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Abstract 
 The main objective of this study was to identify the pollution level of Fenchiwa river 
which is the recipient of Meta Abo brewery wastewater. Meta Abo brewery wastewater 
treatment system consists of anaerobic, facultative and maturation ponds. Sampling 
points of river water included two upstream locations at about 520m from the discharge 
point, the effluent discharge point and five points downstream. The Fenchiwa River was 
sampled at different locations of down stream. 
The treated wastewater characteristics were 654Â±74.1 mg/l  BOD5, 379.33Â± 21.91 mg/l 
total suspended solids (TSS) ,  21.67Â±2.64 mg/l sulfate (SO42-)  , 1264.12Â± 26.95 mg/l 
Total solid (TS) , 1105.83Â±111.89mg/l COD, 55.67Â±8.11mg/l Ammonia (NH3) , 93Â± 
25.09 mg/l phosphate (PO4-3) , 1713.67Â±114.9 Âµs/cm conductivity. The result showed 
that the pollution profiles for the downstream of  Fenchewa River were significant with 
COD and BOD5 concentrations ranging from 232.0Â±28.87â€“853.58Â±52.94mg/l, and 
34.22Â±12.91â€“512.17Â±56.4 respectively. Ammonia and phosphate varied from 
10.45Â±4.58â€“41.47Â±6.99 and 11.08Â±3.59â€“62.27Â±17.00 mg/l, respectively. PH, total 
solids, conductivity, total suspended solids also varied from 6.65Â±0.3â€“6.98Â±0.73, 
370.75Â±23.13â€“1055.92Â±46.2, 410.17Â±71.97â€“1115.60Â±120.83 and 146.82Â±8.70â€“
278.68Â±17.43 mg/l, respectively. Whereas the concentration of dissolved oxygen, 
Nitrate, sulphate and calcium were in the range of (5.58Â±0.32â€“7.39Â±0.32mg/l), ( 0.22- 
0.35Â±0.08 mg/l), ( 5.22Â±1.77 â€“ 13.45Â±2.83 mg/l) , (13.47Â±4.54- 30.67Â±9.48 mg/l), 
respectively. The physico-chemical impact on the water quality downstream was 
indicated by reduced pH and dissolved oxygen. The levels of nitrate, ammonia, total 
solid, suspended solids, and phosphate was significantly high, arising from the inflow 
of brewery effluent. There were significant differences in most of the Physicochemical 
parameters between reference and impacted sites. 
 Most water samples taken from near Meta Abo Brewery Factory showed  high level of 
water contaminants that do not fulfill the WHO drinking water standards and Ethiopian 
effluent guideline for discharge into surface water. Thus, brewery effluent is among the 
major sources or factors responsible for Fenchewa river water quality deterioration.
 1
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 1. Introduction 
 
Water is abundant on the planet as a whole, but fresh potable water is not always 
available at the right time or the right place for human or ecosystem use, is undoubtedly 
the most precious natural resource, vital to life and a fundamental political issue (Karikari 
and Ansa, 2004). Rivers are open systems, which have come under increasing pressure 
from human activities, often affecting their ecological integrity over the last century 
throughout the world (Skoulikidis et al., 2004). The physicochemical impact on the water 
qualities of rivers have been indicated by raised conductivity, by the pollution of water 
bodies with nitrate, nitrite and soluble reactive phosphorus, by the appearance of tannin 
and lignin, and by the steady accumulation of inorganic and organic suspended matter 
along the river (Whitehead et al., 1997). Industrial discharges into rivers are one of the 
causes of irreversible degradation occurring in surface water systems (Rajaram and 
Ashutosh, 2008). Due to their role in carrying off industrial waste water, rivers are among 
the most vulnerable water bodies to pollution. There has been significant impairment of 
rivers with pollutants, rendering the water unsuitable for beneficial purposes. The use of 
rivers for beneficial purposes such as domestic use, irrigating agricultural lands, 
recreation, drinking, wildlife propagation and food processing purposes in industries is on 
the rise, particularly in developing urban areas. With Increasing scarcity of treated public 
water supply, fresh river water has become the alternative source for these purposes (Van 
der Bruggen and Braeken, 2006) 
 
The growing problem of degradation of  river ecosystem has necessitated the monitoring 
of water quality (Ravindra et al., 2003). Rivers provide a variety of services for human 
populations, including water for drinking and irrigation, recreational opportunities, and 
habitat for economically important fisheries (Leroy et al., 2002).  
 
 
 
 
 2
Degradation of water resources has long been a concern of human society. Regions with 
dense human populations were the earliest areas at risk. The earliest anthropogenic 
threats to water resources were often associated with human health, especially disease-
causing organisms and oxygen-demanding wastes (Meybeck and Helmer, 1996). As 
human populations, agricultural activities, urbanization and industrialization increased, 
more and more categories of pollution of our surface waters have occurred. One of the 
most common pollution categories is organic pollution caused by oxygen demanding 
wastes (Masson, 1990). The natural processes of chemical oxidation and biological 
decomposition that occur within water courses, consume dissolved oxygen. Decomposition of 
materials is a normal process in all aquatic ecosystems and is a function of decomposers 
such as aerobic bacteria and fungi. However, serious consequences to aquatic biota can 
result if the natural mechanisms that clean the water are overloaded by large influxes of 
organic pollutants. Severe oxygen depletion can result in the loss of many desirable 
aquatic biota and also produce an odorous anaerobic system (Zimmerman, 1993). 
 
Until recently the deterioration of surface water quality by pollution was not a serious 
problem because human populations were small, live in scattered communities and 
wastes dumped into rivers were subjected to dilution and self purification (Karr, 1995). 
Urbanization, the concentration of more and more human populations into densely 
populated areas is the most important factor influencing rivers today. One of the major 
consequences of urbanization on the environment is the pollution of rivers and resultant 
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deterioration of the aquatic ecosystem. Rivers in most cities have been straightened, 
diverted, dammed, contained or physically engineered beyond recognition. A huge 
amount of biodegradable and non-biodegradable wastes is also put out into rivers 
expecting them to carry away (Karr and Chu, 2000). Effluents are the main source of 
direct and continuous input of pollutants into aquatic ecosystems. Relating observed 
effects to specific pollutants or even classes of pollutants remains a very difficult task due 
to the usually unknown, complex and often highly variable composition of effluents. It is 
recognized that toxic pollutants interfere with organism integrity at the biochemical level 
and give rise to effects at the individual level and is manifested in reduced ecologically 
 3
relevant characteristics such as growth, reproduction and survival, and ultimately at the 
ecosystem level (Welch, 1992).  
1.1 Statement and justification of the study 
 
An alarmingly increasing population, uncontrolled urbanization and various 
anthropogenic activities degrade surface and groundwater quality in Ethiopia. According 
to Tamiru Alemayehu et al. (2005) water quality degradation in Ethiopia has become a 
main threat to the health of the population especially for those living downstream areas 
and along the main rivers draining through the city. Most of the industries in Ethiopia are 
established very close to rivers. The lack of any documented information on water quality 
study results on Finchwa River was the reason to initiate this study.  
 
Nowadays the River Finchewa is faced with increasing problems of being a receptacle 
for untreated brewery effluent. Beer production in the brewery industry involves three 
main steps: malting, brewing and fermentation. The byproducts (e.g. mash, yeast surplus) 
generated from those steps are responsible for pollution when mixed with effluents. In 
addition, cleaning of tanks, bottles, machines and floors produces high quantities of 
polluted water. Brewery effluents, having both chemical (with very high organic 
contents) and microbial contaminants, results in a rather chaotic layout of utilities such as 
water supply and irrigation. Most industries in Ethiopia lack efficient effluent treatment 
plants. Therefore they discharge their effluents into water bodies without adequate 
treatment prior to the discharge. There has been a gradual decline in utilisation of the 
Finchewa river water for irrigation purposes. The decline in utilisation of the river for 
such purposes results from vegetation damage and poor soil fertility, as noticed by a few 
people exploiting the available free land space around the brewery for intensive farming. 
As a consequence, there is a risk to human health from intake of pollutants through 
consumption of such crops, and drinking of river. 
 
 
 
 
 
 4
1.2  Objectives 
   1. 2.1 General Objective 
 
The general objective of the study was to assess the degree of pollution 
level of Finchewa River by analysing some of the physical and chemical 
characteristics of the water. 
 
 1.2.2 Specific Objectives 
1. To characterize the treated effluent of the brewery before discharge in to river 
2. To examine spatial trends in water quality at the discharge point and           
     downstream locations.   
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3. To check whether the treated effluent parameter were with in the permissible limit  
    of the existing national guidelines and to compare the physicochemical 
    parameters of the river for surface water ambient standards. 
 
1.3. Limitations 
The river water quality parameters assessed in this study are limited to 
the selected physical and chemical water quality parameters so that, it 
may not reflect the actual information on the extent of pollution of the 
rivers. Moreover, the river water samples taken are limited in number 
and time due to the resource incapability encountered to cover the full 
cost of the study.  
 
 
 
 
 
 
 
 
 
 
 
 5
2. Literature Review 
 
2.1 Composition of Brewery Effluent 
 
Water with right quality runs through several different processes, but after absorbing 
materials or components from these process it becomes process waste water specific to 
the unit. Beer is a weak alcoholic drink obtained through fermentation, using selected 
yeasts of the genera Saccharomyces, of wort prepared from malt cereals, mainly barley 
and other amylaceous or sugar-based raw materials, to which were added hop flowers, or 
their derivatives and adequate water (UNEP, 1995). 
 
Resources consumed by the brewing industry include water, energy and grist materials 
(barley, corn and rice), adjuncts and auxiliary materials such as Kieselguhr, caustic soda 
and detergents. Adjuncts are used to reduce the costs of production, to adjust the balance 
in the composition of the wort, and to produce (if desired) a â€œlighterâ€ beer (UNEP, 1995). 
Brewery wastes generated include Water treatment wastes, caustic boil-out solutions used 
for clean-ups in the brew house, and soak solutions and caustic rinses in the bottling area 
and organic loading, spent grain and hops, filter cakes in dry form and accidental losses 
from operational errors and leaking equipment (Ontario MOE, 1986). Solid waste mainly 
consists of organic material residuals from the process including spent grains and hops, 
trub, sludge, surplus yeast, label sludge, Kieselguhr, powdered carbon and broken glass 
(SEPA, 1991). Other solid wastes from a brewery are glass cutlets from the packaging 
area, Kieselguhr from the filtration process, paper pulp from the bottle washer, paper, 
plastic and metal from received auxiliary material (especially packaging materials); and, 
waste oil and grease (Lenhardt, 1995). 
 
However, the quality and quantity of brewery effluent can fluctuate significantly as it 
depends on various different processes that take place within the brewery (raw material 
 6
handling, wort preparation, fermentation, filtration, clean in place (CIP), packaging). The 
amount of wastewater produced is related to the specific water consumption (expressed 
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as hectoliter water / hectoliter beer brewed). A part of the water is disposed with the 
brewery by-products and a part is lost by evaporation. As a result the wastewater to beer 
ratio is often 1.2-2 hectoliter/hectoliter less than the water to beer ratio. Organic 
components in brewery effluent (expressed as BOD5) are generally easily biodegradable 
as these mainly consist of sugars, soluble starch, ethanol, volatile fatty acids and so on.  
The brewery solids (expressed as TSS) mainly consist of spent grains, kieselguhr, waste 
yeast and (â€˜hotâ€™) trub. Brewery effluent`s pH levels are mostly determined by the amount 
and type of chemicals used at the clean in place (CIP) units (caustic soda, phosphoric 
acid, nitric acid and so on). Nitrogen and phosphorous levels are mainly dependent on the 
handling of raw material and the amount of spent yeast present in the effluent. Elevated 
phosphorous levels can also be the result of phosphorous containing chemicals used in 
the CIP unit   (Lenhardt , 1995 ) . 
 
2.2 Environmental Impact of Brewery Effluent 
The primary environmental impacts that can be attributed to the production of beer are 
the result of noise, emissions to air, wastewater discharges and inefficient waste handling 
system (USEPA, 1991).Wastewater treatment is a problem that has plagued man ever 
since he discovered that discharging wastes into surface waters can lead to many 
additional environmental problems. Intensified industrial and agricultural practices, as 
well as the exponential growth of the human population and explosive urbanization in the 
last few decades have led to an enormous increase in the discharge of nutrients 
(nitrogenous and phosphorus compounds) into the environment. Severe environmental 
problems which are of global concern arise from these excessive loadings due to their 
pollution effects on the receiving ecosystems. Owing to microbial processes in 
wastewater nitrogen is present in raw wastewaters mostly in reduced form as ammonia 
nitrogen (NH3â€“N or NH4â€“N) and organic nitrogen (urea, amino acids, proteins, and 
nitrogen heterocyclic compounds). However, in well established treatment systems, the 
oxidized forms of nitrogen (NO2-â€“N and NO3-â€“N) exist in wastewaters. Phosphorus in 
 7
wastewaters exists both as inorganic and organic forms, with orthophosphate (PO43-â€“P) 
form that is easy to assimilate dominating raw wastewaters. The discharge of nutrient-
rich wastewaters of domestic and industrial origins can have deleterious consequences on 
the ecological balance and functioning of the receiving environment as well as the public 
health of downstream end-users of the polluted water sources. Such devastating 
consequences manifest as: toxicity to fish and other aquatic organisms; depletion of the 
dissolved oxygen in receiving water bodies as ammonia or ammonium ions are oxygen-
consuming; eutrophication when nitrogen and phosphorus are made available to aquatic 
plants as nutrients; and potential public health risk (methaemoglobinemia) in drinking 
water, especially when consumed by infants (Bitton, 1999; Horan, 1990; and NebGuide, 
1998).  Due to bacterial reduction of consumed nitrate to nitrite in the digestive system 
nitrite oxidizes iron in the haemoglobin of red blood cells to form methaemoglobin, 
which lacks haemoglobin's oxygen-carrying ability. Thus, the methaemoglobin formed in 
this interaction cannot carry sufficient oxygen to the infant's cells and tissues leading to 
its blue appearance (blue baby syndrome). Not only does consuming drinking water 
contaminated with nitrate-nitrogen above the maximum containment level (MCL) of 
10mg/L have the potential to result in methaemoglobinemia, but recent studies also have 
indicated a possible risk of cancer, as well as the potential to be a contributing factor in 
spontaneous abortions. Nitrates can react with amines or amides in the body to form 
nitrousamine which is known to cause cancer (NebGuide, 1998).  
 
