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Abstract 
 

Eutrophication is the enrichment of water body by nutrients; especially nitrates and phosphates. 
These nutrients are used by phytoplankton such as algae and Cyanobacteria. High nutrient 
concentration cause algal bloom; if this is Cyanobacteria; it creates a big health problem to 
human and cattle depending on drinking water reservoirs by releasing toxic substance. This study 
investigates and quantifies the nutrients at Dire reservoir so that it is easy to identify the potential 
source of nutrients to the Dire reservoir which was constructed by Addis Ababa Water and 
Sewerage Authority for drinking water supply. Furthermore, the trophic status of the reservoir 
was identified in comparison to the amount of Chlorophyll-a. In doing so, Reconnaissance 
survey was made through systematic stratified sampling design where the soil, sediment and 
water in and around the reservoir and the tributaries flowing to the reservoir were sampled and 
analyzed in the laboratory for their nitrate and phosphate contents. A total of 22 waters, soil and 
sediment samples were taken for each of the sample types namely: water, sediment and soil in 
December and February, dry season. These were one from upstream and another from 
downstream of the tributaries flowing towards the reservoir such as Legedadi, Silmicha and 
Berek.  In addition, five soil, five sediment and five water samples were taken inside and around 
the reservoir independently for the two months. The data obtained are tabulated to be analyzed 
using Microsoft Excel and SPSS software. Accordingly, analysis of variance and correlation of 
the parameters are evaluated. There is high nutrient deposition in the sediment compared to the 
soil and water; it is more concentrated at the downstream than the upstream of the tributaries 
which are an indication of erosion of upstream soil during the rainy season and aggravated by 
crop cultivation in the watershed. Surprisingly, the chlorophyll- a concentration (0.35µg/l) is not 
as much as the nutrients due to low light penetration. The reservoir is phosphorus limited and is 
hyper- eutrophic. The nutrients in the reservoir are mostly contributed by sediments of Legedadi 
(18.6mg/kg) and Silmicha (34.9mg/kg) Rivers. Hence, IWM must be applied by the stake 
holders paying attention to Silmicha followed by Legedadi and Berek tributaries. 
 
Key words: Nitrates, Phosphate, Sedimentation, Eutrophication. 
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1 Introduction 

1.1  Background  
 

―Water quality, the quality of any body of surface or ground water, is a function of either or both 

natural influences and human activities. Without human influences, water quality would be 

determined by the weathering of bedrock minerals, by the atmospheric processes of evapo-

transpiration and the deposition of dust and salt by wind, input from tributaries (e.g. Sediment 

load), by the natural leaching of organic matter and nutrients from soil, by hydrological factors 

that lead to runoff and sedimentation, and by biological processes within the aquatic 

environment that can alter the physical and chemical composition of water ―(UNEP, 2006). 

 

―Water resources were increasingly being threatened as human populations grow and demand 

more water of high quality for domestic purposes, agricultural activities and industrial uses. 

Water abstraction for domestic use, agricultural production, mining, industrial production, 

power generation, and forestry practices can lead to deterioration of water quality and quantity 

that impact not only the aquatic ecosystem but also the availability of safe water for human 

consumption. It is now generally accepted that aquatic environments cannot be perceived simply 

as holding tanks that supply water for human activities‖ (UNEP, 2006). 

 

Agricultural practices at the side of river banks and on steep hill sides are the immediate cause of 

upstream soil erosion towards the rivers and accumulate downstream. The transport of sediments 

into surface waters has both physical and chemical consequences for water quality and the health 

of aquatic ecosystem. High turbidity can decrease the amount of available sunlight, limiting the 

production of algae and macrophytes (UNEP, 2000). Further effects of sediment loading are: 

destruction of spawning beds, adsorption and transport of other pollutants, reduced light 

penetration and aquatic vegetation, greater nutrients loadings, increased oxygen demand, 

interference with navigation and recreation (David and John 2008).  

 

―Eutrophication is the process of enrichment of waters with plant nutrients, primarily nitrogen 

and phosphorus that stimulates aquatic primary production and in its more serious 
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manifestations leads to visible algal blooms, algal scum, enhanced benthic algal growth of 

submerged and floating macrophytes‖ (Global NEST, 2009).  

 

It can be naturally caused by biological and physico- chemical processes and accelerated by 

anthropogenic activities. The nutrients accumulated in the sediment create favorable conditions 

for phytoplankton development and hence eutrophication.  

 

The main effects caused by eutrophication according to Comas (1993) are:  

• Species diversity decreases and the dominant biota changes because some species cannot 

tolerate the low light penetration and high nutrient concentration. 

• Plant and animal biomass increase through decomposition and nutrient cycling. 

• Turbidity increases. 

• Rate of sedimentation increases 

• Shortening the lifespan of the lake or reservoir 

• Anoxic conditions may develop. 

 

This study is intended to measure the amount of nutrients in the reservoir and the tributaries so 

that it is possible to categorize and identify the level of eutrophication using appropriate 

parameters. It is accomplished by further identification of the problem sources and indication of 

possible solutions for the Addis Ababa Water and Sewerage Authority (AAWSA) and the 

dwellers around the reservoir so that the quality and quantity of the reservoir will be maintained. 
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1.2   Objectives  

1.2.1 General objectives 
 

o The general purpose of the study is to assess the trophic status of water in the 

reservoir and identify the sources of nutrients that caused eutrophication by 

measuring the important parameters in the water, the sediment and the adjacent 

soil. 

 

1.2.2 Specific Objectives 
 

o To quantify the nutrients in the water, sediments as well as the soil so that it will 

be easy to compare the sediment distribution. 

o To quantify the Chlorophyll-a in the reservoir.  

o To indicate the trophic status of the reservoir based on the total phosphorus, total 

nitrate and Chlorophyll-a concentration. 

o To identify the limiting nutrient so that it will be easy for management 

interventions. 

o To identify the sources of soluble reactive phosphate to the reservoir by 

comparing the nutrient concentration of the three tributaries. 

 

1.3   Statement of the Problem 
 

The rivers delivering water to the reservoir are seriously affected by sediments from the runoff 

and flooding within the catchment area down to the respective streams. The original plant 

coverage; trees of exotic and endemic species, were replaced by annual plants; cereals, that were 

not able to withstand the erosion of upstream soil to the reservoir. This is evident from the color 

of the reservoir. Sediment is threatening the quality and quantity of the water in the reservoir in 

various ways. Furthermore, the water carrying capacity of the reservoir has been declining 

overtime. This is aggravated by the increasing human population living within the catchment and 

the mis- management of the reservoir buffer zone because there was no vegetation coverage that 

can protect the erosion of upstream soil towards the reservoir. 
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The nitrates and phosphates in the sediment cause favorable conditions for the blooming of 

algae. Eventhough there are reports about algal blooms in the reservoir, there were no studies 

undertaken in this catchment till now. 

 

1.4  Significance of the study 
 

This thesis is intended to quantify the nutrients in the Dire reservoir and its watershed. The data 

generated will be used for management intervention. In doing so, the specific problem of the 

reservoir: algal bloom due to eutrophication, and its consequential toxicity such as:  bad taste and 

odor will be reduced by proper watershed management. Furthermore, the water capacity of the 

tributaries and the reservoir will be improved. These are the best solutions for the purification of 

the reservoir and make the drinking water safer. In addition, AAWSA will save extra cost in 

combating the sedimentation and phytoplankton. 

 

1.5   Limitations of the study  
 

The extent and quality of any research is dependent on available time frame and resources 

including cost.  This research had to be undertaken in two months of the dry season with only 

five field visits budgeted for, and with overall limited budget for all costs including analysis, site 

visit and sample collection. The number of samples taken might not be adequate to show changes 

in the nutrient concentration, in the phytoplankton and in the zooplankton. In addition, their 

distribution in the water of the tributaries and the reservoir were not adequately identified. The 

sampling sites were confined only to the sediment, and water found upstream and downstream of 

the tributaries and at the right and left side of the reservoir including the adjacent soil. 
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2 Literature Reviews 
 

2.1 Eutrophication  
 

―The term eutrophic was first coined by Weber in 1907 to refer to the rich wetlands in areas of 

Europe that received nutrient runoff from surrounding lands. It became widely used by scientists 

who study lakes to describe the complex sequence of changes in aquatic ecosystems caused by an 

increased rate of supply of plant nutrients to water” (David and John, 2008). “The word 

„eutrophication‟ has its root in two Greek words: „eu‟, which means „well‟, and „trope‟, which 

means „nourishment‟. The modern use of the term eutrophication is related to the inputs and 

effects of nutrients in aquatic systems‖ (Jesper, 2006).  

 

2.1.1 Types of eutrophication 

“Under normal conditions, eutrophication takes millennia to occur. In contrast to this slow and 

perhaps negligible process of natural eutrophication, human induced eutrophication has rapidly 

transformed thousands of lakes in recent decades. It is caused by enrichment of water with 

nutrients derived from human activities. The human induced eutrophication is more concerning 

in comparison to the natural eutrophication; because it disrupts the carrying capacity of the 

water ecosystem by causing imbalance in the physicochemical and biological aspects of the 

water body” (David and John, 2008).  

―According to recent estimates from the United Nations, the world's human population is 

increasing by almost 100 million annually and large urban centers continue to grow rapidly. 

Half of the world's population is expected to live in urban areas by the 21st century. Each person 

will require clean water to sustain their existence and will generate phosphorus, nitrogen and 

organic carbon as waste each day. To meet everyone's need for food, fertilized agriculture and 

animal husbandry will generate additional organic and nutrient-rich wastes‖ (UNEP, 2000). 

