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ABSTRACT     

Shinta River receives two-point wastewater sources (brewery industrial and institutional 

wastewater). The aim of this study was to assess the effect of industrial and institutional 

wastewater on the water quality characteristics of Shinta river. The quality of water was 

described as physical, chemical and biological characteristics.   

Seven sampling points were spatially selected along the river and its tributary point sources. 

Both insitu and laboratory analysis were done to assess and investigate the change in the 

water quality characteristics of Shinta river resulted from the discharge of waste in to it. The 

water quality parameters result reveal that, Temperature, pH, Turbidity, EC, TDS, DO, 

BOD5, Nitrate, Phosphate and E. coli of industrial and domestic wastewater were selected 

for the analysis of river water quality.    

Turbidity, EC, TDS, DO, BOD5 and E. coli were measured higher concentration and above 

the permissible limits of Ethiopian EPA, (2003), USEPA, (2018) and WHO, (2011) with 

176.55±48.84 NTU, 1734.09±481.64 µs/cm, 1204.33±305.81 mg/l, 1.99±0.094 mg/l,  

243.25±28.73 mg/l and 727.75±191.79 MPN/100ml were measured at sampling point (SP2) 

except E. coli was measured at SP5, while Temperature, pH, Phosphate, and Nitrate were 

found within the permissible limits of Ethiopian EPA as the record show 28.08±0.29 °c, 

7.71±0.19, 2.26±1.72 mg/l and 4.49±0.0.13 mg/l but temperature was above the permissible 

limit according to USEPA (2018), WHO (2011). The data collected from insitu and 

laboratory, were analyzed by using Analysis of Variance (ANOVA). Statistical Package for 

Social Science (SPSS) v20.  The river in the downstream used by surrounding community 

for different purpose and suffer in different health problem.     

The disposal of industrial and institutional wastewater along with the sewage flow cause a 

serious threat to Shinta river during discharged in dry season, at low flow.    

 Keyword:  Pollution, Waste Stabilisation Pond, Shinta River     
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1. INTRODUCTION     

1.1 Background     

Water is indispensable resource and most essential component for all living things.  

Metabolism and growth of living organisms involve water.  Due to its unique properties’ 

innumerable activities, such as drinking, irrigation, recreation, aquaculture and for 

biodiversity balance depend on water bodies (Carpenter et al., 1998). 71% of the earth's 

surface is water, and makes up 65% of our bodies. Everyone wants spotless water to 

drink, for recreation and just to relish looking at, (Sonune and Ghate, 2004).     

Africa has lowest drinking and sanitation coverage in the global regions, only 60% 

sanitation coverage, (Lester et al., 2016). In developing country especially many 

SubSaharan Countries, including Ethiopia. Water pollution is the main challenge for 

sustainable development (Zinabu et al., 2018).     

 Accelerated population growth and rapid urbanization coupled with hydrological 

variability and climate change are the route cause of the above problem. Socioeconomic 

and environmental factors place even further stress on the deteriorating, water and 

sanitation infrastructure has taken highest percentage in the pollution of different water 

bodies (Naidoo and Olaniran, 2014), (De Groot et al., 2009) and (Yusuff and Balogun, 

2005).     

Water from different surface water sources especially the river, lake, and sea, contains 

many impurities including dissolved gases, mineral salts, microorganisms, and organic 

debris which may cause the change of water quality parameters. The pollution of natural 

water bodies are due to discharging from industrial, institutional and domestic wastewater 

which becomes the global problem (Mehari et al., 2015) and (Awomeso et al., 2010).   

From earliest human settlements, most urban centers have developed around waterways, 

and as transport media, water sources and food sources. Cities are large organisms’ which 

consume and transform huge amounts of energy, water, food and materials into goods and 

waste products.  Mostly water bodies near to the town and industrialized area used as  

  1  



2   

   

  

conveyance or the end discharge point of wastewater (Ogbeibu and Edutie, 2002).   In the 

last few decades, the surface water becomes worsened due to human input of different 

pollutants and sediments. Wastewater discharge to the water bodies is the major 

component for water pollution. Organic matter loading on water bodies increase oxygen 

demand rate leads to toxic algal blooms and destabilize aquatic ecosystem as explained by 

(Ogunfowokan et al., 2005).    Industrial estates have its own contribution for the economic 

development of the surrounding community. Even considered as cornerstone of economic 

development strategies, but it carries inevitable costs and problems in terms of pollution 

of the air and water resources (Belay and Sahile, 2013) and (Firdissa and Soromessa, 

2016).    

Water pollution occur from point and nonpoint sources according to (Gupta et al., 2004) 

study on the water pollution.  Among point sources of wastewater, waste stabilization 

(oxidation) ponds are widely used for municipal sewage treatment throughout the world. 

The main purpose of waste stabilization pond is to "stabilize" organic wastes by 

biochemical oxidation so as to reduce oxygen stress on receiving water body. Most of the 

time pond design has focused on BOD5 bacteriological removal and settlement of solids 

(preventing sludge formation in quiescent areas of receiving water bodies). Past studies 

have shown that a reasonable treatment efficiency (92-95% reduction in biochemical 

oxygen demand and suspended solids) can be achieved in pond but reduction of these 

constituents alone may not be sufficient to avoid ecological and aesthetic impacts on 

receiving water body.     

Waste stabilization pond effluents contain high levels of organic matter, plant nutrients, 

and potentially toxic compounds. These constituents have the potential to cause 

considerable direct and indirect stress on water bodies by changing the nature of water 

quality. The oxidation pond was built as aerobic and anaerobic pond system in which the 

sewage treatment occurs naturally without added chemicals. This is unfortunate, since the 

problem of too high in an inflow load results in a poor level of sewage purification and 

consequently results in the pollution of the receiving in river if not properly designed and 

constructed (Halimoon and Yin, 2010).     
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In case of the study area which is university of Gondar waste stabilization pond designed 

and constructed with seven ponds around the vicinity. Under categories, aerobic, 

anaerobic, facultative and maturation ponds. It treats the wastewater discharged from 

Tewodros, Markakis and Fasil campus. The treated waste stabilization pond effluent is 

directly discharged to the Shinta River. Wastewater from stabilization pond effluent in 

different parameter was within the permissible limit which is due to proper design and 

construction of the treatment plant (Engdaw, 2014).     

The most important and vulnerable freshwater system is the river. It plays a critical role in 

the sustenance of all life. Rivers are an important part of the biosphere and play an 

important role in assimilation of organic matter. It contains less than one percent of the 

world's fresh water with its highest environmental and social importance.    

It polluted by the indiscriminate disposal of municipal, industrial waste and excessive 

human activities, that affect their physicochemical and biological properties and lead to 

various harmful effects on aquatic organisms (Annalakshmi and Amsath, 2012).  As it be 

natural fresh surface water sources, studies on its water quality is an essential step to 

protect this useful natural water resource as recommended by river water quality study in 

our glob (Sivakumar et al., 2013).     

Most people in urban cities of the developing countries have access to piped water, several 

others still rely on borehole and river water for domestic use (Suthar et al., 2010). The 

addition of organic matter or sewage results in depletion of oxygen and increase in carbon 

dioxide owing to bacterial degradation. Among highly polluting wastewater effluent 

discharged to different discharging point, especially water bodies throughout the year, 

brewery industries play great role (Simate et al., 2011).    

 In fact, beer is the fifth most consumed beverage in the world behind tea, carbonates, 

milk and coffee. The by-products (spent grains from mashing, yeast surplus, etc.) 

generated are responsible for pollution when mixed with effluents. In addition, cleaning 

of tanks, bottles, machines, and floors produces high quantities of polluted water.  

Disposal of brewery wastewater into water bodies can constitute potential pollution 

problems to the water bodies, since the effluents contain organic compounds that require 
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oxygen for degradation. The contamination of the rivers with chemical contaminants is 

one of the most crucial environmental problems in the world (Lee, 2015).     

Drechsel and Evans, 2010, about 2 million tons of wastewater, including industrial and 

chemical products, and agricultural wastewater, such as pesticides and pesticide residues 

per day are introduced into the water. This has often made those natural resources 

unsuitable for primary and secondary use (Poddar and Sahu, 2017).     

 The presence of contaminants of emerging concern in effluents and in receiving waters, 

can potentially affect aquatic organisms by changing the physical, chemical and Biological 

nature of the water body (Vidal‐Dorsch et al., 2012).  A high content of contaminants in 

the water leads to an increase in nutrients, biochemical oxygen demand (BOD), chemical 

oxygen demand (COD), total dissolved solids (TDS), total suspended solids (TSS), toxic 

metals such as Cd, Cr, Ni Pb and fecal coliforms which make this water unfit for drinking, 

watering for aquatic life. Indiscriminate liquid waste discharge is a daily practice in many 

developing countries (Portillo et al., 2004).    

In Ethiopia, from the increasing human population, uncontrolled urbanization and 

inadequate sanitation infrastructure cause serious quality degradation of surface waters. In 

addition, natural water bodies flow near to the town, are polluted by municipal, industrial 

or commercial waste of both solid and liquid nature.     

Considering Shinta river in Gondar, it receives wastewater from brewery industries and 

institutional wastewater respectively. But the surrounding community used the river for 

different purpose like cleaning, construction of buildings, irrigation of vegetables, drunk 

by animals and birds, and children use it for recreation. It results for different health 

problem such as asthma, bronchial disease, dysentery, cholera, typhus, skin ulcer and 

chronic disease. Therefore, this study aims at to assess the effect of discharging treated and 

partially treated domestic and industrial wastewater respectively, on Shinta river water 

quality.     
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1.2 Statement of the Problem    

The consequence of environmental problems on human health, and damage to local 

resources, and ecosystem is far more serious in the cities of developing country. When the 

social and economic development of the country increase at the same time, the exploitation 

of the water resources is increase (Chang et al., 2011).     

The extent of the human activities that influence the environment has increased 

dramatically during the past few decades. The terrestrial ecosystems, freshwater and 

marine environments and the atmosphere are all affected by anthropogenic activities 

(Körner et al., 2000).      

The downstream part of Shinta River was very colored, cloudy, and almost the physical 

phenomenon of the river changes and the vegetation along the river seems burned, 

although the water from this river is an important source for the surrounding community. 

Most people in the downstream community suffer from various asthma, bronchial disease, 

dysentery, cholera, typhus, and skin ulcer because, they use river water to clean, buildings 

construction, irrigate vegetables, drunk by animals and birds and children use it to the 

recreations.     

1.3 Research question    

What is the current water quality status of Shinta river?    

1.4 Objective    

1.4.1 General objective  

The main aim of the present study was to assess the effect of discharging domestic and 

industrial wastewater respectively, on Shinta river water quality.    
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1.4.2 Specific objectives     

   To assess the spatial     

• Physical, (Temperature, Turbidity)    

• Chemical, (pH, TDS, EC, DO, BOD5, NO3
-, PO4

3-) and     

• Bacteriological, (E. coli) characteristic of Shinta river water quality including twopoint 

wastewater sources.     

1.5 Scope of the Study     

Shinta River that receives institutional and industrial wastewater and on the River itself. 

This zone was selected due to the fact that it is the large amount of wastewater produced 

near to the river. University of Gondar stabilization pond and Dashen brewery industries 

were taken into consideration as point sources significantly contribute to environmental 

pollution by producing large amount of treated and partially treated wastewater 

respectively. During assessment of Shinta river water quality begin from the control point 

or sampling point one (SP 1) up to sampling point seven (SP 7) including the point sources 

for four-month data was collected. The data was analyzed in standard methods. During 

data analysis there was some limitation like chemicals, standard laboratory instruments, 

due to that some parameters were not analyzed like heavy metals.     

1.6 Significance of the study     

After conducting this study, the two treated and partially treated institutional and industrial 

wastewater discharged to the Shinta river and the river itself was characterized by selected 

water quality parameters. The short- and long-term effect of water quality parameters on 

aquatic ecosystem, the health of the people was predicted. The study findings will 

contribute knowledge on the levels of industrial and institutional pollutants and their 

effects on water resources and livelihoods. The outcome of the study will contribute a lot 

for the municipality to improve their plans to work on against water pollution, to afford 
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unpolluted water to the community to reduce its effect on surface water resources, aquatic 

ecosystem on human health, and their animals in the downstream community.     

1.7 Thesis organization     

The study was structured in five basic chapters, which tries to describe detailed. The first 

chapter justify background explanation of water and wastewater based on different related 

scientific researches and experts. It also includes the problems happened in the study area 

due to the point sources wastewater discharge and objectives of the study is under this 

chapter, it trys to show in detail in how to solve the problems due to the wastewater 

discharged from point sources, the scope of the study also discusses on the limitation 

during the study and to what extent the study covers and also significance of the study 

shows the importance the study to the downstream community.    

The second chapter holds literature review, related to the study area and objectives with 

detailed explanation concerned with each sub topics. The third chapter includes the 

methodology and materials used throughout the study to collect and analyses the required 

result which gives scientific qualitative and quantitative justification and to solve problem. 

The fourth chapter discuses about the results obtained from analysis in each parameter and 

give scientific justification based on the result depend on different standards. The last 

chapter gives conclusion and recommendation throughout the study.   
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2. LITERATURE REVIEW     

 2.1. Sources of Water     

Water is critical for sustainable development and is indispensable for human health and 

wellbeing. It is essential to all forms of life and absolutely necessary to sustain life in 

different ways like irrigation, drinking, recreation, industrial processes, transportation and 

many other anthropogenic activities (Grandjean and Bartram, 2011). Water is generated 

from two important natural sources; Surface waters such as freshwater lakes, rivers, 

streams, etc. and groundwater, such as borehole and well water (Ma et al., 2009).     

Water has unique chemical properties due to its polarity and hydrogen bonds, which mean 

that it can dissolve, absorb, adsorb or suspend many different compounds. Exclusive 

chemical properties water is not expected pure in nature (Melegy et al., 2014).     

2.1.1 Surface Water     

The development of a surface water monitoring network is a critical element in the 

assessment, restoration, and protection of stream water quality (Tong & Chen, 2002). 

When we say surface water, open to the atmosphere such as river, lake, wetland, ocean 

that may originate from the groundwater and atmospheric rainfall (Mayr et al., 2007).  

Surface water quality is very sensitive in anthropogenic activities like (urban, industrial 

and agricultural activities, increasing consumption of water resources) and natural 

processes (changes in precipitation inputs, erosion, and weathering of crustal materials 

(Arimoro and Ikomi, 2008). Impair the use for drinking, industrial, agricultural, recreation 

or other purposes (Wilson and Weng, 2010).  

 Edokpayi et al., (2017), studied on the effect of wastewater due to the above activities 

which is surface water sources are most susceptible due to natural processes and 

anthropogenic influences. Nutrient enriched runoff from farmlands, pollutants from septic 

sewers and other human-related activities increase the flux of both inorganic and organic 

substances into water which cause an intense negative effect upon the quality of river 
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waters in worldwide.   Industrial wastewaters entering a water body represent a heavy 

source of environmental pollution (Kanu & Achi, 2011).  

The problem posed by the pollution of the environment due to man’s (anthropogenic) 

activities is fast becoming a point that should not be overlooked in today’s world. There 

are tendencies that suggest that pollution (air, water and land) is fast becoming a modern 

day evil that has come to live with us and are raking in some dangerous effect on human 

health and well-being (Egwuonwu, Uzoije, Okafor, Ezeanya, & Nwachukwu, 2012).   

Precipitation that does not evaporate or penetrate the soil, flows as surface water, that can 

accumulate in streams, and streams are connected to rivers. The lakes are interior 

depressions that contain stagnant freshwater (Mayr et al., 2007). In general, ponds are 

considered to be small temporary or permanent waters that are shallow enough for rooted 

plants to grow above and below the ground. While lakes contain almost a hundred times 

more water than all rivers and streams combined, they are still an important part of the 

total global water supply (Wen et al., 2017).     

Due to the interconnection of groundwater and surface water, these contaminants can be 

divided between the two sources. None of the water sources can be completely free of 

contaminants in the water. Due to the water cycle (hydrology), the two sources of drinking 

water feed each other and share pollutants (Coxon and Drew, 2000).     

2.2. Water Pollution    

Water is uniquely vulnerable to pollution. Known as a “universal solvent,” water is able to 

dissolve more substances than any other liquid on earth. It’s the reason we have KoolAid 

and brilliant blue waterfalls. It’s also why water is so easily polluted. Toxic substances 

from farms, towns, and factories readily dissolve into and mix with it, causing water 

pollution (Goel, 2006).   

The release of substances into subsurface, groundwater or into lakes, streams, rivers, 

estuaries, and oceans to the point where the substances interfere with beneficial use of the 

water or with the natural functioning of ecosystems. In addition to the release of 

https://www.britannica.com/science/groundwater
https://www.britannica.com/science/groundwater
https://www.britannica.com/science/river
https://www.britannica.com/science/river
https://www.britannica.com/science/river
https://www.britannica.com/science/estuary
https://www.britannica.com/science/estuary
https://www.britannica.com/science/estuary
https://www.britannica.com/science/ocean
https://www.britannica.com/science/ocean
https://www.britannica.com/science/ocean
https://www.merriam-webster.com/dictionary/beneficial
https://www.merriam-webster.com/dictionary/beneficial
https://www.merriam-webster.com/dictionary/beneficial
https://www.britannica.com/science/water
https://www.britannica.com/science/water
https://www.britannica.com/science/water
https://www.britannica.com/science/water
https://www.britannica.com/science/ecosystem
https://www.britannica.com/science/ecosystem
https://www.britannica.com/science/ecosystem
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substances, such as chemicals or microorganisms, water pollution may also include the 

release of energy, in the form of radioactivity or heat, into bodies of water (Owa, 2013).   