2.3 Brewery Processes Description 
Untreated Brewery effluents are known to have, high biological oxygen demand (BOD), 
high chemical oxygen demand (COD) and high concentrations of suspended solids (SS) 
Brewery effluents, having both chemical (with very high organic contents) and microbial 
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contaminants, results in a rather chaotic layout of utilities such as water supply, irrigation 
and laundry of the receiving river (Belgiorno et  al. ,  2007). 
 
Resources consumed by the brewing industry include water, energy and grist materials 
(Barley, corn and rice), adjuncst and auxiliary materials such as Kieselguhr, caustic soda 
and detergents. Beer production in the brewery industry involves   malting of grain, 
 8
milling and mashing, wart cooling and fermentation, packaging and pasteurization 
(UNEP, 1995).  
 
2.3.1 Milling and Mashing 
 Malted barley is ground (either dry or wet) in a malt grinder so that the husk is left intact 
while the rest becomes very coarse powder, rich in starch and enzymes. The enzymes 
quickly degrade the starch to sugar on contact with water. The product, called sweet wort, 
is a mixture of partially degraded starch, sugars, enzymes, proteins and water (BPCE, 
1986). The wort is separated from the spent grains by straining through a porous filter in 
the lauter tun where the grains are sprayed with water in order to extract the maximum 
amount of useful material. The washings are monitored for sucrose content and when 
they reach 1Â° on the Plato scale, sparging is stopped (BPCE, 1986). The spent grains are 
collected for off-site disposal, usually as animal feed, and the last runnings from the 
lauter tun are normally discharged. Some spent grains may find their way into the final 
effluent. The temperature of the wort during straining is about 75 â€“78 oC (BPCE, 1986). 
At this stage, hops or hop extracts, sugars or syrups, and coagulants (of proteins or 
tannins) are added. The sweet wort is usually boiled for about l.5 hours to inactivate the 
enzymes; sterilize and concentrate the wort; and precipitate proteinaceous material (hot 
trub). The hop provides the bitter taste and coagulates the colloidal proteins. The wort is 
then clarified in a hydro-cyclone to remove hot trub and other insoluble material. 
 
2.3.2 Wort Cooling and Fermentation 
In order to prepare for fermentation, the hopped wort is cooled to about 10oC. Further 
precipitation of proteins and tannin (known as cool trub or fine break) occurs during the 
cooling and aeration in preparation for fermentation which may continue from 2 - 16 
days. Yeast is added in the fermentation vessel to induce fermentation of sugar wort 
which is converted to CO2, alcohol, heat and new yeast cells. When the fermentation 
process has reached completion, the yeast is drawn off and used for a new batch of wort 
with the excess being disposed of as a by-product. The surplus yeast can be resold as 
animal feed (BPCE, 1986). Following the primary fermentation, the produced beer (green 
beer) is transferred to storage or maturation vessels for a certain period of time before 
 9
filtration. During storage, the excess yeast and other suspended solids precipitate, the 
beer matures, stabilizes, and becomes saturated with CO2. Precipitated yeast (known as 
tank bottoms) is removed by settling. Finings (fish collagens) are added after maturation 
to promote flocculation of any remaining yeast or proteins and the mixture is filtered 
through a filtration unit coated with filter slurry of Kieselguhr and/or lucilite. The result 
is a clear or "bright" beer and a spent filter slurry which is highly polluting and a 
particular problem for municipalities because it settles very easily and tends to block 
sewers and pipes (BPCE, 1986). If high gravity brewing is practiced, it is usual to blend 
with sterile de-aerated water to normal gravity after fermentation. Other additions at this 
stage include stabilizers to promote longer shelf life and foam improvers to retain stable, 
white foam when the beer is poured (BPCE, 1986). Prior to filtration, the beer may be 
centrifuged, cooled to -1 o C to -1.5 o C to precipitate any suspended solids. The beer is 
then filtered in a Kieselguhr (diatomaceous earth) filter followed by a filter cloth. CO2 
concentration in the beer is then adjusted and the beer is transferred to the bright beer 
tank for packaging. 



file:///C|/Users/3020/Desktop/enviromental%20science/TESFALEM%20FIKRESILASIE.txt[6/1/2018 11:14:32 AM]

 
2.3.3 Pasteurization and Packaging   
 
Bright beer is stored and then filled into bottles. In the process of filling, a small volume 
of beer (drip beer) is spilt. Bottling is usually preceded with bottle washing to remove any 
residual beer mold, cigarette butts, labels and dust particles. Bottle washing and 
pasteurization requires large volumes of water. The bottles are transported on a conveyor 
from the bottle washer to the filling machine for filling and capping. During filling, 
oxygen should be prevented from coming in contact with the beer. Effluent from these 
stages is generally high volume and low strength due to dilution (BPCE, 1986). Beer is 
sterilized either by tunnel pasteurization after bottling or flash pasteurization before 
bottling. The bottles are then labeled and packed in crates, cartons or other forms of 
transport packaging. 
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2.4 Treatment of Brewery Effluent 
 
The principal objective of any wastewater treatment is generally to allow industrial 
effluents to be disposed of without danger to human health or unacceptable damage to the 
natural environment. From environmental, economic, political and social perspectives, 
wastewater treatment represents one of the most pressing issues facing industries today. 
There are many methods of wastewater treatment; undoubtedly, the waste stabilization 
pond is one of the most common wastewater treatment techniques, especially if low-cost 
land is available. Among biological treatment systems one can distinguish between 
anaerobic (without oxygen), facultative (with or without oxygen supply) and aerobic 
processes. Anaerobic treatment is characterized by biological conversion of organic 
compounds (BOD5) into biogas (mainly methane 70-85 volume by percent and carbon 
dioxide 15-30 volume by percent with traces of hydrogen sulphide. During aerobic 
treatment (air) oxygen is supplied to oxidize the BOD5 into carbon dioxide and water. 
Both biological processes produce new biological biomass (biosolids) (Abis et. al, 2002). 
 
Mara (1976) describes Waste stabilization pond as large shallow basins enclosed by 
earthen embankments in which wastewater is biologically treated by natural processes 
involving pond algae and bacteria. WSP comprise a single series of anaerobic, facultative 
and maturation ponds or several of such series in parallel. A long hydraulic retention time 
is necessary because of the slow rate at which the organic waste is oxidized. Typical 
hydraulic retention times range from 10 days to 100 days depending on the temperature 
of a particular region. WSP are considered as the most effective and appropriate method 
of wastewater treatment in warm climates where sufficient land is available and where 
the temperature is most favorable for their operation (Mara, 1976). WSP are not only 
restricted to countries with warm climates; they have also been used in regions with cold 
climates in Europe and the USA (Abis, 2002). Anaerobic, facultative and maturation 
ponds are the three major types of pond in a WSP system. These ponds are normally 
arranged in series to achieve effective treatment of raw wastewater (Marais, 1974). 
Anaerobic and facultative ponds are employed for BOD removal, while maturation ponds 
remove nutrients.  
 11
2.4.1 waste water treatment plant of Meta Abo Brewery Factory  
Wastewater treatment Ponds are designed according to site conditions, hydrological, and 
environmental factors and hydraulic and organic loading. Climatic conditions determine 
whether a pond performs efficiently or not. Volume of wastewater, strength of waste 
water, the desired quality of final effluent from the pond system, climate and the number 
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ponds generally govern the size and layout of a pond system ( Van der Steen, 2003) 
 
The layout of WSP systems of Meta Abo Brewery is located approximately at 200m 
downwind from the brewery, might be intended to avoid undesirable odours or take into 
consideration any likely future expansion. It might be due to the superiority of 
rectangular ponds in hydraulic characteristics over those of circular, square and irregular 
shapes the brewery uses such kinds of pond systems. To facilitate wind-induced mixing 
of the pond surface layers (facultative and maturation ponds), the ponds are located so 
that their length lay in the direction of the prevailing wind. Although the bottom of the 
ponds must be sealed with some acceptable lining materials such various synthetics, 
bentonite, clay, or pavement materials (concrete or asphalt) to prevent groundwater 
pollution the brewery`s pond bottom is lined with fine sands. Inlet into the ponds is by a 
single inlet pipe, with discharge into a rectangular, deeper, sludge storage zone below the 
bottom of the normal ponds. Discharge is made onto a concrete splash pad. The discharge 
is located at right angle to the prevailing winds near the end most remote from the outlet 
structure. The splash block is designed so that scouring of the bottom will not occur. 
  
Wastewaters collected by main interceptor from the different processing units of the 
brewery are passed through a fine screen to remove coarse materials. Raw wastewater 
enters anaerobic pond near the bottom. Effluent leaves the pond by a submerged weir, 
located on the opposite end of the pond. Effluent is then transferred into facultative pond 
by a pipe system. Final effluent leaves the system through a rectangular weir located at 
the end of maturation pond and is discharged into a Finchewa river . The wastewater 
stabilization pond systems of the brewery are designed to achieve different forms of 
treatment in three stages which are connected in series. Wastewater with strong BOD5 
concentration is introduced into first-stage anaerobic pond. Effluent from anaerobic pond 
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then enters the facultative pond which comprises the second-stage of biological 
treatment. Following facultative pond, the effluent finally enters maturation pond which 
provides the final treatment for the brewery`s wastewater before discharged into the 
nearby stream.  
 
2.5 Physico-Chemical parameters of Surface water quality 
 
Oxygen is one of several dissolved gases important to aquatic life. It is a primary and 
comprehensive indicator of water quality in surface water. Primary sources of oxygen in 
surface water are photosynthesis of aquatic plants, algae and diffusion of atmospheric 
oxygen across the air water interface (Deas and Orlab, 1999). The dissolved oxygen 
content of natural water varies with temperature, photosynthesis activities and respiration 
of plants and animals (Cunninghaam and Siago, 1995). Dissolved oxygen declines have 
serious implication for the health of aquatic system for low DO or hypoxic condition 
reduces or eliminates sensitive fishes and invertebrate species. For example game fish 
requires at least 4 to 5 mg/L DO and either die off or migrate when DO falls below 2 
mg/L (Deas and Orlab, 1999). Any water body that maintains aquatic life should contain 
5 mg/L of DO for at least 16 hours of the day and during the other 8 hrs it should not 
drop below 3 mg/L (Derbel, 1997). The concentration of DO in natural water reduce 
(depleted) as a result of biodegradation of carbonaceous and nitrogenous wastes 
discharged into the water bodies deposited in the sediment and the point or non-point 
input of plant limiting nutrients which leads to eutrophication (Gary and Joseph,1998). 
During aerobic decomposition carbohydrates are converted in to carbon dioxide and 
water therefore oxygen demand is relatively high, approximately 1.07 gm of oxygen per 
gram of carbon dioxide (Gary and Joseph, 1998). To stabilize nitrogenous wastes to 
ammonia then to nitrite and nitrate bacteria consume high amount of oxygen (Evangelou, 
1998). 
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Temperature of water is a very important physical parameter to assess thermal pollution 
and associated effects on aquatic biota. This is because abnormal water temperature alters 
chemical reactions, reaction rates and solubility of gases. Temperature affects the growth 
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and reproduction of aquatic organisms. If the temperature gets too high or too low, the 
local population of a species decreases. Temperature also affects water chemistry, which 
in turn affects biological activity. A sudden change temperature of river water can lead to 
a higher rate of mortality of aquatic biota (Fakayode, 2005). 
 
An increasing water temperature can have a number of effects on physical, chemical and 
biological process that takes place in receiving waters. As the temperature increases the 
solubility of oxygen decreases but increases the metabolic rate of organisms, resulting in 
increasing consumption of oxygen. Temperature affects the speed of chemical reactions, 
the rate at which algae and aquatic plants photosynthesize, the metabolic rate of other 
organisms, as well as how pollutants, parasites, and other pathogens interact with aquatic 
residents. Temperature is important in aquatic systems because it can cause mortality and 
it can influence the solubility of dissolved oxygen (DO) and other materials in the water 
column (e.g., ammonia) (Buren et al., 2000).  
 
pH and Alkalinity are the other important physicochemical water quality concern. In 
water, a small number of water (H2O) molecules dissociate and form hydrogen (H+) and 
hydroxyl (OH-) ions. If the relative proportion of the hydrogen ions is greater than the 
hydroxyl ions, then the water is defined as being acidic. If the hydroxyl ions dominate, 
then the water is defined as being alkaline. The relative proportion of hydrogen and 
hydroxyl ions is measured on a negative logarithmic scale from 1 (acidic) to 14 
(alkaline): 7 being neutral (Friedl et al., 2004).  
 