 

 



6 
 

 

2.1.2 Sources of nutrients 
 

The sources of nutrients are generally categorized as endogenous and exogenous sources. The 

internal sources of eutrophication are (endogenous) almost indirect way of eutrophication that 

arises from the external sources of eutrophication. Endogenous sources arise from the sediments 

deposited and the decomposition of biomass and other organic matter found in the water 

(European Communities, 2002). Comas (1993) stated that phosphorus released from sediments is 

greatly enhanced by anoxic conditions under which iron oxides, dissolves and releases all 

phosphorus sorbed to their surfaces. On the other hand the exogenous sources of eutrophication 

are those external to the water bodies in question and entering to them from different directions  

 

The sources of nutrients to dam waters are not only numerous, but the impacts of differing 

anthropogenic nutrient inputs may well be different, to the affecting inland waters, as different 

sources vary in nutrient composition and in rate of delivery. The effects of nutrient inputs are 

also not always direct, as there are indirect pathways by which nutrients are consumed and 

transformed. This process may make nutrients more bioavailable for the harmful algal blooms 

(Wassmann and Olli, 2004). According to European Community (2002), there are three main 

sources of anthropic nutrient input: runoff, erosion and leaching from fertilized agricultural 

areas, and sewage from cities and industrial wastewater. Atmospheric deposition of nitrogen 

(from animal breeding and combustion gases) can also be important. This study focus only on 

the exogenic sources of eutrophication except from the atmospheric deposition which cannot be 

quantified easily in this context. 

 

UNEP (2000) said that rivers and streams are major routes of transfer of nitrogen and 

phosphorus to many lakes and reservoirs, and they constitute the various point and non-point 

sources of nitrogen and phosphorus within a watershed. Processes within flowing water modify 

the forms of nitrogen and phosphorus and their rates of transport. The mining of phosphate and 

the industrial fixation of nitrogen and agricultural, industrial and domestic uses of nitrogen and 

phosphorus have increased during the last few decades. Other activities of modern societies, such 

as clearing of forests, extensive cultivation and urban waste disposal, have enhanced the 

transport of nitrogen and phosphorus from terrestrial to aquatic environments. While point and 
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non-point sources of nitrogen and phosphorus contribute to eutrophication, diffuse pollution 

sources often are dominant and present complex management challenges. 
 

2.1.3 Causes of Eutrophication 
 

2.1.3.1     Nitrates and Phosphates 
 

The phytoplankton (primary producer) requires four primary inorganic macro-nutrients (NH4, 

NO3, PO4, and SiO2) and five micro-nutrients (Fe, Cu, Zn, Mn, and Mo) to fix carbon during 

photosynthesis. Compounds of nitrogen and phosphorus are major cellular components of 

organisms. Since the availability of these elements is often less than biological demand, 

environmental sources can regulate or limit the productivity of organisms in aquatic ecosystems 

(UNEP, 2006). On the other hand, excess of nitrogen and phosphate can lead to too much 

production of phytoplankton. With regard to other elements required for plant growth, there is no 

evidence suggesting roles in any way comparable to those of nitrogen and phosphorus. However, 

diatoms can be limited by silicon. Phosphorus is present in natural waters primarily as 

phosphates, which can be separated into inorganic and organic phosphates. The chemical 

behavior of Phosphorus is governed by geochemically abundant ions, principally those of 

calcium, iron and aluminum that react with it to form precipitates (David and John, 2008).  

 

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, 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. Nitrogen occurs 

in water in a variety of inorganic and organic forms and the concentration of each form is 

primarily mediated by biological activity (UNEP, 2006). Dissolved phosphate accumulates in 

winter when photosynthetic activity is low, and decomposition releases it from organic matter. 

Later, in spring and summer, dissolved phosphate in the epiliminion typically becomes almost 

undetectable because of its removal by photosynthetic plants (David and John, 2008). 
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Major sources of nitrogen to the atmosphere, which have increased because of human activities, 

include burning of fossil fuels and forests, operation of internal combustion engines, and 

volatilization from feed lots and fertilized fields (UNEP, 2000). 
 

The amount of phosphate in most uncontaminated lakes lies in the range of 0.01-0.03 mg/l; of 

these 0.025 mg/l accelerates eutrophication process in lakes and 0.1mg/l is recommended 

maximum for rivers and lake (Chapman, 1999). The same author reported that concentrations of 

nitrate in excess of 0.2 mg/l NO3 - N within lakes tends to promote algal growth; an indication of 

possible eutrophic conditions. Dissolved phosphate accumulates in winter when photosynthetic 

activity is low, and decomposition releases it from organic matter. Later, in spring and summer, 

dissolved phosphate in the epiliminion typically becomes almost undetectable because of its 

removal by photosynthetic plants (David and John, 2008). 
 

2.1.3.2    The ratio of nitrate to phosphate 
 

The ratio of nitrogen to phosphorus compounds in a water body is an important factor 

determining which of the two elements will be the limiting factor, and consequently which one 

has to be controlled in order to reduce a bloom (Fig. 1).  

 

Demand: supply ratio for phosphorus in algae is, on average, higher than other elements found 

in plant tissue. There is no atmospheric supply of phosphorus as there is for nitrogen and 

carbon, the other elements of primary importance to algal growth. Very occasionally, the 

demand: supply ratio is higher for nitrogen than for phosphorus, as sometimes happens in 

estuaries (David and John, 2008).  

 

A TN: TP ratio greater than 10:1 is thought to signify phosphorus limitation, implying that the 

available supply of phosphorus will be used up long before the supply of nitrogen is used up and 

the phytoplankton faces shortage of phosphorus while there is adequate nitrogen 

Comparatively(Mogakabe and Kingel, 2008).  
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Fig. 1: Relationship of the cyanophyte abundance (percent) to nitrogen to phosphorus ratios in 
lake water of different trophic states.  
 
Source: UNEP, 2000. 

The ratio of nitrogen to phosphorus (N: P) determines the trophic status of the water body. 

Generally, as the N: P ratio increases the water becomes oligotrophic and the nitrogen fixing 

cyanophyte minimize to less than 25%. But when the ratio goes down because of accumulation 

of phosphorus than nitrogen it triggers blooming of cyanophyte and atmospheric deposition of 

nitrogen becomes lower (Fig.1). 

2.1.4 Consequences of Eutrophication 
 

Eutrophication can lead to changes in the composition of aquatic fauna, particularly the 

disappearance of species with high oxygen requirements; thus, biodiversity of aquatic 

communities is often compromised in nutrient-enriched environments (UNEP, 2006). Many of 

the abuses of watersheds that cause eutrophication by allowing nutrients to reach freshwaters 

also allow contamination of water with pathogens or toxins (David and John, 2008). But Muthian 

et.al (2007) argued that the establishment of direct links between eutrophication and harmful 

algal blooms (HABs) has often been difficult because not all eutrophic waters support HABs, 

and not all HABs occur in waters rich in nutrients. 

 

―The consequences of eutrophication for humans are bad taste and odor events in public water 

supplies, production of cyanobacterial toxins that can threaten animal and human health, 

infilling or clogging of irrigation canals with aquatic weeds, loss of recreational use due to slum, 
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weed infestations and noxious odors, and economic losses due to the disappearance of species 

targeted in commercial and sport fisheries. In addition, nitrate in drinking water has been linked 

to human health problems such as methaemoglobinaemia (blue-baby syndrome), stomach cancer 

and negative reproductive outcomes. High nitrate concentrations have also been linked to lower 

productivity in livestock‖ (UNEP, 2000) 

 

2.1.5 Other factors related to eutrophication 
 

2.1.5.1 Temperature  
 

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 and other 

materials in the water column (e.g., ammonia). Water temperatures fluctuate naturally both daily 

and seasonally. The maximum daily temperature is usually several hours after noon and the 

minimum is around daybreak. Water temperature varies seasonally with air temperature (UNEP, 

2006). 
 

2.1.5.2 Dissolved Oxygen 
 

Oxygen that is dissolved in the water column is one of the most important components of aquatic 

systems. Oxygen is required for the metabolism of aerobic organisms, and it influences inorganic 

chemical reactions. Oxygen is often used as an indicator of water quality, such that high 

concentrations of oxygen usually indicate good water quality. Oxygen enters water through 

diffusion across the water‘s surface, by rapid movement such as waterfalls or riffles in streams 

(aeration), or as a by-product of photosynthesis. The amount of dissolved oxygen gas depends 

highly on temperature and somewhat on atmospheric pressure. Salinity also influences dissolved 

oxygen concentrations, such that oxygen is low in highly saline waters and vice versa. The 

amount of any gas, including oxygen, dissolved in water is inversely proportional to the 

temperature of the water; as temperature increases, the amount of dissolved oxygen (gas) 

decreases (UNEP,  
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2.1.5.3 PH and Alkalinity  
 

In water, a small number of water molecules dissociate and form hydrogen and hydroxyl 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 the PH of an aquatic ecosystem is important because it is 

closely linked to biological productivity. Although the tolerance of individual species varies, PH 

values between 6.5 and 8.5 usually indicate good water quality and this range is typical of most 

major drainage basins of the world (WHO, 2008). 

 

2.1.5.4 Turbidity  
 

Turbidity is a measure of the cloudiness of water and is used to indicate water quality and 

filtration effectiveness. Turbidity of natural water is caused by the presence of compounds such 

as clay, mud, organic matter, bacteria, and algae. The flow rate of river water, soil erosion, 

building and road construction, forest fires, logging, and mining, urban runoff, wastewater and 

septic system effluent, discharge and decaying plants and animals, are some factors that increase 

the turbidity of water (WHO, 2003). The major source of turbidity in the open water zone of 

most lakes is typically phytoplankton, but closer to shore; particulates may also include clays and 

silts from shoreline erosion, re-suspended downstream sediments, and organic detritus from 

stream and/or water discharges (UNEP, 2006). 

