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Abstract 
 
The purpose of this thesis was to evaluate the physicochemical and bacteriological water 
quality aspect of Lake Ziway in relation to Fish Farming.  On global scale water 
pollution, i.e. microbial water pollution, pose the greatest problem. Chemical pollution is 
also of a great concern. 
 
Twenty grab samples from twenty sampling site ten from the surface and ten from the 
bottom were collected using Kemmerer volume sampler. A total of sixty samples were 
collected and analyzed for physicochemical, bacteriological, and heavy metal using 
standard methods.  
  
COD result showed a maximum value of 3500mg/l and minimum value of 110 mg/l. 
Similarly BOD5 ranges from189.81mg/l to 8.57 mg/l. The temperature of this lake is in 
between 20 and 23 oC. Dissolved Oxygen is found to be 6.7 to 10.05 mg/l. The lake is 
well-oxygenated, which a sign of healthy lake. At almost all sampling sites NH3 is greater 
than 0.4 mg/l. The minimum value of Turbidity, Total Solids, and Total dissolved Solids, 
and Electrical Conductivity is 62mg/l, 356 mg/l, 251 mg/l and 251 µ s/cm, while the 
maximum value is 596mg/l, 462 mg/l, 304 mg/l, and 458 µ s/cm, respectively. The pH of 
Lake Ziway is nearly alkaline (with a pH greater than 8 in almost all sample sites). TN is 
found to be greater than TP. The concentration of (Chloride) Cl- is similar along the lakes 
in all sample sites with a value greater than 14mg/l in all sites being sampled. The range 
of concentration of heavy metals such as Cd, Cr, Zn, Pb, Al, Mn, Ni, and Cu is, 
0.3538mg/l, 0.295mg/l, 0.0083mg/l, 0.636mg/l, 1.862mg/l, 0.0828mg/l, 0.0018mg/l, and 
0.0012mg/l respectively.  
 

This study indicated that, there is an increment of nutrient input into this fresh lake 
system. This may result in the Eutrophication of the lake and consequently deterioration 
of the water quality in the future. Hence, urgent action is required for the sustainable use 
of the Lake, before its quality goes behind the turning point.  
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1. Introduction  
 

1.1 Backgrounds and Justification 
Over the last years, in Ethiopia a considerable population growth has taken place, 

accompanied by a steep increase in urbanization, industrial and agricultural land use. This 

has entailed a tremendous increase in discharge of a wide diversity of pollutants to 

receiving water bodies and has caused undesirable effects on the different components of 

the aquatic environment and consequently fisheries (Zinabu Gebremariam et al., 2001) 

The change in the chemical characteristic of the lakes because of a variety of reason 

could be devastating to the aquatic life forms and significantly affect economic activities 

that the lake supports such as fishery. Fish production has been reduced recently because 

of uncontrolled human activities. Over fishing is one of the series threat to Lake Ziway     

( Zinabu Gebremariam, 1994 and Tenalem Ayenew, 2004). 

The critical problem in national economies in relation to water is the amount of economic 

losses due to freshwater pollution which includes: costs to establish further water 

treatment facilities to use water for different purposes, loss of economically important 

commercial fish species, degradation of biodiversity in the aquatic environment, decline 

of productivity due to problems and disease related to water quality, Decline in 

agricultural production due to increased salinization of water, or inability to use severely 

polluted water, increased production cost of different industries due to water quality 

deterioration, cost due to mobility of population caused by degradation of aquatic 

environment (Zinabu Gebremariam et al.,2001) 

In China, where an attempt was made to calculate the overall cost of water pollution to 

the national economy. The cost in 1990 was estimated to be 0.5% of GDP or, in dollar 

terms, more than the value of all exports from China in 1990 (Smil, 1996). 

Drinking water quality guidelines and standards are designed to enable the provision of 

clean and safe water for human consumption, thereby protecting human health. These are 

usually based on scientifically assessed acceptable levels of toxicity to either humans or 

aquatic organisms. Guidelines for the protection of aquatic life are more difficult to set, 
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largely because aquatic ecosystems vary enormously in their composition both spatially 

and temporally, and because ecosystem boundaries rarely coincide with territorial ones. 

Therefore, there is a movement among the scientific and regulatory research community 

to identify natural background conditions for chemicals that are not toxic to humans or 

animals and to use these as guidelines for the protection of aquatic life (Robertson et al., 

2006).  

 

The case in Africa is highly variable from other developed countries. Although not all 

countries are facing a crisis of water shortage in a similar extent or fashion, all have 

serious problems associated with degraded water quality, although the range of polluting 

activities is highly variable from one country to another. Agricultural runoff and 

uncontrolled disposal of human wastes into surface waters are common practice in 

Africa(Calamari and Naeve, 1994). Although major polluting point sources such as 

municipal and industrial effluents tend to be localized, as in the Kenyan side of Lake 

Victoria, Mzimbazi Creek in Dar es Salaam, and Lake Chivero in Harare, these can 

greatly exacerbate large scale problems as in Lake Victoria (Calamari and Naeve, 1994). 

Mining activities are also localized, but create serious toxic conditions in surrounding and 

downstream environments as in Zambia, Tanzania, Ghana, etc. Oil extraction is also a 

major contributor to regional pollution as in Nigeria. A useful review and bibliography of 

pollution in the African aquatic environment is available, though a few in number 

(Calamari and Naeve, 1994). 

1.1.1 Key Fish Farming Indicator 

Fish Farming indicators are very important tool to measure the suitability of the 

environment for Fish Farm development and, when measurements are made periodically, 

many of the same parameters are important gauges to judge the sustainability of Fish 

Farming. In employing them, one is matching a culture system (e.g., a pond) and an 

organism (e.g., a carp or tilapia) to an environment (e.g., family farm or commercial fish 

farm) (Kapetsky, 1994). 
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 According to Kapetsky, the Key general indicators for aquaculture development are: 

water availability (and water balance), land use/land cover, terrain and soil 

characteristics, inputs, infrastructure, markets, and weather/climate 

A common example of a dramatic shift in ecosystem condition to an alternate stable state 

that has been attributed to water pollution is the shift from a clear-water, vascular plant 

dominated state to a turbid, phytoplankton-dominated state in many shallow lakes 

(Scheffer et al., 2001). 

 

Physical loss of habitat and changes in the chemical composition of water can inhibit a 

species’ ability to grow, reproduce, and interact with other species in the ecosystem. 

Excessive sediment loads in rivers, for example, disturb the life-cycle of fishes, by 

interfering with respiration and covering spawning areas, and when deposited, can 

smother benthic organisms (Scheffer et al., 2001). 

 

Organic pollution of inland waters in Ethiopia, in contrast to the situation in developed 

countries of the world, is often the result of extreme poverty and economic and social 

under-development. According to Tolba (1982)  it is in these countries that the quality of 

water, and often the quantity, is lowest, sanitation and nutrition the worst and disease 

most prevalent. 

In connection to the launch of the new WHO Guidelines, a fundamental change in 

approach to water quality has been proposed (WHO, 2004). One of the core changes with 

respect to the guidelines are the Water Safety Plans. The WSPs move away from sole 

reliance on end product testing, towards a process of quality assurance and preventive 

risk assessment and management founded on health-based risk targets.  

There is an increased concern over chemical pollution of fresh water sources by 

pesticides, herbicides and other hydrocarbons from time to time, this emphasize the 

paramount importance of water quality analysis; specially when there is a plan to engage 

in aquaculture in general and fish farming in particular(WHO, 2004).   
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Efforts to counteract microbial and chemical contamination of water supplies have 

included batch water quality monitoring of bulk water supplies by water utilities, 

establishment of water and environmental standards by Health Ministries and compliance 

with them through water quality monitoring programs (WHO, 2003).   

Assessment of water quality in the aquatic system is crucial since this media is the base 

for any aquatic life. Because of an alarming population growth, agricultural expansion, 

urbanization, and variety of anthropogenic stresses, most aquatic systems, fresh water 

bodies and wetlands are unable to give their potential services. A lot of reckless activities 

are performed in the name of developments which deteriorate water qualities. Land 

degradation, overuse of natural resources, and deterioration of the quality of the 

environment is evident everywhere, which in turn dramatically affect the water quality 

for the ultimate use (WHO, 1984) .The use of surface waters as raw water for fish 

farming, drinking, irrigation of food crops for consumption, recreation, and other 

activities may be hazardous as the water to be used is under critical anthropogenic stress 

(WHO, 2003) 

 

Water quality of any water body can be influenced by Nature, Human activities or both. 

The natural influences that can affect water qualities could be, the weathering of bedrock 

minerals, by the atmospheric processes of evapotranspiration and the deposition of dust 

and salt by wind, by the natural leaching of organic matter and nutrients from soil, by 

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

environment that can alter the physical and chemical composition of water. As a result, 

water in the natural environment contains many dissolved substances and non-dissolved 

particulate matter. Dissolved salts and minerals are necessary components of good quality 

water as they help maintain the health and vitality of the organisms that rely on this 

ecosystem service (Stark et al., 2000). 