Turbidity and Suspended Solids are other important water quality parameters. Turbidity 
refers to water clarity. The greater the amount of suspended solids in the water, the 
murkier it appears, and the higher the measured turbidity. The major source of turbidity 
in the open water zone of most river is typically clays and silts from erosion, re-
suspended bottom sediments, and organic detritus from stream and/or water discharges. 
The source of these sediments includes natural and anthropogenic (human) activities in 
the watershed, such as natural or excessive soil erosion from agriculture, forestry or 
construction, urban runoff, industrial effluents, or excess phytoplankton growth (USEPA, 
1997). 
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Conductance is also of great importance in case of water quality assessment for different 
purpose. Municipal, agricultural, and industrial discharges can contribute ions to 
receiving waters or can contain substances that are poor conductors (organic compounds) 
changing the conductivity of the receiving waters. Thus, conductance can also be used to 
detect pollution sources (Stoddard et al., 1999). The ionic composition of surface waters 
is usually considered to be relatively stable and insensitive to biological processes 
occurring within a body of water.  
 
Magnesium, sodium and potassium concentrations tend not to be heavily influenced by 
metabolic activities of aquatic organisms, whereas calcium can exhibit marked seasonal 
and spatial dynamics as a result of biological activity. Similarly, chloride concentrations 
are not heavily influenced by biological activity, whereas sulphate and inorganic carbon 
(carbonate and bicarbonate) concentrations can be driven by production and respiration 
cycles of the aquatic biota. External forces such as climatic events that govern 
evaporation and discharge regimes and anthropogenic inputs can also drive patterns in 
ionic concentrations. Such forces are probably most responsible for long-term changes in 
the ionic composition of lakes and rivers (Wetzel, 2001).   
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Nutrients are also elements as essential as other parameters to life. In aquatic systems, 
nitrogen is the nutrient that most commonly limit maximum biomass of algae and aquatic 
plants (primary producers), which occurs when concentrations in the surrounding 
environment are below requirements for optimal growth of algae, plants and bacteria(US 
EPA, 1997). Compounds of nitrogen (N) are major cellular components of organisms. 
Since the availability of this element is often less than biological demand, environmental 
sources can regulate or limit the productivity of organisms in aquatic ecosystems. 
Productivity of aquatic ecosystems can, thus, be managed by regulating direct or indirect 
inputs of nitrogen with the aim of either reducing or increasing primary production. 
Nitrogen occurs in water in a variety of inorganic and organic forms and the 
concentration of each form is primarily mediated by biological activity. Nitrogen-
fixation, performed by cyanobacteria (bluegreenalgae) and certain bacteria, converts 
dissolved molecular N2 to ammonium (NH4+). Aerobic bacteria convert NH4 to nitrite 
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(NO2-) and nitrate (NO3-) through nitrification, and anaerobic and facultative bacteria 
convert NO3- and NO2- to N2 gas through denitrification. Primary producers assimilate 
inorganic N as NH4+ and NO3- , and organic N is returned to the inorganic nutrient pool 
through bacterial decomposition and excretion of NH4+ and amino acids by living 
organisms (Dodds et al., 1998). Phosphorus and nitrogen are considered to be the primary 
drivers of eutrophication of aquatic ecosystems, where increased nutrient concentrations 
lead to increased primary productivity. Some systems are naturally eutrophic, whereas 
others have become eutrophic as a result of human activities (â€˜cultural eutrophicationâ€™) 
through factors such as runoff from agricultural lands and the discharge of municipal 
waste into rivers and lakes (Dodds et al., 1998).  
 
 
Phosphorus is present in natural waters primarily as phosphates, which can be separated 
into inorganic and organic phosphates. Phosphates can enter aquatic environments from 
the natural weathering of minerals in the drainage basin, from biological decomposition, 
and as runoff from human activities in urban and agricultural areas. Inorganic 
phosphorus, as orthophosphate (P043-), is biologically available to primary producers that 
rely on phosphorus for production and has been demonstrated to be an important nutrient 
limiting maximum biomass of these organisms in many inland systems (US EPA, 1997). 
Phosphorus in water is usually measured as total phosphorus, total dissolved phosphorus 
(i.e., all P that passes through a 0.45_m pore-size filter), and soluble reactive or 
orthophosphorus.  
 
Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) are two 
common measures of water quality that reflect the degree of organic matter pollution of a 
water body. BOD is a measure of the amount of oxygen removed from aquatic 
environments by aerobic micro-organisms for their metabolic requirements during the 
breakdown of organic matter, and systems with high BOD tend to have low dissolved 
oxygen concentrations. COD is a measure of the oxygen equivalent of the organic matter 
in a water sample that is susceptible to oxidation by a strong chemical oxidant, such as  
dichromate (Chapman, 1996).  
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Pollution of ecosystem by the heavy metal also needs due attention as it is an important 
environmental problems (Rayms-Keller et al., 1998), as heavy metals constitute some of 
the most hazardous substances that can bioaccumulate (Tarifeno-Silva et al., 1982). 
Bioaccumulation is a process in which a chemical pollutant enters into the body of an 
organism and is not excreted, but rather collected in the organismâ€™s tissues (Zwieg et al., 
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1999). Metals that are deposited in the aquatic environment may accumulate in the food 
chain and cause ecological damage while also posing a threat to human health (Ermosele 
et al., 1995). Sediments are well known to act as the most important reservoir or sink of 
metals and other pollutants in the aquatic environment (Van-Hattum et al., 1993). Direct 
exposure via the sediment can take place by release of contaminated particulate matter 
into the water column by both natural and anthropogenic disturbance that can result in 
metal remobilization (De Carvalho et al., 1998). Anthropogenic impacts that includes, 
industrial discharges, domestic sewage, nonpoint source runoff and atmospheric 
precipitation are the main sources of toxic heavy metals that enter aquatic systems 
(Langston et al., 1999). However, metals also occur in small amounts naturally and enter 
aquatic systems through ore-bearing rocks, windblown dust, forest fires and vegetation 
(Herrero et al., 2000). 
 
2.6 Legislation for the Control Of Discharge of Industrial Effluents in 
Ethiopia 
 
According to the Ministry of Trade and Industry, there are over three thousand industrial 
establishments in the country. They vary considerably in terms of process, technology, 
size, and nature of products, characteristics of the wastes discharged and the receiving 
environment. Equally, among the industries, brewery industry is the largest 
manufacturing industry in Ethiopia. There are more than five major  brewery factories. 
Environmental pollution derived from domestic and industrial activities is the main threat 
to the surface and groundwater qualities in Ethiopia (EEPA, 2003). It is reported that the 
majority of industries in the country discharge their wastewaters into nearby water bodies 
and open land without any form of treatment (EEPA, 2003). Likewise, in Ethiopia most 
of  the brewery  factories have no effluent treatment plants. 
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However, the survival of the ecosystem depends on the ability to manage wastes in an 
environmentally sound manner. This can only be achieved through establishment and 
enforcement of appropriate standards and guidelines set to ensure that one does not 
destroy the environment (EEPA, 2003). This necessitates the formulation of regulations 
and standards for discharge limits of the effluents before they are released into the 
environment (GOE, 2002). 
 
Baseline information on the characteristics of the wastewater and the receiving 
environment is therefore the means and the primary point for discharge standards. 
However, lack of decisive technical information for various pollutants including priority 
pollutants renders compliance and enforcement difficult at all levels. Moreover, the fate 
and the impact of these pollutants in the receiving environment need to be determined for 
the definition of reliable numerical criteria for safe limits. Ideally, standards are set based 
on country specific baseline data and information, which are scanty in the present 
circumstances in Ethiopia (EEPA, 2003). 
 
Like any industry, breweries must adhere to several standards so that the environment 
will be preserved. Therefore, environmental quality standards are set with a goal of 
safeguarding public health and protecting the environment by indicating pollution limits. 
According to (EEPA, 2003) the guideline standards of breweries wastewater limit values 
for discharges to water bodies are summarized in Table 2-1. 
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Table 2-1: Brewery wastewater limit Values for discharges to Water bodies 
 
Constituent group / parameter Emission limit value (mg/L) 
Temperature Do not change ambient temperature by more than 1Â°C 
Total solid 285mg/L 
PH 6-9   
EC 1000 Âµs/cm @ 20 0C 
BOD5  at 200C â‰¤  25 mg/L 
COD â‰¤  125 mg/L 
Total Suspended Solids (TSS) â‰¤  35 mg/L 
Ammonia-nitrogen â‰¤  20 mg/L 
Nitrates [NO3- -N ] â‰¤ 10 mg/L 
Orthophosphate â‰¤  0.5mg/L 
Sulfate â‰¤  250 mg/L 
Ca - 
DO - 
  Source:  Federal EPA (2003) 
              - No guide line value               
 
Environmental standards and effluent regulations for brewery industries need to cover all 
parameters with adverse effects on the environment specifying numerical limits that are 
attainable by available treatment technologies, and involve a compliance monitoring 
system that is practical in technical and economical terms (UNEP, 1991). It may be easy 
to enact environmental standards with sets of limitation protocols with all conceivable 
pollutants in Ethiopia at present, but these rules and regulations will have no real value, at 
least in the short term, unless they can be enforced. Therefore, compromise is needed for 
what can be achievable with resources and technologies available that call for a realistic 
and effective mechanism. 
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2.7  Ethiopian Guidelines for Ambient Surface Water Quality Standards. 
 
Ambient environmental quality standards are set with a goal of safeguarding public 
health and protecting the environment. Both objectives have very high quality 
requirements which complement each other to a great extent (WHO, 1996). It is 
appropriate then for the government of Ethiopia to set standards which will insure that the 
ambient environment quality is not degraded while also ensuring a healthy environment 
within people must live. 
 
The government of Ethiopia has mandated the Ethiopian Environmental Protection 
Authority (EEPA) to set such standards and Guideline Ambient Environment Standards 
for Ethiopia (GAESE) represents the guideline standards with respect to the ambient 
environment. In practice, standards can be set from either first principles or based on the 
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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 EEPA standards are generally 
derived based on the exiting published standards of WHO, UNEP, ANZECC, EEC and 
others. The information upon which our national guidelines are based are derived 
predominantly from extensive epidemiological and toxicological studies to determine the 
observed health and environmental effects of a pollutant in question (EEPA, 2003). 
 
If there were sufficient national baseline information available, the guideline values 
prepared by the international bodies might be further modified to take account of 
particular national criteria prior to their implementation as a national standard. Thus, 
additional national baseline data collection shall be undertaken to improve the initial 
standards to own country situation.  
 
Baseline national surface water quality data is important for the implementation of EPAâ€™s 
environmental quality standards. Nevertheless, there is currently insufficient baseline 
data available within Ethiopia to allow modification of guidelines for ambient surface 
water quality standards (EEPA, 2003). As such, the guideline standards for surface water 
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quality have been adopted directly as recommended for developing countries. The EEPA 
surface water quality guideline standards (Table: 2-1) are being introduced to be used all 
throughout the county subjected to  amendments, as more information on the state of 
water pollution is made available through the Ecological Sustainable Industrial 
Development (ESDI) project. The regional states can also establish more stringent 
standards taking into consideration particular ecological conditions in their localities 
provided EPAâ€™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 (EEPA, 2003). The guideline standards 
provided in the GAESE document of the EEPA are not based on water use criteria (water 
for abstraction, as a source of drinking water or for irrigation purposes). Moreover, the 
WHO guidelines are brought to observe the extent of pollution of the river water samples 
collected in this study.   
 
 
Table 2-2 Guidelines of some physicochemical parameters for stream waters (EEPA, 
2003). 
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Parameters                                  Ambient Environmental  standard 
BOD5 â‰¤ 5 mg/L          
COD â‰¤ 150 mg/L 
EC 100 â€“ 1000 ÂµS/cm @ 20  o C 
NH3-N â‰¤ 0.025 mg/L  
NO3-N â‰¤ 10 mg/L 
Temperature 5-30  oC  
pH  6-9 (pH scale) 
SO42- â‰¤ 200  mg/L  
PO43- â‰¤ 0.005 mg/L  
DO       â‰¥ 4 mg/L 
TSS â‰¤ 50 mg/L 
Calcium - 
Total solid - 
 21
Table: 2-3 Drinking water quality standards.  
 
parameters WHO standards 
Temperature (0C) 12-25 (WHO,1984) 
EC. (ÂµS/cm) 250 (WHO, 1993) 
pH 6.5-8.5 (WHO, 1993) 
BOD - 
COD - 
Calcium (mg/L) 200 (WHO, 1993) 
DO - 
Ammonia (mg/L) 1.5 (WHO, 1996) 
Total solid - 
TSS - 
Nitrate (mg/L) 50 (WHO, 1996) 
Sulphate (mg/L) 500 (WHO, 1996) 
Phosphate (mg/L) - 
WHO standards represent the World Health Organization Drinking water quality 
standards. (WHO, 1993; WHO, 1996). 
- No guideline values can be obtained. 
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3. Materials and Methods 
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3.1. Description of Sampling Site and Study Design 
 
The study was conducted in Meta Abo Brewery located in Sebeta, 27 Km from Addis 
Ababa. Meta Abo brewery factory produces bottled and draught beer. Meta Abo Brewey  
factory produces substantial volume of wastewater â€“ approximately 1700- 2000 m3/day.  
Treated wastewater is currently discharged from the factory to Fenchewa River located at 
a distance of approximately 2 km from the factory. The brewery uses waste stabilization 
pond systems to treat its effluent. Meta Abo brewery stabilization pond consists of three 
pond systems arranged in series: anaerobic, facultative and maturation ponds. The 
effluent from the maturation pond is discharged in to Finchewa River, a nearby stream. 
The system was designed to serve when the production capacity of the brewery was 
relatively smaller as compared to now. The waste stabilization pond system of Meta Abo 
Brewery receives approximately 1296 m3 of wastewater per day. 
  