 

2.1.6 Trophic Status 

Unimpacted ecosystems can be used as reference sites for comparing values related to 

eutrophication (Global NEST, 2009). Four recognized stages in the eutrophication of habitats, 

progressing from an oligotrophic state (believed to be the original state of natural waters) to an 

advanced hyper-eutrophic state reached after passing through intermediate mesotrophic and 

eutrophic stages (Wassmann, and Olli, 2004) (Fig. 2). While it is difficult or inappropriate to 

divide lakes into discrete categories, broad distinctions help guide understanding and 

management of eutrophication (UNEP, 2000).  
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2.1.6.1      Trophic Status Models 
 

In order to develop a technically valid, cost-effective management program for nutrient-related 

water quality impacts, it is necessary to understand and quantify the sources of nutrients and 

determine the water quality improvements that could be achieved by altering the nutrient loads. 

Such assessments are made using models that describe the relationships between nutrient loading 

and water quality response. Generally there are two ways of classification: a probability 

distribution and a fixed boundary classification. There are several fixed boundary classification 

systems. For the most part, the boundary levels are consistent (Walter, 2002). The same author 

had indicated that lakes do not clearly fall into an individual category in any of the classification 

systems. For example, phosphorus could be high enough for a lake to be classified as eutrophic, 

but light attenuation by suspended sediments could keep chlorophyll levels in the mesotrophic 

range (Table 1). A model, as an approximation of a real lake or reservoir, is expressed usually in 

graphical, statistical or mathematical terms. Models used for understanding eutrophication focus 

on nutrient loading from the watershed and on processes within the lake or reservoir (UNEP, 

2000).  

 

Table 1: Table 1: Fixed boundary classification of trophic status 

Trophic level Secchi disk 
(m) 

Chlo-a 
µg/l 

TN 
µg/l 

TP 
µg/l 

Cyanobacteria 
µg/l 

Oligotrophic >5 <2 <60 <8 <2.2 

Mesotrophic 3-5 2-6 60-180 8-25 2.2-250 

Eutrophic 1-3 6-20 180-430 25-60 250-1,400 

Hyper-eutrophic  <1 >20 >430 >60 >1,400 

Source: Mendiondo, 1982 
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Characteristics: 

 Clear water 
 Low productivity (low N,P) 
 Deep 
 Low Temperature; High DO 
 Lack of aquatic plants 
 Low nutrient watersheds 

 

 Moderate nutrient enrichment 
 Moderate planktonic growth 
 Some sediment accumulation over 

Most of Lake Downstream 
 Usually supports warm water fish 

Species 
 

 Low water clarity 
 High productivity (high N,P) 
 Shallow 
 Warm; low oxygen 
 Aquatic plants (macrophytes) 
 High nutrient watersheds 

 

Source: Global NEST, 2009. 

Fig. 2: Trophic characteristics 

 

2.1.6.2     Trophic status indicators 
 

Global NEST (2009) assessed some of the indicators in accordance with their application and 

shortcomings by saying that the quantitative assessment of eutrophication is not an easy 

approach although the cause - effect variables of the phenomenon are well defined and the 

dynamics of eutrophication have been well understood a long time ago. It was said that although 

the parameters involved can be easily measured on a routine basis, there is a number of 

shortcomings related to the problem of quantifying eutrophic conditions: (a) it is difficult to 

discriminate between the nutrients of the system and nutrients from human activities i.e. 

discrimination between natural and anthropogenic sources (b) the phenomenon is described by a 

number of variables such as nitrate, nitrite, ammonia, phosphate, chlorophyll, Phytoplankton 
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biomass and water transparency; most of these variables are interrelated (c) variable distribution 

deviates from normality (d) the annual cycle of nutrients and Phytoplankton induces wide and 

overlapping ranges in the parametric values. Additional difficulties also arise from the 

algorithms used during processing of the data. These difficulties will be minimized depending on 

the representative samples; eventhough the sources of the problem cannot be specifically 

identified, the potential sources can be known for selective management since it is impossible to 

abandon pollution. The sources are important for this research and are achieved by 

compartmentalizing the sample sites and focusing on only two nutrients mostly used by 

Phytoplankton eventhough the variation within the season may have significant impacts.  
 

2.2    Phytoplankton  
 

Phytoplankton is composed of both eukaryotic and prokaryotic species. It colonizes the upper 

part of the water column, down to the limit of penetration of light. The structure and abundance 

of the Phytoplankton populations are mainly controlled by inorganic nutrients such as nitrogen, 

phosphorus, silica and iron. Phytoplankton usually undergoes a fairly predictable annual cycle, 

but some species may develop explosively and form blooms. On smaller time scales, 

Phytoplankton growth and division is tightly linked to the diel cycle (Daniel, 2001). 

 

2.2.1 Algae 
 

It is believed that life first appeared in the water; in the same manner the first photosynthetic, 

eukaryotic organism in water are algae; where the higher plants arose from them through 

evolution. Pigment gives their peculiar colors and used in classification in some groups of algae. 

These pigments are; carotenoids, xanthophylls, different types of chlorophylls. Unlike the higher 

plants, they have no roots, leaf or stem but the giant forms of algae called seaweeds have pseudo 

forms of roots, leaves and stems and such a body is called kelps. According to Daniel (2001) 

Algae are photosynthetic organisms that occur in most habitats, ranging from marine and 

freshwater to desert sands and from hot boiling springs to snow and ice. They vary from small, 

single-celled forms to complex multi-cellular forms, such as the giant kelps of the eastern Pacific 

that grow to more than 60 meters in length and form dense marine forests. Algae are found in the 

fossil record dating back to approximately 3 billion years in the Precambrian era. They exhibit a 
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wide range of reproductive strategies, from simple, asexual cell division to complex forms of 

sexual reproduction.  
 

2.2.1.1 Algal Blooms 
 

―Phytoplankton blooms usually are not single discrete events but rather are a series of 

fluctuations in which the biomass and the species composition of the phytoplankton population 

change rapidly. Bloom is the domination of the surface of water by one or two dominant species, 

especially BGA‖(Brian and Malcolm, 2000).  

 

Blooms can be very generally classified into three types: 1) recurrent seasonal events that usually 

persist over periods of weeks, 2) a periodic events that often persist for periods of days and 3) 

exceptional events that are typically dominated by a few species and persist for months. 

Cyanobacterial blooms in the tropical regions fall into the persistent bloom type (3) (Tsehaye 

Asmelash, 2009).  

“In Ethiopia, virtually no studies on the phytoplankton communities of small reservoirs and 

ponds exist, and the scientific information about these reservoirs is very limited.  Independent 

studies on the occurrence and mechanisms of Cyanobacteria blooms in small reservoirs are also 

almost non-existent except for some reports from the Ethiopian Rift Valley natural lakes” 

(Tsehaye Asmelash, 2009).  

But AAWSA (1999) study revealed that although the level of the Cyanobacteria is not very high, 

their dominance is a matter of serious concern. When Cyanobacteria form mass growths in 

water-bodies, they are regarded as nuisance organisms. They may contribute significantly to a 

wide range of water-related problems as unpalatability of finished drinking water (as reported for 

Geffersa treatment plant, AAWSA personnel, and personal communication) and trihalomethane 

formation during water chlorinating. But, the main perceived cause for concern is their potential 

toxicity to humans and animals due to their ability to produce powerful toxins. Microcystis, 

found in Geffersa reservoir, is a well documented Cyanobacteria genera which produces very 

dense water blooms, toxic to livestock and domestic animals as well as to human beings.  
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2.2.2 Blue Green Algae 
 

The groups of organism capable of photosynthesis, able to produce their own food and are 

mostly pigmented in their chloroplast. Blue green algae are not part of algae for they lack the 

membrane bound nucleus; but formerly they were categorized under the algal groups. Despite 

their name, blue-green algae are not algae at all. They are photosynthetic bacteria, also called 

‗Cyanobacteria‘, which rely on sunlight for energy (Drinking Water Facts, 2008). Rahman and 

Dhia (2003) described the phenomenon by saying that Cyanobacteria are found in almost every 

conceivable habitat; from oceans to fresh water and from bare rock to soil. Cyanobacteria 

produce the compounds responsible for earthy odors we detect in soil and some bodies of water. 

The greenish slime on the side of damp flowerpot, the wall of house or the trunk of that big tree 

is more likely to be Cyanobacteria than anything else. Cyanobacteria have even been found on 

the fur of polar bears, to which they impart a greenish tinge. Cyanobacteria possess 

characteristics similar to both bacteria and algae. They are similar to algae in size; they contain 

blue-green and green pigments and can perform photosynthesis and produce oxygen. Like 

eubacteria they are prokaryotes, and lack a nucleus and other membrane bound organelles 

(Tsehaye Asmelash, 2009). 

 

Cyanobacteria have evolved many adaptations to survive, compete and achieve dominance in 

freshwater environments. Several explanations have been forwarded for the formation of 

Cyanobacteria blooms in water bodies. These include: elevated temperature, nutrient enrichment, 

low TN/TP ratios, low light energy requirements, high PH and/or low carbon dioxide 

concentration, selective zooplankton grazing, excretion of compounds that suppress the growth 

of competing algae, and the capacity to float and form scum (UNEP, 2006). It was suggested that 

a low carbon dioxide concentration and associated high PH is the key important factor for 

Cyanobacteria dominance.   

 

―Like all photosynthetic organisms, blue-green algae rely on sunlight for energy, with their 

growth rate determined by the level of nutrients available in the water. Most bloom-forming 

blue-green algae have pockets of gas, called „vacuoles‟ that allow them to control their 

buoyancy. These gas pockets can keep the algae near the water surface, where they are able to 

build up their energy stores. As they convert energy from the sun to carbohydrate they become 

http://www.lenntech.com/water-ecology-FAQ.htm
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heavier and slowly sink down, where the water is higher in nutrients. As they use up their 

carbohydrate stores, they become lighter and start to rise to the surface again. Their ability to 

move within the water column can give blue-green algae an advantage over the other micro-

organisms that compete for the same food‖(David and John 2008). “Cyanobacteria are known to 

have a competitive advantage over other forms of phytoplankton, especially during the dry 

season, mainly because of their ability to fix nutrients” (Francis, 2004).  

