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Abstract
In this study drinking water samples were collected from three sites of Arbaminch town and have been
analyzed for some physico-chemical parameters like pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS),
Total Suspended Solids (TSS), Total Solids (TS), Total Alkalinity (TA), Total Hardness (TH), Chloride (Cl -) and
Fluoride (F-). The result showed that pH, EC, TDS, TSS, TS, TA, TH, Cl- and F- ranged from 7.13 to 7.76, 210.0 to
230.5 µScm-1, 134.4 to 147.1 mg/L, 11.22 to 15.44 mg/L, 145.62 to 262.45 mg/L, 88.6 to 182.02 mg/L, 119.2 to
135.11 mg/L, 135.22 to 554.46 mg/L and 2.0 to 4.41 mg/L respectively. All the measured parameters were within the
standard drinking water quality values of WHO except Cl - content in AMU sampling site and F- in all sampling sites.
The level of Cl- in Secha and Sikela sampling sites were within the standard value of WHOM (500 mg/L). But the
level of Cl- was found beyond the standard value of WHOM in AMU sampling site. Similarly the concentration of F was found higher than the standard limit value of WHO (1.5 mg/L) in all sampling sites, but within the maximum
permissible values of US-EPA (4.0 mg/L) except in the AMU sampling site which is a little bit higher than the USEPA. In general the present investigation found that the maximum parameters were not at a level of pollution.
Keywords: Physico-chemical Parameters; Drinking water quality; Water quality standards

1. Introduction
Water is one of the most important and most precious
natural resources. It is essential in the life of all living
organisms from the simplest plant and microorganisms to
the most complex living system known as human body.
Water a combination of hydrogen and oxygen atoms, with a
chemical formula, H2O and known to be the most abundant
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compound (70%) on earth surface. It is significant due to its
unique chemical and physical properties [1- 3].
Access to safe drinking water is key to sustainable
development and essential to food production, quality health
and poverty reduction. Safe drinking water is essential to life
and a satisfactory safe supply must be made available to
consumers [4].
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Water is thus becoming a crucial factor for development
and the quality of life in many countries. In individual
arid areas it has even become a survival factor [5].
Therefore, water intended for human consumption must not
contain pathogen germs or harmful chemicals; because
water contaminated with microorganisms is the cause of
epidemics [6]. That is good drinking water is not a luxury
but one of the most essential requirements of life itself [7].
However, developing countries, like Ethiopia, have suffered
from a lack of access to safe drinking water from improved
sources and to adequate sanitation services [8]. The WHO
[9] revealed that seventy five percent of all diseases in
developing countries arise from polluted drinking water.
Therefore; water quality concerns are often the most
important component for measuring access to improved
water sources. Acceptable quality shows the safety of
drinking water in terms of its physical, chemical and
bacteriological parameters [10]. International and local
agencies have established parameters to determine
biological and physicochemical quality of drinking water
[11]. The problems associated with chemical constituents of
drinking water arise primarily from their ability to cause
adverse health effects after prolonged periods of exposure,
of particular concern are contaminants that have cumulative
toxic properties, such as heavy metals and substances that
are carcinogenic [12]. Mahmoud et al. [13] also stated that
the most common problems in household water supplies
may be attributed to hardness, iron, sulfides, sodium
chloride, alkalinity, acidity, and disease-producing
pathogens, such as bacteria and viruses. In addition to this
IARC [14] and AWA [15] also reported that the use of
chemical disinfectants in water treatment or construction
materials used in water supply system usually results in the
formation of the chemical by-products, some of which are
potentially hazardous. This makes drinking water is a
vehicle for disease transmission [16].
Therefore, it is desirable to control the intake of these
potentially toxic chemicals from drinking water because the
intake from other sources which food or air may be difficult
to avoid [17]. Like other developing countries drinking

Phenolphthalein alkalinity (

water quality is major issue in Ethiopia and studies related to
drinking water quality of Arbaminch town have not
conducted. Therefore, the aim of this study was to examine
the levels of some physico-chemical parameters of drinking
water of Arbaminch town.