 

It is unfortunate that in most of the cases our resource bases have run out of their capacity 

to sustain life forms before even we did not recognize quantitatively and qualitatively 
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what happened to them. To bring back these natural resources into use it is mandatory to 

under go quality assessment and frequent surveillance (Dejoux et al., 1981). 

1.1.2 Lake Ziway Fishery and its constraints 
 

Lake Ziway, is a shallow eutrophic freshwater lake that is considered productive in 

fisheries terms (Tenalem Ayenew, 2004). The lake that used to contain only tilapia, 

Oreochromis niloticus, but through time other species have been introduced and it now 

contains several fish species that are commercially important .Now, the commercial fish 

landing consists of tilapia, catfish and other carp species that have been introduced by the 

Fishery Department into the lake. It is known that the introduction of cat fish is not 

deliberate. According to the information from the Ziway Fish Research it probably 

escaped from the FPME processing shed on the shore of the lake. Lake Ziway is the most 

heavily fished lake in the basin, mainly due to its proximity to Addis Ababa and the early 

fishing culture of the people living in the lake (Felegeselam Yohannes, 2003� 

Ziway has the highest number of fishers involved (4.07 /km2) and persons that depend on 

fisheries (7,500) (LFDP, 1998). Even though the fishery in Ethiopia is effective open 

access, there has surprisingly not been a major shift to fishing by non – fishing 

communities, which may be due to financial and social barriers to entry (FAO, 1995, 

LFDP, 1998). 

 

Ashine Sileshi (1995) points out that, overfishing of Lake Ziway fishery has been 

intensified in the recent past by rapid population growth, increased unemployment and 

open access nature of the fishery. The MSY (Maximum Sustainable Yield) is estimated 

by LFDP (1996) as 3000 to 6680 t/yr. Maximum Economic Yield is 1011 t/yr 

(Felegeselam Yohannes, 2003). The Fish species found in Lake Ziway includes 

Oreochromis niloticus, Tilapia zilli, Barbus ethiopicus, Cyprinus carpio, 

Cyprinus auratus and Garra makiensis (Felegeselam Yohannes, 2003) 
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1.2. Statement of the Problem 

 Lake Ziway is one of a few fresh water bodies among the Central Rift Valley Lakes. Its 

economic importance is significantly increasing from time to time. It serves as a fishery 

resource, small scale and large scale irrigation water supply, drinking water supply for 

Ziway town, and many other uses. Especially in a recent time a lot of horticulture 

industry is absolutely depend on the water from Lake Ziway. Besides this the population 

growth from time to time put their impetus on the water resources of Lake Ziway. 

For the sustainable use, and economical utilization of this Fresh water resource, detail 

water quality assessment is necessary. However, except, a few general surveillance as 

part of the Central Rift Valley Lakes, so far there is no sufficient data on the water quality 

status of this lake, especially in recent time as water quality is a dynamic process that 

needs to be dealt with regularly. 

Hence, this thesis is designed to meet the following general and specific objectives as a 

pillar to generate a first hand base line   data to be used by different development actors 
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2. Objective 
2.1 General Objective 

To assess the water quality status of Lake Ziway using physicochemical and 

bacteriological water quality parameters with special emphasis on fish farming.  

2.2 Specific Objectives 
�  To assess the physicochemical water quality of the lake Ziway, using water quality 

parameters, Such as Temperature, pH, Turbidity, Total Solids, Total Dissolved Solids 

Electrical Conductivity, DO, COD, BOD5, NO2, NO3,NH3, PO4-3 , SO4-2, Heavy 

metals (Fe, Zn, Pb,  Mn, Cr, Al, Ni, and Cd) 

� To assess the water quality of the Lake , using indicator organisms such as TC, FC, 

and FS 

� To evaluate the water quality seasonal variation for some of the parameters.  

� To suggest possible mitigation measures for the sustainable use of the lake for 

different development activities. 

This study is significant because it is common practice in around lake Ziway village and 

town to discharge sewage directly from residential houses, different development projects 

into gutters and drains and thus into the lake. This study is therefore aimed at assessing 

the pollution status in the  Lake Ziway , the and suitability of the water for fish farming, 

and other intended use to integrate the fish farming with other relevant development 

components in the lake system. 
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3. Literature Review 
3.1 Human Activities that Affect Water Quality 
 

Ensuring that water quality in aquatic environments remains within natural ranges is 

essential for maintaining viable, abundant and diverse communities of organisms. People 

have specific water quality requirements for drinking water, recreation, agriculture and 

industry; although the specific water quality requirements vary by sector. Degradation of 

water quality erodes the availability of water for humans and ecosystems, increasing 

financial costs for human users, and decreasing species diversity and abundance of 

resident communities. These changes in environmental quality can be associated with 

changes in water quality parameters such as sediment load, nutrient concentrations, 

temperature, dissolved oxygen levels, and pH (IPCC, 1995 and WHO, 2003).  

 

Poor water quality can be the result of natural processes but is more often associated with 

human activities and is closely linked to industrial development. Climate change, the 

evolution of new waterborne pathogens, and the development and use of new chemicals 

for industrial, agricultural, household, medical, and personal use have raised concern as 

they have the potential to alter both the availability and the quality of water (Kolpin et al., 

2002). All of these activities have costs in terms of water quality and the health and 

integrity of aquatic ecosystems (Meybeck, 2004). 

 

The water quality in aquaculture fishponds is controlled by a complex interplay of many 

factors. The amount of dissolved oxygen is controlled by factors such as photosynthesis, 

respiration by fish and microorganisms, air-water exchange and oxygen input in the water 

flowing into the pond (Gulliver and Stefan, 1984). Excretion of nitrogenous compounds 

by cultured fish and microbial decomposition of organic matter due to food leftovers are 

the main source of ammonia, nitrates, nitrites, phosphates and other inorganic substances 

(Hall et al., 1992). 

Non-pathogenic bacteria present in faeces are used to indicate the occurrence of faecal 

contamination of water and hence the possibility that pathogens may be present. The 



 9 

most frequently used indicator organisms are faecal coliforms, faecal streptococci, and 

Clostridium perfringens. Routine monitoring of water samples also involves screening 

for the presence of the waterborne parasite Cryptosporidium parvum (Fricker, 2000 and 

Gale, 2001). However, in all cases faecal coli form counts and Escherichia coli detection 

in particular, remains the major and most reliable tool in the assessment of the health 

risks posed by pathogens in water (Byamukama et al., 2000). 

Exposure to contaminated water through ingestion, eating fish from such contaminated 

water, drinking water, recreation or irrigation is a significant mode of transmission of 

gastrointestinal infections. 

Outbreaks have been associated with swimming in a crowded lake (Ackman et al., 1997), 

contaminated drinking water (Olsen et al., 2002) as well as surface water (Effler et al., 

2001). Other modes of transmission include human-to-human contact, contact with 

inanimate surfaces and with animals or their faeces (Pruss et al., 2003). 

The major sources of contamination of surface water are urban and farm runoffs, 

discharges from sewage treatment facilities, failing septic systems, wildlife, farm animals 

and direct faecal contamination by humans and animals (Okafo et al., 2003).  

3.2 Importance of Water Quality in Fish farming 

Fish perform all their bodily functions in water. Because fish are totally dependent upon 

water to breathe, feed and grow, excrete wastes, maintain a salt balance, and reproduce, 

understanding the physical and chemical qualities of water is critical to successful 

aquaculture. To a great extent water determines the success or failure of an aquaculture 

operation. (Brown and Gratzek, 1983) 

Lakes are commonly used for intensive fish farm production. However, due to generally 

long water turnover times (month-years), lakes can be sensitive to such nutrient 

emissions, especially when the lake volume is small. Generally, phosphorus limits 

primary production in lakes (Dillon and Rigler, 1974). 
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pollution is also reducing the volume of safe fishing, irrigation, and drinking, water. For 

instance a USA report revealed that consumption of sea food products had led to 

increased morbidity and mortality (Lipp and Rose, 1997) 

Furthermore, a review by Pruss (1998) indicated that swimming in waters containing up 

to 30 CFU/100mL of E.coli and faecal streptococci caused gastroenteritis. Notice that 

there is a minimum level of cleanliness accepted for accidental swallowing and skin 

exposure let alone for consumption and other sensitive uses of water.  

 

When phosphorus and nitrogen enter the water, there is an increase in phytoplankton 

which is microscopic plants that live in water bodies and algae blooms. However, the two 

organisms do not coexist peacefully, but rather compete each other for nutrients. Since 

the nutrient supplies are exhausted by phytoplanktonic growth, the algae blooms become 

starved, die, and sink to the floor. Decomposition of the algae blooms create anoxic 

environments, completely lacking in oxygen, or hypoxic environments, low in oxygen, 

that inhibit or kill submerged aquatic vegetation (Wood, 2005).  

 

However, the turbidity caused by increased amounts of phytoplankton and algae blooms 

in turn causes submerged aquatic vegetation to suffer from decreased light penetration. 

