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Abstract 
 

Addis Ababa is one of the highly populated urban and industrial centers in 

the country. A considerable amount of waste is generated every day from 

different point and non point sources. Since the city has inadequate solid 

and liquid waste management facilities, wastes generated from different 

sources end up in many of the rivers and streams in the city. Bulbula River 

is one of them. 

 

The objective of the study was to assess the sources of pollutants and their 

sinks such as plants and soils thereby to suggest possible management 

practices for Bulbula riverbank and forward ways to prevent the river from 

degradation and pollution. 

 

Water, soil and plant samples were collected from three different locations 

along the Bulbula River, namely the upper, middle and lower zones. Major 

pollutants were identified from relevant literature and all samples were 

analyzed for the same. 

 

The water analysis result indicated that there is sever pollution of the 

stream by Cl- , PO4-3, Mn2+ and Fe2+ due to high amount of wastes disposed 

into the Bulbula River from solid and liquid Municipal sources, construction 

areas, fuel stations, garages, Hospitals and congested settlements.  

 

Similarly, the soil analysis result indicated that much of the P, N, Mn2+, 

Fe2+, Zn2+ and Cu2+ are stored in the soil in the middle and lower zones.  

This may show that the soil serves as a sink to many of the pollutants 

generated from various sources.  

 

The plant analysis result generally indicated that the species Arundo donax 

absorbs Fe2+, Mn2+ and Zn2+ than Cu2+, N and P, at the middle and lower 

zone of Bulbula River bank, which are sites where much of the pollutants 

get into the river. The species Arundo donax accumulated high amount of 
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Fe2+and Mn2+ (an amount considered toxic to many crops), without 

developing chlorotic symptoms. 

 

Since the species Arundo donax reduces excess metals from the stream and 

stream banks, planting of Arundo donax along the banks of Bulbula River 

could serve the best management practice.  

 

Key words: - Bulbula River, Arundo donax, Phytoextraction, riverbank,  

                     River pollution, uncontrolled waste disposal. 
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1. Introduction  

1.1 Background and Justification 
 

The rate at which we deplete and degrade our fresh aquatic resources is very 

alarming and this poses a great threat to our future life support system. The 

rise in human population exerts more pressure of exploitation on natural 

resources and this is often meet through the growth of industries specifically 

chemicals and petrochemicals, urbanization, deforestation and intensive 

agricultural practices. The industries and urban sprawls discharge wastes into 

rivers. Deforestation processes aggravate sedimentation of streams. 

Furthermore, the use of chemicals in crop production contaminates ground 

water through percolation, and rivers and lakes through surface run-off. All 

these sporadic degrading activities could lead to a gradual deterioration of the 

quality of surface and subsurface waters (Tripathy and Jothimani, 1999). 

 

Presently, in addition to flood control and erosion prevention, stream and 

riverbank protection efforts are focused in addressing issues such as 

maintaining habitat, aesthetics and water quality. It is common knowledge that 

integrated stream bank protection designs that include vegetation are likely to 

satisfy these multiple objectives. Soil bioengineering systems utilize vegetation 

as a principal component and can provide sound stream bank protection while 

maximizing ecological and water quality benefits. Stream bank protection 

designs that consist of riprap, concrete, or other inert structures alone are 

being accepted less frequently because of their lack of environmental and 

aesthetic benefits (Alton and Robbin, 2000).  As a result, there is greater 

interest in designs that combine vegetation and inert materials into living 

systems that can reduce erosion while providing environmental and aesthetic 

benefits. Bioengineering which is planting native grasses, shrubs and trees 

along the riverbank will yield both long-term riverbank stability and better 

wildlife habitats. These plants naturally support the bank and help filter 

sediment runoff. They also provide more food, shelter and cover, better wildlife 
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habitats for both land and aquatic animal species. Naturally occurring grasses 

and woody plants will be established as a buffer along severely eroded sections. 

Rivers are important to provide valuable habitat for many aquatic animals such 

as fish and other species, and recreational opportunities such as swimming 

and boating for humans. Rivers also provide people and animals with fresh 

drinking water. It is vital that we care for our rivers and one of the most 

important ways to do this is to protect the riparian or riverbank area. The 

riparian area is a strip of land along riverbanks. It can be as narrow as a few 

meters or as wide as several hundred meters depending on the geology, soils, 

water levels and adjacent land use. 
 