Costa et.al (2006) reported the occurrence of Cyanobacteria blooms and their toxins in the 

annual cycle and potential health risks to humans drinking the reservoir‘s water at the Armando 

Ribeiro Gonçalves, the second largest reservoir in northeastern Brazil. He concluded that about 

90-100% domination of the reservoir by the BGA. The main toxin producing Cyanobacteria 

genera include Anabaena, Aphanizomenon, Microcystis, Planktothrix, Lyngbya and 

Cylindrospermopsis.  On her assessment in the seasonal variation in the phytoplankton in North 

Ethiopian reservoirs, Tsehaye Asmelash (2009) came up with the conclusion that Cyanobacteria 

seemed to have two main bloom periods, one in September-October and a more pronounced one 

in May-June.   
 

2.2.2.1    Health Impacts of Cyanobacteria 
 

The first scientific report of domestic animals dying from poisoning as a consequence of 

drinking water that was affected by a blue green algae bloom was in 1878 in lake Alexandrina, 

Australia (European Community, 2002). Various sources had indicated that the toxicity from the 

BGA are released in to the water from a living cell or are released after their death and these 

have three different forms of health impacts like Hepatotoxin, Neurotoxin and Dermatotoxins ( 

European Community, 2002, UNEP, 2000, Rahman & Dhia, 2003, Costa et.al,2006, Francis. 

2004).  
 

2.2.2.2     Chlorophyll a 
 

Chlorophyll a is a parameter used to identify the amount of algal biomass in the Reservoir. 

Robert and Gene (2000) illustrated that plant pigments of algae and Cyanobacteria consist of the 

chlorophylls and carotenoids. The three major chlorophylls a, b, and c absorb light maximally at 

specific wavelengths when dissolved in organic solvents. Chlorophyll a is by far the most 
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dominant chlorophyllous pigment and occurs in greatest abundance. Thus often chlorophyll a 

alone is used to estimate algal biomass. A widely-used measure of algal and cyanobacterial 

biomass is the chlorophyll concentration. Peak values of chlorophyll a for an oligotrophic lake 

are about 1-10 μg/l, while in a eutrophic lake they can reach 300 μg/l. In cases of hypertrophy, 

maxima of chlorophyll a can be as high as 3,000μg/l (Tsehaye Asmelash Dejene, 2009).  

 

Getachew Beneberu (2005) was studied the nutrient and plankton dynamics of lake Ziway by 

categorizing it into off shore and littoral zone and came up with the temporal variability and 

interrelated nature of the plankton and nutrients. In addition Getachew concluded that the lake is 

losing its diversity and the supporting chemical components overtime. But he couldn‘t identify 

the trophic nature of the lake. The nature of the study is almost similar with this study except that 

this study focuses on identification of trophic status and the factors contributing to it.  
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3 Materials and Methods 
 

3.1 Description of the study area 

3.1.1 Location  
 

Dire catchment area is located in Oromia National Regional State, Finifine Area Special Zone of 

Berek Woreda. Its catchment is located some 30 km east of Addis Ababa city. It is situated at 

09°10‘35.7‘‘ N and 38°55‘10.4‘‘ E (Fig. 3). The altitude of the catchment ranges from 2000–

3028m above sea level (USAID, 2005). It is adjacent to the north-west of the Legedadi 

catchment area and covers an area of 77.7 km2. The reservoir was constructed in the catchment 

area for water harvesting and to supplement water supply of Addis Ababa. The reservoir formed 

by the dam is connected by pipeline to the Legedadi water treatment plant and delivering about 

42,000m3 daily (AAWSA, 1999). 

 

 
Fig. 3: Location map of the study area 
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Fig. 4 Dire Watershed 
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3.1.2 Topography   
 

The major physiographic units in which the catchment area is found are: the mountains of Berek, 

Bura, Tinkole, Tulu Korbecha, the foot and side slopes of the mountains and hills, steep stream 

embankments, and narrow undulating valley bottoms and sides (AAWSA, 1999).  The 

topography of the area can be categorized as 50% gentle slopes, 25% hilly, and 25% rugged 

slopes (AAWSA, 1999). The 660m elevation difference demonstrates the steepness of the 

catchment area. The tributaries of the river form deeply incised gorges in the mountains and 

undulating and relatively wide valley bottoms at the foot slopes in the northern and southern 

parts of the catchment area. The major tributaries draining to Reservoir are Legedadi, Silmicha 

and Berek.  

 

3.1.3 The climate 
 

The area gets about 1000–1800 mm rainfall per annum. Most of the rainfall occurs between June 

and September. The area is categorized as the Dega agro climatic zone and has an average 

temperature of 15°–20°C (USAID, 2005). But according to the average data of fifteen years 

(1993-2007) the rainfall is monomodal in which maximum rainfall is observed in June, July and 

August (Fig. 4). The average monthly rainfall varies between the minimum of 3.4 in November 

to 350mm in July. Average monthly temperature of fifteen years also reveals that the highest 

temperature is in January, February and March while it is least in October (Fig. 5). 

 

 
Fig. 5: Average rainfall 
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Fig. 6: Average temperature 

 

3.1.4 Land use and farming system 
 

The catchment area is typical of peri-urban highland mixed crop-livestock farming systems with 

rain-fed crop production and a strong livestock component in farming.  In these areas, there is a 

serious shortage of land both for farming and grazing. There is a free browsing livestock in these 

areas overgrazing the land and causing erosion and also accessing the water in the reservoirs and 

causing pollution. Soil and water conservation activities, organized as we see in most degraded 

areas of the country, are non-existent here (AAWSA, 1999). Currently one cannot find natural 

forest, but the upper catchment is covered with Eucalyptus globulus plantations managed by the 

Finifine fuel wood project, which covers about 1000–1200 ha. There are remnants of trees, such 

as Juniperus procera, Ficus sur, Ekebergia capensis, Prunus africana, Rubus species, Buddeljia 

polystaches, Acacia abyssinica, Vernonia amaygudalina (USAID, 2005). 

 

Although the area is hilly, rugged, and undulating there is no conservation practiced on 

farmlands; this is presumably because farmers are reluctant, due to suspicions about forced 

dislocations. According to local experts, about 2,120 ha of the catchment area can be categorized 

as arable land, 1100 ha grazing land, of which 268 can be arable, 2820 plantation of which 1780 

ha can be cultivated, and 1010 ha unutilized, undulating but degraded land ( USAID, 2005). The 

soil type of the Dire watershed is typically silty loam with an area of 7500ha. The vegetation 

cover of the watershed is only 11% and hence the soil is severely eroded. The farmers are not 
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supplied by any artificial fertilizers and use fallowing and burning after harvesting; the livestock 

waste especially cow dung is used as a fuel (Berek Woreda agricultural Office document, 2010). 
 

3.1.5 Socio- economy 
 

There were six peasants‘ associations but currently merged into three: Dire Sokoru, Tinkole 

warabi, and Bura Maru Tulu Korbecha are found in and around the Reservoir catchment. 

According to 1993 E.C. census the total population of the catchment was estimated at 8,275 

inhabitants. The present estimate of the area‘s population is more than 8,800. But current 

population data specifically to the Dire kebele is 4545 and 672 families (Berek Woreda 

Agricultural office document, 2010).  

 

The major economic sector is sedentary farming, primarily subsistence. The major crops grown 

are barley, teff, wheat, beans, peas, lentils, oats, and fodder beet (Sinar). Livestock is the major 

capital asset; without them, life for the farming community is considered to be impossible. There 

are a total of 12,529 livestock in the Dire Kebele (Berek Woreda Agricultural office document, 

2010).  

 

The collection of fuel wood—mainly branches, twigs, and leaves of Eucalyptus from the Finifine 

fuel wood forest project—and the production of charcoal to be sold at Dire, Legedadi, and Addis 

Ababa are common practices. Most of the farmers spend their time on fuel wood collection and 

marketing. A sack of dry eucalyptus leaves commonly is sold at about 2, 4, and 6 Birr or more at 

Dire, Legedadi, and Addis Ababa, respectively.  

    

3.2 Methods  
 

3.2.1 Study design 
 

The study design was systematic in which sample sites were identified using reconnaissance 
survey and prior field observation. 
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3.2.1.1    Reconnaissance survey 
 

The area was identified during a field trip for land degradation course. At that time the tributaries 

to the reservoir and their channel morphology were observed. Hence the slopes and the 

deposition of sediments were used as an indication for the steepness and gentleness of the flow 

channel. I.e., the channel morphology shows weather there is no serious leaching problem due to 

the speed of the flowing water that may make the data obtained less representative. In addition, 

based on additional information from the AAWSA site advisor about the upstream rivers joining 

the main tributaries; and the surrounding dwellers about the human activities around the 

tributaries and the reservoir, the sampling sites are identified in the way representative enough 

according to the stated objectives. 

 

3.2.2    Sampling Methods 
 

3.2.2.1      Sample Site Selection 
 

Sampling methods used are the systematic stratified sampling. The sampling site was 

systematically selected in the way they are representative enough taking into consideration the 

distance from the reservoir and from each other during the reconnaissance survey. The sites were 

compartmentalized into upstream and downstream at about 400m and 100m from the reservoir 

respectively. Each sample within these sites were composited to make them more representative. 