The growth of attached algae on the vegetation’s leaves exacerbates an already 

insufficient exposure to light. The lack of sunlight reduces photosynthesis, which then 

causes the loss of submerged vegetation (Butler and Jennifer, 2001). 

 

Subsequently, fish nurseries and spawning grounds suffer from a lack of food and 

nutrient resources. Animal manure, in general, contains both organic phosphorus and 

inorganic phosphorus and since plants only use inorganic phosphorus, the organic 

phosphorus present in various animal manures “must be mineralized by soil 

microorganisms for plant utilization” (Butler and Jennifer, 2001). 

 

Consequently, the organic phosphorus from this animal manure dissipates from the soil at 

a slower rate, and becomes a prime candidate to be carried by runoff into surrounding 

bodies of water. More importantly, animal manure contains soluble organic phosphorus, 
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which can dissolve in runoff water and easily be carried out of the soil and into bodies of 

water (Lory and John, 2006).  

 

Especially as Freshwater ecosystems are fragile environments rich in biodiversity any 

action that is in its reach has to be seen and evaluated critically.  The delicate nature of 

aquatic systems is illustrated in reports of recent and massive losses in aquatic 

biodiversity ( Richter et al., 1997) reported that habitat degradation (e.g., altered 

sediment loads and excessive nutrient inputs) associated with agricultural production is 

one of the top three leading threats to the loss of aquatic biodiversity.  Other significant 

threats include exotic species introductions, organic pollution, habitat destruction and 

fragmentation of aquatic systems (Page et al., 1997).  Understanding the mechanisms 

driving losses in aquatic biodiversity is important to the conservation and restoration of 

freshwater environments worldwide. 

 

Aquatic systems are threatened by impacts related to a variety of land-water interactions 

(Roth et al., 1996).  Degradation of lands adjacent to freshwater ecosystems can 

adversely impact aquatic habitat and associated biological communities through many 

mechanisms.  For example, land use activities that eliminate vegetative cover, decrease 

infiltration rates or reduce the moisture holding capacity of soil can adversely impact 

surface water quality (Brooks et al., 1997).  Habitat destruction and degradation in rivers 

and streams also occurs when poorly managed agricultural lands, mineral extraction, and 

construction projects, result in increased sediment transport (Wood and Armitage, 1997). 

So that, understanding how terrestrial systems relate to water quality is key to assessing 

impacts threatening aquatic environments. 

 

Other landscape features such as geologic history and topographic relief could also 

influence water quality.  For example, surficial aquifers related to alluvial deposits or 

other geologic formations influence water recharge and thus groundwater and surface 

water quality (Anderson, 1998), and topographic relief of the landscape affects water 

quality through its influence on overland water flow and drainage patterns (Elliot and 

Ward, 1995).  Proper management of aquatic resources and their associated faunae 
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requires an understanding of the relationships between landscape features, water quality, 

and the aquatic biota.  Such understanding is valuable in the conservation management of 

imperiled species. While anthropogenic impacts are being realized by a variety of aquatic 

animals (e.g., amphibians, fish, and crayfish) (Richter et al., 1997).  

 

Evidently, as the world’s population increased so did the environmental degradation of 

the lakes. In fact, today, the most severe threats to lakes and coastal waters are related to 

the increased human population. This is not surprising considering that the world 

population has increased from about 4.5 billion to 5.8 billion people over the last 20 

years. The number is expected to continue to increase in the future (FAO, 2000). Feeding 

those people will obviously require an increased food production. Proteins are an 

important part of our food and are to a large extent obtained from aquatic species, such 

as, fish. The increasing human population has caused, and will continue to cause, an 

increased pressure on the wild fish stocks (FAO, 2000).   

 

To meet the increasing demands for proteins, aquaculture, where fish farming is a part, 

has become one of the fastest growing food industries in the world .Today, about 20 % of 

all fish consumed by humans are cultivated (FAO, 2000). Because of this fact, as water is 

a medium for such out put physicochemical and bacteriological water quality aspect of 

the water body should receive due attention. 

 

Traditionally, indicator micro-organisms have been used to suggest the presence of 

pathogens (Berg and Metcalf, 1978). Today, however, we understand a myriad of 

possible reasons for indicator presence and pathogen absence, or vice versa. In short, 

there is no direct correlation between numbers of any indicator and enteric pathogens 

(Grabow, 1996). Hence, to eliminate the ambiguity in the term ‘microbial indicator’, the 

following three groups are now recognized: General (process) microbial indicators, 

Faecal indicators (such as E. coli), and Index organisms and model organisms.  

 

Indicator micro-organisms are used to suggest the presence of pathogens. The organisms 

most often used are faecal indicators: organisms that indicate the presence of faecal 
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contamination from animal or human wastes. Tests used to indicate the presence of 

pathogenic organisms include those for total coliforms, faecal coliforms, or for E. coli 

(Ashbolt et al., 2001). It is important to note that these measures are only indicators, and 

may not detect all pathogens in a body of water (Tallon et al., 2005). 

 

Fecal indicator bacteria are used to assess the microbiological quality of water because 

although not typically disease causing, they are correlated with the presence of several 

waterborne disease-causing organisms. The concentration of indicator bacteria (the term 

indicator bacteria is used synonymously with fecal indicator bacteria in this section) is a 

measure of water safety for body-contact recreation or for consumption (Grabow, 1996). 

Wastes from warm-blooded animals contribute a variety of intestinal bacteria that are 

disease causing, or pathogenic, to humans (Tallon et al., 2005). 

 

Water-quality criteria have been developed by the U.S. Environmental Protection Agency 

(USEPA) for concentrations of indicator bacteria in recreational waters, shellfish-

growing waters, and in ambient waters (U.S. Environmental Protection Agency, 1986). In 

1986, E. coli and enterococci bacteria became the recommended indicator bacteria for 

recreational waters, replacing fecal coliform and fecal streptococci bacteria (U.S. 

Environmental Protection Agency, 1986).  

 

 “Primary-contact recreational waters are waters where people engage in or are likely to 

engage in activities that could lead to ingestion or immersion in the water and are 

designated for use as such in state and tribal water quality standards” (U.S. 

Environmental Protection Agency, 2002). 
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Table 1: Range of fecal indicator bacteria  

(Typically found in uncontaminated surface water and contaminated surface water 
modified from U.S. Environmental Protection Agency, 1997) 
 

3.3 Physicochemical 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. Therefore water quality 

standards and criteria for DO are provided by environmental regulation of many countries 

such as the USA, the United Kingdom, Germany and Japan (WHO, 1984) 

  

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 

Bacterial group Uncontaminated 

surface water, 

colonies per 

100 milliliters 

Fecal-contaminated 

surface water, colonies 

per 100 milliliters 

Total coli form <1 to 80,000  1,200 to > 4,000,000 

Fecal coli form  <1 to 5,000 200 to > 2,000,000 

Fecal streptococcus  <1 to 1,000 400 to > 1,000,000 
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during the other 8 hrs it should not drop below 3 mg/l (Derbel, 1997). Acceptable 

minimum DO level to prevent fish mortality is 2-2.5 mg/l (Amccard et al., 2000). 

 

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 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). Oxygen levels also can be reduced through 

over fertilization of water plants by run-off from farm fields and sewages containing 

phosphates and nitrates under this condition, the number and size of water plant increases 

a great deal when this plant die they become food for bacteria, which in turn multiply and 

use large amount of oxygen. In addition to this when plant biomass increases at the 

surface of the water they physically block the transfer of oxygen from the atmosphere to 

the water (Wetzel, 2001). 

  

They also block light and prevent photosynthesis by submerged plant and extensive root 

system in the water provides a large surface area for the growth of microbes which 

rapidly consume DO (Wetzel, 2001). 

 

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 
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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 the other important physicochemical water quality concern. In water, a 

small number of water (H
2
O) 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). Most of the Rift Valley Lakes are saline except Lake Ziway 

and Lake chitu. Lake Ziway is an alkaline Lake with a pH of 8.2 as most of the rift valley 

Lakes (Zinabu Gebremariam et al., 2001) 

 

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 lakes is typically phytoplankton, but closer to shore; 

particulates may also include clays and silts from shoreline 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).  

 

Salinity and Specific Conductance are also of great importance in case of water quality 

assessment for different purpose. According to the chemical features assessment made 

from 1900 to 2000 for ten years in the seven Ethiopian Rift Valley Lake the Electrical 

conductivity of Lake Ziway was found to be 410 cmS /µ  (Zinabu Gebremariam et al., 

2001). The other most important parameter of interest is salinity. It is an indication of the 

concentration of dissolved salts in a body of water. The level of salinity in aquatic 
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systems is important to aquatic plants and animals as species can survive only within 

certain salinity ranges (Friedl et al., 2004).  