The riparian area protects the waterway and the surrounding land in several 

ways. Firstly, it filters runoff from the land helping remove sediment and 

nutrients so that they do not enter the water. It also contributes to the over all 

quality of the waterway by reducing erosion and providing habitat for animals 

and birds. Effective riparian areas consist of healthy vegetation cover including 

ground covering plants and larger trees. When this is combined with good land 

management, flooding and erosion decreases. Riparian zones also serve as 

buffer zones, which provide storage for floods and pollution control. Buffer 

strips made of uneven vegetation (grasses, shrubs, trees) attenuate runoff 

pollutants that would otherwise reach the body of water.  
 

Currently, the environmental conditions of rivers and riverbanks in Addis 

Ababa have become serious problems. It is common to observe discharging of 

domestic effluents as well as industrial and domestic wastes to rivers, which 

are toxic to humans and the environment. Generally, it can be observed that 

the watercourses crossing the city are grossly polluted to the extent that it is 

impossible for some form of aquatic life to survive. Unless efforts are made to 

improve the prevailing conditions, stream pollution remains to be a threat to 

the environment and above all to the people at the downstream areas, whose 
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livelihood very much depends on the rivers for domestic use, livestock, fishing 

and irrigations (FEPA, 2005). 
 

The upper catchments and the riversides were once covered with mixed 

indigenous tree species such as Junipers procera, Podocarpus falcatus, Acacia 

abyssinica, Erythrina abyssinica etc. However starting from the end of the 19th 

century, the natural vegetation has been reduced significantly due to 

population growth, expansion of the city and increased demand for fuel wood 

and construction wood. As a result, the vegetation cover of the city in general 

and the riverbanks in particular are diminishing and become waste disposal 

areas. To alleviate this problem the city government of Addis Ababa has revised 

the master plan. According to the revised master plan 30 m-100 m on each 

sides of the river has been left for river buffer. This buffer zone could be used 

for fruit tree cultivation, vegetable gardening, water protection, recreation, 

wildlife corridor, nursery and others to improve the living conditions of the 

people (FEPA, 2005). 
 

The overall purpose of the study is to assess the degree of pollution of the river 

and its riverbank through chemical analysis of the water, plants and soil along 

the bank of Bulbula River and to evaluate the role of vegetation in reducing the 

problem of river pollution. The outcome of the study will be of use to propose 

suitable biological conservation and protection measures such as planting of 

different indigenous trees, grasses, ornamental plants to improve the quality of 

the river and the aesthetic value of the area. 
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1.2 Statement of the Problem 

 

Addis Ababa is one of the highly populated urban and industrial centers in the 

country. A considerable amount of waste is generated every day from different 

sources. Since the city has inadequate solid and liquid waste management 

facilities (FEPA, 2005), wastes generated from different point and non-point 

sources can reach the rivers easily. 

 

Traditionally, towns and cities are located on the bank of rivers and streams or 

in close proximity to them. The watercourses serve the needs of town dwellers 

for domestic water supply as well as waste disposal. The wastes can be 

hazardous. Most of the solid wastes disposed on an open environment are 

washed by runoff and easily enter into the rivers. On the other hand, most 

industries, which are located along river courses, discharge their wastes to the 

rivers without any treatment (FEPA, 2005). 

 

Communities are not organized and have little awareness in environmental 

sanitation and waste management. There is a high amount of waste disposal in 

the river and riverbanks from municipal source (municipal solid and liquid 

wastes), liquid wastes from toilet, open urination and defecation. Other waste 

sources come from construction buildings, fuel stations, garage operations and 

congested settlements.  

 

Bulbula River is one of the rivers that flow through the inner section of the city, 

which receive large amount of liquid and solid wastes along their course. This 

riverbanks need to be protected by various management practices to reduce the 

level of pollution. The focus of the research is therefore to investigate the major 

pollutants, their sources and sinks along the river banks and to analyze the 

contribution of riparian vegetation in reducing river pollution.  
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1.3 Objectives 

1.3.1 General Objective 

 
� The aim of this study is to assess the sources of pollutants and 

their sinks such as plants and soils thereby to assess possible 

management practices for Bulbula riverbank and forward ways 

to prevent the river from degradation and pollution. 

1.3.2 Specific Objectives 

 

� To identify some of the major pollutant chemicals, their sources 

and sinks along the river course. 

 

� To assess the concentration of pollutants (nutrients and trace 

metals) in the water, soil and plants along the stream. 