2. Materials and Methods
2.1 General Description of Study Area
Drinking water samples were collected from Arbaminch
town which is the administrative and trading center of the
Gamogofa zone, located at 505 Km from Addis Ababa, the
capital city of Ethiopia and 275 Km south west of Awassa.
The total area of the town is estimated about 1095 hectares
and it lies at an altitude of 1300 meters above sea level, its
average temperature is 29°C and the average annual rainfall
is 900 mm [18].

2.2. Sample Collection
Drinking water samples were collected from three sampling
sites (Secha, Sikela and Arbaminch University main campus
(AMU)) of Arbaminch town. The potable water samples
were collected in cleaned plastic polyethylene bottles and
brought to the laboratory in an icebox jar to avoid
unusual change in water quality. Prior to the sampling all
the bottles are washed and rinsed thoroughly with distilled
water. Standard methods [19] were followed for sample
collection and preservation.

2.3. Determination of Physico-chemical Parameters
of Drinking Water
Determination of Alkalinity Using Phenolphthalein
Indicator: To 50 mL of each of the water samples, 3 drops
of phenolphthalein indicator was added.

The sample was titrated with 0.02N H2SO4 to pH
8.3 and phenolphthalein alkalinity was estimated
(phenolphthalein indicator was changed color from pink to
colorless at pH 8.3). Finally the phenolphthalein alkalinity
of water was calculated as follows,

) as CaCO3 =

Where A1 = volume of H2SO4 in mL, N = normality of H2SO4 used to titrate, V = volume of sample used in mL
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Amount of acid used at this moment starting
phenolphthalein was used to react with hydroxide, carbonate
and bicarbonate and it was constituted of total alkalinity.
Finally total alkalinity was calculated as follows.

Determination of Total Alkalinity (TA): Three drops
of bromcresol green indicator was added to 50 mL of each
the samples and titrated with 0.02 N H2SO4 to pH 4.5 and
total alkalinity was estimated (bromcresol green indicator
was changed the color from blue to yellow at pH 4.5).

𝒎𝒈
Total alkalinity (
𝑳 as CaCO3) =

(𝑨𝟐𝑿𝑵𝑿𝟓𝟎𝑿𝟏𝟎𝟎𝟎)
𝑽

Where A2 = Volume of H2SO4 consumed in mL starting from phenolphthalein, N = normality of H2SO4, V= volume of sample
used in mL

Determination of Total Dissolved Solid (TDS), Total
Suspended Solid (TSS) and Total Solid (TS)
For total suspended solid (TSS), 100 ml of the water sample
of each was filtered through a pre weighed filtered paper.

TSS (

𝒎𝒈
𝑳

) =

The filtered papers were dried at 103 – 105°C in oven and
TSS was determined by the following formula.

𝒇𝒊𝒍𝒕𝒆𝒓 𝒑𝒐𝒔𝒕 𝒘𝒆𝒊𝒉𝒈𝒉𝒕 –𝒇𝒊𝒍𝒕𝒆𝒓 𝒑𝒓𝒆 𝒘𝒆𝒊𝒈𝒉𝒕 𝒙 𝟏𝟎𝟎𝟎
𝑽 𝒔𝒂𝒎𝒑𝒍𝒆(𝒎𝒍)

TDS was measured using combined pH/T°/TDS and
conductivity meter model 4200 where as TS was measured
from the two parameters of TDS and TSS given by

Determination of Chloride Ion: 10 mL of each water
sample was taken in conical flask. And pH was measured
and adjusted in between 7–9. After that 1mL of 5% K2CrO4
indicator was added to and titrated with previously
standardized silver nitrate solution to brick red color
precipitate end point and noted down volume of titrant used
as V1. Similarly a blank titration was done by taking 10 mL
of distilled water instead of sample and precedes the same
procedure as the sample and recorded the final volume as
V2.
Finally the concentration of chloride present in the sample
was calculated using the following equation.