The study covered an area lying between 2220m above sea level at sampling site U2 to 
2148m above sea level at sampling site D5 (Fig 3-1).  The water course of the river, 
physicochemical quality of the effluent at the discharge point, and the water quality of 
Fenchewa river at upstream and downstream locations were investigated. Part of the river 
was divided into two zones based on the location of discharge of effluent into the River 
Finchewa. They are (i) the upstream zone, and (ii) the downstream zone. The point at 
which effluent discharge entered the watercourse formed the basis for segmentation and 
was designated as the effluent discharge point. The river was monitored to about 700m 
downstream and about 520m upstream of the effluent. Sampling points were selected 
along these two extreme locations. 
3.1.1 Topography and geographical location  
 
Sebeta is a town in central Ethiopia. Located in the Debub Mirab Shewa Zone of the 
Oromia Region, this town has a latitude and longitude of 8Â°55â€²N 38Â°37â€²E / 8.917Â°N 
38.617Â°E and an elevation of 2,256 meters (7,402 feet) above sea level (STA, 2006).The 
town is located at 27 km southwest of the capital Addis Ababa in Oromia Region, Central 
Ethiopia. It has an area of 87,532 hectares. Sebeta town is bound by Akaki Wereda in the 
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East, Kerssa and Tole weredas in the south Welmera Wereda in the North and Ilu and 
Ejere weredas in the West.The town has two access roads leading to jima and butajira 
(STA, 2006). The land feature of Sebeta town is characterized by mountains and hills and 
marshy plains and surrounded by the Awash water shade in the west. The soil type of the 
area is 61% black soil 34% red soil and 5% mixtures of black and red soils. (Tesfaye 
Gutema, 1997)  
 
 
3.1.2 population 
 
 
 
 
 
 
The population of Sebeta town is estimated to be 114,764. Rural dwellers are 89621 and 
the remaining 25143 live in the town. The population of the town becoming increasing 
from time to time in relation with the town development in investment, trade and other 
activities ( CSA,2005). 
 
 
3.1.3. Land use  
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Agricultural activity is the dominant means of livelihood for the majority of Sebeta town 
population. People of the study area use and classfy land through functional 
categorization i.e. grazing land, agricultural land, homestead land and forestland. 
According to the annual report of Sebeta Agricultural Development Office (SADO), out 
of 87,532 hectares of land, 73,838 hectares (84.4%) are used for agriculture to cultivate 
different crop types for household consumption and for  market, 3.689 hectares (4.2%) 
for grazing land, (SADO, 2006).  
 
 
 
 
3 .1.4.  Vegetation  
 
The vegetation of Ethiopia is divided into eight major types. These are desert and semi-
desert scrubland, Acacia-Commiphora woodland, moist evergreen montane forest with 
two subtypes, lowland semi-evergreen forest, Combretum-Terminalia woodland and 
savannah, dry evergreen montane forest and grassland complex, Afro-alpine and sub-
Afro-alpine vegetation and riparian and swamp vegetation (Sebsebe Demissew et al., 
2004).  According to the study conducted by Oromia Urban Planning Institute (OUPI, 
2006) on physical and socio-economic condition of Sebeta town, the vegetation type of 
the study area belongs to montane forest. As it was observed during the study, there are 
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only remnants of trees, bushes and shrubs in agricultural fields. Rapid population growth, 
high utilization of forest trees for construction and fuel wood purposes and rapid 
expansion of farmland in order to produce more crops to feed the rapidly growing 
population threaten this existing small patch of trees and shrubs of the study area (RSIC, 
2006).  
 
3.1.5. Climate  
 
Sebeta town is divided into two agro-ecological zones highland (12%) and mid land 
(88%) (SADO, 2006). The study covered an area lying between 2220m above sea level at 
sampling site U2 to 2148m above sea level at sampling site D5. The study area is 
characterized by biannual rainy seasons. The summer rainy season occurs between mid 
June and mid September and is responsible for 70% of the annual average rainfall of 
about 1400mm. The spring rain season covers the period from February to April. The 
remaining months of the year are generally characterized by having little or no rainfall. 
The annual mean maximum and the minimum temperature were recorded in May and 
July respectively. The highest and lowest annual average temperature varies from 10 0C 
to 26 0C (National Metrological Agency, 2008).  
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Figure 3-1. Selected portion of the River Fenchewa at Sebeta showing sampling points. 
 
 
3.2 Sampling Points 
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The selection of sampling points in the upstream and downstream of the effluent 
discharge point was done systematically. Eight sampling points were located along the 
river course as follows . 
 (1)  Two sampling points were taken at the upstream location, designated as U-1 (260 m)  
      and U-2 (520 m), i.e. at 260 m and 520 m away from the discharge point. Upstream   
      locations were regarded as the reference points. 
 
(2) One sampling point was taken from the junction at the point of discharge. This 
sampling point is regarded as the point source of effluent discharge point and was 
designated as JP (0 m). 
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(3) Five sampling points were taken down stream at equal distances between them from 
the discharge point. The points were designated as D-1 (140 m), D-2 (280 m), D-3 
(420 m), D-4 (560 m) and D-5(700 m). 
 
 
3.3. Sampling and Chemical Analysis 
 
Sample collection was carried out from April 2010 to June 2010. The samples were 
collected directly from the factory outlet and from different sampling locations along 
Finchewa River twice per month during the study period. Prior to sampling the1-L 
polyethylene bottles were cleaned by incubating them with 10 % (v/v) nitric acid 
(Analytical, Merck) solution for 48 hours in a hot water bath and then washed and rinsed 
with distilled and de-ionized water. They were thoroughly rinsed with the wastewater 
from the sampling sites before sampling. 
 
Samples were transported to the Addis Ababa University Environmental science and 
Meta Abo brewery factory laboratory. Only the concentration of Nitrate was measured in 
Addis Ababa University Environmental science laboratory. The samples were then 
analyzed for different parameters as described below. The pH of the  sample was 
measured with a portable pH meter (Model HI9024, HANNA Instrument). Electrical 
conductivity (EC) was measured with a conductivity meter Oyster pH/ Conductivity 
meter that has been calibrated with standard conductivity buffer solution. Dissolved 
oxygen (DO) was measured at each site with a portable DO meter (Model Genway 9150 
DO meter). Temperature was also measured insitu, using a handheld degree Celsius 
digital thermometer (Model 145, HANNA Instruments). Nitrate-nitrogen (NO3-), 
ammonium (NH4+), Orthophosphate (PO43-) and sulfate(SO42-) were determined with 
spectrophotometer (HACH DR/2010, USA) according to HACH instructions and using 
pillow (prepared reagents). 
Biochemical Oxygen Demand (BOD): Biological oxygen demand was measured as the 
difference between initial oxygen concentration in sample  and concentration after 5 days 
incubation BOD bottles at 20 0C (APHA, 1998). Each water sample was diluted with of 
distilled water to make a 5% solution in a beaker. 1 ml each of magnesium sulphate, 
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calcium chloride, and ferric chloride, were added to the dilution. To all the samples 
Glucose- glutamic acid were added to make BOD measurement free from toxicant effect. 
The PH of the sample was adjusted (6.5-8.5) to optimize the micro organism activity. 
After the immediatedetermination of the initial oxygen content , the sample were 
incubated  in darkness at 200c for five days. Finally dissolved oxygen were determined 
after five day incubation. BOD was then calculated using the formula: 
                                             BOD (mg / L )  =   D1 âˆ’ D2    
                                                                                   P 
Where D1=DO of diluted sample for Initial DO; D2=DO of diluted sample after 5 days 
incubation; P= Volume of sample used. 



file:///C|/Users/3020/Desktop/enviromental%20science/TESFALEM%20FIKRESILASIE.txt[6/1/2018 11:14:32 AM]

Chemical Oxygen Demand (COD): To analyze the samples for COD, 5 ml of 0.1N 
KCr2O7 was added to the 50 ml of sample in a conical flask and heated on a COD reactor 
for 2 h. It was allowed to cool at room temperature. Finally COD was determined by a 
method of colorimetric determination using HACH DR/2010 photometer (HACH 
Company, Loveland, CO, USA. 
Total Suspended Solids (TSS) and Total solids (TS) were determined by gravimetric 
method at temperature of 103-105 oC (APHA, 1998). For total solids clean crucibles were 
weighed using an analytical balance. The crucibles were then heated for 1 hour in an 
oven at 103 ÂºC, allowed to cool and then reweighed until constant weights were obtained; 
this was recorded as the initial weight, B. 50ml each of the sample was introduced into 
the crucibles and evaporated using water bath. After evaporation the crucibles and the 
residue in them were dried in the oven for 2 h at 103 ÂºC then removed and cooled in a 
desicator and the weight taken as final weight, A. The total solid was estimated using the 
formula  
              TS (mg/L) =      A --  B          x  1000 
                                      volume (mL) of sample 
 
For TSS analysis, 50mL of  sample was filtered through the pre weighed filter paper. 
Filter paper was then dried at 103-105oC. TSS was determined by using following 
formula  
 
          TSS (mg/L) =      A --  B          x  1000              
                                    volume (mL) of sample 
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          Where: A is the weight of filter plus dried residue, mg 
                      B is the weight of filter paper, mg 
 
Calcium was analyzed by Atomic Absorption Spectrometry after filtering the samples. 
 All the reagents and chemicals used for the analysis were analytical Laboratory grade.  
 
3.3.1 Quality assurance 
 
Samples of organics such as DO (dissolved oxygen), COD (chemical oxygen 
demand)and BOD(Biological oxygen demand ) were collected using glassware while 
metal and other parameters were collected in plastic containers. The plastic and glass 
containers were soaked in 1M HNO3 solution and washed with laboratory detergent, 
rinsed with tap water and finally with deionised water. 
 
 
 
3.4. Statistical Analysis of Data 
 
As the study is aimed at assessing the degree of contamination of Finchewa River using 
physicochemical parameters, data obtained were analyzed by means of appropriate 
statistical tools.The analysis of variance that is used to compare three or more means is 
called a one way analysis of variance  since it contains one variable. Analysis of variance 
commonly abbreviated as ANOVA. One-way Anova (alpha = 0.05) was used to assess 
the significance difference between water quality upstream and downstream. Excel 
spreadsheet and statistical softwares like SPSS version 15 were used for the statistical 
analysis. 
 
Finally, significance tests were performed on physico-chemical  parameters among the 
reference and the other impacted sites with tukey-test. This test was used to determine the 
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significance of differences between group means in an analysis of variance setting, with 
alpha set at 0.05. 
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4. Results and Discussion 
   4.1 Physico-chemical characteristics of waste water from the brewery. 
A detailed characterization of Meta Abo Brewery factory wastewater, upstream and 
downstream river water samples were carried out to determine the pollution loads on the 
Fenchewa River. The mean characteristics of wastewaters from Meta abo Brewery 
factory are presented in Table 4-1  
 
Though the Brewery effluent had a mean temperature 25.5Â±0.83OC (Table 4-1), which 
was within the set limit of Ethiopian Environmental Protection Authority (EEPA, 2003) 
(Table 2-1), the mean value of most parameters were higher than the acceptable ranges of 
the discharge limits of EEPA. (Table 2-1). 
 
 Table 4-1.Physicochemical characteristics of Meta Abo brewery factory wastewater                       
        (Concentrations are in mg/L except for pH, temperature and conductivity) 
 
 
Parameter Mean  (After 
treatment) 
a Limit values  
 
pH 5.4Â±0.1 6-9 
Temperature (oC) 25.5Â±0.83  40 oC 
COD 1105.83Â±111.89* â‰¤ 125 mg/L 
BOD5 654Â±74.1* â‰¤  25 mg/L 
Ammonia N 55.67Â± 8.11* â‰¤  20 mg/L 
Nitrate N 0.44Â± 0.72 â‰¤10  mg/L  
Ortho phosphate 93Â±25.09 * â‰¤  0.5mg/L 
DO 2.4Â±0.2 - 
Sulphate 21.67Â±2.64 â‰¤  250 mg/L 
Total solid 1264.12Â±26.95*  
Conductivity (ÂµS/cm) 1713.67Â±114.9* 1000 ÂµS/Cm (at 20 0C) 
Total Suspended Solids 379.33Â±21.91* 30 mg/L 
 
Calcium 39Â±7.58 - 
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  â€œ aâ€ Source : ( Ethiopia EPA,2003) 
* Values above limit values 
- No guideline value obtained 
 
The mean concentrations of COD (1105.83Â±111.89mg/L), BOD5(654Â±74.1mg/L), 
phosphate ( 93Â±25.09 ) and TSS (379.33Â±21.91mg/L)(Table 4-2) were significantly  
higher than the acceptable ranges of the  discharge limits set (EEPA, 2003) (Table2-1).  
 
Untreated Brewery effluents are known to have, high biological oxygen demand (BOD), 
high chemical oxygen demand (COD) and high concentrations of suspended solids (SS) 
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(Belgiorno etal ,  2007). The high levels of BOD are indications of the pollution strength 
of the wastewaters and also indicate that there could be low oxygen available for living 
organisms in the wastewater when utilizing the organic matter present. High COD levels 
imply toxic condition and the presence of biologically resistant organic substances 
(Sawyer and McCarty, 1978).  
 
Sulphate and Nitrate concentrations with mean values of 21.67Â±2.64 mg/L and 0.44Â± 
0.72mg/L, respectively, (Table 4-1) were lower than the discharge limits set by the 
Environmental Protection authority (EEPA, 2003) (Table 2-1). Nitrate-N is an oxidized, 
inorganic form of nitrogen in water. Nitrogen is a necessary nutrient for plant growth. 
Too much nitrogen in surface waters contributes to nutrient enrichment, increasing 
aquatic plant growth and changing the types of plants and animals that live in a stream. 
 