 

Although some species are well-adapted to surviving in saline environments, growth and 

reproduction of many species can be hindered by increases in salinity. Salinity is 

measured by comparing the dissolved solids in a water sample with a standardized 

solution. The dissolved solids can be estimated using total dissolved solids or by 

measuring the specific conductance. Specific conductance, or conductivity, measures 

how well the water conducts an electrical current, a property that is proportional to the 

concentration of ions in solution. Conductivity is often used as a surrogate of salinity 

measurements and is considerably higher in saline systems than in non-saline systems 

(Dodds, 2002). 

 

 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, specific 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). 

 



 18 

Nutrients are also elements as essential as other parameters to life. In aquatic systems, 

nitrogen and phosphorus are the two nutrients 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. There are many micronutrients also required for 

metabolism and growth of organisms, but for the most part, cellular demands for these 

nutrients do not exceed supply. For example, elements such as iron (Fe) and manganese 

(Mn) are essential cellular constituents but are required in relatively low concentrations in 

relation to their availability in fresh waters (US EPA, 1997).  

 

Compounds of nitrogen (N) and phosphorus (P) 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. Productivity of aquatic ecosystems can, thus, be managed by regulating 

direct or indirect inputs of nitrogen and phosphorus with the aim of either reducing or 

increasing primary production. 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 (PO
4

3-
), 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. In Lake Ziway Soluble Reactive Phosphorus is found to be below 

detection limit, and Total phosphorus is 0.224 mg/l, Nitrate and Nitrite are below 

detection (Zinabu Gebremariam et al., 2001).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 (blue-green algae) and 
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certain bacteria, converts dissolved molecular N
2 

to ammonium (NH
4

+
). Aerobic bacteria 

convert NH
4

+ 
to nitrite (NO

2

-
) and nitrate (NO

3

-
) through nitrification, and anaerobic and 

facultative bacteria convert NO
3

- 
and NO

2

- 
to N

2 
gas through denitrification. Primary 

producers assimilate inorganic N as NH
4

+ 
and NO

3

-
, and organic N is returned to the 

inorganic nutrient pool through bacterial decomposition and excretion of NH
4

+ 
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 (‘cultural Eutrophication’) through factors such 

as runoff from agricultural lands and the discharge of municipal waste into rivers and 

lakes (Dodds et al., 1998). 

 

Aquatic ecosystems can be classified into trophic state, which provides an indication of a 

system’s potential for biomass growth of primary producers. Trophic states are usually 

defined as oligotrophic (low productivity), mesotrophic (intermediate productivity), and 

eutrophic (high productivity). Ultraoligotrophic and hypereutrophic states represent 

opposite extremes in the trophic status classifications of aquatic environments. Although 

there are many methods for classifying systems into trophic state, a common approach 

examines concentrations of nutrients across many systems and separates systems 

according to their rank in the range of nutrient concentrations (Dodds et al., 1998). 

 

When ever a water body is stripped off its protective vegetation cover; it will be 

susceptible to erosive agents. This in turn enhances the wind/water erosive force where 

atmospheric deposition and surface run-off are loaded with suspended sediments or dust. 

The problem associated with sediment transport is that they act as a carrier for nutrients 

(especially phosphorus), heavy metals and pesticides that adversely affect the water 

quality in rivers and the lake (Machiwa, 2001). 
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3.4 Heavy Metals 
 

Metals occur naturally and become integrated into aquatic organisms through food and 

water. Trace metals such as mercury, copper, selenium, and zinc are essential metabolic 

components in low concentrations. However, metals tend to bio accumulate in tissues and 

prolonged exposure or exposure at higher concentrations can lead to illness. Elevated 

concentrations of trace metals can have negative consequences for both wildlife and 

humans. Human activities such as mining and heavy industry can result in higher 

concentrations than those that would be found naturally (Charlet and Polya, 2006).  
 
 

Metals tend to be strongly associated with sediments in rivers, lakes, and reservoirs and 

their release to the surrounding water is largely a function of pH, oxidation-reduction 

state, and organic matter content of the water (and the same is also true for nutrient and 

organic compounds). Metals in water can pose serious threats to human health (Charlet 

and Polya, 2006).  
 

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 bio accumulate (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 organism’s tissues (Zwieg et al., 

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). Zinc (Zn) is known to be an essential biological mineral, which is regulated and 

maintained at certain concentrations in fish (Widianarko et al. 2000) due to physiological 

requirements for survival, known as homeostatic regulation (Sorensen 1991). Iron is not 

considered as toxic to aquatic organisms as cadmium, lead, copper and zinc (Friberg et 

al., 1986). 

 

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). Indirect exposure 
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to contaminated sediments will take place when fish feed on benthic invertebrates that are 

ingesting particulate matter. Direct exposure via the sediment can take place by release of 

contaminated particulate matter into the water column by both natural and anthropogenic 

disturbance which can result in metal remobilization (De Carvalho et al., 1998). 
 

Anthropogenic impacts which includes, industrial discharges, domestic sewage, non-

point 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, wind-

blown dust, forest fires and vegetation (Herrero et al., 2000)  

  

The heavy metal pollution of aquatic ecosystems is often most obvious in sediments, 

macrophytes and aquatic animals, than in elevated concentrations in water (Linnik and 

Zubenko, 2000). Therefore aquatic ecosystems are typically monitored for pollution of 

heavy metals using biological assays (Wong and Dixon, 1995). Many aquatic organisms 

have been used as bio-indicators, including aquatic insects (Rayms-Keller et al., 1998), 

fish (Widianarko et al., 2000), Protozoa (Fernandez-Leborans and Olalla-Herrero, 2000, 

Mohan and Hosetti, 1999) and crustaceans (Allinson et al., 2000). Fish species are often 

the top consumers in aquatic ecosystems (Dallinger et al., 1987) and thus metal 

concentrations in fish can act as an environmental indicator of the state of the 

environment (Wildianarko et al., 2000).  
 

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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4. Materials and Methods 
4.1 Description of the study area 
The central Rift Valley (CRV) in Ethiopia totals an area of about 1.3 million hectare and 

encompasses four large lakes, Ziway, Abijata, Shala and Langano. The valley forms a 

complex and vulnerable hydrological system with unique and ecological characteristics. 

This lake is found in Ziway Dugda woreda where the population is 111087 with a 

population density of 0.9 people per hectare (MoAR. 2003). Most of the Rainfall occurs 

between May and September. Soils are predominant sandy loam soils but increase in sand 

and gravel content near Lake Abijata (Hengsdijk,H. and H.Jansen,2006) 

 

 Lake Ziway found in East showa zone of Oromia Region, 160 km south of Addis Ababa 

Ethiopia. It covers an area of 442.0 Km2 and length across the hypotenuse side was 30 

km. It has a maximum depth of 8.95m and average depth of 2.5m. (Talling, 1965).  It 

receives most of its water from two main tributaries, namely the Meki River and Katar 

River. It is connected with Lake Abijata through the Bulbula River. Mean annual rainfall 

occurs from 500mm near Lake Langano to 1150mm in the adjacent plateaus. 

 

 

 

 

 

  

 

 

 

 

 

Figure 1: Location of Lake Ziway (Study area) 
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The lake is highly influenced by rural, urban, and other economic activities as it is 

situated next to the Ziway towns and its hinterlands. Farming activities, municipal waste 

discharge According to the information obtained from Ziway Fish research Center the 

lake has a fish potential all over its area, and this can be also evidenced by the fact that 

fisher men can be observed on each and every part of the lake. Regrettably, with the rapid 

increase of the town population, a sustained discharge of liquid and solid waste into the 

Meki River has over-fertilized the lake leading to Eutrophication (Wacho, 1997) and 

fishing are taking place with out adequate consideration for its sustainability. The lakes’ 

resources have been misused causing resource degradation and eco-system disturbances. 

. 

4.2 Sampling Sites 

The study was conducted from the last week May, 2007 (Which is dry season) to the first 

week of December 2007 (Which is wet season) considering the dry season of the year 

even though there is a lake level increment during this time.  

 
Ten study sites (Fig.1) which were sampled from surface and depth each were selected to 

study the Lake: Site one (S1&D1) located at the fertile Fish Research center about 300m 

off shore and the remaining Nine consecutive sites are found at 6km interval on average 

(around North of Gelila (S2&D2), West of Tulugudo (S3&D3), North East of Tedecha 

(S4&D4), Mouth of River Ketar (S5&D5), Mouth of River Meki (S6&D6), Meki Kofe 

area (S7&D7), Direct opposite to Gebriel (S8&D8), Abosa area (S9&D9), In between 

Edo and Kontola area (S10&D10)).  

The positions of the sampling sites were determined using a differential Global 

Positioning System (GPS) with at least 4 satellites (3-D) and an accuracy of 3-5 m. The 

study area and the location of sampling stations are shown in (Fig.1).  