TS (mg/L) = TDS (mg/L) + TSS (mg/L)

Determination of Electrical Conductivity (EC): EC
was measured using combined TDS/conductivity meter
model 4200 by shifting one of the four buttons of
instrument. Before measuring the probes were rinsed with
distill water and purity of distill water was checked. Then
the probe was immersed in beaker containing water sample
and moved up and down taped on the beaker to be free the
electrodes from any bubbles. Then data was recorded for
each sample.

Chloride ion concentrations (

Where V1 = volume of titrant consumed for water sample.
V2 = Volume of titrant consumed for blank, N = normality
of silver nitrate and Vsample = volume of sample used (mL)

Determination of Total Hardness of Water: To
determine the total hardness of water samples 20 mL of each
of the water samples was pipette out in a washed conical
flask. 5 mL ammonia ammonium chloride buffer solution
and 2-3 drops of Eriochrome Black-T indicator were added,
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𝒎𝒈
𝑳

)=

( 𝑽𝟏−𝑽𝟐)𝑿𝑵𝒙𝟑𝟓.𝟓𝑿𝟏𝟎𝟎𝟎
𝑽𝒔𝒂𝒎𝒑𝒍𝒆

the color of the solution turns wine red. This solution was
titrated against previously standardized EDTA solution
taken in the burette until the color changes from wine red to
sky blue which indicated the end point. The final reading of
the burette was noted and the titration was repeated to get
concordant value. Finally using the analytical calculation,
total hardness of water sample was determined in terms of
mg/L of CaCO3.
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sodium hydroxide solution. After regulating pH values,
received solution was put into 1 dm3 measuring glass and
filled with distilled water to measurement line.

Potentiometer Determination of Fluoride: Series of
working standard solutions of fluoride were prepared from
stock solution of fluoride which is prepared by dissolving
2.21g NaF in a 1000 mL polystyrene volumetric flask with
deionised water. Sodium fluoride has been previously oven
dried at 105°C for 1 hour and stored in dessicator. Then a
series of standard solutions ranged from 0.05 to 10 mg/L of
concentration were prepared by appropriate diluting of the
stock solution to obtain a calibration curve. Total ionic
strength adjustment buffer (TISAB) was also prepared by
taking 58g sodium chloride, 30.00 g of sodium nitrate and
57 cm3 glacial acetic (ethanoic) acid dissolving in 500 cm3
distilled water. Before final dilution pH value of mixed
buffer solution was adjusted to 5.50 with 5 mol/dm3 of

For the determination of fluoride in the water
samples, 25.00 cm3 the prepared TISAB buffer was added to
each of the 25 cm3 of water samples and each of the series
of standard solutions, the magnetic nucleus was inserted and
the string speed was adjusted. Electrode was put in to the
solution and after five minute potential was read. Then the
standard solution potential was measured, according to
which calibration curve was constructed. In every sample
the fluoride ion content was measured three times. Similarly
the potential of each of the prepared water samples were
measured three times.

Table 1: Working standards and correlation coefficient of calibration curve for fluoride ion
№

Parameters

Concentration of Standards (ppm)

Correlation

coefficient

of

calibration

2

curve (R )
1

-

F

0.05, 0.5, 1.0, 2,5, 5, 10

0.988

3. Results and Discussion
Mean values of the measured physico-chemical parameters of the drinking water samples are shown in Table 2.
Table 2: Mean ± SD values of physico-chemical parameters of drinking water samples and compared with drinking water
quality standards (Indian and WHO)