The three tributaries of Berek, Silmicha and Legedadi were separately sampled for their water 

and sediments including the adjacent soil. Each of the samples from the tributaries are taken both 

from the upper parts of the rivers where infiltration rate does not affect the quantity and quality 

of the water and its biological and physicochemical nature. This is by excluding the sediment 

deposition zones of the river; about 300m from the downstream sampling site. Consequently 

samples were taken from each rivers from the downstream where they are about to join the 

reservoir and far enough from each other so that they cannot interflow at about 100m from the 

reservoir. This is also true for the soils and sediments. That is, the place where the water was 

taken was also the place from where the sediments were sampled; while the soil was  taken from 

the river banks and the area surrounding the reservoir.  
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3.2.2.2     Water sampling for nitrate and phosphate 
 

A total of 22 water samples were collected in the months of December and February to make 

representative and goes with the academic calendar. Of these the tributaries constitute two for 

each month. The upstream of the rivers about 300m from the reservoir and downstream of the 

rivers about 100m from the reservoir were sampled and composited by preserving them in the ice 

box and being in a 250mL flask and covered by aluminum foil. In the same way five reservoir 

samples were collected where two of these are from the right side and two from the left side and 

one from inlet to the reservoir; having the inlet as a reference to indicate right and left. The 

sampling site descriptions are indicated in Appendix 1 and Fig.4. Sampling was done twice and 

in duplicate in the months of December and February. The first GPS location and elevation was 

used as a reference during the second sampling. 

3.2.2.1.1 Water sample analysis for TN, TP, SRP, Chl-a 

 

Water sample analysis for SRP and Nitrate Nitrogen 

The water samples were analyzed for their TN, TP, SRP, Nitrate nitrogen and Chl-a. The river 

waters were analyzed for their nitrate and SRP and Chl-a while the reservoir was additionally 

analyzed for its TN and TP in order to identify its trophic status.  

Nitrate and SRP of the river waters were quantified using spectrophotometric method. To 

quantify nitrate content, 30mL of water sample was taken in test tubes, and Nitra ver. 6 was 

added and shaken for 3min; after settling for 2min, 10mL of it was taken and mixed with Nitra 

ver. 3 and waited for 15min. Another blank sample of 10mL was prepared and both were 

inserted and the nitrate concentration of sample was read from the spectrophotometer after 

15min.  

SRP was quantified by taking 10mL of the sample and adding Pho ver. 3; after waiting for 2min. 

and preparing the 10mL blank sample, the concentration was also read from the 

spectrophotometer. 
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Water sample analysis for TP 

Total phosphorus in the water sample was analyzed using Digestion and Ascorbic acid 

spectrophotometric method (American Public Health Association and American Water Works 

Association, 1995). 100 mL of thoroughly mixed water samples were digested using 0.4 g 

NH4So4 solution after boiling for 30min. The sample was cooled and calibrated using standard 

phosphate solution. To each of the 50 ml de-ionized water containing flasks, 2 mL, 4 mL, 8 mL, 

10 mL, 15 mL and 20 mL standard phosphate solutions were added while the de-ionized sample 

was used as a blank sample. 8ml combined reagent was added in these flasks and waited for 

30min after which the measurement was made at 880nm of spectrophotometer. Then calibration 

curve was made against phosphate solution. In order to verify the proper calibration of the 

instrument, the correlation coefficient was calculated which is 0.9969. After the preparation of 

calibration curve, 8 mL combined reagent was added to the digested samples. Waiting for 30min. 

the absorbance of samples was measured at 880 nm. All of this procedure was done to identify 

the concentration of total phosphorus the sample. 

Water sample analysis for TN 

UV spectrophotometric method was used for TN (APHA and AWWA, 1995).  At the beginning 

the samples were filtered using Whatmann GFF filter paper. To each of the 50 mL de-ionized 

water containing flasks, 1 mL, 2 mL, 4 mL, 7 mL, 10 mL, 15 mL, 20 mL, 25 mL, 30 mL, and 35 

mL of standard nitrate solutions were added. The absorbance was measured at 220 nm to obtain 

nitrate reading and at 275 nm to determine interferences due to dissolved organic matter. This 

was followed by subtraction twice of 220 measurements from the 275nm. Calibration curve and 

absorption coefficient was computed which is 0.99. The analysis was completed by calculating 

linear regression. 

Water sample analysis Chl-a 

100ml water samples were taken and filtered using GFF whatmann filter paper to quantify Chl-a 

in each of the water samples. The filtrate was digested and centrifuged applying 10ml of 90% 

acetic acid solution. The spectrophotometer was corrected using the blank sample and after 

50min. 10ml sample was taken and read at 664 and 750nm wave lengths and again at 665 and 
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750nm after acidification in order to remove interruption of other pigments. Finally the correct 

Chl-a concentration was calculated using the following formula: 

Chl-a (µg/l) =                      

     
; Where, -Volume of extract in mL, -Volume of sample in 

L, L- Width of cuvette, -Corrected optical density before acidification, -Corrected 
optical density after acidification, the value 26.7 is the absorbance correction and equals 

 –Absorbance coefficient for chlorophyll-a at 664nm 11, Ratio expressing correction 
for acidification, 2.43. 

See appendix 2 and 3 for the results of the data within the two months 

 

3.2.2.2     Soil and sediment sampling for nitrate and phosphate 
 

The soil at the river banks and surrounding the reservoir were sampled and composited using 

hand dug Ouger within the area of 20m by 20m following its diagonal lines; each composited 

sample weighs 1kg and was carried by plastic bags in the ice box. At the same time the 

biophysical, elevation and GPS location was taken as it was done for the others samples too. A 

total of 22 soil samples were taken following the sediment and water sample sites. In the same 

manner the rivers contributed six soil samples from the upstream and downstream of each of the 

three tributaries while five samples are taken from around the reservoir.  

A total of 22 sediment samples were collected in a composite form using scoop. The sites from 

where the water samples were taken, also the sites for the sediment samples. The GPS location 

and elevation records were used as a guide for the second round sampling in February (Appendix 

1 and Fig. 4). Six sediment samples, two from upstream and downstream of each of the three 

rivers, were sampled and five from the right, left and inlet of the reservoir. These samples were 

stored in the ice box until laboratory analysis being in a plastic bags and weighing 1kg each. The 

procedures used for soil in identification of nitrate and phosphate were also used for the sediment 

analysis. 

 

3.2.2.2.1 Soil and sediment sample analysis 
 

Potassium Chloride (KCl) extraction was used to quantify the concentration of nitrate in the soil 

sample (Keeney and Nelson, 1982). Hence 5g of air dried soil was sieved through 2mm mesh 
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sieve into extraction vessel and 25mL of 2N KCl extraction reagent was added using re-pipette 

dispenser. The same was done for the blank sample. The extraction vessel was shaken for 30min 

being on reciprocation mechanical shaker and re-filtered. Nitrate content of the extract was 

determined using a spectrophotometer, automated flow analyzer (Technicon Method No. 329-

74W/A) in which the KCl extract, method blank, unknown samples were determined. The 

formula used to determine the concentration of nitrate is:- 

NO3-N mg/kg in soil= (NO3-N mg/l in filtrate – method blank) x 5 

See appendix 2 and 3 for the results of the data within the two months 

The Olsen phosphorus or sodium bicarbonate soil test phosphorus method was used (Southern 

Cooperative Series Bulletin, 2000). 1g of soil was added into a 50mL Erlenmeyer flask using 

funnel.  20mL of Olsen phosphorus extraction solution (0.05MNaHCO3, PH 8.5) in 0.03M NH4F 

was added into each flask and shaken for 30min. at room temperature. The extract was filtered 

using Whatmann No. 42 filter paper. The concentration of phosphate was analyzed using 

Colorimetry in comparison with the blank. Finally calculations were done using the following 

formula: 

Olsen Extractable P (mg/kg soil) =                                       

 
    

            

             
  . 

See appendix 2 and 3 for the results of the data within the two months. 

 

3.2.2.3 In-situ measurements of other physic- chemical parameters 
 

At the time the sediment and water samples were taken, the DO, temperature and PH were also 

measured. Hence, dissolved oxygen was measured using DO meter; while temperature and PH 

were measured using Hanna PH meter. Secchi depth was measured using Secchi disk of 25cm 

diameter metal quartered white and black alternative colors (see Appendix 4). GPS location, 

biophysical descriptions were also recorded during sampling. See appendix 2 and 3 for the 

results of the data within the two months (Appendix 1 and Fig.4). 
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3.3 Data analysis 
 

All the data from the samples were analyzed using SPSS software and Microsoft excel 2007. The 

upstream and downstream parts of the rivers and the surroundings of the reservoir were 

compared among themselves using their mean data of the two months; to identify the potential 

sources of the nutrients and using analysis of variance (ANOVA) so that there might be 

significant difference between them.  

Pearson Correlation between the parameters is also the important thing identified where the facts 

and the results will be crosschecked and indicated on the scatter plot. The trophic status of the 

reservoir was checked in reference to the trophic standards (Table 1).  

Having analyzed the nitrates and the phosphate levels of the tributaries, the reservoir and the 

adjacent soil, their relationship with the biomass data were identified and the areas of concern 

became clear. The algal biomass data also had information about the concentration of toxic 

chemical released into the water. 
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4 Result and Discussions 
 

4.1 Nitrates and phosphates of the water, sediment and soil in and around 
the tributaries and the Reservoir. 

 

The concentrations of nitrate and SRP and nitrate nitrogen in the water are beyond the 

recommended maximum (Chapman, 1999) (Table 2). These are more than enough to induce 

algal blooms within the tributaries and the reservoir. On the other hand, the accumulation might 

be even lower when compared to the other seasons of the year because it is commonly lower 

during the study period (David and John, 2008).  Eventhough they are the main nutrient sources 

for Phytoplankton, the high concentration could not guarantee the algal blooms within the 

reservoir as it goes beyond their threshold/ optimum need (Wassmann and Olli, 2004). 

Furthermore other physico- chemical conditions like transparency, seasonal mixing and human 

intervention determine their utilization and blooming. 