Water pollution occurs when harmful substances often chemicals or microorganisms 

contaminate a stream, river, lake, ocean, aquifer, or other body of water, degrading water 

quality and rendering it toxic to humans or the environment (Soldán, 2003).   

Many substances are regarded as active water pollutants and are classified into different 

groups. The most common pathogens are (bacteria, viruses and protozoa), inorganic 

pollutants (acids, salts and toxic metals), anions and cations (nitrates, phosphate, sulphates, 

Ca+ 2, Mg+ 2 and F−) and water-soluble radioactive substances. In addition, organic 

compounds like oil and pesticides are also considered potential threats to water quality. 

All these substances, if they exceed a threshold value, are deleterious and cause severe 

health problems in humans and other organisms in the ecosystem (Azizullah, Khattak, 

Richter, & Häder, 2011).   

The universe constituted from five elements which are namely earth, water, air, fire, and 

life sustain those elements, but subjected to pollution due to anthropogenic and natural 

activities (Pathak, 2013).   Many of the major problems that humanity is facing in the 

twenty-first century are related to water quantity and/or water quality issues (F. Edition, 

2011).   

Environmental pollution and food safety are two of the most important issues of our time. 

Soil and water pollution, in particular, have historically impacted on food safety which 

represents an important threat to human health (Lu et al., 2015).  

Water pollution is the addition of substances or energy forms that directly or indirectly 

alter the nature of the water chemistry. In addition to other environmental concerns, has 

been get attention full of public curiosity for about last three consecutive decades, and this 

interest seems to be increasing (Schwarzenbach et al., 2010).     

Water pollution plays a role in the occurrence of global ‘water crisis’, by reducing the 

quantity of freshwater resources available to man as well as the ecosystems. Shortage of 

freshwater is presently occurring in developing nations such as India, China and many  

African countries, as well as some developed countries (Tolulope E. Aniyikaiye 1, 2019).  

https://www.britannica.com/science/chemical-compound
https://www.britannica.com/science/chemical-compound
https://www.britannica.com/science/chemical-compound
https://www.britannica.com/science/energy
https://www.britannica.com/science/energy
https://www.britannica.com/science/radioactivity
https://www.britannica.com/science/radioactivity
https://www.britannica.com/science/radioactivity
https://www.britannica.com/science/heat
https://www.britannica.com/science/heat
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/inorganic-pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/inorganic-pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/inorganic-pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/inorganic-pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/inorganic-pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sulphate
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sulphate
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sulphate
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Contaminates generated from different sources either it be from human or natural 

activities. It happens due to discharge of improper treated wastewater from the source 

which leads to the degradation of the aquatic ecosystem and public health problem. The 

discharge of treated wastewater from treatment plant to the receiving point, it may be water 

body or on the surface of the earth have important implication for aquatic system and 

downstream water users due to the presence of organic matter used as, nutrient, and 

contaminants. When water becomes contaminated by unexpected substances, it is 

considered as harmful for human and aquatic lives. This water is termed as polluted water. 

Water is sustenance of the life cycle. It must be preserved and protected from all type of 

pollutant (Wycisk et al., 2003).     

2.2.1. Sources of water pollution     

Water is the most vital element among the natural resources. But it is polluted by living 

organisms including human in terms of food production and in general for economic 

development (Edokpayi et al., 2017).  Variety of industrial processes depends on water 

and there are many worldwide cities facing pollution of water and a wide. The 

environment, economic growth, and developments are all highly influenced by water 

quality. Human activities have great percentage for the declining of natural water quality 

in different activities. The resulting water pollution is a serious threat to the well-being of 

both the Earth and its population (Ma et al., 2009).     

Surface and groundwater have often been studied and managed as separate resources, 

although they are related. Surface water seeps through the ground and becomes 

groundwater. On the contrary, groundwater can also feed to the surface. But those waters 

sources can be contaminated by several sources. In farming areas, the routine application 

of agricultural fertilizers is the major source (Kellman and Hillaire-Marcel, 2003).   

Rivers used worldwide aid as the recipients of large volume of wastewater discharged from 

point and non-point sources which is by anthropogenic activities. Non point sources seem 

to be the most considerable source of pollution due to runoff from agricultural lands. 

Industrial processing and solid waste dumps are considered to be the main point sources 

of pollution (Milovanovic, 2007).    
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The problem posed by the pollution of the environment due to man’s (anthropogenic) 

activities is fast becoming a point that should not be overlooked in today’s world.  There 

are tendencies that suggest that pollution (air, water and land) is fast becoming a 

modernday evil that has come to live with us and are raking in some dangerous effect on 

human health and well-being. Nevertheless, while some areas been polluted due to 

domestic or municipal activities seem to be controlled other forms of pollution arising 

from man’s continual activities in agricultural, industrial and hospitals (biomedical) are on 

the increase (Egwuonwu et al., 2012).   

A. Point Sources      

point-source pollution from discrete defined sources has been greatly reduced by pollution 

control standards, regulatory enforcement, and capital investment and management in our 

industrial and municipal infrastructure. the success in reducing point-source pollution now 

draws attention to the diffuse and non-discrete forms of pollution, the nonpoint sources 

(Okada et al., 2018).   

In point-source pollution, the pollutants are discharged from the point source to the water 

body or on the surface of the earth; it may from pipes, outfall, and conveyance methods 

from either municipal wastewater treatment plants or industrial waste treatment facilities. 

In general water pollution at point sources refers to pollutants emitted by a single 

identifiable source, such as industrial area, residence, waste stabilization ponds entering a 

wastewater to the disposal area (Di Luzio et al., 2004).       

Alvarado et al., (2012), wastewater stabilization ponds (WSPs), often considered to be 

the most environmentally and economically sustainable technology for small, rural or 

remote communities that require low-cost and low-maintenance wastewater treatment 

systems.     

Waste stabilization (oxidation) pond is one of point source widely used for sewage 

treatment throughout the world, and is the most common method of domestic sewage 

treatment prior to discharge to the end point. Sewage waste stabilization pond effluents 

contain high levels of organic matter, plant nutrients, and potentially toxic compounds. 

These wastewater components have the potential to cause extensive direct and indirect 
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stress on the discharging point and surrounding communities, by changing the nature of 

water quality (Shilton et al., 2008).     

 (Pearson et al., 1987) have suggested that WSP systems may remove bacteria that meet 

World Health Organization (WHO) guidelines for the use of treated wastewater in 

unrestricted agricultural irrigation.     

(Engdaw, 2014), waste stabilisation pond constructed in university of Gondar for 

wastewater treatment discharged from different points and it was more economical 

treatment plant. But due to variation of discharge influent, the effluent quality varies from 

time to time, so regular performance evaluation of the pond has to be checked.    

The other point sources of water pollution are industrial wastewater discharged to the 

different disposal area. Even if it is one of backbone of economic development for one 

country, at the same time it releases waste to the surrounding area. In most developed 

country waste discharged after treated in different treatment unit to fulfil the permissible 

limit. In the developing countries wastewater from industrial area discharged without 

proper treatment to the disposal area (Kebede, 2018).     

Brewery wastewater effluent is highly variable in quality and composition. The pollution 

discharge from brewery plant effluent comes from the losses in the beer production process 

and from the clean-in-place (CIP) system located in the brewing house, cellar house and 

bottling house (Egwuonwu et al., 2012).  

In Dashen brewery around study area wastewater effect on Shinta River was studied by 

(Teshome et al., 2019). The wastewater discharged from Dashen brewery factory to Shinta 

River is not fully treated. As the analysis indicates, in some parameters which are above 

the permissible limit of different standards, which may affect the downstream community 

(Teshome et al., 2019).     

B. Non–point Sources      

Surface waters are most vulnerable to pollution due to natural processes and anthropogenic 

influences. Nutrient enriched runoff from farmlands, pollutants from septic sewers and 

other human-related activities increase the flux of both inorganic and organic substances 

into water which cause intense negative effects upon the quality of surface waters 



14   

   

worldwide. Human - induced changes in the hydrologic system of lakes have direct and 

severe consequences on nutrient cycling and contaminant retention in adjacent floodplains. 

Contamination of surface water is a persistent threat to human health, aquatic life and 

economical loss (Ewnetu, 2014).  

In diffuse pollution, the pollutants enter the water body in the form of runoff from various 

locations along the reach. Non-point source pollution includes agriculture, street runoff, 

deposition of atmospheric pollutants, mine sites, transportation corridors such as road and 

railways, etc. For water pollution two types of non-point sources are of particular concern 

agricultural/ rural and urban non-point sources (Carpenter et al., 1998a).     

In urban non-point source of pollution, the careless disposal of wastewater from the 

surrounding may contribute greatly to the poor quality of the water. Non-point sources 

contamination is often the cumulative effect of small amounts of pollutants collected over 

a large area. Contaminated rainwater carried from parking lots, roads and highways, called 

urban runoff, is sometimes included in the pollution category by non-point sources. 

However, this effluent is normally directed to drainage systems and is channeled to local 

surface waters and is a point source. Nonpoint source pollution is the leading cause of 

water pollution in U.S. waters, but it’s difficult to regulate, since there’s no single, 

identifiable culprit. However, when such water is not routed and drained directly to the 

bottom, it is a non-point (Ribbe et al., 2008).     

2.3. Characteristics and Composition of Wastewater      

Wastewater is defined as any storm water runoff, as well as industrial, domestic or 

commercial sewage or any combination thereof carried by water. The type and volume of 

wastewater generated is determined by both, population numbers and the combination of 

surrounding domestic, recreational and industrial activities, all of which affect discharge 

patterns as well as the chemical status of the treated effluent (S. Naidoo & A. Olaniran, 

2014). The composition of surface and underground water is dependent on natural and 

human activities (geological, topographical, meteorological, hydrological and biological) 

and from industrial and municipal respectively effluent in the drainage basin and varies 

https://www.epa.gov/nps/what-nonpoint-source
https://www.epa.gov/nps/what-nonpoint-source
https://www.epa.gov/nps/what-nonpoint-source
https://www.epa.gov/nps/what-nonpoint-source
https://www.epa.gov/nps/what-nonpoint-source
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with seasonal differences in runoff volumes, weather conditions and water level (Eriksson 

et al., 2002).     

In order to set up an efficient wastewater management system, proper identification and 

characterization of the influent entering a wastewater treatment plant is essential 

(MayaAltamira, Baun, Angelidaki, & Schmidt, 2008).  

 This is based on the physical, chemical and biological characteristics of the influent; the 

immediate and downstream effect on the surrounding environment into which the 

wastewater will be discharged as well as the currently laid out environmental and discharge 

standards (Koenig et al., 1996). (Ratner, 2004) and (Gutierrez, 2004), studied on 

understanding the nature of wastewater creates awareness of the need to treat wastewater 

before discharge to the environment. In addition, it is also essential for the planning and 

operation of wastewater collection, treatment and reuse facilities.     

The factors which control the domestic wastewater production such as climate, community 

size, density of development, community well-being, reliability and quality of the water 

supply and justify degree of industrialization and the cost of water (Wilson and Weng, 

2010).     

Wastewater discharged from two different point sources which have different chemical 

composition and characteristics, and have great impact on the river either physicochemical 

or biological of characteristics of the river. As an example, when we see physicochemical 

and bacteriological characteristics of wastewater discharged from waste stabilisation pond, 

green colour, nutrients, and the effluent gets too much E. coli, respectively, when 

compared with industrial sources. On the other hand, the amount of BOD5 on the industrial 

effluent was differing from BOD5 in waste stabilisation pond (Teshome et al., 2019).     

2.4. Water Quality Parameters and their effect on surface water    

 It is very essential and important to test the water before it is used for drinking, domestic, 

agricultural or industrial purpose. Water must be tested with different physicochemical   

and biological parameters. Water does contain different types of floating, dissolved, 

suspended and microbiological as well as bacteriological impurities (Jain, 2016).  
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Any particular use will have certain requirements for the physical, chemical or biological 

characteristics of water. Human intervention also has significant effects on water quality. 

Some of these effects are the result of hydrological changes, draining of wetlands and 

wastewater effluent from human activities. Most obvious are the polluting activities, such 

as the discharge of domestic, industrial, urban and other wastewaters into the watercourse 

(whether intentional or accidental) and the spreading of chemicals on agricultural land in 

the drainage basin (Goel, 2006).     

Physical parameters (turbidity, temperature, and suspended solids) have a significant 

influence on the rate of re-aeration and, on the self-purification rate of river water. The 

chemical properties have to do with the chemical composition of water. The water is 

dipolar and produces a little positive at the hydrogen end and a slight negativity at the 

oxygen atom. This property makes water a very good universal solvent. The biological 

properties are those that have to do with the existence of microorganisms in the water 

(Koenig et al., 1996).     

2.4.1 Temperature       

In an established system the water temperature controls the rate of all chemical reactions 

and affects fish growth, reproduction and immunity. Drastic temperature changes can be 

fatal to fish. The rates of biological and chemical processes depend on temperature.  

Aquatic organisms from microbes to fish are dependent on certain temperature ranges for 

their optimal health. Temperature affects the oxygen content of the water (oxygen levels 

become lower as temperature increases); the rate of photosynthesis by aquatic plants; the 

metabolic rates of aquatic organisms; and the sensitivity of organisms to toxic wastes, 

parasites and diseases. Causes of temperature change include weather, removal of shading 

stream bank vegetation, impoundments, discharge of cooling water, and urban storm water 

and groundwater inflows to the stream (Jain, 2016).  

Water temperature is affected by air temperature, stormwater runoff, groundwater inflows, 

turbidity, and exposure to sunlight. In considering the health of organisms, it is necessary 

to consider their maximum temperature and optimum temperature. The maximum 

temperature is the highest water temperature at which the organism will live for a few 
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hours. The optimum temperature is the temperature at which it will thrive (Walaszek, Bois, 

Laurent, Lenormand, & Wanko, 2018).  

Among those factors which affect ecosystem, climate change has its own contribution. The 

main effect of climate change on water quality is attributed to changing air temperature 

which results govern physic-chemical equilibriums (e.g., nitrification, mineralization of 

organic matter, etc.) in rivers and hence change transport and concentration of 

contaminants (Park et al., 2010).     

The physical, chemical and biological characteristics of wastewater are directly affected 

by temperature. Temperature is highly dependent on the depth of the water, season, time 

of the day, cloudiness of the sky and air temperature. The distribution and number of 

aquatic species also changes as temperature varies. A short period of high temperatures 

each year can make the water body unsuitable for sensitive species; even through during 

the rest of the year the temperature is acceptable (Masunaga et al., 2007).   

It is also one of the most important physical characteristics of aquatic system. Increase in 

temperature is known in dissolved oxygen content decrease and as water temperature 

raises, the rate of photosynthesis increases, thereby providing adequate amount of nutrients 

(Usharani, Umarani, Ayyasamy, Shanthi, & Lakshmanaperumalsamy, 2010).  

2.4.2 Electrical Conductivity (EC)     

This is a measure of the capability of a solution such as water in a stream to pass an electric 

current. This is an indicator of the concentration of dissolved electrolyte ions in the water. 

It doesn't identify the specific ions in the water. However, significant increases in 

conductivity may be an indicator that polluting discharges have entered the water. Every 

creek will have a baseline conductivity depending on the local geology and soils. Higher 

conductivity will result from the presence of various ions including nitrate, phosphate, and 

sodium. The basic unit of measurement for conductivity is micromhos per centimeter 

(µmhos/cm) or micro siemens per centimeter (µS/cm). Either can be used, they are the 

same. It is a measure of the inverse of the amount of resistance an electric charge meets in 

traveling through the water. Distilled water has a conductivity ranging from 0.5 to 3 µS/cm, 

while most streams range between 50 to 1500 µS/cm. Freshwater streams ideally should 
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have a conductivity between 150 to 500 µS/cm to support diverse aquatic life (Hitt, Floyd, 

Compton, & McDonald, 2016).   

In general, Electrical Conductivity is a measure of the ability of water to carry electric 

current and it is sensitive to variations in dissolved solids, mostly mineral salts. The 

conductivity of water has liner function of the concentration of dissolved ions. 

Conductivity itself is not a human or aquatic health concern. Nevertheless, it can serve as 

an indicator of other water quality problems such as the amount of inorganic materials in 

the water including bicarbonate, nitrogen, phosphorus, iron and sulphur. It estimates the 

total amount of solids dissolved in water. If the conductivity of a stream suddenly 

increases, it indicates that there is a source of dissolved ions in the vicinity (Walton, 1989).    