4.3 Sampling and sample collection 
 
One of the most common sources of error in water sample data collection is improper 

sampling, thus representative samples both in time and space will be required. Systematic 
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sampling method and random sampling method was employed. (AWWA, 1982).  In this 

sampling method, a random starting point was selected and samples were taken at 

monthly intervals.  The samples for all parameters were collected at the same day from 

the surface and 0.5 meters from the bottom of the lake to achieve consistency in sampling 

and evaluate depth variation. Hence a total of twenty samples were collected in field 

triplicate from the surface (from about 30 cm depths) and bottom of the lake (using depth 

samplers).  
 

Water samples for chemical analyses were collected in a clean, white 2 liter polythene 

container. Before collection of sample, the container was thoroughly rinsed with the 

water to be sampled to avoid errors due to contamination of the containers by foreign 

contaminants. The sample was labeled properly before it was transported to the 

laboratory using a permanent marker both on the container and on the stopper. 

For bacteriological examination, the water was collected using a pre sterilized 500ml 

glass bottle .The sample collection procedures follows standard procedures (APHA, 

1998). The samples was transported to the laboratory using an ice filled Ice box, and 

reached the laboratory, and analyzed within 24 hours from the time of collection.  

Sampling time was arranged to include all time and condition of the day at a regular 

interval from 8:30 A.M to 6:30 P.M. On every sampling date, attempt was made to 

collect the most representative samples from the same area in triplicate keeping also the 

same collection time in all round campaign of sample collection. Grab samples were 

collected at twenty sites (S1-S10 and D1-D10) using Kemmerer volume sampler. A total 

of sixty samples were collected, three samples per site.  

 

Following collection, the samples were carefully transported using an ice box to the 

applied microbiology lab of Addis Ababa University, and Water Works Design and 

Supervision Enterprise for lab analyses. 
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4.4 Analyses 

The samples were filtered using Whatman's No 42 filter paper and stored at 4oC until 

analysis was carried out except sample for bacteriological analysis. Temperature, DO, 

and pH were taken at the time of sample collection.  

 

Dissolved oxygen (DO) was measured using Oxygen meter (CO-411 ELMETRON) pH 

was measured with Beckman's 050pH meter. Electrical Conductivity (EC) was measured 

with microprocessor LF 92 conductivity meter (GmbH W. Germany) 

 

NO3, NO2, SO4-2, PO4-3, NH3, and Turbidity were measured using Spectrophotometer 

(Jenway 6305 Germany) following standard methods (APHA, 1998).  

 

Gravimetric method was used to analyze TDS and TS by evaporating the sample at 105 
oC and measuring the residue using analytical balance. Chloride, Ca, and Mg were 

determined by Mohr Agregetrometric titration method. Furthermore COD was analyzed 

according to HACH instructions calorimetrically by Spectrophotometer (DR/2010) and 

BOD5 was determined using standard methods (APHA, 1998).  

 

Membrane-filtration (MF) methods were used to culture, and enumerate indicator 

bacteria according to APHA, 1998. 

 

Total Coliform (TC) and Faecal Coliform (FC) colonies were counted after 24 hours of 

incubation at a temperature of 37 oC and 44 oC respectively using MF method, and 

membrane Lauryl sulphate broth. Tests were conducted using 100mL of water aseptically 

filtered through a nitrocellulose filter (Gelman Sciences, Michigan, and USA). The filters 

were then layered on membrane lauryl sulphate broth for TC and FC, and m-Endo agar 

for Faecal Streptococci (FS).   Yellow colonies for both TC and FC were counted using 

colony counter at the Microbiology Lab of AAu.  
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Magnesium, Calcium, Iron, Cadmium, Chromium, Lead and Zinc were determined by 

atomic absorption spectrometer (Varian SP-20) using their respective standard hollow 

cathode lamps (American Public Health, American water works Assoc., 1995).  

 

4.5 Data Analysis 
 
The data was analyzed using Ms-Excel and Arc GIS Arc MAP spatial analyst extension 

spline version 9.1. For most of the parameters the average concentration was calculated 

using Ms-Excel. To show the over all current situation of the Lake, GIS analyses was 

done for both surface and bottom of the Lake. 
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5. Results and Discussion   
5.1 Physicochemical Analysis 

5.1.1 COD Vs BOD5 Analysis 
 
A minimum, maximum, and an average COD of 725 mg/l, 3020 mg/l, and 1761.4 mg/l 

for the surface and 520 mg/l, 2290 mg/l, and 1281 mg/l for the bottom was obtained 

respectively. Similarly the BOD5 result showed that there is a minimum value of 9.5 mg/l 

in the surface, and 8.57 mg/l in the bottom of the Lake. The maximum value obtained for 

the surface is 144.82 mg/l, while there is 189.81 mg/l for the bottom of the Lake. On 

average a BOD5 of 45.08 mg/l for the surface and 55.85 mg/l for the bottom has been 

registered. 

1

10

100

1000

10000

S1 S3 S5 S7 S9 D1 D3 D5 D7 D9

Sample Site

C
on

ce
nt

ra
tio

n 
(m

g/
l)

COD

BOD5

EPA-BOD5

 

Figure 2: COD Vs BOD5   Analyses (Logarithmic Scale) 

The result obtained for COD shows that the COD value all over the lake was found to be 

greater than the value of BOD5   , (as expected) (Fig.2). Around the inlet of River Meki 

and Katar, there is high COD value and vise versa in the Lake out let. 

Maximum COD was recorded in between S8 and S9 (Gebriel and Abosa) in Meki area, 

while this area is a place where minimum BOD 5 was recorded. 
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Almost in all points BOD5 was uniformly changing, except in S3 (Around an island 

Tulugudo), both in the surface and bottom. COD was more than 1000mg/l except in few 

points. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: COD variations in surface and bottom Lake segments in mg/l 

BOD5 was far above the maximum allowable limit of EPA guideline (Fig.2) for BOD5, 

which is less than 5mg/l. COD values were by far above BOD5 values, of course as 

expected. Except in the sample site S1-S5 both in the surface and bottom (around Fish 

research to entry of River katar) there is a variation between the COD and BOD5. 
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Interpolation of the BOD5 for the whole lake showed that, there is a similar BOD5 values 

for both the surface and bottom of the lake system (Fig.4). This fact may be attributed to 

the shallowness and high mixing condition of the lake, which is a typical characteristic of 

the central rift valley lakes (Tenalem Ayenew, 2004) 

 

 

 

 

 

 

 

 

Figure 4 :BOD 5 variations in surface and bottom Lake segments in mg/l 

From the spatial analysis of the lake based on the sample points already recognized under 

lab condition, it is found that BOD5 value increase uniformly from the inlet of the two 

Rivers (Meki and Katar) to the outlet. Generally in the majority of the lake area BOD5 is 

relatively low, this shows there is low biological activity in the Lake system. 
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5.1.2 Temperature Vs Dissolved Oxygen (DO) Analysis 

An average temperature of 22.15 oC for the surface and 22.12 oC for the bottom of the 

Lake was recorded. The Temperature varies between a minimum and maximum value of 

20.97 oC and 23.47 oC for the surface and 21 oC and 23.27 oC for the bottom respectively. 

There is only a slight difference between the average temperature of the surface and 

bottom of the Lake.  

In the same way, an average, minimum, and maximum value of 8.72 mg/l, 6.7 mg/l, and 

10.05 mg/l DO for the surface, and 7.91 mg/l, 7.34mg/l, and 9.24 mg/l DO for the bottom 

of the Lake system respectively has been obtained. 

Temperature and DO varies inversely (Fig.5) in all sample sites except in S4-S5 and D4-

D5 (Around west of an island Tedecha and entry of River Katar respectively). The 

variation is steady and uniform. Very interestingly the lake is well oxygenated, and 

favorable to fish farming in its entire course, as in most of the lake area DO is greater 

than 7mg/l, and 9mg/l (which is the minimum EPA guide line limit for coarse fish and 

game fish respectively) while, acceptable minimum DO level to prevent Fish mortality is 

2-2.5mg/l (Amccard et al., 2000). 

 

 

 

 

 

 

Figure 5: Temperature Vs Dissolved Oxygen 
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In all sampling site (Fig.5) DO is greater than the EPA guide lines for coarse fish 

minimum limit which is relatively less sensitive in relation to the game fish. Only four 

sampling sites (S8 and D8, S9 and D9), which are around Gebriel and Abosa 

respectively) are above the EPA guide line for game fish.  

Fig.5 depicted that, DO increase with the decrease in Temperature and vice versa, as 

oxygen is more soluble in cooler temperature than the warmer one.  

 

 

 

 

 

 

 

Figure 6: DO variations in surface and bottom lake segments in mg/l  

In broader terms, the lake is well-oxygenated which is a sign for healthy lake (Fig.6). 

Though it can be said low in its boundary, the value is quite large enough to categorize 

this lake as a healthy lively lake.  
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The low DO value found around the marginal side of the lake was may be due to the 

density of macrophites (Fig.7) that use the existing DO for respiration or heterotrophic 

activity of microorganisms.  

  

 

 

 

 

 

 

 

Figure 7: Papyrus plant population at the mouth of River Katar 

Low DO is exhibited exactly at the area where there is high density of aquatic plants. The 

concentration of DO in the depth as well of surface is more or less the same. 