 

The concentration of nitrate and phosphate in the sediment sampled are very high when 

compared to those in soil and water (Table 2); this suggests that the nutrients are accumulated in 

the sediment from the runoff down to the streams and further to the reservoir during the rainy 

season (Fig. 6). In the same manner, these high concentration acts an endogenous sources of the 

Phytoplankton nutrients of SRP and Nitrate nitrogen when anoxic conditions happens (David and 

John, 2008). There is a big difference in the concentration of the nutrients within the sediment 

and the soil; this is further elaborated in section 4.2.3. 

Table 2: Nitrate and SRP of the water, soil and sediments   

Sample type December February Average 

SRP Nitrate SRP Nitrate SRP Nitrate 

Water(mg/l) 0.78±0.22 0.22±0.14 0.13±0.4 0.96±0.34 0.46±0.33 0.49±0.37 

Sediment(mg/kg) 36.14±8.74 291.31±46.25 4.38± 
0.53 

23.97±7.7 20.26±15.88 157.49±33.5 

Soil(mg/kg) 7.65±1.48 89.16±20.73 2.99±0.66 10.5±3.15 5.32±2.33 49.83±9.33 
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Fig. 7: Water, sediment and soil nutrients compared 

4.2 Comparisons of rivers and reservoir for phosphate during dry season. 
 

4.2.1 Comparison of rivers for phosphate 
 

When the upstream and downstream parts of the rivers delivering water to the reservoir are 

compared, two of them have more SRP at the downstream than the upstream in their waters. This 

reveals that the nutrients are transported downstream (Fig. 7). Exceptionally Silmicha has the 

highest concentration of SRP in its water at the upstream than at the downstream. This may be 

because the upstream part is highly influenced by human activities and their cattle the use of the 

land for market place (Fig. 8). The distribution of SRP in the sediment also shows clear variation 

in the upper and downstream part of the rivers; it is higher at the downstream and lower at the 

upstream (Fig. 9).  

 

Fig. 8: River water SRP 
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Plate 1: Silmicha upstream 

 

Fig. 9: Sediment SRP concentration 

The three tributaries of Silmicha, Berek and Legedadi are contributing a little amount of water to 

the reservoir during the study period; and a fourth river called Welega is completely devoid of 

water. In addition, water in the tributaries was found to be transparent while it is muddy in the 

reservoir. Legedadi River is characterized by bare ground with some grazers in the field and no 

cultivation at all; it looks like the abandoned land; the upstream part shows sign of land slide 

(Appendix 1 and Fig. 10). Silmicha river side is also impacted by human activities and the cattle; 

.0000

5.0000

10.0000

15.0000

20.0000

25.0000

30.0000

legedadi 
top

legedadi 
bottom

silmicha 
top

silmicha 
bottom

berek 
top

berek 
bottom

SRP



33 
 

it serves as a grazing land for cattle. But Berek is exclusively used as an agricultural land where 

there is sign of farming even at the foot of the reservoir compound (Fig. 10). 

 

 

a)                                                                    b) 

Plate 2: The place where Legedadi and Silmicha Rivers join at downstream (a) and Berek River 

downstream(b). 

 

4.2.2 Comparison of phosphate in the reservoir 
 

The left side 2 has high SRP than the others (Table 10). This may be due to the continuous 

intervention by human and the cattle (Plate 3). The inlet to the reservoir indicates somewhat 

lower amount of nutrients indicating that the tributaries are not the only source of these nutrients 

as the surrounding land of the reservoir is also equally important in delivering them (Fig. 8). This 

can be further justified by the biophysical conditions of the reservoir in which it is completely 

devoid of perennial plants and uniformly covered by grass (Plate 4). In addition, the farming 

system and the silty loam soil further aggravated transportation of upstream soil and increment of 

sediment in the reservoir which is threatening the water carrying capacity of the reservoir (Plate 

5). 
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a)                                                                    b) 

Fig. 10: Nitrate and phosphate in the water (a) and sediment (b) of the reservoir 

 

Plate 3: Left side 2 of the reservoir 

 

Plate 4: Reservoir buffer zone 
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(a)                                                                    (b) 

Plate 5: The dried (a) and partially drying (b) sediment in the reservoir 

 

4.2.3 Temporal variability of nutrients in the two months when sampling occurred 
 

There were high nutrient depositions in the sediment and soil during December; but these 

drastically decreased during February (Fig. 15). This may be due to the decrease in rainfall and 

consequential decrement of upstream soil erosion eventhough the other human related sources 

are as usual. This further confirms that sedimentation of upstream soil during the rainy season 

that initiated runoff due to the improper farming system of which topography of the watershed 

hastens the removal of upstream soil. Within individual lakes, seasonal variations in phosphorus 

and nitrogen supply are not uncommon (UNEP, 2000). 
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Fig. 11: Comparison of the two months nitrate and phosphate. 

 

4.2.4 Physic- chemical characteristics of the water in the reservoir 
 

The phytoplankton is not only governed by the nutrient availability of the water but they need 

optimum conditions that help them utilize them. Hence some of the determinant parameters are 

discussed as follows. 

 

4.2.4.1 Temperature  
 

It acts as a stimulant for the Phytoplankton by hastening their metabolism and mobility of 

materials within the water as it increases within the optimum range. The maximum temperature 

was recorded in February in the reservoir which is 25.50C (Table 3) and minimum in Legedadi 

and silmicha during December which is 16.5 for both. The high temperature in the reservoir 

indicates high sediment loads in surface waters which can cause thermal pollution by increasing 

the absorption of light, thereby increasing water temperatures (Global NEST, 2009). The 

temperature is almost in the average ranges of the secondary data obtained from Sendafa 

observatory. It is slightly positively correlated to Chl-a (r2= 0.51) and strongly negatively 

correlated to DO (r2= -0.68) (Appendix 6) in the two months. I.e.; as temperature increased, algal 
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biomass also increased eventhough not in the same magnitude, and DO decrease in almost 

similar proportion. 

4.2.4.2 PH 
 

The maximum PH recorded is 8.7 during December in Legedadi River and the minimum is 6.7 

during February in the reservoir. But the total mean of the two months indicated that PH was 

shifted from alkaline condition in December to almost neutral in February. This may happen 

following the slight increase of the algal biomass (r2= -0.65). Generally the PH is within the 

acceptable range 6.5- 8.5 of drinking water quality (WHO, 2008). 

4.2.4.3 Transparency 
 

The average transparency recorded was lesser in December than February. But generally it 

shows that the reservoir is very turbid and may be the reason why there was little algae 

concentration (Table 4).  

 

4.2.4.4 DO 
 

The concentration of dissolved oxygen of 6mg/l was found which is within the recommended 

minimum of drinking water standards (Banadda et.al. 2011). In addition DO is influenced by 

temperature and algae in which it was decreased from December to February while the other two 

increased; i.e., temperature and Chl-a (Table 3). 
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Table 3: Mean values of Parameters in water  

Sample 

site 

December February 

PH  
SRP 
(mg/l) 

NO3 
(mg/l) 

Tem

(°C) 

Chlo –a 

(µg/l) 
DO 
(mg/l) PH  

SRP 
(mg/l) 

NO3 
(mg/l) 

Tem(

°C) 

Chlo–a 

(µg/l) 
DO 
(mg/l) 

Legedadi 8.7 0.3 0.07 16.5 0.020 7.8 7.2 0.02 0.16 20.2 0.17 5.97 

0.0 0.1 0.05 1.5 0.011 0.7 0.2 0.01 0.01 1.8 0.07 0.23 

silmicha 8.4 0.6 0.79 16.5 0.023 8.4 7.0 0.20 0.18 21.9 0.68 5.79 

0.2 0.0 0.77 1.5 0.015 0.1 0.0 0.20 0.06 0.9 0.07 0.24 

Berek 8.6 0.2 0.02 17.5 0.019 8.5 7.1 0.02 0.22 19.8 0.84 6.28 

0.1 0.0 0.01 0.5 0.008 0.5 0.3 0.01 0.16 2.8 0.15 0.36 

Reservoi

r  

7.3 1.3 0.14 19.2 0.022 5.4 6.7 0.16 1.73 25.5 0.84 5.42 

0.0 0.4 0.04 0.4 0.007 0.5 0.1 0.03 0.47 0.5 0.03 0.30 

Total 8.0 0.8 0.22 17.9 0.021 7.0 6.9 0.12 0.89 22.8 0.69 5.74 

0.2 0.2 0.14 0.5 0.004 0.5 0.1 0.68 3.15 0.9 0.07 0.23 

 

4.2.5 Potential sources of nutrients to the reservoir 
 

The three tributaries flowing to the reservoir are the sources of nutrients by collecting them from 

the surrounding soil. But it was seen previously that the soil around the reservoir also contribute 

a great deal. SRP is used to show the potential sources of nutrients since the sources of nitrate are 

diverse (Mogakabe and Kingel, 2008).  The average mean values of the two months show no 

significant difference at 95% confidence interval (Appendix 7). It shows that focus should be 

given to none of them separately while they need equal management options. But in order to 

make it easier for management and based on the biophysical conditions of the rivers, silmicha 

and Legedadi has to get priority of management because Berek has some vegetation coverage 

and lesser interventions. The average mean value comparatively shows the same thing (Fig. 16). 
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  Soil     Sediment   Water 

Fig. 12: Average mean of soil, sediment and water nitrate and SRP in the rivers  

 

4.2.6 Algal biomass 
 

Chl-a is strongly negatively correlated to PH (r2= -0.62) (Appendix 6) which is an indication of 

some forms of Cyanobacteria where an increasing Cyanobacteria sometimes will reduce the PH 

of the water by releasing toxic chemicals (Table 3). Cyanobacteria are very competent in 

comparison to the other phytoplankton in nutrient scarce condition; and are the most possibly 

found at the surface of the water assisted by their gas vacuoles (Brian and Malcolm, 2000); but 

might not be harmful as indicated by Wassmann and Olli (2004) and Muthian (2007) where high 

nutrient load cannot reveal the existence of harmful algal blooms. Apparently, 0.35µg/l Chl-a 

concentration is considered safe for drinking water (Rahman & Dhia, 2003). On her assessment 

in the seasonal variation in the phytoplankton, Tsehaye Asmelash (2009) came up with the 

conclusion that Cyanobacteria seemed to have two main bloom periods, one in September-

October and a more pronounced one in May-June. In addition seasonal mixing of the reservoir 

and continuous removal of the water to treat for drinking by AAWSA is another factor 

contributing to the low concentration of the BGA. Brian and Malcolm (2000) indicated that most 

hyper-eutrophic systems are shallow and un-stratified except for brief periods. Sediments are 

periodically re-suspended by wind action.   
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4.3 Trophic status  
 

The total nitrate and total phosphate including the Secchi disk depth are measured specifically 

for the reservoir in order to identify the trophic status of the reservoir. Accordingly, the monthly 

data of these parameters are tabulated as follows. Secchi depth is measured to evaluate the 

transparency level of the water in the reservoir and is less transparent. This is not favorable for 

the phytoplankton to bloom eventhough the high nutrient concentration has to do the reverse. As 

indicated previously, there was a big difference between the two months which might be due to 

the decreasing in the rainfall and other external sources like fertilizers and animal wasters. 