 

� To assess the contribution of riparian vegetation in reducing 

riverbank pollution.   
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2. Literature review 

2.1 Riparian zones  
 

According to Julia and James (2000) the riparian area is that area of land 

located immediately adjacent to streams, lakes, or other surface waters. Some 

would describe it as the floodplain. The boundary of the riparian area and the 

adjoining uplands is gradual and not always well-defined. However, riparian 

areas differ from the uplands because of high levels of soil moisture, frequent 

flooding, and the unique assemblage of plant and animal communities found 

there. For instance, riparian vegetation maintains many important physical, 

biological, and ecological functions, and important social benefits. 

 

Pollutants can enter surface waters from point sources such as single source 

industrial discharges and waste-water treatment plants. However, most 

pollutants result from non-point source pollution activities including runoff 

from agricultural lands, urban areas, construction and industrial sites, and 

failed septic tanks. These activities introduce harmful sediments, nutrients, 

bacteria, organic wastes, chemicals, and metals into surface waters (Ribaudo, 

1986). 

 

Non-point source pollution can be difficult to control, measure, and monitor. 

Riparian vegetation plays a key role in mitigating non-point source pollution. In 

most cases, combinations of practices are required to address the problem. 

This may include the proper application of fertilizers and pesticides or the 

introduction of practices to reduce storm water runoff and soil erosion. These 

practices are collectively called Best Management Practices (BMPs). One BMP 

which can be very effective in influencing water quality is the construction of 

riparian forest buffers along streams, lakes, and other surface waters. Through 

the interaction of the soils, hydrology, and vegetation, riparian forest buffers 

influence water quality as contaminants are taken up into plant tissues, 
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adsorbed onto soil particles, or modified by soil organisms (Julia and James, 

2000). 

2.2 Riparian buffer and their effect on nutrient elements and 
other pollutants 

2.2.1 Nutrients 

Nutrients are essential elements for aquatic ecosystems, but in excess 

amounts, they can lead to many changes in the aquatic environment and 

reduce the quality of water for human uses (DuPont, 1992). Some nutrient 

inputs into surface waters are entirely natural, such as nutrients contained in 

plant materials or naturally eroding soils (Clark, 1985). According to Guldin 

(1989) reported that most nutrients in surface waters today result from human 

activities, Lawn and crop fertilizers, sewage and manure are major sources of 

nutrients in surface waters. Industrial sources and atmospheric deposition also 

contribute significant amounts of nutrients. 

Nutrients can enter surface waters in subsurface or surface flows as a 

dissolved form or attached to soil particles (Gilliam et al., 1997). For example 

Pionke et al. (1995) reported that nitrogen is most commonly transported as 

dissolved nitrogen through subsurface flows, with peak nitrate levels occurring 

during the dormant season after crops have been harvested and soil 

evaporation rates are reduced. In contrast, phosphorus most often enters the 

stream adsorbed into soil particles and organic materials in surface runoff after 

storm events.  

Probably the most significant impact of nutrients on streams is eutrophication, 

the excessive growth of algae and other aquatic plants in response to high 

levels of nutrient enrichment (US EPA, 1995). When plant growth becomes 

excessive, the water body may become depleted of dissolved oxygen and choked 

with large unsightly mats of algae and decaying organic matter, resulting in 

water with an undesirable color, taste, and odor. Eutrophication can affect the 
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stream's ability to support plant and animal life, interfere with water treatment, 

and diminish the recreational and aesthetic values of the area. Some algae may 

also form toxins which are directly harmful to aquatic organisms and humans.  

In addition, some forms of nutrients can be directly toxic to humans and other 

animals (Chen et al., 1994). For example, Hall and Risser (1993) found that 

high levels of nitrates can induce methemoglobinemia (a reduction in the 

oxygen-carrying capacity of the blood) in infants and may be linked to an 

increased risk of birth defects and stomach cancer in adults. Nitrate 

contaminated water can also be a problem for livestock when it adds to high 

nitrate concentrations already present in feeds. Chronic nitrate poisoning in 

cattle has been shown to produce a number of physical ailments, including 

vasodilatation, lowered blood pressure, and abortion, reduced lactation, and 

other reproductive problems (Johnson et al., 1994).  

Riparian buffers or forests have been found to be effective filters for nutrients, 

including nitrogen, phosphorus, calcium, potassium, sulfur, and magnesium 

(Lowrance et al., 1984). Because excessive levels of nitrogen and phosphorus 

are of particular concerns in rivers and streams pollution, the ability of 

riparian buffers to filter these nutrients has been the focus of much research.  