Just like metal, water can conduct (transport) electricity.  This is because there are salts 

dissolved in the water.  If you have pure water with absolutely no salts, electricity will not 

be conducted and conductivity will be 0.  When we measure conductivity, we are 

measuring how easily electricity is flowing through the water and we get an indirect 

estimate of how many salts are in the water.  

Climate change may increase the saltiness of freshwater lakes if warmer conditions 

increase evaporation.  This could result in stress to fish and other animals that live in water.  

Pollution can also increase conductivity of lakes and rivers because industrial and human 

wastewaters often have high conductivity.  However, not all industrial activities will 

increase water conductivity.  For example, oil does not conduct electricity well, so water 

pollution by oil would not be detected by measuring water conductivity (Binch et al., 

2015).   

Conductivity shows significant correlation with parameters such as temperature, pH value 

alkalinity, total hardness, calcium, total solids, total dissolved solids and chemical oxygen 

demand chloride and iron concentration of water. Conductivity in streams and rivers is 

affected primarily by the geology of the area through which the water flows. Streams that 

run through areas with granite bedrock tend to have lower conductivity because granite is 

composed of more inert materials that do not ionize (dissolve into ionic components) when 

washed into the water. Streams that run through areas with clay soils tend to have higher 

conductivity because of the presence of materials that ionize when washed into the water.  
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Ground water inflows can have the same effects depending on the bedrock they flow 

through. Discharges to streams can change the conductivity depending on their make-up. 

A failing sewage system would raise the conductivity because of the presence of chloride, 

phosphate and nitrate; an oil spill would lower the conductivity (Jain, 2016).   

Storm water runoff, sewage effluent, catchments geology and agricultural effluent running 

into streams have a significant influence on the conductivity of the river. In the study area, 

the concentration of electrical conductivity is high at the effluent of industrial wastewater 

that indicates the presence of high organic and inorganic compounds in the wastewater. It 

would happen due to improper wastewater treatment in the brewery factory high electrical 

conductivity was recorded from the brewery wastewater effluent, because the effluent 

wastewater contains different compounds (Teshome et al., 2019).     

The concentration of EC is too high value for excessive amounts of nutrients outside (salt) 

in the wastewater. Therefore, conductivity measurements can be used to quickly locate 

potential water quality problems. Conductivity is measured with respect to conductivity 

per unit length and meters or micro-Siemens / cm. In the study area, researcher (Kebede, 

2018) selected physical, chemical, and bacteriological parameters. Among those chemical 

parameters electrical conductivity of the river was the first concern.     

Conductivity is best measured directly in the lake or river.  Collecting a sample and 

measuring it later is not as good because the temperature of the water obviously changes 

when it is in a bottle and we mentioned earlier that temperature affects conductivity.  When 

you place a conductivity sensor in the water, a mild electrical current is passed between 

two electrodes.  Conductivity is measured in this way and recorded in units called ‘micro  

Siemens per centimeter’ of water (µS/cm).  If you measure an increase in µS/cm, you are 

measuring an increase in conductivity of the water.   

2.4.3 pH     

pH is a measure of a solution's acidity. In water, small numbers of water molecules (H2O) 

will break apart or disassociate into hydrogen ions (H+) and hydroxide ions (OH-). Other 

compounds entering the water may react with these, leaving an imbalance in the numbers 

of hydrogen and hydroxide ions. When more hydrogen ions react, more hydroxide ions are 

left in solution and the water is basic; when more hydroxide ions react, more hydrogen 
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ions are left and the water is acidic. pH is a measure of the number of hydrogen ions and 

thus a measure of acidity. pH can be defined as the negative logarithm of the hydrogen ion 

concentration of a solution and it is thus a measure of whether the liquid is acid or alkaline. 

In other words, pH measures the concentration of H+ and hydroxide (OH-) ions which 

make up water (H2O), when the two ions are in equal concentration, the water is neutral, 

whereas the water is acidic if H+ > OH- and basic when OH- > H+ (Holma, 1985).      

When substances dissolve in water they produce charged molecules called ions. The pH 

scale was derived from the ionization constant of water that range 0 very acidic and 14 

also basic. A change of 1 unit on a pH scale represents a 10-fold change in the pH, so that 

water with pH of 6 is 10 times more acidic than water with a pH of 7, and water with a pH 

of 5 is 100 times more acidic than water with a pH of 7. PH of 7 indicates neutral solution. 

When pH is less than 7 the water is acidic and if pH is greater than 7 the water is alkaline. 

It is important to quantify the health of the river since public uses for drinking.  And also, 

pH is defined as a measure of the activity of H+ ions and as an indicator of the presence 

of hydrogen in water (Koenig et al., 1996).     

In waters with low dissolved solids, which consequently have a low internal resistance to 

pH change, changes in pH induced by external causes may be quite dramatic. Extremes of 

pH can affect the palatability of water but the corrosive effect on distribution systems is a 

more urgent problem. Most metals become more water soluble and toxic with an increase 

in acidity. The increase in pH also causes phosphates to precipitate metal ions present in 

the effluent, such as calcium, magnesium and iron, resulting in a decrease in phosphorus 

concentrations. The concentration of pH from any sources of wastewater affects the 

compounds contained in the waste effluent (Werner et al., 2006).    

pH is most important in determining the corrosive nature of water. Lower the pH value 

higher is the corrosive nature of water. The reduced rate of photosynthetic activity and the 

assimilation of carbon dioxide and bicarbonates are ultimately responsible for increased 

pH the low oxygen values coincided with high temperature during the summer month. 

Various factors bring about changes in the pH of water. The higher pH values observed 

suggests that carbon dioxide, carbonate and bicarbonate equilibrium is affected more due 

to change in physico-chemical condition (Jain, 2016).  
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2.4.4 Turbidity      

The term turbidity refers to the light scattering properties of water body. Turbidity can also 

be described as “haziness” or “cloud appearance,” and is caused by fine particles scattering 

light at more or less 90 degrees to the direction from which the light enters the sample. 

Turbidity is a measure of water clarity. In simple words, turbidity answers the question: 

"How turbid is water?" The ability of light to pass through water depends on the amount 

of suspended material present. Turbidity is caused by particles of soil, organic matter, 

algae, metals, or similar matter suspended in the water column.  Main sources of particles 

described above, are the wastewater discharged from the industrial products and from 

nonpoint sources of wastewater (Paaijmans et al., 2008).    

In general turbidity is a measure of how particles suspended in water affect water clarity. 

It is an important indicator of suspended sediment and erosion levels. Typically, it will 

increase sharply during and after a rainfall, which causes sediment to be carried into the 

creek. Elevated turbidity will also raise water temperature, lower dissolved oxygen, 

prevent light from reaching aquatic plants which reduces their ability to photosynthesize.   

The turbidity measurements are Nephelometric turbidity units or NTU. Turbidity affects 

fish and aquatic life when suspended solids block light, photosynthesis and oxygen 

production for fish and aquatic life are reduced. When the light level is too low, 

photosynthesis can stop completely and the algae die. It is important to realize that the 

reduction of photosynthesis in plants leads to lower concentrations of oxygen and higher 

concentrations of carbon dioxide in a body of water. Turbidity also has a negative effect 

on fish in terms of food identification and is detected by predators. Industrial sources are 

among point source of wastewater with high turbidity (Van de Meutter et al., 2005).     

Turbidity is an important factor affecting dissolved oxygen in the water column through 

its effect on rates of photosynthesis. High amount of turbid wastewater discharged to the 

Shinta river. It is due to the nature of wastewater when effluent from treatment plant and 

during flow in the canal up to mixing to the river. The flow type also has its own effect; 

turbulent flow makes turbid the waste (Teshome et al., 2019).  
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2.4.5 Total Dissolved Solid (TDS)     

Total Dissolved Solid (TDS) is a measurement of inorganic salts, organic matter and other 

dissolved materials in water. Measurements of TDS do not differentiate among ions. The 

concentration and composition of TDS in natural waters is determined by the geology of 

the drainage, atmospheric precipitation and the water balance. Total dissolved solid 

concentrations in natural waters often result from industrial effluent, changes to the water 

balance or by salt-water intrusion.  Total dissolved solids cause toxicity through increases 

in salinity, changes in the ionic composition of the water and toxicity of individual ions. 

Increases in salinity have been shown to cause shifts in biotic communities, limit 

biodiversity, exclude less-tolerant species and cause acute or chronic effects at specific life 

stages (WeberScannell and Duffy, 2007).     

The TDS concentration in a body of water is affected by various factors. Fertilizers from 

fields and lawns can add a variety of ions to a stream. Increases in TDS can also result 

from runoff from roads that have been salted in the winter. Organic matter from wastewater 

treatment plants may contribute higher levels of nitrate or phosphate ions. If TDS levels 

are high, especially due to dissolved salts, many forms of aquatic life are affected. The 

salts act to dehydrate the skin of animals (Jain, 2016).  

Water with total dissolved solids concentrations greater than 1000 mg / L is considered to 

be “brackish”. Changes in total dissolved solid concentrations in natural water, often result 

from industrial effluent, changes to the water balance (by limiting inflow, by increased 

water use or increased precipitation), or by saltwater intrusion (Weber-Scannell and Duffy, 

2007). The amount of total dissolve solids in water indicates salinity of water and may also 

be used as an indicator for rapid plankton growth and sewage contamination. The total 

dissolved solids in water comprise mainly of inorganic salts and small amount of organic 

matter such as carbonate, bicarbonate, chloride, sulphate, nitrate, sodium, potassium, 

calcium and magnesium (Werner et al., 2006).       

As preview studies, (Teshome et al., 2019) analysis that was varied one over the other, that 

was due to the amount of wastewater to the river. The total dissolved solid concentration 

from the effluent wastewater variation depends on the amount of waste water discharged.     
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2.4.6 Dissolved Oxygen (DO)      

Dissolved oxygen refers to the level of free, non-compound oxygen present in water or 

other liquids and measured in milligrams per liter (mg /l). It is an important parameter in 

assessing water quality because of its influence on the organisms living within a body of 

water. In other words, oxygen is one of the most essential constituents in the atmosphere. 

In addition to being required by aquatic organisms for respiration, oxygen is necessary to 

help decompose organic matter in the wastewater and bottom sediments of the river or 

stabilisation pond. Oxygen molecules dissolved in water is a major source of oxygen for 

aquatic organism (Kebede, 2018).      

Dissolved oxygen is oxygen gas molecules (O2) present in the water. Plants and animals 

cannot directly use the oxygen that is part of the water molecule (H2O), instead depending 

on dissolved oxygen for respiration. Oxygen enters streams from the surrounding air and 

as a product of photosynthesis from aquatic plants. Consistently high levels of dissolved 

oxygen are best for a healthy ecosystem. Levels of dissolved oxygen vary depending on 

factors including water temperature, time of day, season, depth, altitude, and rate of flow. 

Water at higher temperatures and altitudes will have less dissolved oxygen. Dissolved 

oxygen reaches its peak during the day. At night, it decreases as photosynthesis has stopped 

while oxygen consuming processes such as respiration, oxidation, and respiration 

continue, until shortly before dawn. Human factors that affect dissolved oxygen in streams 

include addition of oxygen consuming organic wastes such as sewage, addition of 

nutrients, changing the flow of water, raising the water temperature, and the addition of 

chemicals. Oxygen is dissolved in water by diffusion of the surrounding air through the 

aeration of water that has fallen through falls and rapids, and as a by-product of 

photosynthesis. The ability of water to maintain oxygen in the solution is inversely 

proportional to its temperature. The colder the temperature of the water, the more dissolved 

oxygen it can contain (Fang and Stefan, 2009).     

If the aquatic life in the water is overpopulated, the dissolved oxygen consumption can be 

high. The oxygen content can also be reduced by excessive fertilization of aquatic plants 

by draining the phosphate and nitrate fields (the fertilizer ingredients). Under these 

conditions, the quantity and size of aquatic plants increase considerably. Then, when the 
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weather becomes cloudy for several days, the breathing plants will use much of the 

available DO. When these plants die, they become food for the bacteria, which in turn 

multiply and consume large amounts of oxygen (Pearson et al., 1987).     

Dissolved oxygen concentration is a key parameter for characterizing natural and 

wastewaters and for assessing the global state of the environment. The concentration of 

dissolved oxygen is affected in the presences of nutrients in wastewater discharge, salinity, 

altitude, ground water inflow and temperature of the water. When the temperature of 

wastewater increases at the same time the decomposition rate of organic matter wastewater 

increase, that needs dissolved oxygen to oxidize the different end products (Stenstrom and 

Poduska, 1980).     

The concentration of dissolved oxygen from waste stabilization pond effluent was higher 

than the dissolved oxygen from brewery effluent. because the organic matter in the 

stabilization pond was decomposed in the maturation pond, but the effluent from the 

brewery wastewater due to partially treatment of waste have higher amount organic matter. 

Low concentration of dissolved oxygen was recorded from effluent of brewery wastewater 

(Teshome et al., 2019).     

2.4.7 Biochemical Oxygen Demand (BOD5)     

Biological oxygen demand refers an indirect measure of the concentration of organic 

contamination in water or the amount of dissolved oxygen in the aquatic environment that 

is used to degrade organic materials in a given water sample at a given temperature over a 

period of time. This means that it measures the concentration of organic compounds in the 

water and is used as a measure of the effectiveness of wastewater treatment plants 

(Ponomareva et al., 2011).     

The Biochemical oxygen demand is very significant to characterize the status of a water 

body. Biochemical oxygen demand is the first indicator of the pollution status of the river, 

especially concerning the presence of domestic and industrial wastewater discharges. 

Hence, one of the principal goals in water management practice is the determination of a 

suitable relationship between the biochemical oxygen demand detected in the river and the 

pollution sources. When biochemical oxygen demand content is very low and after some 
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distance it comes to zero indicates that it is free from microorganisms. Unpolluted waters 

typically have BOD values of 2 mg/L or less, and those receiving wastewaters may have 

values up to 10 mg/L or more (Jouanneau et al., 2014).     

The presence of biochemical oxygen demand in the water indicates the organic pollutants 

in the aquatic system, which negatively affects the water quality and the biodiversity of 

the river system. The more organic materials are released into the aquatic system; the more 

oxygen is needed to break it down. Low levels of aquatic oxygen (below 92% saturation) 

make aquatic organisms more susceptible to disease and obstruct swimming abilities. BOD 

of the wastewater effluent and influents increase in the winter months than in summer 

months due to the increase in water consumption in the summer season than the winter 

season (Melegy et al., 2014).     

2.4.8 Nitrate (NO3
-)        

Nitrate (NO3
-) is found naturally in the environment and is an important plant nutrient. The 

presence of nitrate concentration in all kinds of plants is one part of nitrogen cycle in the 

ecosystem. An excess of free ammonia entering the distribution system can lead to 

nitrification and the potential increase of nitrate and nitrite in drinking-water. Nitrate can 

reach both surface water and groundwater as a consequence of agricultural activity 

(including excess application of inorganic, nitrogenous fertilizers and manures), from 

wastewater disposal and from oxidation of nitrogenous waste products in human and other 

animal excreta, including septic tanks (Pearson et al., 1987).     

Nitrogen is abundant on earth, making up about 80% of our air as N2 gas. Most plants 

cannot use it in this form. However, blue-green algae and legumes have the ability to 

convert N2 gas into nitrate (NO3
-), which can be used by plants. Plants use nitrate to build 

protein, and animals that eat plants also use organic nitrogen to build protein. When plants 

and animals die or excrete waste, this nitrogen is released into the environment as NH4+ 

(ammonium). This ammonium is eventually oxidized by bacteria into nitrite (NO2
-) and 

then into nitrate. In this form it is relatively common in freshwater aquatic ecosystems. 

Nitrate thus enters streams from natural sources like decomposing plants and animal waste 

as well as human sources like sewage or fertilizer. Nitrate is measured in mg/L. Natural 
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levels of nitrate are usually less than 1 mg/L. Concentrations over 10 mg/L will have an 

effect on the freshwater aquatic environment. 10 mg/L is also the maximum concentration 

allowed in human drinking water by the U.S. Public Health Service. For a sensitive fish 

such as salmon the recommended concentration is 0.06 mg/L. Water with low dissolved 

oxygen may slow the rate at which ammonium is converted to nitrite (NO2
-) and finally 

nitrate (NO3
-). Nitrite and ammonium are far more toxic than nitrate to aquatic life 

(Adelman, Kusilek, Koehle, & Hess, 2009).  

Most of the time the nitrate found in natural water is mineral origin, which is from organic 

and inorganic and the former included from wastewater discharge and the later chiefly 

artificial fertilizer. However, bacterial oxidation and fixing of nitrogen by plants can both 

produce nitrate (Katyal, 2011).     

Nitrate can be formed in water bodies through the oxidation of other, more reduced forms 

of nitrogen, including nitrite, ammonia, and organic nitrogen compounds such as amino 

acids. Nitrates in water can cause severe illness in infants and domestic animals. Most 

importantly, high nitrate levels in waters to be used for drinking will render them 

hazardous to infants as they induce the "blue baby" syndrome. The nitrate itself is not a 

direct toxicant but is a health hazard because of its conversion to nitrite which reacts with 

blood hemoglobin to cause methemoglobinemia (Addiscott et al., 1991).     