Table 4: The mean values of specific parameters in the reservoir 

Months  TP 

(mg/l) 

TN 

(mg/l) 

 

Secchi  

Disk (cm) 
December 26 451.58 8.5 
February 15.84 440 9.6 
Average  21 445.75 9 

4.3.1 Limiting nutrients in the reservoir 
 

TN: TP ratio is mostly used to evaluate the limiting nutrient in the water. TP is perhaps more 

indicative of nutrient level than is SRP since much of the phosphate incorporated into 

Phytoplankton and other suspended debris can be regenerated by bacteria (UNEP, 2000). 

Furthermore; nitrogen budgets of fresh water lakes are complicated by nitrate fixations, de-

nitrification, and unknown exchange rate of nitrates with the surrounding ground water. Hence 

there have been few attempts to derive indices based on inorganic nitrogen (Robert and Gene, 

2000).  

When the average of the months together is compared the ratio of TN/TP is 21:1(Table 4), which 

is greater than 10:1 and indicates that phosphate is an influencing nutrient in the reservoir 

(Mogakabe and Kingel, 2008). Literatures also support that most freshwater are influenced by 

phosphate than nitrate (Wassmann and Olli, 2004). This is important in management where it is 

difficult if the most important nutrient was nitrate, because the sources of nitrate are diverse 

(Mogakabe and Kingel. 2008).  
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4.3.2 Trophic status of the reservoir 
 

To indicate the trophic status of the water different authors use different parameters (Global 

NEST, 2009, Amparo and Gabriel, 1999, Walter, 2002). But the general characteristics of the 

trophic status will be other points to be considered. Generally there are two ways of 

classification: a probability distribution and a fixed boundary classification. There are several 

fixed boundary classification systems; for the most part, the boundary levels are consistent 

(Walter, 2002). The same author had indicated that lakes do not clearly fall into an individual 

category in any of the classification systems. For example, phosphate could be high enough for a 

lake to be classified as eutrophic, but light attenuation by suspended sediments could keep 

chlorophyll levels in the mesotrophic range.  

Hence with the Chl-a of 0.35µg/l; the reservoir is oligotrophic (Tsehaye Asmelash Dejene, 

2009). But the mean value of the two months TP concentration of 21,000µg/l, TN of 440,000µg/l 

and Secchi depth of 9cm will categorize the reservoir under hyper eutrophic condition. Amparo 

and Gabriel (1999) categorized Tomine reservoir of Australia with same elevation of 2560m.a.l 

(Appendix 1) into Eutrophic with TP = 359µg/l, SRP= 290.7µg/l, Nitrate =33.2µg/l, PH= 6.9°C, 

DO =5.3mg/l. Still these mean values are similar with the Reservoir only by DO and PH while a 

big difference exists with the other three. Because TP and TN are independent variables while 

Chl-a is dependent, the reservoir has to be categorized as hyper eutrophic (Table 1). Typically 

water bodies with Secchi depths of less than about 0.2 m tend to grow fewer algae than predicted 

and excessive turbidity also skews the relationship between chlorophyll and Secchi depth (Anne 

et. al, 2009). 
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5 Conclusion and Recommendation 
 

5.1       Conclusions  
 

The tributaries of Berek, Silmicha and Legedadi are the only rivers joining the reservoir during 

the winter season. The waters in the channel of these are very low to boost adequate amount of 

water to the reservoir. The fourth tributary called Welega was completely dried at the study 

period. The area of the reservoir measured by AAWSA was 77.7km2, but now this Fig. is far 

behind reality. This is because the sediment deposition is collapsing the water holding capacity 

of the reservoir as it can be seen from the plates. The rain-fed and mixed farming system in the 

watershed for cultivation of herbaceous cereal crops is exposing upstream soil to erosion whose 

destination is the reservoir. Furthermore; the burning of residues after harvesting by the farmers 

further exacerbates the problems in collaboration with fallow methods. The vegetation cover in 

the watershed is only 11% which is too few to withstand the soil loss; apparently; the buffer zone 

is managed by short rooted herbaceous annual plants which are completely dry during the study 

period. The reservoir was previously fenced but now it is partly open and the cattle are 

comfortably using the compound for grazing and drinking since the grass is better at the edges of 

the reservoir and the adjoining rivers. 

There is a big difference in the colors of the reservoir and the tributaries and it looks dirty and 

turbid in the reservoir while the rivers are almost clean. This is partially due to the seasonal 

mixing of the water in the reservoir and the suspension of sediments and other organic materials. 

This can be clearly understood from the Secchi depth mean values. When this water is taken to 

Legedadi treatment plant, the costs a lot to AAWSA for purification is great and also the 

sediments cause shortage in drinking water and algal bloom. The reservoir is categorized as 

hyper eutrophic irrespective of the low chlorophyll concentration.  

No studies are undertaken in the Dire Reservoir apart from the surveys made by the AAWSA at 

the construction of the reservoir. This is a problem to get the supportive data for this study. 

Conversely, adequate parameters were used both on site and in the laboratory for the dry season; 

that enables to assess the nutrient sources and the quantities of each in accordance with the 

water, sediment and the surrounding soil of the reservoir and the tributaries. The mean value 
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from the soil, sediments and the water in and around the reservoir and the tributaries shows that 

Silmicha and Legedadi River are the potential sources of nutrients; especially the SRP; hence 

they will be the point of concern for management. The Figures obtained in the sediments and the 

soils are among the highest could cause blooming. Meanwhile; there is no toxicity problem and 

the BGA bloom during the winter season. This is supported by the unsuiTable conditions due to 

seasonal mixing of the water in the dam and the continuous withdrawal of the water (42,000m3) 

from the reservoir for treatment. The low Chl-a in the sample does not guarantee the complete 

absence of the bloom; because the reservoir was constructed for supplying the drinking water for 

life time and sedimentation is challenging the quality of this water.  

The nitrate and phosphate concentration in the reservoir was above the optimum ranges of 

drinking water standards; while PH and DO are in the optimum ranges. Temperature and algae 

biomass are influencing the former parameters negatively in which their increment was caused a 

decrement to PH and DO. Based on the concentration of TN and TP the reservoir in categorized 

under hyper-eutrophic condition eventhough Chl-a is low in concentration. Furthermore; the 

limiting nutrient in the reservoir is phosphate which is easier for management than nitrate. 

 

5.2      Recommendations  
 

Although the area is hilly, rugged, and undulating there is no conservation practiced on 

farmlands. This is presumably because farmers are reluctant, due to suspicions about forced 

displacement. It is important to create awareness and ensure the equiTable sharing of the 

resources; by initiating the immediate measures to control erosion through check reservoirs and 

gabions. Every activity in the watershed will affect every person within the watershed because 

no one could be outside of the watershed. Hence, the improvement of the watershed and the 

reservoir has to involve the stake holders like AAWSA, Berek Woreda Agricultural Office, the 

Finifine Forest Enterprise and the farmers. They have to apply integrated watershed management 

(IWM) in controlling the erosion of upstream soil. It was noted that the limiting nutrient in the 

reservoir is Phosphate and hence the only sources of this phosphate is only the surrounding soil. 

AAWSA has to provide Perennial plants in collaboration with the agricultural office for the 

farmers so that it is possible to stop runoff while producing food and cash crops. This includes 
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fruit plants, inset, coffee, timber trees around lacustrine and riverine. The agricultural office has 

to improve the vegetation coverage of the catchment. In addition smaller reservoirs ahead of the 

main reservoir are also important to minimize the siltation problem, so that they are protected 

carefully from intruders and cattle.  