Parameters

Sampling sites

BIS standards

Secha

Sikela

AMU

pH
TDS
TSS
TS
EC
TH
TA

7.34±0.65
135.40±0.01
12.00±1.10
147.40±0.30
211.80±0.05
122.34±1.10
88.60±0.62

7.13±0.45
134.40±0.05
11.22±0.92
145.62±0.96
210.00±0.02
119.20±1.01
92.00±0.10

7.76±0.23
147.10±0.06
15.44±1.03
262.45±0.58
230.50±0.05
135.11±0.00
181.02±0.10

Cl-

135.22±3.44

136.58±5.33

554.46±7.08

F-

2.00±0.34

2.05±0.79

4.42±1.56

Accepta
ble limit
6.5-8.5
500

Maximum
limit
6.5-9.2
2000

300
300
200

600
600

200

1000

WHO
Standard

6.5-8.5
500
≤30
500
400
500

250
1.5,
4.0 *

All are in mg/L except pH and EC (µS/cm), Source; * US-EPA
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taste. In this study, the concentration of hydrogen ion (pH)
ranges between 7.13 to 7.76 and all the water samples
analyzed have concentration within the safe limit of 6.5 to
8.5 standard set by the WHO. Thus indicated that the
measured pH values of the drinking water samples were
within permissible value of WHO; which will not cause any
harmful effect to the consumers.

pH: - The pH is a measure of the hydrogen ion
concentration in water. Drinking water with a pH between
6.5 to 8.5 is generally considered satisfactory. Acid water
tend to be corrosive to plumbing and faucets, particularly, if
the pH is below 6. Alkaline waters are less corrosive; water
with a pH above 8.5 may tend to have a biter or soda-like

pH
9
8.5
8
7.5
7
6.5
6

pH

Secha tap water

Sikela tap water

AMU tap water

WHO

Figure 1: pH values of various water samples

Total Suspended Solids (TSS) and Total Solids
(TS):- Regarding the values of TSS, all the water samples
showed less presence of contaminants, as the values ranged
from 11.22 mg/L to 15.44 mg/L. And all these measured
values were within the permissible limits of WHO (≤30
mg/L). Similarly the TS values of water samples were
ranging from 145.62 to 262.45 mg/L and all these measured
values were also within the WHO guide line value which is
500 mg/L. The results of both TSS and TS showed that the
drinking water doesn’t cause health problem to the
consumers.

affects the aesthetic value of the water by increasing
turbidity. High concentrations of TDS limit the suitability of
water as a drinking source and irrigation supply. The
acceptable range of TDS is 500 mg/L. In the present study
the range of TDS of analyzed water samples varied between
134.4 to 147.1 mg/L as shown in Table 2. The highest TDS
value was observed at AMU and this might be due to the
difference in their source as the source of AMU is
underground water where as the source of Secha and Sikela
is spring water. However; all the values were within the
standard limit of WHO (500 mg/L). Therefore the drinking
water is safe in terms of TDS.

Total Dissolved Solids (TDS):- TDS can be taken as an
indicator for the general water quality because it directly

1200
1000
800

TS

600

TDS

400

TSS

200
0
Secha tap waterSikela tap water AMU tap water

WHO

Figure 2: TS, TDS and TSS values of various water samples (all are in mg/L)
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of water. The permissible limit for electrical conductivity
(EC) is 300 µS cm-1 EC of the collected samples ranged
from 210.0 to 230.5 µS cm-1. This showed that the EC
values of all water samples were within permissible limits
and the potable water is safe in terms of EC.

Electrical Conductivity (EC):- The ability of a solution
to conduct an electrical current is governed by the migration
of solutions and is dependent on the nature and numbers of
the ionic species in that solution. This property is called
electrical conductivity. It is a useful tool to assess the purity

EC
600
400
200

EC

0
Secha tap water Sikela tap water AMU tap water

WHO

Figure 3: EC values of various water samples in µS cm-1

Total Alkalinity (TA): Alkalinity of water is its acid

Total Hardness (TH): In groundwater hardness is mainly

neutralizing capacity. The alkalinity of groundwater is
mainly due to carbonates and bicarbonates. The acceptable
limit of alkalinity is 200 mg/L and in the absence of
alternate water source, alkalinity up to 600 mg/L is
acceptable for drinking. In the present study alkalinity with
phenolphthalein indicator and alkalinity with bromcresol
indicator (total alkalinity) were determined and the results
showed that the total alkalinity of the water samples ranged
from 88.6 to 182.02 mg/L. But alkalinity with
phenolphthalein indicator was zero in all sampling sites.
According to BIS (Indian standards of drinking water) the
desired limit and the maximum permissible limit for
alkalinity in drinking water is 200 and 600 mg/L
respectively. In the present study; the value of total
alkalinity content in all sampling sites has been found within
the desired limit and maximum permissible limit of BIS.