Nitrate encourages growth of algae and other organisms, which produce undesirable tastes 

and odors. Increasing nitrate is the degree to which fertilizer run-off can contribute to 

eutrophication problems in lakes. Sewage is rich in nitrogenous matter which through 

bacterial action may ultimately appear in the aquatic environment as nitrate. In Lakes high 

levels of nitrate are more likely to indicate significant run-off from agricultural land than 

anything else. Nitrate, a compound containing nitrogen, can exist in the atmosphere or as 

a dissolved gas in water, and at elevated levels can have harmful effects on humans and 

animals. Nitrates occur naturally in soil and water, but an excess level (more than 45 mg/L) 

of nitrates can be considered to be a contaminant to surface and ground water (Debernardi 

et al., 2008).     

The most causes of excess of nitrate in water are human activities. These sources can be 

traced to agricultural activities, human wastes and or, industrial pollution as suggested by 
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(Nyenje et al., 2010) & (Muwanga, 2010). The source of nitrate as wastewater effluents 

are the contributors of nitrate in the receiving environment. This was observed as the 

concentration of nitrates at the discharge point being similar to the concentration at the 

downstream point. High levels of nitrate results in excessive nutrient enrichment in the 

water body leading to loss of diversity in the aquatic biota and overall ecosystem 

degradation through algal blooms, excessive plant growth, oxygen depletion and reduced 

sunlight penetration.     

2.4.9 Phosphates (PO4
3-)        

Phosphorus is an essential nutrient for the plants and animals that make up the aquatic food 

web. Since phosphorus is the nutrient in short supply in most fresh waters, even a modest 

increase in phosphorus can, under the right conditions, set off a whole chain of undesirable 

events in a stream including accelerated plant growth, algae blooms, low dissolved oxygen 

and the death of certain fish, invertebrates and other aquatic animals. There are many 

sources of phosphorus, both natural and human. These include soil and rocks, wastewater 

treatment plants, runoff from fertilized lawns and cropland, failing septic systems, runoff 

from animal manure storage areas, disturbed land areas, drained wetlands, water treatment 

and commercial cleaning preparations (Jain, 2016).   

Phosphorus has a complicated story. Pure, ‘‘elemental’’ phosphorus (P) is rare. In nature, 

phosphorus usually exists as part of a phosphate molecule (PO4). Phosphorus in aquatic 

systems occurs as organic phosphate and inorganic phosphate. Organic phosphate consists 

of a phosphate molecule associated with a carbon-based molecule, as in plant or animal 

tissue. Phosphate that is not associated with organic material is inorganic. Inorganic 

phosphorus is the form required by plants. Animals can use either organic or inorganic 

phosphate. Both organic and inorganic phosphorus can either be dissolved in the water or 

suspended attached to particles in the water column (Jain, 2016).  

Phosphorus in small quantities is essential for plant growth and metabolic reactions in 

animals and plants. It is the nutrient in shortest supply in most fresh waters, with even 

small amounts causing significant plant growth and having a large effect on the aquatic 

ecosystem. Phosphate-induced algal blooms may initially increase dissolved oxygen via 
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photosynthesis, but after these blooms die more oxygen is consumed by bacteria aiding 

their decomposition. This may cause a change in the types of plants which live in an 

ecosystem. Sources of phosphate include animal wastes, sewage, detergent, fertilizer, 

disturbed land, and road salts used in the winter. Phosphates do not pose a human or health 

risk except in very high concentrations. It is measured in mg/L. Larger streams may react 

to phosphate only at levels approaching 0.1 mg/L, while small streams may react to levels 

of PO4
3- at levels of 0.01 mg/L or less. In general, concentrations over 0.05 will likely have 

an impact while concentrations greater than 0.1 mg/L will certainly have impact on a river.  

 Phosphate has no adverse health effects when a water content of more than 1.0 mg / L 

affects coagulation in water treatment plants, which generate organic particles that contain 

microorganisms, which is not completely removed before of the distribution (Kim, Hwang, 

Naganuma, & Chung, 2016).   

The discharge of wastewater into the water causes the phosphorus to enter the waters where 

the wastewater is discharged. Phosphorus is the limiting nutrient in freshwater systems, 

and any increase generally leads to greater aquatic vegetation leading to eutrophic 

(Engdaw, 2014).     

In natural and wastewaters, phosphorus occurs almost solely as dissolved phosphate and it 

is the most significant form of phosphorus in natural water. Orthophosphate is the most 

thermodynamically stable form of phosphate, and is the form commonly identified in 

laboratory analysis and also used by plants. Furthermore, polyphosphates in water are 

unstable and eventually convert to orthophosphate. In contrast to nitrates, phosphates are 

not very mobile in soils and they are only moderately soluble. However, transportation 

through runoff and erosion can drastically enhance their levels in surface waters. Other 

factors that contribute to their low concentrations in water bodies include the usually large 

uptake by plants and adsorption by metal oxides (Fadiran, Dlamini, & Mavuso, 2008).   

Surface waters and groundwater become contaminated from both natural and 

anthropogenic sources of phosphates. Natural sources of phosphorus in both surface and 

groundwater include atmospheric deposition, natural decomposition of rocks and minerals, 

weathering of soluble inorganic materials, decaying biomass, runoff, and sedimentation. 

Anthropogenic sources include; fertilizers, wastewater and septic system effluent, animal 
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wastes, detergents, industrial discharge, phosphate mining, drinking water treatment, 

forest fires, synthetic material development surface. Naturally occurring levels of 

phosphates in surface and ground water bodies are not harmful to human health, animals 

or the environment. Conversely, extremely high levels of phosphates can cause digestive 

problems. Furthermore, excessive amounts of phosphates in water bodies can lead to 

eutrophication, a condition of accelerated, algal production to extreme quantities until they 

die off (Meinikmann, Hupfer, & Lewandowski, 2015).   

The bacteria responsible for their decomposition use up and hence deplete the dissolved 

oxygen concentration in the water bodies to such levels that can result in fish kills. 

Additionally, excessive algae on the water surface can accumulate into a scum which can 

result in clogged pipelines, restricted recreation and foul odours, when they eventually 

decay. Also, algal blooms have been linked to health problems such as skin irritation and 

death (of both human and animals) depending on the type and duration of exposure. 

Phosphate–phosphorus > 100 µg/L may interfere with coagulation process in water 

treatment plants. Factors that influence the levels of phosphates in water bodies include 

location, population density, degree of agricultural and industrial activities in its vicinity, 

rock type of the area, topography of the rainfall pattern, climate nature and frequency of 

sampling, biological activities in soil, atmospheric deposition and chemical weathering of 

bedrock, flow rate and proximity to ground water (for surface water) and top soil type and 

depth (for groundwater bodies) (Rodrı́guez & Fraga, 1999).  

Eutrophication         

Excessive contamination of nutrients especially nitrates and phosphates in waters that 

threaten water quality and also lead to eutrophication. Wastewater from the wastewater 

treatment plant carries the nutrients to the waters, which then accumulate and lead to 

eutrophication (Smith et al., 2006). The term eutrophication is the excessive growth of 

aquatic plants, planktonic, attached or rooted, at such levels as to cause interference with 

the desired uses of the water body. Eutrophication is a natural process, but human activities 

accelerate this process through a process related to cultural eutrophication. Nutrient 

sources include runoff by agricultural and urban, non-sanitation settlements, untreated 

wastewater from flooded logging wells and poorly treated sewage (Edokpayi et al., 2017).     
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Wastewater containing high concentrations of nutrients can lead to highly eutrophic 

conditions that lead to the reduction of aquatic submerged vegetation. The growth of 

instinctive plants is also hampered by the excessive growth of algae, which in turn 

determines the growth conditions for the next link in the chain and the growth of larger 

lead organisms. And also, eutrophication can influence the frequency of pathogens by 

changing the frequency and distribution of hosts and vectors. The process of eutrophication 

is also detrimental to reducing the capacity and life of the waters. It also increases turbidity, 

reduces light transmittance and oxygen adsorption, which can lead to the reduction or loss 

of aquatic submerged vegetation, shellfish and productive benthic habitats (Ribbe et al., 

2008).     

2.4.10 E. coli      

E. coli is commonly regarded as one of first microorganisms of choice in water quality 

monitoring programs and serves as the primary indicator for water contamination. It is 

fecal matter due to their prevalence in the gut of warm-blooded animals as well as high 

numbers excreted in both human and animal faces (S. Naidoo & A. O. Olaniran, 2014).  

Escherichia coli are part of typical gut micro biota in humans and animals, and it can be 

transmitted to the environment directly with feces or indirectly with treated wastewater. 

Escherichia coli, or E. coli, are a common example of coliform bacteria. E. coli are a large 

and diverse group of bacteria. Although most strains of E. coli are harmless, others can 

make you sick. Some kinds of E. coli can cause diarrhea, while others cause urinary tract 

infections, respiratory illness and pneumonia, and other illnesses (Chang et al., 2008).     

In water, coliform bacteria have no test, smell or colour. They can only have detected 

through laboratory test. The main bacterium of the fecal (thermo tolerant) coliform group, 

being present in large numbers in the faces from humans and animals. It is found in 

wastewater, treated effluents and natural water and soils that are subject to recent 

contamination whether from human, agricultural, wild animals and birds (Edokpayi et al., 

2017). Its laboratory detection is very simple principally by recent counting methods. It is 

different from total and fecal coliforms; E. coli is the only that guarantee of exclusive fecal 

contamination. For this reason, there is a current tendency in using predominantly.     
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E. coli as indicator of fecal contamination. However, its detection is does not guarantee 

that the contamination is from human origin, since E. coli can also be found in other animal 

faces (Goel, 2006).       

In sewage, E. coli is the predominant organism within the group of fecal (thermo tolerant) 

coliforms, and the fecal (thermo tolerant) coliforms are the predominant group within the 

total coliforms. For water bodies, when doing the interpretation of the tests for indicators 

of fecal contamination, it is very important to carry out a sanitary survey of the catchment 

area. This survey helps in establishing the origin of the fecal contamination (presence of 

domestic sewage discharges or wastes from animals), complementing the information 

supplied by the laboratory tests. In case of the study area the wastewater discharged from 

waste stabilisation pond and from industrial point which may contain E. coli that affect the 

downstream community during their daily activity (Chang et al., 2008).    

In general E. coli is one of commonly detected microbial indicators in treated wastewater 

effluent and included from Total and Fecal Coliforms. Total coliforms have been defined 

as all those aerobic or facultative anaerobic, gram-negative, non-spore-forming, oxidase 

negative, rod-shaped bacteria which have the ability to ferment lactose with gas and acid 

formation within 48 h at 35 °C. Fecal coliforms have been defined as those coliforms which 

can proliferate at an elevated temperature of 44.5 °C (T. Edition, 2008).   

The total coliform group includes those microorganisms that can survive and proliferate 

within the water environment and includes several species of the Enterobacteriaceae 

family, belonging to the genera Escherichia, Citrobacter, Klebsiella and Enterobacter. 

These bacteria live in the human and animal intestine, but some Citrobacter, Enterobacter 

and Klebsiella species are also found in terrestrial environments and are therefore not 

necessarily indicators of fecal pollution. They have also been found to occur in both 

sewage and natural water sources with some of these bacteria being excreted in the faces 

of humans and animals. In addition, they are far more sensitive to disinfection than enteric 

viruses and protozoa and thus should be absent immediately after disinfection indicating 

that their presence serves as an indication of inadequate wastewater treatment (Ashbolt, 

2004).  



32   

   

 Fecal coliforms include E. coli and some Klebsiella species, such as K. oxytocin and K. 

pneumonia. Whilst E. coli serves as a true indicator of fecal pollution, its survival in the 

environment is limited. Fecal coliforms are therefore much better indicators of fecal 

pollution than total coliforms although some false positives may occur due to the 

ubiquitous nature of Klebsiella sp.  

2.5 Standard guide line value of surface water quality.     

Access to safe drinking-water is important as a health and development issue at national, 

regional and local levels. In some regions, it has been shown that investments in water 

supply and sanitation can yield a net economic benefit, as the reductions in adverse health 

effects and health-care costs outweigh the costs of undertaking the interventions. This is 

true for investments ranging from major water supply infrastructure through to water 

treatment in the home. Experience has also shown that interventions in improving access 

to safe water favor the poor in particular, whether in rural or urban areas, and can be an 

effective part of poverty alleviation strategies (F. Edition, 2011).     

To safeguard the health of the environment and public health standards are set during the 

use of water discharged from different points either from industrial, municipal or normally 

river water used for different purpose. Both objectives have very high-quality requirements 

which complement each other to a great extent. It is appropriate for the government of 

Ethiopia to set standards which will ensure that the ambient surface water quality is not 

degraded while also ensuring healthy conditions within which the people live in the 

surrounding environment without any problems.    

The government of Ethiopia has mandated the Ethiopian Environmental Protection 

Authority to set such standards and Guideline for Ambient Environment Standards for 

Ethiopia. In practice, standards can be set from either first principles or based on the 

existing national or international guidelines. Driving such standards from first principle 

requires classification, and prioritization of pollutants, derivation of pollutant exposure 

processes and their ecological effects. Since these processes require resource to derive 

country specific standards from the first principle, the Ethiopian EPA standards are 

generally derived based on the exiting published standards of USEPA, (2018) (WHO, 
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2011). The information upon which our national guidelines are based is derived 

predominantly from extensive epidemiological and toxicological studies to determine the 

observed health and environmental effects of a pollutant.     

If sufficient basic national information was available, the guideline set by international 

bodies could be modified to take into account certain national criteria before being 

implemented as a national standard. Therefore, additional national data collection will be 

performed to improve the original standards of your own situation. Reference data on 

surface water quality in waters are important for the implementation of EPAs 

environmental quality standards.      

 The EEPA surface water quality guideline standards (Table: 2-1) are being introduced to 

be used all throughout the county subjected to modifications, as more information on the 

state of water pollution is made available through the Ecological Sustainable Industrial 

Development project. The regional states can also establish more stringent standards taking 

into consideration particular ecological conditions in their localities provided EPA’s 

standards are used as the minimum (EEPA, 2003).        

The guideline standards for surface water primarily aimed of ambient surface water quality 

within all components of Ethiopia, EPA, (2003). Moreover, WHO guideline values are 

brought to observe the extent of pollution of the river water samples collected in this study.     
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Table 2. 1 Guideline values of some physicochemical and bacteriological  

parameters   for ambient surface water     

Para       Unit     EEPA     

(2003)     

EPA  

(2018)     

WHO     

(2011)     

Temp  0C  < 40  < 25  < 20     

EC  µS/cm  100 @200c  < 1000  < 750       

pH  -  5-9  5-9.5  6.5-8.5       

Turb  NTU  10  < 29  < 5      

(TDS)  mg/l  500  < 1000  500       

(DO)  mg/l    > 5         

(BOD5)  mg/l  50  < 50  < 30       

(NO3
-)  mg/l  50  < 50  < 50       

(PO43-)  mg/l  10  < 0.5  < 0.1       

E. coli  
MPN/ 

100ml  

0  0  0     

 Source (EEPA, 2003) and (EPA, 2018) (WHO, 2011)       
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3.  MATERIAL AND METHODS      

3.1 Description of the study area                                                                                             

The study was conducted on Shinta River in Gondar town. Gondar is one of historical place 

and the tourist destination town in Ethiopia, Amhara Region, and North Gondar Zone. The 

town situated 738 km from Addis Ababa and 170 km from Bahir Dar.    

Gondar is bounded by 120 35’ 07’’ N latitude and 370 26’ 08’’ E longitude having an 

elevation of 2000-2200m a.m.s.l.       

In Gondar town four rivers flow from upstream direction north eastern part of the town 

towards southwest of Ethiopia, Lake Tana. Angereb River used as water supply source and 

it is one of tributaries for Megech River, and located eastern part of the town, second river 

flow through the center of the town is Keha River which is used as sewerage line for 

municipal waste and wastewater from referral Hospital of university of Gondar. It joins 

with Angereb River at the downstream part of the town and flow to Megech River. The 

third river that flow in western part of Azezo town is Demaza River flow towards Megech 

River, the last and the targeted river which is selected as study area is Shinta River 

originated from northeastern part of the town highlands flow between Dashen beer factory 

and University of Gondar and used as effluent point for both wastewaters. Shinta River is 

categorized from low flow types of river; the discharge of the river becomes low from 

March to June.      

Dashen beer factory was established in 1992 June 26 E.C. and the factory is located in the 

western part of Gondar, 12 km far from the center of town. The second targeted point for 

this study was University of Gondar waste stabilization pond constructed in 2003.       

The wastewater discharged from, partially treated from Dashen brewery factory and 

treated from University of Gondar stabilization pond. The wastewater discharged from 

both point sources contains different chemicals which have health impact on the 

downstream part of the community.  Shinta River used as sewer line for liquid and solid 

waste generated from the nearby habitants and industrial area.       
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Figure 3- 1 Location Map of Study Area     

3.2 Materials       

During the study, different scientific materials (Table 3.1) are used to analyses selected 

wastewater parameters, discharged from point sources and to compare the recorded results 

with different standards, Ethiopian EPA, United State EPA and WHO standards.        