In the same way, mean concentration of total solids (1264.12Â±26.95 mg/L), ammonia 
(55.67Â± 8.11 mg/L) and conductivity (1713.67Â±114.9 ÂµS/cm ) (Table 4-2)  were 
significantly higher than the acceptable ranges of the provisional discharge limits set by 
the Environmental Protection Authority (EEPA, 2003) (Table 2-1). Applications of 
effluent discharges from industrial wastewater increase the amount of solid chemicals in 
streams and conductance is a measure of the electrical conductance of water at 25 Â°C and 
is related to the total amount of dissolved ions in the water. 
 
The mean values of, pH, DO, and calcium of the Brewery factory effluent were also 
found to be (5.4 mg/L), (4.4 mg/L),  and (39 mg/L)  respectively (Table 4-1)  and  pH 
value was within the discharge limit (EEPA, 2003) (Table2-1) .  
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4.2 Physico-chemical properties of the river water at discharge points,      
in the upper and down stream areas 
4.2.1 Temperature 
The highest mean value for temperature was recorded in site JP (25.5 Â±1.05oC) and the 
minimum in site U2 (20.87Â±4.06 oC) (Fig 4-1) (Table 4-2). There was a mean 
temperature difference of 0.21 0C between the most upstream references (U2 and U1) and 
the most downstream (D5) sites. All the temperature values were within the EEPA (2003) 
standards for effluent discharges to surface water (Table 2-1) and all values except site JP 
were found to meet the WHO (1984) Guideline values (12- 25 0C).  Thus, the slight 
change of temperature at down stream might be due to altitude, rate of flow, air 
temperature of sampling time, water volume and so on. Despite slight change in the 
temperature of the river water at the reference and impacted sites was normal (within the 
range of ambient standard for surface water) with no significant difference (p> 0.05). So 
the temperature of the  effluent has no effect on the river. 
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 Fig. 4-1 Mean value of temperature in Fenchewa River 
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 4.2.2. PH  
 
Naturally, occurring fresh waters have a pH range between 6 and 9; the concentration 
range suitable for the existence of most biological life is quite narrow and critical. Most 
fresh waters are relatively well buffered and more or less neutral. The pH of the water is 
important because it affects the solubility and availability of nutrients and how they can 
be utilized by aquatic organisms. It also alters the ionic and osmotic balance of individual 
organism and determines the type of the chemical species (and thus the potential toxicity) 
of numerous elements and molecules (e.g. ammonia) found in water.  Aquatic organisms 
are very sensitive to the pH of the aquatic environment because most of metabolic 
activities are pH dependent (Wang et.  al., 2002).  
  
In this study, hydrogen ion concentration (pH) values for the down stream tended towards 
acidity. Minimum mean value of 6.65 Â± 0.3 and maximum mean value of 7.62 Â± 0.39 
were  recorded for sites JP and U1 respectively (Fig 4- 2) (Table 4-2). The lower pH 
values at JN is due to the discharge of effluent from the Meta Abo Brewery industrial 
process near the river.  The pH of the brewery effluent was slightly acidic in nature. The 
mean pH concentration along Finchewa river downstream ranged from (6.65Â±0.3-
6.98Â±0.73) (Fig:4-2). There was a gradual increase in the mean values of pH from sites 
JP to D5. This increase could be because of dilution capacity of the river.  The three 
months average pH value of river Fenchewa at all water  sampling sites was between 6.65 
to 7.62. Thus, all of the sampling sites  meets the WHO  drinking water quality standards 
and ambient standard for surface water  for pH (table 2-2 &2-3). All the pH values were 
within the EEPA (2003) standards for effluent discharges to surface water (Table 2-1).  
Analysis of variance (ANOVA) showed that a statistical difference at p<0.05 in the eight 
sites. Sites U2, U1, D1, D2, D3, D4 and D5 were similar, while sites JP was significantly 
different from up stream sites U2 and U1. Sites JN and U2 varied widely in pH values 
throughout the study period. 
 33
 
Table 4-2 Mean values of physicochemical parameters (n=3). Except EC (ÂµS/cm) and temperature (0C) all others 
measured in mg/L.   
 parameter U2 U1 JP D1 D2 D3 D4 D5 
PH 7.59Â±0.28 7.62Â±0.39 6.65Â±0.30 6.30Â±0.16 6.48Â±0.62 6.63Â±0.66 6.89Â±0.63 6.98Â±0.73 
TEMP 20.87Â±4.06 21.1Â±4.12 25.5Â±1.05 24.7Â±1.28 23.33Â±2.66 22.28Â±3.33 21.67Â±3.76 21.2Â±3.91 
EC 187.95Â±25.76 190.81Â±30.05 1115.6Â±120.83 1032.28Â±113.36 872.1Â±125.63 776.67Â±132.82 664.33Â
±142.57 410.17Â±71.97 
DO 7.39Â±0.16 7.09Â±0.53 6.3Â±0.32 6.72Â±0.42 6.94Â±0.53 7.08Â±0.42 7.12Â±0.31 7.39Â±0.32 
BOD5 3.22Â±1.02 3.45Â±0.98 512.12Â±56.40 422.67Â±58.98 299.17Â±47.72 185.85Â±49.31 111.22Â±43.77 
34.22Â±12.91 
COD 241.11Â±76.48 246.93Â±76.18 853.58Â±52.94 695.93Â±59.71 578.67Â±15.06 413.35Â±19.41 285.67Â±19.01 
232Â±28.87 
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NO3- 0.26Â±0.09 0.25Â±0.10 0.35Â±0.08 0.29Â±0.07 0.27Â±0.07 0.26Â±0.07 0.24Â±0.06 0.22Â±0.06 
PO43- 4.2Â±1.47 4.34Â±1.68 62.27Â±17.00 39.97Â±7.72 32.4Â±4.70 25.38Â±3.67 16.92Â±2.67 11.08Â±3.50 
SO42- 1.28Â±0.79 1.46Â±0.83 13.45Â±2.83 10.92Â±2.72 10.78Â±6.09 7.5Â±2.26 6.12Â±2.11 5.21Â±1.77 
NH3 1.31Â±1.04 1.29Â±0.92 41.47Â±6.99 34.75Â±5.86 28.04Â±5.81 20.31Â±4.96 14.5Â±4.76 10.45Â±4.58 
TS 120.04Â±6.97 121.42Â±4.84 1055.92Â±46.20 921.67Â±41.19 725.33Â±59.17 605.83Â±83.50 448.58Â±36.95 
370.75Â±23.13 
TSS 22.43Â±3.08 23.92Â±3.78 278.67Â±17.43 256.94Â±11.79 229.77Â±10.89 180Â±15.99 88Â±11.24 46.82Â±8.70  
Ca 6.92Â±3.11 7.28Â±3.33 30.67Â±9.48 22.47Â±10.18 18.22Â±7.72 17.12Â±7.23 14.5Â±4.86 13.47Â±4.54 
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         Fig. 4-2 Mean value of pH in Fenchewa  River 
4.2.3. Dissolved Oxygen (DO)  
 
Surface waters are normally saturated with DO but such  DO can be rapidly removed by 
the oxygen demanding organic wastes, and the management of DO provides a broad 
indicator of water quality (DFID, 1999). Dissolved oxygen is very crucial for the survival 
and functioning of aquatic biota because it is required for respiration of all aerobic 
organisms. It also provides a useful measure of the health of aquatic ecosystem. Increased 
temperature or excess nutrients may result in higher algal and plant growth, causing DO 
levels to increase. When the algae decompose, DO concentrations decline. Another 
variation is due to wind, which mixes the water, causing more oxygen to dissolve (EEPA, 
2003).    
 
Analysis of variance (ANOVA) showed a statistical difference at p<0.05 in the eight 
sites. Sites U2, U1, D2, D3, D4, and D5 were not significantly different, while station JN 
and D1 varied significantly from the six other stations.  The DO levels in the impacted 
sites ranged from 5.58 mg/L (JP) to 7.39 mg/L (D5). The lower value recorded for DO in 
sites JP  might be as a result of organic pollution .This is because the rate of 
 35
deoxygenation depends on dilution that occurs when effluents mixes with the stream, the 
BOD of the discharge, temperature of the discharge and the streams DO.  
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          Fig. 4-3 Mean value of DO in Fenchewa River 
Most values in upstream were higher than the values of down stream sites. Thus, in 
references the DO levels indicate good water quality. The depletion of dissolved oxygen 
at JP could be due to discharge of organic and in organic loads, which required high 
levels of oxygen for chemical oxidation, decomposition or break down. The gradual 
revival of DO at D1 (table 4-2) might be due to aeration and the dilution of the river 
water.  
 
4.2.4 Electrical Conductivity 
Conductivity is the ability of the water to conduct an electric current, and is an indirect 
measure of concentration of ions. The more ions present, the more electricity can be 
conducted by the water. In this study, electrical conductivity values varied between 
187.95Â±25.76 ÂµS/cm (U2) and 1115.6Â±120.83 ÂµS/cm (JP).  The high conductivity value 
at sample points JP (1115.6 Âµs/cm) and other down stream sampling points indicate the 
effect of industrial wastes discharge into the river. Meta Abo brewery factory release 
wastes to the Fenchewa river thus it is responsible for the increasing values of the 
 36
conductivity at JP. Starting from sampling sites JP towards the sampling point D5 the 
concentration of EC decreased which reflects the dilution of surface water. All the EC 
values except the down stream sites D1 and JP were within the EEPA (2003) standards 
for effluent discharges to surface water (Table 2-1). Except the down stream sites D1 and 
JN conductivity of the river was within the range of limits for surface waters.  EC values 
out side the 100 to 1000ÂµS/cm range are considered detrimental to most macro 
invertebrates (WQMP). There was significant difference between the reference site and 
impacted site at p< 0.05. 
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           Fig. 4-4 Mean value of  electrical conductivity in Fenchewa River 
4.2.5. Sulphate (SO42-) 
 
Sulfate mean concentrations ranged between 1.28 Â±0.79mg/L (Site U2) and 13.45 
Â±2.83mg/L (Site JP). Wastewater from breweries usually contributes to the SO42- in 
natural water along with some agricultural runoff containing leachates of gypsum 
(Ravindra et al., 2003) which was evidently the case in downstream Fenchewa River. In 
polluted waters where dissolved oxygen close to zero sulphate is very readily reduced to 
sulphide by anaerobic bacteria causing noxious odors (U.S. EPA, 2003). Analysis of 
variance (ANOVA ) showed that there was statistical difference (at p<0.05) among the 
mean values of sulphate in the eight  sites during the study period. Tukey test showed that 
 37
the difference was between the reference sites and impacted sites JP, D1, D2 and D3.  
There was a wide variation between site U2 and JN throughout the study period for 
sulfate. Thus all of the sampling sites meets the WHO drinking water quality standards 
and ambient standard for surface water  for  sulphate (table 2-2 & 2-3). All the sulphate 
values were within the EEPA (2003) standards for effluent discharges to surface water 
(Table 2-1).    
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 Fig.4-5 Mean value of sulphate in Fenchewa River 
4.2.6. Phosphate (PO43-) 
 
 Mean phosphate concentration ranged between 4.2 Â±1.47mg/L (site U2) and 62.27 
Â±17mg/L (site JP). The levels of phosphate downstream of Fenchewa River was high and 
of great concern. Relatively lower phosphate levels were recorded in the upstream of the 
river (4.2 Â±1.47mg/L (U2) and 4.4Â±1.68 mg/L (U1). The higher levels (62.27Â±17 mg/L 
(JP), 39.97 Â±7.72 mg/L (D1), 32.4Â±4.7 mg/L (D2), 25.38Â±3.67 mg/L (D3), 16.92Â±2.67 
mg/L (D4) and 11.08 Â±3.59 mg/L ( D5 ) of phosphate recorded in impacted sites .The 
discharge of phosphate salts and detergents used for washing in the factory is a regular 
source of phosphate at the discharge point. Water quality standard levels must be below 
0.05 mg/L to prevent downstream eutrophication (Australia Water Watch, 2002). 
Analysis of variance (ANOVA ) showed that there was significant difference (p<0.05) in 
 38
the mean phosphate concentrations for the eight sites. Sites U2, U1, D4, and D5 were not 
significantly different, while station JP, D1, D2, and D3 varied significantly from the four 
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other sites.  In all samples phosphate concentrations were higher than 0.005mg /L, which 
is considered as the lower limit for river waters to pose a risk of eutrophication. (Table 2-
2). Phosphate values in site JP to D5 were significantly above the EEPA (2003) standards 
for effluent discharges to surface water (Table 2-1).    
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Fig. 4-6 Mean value of phosphate in Fenchewa River 
 
 
4.2.7. Biological Oxygen Demand (BOD5) 
 
The 5 day BOD is the most widely used parameter of organic pollution applied to surface 
waters. It is the amount of dissolved oxygen taken up by aerobic microorganisms to 
degrade oxidisable organic matter present in stream measured over the period of 5 day. 
BOD normally gives an indication of the amount of biodegradable organic matter.   
 
Analysis of variance (ANOVA) showed a statistical difference at p<0.05 in the eight 
sites.  Sites U2, U1 and D5 were not significantly different, while station JP, D1, D2, D3, 
and D4 varied significantly from the three other sites. Site U2 had the lowest mean value 
of BOD (3.23Â±1.02mg/L) and site JN had the highest mean value (512.17Â±56.4mg/L) 
(Fig 4-7). The sites D1, D2, D3, D4 and D5 were also characterized with higher levels of 
 39
BOD5 concentrations due to discharge of organic effluents by Meta Abo Brewery 
industry.  All the BOD5 values were above the EEPA (2003) standards for effluent 
discharges to surface water (Table 2-1).    
 
