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Abstract 

To reuse effluent water for domestic uses, this investigation was conducted 

to measure the physicochemical and bacteriological excellence of treated 

water. To attain this research objective, the quality of effluent water treated 

by the treatment plant of Madda Walabu University was investigated. In this 

investigation, fluoride, pH, iron, electrical conductivity, sodium, total dis-

solved solids, sulfate, total hardness, chloride, calcium, magnesium, potas-

sium, and biological oxygen demand were the physicochemical parameters 

studied, and the biological parameters analyzed included faecal coliforms 

and total coliforms. The results showed that parameters such as fluoride 

(0.26 mg/L), iron (0.2 mg/L), chloride (151.91mg/L), sulfate (53.99 mg/L), 

pH (7.50), and magnesium (24.48 mg/L) are within the maximum permissi-

ble limit of the World Health Organization (WHO) and Ethiopian Standard 

(ES) of water for domestic use. Another investigated parameters such as 

electrical conductivity (1153.07mg/L), total dissolved solids (636.11 mg/L), 

total hardness (350.75 mg/L), sodium(139.77mg/L), calcium(113.09 mg/L), 

potassium(35.87 mg/L), biological oxygen demand (53.32 mg/L), faecal col-

iforms (230 per 100 mL) and total coliforms (3200 per 100 mL) are above 

the permissible limit of both WHO and ES. As most of the parameters inves-

tigated above in this research were the allowable permissible limit for do-

mestic uses. The treated water by Madda Walabu University. The Treatment 

Plant is not suitable for domestic uses. Hence, it should be recommended to 

construct tertiary treatment structures to improve the quality of treated wa-

ter to use for domestic uses mainly for drinking.   
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1. Introduction 
Water is the most important natural resource 
which is essential for the survival of all living 
things (Prasanth et al., 2012; Awol, Adugna, 
and Ma, 2021). However, protecting the 
quality of water from pollution is a challeng-
ing issue as it affects the whole world (Berhe, 
2020). Due to water shortage, the treated ef-
fluent water reuse for different purposes is 
gaining a global attention  (Bixio et al., 2006; 
Huertas et al., 2008; Kaboosi & 
Esmailnezhad, 2018). Effluent water is al-
ready being widely used throughout the 
world for different purposes (Hamilton et al., 
2007; Jeong, Kim, & Jang, 2016). In the con-
text of Ethiopia, the required amount of rain-
fall is not available at the right time for effec-
tive use (Shiferaw & Sulaiman, 2017). 
Therefore, a sustainable solution to such 
problems necessitates effective management 
of available water resources and the reuse of 
effluent water for domestic uses. However, 
the use of this effluent without appropriate 
management and checkup of its quality for 
use may cause risks  (Goel & Kulkarni, 1994; 
Shiferaw & Sulaiman, 2017; Bhatia et al., 
2018). Therefore, it would be beneficial to 
study the quality of effluent water before rec-
ommending it for domestic uses (Ramadan et 
al., 2017).  

Madda Walabu University treatment plant 
has been treating wastewater at a rate of 160 
to 215 m3/day since 2015. According to in-
formation obtained through interviews of 
technicians of the treatment plant; even 
though this plant releases a large amount of 
effluent water each day, the quality of the ef-
fluent water has not yet been determined, 

whether it is surely appropriated for reuse as 
domestic water mainly for drinking. As a re-
sult, information is required on quality to as-
sess the appropriateness of the effluent water 
for domestic uses. To understand the charac-
teristics of effluent water quality, this re-
search was undertaken to investigate the 
quality of the treated water produced from 
the Madda Walabu University treatment 
plant and to assess its appropriateness for do-
mestic purposes as an alternative water 
source.  

2. Materials and Methodology 

2.1 The Study Area of Research  
The investigation site is found in Bale-Robe 
town, Oromia regional state, Ethiopia, at 
Madda Walabu University. Madda Walabu 
University is a large university with an area 
of more than 100 ha that is located 430 kilo-
meters from Addis Abeba at a latitude of 
708"50" N and a longitude of 39059"55" E. 
Madda Walabu University is one of the pub-
lic universities in Ethiopia which was estab-
lished in 2005. The elevation of the study 
area varies from 2460 m up to 2473 m above 
sea level. The mean annual temperature of 
this area is 150C. It experiences cool temper-
atures and has a mean annual rainfall of up to 
1100 mm. The university is found in the cli-
matic subtropical zone (‘‘weynadega’’). Ac-
cording to the data of the Robe meteorology 
station, the main rainy seasons are from June 
to September and the dry season is from Jan-
uary to March.  The origin of the raw waste 
is from toilets and restaurants. This plant was 
launched in 2015 with a capacity of 
216m3/day. 
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Figure 1: study area: a) Ethio-boundary and Bale zone on world Topomap b) Sinana district 
and Robe town c) Madda Walabu University in Robe town  