   Chemicals used      

Nitric acid (HNO3) was used for washing plastic containers to get representative value of 

sample, concentrated H2SO4 was used for washing culture tubes, NaOH tablet for BOD 

analysis.  Phosphate No 1 LR and phosphate No 2 LR tablet to determine concentrations 

of phosphate. Nitra test powder, Nitra test tablet and Nitricool tablet were used to 
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determine the concentration of nitrate. Membrane lauryl sulfate broth was used as nutrient 

to culture the bacteria for E. coli analysis.       

    Instruments and Equipment      

Multi parameter water quality checker (model: Aqua probe 700) made by England was 

used to measure, Temperature, pH, Electrical Conductivity, Total dissolved solid and 

Dissolved oxygen. During the measurement of parameters listed above was started at SP1 

upstream of the river 100m above SP-3 which is before mixing the wastewater discharged 

from brewery factory.     

 Palin test photometer (model: WAGTECH 7100) SN-pt7410713962 made by England 

was used to measure the nutrients, concentrations of, Phosphates (PO4
3-), nitrate (NO3

- ) 

present in wastewater effluent and the river itself.      

Turbid meter (model: HACH  2100) made by HACH company Loveland. colo. Ltd, USA, 

was used to measure the turbidity of wastewater discharged the point sources and river on 

itself. 1 - 10 ml dispensette used for taking exact volume of Sulphuric acid reagent, 45mm 

membrane filter paper used to filter out water sample during E. coli analysis, micropipette 

used for taking exact volume of water sample.      

Ice box (model: YLD 2001) made from England used get representative sample value at 4°c, 

avoid sample deterioration, and also used to stay samples for five days during BOD analysis.    

Global Positioning System navigator (GPS etrex+699’; lkk VISTA HCX) was used to 

determine the actual positions of the sampling points. Incubator (Model: POTALAB 

036030) which is WAGTECH internationally thatch man, RG194QH made in UK, was 

used to incubate the inoculated sample for bacteriological analysis at different temperature. 

Hot air oven (model: YLD2000) made in Britain, was used to dry instruments (Petri dish), 

refrigerator (model: Hana Df2-23) was used for stored the collected samples before 

analysis for both bacteriological and physico-chemical investigation, autoclave 

(model:AC3-2000) was used to sterilize equipment (glassware) and culture media for 

bacteriological analysis. Hot plate was used to homogenize or mix uniformly during media 

preparation for bacteriological analysis. Membrane filtration apparatus, -complete with 

vacuum source (electrically operated pump) used to filter water samples during bacterial 
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analysis and beam balance used to weighing for sulfate broth powder which is used as 

nutrient for bacterial growth.         

3.3. Description of Sampling Point      

The study has been conducted on Shinta river to see the effect of wastewater discharged 

from point sources on surface water quality. The pollutants determined in the water sample 

includes, physicochemical and bacteriological characteristics. A total of 7 sampling points 

was selected at 100 m interval sampling point distance to take the sample in the entire 

study area (Figure 3.1).  The sample points were distributed in the upstream and 

downstream of the river including the point sources. Sampling point one (SP-1) was 

selected at the upstream of the river, before mixing any point source. It was used as control 

point; it was used to see the nature of the river water quality. Sampling point two (SP-2) 

was located at the effluent of brewery wastewater before mixing to the river 100 m above 

(SP-3). Sampling point three (SP-3) was the mixing point of the river with wastewater 

discharge from brewery factory. It indicates the effect of brewery wastewater when mixing 

to the river physical, chemical, or bacteriological. The sample taken from this sampling 

point was after complete mixing of the river with wastewater.  Sampling point four (SP-4) 

was located downstream of (SP-3). The purpose of selecting this sampling point was to 

see the gradual water quality status of the river 100 m below (SP-3) due to external factors 

like, atmospheric reaeration, flow type etc. sampling point five (SP-5) was situated from 

the effluent of waste stabilisation pond before mixing to the river. It shows the quality of 

discharged wastewater from WSP. Sampling point six was located downstream of both 

sampling point (SP-4) and (SP-5). It shows the quality of the river after mixing the river 

to the wastewater effluent from WSP. Sampling point seven (SP-7) was selected at below 

sampling point six. It describes the river water quality.        

3.4 Data Collection        

Before analysis of water quality, the sampling point was selected for the analysis of water 

quality parameters. Effective sampling Schedule involved the selection of sampling sites 

according to the objective of the study.  For the purpose of water quality parameter testing, 

from the selected sampling sites extensive investigation and field survey was done.    
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Data was collected for four months in dry season from March to June. In this season the 

flow of the river was low, and the wastewater not completely diluted with the river. The 

samples were collected using the polystyrene bottle of 2L capacity. Before sampling, the 

bottles were washed out thoroughly with the detergent, acid (1: 1 HNO3 and H2O by V/V), 

tap water, and then with distilled water. Bottles were rinsed three times with sample water 

before being filled with the sample. The actual samplings were done midstream by dipping 

each sample bottle at approximately 5-10 cm below the water surface, projecting the mouth 

of the container against the flow direction. A total of 7 samples were collected at the time 

of 12:00 o’clock in local time to make the transport safe. Samples were transported to the 

Bahir Dar University water treatment laboratory in ice box within 3 hr, based on the 

recommended time below 24 hr. The samples were kept in the refrigerator at 4 OC until 

analyzing for parameters.     

For this study, the grab sample should be representative of the wastewater conditions at 

the time of sample collection.  Grab samples consist of either a single discrete sample or 

individual sample collected over a period of time not to exceed 15 minutes. The sample 

volume depends on the type and number of analyses to be performed. So that for this 

purpose, all different locations/sampling sites were outlined and samples were collected 

two times from each sampling point.       

In general, sample collection and handling procedure were performed according to the 

standard procedures recommended by American Public Health Associations APHA,  

(1999).          

 3.4.1. Laboratory Analysis        

Among selected water quality parameters that determine the quality of Shinta river were 

analyzed by laboratory. Those are: Turbidity, BOD, Nitrate (NO3
-), and phosphate, (PO4

3- 

and E. coli was analyzed by standard methods APHA, (1999). The palintest photometer 

7100 was used for the determination of Nitrate (NO3
-), and phosphate (PO4

3-). BOD was 

determined by addition of sodium hydroxide tablet and 5 - day readings by Manometer 

methods.     
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3.5. Data analysis       

The physicochemical and bacteriological parameters were analyzed using statistics 

methods. The data was being recorded, organized and summarized in sample descriptive 

statistics methods using SPSS-PC statistical package (SPSS 20 for Windows version). 

Water quality parameter results were analyzed using a one-way Analysis of Variance 

(ANOVA). Statistical Package for Social Science (SPSS) v20, Microsoft excel sheet were 

used for data analysis.         

A one-way Analysis of Variance (ANOVA) was applied to compare means, check the 

significance of each water quality parameter spatially. The method enables the difference 

between two or more sample means to be analyzed. The purpose is to test for significant 

differences between class means, and this is done by analyzing the variances. The basis of 

ANOVA is the partitioning of sums of squares between-class and within the class Park,  

(2005).  P (significance effect) value of less than 0.05 considered statistically significant.        
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4. RESULTS AND DISCUSSION     

4.1. Physico-chemical and Bacteriological Characteristics        

A waste water effluent from stabilization pond and industrial waste (Dashen Brewery) at 

its discharge point and through the river were characterized. River upstream and 

downstream water samples were carried out to determine the types and abundance of 

pollutants discharged industrial wastewater from brewery factory and domestic sewage 

from the waste stabilization pond. The overall mean characteristics of wastewaters from 

the different sampling locations are presented as a summery in Table 4-1 at the end of this 

section.        

4.1.1 Water Temperature  

Temperature of water is an important parameter because it affects chemical and 

biochemical reactions. The increase in temperature of water leads to the increase in 

chemical reactions in water reduces the solubility of gases and amplifies the tastes and 

odors (M.Mamatha, 2017).  

In this study, the mean temperature value ranged from its highest value of 28.09±0.29°C 

at sampling location of SP_2 and lower value of 19.5±0.95 °C at sampling location SP_1 

(Figure 4. 1 and Table 4.1). The wastewater discharged from the brewery factory contains 

organic matter that leads to high temperature value recorded. The mean temperature values 

along the river were recorded as 24.09±0.94°C, 22.43±0.83°C, 21.42±0.6°C, 

21.42±0.63°C, and 20.77±0.63°C at sampling point of SP_3, SP_4, SP-5 and SP_6, 

respectively. This indicates that the value was reduced along the river because; the hot 

industrial wastewater is diluted with the natural river water and the sewage from the waste 

stabilization pond having a lower temperature.       
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                                  Figure 4.1 mean value of Temperature   

Although, these values fluctuated within a certain range, they were actually under the 

permissible limit of ambient surface water temperature set by Ethiopian EPA, (2003) < 

40oC, however, the mean temperature value in some standard was found greater than the 

permissible limit of, WHO, (2011) and United State USEPA, (2018) which is higher than 

20 and 25 oC. respectively (Table 2-1).  In general, the effect of temperature from Dashen 

brewery factory and waste stabilization pond wastewater had no significant effect to 

increase the mean temperature of Shinta River because in the upstream part of the river 

there was no other point source that may change the nature of the temperature of the river 

water.       

The statistical analysis showed that there was no a significant difference of temperature at 

the different sampling locations along the river (P < 0.05). Other studies also showed the 

mean temperature values reported within a range of (Enitan et al., 2015) 27.90 ± 2.23°C 

which are similar with our findings of Shinta river, in similar manner (Parawira et al., 

2005) also record the maximum temperature value of wastewater discharged from industry 

on river 28 ± 3°C. Generally, the mean temperature value of the river downstream 

sampling location (SP_2) is 28.09±0.29°C which is higher than the upstream point (SP_1) 

recorded as 19.5±0.95 °C due to the industrial waste water effluent to the river.      
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4.1. 2. Electrical Conductivity (EC)   

Conductivity (specific conductance) is a measure of the water's ability to conduct an 

electric current. It is useful for estimating the concentration of total dissolved solids (TDS) 

in the water (TDS equals about 60 percent of conductivity). Because the measurement is 

made using two electrodes placed one centimeter apart, conductivity is generally reported 

as micromhos per centimeter (umhos/cm) (Boyd, 2019).    

The result depicts that the mean EC values varied between 542.93±308.84 and 

1734.09±481.64 µS/cm at SP_1 and SP_2, respectively. The higher EC value at sampling 

location SP_2 was due to high total dissolved solids and temperature of Dashen brewery 

industrial wastewater. The mean values along the river follow in decreasing manner due 

to the dilution of wastewater with the river and recorded as 941.66±462.72 µS/cm, and 

788.92±432.56 µS/cm, at sampling locations of SP_3, and SP_4, respectively, (Figure 4.2 

and Table 4.1). Whereas in sampling point SP_5 which was, waste stabilization pond point 

source effluent becomes higher when compared with sampling point SP_3 and SP_4 due 

to the amount of dissolved solid discharged from domestic waste from WSP. But as soon 

as the waste from waste stabilization pond dilute with the river the concentration of ion 

becomes decrease to the downstream of the river which was recorded 815.83±406.48, and 

734.16±401.17 at sampling point SP_6 and SP_7 respectively.       

 

Figure 4- 2 Mean Value of EC     
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Generally, from the study, the mean EC values at all sampling locations along the River 

was under the permissible limits of ambient surface water EC set by Ethiopian EPA (2003), 

USEPA, (2018) and WHO, (2011) that was below 1000 µS/cm except sampling point 

SP_2.  (Table 2-1).        

The result clearly indicates that the river water along different sampling locations are 

characterized by a little bit ionized and has smooth level of ionic concentration activity that 

implies the river water had reduced total salinity gradually to the downstream part of the 

river. Similarly, previous studies had shown on (Ogunfowokan et al., 2005) reported that 

EC value of 703.33±175.22 µS/cm whereas observed maximum EC value of 36.69 µS/cm 

for water quality.  In contrast with the current results, other studies like (Enitan et al., 2015), 

reported that the value of EC was in the range of 1.044-1.622 µS/cm which was beyond the 

limit indicating there was a highest total dissolved solid of wastewater showing a significant 

effect on the river water EC value.   (Ogbu et al., 2016) also records 489.00 ± 172.00 on 

Ajali river waste discharge from brewery effluent.      

 Statistical analysis (ANOVA) showed that in the present study EC values were not 

significantly different among the different sampling locations (P < 0.05) indicating 

different sources of water from different sampling locations haven’t any effect on the 

quality of Shinta river.        

4.1.3 pH     

pH is defined as the negative logarithm of hydrogen ion concentration. The ideal pH of 

natural water is between 6 and 8. Variations in pH of water are mainly due to hydrolysis 

of salts of weak acids and strong bases or vice versa. pH of water is also affected by the 

dissolved gases such as carbon dioxide, Hydrogen sulphide, ammonia etc.(M.Mamatha, 

2017).   

In the present study the highest mean PH values measured as 7.91±0.63 at the sampling 

location of SP_2 and the lower value recorded at sampling point SP_1, which was 

7.16±0.25. The maximum value at this sampling location could be associated with 

industrial wastewater from brewery industry and sewage flowing from the surrounding. 

On the other hand, the mean values of pH at sampling locations of SP_3, SP_4, SP_5, 
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SP_6, and SP_7 were recorded as 7.61 ± 0.24, 7.4 ± 0.155, 7.64 ± 0.26, 7.43 ± 0.24, and 

7.32 ± 0.24, respectively, (Figure 4.3 and Table 4.1). From these data the mean values of 

PH in the sampling locations of SP_1, SP_2, SP_3, SP_4, SP_5 and SP_6 as well as SP_7 

were under the permissible limit set by Ethiopian EPA, (2003), USEPA, (2018) and WHO, 

(2011), respectively, as shown in Table 2.1. Previous studies, (Kanu and Achi, 2011) and 

(Belay and Sahile, 2013) were also found the value of pH in between 7.80 ± 0.07.   

 

 Figure 4- 3 Mean Value of pH     

Generally, this study indicates that the pH values of all sampling location along the river 

has no a significant effect as the pH value was almost agreed with the recommended 

guidelines.    Statistical analysis (ANOVA) showed that in the present study PH values 

were no significantly different among the different sampling locations (P < 0.05). Average 

Maximum Minimum indicating different sources of wastewater from different sampling 

locations not affecting the quality of Shinta River.       

4.1.4 Turbidity       

The research finding shows that the mean turbidity value at different sampling locations 

along the river was very high with respect to the permissible limit.  There was a very strong 
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correlation between total suspended solids and turbidity, indicating that an increase in 

suspended solids translates into an increase in turbidity Lutz (2004).     

The higher mean value of turbidity was measured as 176.55±48.83 NTU at sampling point 

(SP-2) from Dashen brewery industrial wastewater at sampling location of SP_2 before 

mixing to the river. The mean turbidity values along the river sampling locations showed 

a decreasing pattern and measured as 70.47±12.31, 38.51±3.86, NTU at sampling location 

of SP_3 and SP_4, respectively, indicating the effect of sedimentation process in reducing 

total suspended solids. Whereas the mean turbidity values at the sampling locations SP_5, 

SP_6 and SP_7 were recorded as 62.05±35.51, 38.25±29.08, and 38.21±33.17 NTU, 

respectively, (Figure 4.4 and Table 4.1).       

 

                                        Figure 4- 4 Mean Value of Turbidity     

Generally, the above result clearly indicated that the higher Turbidity values in the river 

water have public health concern due to the possibilities of pathogenic bacteria encased in 

the particles and thus escaping disinfection processes. This indicates that the entire river is 

generally polluted and posing problems to aquatic lives and domestic uses. This might be 

due to improper disposal of wastewater and sewage from different industrial and domestic 
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activities which prevent the penetration of sunlight required for photosynthesis process 

and thus oxygen production in the aquatic environment.        

Similar higher turbidity values were also recorded by many workers as compared to the 

limit in the study area as set by (Enitan et al., 2015) 388.00 ± 117.00; Statistical analysis 

(ANOVA) showed that in the present study turbidity values were significantly different 

among the different sampling locations (P < 0.05) indicating different sources of 

wastewater from different sampling locations affecting the quality of Shinta River.      

4.1.5. Total dissolved solids (TDS)       

As indicated in the Figure 4.6 the result of this study revealed that, the highest value of 

TDS was recorded at sampling point (SP-2) 1204.33±305.8 mg/l, and the lowest value 

TDS was also recorded at sampling point (SP-1) 324.48±189.4 mg/l. In the other sampling 

locations, SP_3, SP_4, SP_5, SP_6 and SP_7, the mean total dissolved solids (TDS) values 

were, 611.58±347.13 mg/l, 512.77±325.20 mg/l, 881.73±194.82 mg/l, 530.25±305.54 and 

485.08±294.01 mg/l respectively along the river (Figure 4.6 and Table 4.1). This value 

was significantly varying at the different sampling locations and below the guideline value 

in Ethiopian EPA, (2003) but the higher value recorded in this study was above the 

maximum limit of USEPA, (2018) and WHO, (2011), in (Table 2-1).    In similar 

wastewater type (Parawira et al., 2005) also recorded 4520 ± 1927 this maximum value.     
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                                                 Figure 4- 5 Mean Values of TDS    

Tomass and Kidane, (2012) and (Singh and Singh, 2006), the source of total dissolved 

solids can be naturally present in water or the result of mining, oil and gas drilling, organic 

source such as leaves, silt, plankton, industrial wastewater, and sewage discharges. 