In all impacted sites, BOD is above the ambient standard value for surface waters (5 
mg/L) (table 2-2).  Compared to maximum concentration at Site JP ( 512.17 mg/L 
BOD5), the passage of the effluent through long distance along the river and due to the 
dilution of river water was found to reduce  biological oxygen demanding substances by 
93.3%  at Site D5 ( 34.22mg/L). (Fig 4-7 and Table 4-2).  
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 Fig. 4-7 Mean value of BOD5 in Fenchewa River 
 
4.2.8 Chemical Oxygen Demand (COD) 
 
The chemical oxygen demand (COD) is used as a measure of equivalent amount of 
oxygen required to completely oxidize both biodegradable and non-biodegradable 
organic and inorganic matter. COD mean values ranged between 232 Â± 28.87mg/L and 
853.58Â±52.94mg/L for the eight sites. Analysis of variance results revealed a significant 
statistical difference in mean COD values for the eight sites (at p<0.05). Sites U2,U1,D4 
and D5 were not significantly different, while station JP, D1, D2 and D3 varied 
significantly from the four other sites. The maximum amount of COD was  recorded in JP 
where the effluent meets the river (853.58Â±52.94 mg/L). The higher levels of COD could 
 40
be ascribed to the discharge of   effluent by Meta Abo Brewery  industry to  the river.  
The sites (JP, D1 and D2) were characterized with the higher COD and BOD5 values but 
the lower DO Concentrations . Results of the investigation revealed a fall in the chemical 
oxygen demand (COD) from 853.58 mg/L in the JP to 232 mg/L in the down stream at 
D5. The COD concentration at all sampling sites  were above the EEPA (2003) standards 
for effluent discharges to surface water (Table2-1). All the reference and impacted sites 
had COD values above the ambient standard value for surface waters (150 mg/L) (table2-
2). The level of COD concentration in the river also followed the trend of BOD5 due to 
the same reason.  
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 Fig. 4-8 Mean value of COD in Fenchewa River 
4.2.9 Ammonia-Nitrogen (NH3-N) 
 
Ammonia is a common constituent of aquatic environments. It is present both as a natural 
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breakdown product of nitrogenous organic matter and as a contaminant from wastewater 
discharges and runoff. It is a common pollutant and one of nutrients contributing to 
eutrophication. It presents in large amounts in decomposing nitrogenous compounds. 
Ammonia emanates from the decomposition of nitrogenous organic matter such as urea 
and proteins. It is the main poisonous component for aquatic organisms (CCME, 1999). 
 
 41
It is toxic to aquatic organisms either by inhibiting cellular metabolism or by decreasing 
oxygen permeability of cell membrane. Ammonia affects the respiratory system of   
macro invertebrates through increased ventilation of gills. Water temperature and pH 
affect the proportion and toxicity of ammonia in aquatic ecosystem. In addition to its 
toxicity ammonia requires large amount of oxygen to undergo oxidation. Thus, it exerts 
additional oxygen demand in the presence nitrifying bacteria (CCME, 1999).  
 
In this Study, the lowest mean value of 1.29 Â±0.29mg/L and highest mean value of 41.47 
Â±6.99mg/L for ammonia (NH3) was recorded in sites U1 and JN, respectively during the 
study period. Analysis of variance (ANOVA) result shows that there was significant 
difference among the eight sites ( at p<0.05). The levels of ammonia in the reference sites 
ranged between 1.29Â±0.92 mg/L (U1) and 1.31Â±1.04 mg/L (U2). In the impacted sites, it 
ranged between 10.45Â±4.58 mg/L (D5) and 41.47Â±6.99mg/L (JP). The ammonia 
concentration at sampling sites JP, D1,and  D2 were above the EEPA (2003) standards 
for effluent discharges to surface water (Table 2-1).  The levels of ammonia in all 
impacted sites were significantly above the ambient standard (0.025mg/L (table 2-2) for 
surface waters. The higher levels in the impacted sites could be ascribed to the discharge 
of effluents containing nitrogenous compounds by the industry.  At the sampling site JP 
along the Fenchewa downstream river, the mean of ammonia concentrations was high 
which was likely to pose problems when the water is to be used by downstream users for 
irrigaton.  One of the reasons for the bad odour that can be sensed along the river courses 
during the field sampling could be due to presence of ammonia.  
The average value of ammonia for the two sample sites namely U2 and U1 were below 
WHO drinking water allowable concentration of 1.5mg/L. According to Fig. 4-9, the 
result of ammonia concentration obtained from the river water at points JP (41.47mg/L) 
to D5 (10.45mg/L) were above the maximum concentration of WHO standard (Table 2-3 
). The conversion of organic forms of nitrogen in protein and chitin containing materials 
in the effluent to ammonium nitrogen is a possibility in the river . This fact in a way 
could account for the high mean ammonia level 41.47mg/L at a point where the river 
mixes with the effluent. Such conversion could have been mediated by a number of 
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heterotrophic microorganisms, such as bacteria, fungi, and antinomycetes probably 
present in the river water and effluent. 
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           Fig. 4-9 Mean value of ammonia-N in Fenchewa River 
4.2.10. Nitrate- Nitrogen (NO3--N) 
 
Nitrate generally occurs in trace quantities in surface waters, most coming from organic 
and inorganic waste discharges. An excess nitrate in river water promotes high primary 
productivity and is taken as a warning for algal blooms (eutrophication). A massive 
growth of aquatic plant life can change the chemistry of water significantly (Ranvidra, 
2003).  
 
In the present study, the levels of nitrate ranged from 0.25Â±0.1 mg/L (U1) to 0.35Â±0.08 
mg/L (JP). Analysis of variance (ANOVA) showed that there was no statistical difference 
(at p<0.05) in the mean values of nitrate for the eight sites.  The decrease in mean 
concentration of nitrate from sites JP to D5 might be due to dilution and self purification 
along the stream. Thus all of the sampling sites meets the WHO drinking water quality 
standards and ambient standard for surface water for nitrate (table 2-2 & 2-3). All the 
nitrate values were within the EEPA (2003) standards for effluent discharges to surface 
water (Table 2-1). 
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           Fig. 4-10 Mean value of Nitrate-N in Fenchewa River 
4.2.11 Total Solid (TS)   
 
In this study there was higher concentration of total solids (TS) (105Â±46.2 mg/L) at JP, 
Where the river and the effluent mix together followed by that of the down stream point 
(D1) (921.67 mg/L) and a further lower value of 370.75 mg/L at D5.  This shows a 
reduction in concentration of solids due to the dilution of the river. There was significant 
difference between the reference site and impacted site at p< 0.05. The total solid 
concentration at the impacted sites JP, D1, D2, D3, D4 and D5 were above the EEPA 
(2003) standards for effluent discharges to surface water (Table 2-1). 
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   Fig. 4-11 Mean value of total solid in Fenchewa River 
 
4.2.12 Total Suspended solids 
The total suspended solids (TSS) concentration is a measure of the amount of materials 
suspended in water which includes a wide range of sizes of materials from silt and 
plankton to industrial wastes and sewage. Total suspended solids in river water can 
decrease light penetration, leading to a decrease in photosynthesis. The resultant primary 
production reduces food availability for aquatic organisms higher up in the food chain. 
Suspended solids also may interfere with feeding mechanisms of filter feeding organisms 
such as certain benthic macro invertebrates, and the gill functioning, foraging efficiency 
(due to visual disturbance), absorbed toxicants, changes in substrate character and 
growth. 
Total Suspended Solids (TSS) mean values in the eight sites varied between 
22.43Â±3.08mg/L and 278.68Â±17.43mg/L for sites U2 and JN, respectively. The TSS 
result that has been obtained for four months from six water sampling sites indicate that 
sampling point JP , D1, D2 and D3  had  the maximum average values of 278.68mg/L , 
256.94 mg/L, 229.77 mg/L and 180 mg/L, respectively.(Table 4-5 and Fig.4-12). The 
total suspended solid concentration is more pronounced at these sampling points, such 
sample points are located near Meta Abo Brewery factory which discharge factory 
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effluents might contribute to the load of total suspended solids. There was a gradual 
decrease in the mean values of TSS from stations JP to D5. This decrease could be as a 
result of sedimentation of some of the suspended substances in the effluents discharge as 
it moves down stream (Haslam, 1990). There was significant difference between the 
reference site and impacted site at p< 0.05. The total suspended solid values at the down 
stream were above the EEPA (2003) standards for effluent discharges to surface water 
(Table 2-1).   . 
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 Fig. 4-12 Mean value of TSS in Fenchewa River 
 4. 2. 13 Calcium 
 
The mean concentration of calcium ranged between 6.92Â±3.11mg/L and 30.67 
Â±9.48mg/L for all the stations. Analysis of variance (ANOVA) showed that there was 
significant difference (at p<0.05) in the mean of calcium in the eight sites. Tukey test 
revealed that the difference was between reference sites (U2 and U1) and down stream 
sites (JP andD1). Calcium level in Fenchewa river was below WHO standard for drinking 
water quality.  
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  Fig. 4-13 Mean value of Calcium in Fenchewa River 
 
4.3  Characteristics of the Fenchewa River at the Discharge Point 
 
The average levels of water quality parameters at the discharge point, upstream and 
downstream locations of the river are presented in Table 6. Pollution levels were 
observed to be higher in the effluent at the discharge point than that of the upstream and 
downstream of the river. This is deduced from the average levels of water quality 
parameters at the discharge point being higher than the corresponding levels at upstream 
and downstream locations (Table 4-6). The effluent was characterized by high values of 
suspended matter, solids, NH3-1, PO4-3, conductivity, COD and BOD5. The overall 
average levels of these parameters at the discharge point were much higher than the 
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available discharge standards stated (EEPA 2003, WHO, Ambient Environmental 
Standards   (Table 2-1, 2-2 and 2-3). 
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Table 4-6.  Overall average levels of water quality parameters at 
upstream, discharge point and downstream of  the Fenchewa 
River. 
 
PARAMETER  UP STREAM DISCHARGE POINT DOWN STREAM 
PH 7.61Â±0.33 6.65Â±0.3 6.88Â±0.56 
TEMP 20.98Â±3.9 25.5Â±1.05 22.64Â±3.18 
EC 189.38Â±26.73 1115.6Â±120.83 751.11Â±239.80 
DO 7.24Â±0.41 5.58Â±0.32 6.87Â±0.56 
BOD5 3.34Â±0.96 512.17Â±56.40 210.62Â±145.96 
COD 244.02Â±72.84 853.58Â±52.94 441.83Â±108.22 
NO3- 0.26Â±0.09 0.35Â±0.08 0.25Â±0.07 
PO43- 4.29Â±1.51 62.27Â±17.00 25.15Â±11.45 
SO42- 1.37Â±0.78 13.45Â±2.83 8.1Â±3.95 
NH3 1.29Â±0.94 41.47Â±6.99 21.61Â±10.2 
TS 120.73Â±5.76 1055.92Â±46.20 614.43Â±206.14 
TSS 23.17Â±3.38 278.67Â±17.43 160.3Â±82.95 
Ca 7.1Â±3.08 30.67Â±9.48 17.15Â±7.43 
 
  
The overall average pH value was 6.65 Â± 0.3 with a range of 6.62-6.68 (Table 4-1). All of 
the pH values of the effluent during the sampling period were within the Brewery effluent 
discharge limits (Table 2-1). The low pH value is due to acidic discharges (i.e. beer and 
by-products) resulting from beer production. Thus, the effluent is acidic and has the 
potential to acidify the river water. 
 
The Overall average level of ammonia in the effluent at the discharge point during the 
sampling period was 41.47 Â± 6.99mg/l (Table 4-3). The presence of ammonia 
concentrations in the effluent has its origin from the proteins and chitins load contained in 
the brewing waste. Apart from high organic content of brewery effluent, spent wash 
generated from the fermentation step also contains nutrients in the form of nitrogen. 
Spent wash is the dark brown distillery wastewater generated during the fermentation 
step of beer production (Satyawali, 2008). The total nitrogen concentration of the waste 
load can be seen as the sum of organic and ammonium nitrogen. 
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             Fig 4-14 Overall average levels of water quality parameters 
 
Ouboter et al. (1998) explained that almost all of the proteins in brewery effluent is 
mineralised and nitrified in the river. Mineralisation occurs through the activity of 
proteolytic and deaminative bacteria, initially hydrolysing protein to peptides and amino 
acids and finally by deamination to ammonium (NH4+). This explains the major source of 
ammonia in the brewery effluent and river water. The nitrification reaction produces 
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nitrates. Nitrification is the process resulting in the conversion of ammonium to nitrite 
and then to nitrate. These two biochemical reactions are mediated by nitrosomonas and 
nitrobacter bacteria (White head et al., 1997).  
 
The average level of  phosphate in the effluent at the discharge point during the sampling 
period was 62.27 Â± 17mg/L  (Table 4-3). The discharge of phosphate salts and detergents 
used for washing in the factory is a regular source of phosphate at the discharge point.  
  
At this sampling point, dissolved oxygen levels were  lower than corresponding levels for 
either upstream or downstream sampling points. The mean DO levels at the discharge 
point during the sampling periods were 5.58 Â± 0.32 mg/L  (Table 4-3). The effect of 
effluent upon the available dissolved oxygen in the river was noticed by depression in 
level at the discharge point. The effluent probably contained  organic load of matter. 
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4.4. Characteristics of the Upstream and Downstream River Water 
 
The average pH values upstream were higher than the corresponding values downstream. 
The pH fall is traceable to acidic discharge of effluent into the river, whose pH was low 
compared to the pH of water upstream.  
 
River water is made â€˜hardâ€™ by the calcium dissolved in it. Hard water is that which 
contains dissolved calcium and usually some magnesium. The levels of  calcium in 
downstream water of the river were  higher than the upstream  calcium levels (Table 4-3).  
There was a rise in average levels of TS and TSS throughout the study period at 
downstream location compared to that of upstream location. This is attributable to 
draining of effluent discharges with high TS and TSS levels into the river.  
 
