n.g.v.

TDS: total dissolved solid; NTU: nephelometric turbidity unit; n.g.v.: no guideline value.

Table 5. Results of chemical and bacteriological analyses.

Number of sample Fe?* Mn?* cr F NOs Total coliform Fecal coliform
(N=28) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (cfu/100 ml) (cfu/100 ml)
Average 0.15 0.38 10.56 0.50 4.21 11 1
Standard deviation 0.26 0.34 13.12 0.39 3.15 15 3
Minimum <0.009 0.10 0.80 <0.02 0.90 0 0
Maximum 1.25 1.50 62.5 1.34 12.7 68 10
Median 0.06 0.30 6.25 0.44 3.05 6 0

WHO guideline (2004) <0.3° 0.4° <2502 15P 50° 0 0

a: Taste detection; b Health based standard; ©: Aesthetic consideration; cfu: coliform forming units.

majority (85.7%) the water points had detectable levels of
total coliform bacteria (1 to 68 cfu). However, it was only in
25% of the water points that fecal coliform bacteria were
detected (1 to 10 cfu) (Table 5). A similar study in Malawi
identified that about 80% of water samples collected from
wells fitted with hand-pumps had detectable levels of
coliform bacteria (Pritchard et al., 2008). Meanwhile,
another study in Brazil indicated the presence of
detectable levels of fecal coliform bacteria in untreated
drinking water samples collected from springs (48%;
N=96) and private wells (15%; N=350) (Nogueira et al.,
2003).

In this study, only three water points were found to be
free from both types of coliform bacteria. The result
indicated that bacteriological water quality is a concern in
this area. It must be clear that the provision of water
services must result in health improvements to users as an
ultimate goal. However, when this goal is com-promised
and user’s health is affected, they commonly resort to their
traditional unsafe sources or travel longer distances to find
other safe water sources.

Conclusion
People in the study area largely depend on improved water

sources developed from groundwater for drinking and
other domestic activities. Although chlorination of the

water points might have helped the reduction of
pathogens, design problems and other improper activities
around the water points might be the cause for higher
levels of coliform bacteria.

The taste and odor complaints may lead users to an
immediate rejection of water points with the possibility of
ultimate abandonment or to the fact that people stop using
the water points for drinking purposes. Besides, users
complaints of dental fluorosis cases in few of the water
points is something to be further investigated as the water
quality analysis result did not support their proposition (that
is, fluoride level <1.5 mg/l in all water points). Probably, the
dental fluorosis cases may be caused by various intake
sources and/or higher duration of exposure. Acceptability
aspects of drinking water quality such as pH, temperature,
turbidity, TDS and total hardness were generally good. The
presence of lower pH and higher turbidity and hardness
levels in few of the water points may affect their continued
use. On the other hand, the level of iron, chloride, nitrate,
and manganese was generally good all within the WHO
guidelines for health and aesthetic considerations.
Bacteriological quality is a concern as 85.7% of the water
points had detectable levels of coliform bacteria. The
presence of coliform bacteria may be as a result of poor
capping of spring structures and absence of source
protection measures, and may be due to shallow
groundwater tables and in appropriate activities around
water points



in the case of dug wells.

In general, to sustain service delivery of water points by
maintaining good quality water, scheme/water point
construction should follow proper planning complemented
by design treatments such as locating water points at
reasonable distance from potentially contaminating
sources such as pit latrines and runoff and proper
construction of spring capping structure. Moreover,
protection of water points through natural vegetation
barriers, regular chlorination of water points, preventing
water stagnation around water points and fencing, and
preventing bathing and washing clothes around to prevent
contamination of ground water will help maintain and
improve water quality. Besides, disinfection of water at
household level can be an added advantage.
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