Similarly, in this study, the major source of total dissolved solids is the direct discharging 

of partially treated and treated industrial and domestic wastewater in addition to the sewage 

from the surrounding community. In line with this, the values recorded at the discharging 

location of the industries were higher than other sampling locations.        

In general, this high concentrations of dissolved solids in Shinta river can change the water 

to have unpleasant taste and laxative effects in drinking, reduced water clarity, decrease in 

photosynthesis, binding with toxic compounds, increase salinity and heavy metals, and 

increased water temperature through greater absorption of sunlight resulting an adverse 

effect on environment.         

Similar higher total suspended solid values were also recorded by many workers as 

compared to the limit set by Flint, (2011). Statistical analysis (ANOVA) showed that in 

the present study total dissolved solids value were significantly different among the 



49   

   

different sampling locations (P < 0.05) indicating different sources of wastewater from 

different sampling locations affecting the quality of Shinta river.       

4.1.6. Dissolved Oxygen (DO)    

Dissolved oxygen (DO) determination measures the amount of dissolved (or free) oxygen 

present in water or wastewater. Aerobic bacteria and aquatic life such as fish need 

dissolved oxygen to survive. If the amount of free or DO present in the wastewater process 

is too low, the aerobic bacteria that normally treat the sewage will die. As it be one of the 

most important parameters. Its correlation with water body gives direct and indirect 

information e.g. bacterial activity, photosynthesis, availability of nutrients, stratification 

etc. (Premlata, 2009).     

Dissolved oxygen (DO) levels vary depending upon a number of physical and biological 

factors.  DO levels are highest at the poles and lowest at the equator.  DO levels are highest 

when the water is cold and lowest when the water is warm. DO levels are higher during 

the day and decrease at night (Mandal et al., 2012).  

From the study, the result shows that the higher mean value of dissolved oxygen content 

was recorded at the river upstream sampling location SP_1 as 5.73±0.25 mg/l before 

Dashen brewery industrial wastewater joined with the river. The minimum value of DO 

value was also recorded 1.99±0.094 mg/l at SP-2 the point of wastewater discharged from 

Dashen brewery factory before mixing to the river which indicates highly concentrated 

organic matter discharged from the factory. The other sampling point mean values of 

dissolved oxygen along the river were recorded as 2.57±0.57, and 3.44±0.64 mg/l at, SP_3, 

and SP_4 respectively.  In addition, the values at the consecutive sampling location of 

SP_5, SP_6 and SP_7 were also measured as 4.68±0.27 mg/l, 4.60±0.49 mg/l and 

5.35±1.03 (Figure 4.7 and Table 4.1). All the mean values of dissolved oxygen from this 

result were below the permissible limit of ambient surface water, dissolved oxygen values 

set by which was above 8 mg/l in both cases except sampling point SP_1 which was above 

the permissible value of the set by the above institution and also SP_7 was above the 

standards due to self-purification of the river (Table 2-1).     
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When the water is polluted with large amount of organic matter, the amount of dissolved 

oxygen would be rapidly consumed in the biological aerobic decay which would affect the 

water quality and aquatic lives in the aquatic environment, (Rato et al., 2011). Similarly, 

in this study, due to organic matter discharged from Dashen brewery partially treated 

industrial wastewater in addition to its higher temperature value that increase the rate of 

decomposition, the resulting dissolved oxygen content became reduced at sampling 

locations of industrial wastewater discharge location.      

Lack of Dissolved Oxygen in natural water creates the most problems, specifically an 

increase in tastes and odors as a result of anaerobic decomposition. Oxygen depletion is 

also sometimes experienced in eutrophic conditions accompanied by turbid conditions, 

algal blooms, pathogens, and habitat loss (Copple et al., 2010). Statistical analysis 

(ANOVA) showed that in the preseni8kit study dissolved contents were significantly 

different among the different sampling locations (P < 0.05) indicating different sources of 

water from different sampling locations affecting the quality of Shinta river.       
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In general, Dashen brewery industrial wastewater flowing into the river has higher 

influence in reducing the DO content than waste stabilization pond wastewater. As a result, 

the dissolved oxygen content of the river downstream sampling location is lower than the 

upstream.      

4.1.7. Biological Oxygen Demand (BOD5)     

BOD is a measure of organic material contamination in water, specified in mg/L. BOD is 

the amount of dissolved oxygen required for the biochemical decomposition of organic 

compounds and the oxidation of certain inorganic materials (e.g., iron, sulfites). Typically 

the test for BOD is conducted over a five-day period (Patil, Sawant, & Deshmukh, 2012).    

Results obtained from this study showed that the maximum mean value of BOD5 was 

recorded as 243.25±28.73 mg/l at sampling location of SP_2. This highest mean value is 

mainly attributed to the poorly treated beverage industrial wastewater which has a greater 

amount of organic matter constituents and the minimum value of BOD5 was recorded at 

SP1, 39.5±13.82 mg/l natural value of the river. The mean values of BOD5 at the sampling 

locations along the river were measured as, 156.25±39.66, 102.75±12.25, 54.5±7.59, 

58.5±20.33, 39.62±27.86 mg/l at SP_3, SP_4, SP_5, SP_6, and SP_7 respectively. This 

regular decreasing pattern could be traceable with the degradation of higher contents of 

organic matter along with the river.  At the same time (Enitan et al., 2015), 3215.27 ± 

870.92 mg/l.    
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Figure 4.7 Mean value of BOD   

From this result, all the mean values of BOD5 except the river upstream and downstream 

sampling location were extremely outside the permissible limit of ambient surface water 

BOD5 values set by Ethiopian EPA (2003), USEPA, (2018) and WHO, (2011)) which was 

above 40 and 30 mg/l respectively (Table 2-1).       

This High level of BOD5 in Shinta River has resulted primarily from an excess amount of 

biodegradable organic matter contents of partially treated Dashen industrial wastewater 

than the treated waste stabilization pond wastewater. When the organic matter content 

increases in the river water, the numbers of decomposers increase. These decomposers 

grow rapidly and use much amount of oxygen during their growth that leads to a depletion 

of oxygen as the decomposition process occurs a lack of oxygen can kill aquatic organisms. 
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As the aquatic organisms die, they are broken down by decomposers which lead to further 

depletion of the oxygen level.        

Generally speaking, Statistical analysis (ANOVA) showed that in the present study 

Biological oxygen demand values were significantly different among the different 

sampling locations (P < 0.05) indicating different sources of water from different sampling 

locations affecting the quality of Shinta river. It was observed that both industrial domestic 

wastewater discharges impacted negatively on the biochemical and biological quality of 

the river water.  This negative impact was attributed to the poor quality of the wastewater 

discharged into the river. However, it was noted that the river water quality was good 

enough before the discharge of wastewater and sewage into the water. Therefore, the 

wastewater and sewage discharge polluted the quality of the Shinta river water in terms of 

organic matter.         

4.1.8.  Nitrate (NO3
-)      

Nitrates are a form of nitrogen, which is found in several different forms in terrestrial and 

aquatic ecosystems. These forms of nitrogen include ammonia (NH3), nitrates (NO3-), and 

nitrites (NO2). Nitrates are essential plant nutrients, but in excess amounts they can cause 

significant water quality problems. Together with phosphorus, nitrates in excess amounts 

can accelerate eutrophication, causing dramatic increases in aquatic plant growth and 

changes in the types of plants and animals that live in the stream. This, in turn, affects 

dissolved oxygen, temperature, and other indicators. Excess nitrates can cause hypoxia 

(low levels of dissolved oxygen) and can become toxic to warm-blooded animals at higher 

concentrations (10 mg/L) or higher) under certain conditions. The natural level of 

ammonia or nitrate in surface water is typically low (less than 1 mg/L); in the effluent of 

wastewater treatment plants, it can range up to 30 mg/L. Sources of nitrates include 

wastewater treatment plants, runoff from fertilized lawns and cropland, failing on-site 

septic systems, runoff from animal manure storage areas, and industrial discharges that 

contain corrosion inhibitors (Shuval & Gruener, 2013).  

Some forms of nitrogen are poisonous to humans or to aquatic organisms. Concentrations 

of nitrate in drinking water greater than 10 mg/liter can be harmful to young babies. Nitrite 
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(a form of nitrogen) can be toxic to fish, such as rainbow trout, at concentrations of about 

4 mg/liter. Ammonia (another form of nitrogen) may be toxic to fish and aquatic 

invertebrates at very low concentrations. Ammonia can affect fish at very low 

concentrations, especially when the water is somewhat basic (high pH) and at temperatures 

above 20 °C.  

Present study findings revealed that the mean Nitrate (NO3-) value at different sampling 

locations along the river were ranged from its maximum value of 4.49±0.126 mg/l at the 

sampling location of SP_5 the waste water effluent from waste stabilisation pond before 

mixing to the river and minimum value of 0.193±0.056 mg/l at the sampling location SP_1 

before the river joined with the waste water discharged from brewery industrial 

wastewater. The mean values of NO3- in other sampling location were 3.568±1.104, 

3.02±0.70, 2.37±1.80, 1.76±1.64 and 1.62±0.88 mg/l at the respective sampling location 

of SP_2, SP_3, SP_4, SP_6, and SP_7 (Figure 4.10 and Table 4.1). All the values of NO3
- 

were below the permissible limit of ambient surface water set by Ethiopian EPA, (2003), 

USEPA, (2018) and WHO, (2011) which was above 50mg/l.      

 

      

Figure 4.8 Mean value of Nitrate   
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In general, both Dashen brewery factory and waste stabilization pond wastewater, as well 

as sewage released from the surrounding community, have a significant effect to Nitrate 

Nitrogen content on Shinta River when compared from other sampling point.   Study 

findings showed that the mean Nitrate-Nitrogen values at all sampling locations along the 

River are under the permissible limits of ambient surface water Nitrate-Nitrogen value set 

by Ethiopian EPA (2003) which is below 50 mg/l (Table 2-1). Generally, when the mean 

Nitrate-Nitrogen value of all sampling locations as compared with the river upstream 

sampling point (as reference) was much higher, which indicates the rivers Nitrate-Nitrogen 

content was increased. Similar studies in the assessment of pollution profiles on Sebeta 

River, Deshu Mammo, (2004) reported mean nitrate concentration of (7.60±6.2-176±114 

mg/l. (Enitan et al., 2015) record 4.30 ± 3.41 mg/l) nitrate concentration from the river.     

In this study, high nitrate concentrations at Shinta River occur as a result of the deamination 

of ammonium nitrogen from nitrogenous material raw wastes that can be oxidized in to 

nitrate by the action of microbiological agents. This would allow for growth of algae which 

would lower the amount dissolved oxygen level. The statistical analysis showed that there 

was significant difference among nitrate at different sample locations along the River (P < 

0.05)        

4.1.9. Phosphate (PO43-)        

Phosphorus is one of the essential nutrients necessary for the nutrition and growth of living 

organisms. Like nitrogen, it is a limiting nutrient for algal growth, because it occurs in the 

least amount relative to the needs of plants. In natural and wastewaters, phosphorus occurs 

almost solely as dissolved phosphate and it is the most significant form of phosphorus in 

natural water.  

This study showed that the maximum mean value of phosphate (PO4
3-) was recorded as 

2.26±1.72 mg/l at sampling location of SP_2. The mean values of PO4
3- at  the consecutive 

sampling locations along the river were measured as 0.38±0.52, 1.58±1.4, 0.385±0.17, 

mg/l at SP_1, SP_3, SP_4, respectively. This indicates the mean value after the wastewater 

from SP_2 was diluted with the natural river water became decrease along the sampling 

locations. Whereas the mean values of PO4
3- in other sampling location were measured as 
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2±2.45, 0.99±1.35, and 0.37±0.32 at sampling locations of SP_5, SP_6, and SP_7, 

respectively, (Figure 4.9 and Table 2.1).       

 

Figure 4.9 Mean value of phosphate   

 In general, from graphical presentation, the concentration of phosphate shows lowers in 

SP-1 and due to effluent from brewery wastewater at SP-2 increase, but when mix to the 

river due to dilution up to SP-4 becomes decrease. At SP-5 effluent from WSP shows 

increase and due to dilution decrease towards downstream. In general, the effect of 

Phosphate content from Dashen brewery industrial wastewater is relatively significant than 

waste stabilisation pond wastewater to increase Phosphate value to worsen the quality of 

Shinta River.  But in this study at all sampling locations, the mean Phosphate values were 

by far lower than the recommended value of 10mg/l, Ethiopian EPA (2003). However, all 

analyzed values in all sampling points were found greater than the standard limits of 0.5 

and 0.1 mg/l by USEPA. (2018), and WHO, (2011), respectively. This indicates that the 

level of phosphate concentration was low in both industrial wastewater and waste 

stabilization pond as Ethiopian EPA, (2003).       
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Therefore, on the basis of the result, phosphorous content which has no significant adverse 

effects on the receiving river in terms of eutrophication. Eutrophication is one of fresh 

water impairment caused by high Phosphate and nitrate Ethiopian EPA (2003). That may 

have a significant environmental effect such as algal blooms and can be restricting the use 

of water bodies for purposes such as recreation or drinking water for human and animal 

use. The statistical analysis showed that there was a significant difference of phosphate at 

the different sampling locations along the River (P<0.05) indicating different Phosphate 

content of water from different sampling locations of the River.      

4.1.10. E. Coli     

The presence of E. coli in water is a strong indication of recent sewage or animal waste 

contamination. It is important to note that E. coli and waste can get in our water in many 

different ways. Finding coliform or other bacteria in water does not necessarily always 

mean you will become ill. However, if these organisms are present, other disease-causing 

organisms may also be present. The presence of fecal contamination is a sign that a 

possible health risk exists for individuals exposed to this water. Health symptoms related 

to drinking or swallowing water contaminated with fecal coliform bacteria generally range 

from no ill effects to cramps and diarrhea (gastrointestinal distress). Sanitarians and those 

who test water look for total and fecal coliform bacteria to alert people to the possible 

dangers and suggest proper treatments to remove potentially harmful bacteria from the 

water.  The presence of any fecal coliform in drinking water is of immediate concern as 

many diseases can be spread through fecal transmission (Pope et al., 2003).  

This study indicates that the maximum mean value of E. coli counted at sampling point 

SP_5, counted 325 ±91.79 MPN/100 ml before mixing the waste discharged from waste 

stabilization pond to the river. That indicates the waste water discharged to the river 

contaminated by bacteriological organisms, and also the minimum mean value of E. coli 

counted at sampling point SP_1 was 37.75±7.32 MPN/100 ml, at the point upstream part 

of the river before joining to the brewery industrial wastewater, it was used as control point 

for the downstream sampling point. The mean value of E. coli for the other sampling point 

along the reach were 85±5.71, 74±6.97, 37.75±10.21 MPN/100 ml at sampling point of 

SP_2, SP_3, and SP_4, the sources of these amount of bacteriology at the particular point 
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were due to the surrounding community sewage discharge and the soil during runoff 

towards to the river. The rest sampling point after mixing the river with the waste water 

from waste stabilisation pond was counted as 301±81.92 and 288±20.92 at sampling point 

SP_6 and SP_7 respectively.  In general, the amount of E. coli from SP-1 was lower than 

from SP-2, due to the wastewater discharged from brewery factory was through wetland 

as runoff that contain E. coli by nature. Most of the time the source of bacteriological 

organisms is fecal waste from human and animals, even though in this study area large 

amount of E. coli counted from the discharging point of waste stabilisation pond      

   

   

 

Figure 4.10 mean value of E. coli    

The amount of E. coli counted at each particular sampling point were above the permissible 

limit set by different standards such as (Wosnie and Wondie, 2014) 0 CFU/10ML. But in 

this study the amount of E. coli counted at each sampling point was not fulfil with 
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standards. This indicates that most of the time wastewater discharged from the point source 

to surface water sources which are used for different purpose; biological water quality 

parameters especially bacteriological treatment was not considered during treatment.  The 

statistical analysis showed that there was a significant difference of E. coli at the different 

sampling locations along the river (P<0.05) indicating different amount of E. coli from 

different sampling locations of the river.      
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Table 4- 1 Summery of Mean Physicochemical and Bacteriological Value of Point Source Wastewater  

    Para    unit    SP_1    SP_2    SP_3    SP_4    SP_5   SP_6   SP_7  

      Temp     °c     19.5±0.95   28.09±0.29  

  

 24.09±0.9  

  

 22.4±0.83  

  

 21.42±0.6  

  

21.42±0.638  

  

 20.77±0.64  

  

       EC     µs/cm  542.9±308.8  

  

  1734±481.6  

  

 941.6±462.7  

  

 788.9±432.6  

  

1450.2±137.7  

  

815.83±406.4  

  

 734.2±401.17  

  

       pH      7.2±0.253  

  

 7.7±0.198  

  

 7.6±0.245  

  

 7.4±0.155  

  

 7.6±0.3  

  

 7.4±0.24  

  

 7.3±0.24  

  

        Tur.     NTU    20.7±1.9  

  

  176.5±48.8  

  

 70.4±12.3  

  

 38.5±3.86  

  

 62.±35.5  

  

 38.25±29  

  

 38±33.2  

  

        TDS     mg/l  324.5±189.4  

  

1204.3±305.8  

  

611.5±347.13  

  

 512.7±194.8  

  

 881.7±305.5  

  

 530.3±305.5  

  

 485.0±294  

  

        DO     mg/l   5.730.25  

  

 1.99±0.09   2.57±0.57   3.4±0.641  

  

 4.7±0.28  

  

 4.6±0.49  

  

 5.3±1.03  

  

       BOD5     mg/l   39.5±13.8   243.25±28.7  

  

 156.3±39.6   102.7±12.3  

  

 54.5±7.6  

  

  58.5±0.3  

  

 39.6±27.8  

      NO3
-     mg/l   0.19±0.1  

  

 3.56±1.10  

  

 3.02±0.70  

  

 2.4±1.8  

  

 4.5±0.13  

  

 1.7±1.64  

  

 1.6±0.88  

     PO4
3-    mg/l   0.38±0.5  

  

 2.26±1.73  

  

 1.58±1.4  

  

 0.39±0.2  

  

 2.0±2.3  

  

 0.99±1.4  

  

 0.37±0.327  

  

    E. coli  MPN/100ml   37.7±10.2  

  

 85±5.715  

  

 74±6.9   34.75±7.3  

  

 325±91.9  

  

 301±81.92   288±20.92  
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5. CONCLUSION AND RECOMANDATIOS    

5.1 Conclusions         

From the findings of the study, most of the analyzed Physico-chemical and bacteriological 

parameters were beyond the permissible limits of Ethiopian EPA, (2003) USEPA, (2018) 

and WHO, (2011). The effluents of industrial and domestic wastewater were significantly 

affected the river water quality as a result of Turbidity, TDS, DO, BOD5, EC and E. coli. 