The World Water Council stated in their year 2000 report (wwcc et al.,2000) that there is 
a water crisis today, which is not concerned with having little water to satisfy the needs, 
but it is a crisis of managing water so poorly that billions of people and the environment 
suffer badly. On the top of the agenda is pollution, especially in Ethiopia, where there is 
too much river water available as an alternative source for drinking, irrigation and 
recreational purposes with little or no pretreatment under acute water shortage. Therefore, 
the quality parameters of the river water downstream were compared with drinking water 
standards and water quality characteristics in relation to various beneficial purposes 
(Tables 4-4and 4-5).  
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Table 4-4. Comparison of overall average water quality of Fenchewa river with some 
water quality standards 
Notes: WHO=WHO drinking water guidelines, EQC=Ethiopian water quality criteria for aquatic 
freshwater life, USEPA=US Environmental Protection Agency. a Source=(WHO 1996); b    
Source=(EPA 2003); c Source=(US EPA 1999). 
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Table 4-5. Comparison of average water quality of Fenchewa  river with optimum values 
of water quality characteristics in relation to type of beneficial use. 
Note: â€œ a â€œ Source=Van der Leeden (1990). 
 
 
 parameters up stream Down stream a WHO bEQC cUS EPA 
PH 7.61Â±0.33 6.88Â±0.56 6.5 -9.5 6-9 6.5-8.0 
TEMPERATURE 20.98Â±3.9 22.64Â±3.18       
EC 189.38Â±26.73 751.11Â±239.80    1000uni00B5S/cm   
DO 7.24Â±0.41 6.87Â±0.56   5.5-9.5 >=5 
BOD5 3.34Â±0.96 210.62Â±145.96    <5 <=5 
COD 244.02Â±72.84 441.83Â±108.22       
NO3- 0.26Â±0.09 0.25Â±0.07 50     
PO43- 4.29Â±1.51 25.15Â±11.45       
SO42- 1.37Â±0.78 8.1Â±3.95 500 200   
NH3 1.29Â±0.94 21.61Â±10.2 <1.5  20   
TS 120.73Â±5.76 614.43Â±206.14       
TSS 23.17Â±3.38 160.3Â±82.95    25-50   
Ca 7.1Â±3.08 17.15Â±7.43       
  
Fenchewa river 
  
    
parameters up stream down stream 
adomestic water 
supply 
a recreational (bathing 
and      swimming)  a Irrigation 
PH 7.61Â±0.33 6.88Â±0.56 6.8 -7.2 6.8 -7.2 6.5 -8.5 
TEMP 20.98Â±3.9 22.64Â±3.18       
EC 189.38Â±26.73 751.11Â±239.80       
DO 7.24Â±0.41 6.87Â±0.56 5 5   
BOD5 3.34Â±0.96 210.62Â±145.96   5   
COD 244.02Â±72.84 441.83Â±108.22       
NO3- 0.26Â±0.09 0.25Â±0.07       
PO43- 4.29Â±1.51 25.15Â±11.45       
SO42- 1.37Â±0.78 8.1Â±3.95       
NH3 1.29Â±0.94 21.61Â±10.2       
TS 120.73Â±5.76 614.43Â±206.14 500   500 
TSS 23.17Â±3.38 160.3Â±82.95   100   
Ca 7.1Â±3.08 17.15Â±7.43       
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Table 4-6. Comparison of the quality of effluent discharged into and Fenchewa river and 
brewery effluent qualities of Ethiopia with some effluent quality standards. 
 
 
 
Note: aSource=( EPA 2003); bSource=( WHO);   
 âˆ—down stream average=meanÂ± standard deviation. 
 
Deposition of solid particulates from the effluent through the river course could be 
responsible for the average downstream total solid levels that were much higher than the 
limit of 285 mg/l by EEPA (Table 4-6). From upstream to downstream, the BOD,  COD,  
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EC, NH3, PO4-3, SO4-2, NO3-1, TS, TSS and  Ca  levels of samples increased considerably 
and were significantly above the recommended water quality standards (Table 2-2,4-4 
and 4-5 ). The overall average total suspended solid value at downstream locations was 
 parameter 
Effluent discharge into 
Fenchewa river 
Effluent qualities of some 
countries 
  
Effluent quality 
standards  
   *  down stream  average a Brewery effluent in Ethiopia  
b WHO    Discharge 
limits 
PH 6.88Â±0.56  6-9 6.5 -9.5 
TEMPERATURE 
22.64Â±3.18 
   40  oC   
EC 
751.11Â±239.80 
  1000uni00B5S/cm   
DO 
6.87Â±0.56 
    
BOD5 
210.62Â±145.96 
  â‰¤  25 mg/l 20 
COD 
441.83Â±108.22 
  â‰¤  125 mg/l 125 
NO3-1 
0.25Â±0.07 
  â‰¤  10 mg/l 15 
PO4-3 
25.15Â±11.45 
  â‰¤  0.5  mg/l   
SO4-2, 
8.1Â±3.95 
  â‰¤ 250 mg/l   
NH3 
21.61Â±10.2 
  â‰¤  20 mg/l   
TS 
614.43Â±206.14 
   -   
TSS 
160.3Â±82.95 
   â‰¤  35 mg/l 30 
Ca 
17.15Â±7.43 
   -   
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found to be much higher than the allowable total suspended solid threshold limit of 100 
mg/L for recreational water quality, above which the river is seriously impaired for 



file:///C|/Users/3020/Desktop/enviromental%20science/TESFALEM%20FIKRESILASIE.txt[6/1/2018 11:14:32 AM]

recreational purposes (Vander et al. ,1990). 
 
Analysis of variance was used to assess the difference between water quality upstream 
and downstream. This statistical comparison of water quality parameter for pH, 
conductivity, BOD, COD, PO4-3, TS, TSS , NO3-1, NH3, and SO4-2 are significantly 
different at p < 0.05.  
 
The average nitrate level at downstream of the river was 0.26 Â± 0.07mg/L. (Tables 4-1). 
These nitrate levels as obtained during the study period were below the nitrate level of 10 
mg/L limit value for brewery effluent in Ethiopia (Table 4-6) discharged into surface 
water. The conversion of organic forms of nitrogen in protein and chitin containing 
materials in the effluent to ammonium nitrogen is a possibility as the river flows 
downstream. This fact in a way could account for the high mean ammonia level of 21.61 
Â± 10.22 mg/L for downstream locations compared to upstream ones. Such conversion 
could have been mediated by a number of heterotrophic microorganisms, such as 
bacteria, fungi, and antinomycetes probably present in the river water and effluent.  
 
The phosphate level was noticed to be generally low at upstream locations where 
anthropogenic pollution was minimal. This is in conformity with (Rast, 1998) findings 
which indicated that inflow streams are low in phosphate when they are not influenced by 
human activities. The mean phosphate value of 25.15 Â± 11.45  mg/L  was obtained at 
downstream location (Table 4-6). This indicates that the average phosphate levels 
obtained during the study period are rather on the high side judging from the fact that 
total phosphate concentrations greater than 0.1 mg/l are regarded as unacceptably high in 
most freshwater system (Correl, 1988). Environmental concerns associated with 
phosphate centre on its stimulation of algae growth in the river to ecologically 
undesirable levels that can further deplete the DO level of the river. The mean DO levels 
for downstream location was 6.87 Â± 0.56 mg/L (Table 4-1). 
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The overall DO levels were with in the permissible DO limit for aquatic freshwater life 
(4â€“9 mg/L).(table 4-4) This is due to the dilution of effluent that occurred as the river 
flowed downstream .The average BOD values of upstream water were lower than the 
corresponding values of the downstream. This increase in BOD of the downstream 
represents an organic loading of the river by brewery discharges. This is in accordance 
with the fact that high organic load is found in wastewaters from rising of bottles and 
mixing tanks, which consequently affect oxygen level in the river (Masson, 1991). The 
average COD values of the river water showed similar pattern of being high at 
downstream location compared to upstream location. The average COD value of 
downstream river water was 441.12 Â± 180.22 mg/L (Table 4-3). These COD values were 
far above the Ethiopian effluent discharge limit of 125 mg/L. 
 
Table 4-3 shows elevated contents of Ca in downstream river water compared to the 
corresponding levels in upstream water. The levels of Ca  in upstream and downstream 
river water was lower than the WHO and other quality standards for aquatic freshwater 
life (Table 4-4). The increase in levels of calcium metal in downstream river water is 
traceable to brewery discharges in the river.  
 
 
4.5. Spatial and monthly Trends in Water Quality at Discharge and 
Downstream Locations 
 
The levels of some water quality parameters at downstream locations in the dry season 
are generally higher than the corresponding levels in the rainy season. These parameters 
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include  pH, TS, NO3 , NH3 , BOD, COD,  and Ca (Table 4-7). This implies that the 
Fenchewa river is subject to climatic variation. This is in addition to anthropogenic input 
into the Fenchewa river of brewery effluent, which is subject to variation in character or 
quality determined by treatment it receives prior to discharge into the river. There was an 
indication of decreased contamination of the Fenchewa river between the months April to 
June 2010.  
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                  Table 10.   Average  water quality  parameters  of  the Fenchewa river  at 
down stream during April to June 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4-7  shows that the relative contribution of organic load at downstream locations as 
evidenced from BOD and COD levels has decreased with time. This decrease represents 
an organic loading abatement in connection with the occurrence of the natural self 
purification capacity of the Fenchewa river. The aquatic organisms present in the 
Fenchewa river have the ability to breakdown organic components of the effluent. The 
capability of the river to undergo this is known as self purification (Sridhar, 1982). The 
BOD level reaches a maximum of 235.39 mg/L during the dry season( April).The BOD 
values however decrease significantly during the wet season(June) due to dilution of 
effluents by rain waters  The Total solid Concentration (TS) , ammonia and  calcium  
reached maximum levels during the driest month of April and dropped to the minimum 
levels during the wetter month of June. The PH reached minimum levels in April and 
maximum levels in June. Between April and June 2010, There were many differences in 
the levels of water quality parameters obtained for the five downstream sampling 
locations. These levels of water quality parameters generally decreased downstream, 
suggesting the dilution of pollutant concentrations. 
 
 
 
parameters Appril may June 
pH 6.48Â±0.71 7.087Â±0.32 7.088Â±0.32 
temperature 25.61Â±0.50 22.6Â±2.75 19.7Â±2.311 
EC 745.53Â±220.12 737.6Â±303.91 770.2Â±209.35 
DO 6.74Â±0.47 6.766Â±0.77 7.094Â±0.33 
BOD5 235.39Â±156.26 231.28Â±143.97 165.2Â±141.61 
COD 436.26Â±186.23 461.21Â±199.99 425.9Â±171.01 
NO3- 0.286Â±0.09 0.24Â±0.03 0.24Â±0.043 
PO43- 24.51Â±9.31 24.412Â±11.71 26.53Â±13.98 
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SO42- 8.12Â±1.91 6.832Â±1.69 9.37Â±6.33 
NH3 21.861Â±10.56 26.41Â±9.37 16.56Â±9.09 
Alkalinity 218.31Â±79.20 209.89Â±51.71 199.9Â±77.06 
TS 645.5Â±222.05 599.9Â±211.93 597.9Â±202.68 
TSS 158.324Â±84.08 159.39Â±87.42 163.2Â±86.26 
ca 25Â±6.44 15.39Â±4.39 11.074Â±1.962 
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5. Conclusions and Recommendations 
5.1 Conclusions 
 
Significant pollution of the river was indicated by COD, BOD, ammonia, Ortho-
phosphate, TSS, TS, and electrical conductivity from the brewery factory. The River 
Fenchewa is a recipient of brewery effluent of poor quality that does not meet the 
stipulated minimum requirement for discharge into surface water. 
The results indicated that pH and temperature were within the range of permissible limit 
for surface waters. Very high nutrients, BOD, COD, total solid, and suspended solids 
load were observed, indicating the river is  impaired.   
 
The water quality of river Fenchewa shows spatial variation by which the water quality at 
site U2 and U1  is good that is  interference that deteriorate the water quality is minimal  
and as the river crosses the brewery factory quality of certain samples reveals that it is 
getting deteriorated  at the down stream  where JP is the highly polluted site followed by 
D1. The levels of most parameters responsible for water quality downstream were 
significantly higher than the corresponding levels upstream. There was a gradual decrease 
in conductivity, BOD, COD, TSS, TS, Sulphate, nitrate, ammonia, phosphate and 
calcium from discharge point to down stream but dissolved oxygen increases. The 
relative low contaminant values of water excluding those JP, D1 and D2 indicates that at 
this water zone the Brewery factory activitiy for causing river water quality deterioration 
is relatively insignificant. The water quality of the samples located near the factory do not 
fulfill the WHO drinking water quality guidelines in most water quality parameters. It 
indicates the effects of discharging of effluent released from such industry. Thus, the 
brewery effluent is responsible for the high level of water contamination around the 
discharge point . 
 
Generally physico-chemical results from this study showed that some of the parameters 
measured in the river were above reference values, the standards set out by EPA and 
WHO drinking water quality guideline.  The average concentration of EC, BOD, COD, 
PO4-3, NH3 and TSS at the discharge point (JP)  and down stream were above the ambient 
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environmental standard. Therefore, the elevation in levels of indicator parameters 
downstream (up to 420m) subsequently render the river water unwholesome for intended 
beneficial purposes, such as cooking, drinking, irrigation and aquatic life support. The 
development of Brewry industries in developing countries like Ethiopia is an encouraging 
phenomenon from economic and social development point of view but industrial wastes 
should be effectively treated and  managed properly.  
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5.2.   Recommendations     
 
1. Improve the performance of existing treatment systems through modifications and 
technological upgrades. 
 
2. Environmental standards and effluent regulations for Brewery industries need to 
cover all parameters with adverse effects on the environment and should be 
implemented and monitored regularly. 
 