contributed by bicarbonates, carbonates, sulphates and
chlorides of calcium and magnesium. So, the principal
hardness causing ions are calcium and magnesium. The
acceptable limit of total hardness is 300 mg/L where as the
maximum limit is 600 mg/L. The hardness of analyzed
water samples varied from 119.20 to 135.11 mg/L as
CaCO3. The highest value of total hardness was observed at
AMU sampling site, as shown in Table 3. Durfor et al. [20]
have classified water as soft, moderate, hard and very hard
as given in Table 3. As per this classification most of the
samples comes under moderate to hard category. On the
basis of this classification it has been observed that no water
samples are soft but all the measured values were within the
acceptable limit values of BIS (300 mg/L) and WHO (500
mg/L).

Table 3: Classification of water on the basis of total hardness [20].

Total hardness (mg/L)

Nature of water

0-60

Soft

61-120

Moderate

121-180

Hard

>181

Very
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Chloride:- The concentration of chloride is the indicator of
sewage pollution and also imparts laxative effect.
Atmospheric sources or sea water contamination is reason
for bulk of the chloride concentration in groundwater which
may exceed due to base-exchange phenomena, high
temperature, domestic effluents, septic tanks and low
rainfall [21]. Porosity soil and permeability also plays a key
role in building up the chlorides concentration [22]. The
chloride content of studied water samples were within
permissible limit of 250 mg/L prescribed by [23]. In present
study, the results of chlorides in all sampling sites ranged
from 135.22 to 554.46 mg/L. The chloride level recorded in
Secha and Sikela sampling sites were within the drinking
water quality of WHO (250 mg/L) and acceptable limit of
BIS (200 mg/L) where as the chloride level recorded in
AMU site was higher than the acceptable limit value of BIS

(200 mg/L) and WHO (250 mg/L), but it was within the
maximum limit of BIS (1000 mg/L).

Fluoride: - In this study the measured value of F- ion of the
water samples were ranged from 2.00 to 4.42 mg/L. The
measured value of F- in AMU sampling site was higher as
compared to the levels of F- obtained from Secha and Sikela
sampling sites and thus higher value might be due to the
presence of fluoride compounds like CaF2, Na3AlF6 and
Ca5(PO4)3F in the underground water. In addition to this the
measured value of F- in AMU sampling site was above the
standard values of F- ion in drinking water set by WHO
which is 1.5 mg/L and US-EPA (4 mg/L) but the rests were
within the maximum standard value of F- in drinking water
set by US-EPA but above the WHO (1.5 mg/L).

1000
800
Cl-

600

TH

400

TA

200

F-

0
Secha tap water

Sikela tap water

AMU tap water

WHO

Figure 4: F-, TA, TH and Cl- values of various water samples (all are in mg/L)

4. Conclusion
In this study the collected drinking water samples of
Arbaminch town were analyzed for physicochemical
parameters of pH, EC, TDS, TSS, TS, TA, TH, Cl- and F-.
The result revealed that almost all the measured parameters
were within the standard drinking water quality given by
WHO, BIS and US-EPA. But the concentration of F- in all
sampling sites was found a little bit higher than standard
value of WHO, but within the maximum permissible limit
given by the US-EPA except AMU sampling site. In

addition to this the level of Cl- in AMU sampling site was
also found higher than the WHO guideline but within the
maximum permissible limit of BIS. In general the present
investigation found that the maximum parameters were not
at a level of pollution and may not cause harmful effect to
the consumers.
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