Concentration of Temperature, pH, Phosphate, Nitrate and DO from both, point sources, 

brewery factory and waste stabilization pond were recorded as below the permissible limit 

according to Ethiopian EPA, (2003). The extremely highest BOD level in addition to other 

parameters which are above the permissible unit content would be harmful to the immediate 

environment and the receiving water bodies. Furthermore, the result of this study also 

showed that the industrial wastewater discharges higher amount of organic matter content in 

the downstream river water in addition to the slight increased temperature causing a higher 

rate of organic matter degradation which might have an effect on the availability of dissolved 

oxygen.          

In general, the discharge of institutional and industrial wastewater, along with untreated 

sewage in to the river prevents the sustainable use of river water for different purposes. These 

facts must be regularly brought to the attention of the public in and around Gondar where 

local industries and people discharge their wastewater directly into the aquatic environment 

without taking into account the ecological consequences. This can lead to an overwhelming 

environmental condition unless this wastewater managed properly. The proper disposal of 

industrial and institutional wastewater is mainly necessary to protect the environment from 

heavy loads of pollutants and toxic substances. The results of physico-chemical and 

bacteriological measurements indicate that the water quality of the Shinta River has been 

affected by the release of poorly treated and partially treated wastewater from these 

industries, waste stabilization pond and sewage from the surrounding community, which is 

the main threat not only to aquatic River diversity, but also human health around the 

downstream environment.       
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5.2 Recommendations        

Based on the present research output, the following recommendations are drawn; The 

Ministry of Trade and Industry, together with the local government, must ensure industries 

have to implement efficient technology such as wastewater treatment Plants (WWTP’s) in 

order to minimize the discharge of untreated industrial and institutional wastewater into 

water bodies thus minimize their effects on water resources and livelihoods in the 

downstream community.       

The Environmental Protection Agency, in cooperation with the local government, should 

improve and exercise the right of enforcement to control the disposal of industrial and 

institutional wastewater in water bodies. Legal, administrative and technical measures 

should be applied where necessary. Remedies such as the order of restraints, compound 

criminal offences and fines required to reduce or eliminate unnecessary discharges of 

untreated and poorly treated industrial wastewater in the receiving water system their effects 

to reduce it.  In addition, it is highly recommended that Industries to have adequate 

wastewater treatment plants (WWTP’s) and hence minimize the threatened of pollutant 

loads in to the river.   Although the river is contaminated with chemical and toxic substances; 

it has been found that some people use river water for domestic purposes. Local communities 

should be aware of the potential hazards associated with using this contaminated water.       

It should be an urgent requirement to oblige and continuous follow-up the industries and 

institutions which have possible wastewater discharges in to the river in order to keep the 

water safe as well as reduce further health risks.    

   

   

   

   

   

   

  



63  

  

REFERENCE     

ADDISCOTT, T. M., WHITMORE, A. P. & POWLSON, D. S. 1991. Farming, fertilizers and the 

nitrate problem, CAB International (CABI).  

Adelman, I. R., Kusilek, L. I., Koehle, J., & Hess, J. (2009). Acute and chronic toxicity of 

ammonia, nitrite, and nitrate to the endangered Topeka shiner (Notropis topeka) 

and fathead minnows (Pimephales promelas). Environmental Toxicology and  

 Chemistry: An International Journal, 28(10), 2216-2223.       

ALEMU, A. & GABBIYE, N. 2017. Assessment of chromium contamination in the surface water and 

soil at the riparian of Abay River caused by the nearby industries in Bahir Dar city, Ethiopia.  

Water Practice and Technology, 12, 72-79.     

ALEMU, T., LEMMA, E., MEKONNEN, A. & LETA, S. 2016. Performance of pilot scale 

anaerobicSBR system integrated with constructed wetlands for the treatment of tannery 

wastewater. Environmental Processes, 3, 815-827.     

ALVARADO, A., VEDANTAM, S., GOETHALS, P. & NOPENS, I. 2012. A compartmental model to 

describe hydraulics in a full-scale waste stabilization pond. Water research, 46, 521-530.     

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, 269-279.     

ARIMORO, F. O. & IKOMI, R. B. 2008. Response of macroinvertebrate communities to abattoir wastes 

and other anthropogenic activities in a municipal stream in the Niger Delta, Nigeria. The 

Environmentalist, 28, 85-98.     

ASHBOLT, N. J. 2004. Microbial contamination of drinking water and disease outcomes in developing 

regions. Toxicology, 198, 229-238.  

 AWOMESO, J., TAIWO, A., GBADEBO, A. & ADENOWO, J. 2010. Studies on the pollution of water 

body by textile industry effluents in Lagos, Nigeria. Journal of Applied Sciences in 

Environmental Sanitation, 5, 353-359.     

AZIZULLAH, A., KHATTAK, M. N. K., RICHTER, P. & HÄDER, D.-P. 2011. Water pollution in 

Pakistan and its impact on public health a review. Environment international, 37, 479-497.  



64  

  

        BELAY, A. & SAHILE, S. 2013. The effects of Dashen brewery wastewater treatment effluent on the 

bacteriological and physicochemical quality of Shinta river in Gondar, north west Ethiopia.  

World Environ, 3, 29-36.      

Binch, H., Fanning, L. T., Botfield, M., Grootenhuis, P. D., Van Goor, F., & Numa, M. 

M. D. (2015). Modulators of cystic fibrosis transmembrane conductance 

regulator: Google Patents.  

Boyd, C. E. (2019). Water quality: an introduction: Springer Nature.  

CARPENTER, S. R., CARACO, N. F., CORRELL, D. L., HOWARTH, R. W., SHARPLEY, A. N. 

& SMITH, V. H. 1998a. Nonpoint pollution of surface waters with phosphorus and nitrogen. 

Ecological applications, 8, 559-568.     

CARPENTER, S. R., COLE, J. J., KITCHELL, J. F. & PACE, M. L. 1998b. Impact of dissolved 

organic carbon, phosphorus, and grazing on phytoplankton biomass and production in 

experimental lakes. Limnology and Oceanography, 43, 73-80.     

CHANG, H., WAN, Y., WU, S., FAN, Z. & HU, J. 2011. Occurrence of androgens and progestogens 

in wastewater treatment plants and receiving river waters: Comparison to estrogens. Water 

research, 45, 732-740.     

CHANG, Q., HE, H. & MA, Z. 2008. Efficient disinfection of Escherichia coli in water   by silver 

loaded alumina. Journal of inorganic biochemistry, 102, 1736-1742.     

 CHAURASIA, N. K. & TIWARI, R. K. 2011. Effect of industrial effluents and wastes on 

physicochemical parameters of river Rapti. Advances in Applied Science Research, 2, 207-

211.     

COCK, J. M., STERCK, L., ROUZÉ, P., SCORNET, D., ALLEN, A. E., AMOUTZIAS, G., 

ANTHOUARD, V., ARTIGUENAVE, F., AURY, J.-M. & BADGER, J. H. 2010. The  

Ectocarpus genome and the independent evolution of multicellularity in brown algae. Nature, 

465, 617.     

COPPLE, I. M., LISTER, A., OBENG, A. D., KITTERINGHAM, N. R., JENKINS, R.    

E., LAYFIELD, R., FOSTER, B. J., GOLDRING, C. E. & PARK, B. K. 2010.  Physical and 

functional interaction of sequestosome 1 with Keap1 regulates the Keap1-Nrf2 cell defense 

pathway. Journal of Biological Chemistry, 285, 1678216788.     



65  

  

COXON, C. & DREW, D. 2000. Interdependence of groundwater and surface water in lowland karst 

areas of western Ireland: management issues arising from water and contaminant transfers. 

Geological Society, London, Special publications, 182, 81- 88.     

 DE GROOT, N., BURGERHART, J., VAN DE MEEBERG, P., DE VRIES, D., SMOUT, A. &  

SIERSEMA, P. 2009. Systematic review: the effects of conservative and surgical treatment 

for obesity on gastro‐esophageal reflux disease. Alimentary pharmacology & therapeutics, 

30, 1091-1102.     

 DEBERNARDI, L., DE LUCA, D. A. & LASAGNA, M. 2008. Correlation between nitrate 

concentration in groundwater and parameters affecting aquifer intrinsic vulnerability. 

Environmental Geology, 55, 539-558.     

 DI LUZIO, M., SRINIVASAN, R. & ARNOLD, J. G. 2004. A GIS‐coupled hydrological model 

system for the watershed assessment of agricultural nonpoint and point sources of pollution. 

Transactions in GIS, 8, 113-136.     

DRECHSEL, P. & EVANS, A. E. 2010. Wastewater uses in irrigated agriculture. Irrigation and 

Drainage Systems, 24, 1-3.     

        EDITION, F. 2011. Guidelines for drinking-water quality. WHO chronicle, 38, 104-8.  

      EDITION, T. 2008. Guidelines for Drinking-water Quality. WHO Chronicle, 1, 334-415.  

   EDOKPAYI, J. N., ODIYO, J. O. & DUROWOJU, O. S. 2017. Impact of wastewater on surface water 

quality in developing countries: a case study of South Africa. Water Quality; INTECH:  

Vienna, Austria, 401-416.     

   EGWUONWU, C., UZOIJE, A., OKAFOR, V., EZEANYA, N. & NWACHUKWU, M. 2012.  

Evaluation of the effects of industrial wastewater discharge on surface water: A case study 

of Nigeria Breweries PLC, Enugu. Greener Journal of Physical Sciences, 2, 56-63.  

   ENGDAW, F. 2014. Physico-Chemical Parameters and Bacteriological Qualities of Water Samples 

from Wastewater Treatment Pond, University of Gonder, Ethiopia. International Journal of 

Pharmaceutical and Health Care Research, 2, 192-197.     

     ENITAN, A. M., ADEYEMO, J., KUMARI, S. K., SWALAHA, F. M. & BUX, F. 2015.  

Characterization of brewery wastewater composition.     

ERIKSSON, E., AUFFARTH, K., HENZE, M. & LEDIN, A. 2002. Characteristics of grey                        

wastewater. Urban water, 4, 85-104.     



66  

  

       EWNETU, D. A. 2014. Determination of Surface Water Quality Status and Identifying Potential 

Pollution Sources of Lake Tana: Particular Emphasis on the Lake Boundary of Bahirdar City, 

Amhara Region, North West Ethiopia Journal of Environment and Earth Science 4.  

Fadiran, A., Dlamini, S., & Mavuso, A. (2008). A comparative study of the phosphate levels 

in some surface and ground water bodiesof Swaziland. Bulletin of the Chemical 

Society of Ethiopia, 22(2  

FANG, X. & STEFAN, H. G. 2009. Simulations of climate effects on water temperature, dissolved 

oxygen, and ice and snow covers in lakes of the contiguous US under past and future climate 

scenarios. Limnology and Oceanography, 54, 2359-2370  

FADIRAN, A., DLAMINI, S. & MAVUSO, A. 2008. A comparative study of the phosphate levels 

in some surface and ground water bodiesof Swaziland. Bulletin of the Chemical Society of 

Ethiopia, 22.  

FEKADU, S., MERID, Y., BEYENE, H., TESHOME, W. & GEBRE-SELASSIE, S.2015.  

Assessment of antibiotic-and disinfectant-resistant bacteria in hospital wastewater, south 

Ethiopia: a cross-sectional study. The Journal of Infection in Developing Countries, 9, 

149156.     

FIRDISSA, B. & SOROMESSA, Y. S. T. 2016. Assessment of the Status of Industrial Waste Water 

Effluent for Selected Industries in Addis Ababa, Ethiopia. Assessment, 6.     

GOEL, P. 2006. Water pollution: causes, effects and control, New Age International.  

GRANDJEAN, A. & BARTRAM, J. 2011. Essential nature of water for health: water as part of the 

dietary intake for nutrients and the role of water in hygiene.     

GROUP, T. H. I., HAGGSTROM, A. N., DROLET, B. A., BASELGA, E., CHAMLIN,     

S. L., GARZON, M. C., HORII, K. A., LUCKY, A. W., MANCINI, A. J. & METRY, D. W. 2007. 

Prospective study of infantile hemangiomas: demographic, prenatal, and perinatal 

characteristics. The Journal of pediatrics, 150, 291-294.     

GUPTA, V., ALI, I. & SAINI, V. 2004. Removal of chlorophenols from wastewater using red mud: 

an aluminum industry waste. Environmental science & technology, 38, 4012-4018.     

HALIMOON, N. & YIN, R. G. S. 2010. Removal of heavy metals from textile wastewater using 

zeolite. Environment Asia, 3, 124-130.   

Hitt, N. P., Floyd, M., Compton, M., & McDonald, K. (2016). Threshold responses of 

Blackside Dace (Chrosomus cumberlandensis) and Kentucky Arrow Darter 



67  

  

(Etheostoma spilotum) to stream conductivity. Southeastern Naturalist, 15(1), 

41-60.     

HOLMA, B. 1985. Influence of buffer capacity and pH-dependent rheological properties of respiratory mucus 

on health effects due to acidic pollution. Science of the total environment, 41, 101-123.  

JAIN, R. B. D. 2016. Water quality assessment of lake water: a review. Sustain. Water Resour.  

Manag, 2, 161-173.     

JOUANNEAU, S., RECOULES, L., DURAND, M., BOUKABACHE, A., PICOT,  

PRIMAULT, Y., LAKEL, A., SENGELIN, M., BARILLON, B. & THOUAND, G. 2014. Methods 

for assessing biochemical oxygen demand (BOD): A review. Water research, 49, 62-82.     

KANSIIME, F. & MAIMUNA, N. 1999. Wastewater treatment by a natural wetland: The Nakivubo 

swamp, Uganda, CRC Press.     

  KANU, I. & ACHI, O. 2011. Industrial effluents and their impact on water quality of receiving rivers 

in Nigeria. Journal of applied technology in environmental sanitation, 1, 75-86.     

KATYAL, D. 2011. Water quality indices used for surface water vulnerability assessment. 

International journal of environmental sciences, 2.     

KEBEDE, T. 2018. Waste water treatment in brewery industry, Review. International Journal of 

Engineering Development and Research 6 (1), 2321-9939.     

KEBEDE, T. G., DUBE, S., MENGISTIE, A. A., NKAMBULE, T. T. & NINDI, M. M. 2018. 

Moringa stenopetala bark: A novel green adsorbent for the removal of metal ions from 

industrial effluents. Physics and Chemistry of the Earth, Parts A/B/C, 107, 45-57.     

KELLMAN, L. & HILLAIRE-MARCEL, C. 2003. Evaluation of nitrogen isotopes as              

indicators of nitrate contamination sources in an agricultural watershed. Agriculture, 

ecosystems & environment, 95, 87-102.   

Kim, H.-R., Hwang, G.-W., Naganuma, A., & Chung, K.-H. (2016). Adverse health 

effects of humidifier disinfectants in Korea: lung toxicity of 

polyhexamethylene guanidine phosphate. The Journal of toxicological  

sciences, 41(6), 711-717.     