3. It should be an urgent prerequisite to require Brewery factory to continuously 
monitor brewery effluents and take necessary actions to change wastewater to 
enviromentaly friendly form before discharging it into Fenchewa River.  
 
4. Despite the river is being contaminated with chemicals and toxic substances, it 
was observed that some people use the river water for different purposes like 
irrigation. The local communities should be aware of the potential dangers of 
using such polluted water for different economic activities. 
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Annexes I 
 
 
Table 2-1: Brewery wastewater limit Values for discharges to Water bodies 
 
Constituent group / parameter Emission limit value (mg/l) 
Temperature Do not change ambient temperature by more than 1Â°C 
Total solid 285mg/l 
PH 6-9   
EC 1000 Âµs/cm @ 20 0C 
BOD5  at 200C â‰¤  25 mg/l 
COD â‰¤  125 mg/l 
Total Suspended Solids (TSS) â‰¤  35 mg/l 
Ammonia-nitrogen â‰¤  20 mg/l 
Nitrates [NO3- N ] â‰¤ 10 mg/l 
Orthophosphate â‰¤  0.5mg/l 
Sulfate â‰¤  250 mg/l 
Ca - 
DO - 
  Source:  Federal EPA (2003) 
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              - No guideline value               
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Table 2-2 Guidelines of some physicochemical parameters for stream waters (EPA,    
2003). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parameters                                  Ambient Environmental  standard 
BOD5 â‰¤ 5 mg/L          
COD â‰¤ 150 mg/L 
EC 100 â€“ 1000 ÂµS/cm @ 20  o C 
NH3-N â‰¤ 0.025 mg/L  
NO3-N â‰¤ 10 mg/L 
Temperature 5-30  oC  
pH  6-9 (pH scale) 
SO42- â‰¤ 200  mg/L  
PO43- â‰¤ 0.005 mg/L  
DO       â‰¥ 4 mg/L 
TSS â‰¤ 50 mg/L 
Calcium - 
Total solid - 
 69
Table: 2- 3. Drinking water quality standards.  
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parameters WHO standards 
Temperature (0C) 12-25 (WHO,1984) 
EC. (ÂµS/cm) 250 (WHO, 1993) 
pH 6.5-8.5 (WHO, 1993) 
BOD - 
COD - 
Calcium (mg/L) 200 (WHO, 1993) 
DO - 
Ammonium (mg/L) 1.5 (WHO, 1996) 
Total solid - 
TSS - 
Nitrate (mg/L) 50 (WHO, 1996) 
Sulphate (mg/L) 500 (WHO, 1996) 
Phosphate (mg/L) - 
 
WHO standards represent the World Health Organization Drinking water quality 
standards. (WHO, 1993; WHO, 1996). 
- No guideline values can be obtained. 
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Table 4-1  Physicochemical characteristics of Meta Abo brewery factory waste water              
(Concentrations are in mg/l except for pH, temperature and conductivity) 
 
Parameter Mean Limit values  
 
pH 5.4Â±0.1 6-9 
Temperature (oC) 25.5Â±0.83  40 oC 
COD 1105.83Â±111.89* â‰¤ 125 mg/l 
BOD5 654Â±74.1* â‰¤  25 mg/l 
Ammonia N 55.67Â± 8.11* â‰¤  20 mg/l 
Nitrate N 0.44Â± 0.72 â‰¤10  mg/l  
Ortho phosphate 93Â±25.09 * â‰¤  0.5mg/l 
DO 4.4Â±0.2 - 
Sulphate 21.67Â±2.64* â‰¤  250 mg/l 
Total solid 1264.12Â±26.95*  
Conductivity (ÂµS/cm) 1713.67Â±114.9* 1000 ÂµS/Cm (at 20 0C) 
Total Suspended 
Solids 
379.33Â±21.91* 30 mg/l 
 
Calcium 39Â±7.58 - 
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   Source: (Ethiopia EPA, 2003) 
* Values above limit values 
- No guide line value obtain
 78
0 
 Table 4-2 Mean values of physicochemical parameters (n=3). Except EC (ÂµS/cm) and temperature (0C) all others 
measured in 
mg/L.   
                                                                                                                                                                                                                                                                    
                   
 parameter U2 U1 JN D1 D2 D3 D4 D5 
PH 7.59Â±0.28 7.62Â±0.39 6.65Â±0.30 6.30Â±0.16 6.48Â±0.62 6.63Â±0.66 6.89Â±0.63 6.98Â±0.73 
TEMP 20.87Â±4.06 21.1Â±4.12 25.5Â±1.05 24.7Â±1.28 23.33Â±2.66 22.28Â±3.33 21.67Â±3.76 21.2Â±3.91 
EC 187.95Â±25.76 190.81Â±30.05 1115.6Â±120.83 1032.28Â±113.36 872.1Â±125.63 776.67Â±132.82 664.33Â
±142.57 410.17Â±71.97 
DO 7.39Â±0.16 7.09Â±0.53 6.3Â±0.32 6.72Â±0.42 6.94Â±0.53 7.08Â±0.42 7.12Â±0.31 7.39Â±0.32 
BOD5 3.22Â±1.02 3.45Â±0.98 512.12Â±56.40 422.67Â±58.98 299.17Â±47.72 185.85Â±49.31 111.22Â±43.77 
34.22Â±12.91 
COD 241.11Â±76.48 246.93Â±76.18 853.58Â±52.94 695.93Â±59.71 578.67Â±15.06 413.35Â±19.41 285.67Â±19.01 
232Â±28.87 
NO3- 0.26Â±0.09 0.25Â±0.10 0.35Â±0.08 0.29Â±0.07 0.27Â±0.07 0.26Â±0.07 0.24Â±0.06 0.22Â±0.06 
PO43- 4.2Â±1.47 4.34Â±1.68 62.27Â±17.00 39.97Â±7.72 32.4Â±4.70 25.38Â±3.67 16.92Â±2.67 11.08Â±3.50 
SO42- 1.28Â±0.79 1.46Â±0.83 13.45Â±2.83 10.92Â±2.72 10.78Â±6.09 7.5Â±2.26 6.12Â±2.11 5.21Â±1.77 
NH3 1.31Â±1.04 1.29Â±0.92 41.47Â±6.99 34.75Â±5.86 28.04Â±5.81 20.31Â±4.96 14.5Â±4.76 10.45Â±4.58 
TS 120.04Â±6.97 121.42Â±4.84 1055.92Â±46.20 921.67Â±41.19 725.33Â±59.17 605.83Â±83.50 448.58Â±36.95 
370.75Â±23.13 
TSS 22.43Â±3.08 23.92Â±3.78 278.67Â±17.43 256.94Â±11.79 229.77Â±10.89 180Â±15.99 88Â±11.24 46.82Â±8.70  
Ca 6.92Â±3.11 7.28Â±3.33 30.67Â±9.48 22.47Â±10.18 18.22Â±7.72 17.12Â±7.23 14.5Â±4.86 13.47Â±4.54 
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Table 4-3  Overall average levels of water quality  parameters at upstream, discharge 
point      and downstream of  the Fenchewa river   
 
 
PARAMETER  UP STREAM 
DISCHARGE 
POINT DOWN STREAM 
PH 7.61Â±0.33 6.65Â±0.3 6.88Â±0.56 
TEMP 20.98Â±3.9 25.5Â±1.05 22.64Â±3.18 
EC 189.38Â±26.73 1115.6Â±120.83 751.11Â±239.80 
DO 7.24Â±0.41 5.58Â±0.32 6.87Â±0.56 
BOD5 3.34Â±0.96 512.17Â±56.40 210.62Â±145.96 
COD 244.02Â±72.84 853.58Â±52.94 441.83Â±108.22 
NO3- 0.26Â±0.09 0.35Â±0.08 0.25Â±0.07 
PO43- 4.29Â±1.51 62.27Â±17.00 25.15Â±11.45 
SO42- 1.37Â±0.78 13.45Â±2.83 8.1Â±3.95 
NH3 1.29Â±0.94 41.47Â±6.99 21.61Â±10.2 
TS 120.73Â±5.76 1055.92Â±46.20 614.43Â±206.14 
TSS 23.17Â±3.38 278.67Â±17.43 160.3Â±82.95 
Ca 7.1Â±3.08 30.67Â±9.48 17.15Â±7.43 
 
 
Table 4-4 Comparison of overall average water quality of Fenchewa River with some 
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water quality standards 
 
Notes: WHO=WHO drinking water guidelines, EQC=Ethiopian water quality criteria for 
aquatic freshwater life, USEPA=US Environmental Protection Agency. a Source=(WHO 
1996); b    Source=(EPA 2003); c Source=(US EPA 1999). 
 
 
 parameters up stream Down stream a WHO bEQC cUS EPA 
PH 7.61Â±0.33 6.88Â±0.56 6.5 -9.5 6-9 6.5-8.0 
TEMPERATURE 20.98Â±3.9 22.64Â±3.18       
EC 189.38Â±26.73 751.11Â±239.80    1000uni00B5S/cm   
DO 7.24Â±0.41 6.87Â±0.56   5.5-9.5 >=5 
BOD5 3.34Â±0.96 210.62Â±145.96    <5 <=5 
COD 244.02Â±72.84 441.83Â±108.22       
NO3- 0.26Â±0.09 0.25Â±0.07 50     
PO43- 4.29Â±1.51 25.15Â±11.45       
SO42- 1.37Â±0.78 8.1Â±3.95 500 200   
NH3 1.29Â±0.94 21.61Â±10.2 <1.5  20   
TS 120.73Â±5.76 614.43Â±206.14       
TSS 23.17Â±3.38 160.3Â±82.95    25-50   
Ca 7.1Â±3.08 17.15Â±7.43       
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Table 4-5 Comparison of average water quality of Fenchewa River with optimum values 
of water quality characteristics in relation to type of beneficial use. 
 
Note: a Source=Van der Leeden (1990). 
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Fenchewa river 
  
    
parameters up stream down stream 
 adomestic water 
supply 
 a recreational (bathing 
and      swimming)  a Irrigation 
PH 7.61Â±0.33 6.88Â±0.56 6.8 -7.2 6.8 -7.2 6.5 -8.5 
TEMP 20.98Â±3.9 22.64Â±3.18       
EC 189.38Â±26.73 751.11Â±239.80       
DO 7.24Â±0.41 6.87Â±0.56 5 5   
BOD5 3.34Â±0.96 210.62Â±145.96   5   
COD 244.02Â±72.84 441.83Â±108.22       
NO3 0.26Â±0.09 0.25Â±0.07       
PO4 4.29Â±1.51 25.15Â±11.45       
SO4 1.37Â±0.78 8.1Â±3.95       
NH3 1.29Â±0.94 21.61Â±10.2       
TS 120.73Â±5.76 614.43Â±206.14 500   500 
TSS 23.17Â±3.38 160.3Â±82.95   100   
Ca 7.1Â±3.08 17.15Â±7.43       
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Table 4-6 Comparison of the quality of effluent discharged into and Fenchewa river and 
brewery effluent qualities of Ethiopia with some effluent quality standards. 
 
 
 
Note: aSource=( EPA 2003); bSource=( WHO);   
 âˆ—down stream average=meanÂ± standard deviation. 
 
 
   
 
 
 
                     
                                                                                                                                                                               
 parameter 
Effluent discharge into 
Fenchewa river 
Effluent qualities of some 
countries 
  Effluent quality standards  
   * down stream average a Brewery effluent in Ethiopia  b WHO    Discharge limits 
PH 6.88Â±0.56  6-9 6.5 -9.5 
TEMPERATURE 
22.64Â±3.18 
   40  oC   
EC 
751.11Â±239.80 
   1000uni00B5S/cm   
DO 
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6.87Â±0.56 
   -   
BOD5 210.62Â±145.96   â‰¤  25 mg/l 20 
COD 441.83Â±108.22   â‰¤  125 mg/l 125 
NO3- 0.25Â±0.07   â‰¤  10 mg/l 15 
PO43- 25.15Â±11.45   â‰¤  0.5  mg/l   
SO42- 8.1Â±3.95   â‰¤ 250 mg/l   
NH3 21.61Â±10.2   â‰¤  20 mg/l   
TS 
614.43Â±206.14 
   -   
TSS 
160.3Â±82.95 
   â‰¤  35 mg/l 30 
Ca 
17.15Â±7.43 
   -   
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Table 4-7   Average  water quality  parameters  of  the Fenchewa river  at down stream 
during April to June 2010 
 
 
 
 
 
 
 
 
 
 
 
 
parameters Appril may June 
pH 6.48Â±0.71 7.087Â±0.32 7.088Â±0.32 
temperature 25.61Â±0.50 22.6Â±2.75 19.7Â±2.311 
EC 745.53Â±220.12 737.6Â±303.91 770.2Â±209.35 
DO 6.74Â±0.47 6.766Â±0.77 7.094Â±0.33 
BOD5 235.39Â±156.26 231.28Â±143.97 165.2Â±141.61 
COD 436.26Â±186.23 461.21Â±199.99 425.9Â±171.01 
NO3- 0.286Â±0.09 0.24Â±0.03 0.24Â±0.043 
PO43- 24.51Â±9.31 24.412Â±11.71 26.53Â±13.98 
SO42- 8.12Â±1.91 6.832Â±1.69 9.37Â±6.33 
NH3 21.861Â±10.56 26.41Â±9.37 16.56Â±9.09 
TS 645.5Â±222.05 599.9Â±211.93 597.9Â±202.68 
TSS 158.324Â±84.08 159.39Â±87.42 163.2Â±86.26 
ca 25Â±6.44 15.39Â±4.39 11.074Â±1.962 
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