2.2 Samples collection 
Effluent water samples from the Madda 
Walabu University treatment plant were col-
lected in the morning. Triple sampling is rep-
resentative and enough for one point of qual-
ity analysis (APHA, 2005; Kaur, Bhardwaj & 
Arora, 2017). To do so, three representative 
samples were collected in February and Sep-
tember 2020 from one sampling point in the 
morning time (see Fig.1). During effluent 

sample collection, the control and protection 
of samples were done by standard techniques 
suggested by the American Public Health As-
sociation to confirm data quality and reliabil-
ity (Alpha, 1976; APHA, 2005). Samples 
were engaged in clean glass bottles to avoid 
any unplanned pollution. Each sample was 
carried out in sterile flasks by labeling them 
with the sample code and transporting them 
to the laboratory. Collected effluent samples 
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were kept in a cooler flask and at that mo-
ment transported to the research laboratory 
called Ethiopian construction design & su-
pervision works corporation on the same 
daytime for investigation. 

2.3 Physicochemical and Bacteriological 
analyses 
Subsequently as the samples moved to the la-
boratory, the examination started instantly. 
The standard methods suggested by the 
American Public Health Association were 
used for the examination of various physico-
chemical and biological parameters (APHA, 
2005). The samples were investigated in trip-
licate for physicochemical and biological 
content. Electrical conductivity (EC) was 
measured by an electric potentiometer. The 
pH value was measured by a potentiometer. 
The calcium (Ca2+) concentration and mag-
nesium (Mg2+) concentration was examined 
by using the titrimetric method(Yang et al., 
2017). Chloride (Cl–) was determined by 
Mohr Argentometric titration. Fluoride was 
determined by SPADNS. Sodium (Na+) and 
potassium (K+) were examined by the flame 
photometry method and sulfate (SO4

2-) was 
analyzed by the turibidmetric method (Fawy 
et al., 2018). Total Dissolved solids (TDS) 
was determined by gravimetric method 
(dried at 105 0c) (Aksever, Davraz and Bal, 
2016). Biological Oxygen Demand (BOD) 
was examined by the 5 Day BOD test using 
Modified Winkler-Azide dilution tech-
nique/incubation. TH was determined by ti-
trimetric method. Iron was determined by the 
1, 10. phenochroline method. Biological 
analysis for total coliforms and fecal coli-
forms were investigated by using membrane 
filtration method. 
 
 

3. Results and Discussion 

The testes result and statistical analyses of 
the physicochemical and biological parame-
ters, as well as the permissible limits of WHO 
and Ethiopian standards, are presented in Ta-
ble 1. The pH of the collected effluent sample 
from the outlet of the treatment plant was an-
alyzed and its test result varied from 7.42 to 
7.58, which indicates as the treated water is 
to some extent basic. According to the WHO 
and Ethiopian standards, the normal pH 
range for domestic use is from 6.5 to 8.5. Do-
mestic water using a pH outer the standard 
variety could cause a nutritional inequality or 
might contain contaminants. Hence, the cur-
rent effluent is at the bounds of both WHO 
and Ethiopian standards for domestic water 
uses. EC is the significant factor for assessing 
the appropriateness of treated effluent water 
for domestic use, and it is directly associated 
with the concentration of dissolved constitu-
ents (ions) in the water. The EC values of the 
investigational samples varied from 732 to 
1377 μS/cm (mean value = 1153.07μS/cm), 
which is beyond the allowable limit of the 
WHO and Ethiopian standards of domestic 
water. 
Another key factor that specifies the excel-
lence of water for domestic uses is TDS. The 
present analysis result of TDS varied from 
398 to 758 mg/L (mean value = 636.11 
mg/L), which designates a minor amount of 
constraint on the use of this effluent water for 
domestic purposes as it is beyond the ac-
ceptable limit set by WHO and the Ethiopian 
standard of water for domestic use. This in-
vestigation shows; the treated water samples 
may have a hazardous TDS content for do-
mestic use. The hardness in water is mainly 
due to the availability of bicarbonates, chlo-
rides, and sulfates in the water (Berhe, 2020). 
In the present investigation, the test result for 
TH was various from 314.08 mg/L to 376.98 
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mg/L (average of 350.75). These tests out-
comes were beyond the standard bounds of 
drinking water quality agreed by the WHO 
(200 mg/L) and the Ethiopian standard (300 

mg/L). Hence, the treated waterfalls under 
the hard water class. So that, treated effluent 
water is not appropriate for domestic uses.  