KOENIG, A., KAY, J. & WAN, I. 1996. Physical properties of dewatered wastewater sludge for 

landfilling. Water science and technology, 34, 533.     



68  

  

KÖRNER, W., BOLZ, U., Smuth, W., HILLER, G., SCHULLER, W., HANF, V. &  

HAGENMAIER, H. 2000. Input/output balance of estrogenic active compounds in a major 

municipal sewage plant in Germany. Chemosphere, 40, 1131-1142.     

LEE, R. H. 2015. Amit Gross, Adi Maimon, Yuval Alfiya, and Eran Friedler, Greywater reuse.  

Taylor & Francis.     

LESTER, Y., AGA, D. S., LOVE, N. G., SINGH, R. R., MORRISSEY, I. & LINDEN, K. G. 2016. 

Integrative advanced oxidation and biofiltration for treating pharmaceuticals in wastewater. 

Water Environment Research, 88, 1985-1993.   

LU, Y., SONG, S., WANG, R., LIU, Z., MENG, J., SWEETMAN, A. J., JENKINS, A., FERRIER, 

R. C., LI, H. & LUO, W. 2015. Impacts of soil and water pollution on food safety and health 

risks in China. Environment international, 77, 5-15.   

Mandal, S., Debnath, M., Ray, S., Ghosh, P. B., Roy, M., & Ray, S. (2012). Dynamic 

modelling of dissolved oxygen in the creeks of Sagar island, Hooghly–Matla 

estuarine system, West Bengal, India. Applied Mathematical Modelling, 36(12), 

5952-5963.   

 M.MAMATHA 2017. Water Quality Assessment of Kukkarahalli Lake Water Mysore, Karnataka, India. 

International Research Journal of Engineering and Technology 4, 2303-2307.  

 MA, J., DING, Z., WEI, G., ZHAO, H. & HUANG, T. 2009. Sources of water pollution and 

evolution of water quality in the Wuwei basin of Shiyang river, Northwest China. Journal of 

environmental management, 90, 1168-1177.    

MAYA-ALTAMIRA, L., BAUN, A., ANGELIDAKI, I. & SCHMIDT, J. E. 2008. Influence of 

wastewater characteristics on methane potential in food-processing industry wastewaters.  

Water research, 42, 2195-2203.   

MASUNAGA, T., SATO, K., MORI, J., SHIRAHAMA, M., KUDO, H. &     

WAKATSUKI, T. 2007. Characteristics of wastewater treatment using a multi soil-layering system in 

relation to wastewater contamination levels and hydraulic loading rates. Soil science and plant 

nutrition, 53, 215-223.     

MAYR, C., LÜCKE, A., STICHLER, W., TRIMBORN, P., ERCOLANO, B., OLIVA, G., 

OHLENDORF, C., SOTO, J., FEY, M. & HABERZETTL, T. 2007.  Precipitation origin and 

evaporation of lakes in semi-arid Patagonia (Argentina) inferred from stable isotopes (δ18O, 

δ2H). Journal of Hydrology, 334, 53-63.     



69  

  

 MEHARI, A. K., GEBREMEDHIN, S. & AYELE, B. 2015. Effects of bahir dar textile factory 

effluents on the water quality of the head waters of Blue Nile River, Ethiopia. International 

journal of analytical chemistry, 2015.     

MELEGY, A. A., SHABAN, A., HASSAAN, M. & SALMAN, S. 2014. Geochemical mobilization 

of some heavy metals in water resources and their impact on human health in Sohag 

Governorate, Egypt. Arabian Journal of Geosciences, 7, 45414552.     

MILOVANOVIC, M. 2007. Water quality assessment and determination of pollution sources along 

the Axios/Vardar River, Southeastern Europe. Desalination, 213, 159-173.   

MEINIKMANN, K., HUPFER, M. & LEWANDOWSKI, J. 2015. Phosphorus in groundwater 

discharge–A potential source for lake eutrophication. Journal of Hydrology, 524, 214-226.    

NAIDOO, S. & OLANIRAN, A. 2014a. Treated wastewater effluent as a source of microbial 

pollution of surface water resources. International journal of environmental research and 

public health, 11, 249-270.     

NAIDOO, S. & OLANIRAN, A. O. 2014b. Treated wastewater effluent as a source of microbial 

pollution of surface water resources. International journal of environmental research and 

public health, 11, 249-270.     

NYENJE, P., FOPPEN, J., UHLENBROOK, S., KULABAKO, R. & MUWANGA, A. 2010.  

Eutrophication and nutrient release in urban areas of sub-Saharan Africa-a review. Science 

of the total environment, 408, 447-455.     

OGBEIBU, A. & EDUTIE, L. 2002. Effects of brewery effluents on water quality and Rotifers of 

Ikpoba River, Southern Nigeria. African Journal of Pollution and Health, 1, 1-12.     

OGBU, K. C., EBENEBE, C. I. & ABAJUE, M. C. 2016. Physico-Chemical   Characteristics of Ama  

Brewery Effluent and its Receiving Ajali River in Udi, Enugu State, Nigeria. Animal 

Research International, 13, 2392.     

OGUNFOWOKAN, A., OKOH, E., ADENUGA, A. & ASUBIOJO, O. 2005. An assessment of the 

impact of point source pollution from a university sewage treatment oxidation pond on a 

receiving stream-A preliminary study. Journal of applied sciences, 5, 36-43.     

ORGANIZATION, W. H. 1993. Guidelines for drinking-water quality, World Health Organization.     

OWA, F. 2013. Water pollution: Sources, effects, control and management. Mediterranean Journal 

of Social Sciences, 4, 65.  



70  

  

PAAIJMANS, K., TAKKEN, W., GITHEKO, A. & JACOBS, A. 2008. The effect of water turbidity 

on the near-surface water temperature of larval habitats of the malaria mosquito Anopheles 

gambiae. International journal of biometeorology, 52, 747-753.     

PARK, J.-H., DUAN, L., KIM, B., MITCHELL, M. J. & SHIBATA, H. 2010. Potential effects of 

climate change and variability on watershed biogeochemical processes and water quality in 

Northeast Asia. Environment International, 36, 212-225.     

PATHAK, A. K. 2013. Water pollution and treatment. International Journal of Environmental Engineering 

and Management, 4, 191-198.     

 PEARSON, H., MARA, D., MILLS, S. & SMALLMAN, D. 1987. Physico-chemical                

parameters influencing fecal bacterial survival in waste stabilization ponds. Water science 

and technology, 19, 145-152.     

PITT, R. E. 1996. Groundwater contamination from stormwater infiltration, CRC Press.   PODDAR, 

P. K. & SAHU, O. 2017. Quality and management of wastewater in sugar industry. Applied 

Water Science, 7, 461-468.     

PONOMAREVA, O., ARLYAPOV, V., ALFEROV, V. & RESHETILOV, A. 2011. Microbial 

biosensors for detection of biological oxygen demand (a Review). Applied biochemistry and 

microbiology, 47, 1-11.    

POPE, M. L., BUSSEN, M., FEIGE, M. A., SHADIX, L., GONDER, S., RODGERS, C., 

CHAMBERS, Y., PULZ, J., MILLER, K. & CONNELL, K. 2003. Assessment of the effects 

of holding time and temperature on Escherichia coli densities in surface water samples. Appl.  

Environ. Microbiol., 69, 6201-6207.  

PORTILLO, M. G., AVIÑO, E. S., VICENTE, J. O., DE ANDRÉS, R. L., JIMÉNEZ, M. D. L. A. 

S. & BLANCO, J. P. L. 2004. Purification system for wastewater coming from fruit and 

vegetable processing plants and phytosanitary treatments in the field. Google Patents.     

PREMLATA, V. Multivariant analysis of drinking water quality parameters of lake Pichhola in 

Udaipur, India.  Biological Forum, 2009. Satya Prakashan, 86-91.  

PYNE, R. D. 2017. Groundwater recharge and wells: a guide to aquifer storage recovery, Routledge.     

RAJA, S., CHEEMA, H. M. N., BABAR, S., KHAN, A. A., MURTAZA, G. & ASLAM, U. 2015. 

Socio-economic background of wastewater irrigation and bioaccumulation of heavy metals 

in crops and vegetables. Agricultural Water Management, 158, 26-34.  



71  

  

PARAWIRA, W., KUDITA, I., NYANDOROH, M. & ZVAUYA, R. 2005. A study of industrial 

anaerobic treatment of opaque beer brewery wastewater in a tropical climate using a fullscale 

UASB reactor seeded with activated sludge. Process Biochemistry, 40, 593-599.  

PATIL, P., SAWANT, D. & DESHMUKH, R. 2012. Physico-chemical parameters for testing of 

water–A review. International Journal of Environmental Sciences, 3, 1194-1207.    

Premlata, V. (2009). Multivariant analysis of drinking water quality parameters lake 

Pichhola in Udaipur, India. Paper presented at the Biological Forum.  

RATNER, B. D. & GUTIERREZ, A. R. 2004. Reasserting community: The social challenge of 

wastewater management in Panajachel, Guatemala. Human Organization, 47-56.     

RATO, M. G., NERLICH, A., BERGMANN, R., BEXIGA, R., NUNES, S. F., VILELA, C. L., 

SANTOS-SANCHES, I. & CHHATWAL, G. S. 2011. Virulence gene pool detected in 

bovine group C Streptococcus dysgalactiae subsp. dysgalactiae isolates by use of a group A 

S. pyogenes virulence microarray. Journal of clinical microbiology, 49, 2470-2479.     

RIBBE, L., DELGADO, P., SALGADO, E. & FLÜGEL, W.-A. 2008. Nitrate pollution of surface 

water induced by agricultural non-point pollution in the Pocochay watershed, Chile. 

Desalination, 226, 13-20.     

RODRıGUEZ, H. & FRAGA, R. 1999. Phosphate solubilizing bacteria and their role in plant growth  ́

promotion. Biotechnology advances, 17, 319-339.  

SCHWARZENBACH, R. P., EGLI, T., HOFSTETTER, T. B., VON GUNTEN, U. & WEHRLI, B. 

2010. Global water pollution and human health. Annual Review of Environment and 

Resources, 35, 109-136.     

SHILTON, A., KREEGHER, S. & GRIGG, N. 2008. Comparison of computation fluid dynamics 

simulation against tracer data from a scale model and full-sized waste stabilization pond.  

Journal of Environmental Engineering, 134, 845-850.     

SHUVAL, H. I. & GRUENER, N. Infant methemoglobinemia and other health effects of nitrates 

in drinking water.  Proceedings of the Conference on Nitrogen as a Water Pollutant, 

2013. Elsevier, 183-193.  

SIMATE, G. S., CLUETT, J., IYUKE, S. E., MUSAPATIKA, E. T., NDLOVU, S.,  

WALUBITA, L. F. & ALVAREZ, A. E. 2011. The treatment of brewery wastewater for reuse: State 

of the art. Desalination, 273, 235-247.     



72  

  

SINGH, V. K. & SINGH, J. 2006. Toxicity of industrial wastewater to the aquatic plant                        

Lemna minor L. Journal of environmental biology, 37, 385-390.     

SIVAKUMAR, D., SHANKAR, D., PRATHIMA, A. V. & VALARMATHI, M. 2013.      

Constructed wetland treatment of textile industry wastewater using aquatic macrophytes.  

International Journal of Environmental Sciences, 3, 1223.   SMITH, V. H., JOYE, S. B. & 

HOWARTH, R. W. 2006. Eutrophication of freshwater and marine ecosystems. Limnology 

and Oceanography, 51, 351-355.     

SOLDÁN, P. 2003. Toxic risk of surface water pollution—six years of experience. Environment 

International, 28, 677-682.  

SONUNE, A. & GHATE, R. 2004. Developments in wastewater treatment methods. Desalination, 

167, 55-63.     

STENSTROM, M. K. & PODUSKA, R. A. 1980. The effect of dissolved oxygen concentration on 

nitrification. Water Research, 14, 643-649.     

 SUTHAR, S., SHARMA, J., CHABUKDHARA, M. & NEMA, A. K. 2010. Water quality  

assessment of river Hindon at Ghaziabad, India: impact of industrial and urban wastewater. 

Environmental Monitoring and Assessment, 165, 103-112.     

 SUTTON, P. & MISHRA, P. 1994. Activated carbon based biological fluidized beds for 

contaminated water and wastewater treatment: a state-of-the-art review. Water Science and 

Technology, 29, 309.     

 TADESE, A. & SEYOUM, L. A. 2015. Evaluation of selected wetland plants for removal of 

chromium from tannery wastewater in constructed wetlands, Ethiopia. African Journal of 

Environmental science and technology, 9, 420-427.     

 TESHOME, J. Y., GELANEW, A. & ABAYNEH, B. 2019. Impact of Dashen Brewery Effluent on 

Irrigation Water Quality of Shinta River in Gondar, Ethiopia. Journal of Academia and 

Industrial Research (JAIR), 8, 11.   

TOLULOPE E. ANIYIKAIYE 1, TEMILOLA OLUSEYI 2 , JOHN O. ODIYO 3 AND JOSHUA 

N. EDOKPAYI 3 2019. Physico-Chemical Analysis of Wastewater Discharge from Selected 

Paint Industries in Lagos, Nigeria. international journal of environmental research and 

public health, 16.    



73  

  

 TOMASS, Z. & KIDANE, D. 2012. Parasitological contamination of wastewater irrigated and raw 

manure fertilized vegetables in Mekelle city and its suburb, Tigray, Ethiopia. Momona 

Ethiopian Journal of Science, 4, 77-89.   VAN DE MEUTTER, F., DE MEESTER, L. & 

STOKS, R. 2005. Water turbidity affects predator–prey interactions in a fish–damselfly 

system. Oecologia, 144, 327-336.    

TONG, S. T. & CHEN, W. 2002. Modeling the relationship between land use and surface water 

quality. Journal of environmental management, 66, 377-393.   

 USHARANI,  K.,  UMARANI,  K.,  AYYASAMY,  P.,  SHANTHI,  K.  &  

LAKSHMANAPERUMALSAMY, P. 2010. Physico-chemical and bacteriological 

characteristics of Noyyal River and ground water quality of Perur, India. Journal of Applied 

Sciences and Environmental Management, 14.  

VIDAL‐DORSCH, D. E., BAY, S. M., MARUYA, K., SNYDER, S. A., TRENHOLM, R. A. & 

VANDERFORD, B. J. 2012. Contaminants of emerging concern in municipal wastewater 

effluents and marine receiving water. Environmental Toxicology and Chemistry, 31, 

26742682.   

Walaszek, M., Bois, P., Laurent, J., Lenormand, E., & Wanko, A. (2018). Urban stormwater 

treatment by a constructed wetland: Seasonality impacts on hydraulic efficiency, 

physico-chemical behavior and heavy metal occurrence. Science of the Total 

Environment, 637, 443-454.    

WEBER-SCANNELL, P. K. & DUFFY, L. K. Effects of total dissolved solids on aquatic               

organism: a review of literature and recommendation for salmonid species.      

American Journal of Environmental Sciences, 2007. Citeseer.     

  WEN, Y., SCHOUPS, G. & VAN DE GIESEN, N. 2017. Organic pollution of rivers: Combined 

threats of urbanization, livestock farming and global climate change. Scientific reports, 7, 

43289.     

WERNER, J. J., ARNOLD, W. A. & MCNEILL, K. 2006. Water hardness as a photochemical 

parameter: tetracycline photolysis as a function of calcium concentration, magnesium 

concentration, and pH. Environmental science & technology, 40, 7236-7241.     

WILSON, C. & WENG, Q. 2010. Assessing surface water quality and its relation with urban land 

cover changes in the Lake Calumet Area, Greater Chicago.  Environmental management, 45, 

1096-1111.     



74  

  

  WOSNIE, A. & WONDIE, A. 2014. Bahir Dar tannery effluent characterization and its impact on 

the head of Blue Nile River. African Journal of Environmental Science and Technology, 8, 

312-318.     

  WYCISK, P., WEISS, H., KASCHL, A., HEIDRICH, S. & SOMMERWERK, K. 2003.  

Groundwater pollution and remediation options for multi-source contaminated aquifers 

(Bitterfeld /Wolfen, Germany). Toxicology Letters, 140, 343-351.     

  YUSUFF, K. B. & BALOGUN, O. 2005. Physicians’ prescribing of anti-hypertensive combinations 

in a tertiary care setting in southwestern Nigeria. J Pharm Pharm Sci, 8, 235-242.     

  ZINABU, E., KELDERMAN, P., VAN DER KWAST, J. & IRVINE, K. 2018. Impacts and Policy 

Implications of Metals Effluent Discharge into Rivers within Industrial Zones: A SubSaharan 

Perspective from Ethiopia. Environmental management, 61, 700-715.     

     

     

   

  

  

 

 

 

 

 

 

  

  



75  

  

APPENDIX 1 GENERAL CHARACTERISTICS OF THE RIVER     

  

    

A. Shinta River before mixing to  

brewery B. Dashen brewery wastewater effluent                                   

     

C. Wastewater effluent before mixing   D. Wastewater effluent from WSP    WSP    

   

  

  

  

  

  

  

  

  

  

  

                                      

                                       