The eucalyptus trees managed by the Finifine Forest Enterprise will cause depletion of ground 

water which is a source of water in the tributaries. Some information indicated that there are 

drying streams within the watershed that it may be due to these trees. Hence; they are expected to 

replace them with the endemic tree species of similar economic value. But I will appreciate their 

Endeavour in providing infrastructures like Clinics, wood for housing and employment and their 

keeping the already existing trees other than the Eucalyptus. Further studies are required to 

specifically characterize the reservoir and its watershed in the way possible to sustainably 

improve the productivity in the watershed and the quality in the reservoir. 
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Appendices 

Appendix 1: Biophysical and location of the sample site 

Sample site 

 

GPS position Elevation Biophysical Description of the sample site 

Legedadi 
Upstream 

09°10ʹ560ʹʹ N 

038ʹ55.133ʹʹ E 

2586 Bare and grazing land with some landslides, different 
types of cattle and near to the dwellers but pure. 

Legedadi 
downstream 

09°10ʹ496ʹʹ N 

038ʹ55.415ʹʹ E 

2571 Similar to the above but wider flow channel than the 
others and pure water. 

Silmicha 
Upstream 

09°10ʹ780ʹʹ N 

038ʹ55.457ʹʹ E 

2617 Near to the market place and irrigated plot of land 
owned by the small scale enterprise pure water. 

Silmicha 
Downstream 

09°10ʹʹ430 N 

038ʹ55.380.ʹʹ E 

2574 Nearer to Legedadi downstream with similar 
biophysical conditions pure water. 

Berek 
Upstream 

09°10ʹ831ʹʹ N 

038ʹ55.819ʹʹ E 

2610 Have young  shorter eucalyptus trees  and also 
nearer to dwellers pure water. 

Berek 
Downstream 

09°10ʹ288ʹʹ N 

038ʹ55.500ʹʹ E 

2568 A little far from the other two mostly cultivated than 
the other two pure water. 

Reservoir 
Right 1 

09°09ʹ519ʹʹ N 

038ʹ56.961ʹʹ E 

2553 Bare and grazing lands with high sedimentation and  
muddy water 

Reservoir 
Right 2 

09°09ʹ428ʹʹ N 

038ʹ56.109ʹʹ E 

2550 Bare ground near to the blocked side and muddy 
water 

Reservoir 
Left 1 

09°09ʹ885ʹʹ N 

038ʹ56.950ʹʹ E 

2565 Bare with some grasses and dried seedlings planted 
by AAWSA and muddy water 

Reservoir 
Left 2 

09°09ʹʹʹ 727N 

038ʹ56.844ʹʹ E 

2550 Some herbaceous and tree covered buffer zone far 
from the reservoir near to the main gate and muddy 

Reservoir 

Inlet 

09°09ʹ771ʹʹ N 

038ʹ56.959ʹʹ E 

2546 Some plants following the shore and used by 
different types of cattle and muddy. 
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Appendix 2: The raw data obtained from sediment and soil in December 

Sample 
types 

Sample  
block 

Sample site PH  SRP 
(mg/Kg  soil) 

No3 –N 
(mg/Kg soil) 

 
Sediments  
samples 

River  
sediments 

Legedadi upstream  7.12 16.66 135.04 
Legedadi downstream 6.94 20.54 222.90 
Silmicha upstream  5.42 49.75 439.45 
Silmicha downstream 7.17 20.08 165.78 
Berek upstream 7.36 20.5 157.00 
Berek downstream  7.46 27.60 103.89 

Reservoir  
Sediment  

Right 1 5.45 38.36 309.50 
Right 2 5.60 24.16 450.18 
Left 1 5.32 26.72 533.57 
Left 2 7.25 118.53 456.60 
Inlet  6.41 34.66 230.47 

Soil  
 
 
 
 

River  
Sides  

Legedadi upstream  5.74 4.72 5.71 
Legedadi downstream 6.21 4.43 34.02 
Silmicha upstream  5.35 17.70 67.28 
Silmicha downstream 6.11 5.90 35.00 
Berek upstream 5.50 12.44 173.68 
Berek downstream  6.23 12.05 165.87 

Reservoir  
Sides  

Right 1 6.59 5.09 107.83 
Right 2 6.55 4.52 16.70 
Left 1 6.54 4.67 121.62 
Left 2 6.53 5.02 163.90 
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Appendix 3: The raw data from sediment and soil in February 

Sample 
types 

Sample  

block 

Sample site PH  SRP 
(mg/Kg soil) 

No3 –N 
(mg/Kg soil) 

 

Sediment  

samples 

River  

sediments 

Legedadi upstream  8.08 1.94 2.8 
Legedadi downstream 7.32 3.1 2.8 
Silmicha upstream  7.45 3.3 5.6 
Silmicha downstream 8.22 1.8 14 
Berek upstream 8.29 5 25.19 
Berek downstream  9.14 7.06 10.29 

Reservoir  

Sediment  

Right 1 7.35 4.50 23.79 
Right 2 6.66 5.12 16.8 
Left 1 7.06 4.66 30.79 
Left 2 7.42 4.52 39.19 
Inlet  7.17 7.17 92.37 

 

Soil 

Samples 

  

 

 

 

 

River 

Sides soil 

Legedadi upstream  6.15 6.5 4.2 
Legedadi downstream 6.23 1.74 1.4 
Silmicha upstream  6.12 6.12 9.8 
Silmicha downstream 6.86 1 1.4 
Berek upstream 6.64 0.88 32.19 
Berek downstream  6.27 3.86 5.6 

Reservoir 
sides 

Soil  

Right 1 5.74 1.06 16.8 
Right 2 6.21 1.1 8.4 
Left 1 6.10 3.5 4.2 
Left 2 5.45 4.1 20.99 

 

Appendix 4: The raw data obtained from the water in December 

Sample site PH  SRP 
(mg/l 

No3 –N 
(mg/l) 

Temp. 
(°C) 

Chlo-a 
(mg/l) 

DO 
(mg/l) 

Legedadi upstream  8.73 0.175 0.02 18 0.0088 7.07 
Legedadi downstream 8.72 0.367 0.12 15 0.0306 8.56 
Silmicha upstream  8.27 0.576 1.56 18 0.0083 8.26 
Silmicha downstream 8.58 0.632 0.02 15 0.0375 8.50 
Berek upstream 8.73 0.239 0.02 18 0.0111 8.02 
Berek downstream  8.49 0.176 0.01 17 0.0273 9.02 
Right 1 7.26 1.045 0.26 20 0.0417 6.43 
Right 2 7.24 1.652 0.06 19 0.0107 6.94 
Left 1 7.33 0.399 0.16 20 0.0111 5.03 
Left 2 7.21 2.487 0.07 19 0.0102 4.33 
Inlet  7.31 0.872 0.17 18 0.0375 4.45 
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Appendix 5: The raw data obtained from the water in February 

Sample site PH  SRP 
(mg/l) 

No3 –N 
(mg/l) 

Temp. 
(°C) 

Chlo-a 
(mg/l) 

DO 
(mg/l) 

Legedadi upstream  6.99 0.03 0.165 18.4 0.1 6.19 

Legedadi downstream 7.44 0.01 0.148 21.9 0.24 5.74 
Silmicha upstream  6.92 0.4 0.118 21 0.61 5.55 
Silmicha downstream 7.01 0.04 0.241 22.8 0.74 6.02 
Berek upstream 6.76 0.01 0.382 17 0.99 5.92 
Berek downstream  7.37 0.021 0.055 22.5 0.69 6.63 
Right 1 6.68 0.28 1.644 25 0.89 5.76 
Right 2 7.22 0.12 0.137 26 0.76 6.30 
Left 1 6.6 0.16 1.544 27 0.88 5.5 
Left 2 6.57 0.12 2.377 25.5 0.92 5.01 
Inlet  6.54 0.12 2.938 24 0.77 4.55 

 

Appendix 6: correlation between PH, temperature, Chl-a, Do. 

 
 

 PH  Temp. Chlo-a DO 
PH  Pearson Correlation 1 -.863** -.620* .869** 

Sig. (2-tailed)  .001 .042 .001 
N 11 11 11 11 

Temp. Pearson Correlation -.863** 1 .510 -.657* 
Sig. (2-tailed) .001  .109 .028 
N 11 11 11 11 

Chlo-a Pearson Correlation -.620* .510 1 -.380 
Sig. (2-tailed) .042 .109  .249 
N 11 11 11 11 

DO Pearson Correlation .869** -.657* -.380 1 
Sig. (2-tailed) .001 .028 .249  
N 11 11 11 11 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix 7: LSD of nitrate and phosphate in the sediment 

 

 

LSD 

Dependent 

Variable (I) Sample site 

(J) Sample 

site 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower 

Bound Upper Bound 

Avail. P Legedadi  silmicha -3.33000 2.64125 .254 -9.7929 3.1329 

Berek  -2.96000 2.64125 .305 -9.4229 3.5029 

Reservoir  .71500 2.28739 .765 -4.8820 6.3120 

silmicha Legedadi  3.33000 2.64125 .254 -3.1329 9.7929 

Berek .37000 2.64125 .893 -6.0929 6.8329 

Reservoir  4.04500 2.28739 .127 -1.5520 9.6420 

Berek  Legedadi 2.96000 2.64125 .305 -3.5029 9.4229 

Silmicha -.37000 2.64125 .893 -6.8329 6.0929 

Reservoir 3.67500 2.28739 .159 -1.9220 9.2720 

Reservoir Legedadi -.71500 2.28739 .765 -6.3120 4.8820 

Silmicha -4.04500 2.28739 .127 -9.6420 1.5520 

Berek  -3.67500 2.28739 .159 -9.2720 1.9220 

No3 –N Legedadi  silmicha -17.03500 24.93509 .520 -78.0490 43.9790 

Berek  -

83.00500* 

24.93509 .016 -

144.0190 

-21.9910 

Reservoir  -46.22250 21.59442 .076 -99.0621 6.6171 

silmicha Legedadi  17.03500 24.93509 .520 -43.9790 78.0490 

Berek -

65.97000* 

24.93509 .038 -

126.9840 

-4.9560 

Reservoir  -29.18750 21.59442 .225 -82.0271 23.6521 

Berek  Legedadi 83.00500* 24.93509 .016 21.9910 144.0190 

Silmicha 65.97000* 24.93509 .038 4.9560 126.9840 

Reservoir 36.78250 21.59442 .139 -16.0571 89.6221 

Reservoir Legedadi 46.22250 21.59442 .076 -6.6171 99.0621 

Silmicha 29.18750 21.59442 .225 -23.6521 82.0271 

Berek  -36.78250 21.59442 .139 -89.6221 16.0571 

*. The mean difference is significant at the 0.05 level. 
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