5.1.3 Turbidity, Electrical Conductivity (EC), Hardness, and other related 

characteristics Analysis 
 
For the surface of the Lake region: Turbidity, TS, TDS, EC, Ca, Mg, TH, and chloride 

varies between a minimum and maximum value of 69.67 NTU and 114.67 NTU, 370 

mg/l and 404.33 mg/l, 265.67 mg/l and 270 mg/l, 402 µ s/cm and 408 µ s/cm, 22.68 mg/l 

and 25.2 mg/l, 4.59 mg/l and 7.14 mg/l, 81.9 mg/l and 92.4 mg/l , 14.56 mg/l and 16.23 

mg/l ; while  the average concentration is found to be 91.23 NTU, 387.3 mg/l, 267.83 

mg/l, 404.77uS/cm, 24.46 mg/l 5.81 mg/l, and 85.05 mg/l , and 15.30 mg/l respectively. 
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 Similarly, the minimum and maximum value recorded for the bottom of the Lake is 

66.33 NTU and 257.33 NTU, 371 mg/l and 703.67 mg/l, 260 mg/l and 270 mg/l, 389 

µ s/cm and 408 µ s/cm, 23.52 mg/l and 26.88 mg/l, 5.1 mg/l and 6.12 mg/l, 84 mg/l and 

90.3 mg/l, 13.9 mg/l and 15.23 mg/l respectively. The average concentration for these 

parameters in the bottom of the Lake is also identified in the same order as 107.53 NTU, 

424.3 mg/l, 266.83 mg/l, 403.47 µ s/cm, 25.37 mg/l, 5.71 mg/l, 86.94 mg/l, and 14.8 mg/l 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8: Turbidity and Other Related Parameters (Logarithmic scale) 

* EC is measured in µ s/cm, Turbidity in NTU. 

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 bottom sediments, and organic detritus from stream 

and/or water discharges. Suspended solids in streams are often the result of sediments 

carried by the water. 

Most of these parameters such as Total Solids (TS), Total Dissolved Solids (TDS), 

Electrical Conductivity (EC), Total Hardness (TH), Calcium (Ca), and Mg show similar 

characteristics in their distribution on over the sampling sites, even though there exist 

difference in magnitude. Turbidity and Total Solid showed a direct relationship. Both 

show sharp increment in D3 and D4 (which is exactly around an island Tedecha). This 
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may be attributed to the input of the contributing factors from the degraded farmland of 

an island as well as the mass of aquatic phytoplankton. In the entire site analyzed for EC 

it is found far below (Fig.8) the EPA guide lines (1000 µ s/cm) 

The concentration of (Chloride) Cl- is similar along the lakes in all sample sites except a 

few variations in some sample points. At the same time it is far below the maximum 

allowable limit of EPA guide line. All over the sampled sites chloride is found to be 

greater than 14mg/l far less than EPA guideline (250 mg/l) 

 

 

 

 

 

 

 

 

Figure 9 :TS variations in surface and bottom Lake Segments in mg/l 

As it is already mentioned (Fig.8), Total Solids (TS) in both surface and bottom show 

similar pattern in concentration all over the lake. Very high concentration is exhibited in 

the out let of the lake. This is may be attributed to the deposited cat ion in the outlet 

mouth of the lake. 

On the other way round, Total Solid (TS) was found to be low in the inlet side (Fig.9) of 

the lake; this may be due to the dilution effect from the input from the two Rivers (River 

Meki and Katar) which discharge fresh water in the Lake. 
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EC was in the range of high in most part of the lake as it is related to the Total Solid (TS) 

and Total Dissolved Solid (TDS) of the lake. However in the southern edge of the lake 

there was a higher Electrical Conductivity (EC) in the surface and lower Electrical 

Conductivity (EC) in the bottom. 

 

 

 

 

 

 

 

 

Figure 10: EC variations in surface and bottom segment of the lake in µ s/cm 

When one compares the surface of the Lake with the bottom, there was a clear variation 

for the alkalinity of the Lake (Fig.10) it was also evidenced that the surface of the Lake is 

more alkaline than the bottom 
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Very low pH was observed in the bottom edge in case of surface and town side in case of 

the bottom sample. In all the cases, the pH was found to be greater than 7, almost in all 

the points that have been sampled. 

 

 

 

 

 

 

 

 

 

Figure 11: pH variations in surface and bottom lake segments 

When one considers the over all feature of the Lake, the bottom of the Lake system show 

more hardness than the surface. Even though the result depicts some differences, there is 

also a similar pattern of distribution for the total hardiness all over the Lake system.  
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Total Hardness which is the sum total of Mg++ + Ca++ is seemingly the same in 

distribution on the entire lake both in the surface and bottom. 

 

 

 

 

 

 

 

 

Figure 12: TH variations in surface and bottom Lake segments in mg/l 

However, high concentration was found around the entry of River Katar (Fig.12) both in 

the surface and bottom. In the bottom of the lake at the out let the Total Hardness was 

found high which may be due to the settled cat ions at the out let mouth of the lake. 

On Average the pH for the Lake system is 8.39, and 8.42 for the surface and bottom 

respectively. The minimum value observed for the surface and bottom was similarly 7.96 

and 8.09 respectively, while the maximum value obtained was 8.58 for the surface and 

8.61 for the bottom. The pH of the lake is with in the EPA guidelines, which is in 

between 6 and 9. 
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On the other hand in all points being sampled NH3 is found to be above the EPA guide 

lines (Fig.13) 

 

 

   

 

 

 

 

Figure 13: pH Vs NH3 Analyses 
 
As un ionized ammonia is known to be toxic to aquatic life, this may imply that there is a 

toxicity problem for the fish in the current status of the Lake pH of this lake is nearly 

alkaline. It lies between the lower and upper EPA guide line minimum limit. Generally, 

the pH of Lake Ziway is in between 7 to 9. This is an optimum range for aquaculture in 

general, and fish farming in particular (Zinabu Gebremariam et al., 2001) reported an 

over all average pH of this lake 8.2.  

5.1.4 Nitrogen, Phosphorus, and Sulphate Analysis 

A minimum and maximum value of 0.01mg/l and 0.06, 0.23 mg/l and 0.4 mg/l, 2 mg/l 

and 5.6 mg/l, 0.9 mg/l and 2.75 mg/l, 0.14 mg/l and 0.46 mg/l, and 0.06 mg/l and 0.09 

mg/l was obtained for NO2, NO3, TN, SO4 -2, PO4 -3, and TP respectively in the bottom 

of the Lake. Accordingly, the value found for these parameters for the surface was 

0.01mg/l and 0.04, 0.17 mg/l and 0.31 mg/l, 2 mg/l and 6.5 mg/l, 0.94 mg/l and 2.14 

mg/l, 0.2 mg/l and 0.62 mg/l, and 0.01 mg/l and 0.13 mg/l in the same order.   

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

S1 S2 S3 S4 S5 S6 S7 S8 S9
S10 D1 D2 D3 D4 D5 D6 D7 D8 D9

D10

Sample Site

pH
 in

 p
H

 m
et

er
 &

 N
H

3 
in

 m
g/

l

pH

EPA-pH1

EPA-pH2

NH3

EPA-NH3



 39 

The average concentration recorded for these parameters is 0.03mg/l, 0.3 mg/l, 3.44 mg/l, 

1.8 mg/l , 0.24 mg/l, 0.07 mg/l  for the bottom and 0.02 mg/l, 0.23 mg/l, 3.7 mg/l, 1.65 

mg/l, 0,4 mg/l,  and 0.08 mg/l for the surface in the above order. 
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Figure 14: Nitrogen and Phosphorus Analysis 

In all sampling sites Total Nitrogen (TN) was found to be greater than Total Phosphorus 

(TP), hence Phosphorus is the limiting nutrient in this lake system. Additionally in all 

points being sampled, Nitrate (NO3) was found to be much less than the EPA guides  line 

which is 50mg/l (Fig.14). Similarly, NO2 is also much below the maximum allowable 

limit of EPA guidelines for both game fish and course fish (which is 0.2 mg/l and 0.4 

mg/l respectively).On the contrary Ammonia (NH3) was much above the EPA guide 

lines. Generally in all the cases and the points, there is a uniform variation of the nutrients 

in a sinusoidal fashion from one point to another. There is a similar change in between 

the Phosphate (PO4 -3) and Total Phosphorus (TP) in all points being sampled.  NO2, and 
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NO3 were found to be below detection limit during the study made by (Zinabu 

Gebremariam et al.,). This study shows bit increments of these nutrients from then. NO2 

in the range homogenously 0.2mg/l for all sampling site and NO3 was obtained from 

0.17mg/l to 0.4mg.l, and TN value of from 2mg.l to 6.5mg/l. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 15: TN variations in Surface and Bottom Lake segments in mg/l 

 

In case of Total Nitrogen (TN) distribution there is a remarkable difference between the 

surface and bottom (Fig.15). In both cases relatively, there is a high distribution of Total 

Nitrogen (TN) in the southern rim of the lake. At around the entry of the River Katar, 

there is also a high Total Nitrogen (TN) concentration. However, the greater portion of 

the Lake is nitrogen deficient. Especially in the back side of an Island Tedecha there is a 

critical Total Nitrogen (TN) deficiency. 
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5.2 Seasonal Variation Analysis for some physicochemical  parameters 
 
The average value of the concentration of Turbidity, TS, TDS, EC, pH, NH3, Chloride, 

NO2, NO3, SO4 -2, and PO4 -3 at the surface of the lake was found to be 103.2 mg/l, 402.7 

mg/l, 296.9 mg/l, 453.5 µ s/cm, 8.5, 0.432 mg/l, 15.485 mg/l, 0.025 mg/l, 0.264 mg/l, 

2.755 mg/l, 0.244 respectively. Similarly the value of these parameters in the bottom of 

the lake in the same order as above is found: 114.167 mg/l, 434.4 mg/l, 253.35 mg/l, 

381.35 mg/l, 8.4, 0.258 mg/l, 14.55 mg/l, 0.025 mg/l, 0.317 mg/l, 1.394 mg/l, and 0.251 

mg/l respectively. 