Table 1 statistical summary of tested samples  

 
Chloride is the most known and common ion 
in water (Brindha et al., 2014). In this inves-
tigation, the chloride test results varied from 
65.6 to 199.79 mg/L. Both the WHO and 
Ethiopian limits of water for domestic use 
should have chloride concentration of less 
than 250 mg/L and hence the investigated 
samples were within the permissible limits. 
Mg+2 and Ca+2 are significant issues in water 
hardness, and their occurrence remarkably 
influences the chemistry of water. The Mg+2 
concentrations varied from 10.7 to 32.63 
mg/L (average = 24.48), which is within the 
permissible limit, and Ca+2 ranged from 

32.63 to 153.36 mg/L (average = 113.09 
mg/L), which is above the maximum permis-
sible limit of the WHO and Ethiopian stand-
ards of water quality for domestic uses. The 
range of Na+ and K+ in the treated water var-
ied from 42.5 to 196 mg/l (average=139.77 
mg/L) and 9.6 to 53 mg/l (35.87 mg/l), re-
spectively. This shows that; both Na+ and K+ 

concentrations in treated water were above 
the maximum permissible limit set by WHO 
and the Ethiopian standard of water for do-
mestic uses. 
Fluoride and sulfates are other parameters 
that govern the quality of water for use. As 

No.  Parameters  Unit     
                                      Samples  

Maximum 
permissible 
level (WHO, 
2006) (mg/l) 

Maximum 
permissible 
level (ES261, 
2001) 

Sample 1 Sample 2 Sample 3 Mean  SD 

1 Total hardness mg/L 376.98 361.2 314.08 350.75 32.72 200 300 

2 Chloride mg/L 199.79 190.35 65.6 151.91 74.90 250 250 

3 Sulfate  mg/L 64.35 55.4 42.21 53.99 11.14 200 250 

4 EC (μS cm−1 ) μS 
cm−1 

1377 1350.2 732 1153.07 364.90 750 1000 

5 pH  7.58 7.5 7.42 7.50 0.08 7 – 8.5 7.5 – 8.5 

6 Fluoride mg/L 0.25 0.25 0.27 0.26 0.01 1.5 3 

7 Fe mg/L 0.33 0.2 0.07 0.2 0.13 0.3 0.4 

8  TDS mg/L 758 752.34 398 636.11 206.23 500 1000 

9 Potassium K+ mg/L 53 45 9.6 35.87 23.10 12 - 

10 Calcium Ca+2  mg/L 153.36 140.4 45.5 113.09 58.89 75 75 
11 Mg+2  mg/L 32.63 30.1 10.7 24.48 12.00 30 50 
12 Na+  mg/L 196 180.8 42.5 139.77 84.58 200 200 
13 Biological Ox-

ygen Demand 
mg/L 70.86 50.09 39 53.32 16.17 30 - 

14 Total coliform 
per 100 mL 

 3300 3300 3000 3200.00 173.21 0 - 

15 Fecal coliform 
per 100 mL 

 330 330 30 230.00 173.21 0 - 
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WHO and Ethiopian limits for drinking wa-
ter quality, sulfate content should be less than 
250 mg/L. Fluoride is critical for the normal 
mineralization of bones and the development 
of dental enamel. The range of F- and SO4−2 
in the treated water were varied from 0.25 to 
0.27 mg/l (average = 0.26 mg/l) and 42.21 to 
64.35 mg/l (35.87 mg/l), respectively. This 
shows that fluoride concentrations did not vi-
olate the guidelines set by the WHO 
(1.5mg/L) and concerning the Ethiopian 
drinking water limit of fluoride, it is below 
the value (3mg/L) and sulfate concentrations 
in treated water were within the permissible 
limits set by WHO and the Ethiopian stand-
ard of water for domestic uses. 

Coliforms commonly occur in all water 
sources and are not harmful to humans, but 
their existence is a pointer of water impurity 
with disease-causing germs and patho-
gens  (Mimouni et al., 2019). In this investi-
gation, total coliform was 3000/100mL to 
3300/100mL, which is above the maximum 
permissible limit of the WHO and Ethiopian 
standards of water for domestic use. The test 
result of the effluent sample for fecal coli-
form was 330/100mL to 30/100mL (aver-
age=230.00/100ml), which is above the per-
missible limit of the WHO and Ethiopian 
standards of water for domestic use. Hence, 
the present treated water has more contami-
nation than the permissible limit. So that it is 
not recommended to use this effluent water 
for domestic purposes. 
4. Conclusion and recommendations  

It is fundamental to investigate the status of 
effluent water to ensure its suitability for do-
mestic use. The quality assessment of treated 
effluent water from Madda Walabu Univer-
sity treatment plant for domestic purposes 
showed that effluent water has salinity as it 
has EC and TDS values beyond the allowable 

limit of WHO and Ethiopian standards of wa-
ter for domestic use (drinking). This treated 
water has also high total hardness, cations 
such as Ca+2, Na+, and K+ contents, and bi-
ological parameters such as total coliform 
and fecal coliform concentration beyond the 
maximum limit fixed by WHO and Ethiopian 
standard water for domestic uses. Hence, it 
can be concluded that; treated water by the 
treatment plant of Madda Walabu University 
is not appropriate for domestic uses (drink-
ing) and it needs the intensive treatment to be 
used for domestic purposes. So, it can be rec-
ommended to install tertiary structures which 
improve the quality of treated water. Hence, 
it is not recommended to use this treated wa-
ter for domestic purposes at this moment.  
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