 

As it can be seen from (fig.16) Total Solids (TS), Electrical Conductivity (EC), Total 

Dissolved Solids (TDS), and Turbidity were higher during the dry season (Which is from 

Sep. to Feb.) than the wet season (from Mar. to Aug.) Besides this these parameters 

showed similar trends in their variation.   
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Figure 16: Dry Vs Wet season comparison 

* Turbidity is measured in NTU, and EC is measured in µ s/cm. 
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Other parameters such as Chloride, pH, Sulphate, and Phosphate assume constant value 

for all points being sampled along the Lake system. However, they have value greater 

than each other in the order of Chloride, pH, Phosphate, and sulphate. 

In the bottom of the Lake most of the parameters have similar concentration trend during 

both the dry and wet season (Fig.17) 
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Figure 17: Turbidity and Other related parameters 
 
The minimum value of Turbidity, Total Solids, and Total dissolved Solids, and Electrical 

Conductivity is 62mg/l, 356 mg/l, 251 mg/l and 251 µ s/cm, while the maximum value is 

596mg/l, 462 mg/l, 304 mg/l, and 458 µ s/cm, respectively. 
 

Parameter such as Electrical conductivity (EC), Total Dissolved Solids (TDS), and pH, 

show a constant and similar trend along the sampling site.   As in the case of the surface; 

Turbidity, Total Solids (TS), Total Dissolved Solids (TDS), and Electrical Conductivity 

(EC) show higher concentration during the dry season as compared to the wet season. 

Other parameters such as Sulphate (SO4 -2), Nitrate (NO3), Phosphate (PO4 -3), Ammonia 

(NH3), and Nitrite (NO2) show a similar trend both in the wet and dry season along all of 

the sample sites. 
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In the report by, Zinabu Gebremariam et al., (200l), EC was reported to be 410 µ s/cm, 

virtually, this study shows the same trend, though there is a site with more than this value 

and at the same time with lower value. 

 

5.3 Bacteriological Analysis 
 
In the surface of the lake being sampled during dry season, the maximum CFU/100ml 

counted was 95, 87, and 56 for TC, FC, and FS respectively. On the other hand the 

minimum value counted for these indicator organisms is found to be 37, 27, and 9 in the 

order mentioned above.  On the contrary a maximum value of 112, 82, 78 and minimum 

value of 12, 6, and 4 was recorded for TC, FC, and FS respectively during the wet season 

(Fig.18). In general an average value of 80.4, 52.7, and 27.4 during dry season and 48.1, 

26.8, and 10.4 during wet season, was obtained for TC, FC, and FS respectively 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18: Dry and Wet Season Indicator Organism Analysis for the Lake Surface 

samples. 
 
In the bottom of the lake being sampled during dry season, the maximum CFU/100ml 

counted was 97, 87, and 56 for TC, FC, and FS respectively. On the other hand the 
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minimum value counted for these indicator organisms was found to be 37, 27, and 9 in 

the order mentioned above.  On the contrary a maximum value of 112, 82, 78 and 

minimum value of 12, 6, and 4 was recorded for TC, FC, and FS respectively during the 

wet season (Fig.19). An average value of 80.4, 52.7, and 27.4 during dry season and 48.1, 

26.8, and 10.4 during wet season, was obtained for TC, FC, and FS respectively.  

 

 

 

 

 

 

 

Figure 19: Dry and Wet Season Indicator Organism Analysis for the Lake 

Bottom Samples. 

There is a similar trend in variation of the bacterial load for all the three parameters. 

Around the Fish Research and nearly Gelila there is lower bacterial load both in the 

surface and depth of the lake in similar fashion which may be due to the relatively 

pristine nature of the Lake at this point. In all the cases the density of indicator organism 

is much higher during the dry season than the wet season (except at point S6 to D1 

around entry of River Meki and Fish Research respectively where Wet Total Coli form is 

found to be higher) which may be attributed to the dilution of the Lake due to the long 

rainy season of the year. 

The density of indicator organism in the surface of the Lake and in the depth show 

exactly similar trend in variation as there is no stratification of the Lake because of the 

mixing up condition and shallowness. According to these findings the lake is relatively 
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uncontaminated according to US EPA (1997). However, Pruss (1998) states that, if a 

water with more than 30CFU/100ml used for swimming purpose there may be a danger 

of gastroenteritis. 

 

5.4 Heavy Metal Analysis 
 
The average and Maximum concentration of heavy metals in the surface of the lake is: 

0.0548 mg/l and 0.2107 mg/l, 0.0155 mg/l and 0.0262 mg/l, 0.0021 mg/l and 0.0062 mg/l 

, 0.1513 mg/l and 0.3281 mg/l, 1.2089 mg/l and 1.65 mg/l, 0.0672 mg/l and 0.1004 mg/l, 

0.0002 mg/l and 0.0012 mg/l , and 0.083 and 0.14 for Cd, Cr, Zn, Pb, Al, Mn, Ni, and Fe 

Respectively. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 20: Heavy Metal Analysis (Logarithmic scale) 
 

Aluminium (Al) has higher concentration in the Lake Ziway. In all sample points, its 

concentration is much higher than the EPA maximum limit guide line (Fig.20). Except in 

one point S2 (Around North of an Island Gelila) the concentration of Lead (Pb) is above 

the EPA maximum limit of EPA guide lines. Cadmium (Cd) is also above the EPA guide 

lines.  
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In all points being sampled Chromium (Cr) and Zinc (Zn) was also below the maximum 

limit of EPA guide lines, even though in some points (Fig.20) Zinc (Zn) is found to be 

absent. As especially Zinc (Zn) and Cadmium (Cd) are toxic to aquatic life, this is a good 

opportunity to deal with Fish farming in Lake Ziway. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Al concentration variations in Surface and Bottom Lake segments in mg/l 

  

The concentration of Aluminium (Al) is higher in the bottom than in the surface, when 

we compare the surface and the bottom (Fig.21). However, the maximum concentration 

is observed in the surface at the south rim of the lake, and vice versa in the bottom south 

rim. 
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In the southern rim of the lake surface there is lower Chromium (Cr) concentration and 

vice versa in the depth. The analyses show that there is a variable concentration of Cr all 

over the lake, both in the surface and the bottom. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Cr concentration variation in Surface and Bottom Lake segments in mg/l 

 

At the surface of the Lake, there is also a peculiar higher concentration of Cr in the North 

West direction, where the lake faces Ziway and Meki town (Fig. 22). This may attributed 

to the domestic waste discharge into the Lake. In the bottom of the lake the opposite 

holds true to this area. 
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Cadmium (Cd) Concentration in the surface is relatively low compared to the depth. In 

surface only in the town side and out let of the lake show higher Cadmium (Cd) 

concentration which may be due to the reckless damp of waste in to the Lake. 

 

 

 

 

 

 

 

 

 

 

Figure 23: Cd concentration variation in Surface and Bottom Lake segments in mg/l 

  

Cadmium (Cd) is almost uniformly distributed (Fig.23) in the depth (Higher 

concentration in the majority of lake area, and lower concentration in the southern rim). 
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More or less the concentration of Lead (Pb) through the lake is similar in the 

surface of the lake and bottom 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Pb concentration variation in Surface and Bottom Lake segments in mg/l 

 

The over all picture showed that the higher concentration of Lead was shown in 

the upper portion (Fig.24) of the lake. The southern portion was much lower in its 

Lead concentration. 
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Except for Copper( Cu) where it is above the EPA maximum limit guidelines at two 

points around point D5 (Around Entry of River Katar) and D7 (Around Meki Kofe area), 

in all the sites Manganese( Mn), Nickel (Ni), and Copper( Cu)  are below the EPA 

maximum allowable guidelines (Fig.25). But, Iron (Fe) is found to be above the 

guidelines in all sampling sites even though it is not commonly toxic to aquatic life. 

 

 

 

 

 

 

 

Figure 25: Heavy Metal Analysis (Logarithmic scale) 

 

It is also found that in sites S3- S5 (Around an island Tulugudo to Entry of River Katar), 

S8 (Around Gebriel), D2 (Near an island Gelila), D4 (Around an island Tedecha), and D6 

(around entry of River Meki) Copper (Cu) is nil.  
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Comparatively there is higher concentration of Manganese (Mn) in the majority of the 

lake system. It is seen that the middle and upper portion of the lake shows higher 

concentration, while the lower portion (around the out let) there is a lower Manganese 

concentration (Fig.26) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: Mn concentration variation in Surface and bottom Lake segments in mg/l 

 

In the town side and River Katar entry it shows differently a higher Manganese 

concentration which may be due to the input from the town, and the Katar River 

respectively. The range of concentration of heavy metals such as Cd, Cr, Zn, Pb, Al, Mn, 

Ni, and Cu is, 0.3538mg/l, 0.295mg/l, 0.0083mg/l, 0.636mg/l, 1.862mg/l, 0.0828mg/l, 

0.0018mg/l, and 0.0012mg/l respectively. 
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The concentration of Iron (Fe) was entirely inversely proportional, in the surface and in 

the depth. In the surface the majority of lake area has higher Iron concentration, while 

lower Iron concentration is observed in the depth majority area. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27: Fe concentration variation in the Surface and Bottom Lake segments in 

mg/l 

 

The surface shows lower Iron in the town side and out let of the lake, and the depth 

contrarily shows higher concentration (Fig.27) of Iron in this particular portion of the 

lake. 
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6. Conclusion and Recommendation 
 

From this brief study the following conclusions can be drawn. 

 

This study revealed that, Lake Ziway is found to be physico chemically and bacteriologic 

ally safe for fish farming. All the parameters studied are much below the maximum 

tolerable EPA guidelines for fish health for hazardous parameters such as toxic heavy 

metals, and nutrient that can contribute for the Eutrophication of the Lake. 

 

Even though there is no guideline for bacteriological water quality for fish farming in the 

country, the number of Total Coli forms, Fecal Coli forms, and Fecal Streptococci 

counted in CFU/100ml was not exceed standards, to indicate Lake Ziway as fecally 

contaminated lake. 

 

It was found that Lake Ziway is well oxygenated, with low nutrient in put, a few 

concentration of heavy metal in relation to EPA standards, and favorable for fish farming 

in its present status.  

 

It was also found that during the wet season the concentration of most of the 

physicochemical parameters are lower than the concentration during the dry season, 

which may be due to the dilution of the Lake during the wet season. Additionally, there 

was a uniform trend in the concentration of most of the parameters along the sampling 

site which may be due to the mixing nature of the central rift valley Lakes, and the 

shallowness of this Lake. 
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Hence, it is possible to recommend the following to assure the sustainable use of the Lake 

for different development activities in general and fish farming in particular. There 

should be a regular Lake water monitoring system to know the status of the Lake for the 

sustainable fish farming and sound yield from the sector. 

 

Parameters such as Temperature, pH, Dissolved oxygen, and nutrient input need to be 

monitored in a regular base as far as fish farming is concerned for best economic use. 

 

Comprehensive assessment and probable source of contamination for the Lake Ziway in 

particular and Central Rift Valley Lakes in general need to be done as deemed as 

necessary to make use of the maximum potential of these resources. 

 

To prevent or at least minimize the Eutrophication of the Lake the source of nutrient 

input should be assessed and controlled to achieve the long term utilization of the Lake 

for the intended purpose.  

Lakes management should obtain due attention by the stakeholders, and there should be 

an awareness work, so that the public will able to consider the water resource as a scarce 

resource. There should be also a comprehensive water use policies that can help the 

sustainable water resource use. 

Stakeholders concerned with Environment should work in coordination to achieve an 

appropriate and sustainable resource use and Lake management. 

To achieve water quality management in a sustainable manner, there should be an action 

that combine sufficient professional and financial backup with strong community 

participation. 
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Annexes 
 

Dry and Wet season comparison 

  TURB TS TDS EC pH NH3 CHlLO. NO2 NO3 SO4 
-2 PO4 

-3 
Surface ( Dry Season) 

Average 103.2 402.7 296.9 453.5 8.458 0.4323 15.485 0.025 0.264 2.755 0.2435 

Min. 48 356 294 448 7.33 0.267 14.9 0.01 0.21 1.69 0.129 

Max. 165 462 300 460 8.8 0.582 15.89 0.06 0.33 5.5 0.424 
Bottom (Wet Season) 

Average 114.1667 434.4 253.35 381.35 8.408 0.258 14.55 0.025 0.317 1.3935 0.251 

Min. 74.5 373 250.5 378 8.11 0.17 13.9 0.01 0.21 0.755 0.175 

Max. 109.0833 862 258.5 388 8.555 0.345 15.4 0.06 0.46 3.13 0.535 

Table 2: Dry and Wet Season Comparison 

Table 3: Average Physicochemical Parameter Comparison  
 
 
  TURB TS TDS EC Ca Mg TH pH CHlLO. NH3 

Bottom 
Average 107.53 424.3 266.83 403.47 25.37 5.71 86.94 8.42 14.8 0.31 
Min. 66.33 371 260 389 23.52 5.1 84 8.09 13.9 0.19 
Max. 257.33 703.67 270 408 26.88 6.12 90.3 8.61 15.23 0.39 

Surface 
Average 91.23 387.3 267.83 404.7667 24.46 5.811 85.05 8.39 15.3 0.29 
Min. 69.67 370 265.67 402 22.68 4.59 81.9 7.96 14.56 0.24 
Max. 114.67 404.33 270 408 25.2 7.14 92.4 8.58 16.23 0.38 
 

Table 4: Surface and bottom Physicochemical Parameters Comparison 
 
 

                                       Average physicochemical parameters caparison 

Season TURB. TS TDS EC pH NH3 Cl- NO2 NO3 SO4 -2 PO4 -3 

Dry Season Surf.     110.67 393 297.2 451.3 8.32 0.39 16.39 0.03 0.25 1.98 0.74 
Wet Season 
Surf.      95.02 387.21 276.22 418.06 8.37 0.32 15.61 0.02 0.24 1.74 0.5 
Dry Season 
Depth. 103.2 402.7 296.9 453.5 8.46 0.43 15.49 0.03 0.26 2.76 0.24 
Wet Season 
Depth 106.25 417.8 276.16 419.14 8.43 0.35 15.04 0.03 0.29 2.11 0.25 
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Table 5: Surface and Bottom Physicochemical Parameters Comparison 
 
 
 
 
 
 
 
 
 
 
 
 
 

  NO2 NO3 TN SO4 
-2 PO4 

-3 TP T (oC) 
DO 
(mg/l) COD 

AV. 
BOD5 

Bottom 

Average 0.03 0.3 3.44 1.8 0.24 0.07 22.12 7.91 1281 55.85 

Min. 0.01 0.23 2 0.9 0.14 0.06 21 7.34 520 8.57 

Max. 0.06 0.4 5.6 2.75 0.46 0.09 23.27 9.24 2290 189.81 

Surface 
Average 0.02 0.23 3.7 1.65 0.4 0.08 22.15 8.72 1761.4 45.08 
Min. 0.01 0.17 2 0.94 0.2 0.01 20.97 6.7 725 9.57 
Max. 0.04 0.31 6.5 2.14 0.62 0.13 23.47 10.05 3020 144.82 
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Parameter Unit Limit value 
BOD5 [Biochemical oxygen 
demand] mg/l  < 5  
Chloride mg/l  250 
Conductivity µS/Cm (@ 20 °C) 1000 
Dissolved oxygen mg/l   > 4-9 
Nitrate mg/l  50 
Nitrite µg/l  200-400 
pH pH unit 6 to 9 
Total Suspended Solids, mg/l  25-50 
Sulphate mg/l  200 
Ammonia mg/l  0.02-0.04 
Aluminium  µg/l  200 
Cadmium µg/l  5 
Chromium µg/l  50 
Copper µg/l  5-112 
Iron mg/l  1 
Lead µg/l  50 
Manganese µg/l  300 
Nickel µg/l  100 
Zinc µg/l  30-500 

Table 6: EPA Surface water guideline for aquatic life 
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Figure 28: Key for Interpolated Figures 
 
 

At Surface At Depth 

BOD5, COD, DO 
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At Surface BOD5, COD, and 

NO2, NO3, and TN 
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At Surface At Depth 

NH3, pH, and Temperature 
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At Surface At Depth 

Chloride, EC, and TH 
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At Surface At Depth 

Turbidity, TS, and TDS 
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At Surface At Depth 

TP, PO4 -3, and SO4 -2 
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At Surface At Depth 

Cd, Cr, and Ni 
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At Surface At Depth 

Zn, Mn, and Pb 
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At Surface At Depth 

Fe, Cu, and Al 