Nitrogen 

Riparian forests have been reported by many scientists to remove nitrogen from 

agricultural runoff. For example, researchers at the U.S. Department of 

Agriculture have maintained studies since the early 1980s where deciduous 

forest buffers have reduced nitrogen from agricultural runoff by 68% (Lowrance 

et al., 1984). However, Jordan et al. (1993) found that riparian buffers removed 

95% of nitrogen. 
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Other studies, in New Zealand that confirmed the role of forested buffers in 

removing nitrogen and nitrate (NO3-) also have shown that not all areas of the 

buffer function equally in reducing nitrogen levels. For example, nitrogen levels 

were reduced most in the areas of the riparian forest that were frequently 

flooded and nitrogen levels remained high in drier areas of the buffer (Johnston 

et al., 1984). Gold and Groffman (1995) found that the nitrate removal capacity 

of a riparian buffer remains high during winter seasons. 

Soils at the riparian areas (especially organic soils) play a significant role in 

removing excess nitrate. For example Cooper (1990) reported that where 

subsurface flows of water moved through organic soils before entering streams, 

levels of nitrates were reduced by as much as 100 percent. However, mineral 

soils located along the same streams exhibited little capacity to decrease 

nitrogen. As reported in cooper (1990) mineral soil show low levels of 

denitrifying bacteria and low levels of available carbon, which contributed for 

the low removal of excess nitrogen.  

Studies show that the primary mechanism for nitrate removal by riparian 

forests is denitrification. It offers an important means for the permanent 

removal of excess nitrogen from the riparian area because nitrates are 

converted to nitrogen gas and released to the atmosphere. Denitrification is a 

process whereby nitrogen in the form of nitrate (NO3-) is converted to gaseous 

N2O and N2 and released into the atmosphere (Evanylo, 1994). 

Other mechanisms for nitrate removal include uptake by vegetation and soil 

microbes and retention in riparian soils (Beare et al., 1994). Correll (1997) 

suggested that vegetative uptake is a very important mechanism for removing 

nitrate from riparian systems, because vegetation (especially trees) removes 

nitrates from deep in the ground, converts the nitrate to organic nitrogen in 

plant tissues, then deposits the plant materials on the surface of the ground 

where the nitrogen can be mineralized and denitrified by soil microbes.  
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According to Daniels and Gilliam (1996) found that grass buffers may also 

reduce nitrogen levels from agricultural runoff. For example, a study in the US 

indicates that both grass and grass/forest riparian buffers reduced total 

nitrogen by 50 percent.  

Phosphorus 

Riparian areas can be important sinks for phosphorus. However, they are 

generally less effective in removing phosphorus than either sediment or 

nitrogen (Parsons et al., 1994). The primary mechanism for phosphorus 

removal by riparian buffers is the deposition of phosphorus associated with 

sediments (Brinson et al., 1984). In addition to the settling of particulate 

phosphorus, dissolved phosphorus may also be removed from runoff waters 

through adsorption by clay particles, particularly where there are soils 

containing clays with high levels of aluminum and iron (Cooper and Gilliam, 

1987). Walbridge and Struthers (1993) suggested that because clays tend to 

accumulate in riparian soils, riparian areas play an important role in the 

removal of dissolved phosphorus. However, other studies report that soils are 

limited in their capacity to adsorb large loads of phosphorus, and in areas 

where excessive phosphorus enrichment occurs; soils become saturated within 

a few years (Cooper and Gilliam, 1987). According to Sharpley et al. (1993) 

unlike nitrogen, phosphorus absorption is reduced in soils with high organic 

matter. 

Some phosphorus may be taken up and used by vegetation and soil microbes, 

but like nitrogen, much of this phosphorus is eventually returned to the soil. 

Grass buffers may reduce phosphorus levels as well as forested buffers. 

Studies in the US suggest that grass buffers can reduce phosphorus loads by 

as much as 50% to 70 % (Daniels and Gilliam, 1996).  
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2.2.2 Other pollutants 

Metals 

Metals may be released into the aquatic environment through industrial 

processes, mining operations, urban runoff, transportation activities, and 

application of sewage sludge. Trace metals may also be introduced with 

agricultural pesticides and fertilizer. Metals pose a particular threat to aquatic 

environments because they do not degrade and tend to accumulate in the 

bottom sediments. Metals may also accumulate in plant and animal tissues. 

The fate of metals in riparian areas is not well understood. However, studies 

suggest that significant amounts of lead, chromium, copper, nickel, zinc, 

cadmium, and tin can be found buried in sediments in flood plain along rivers 

and streams. Analysis of the woody tissues of trees reveals that these 

compounds are also taken up by plants. Therefore, sediment deposition and 

uptake by woody vegetation may help mitigate heavy metals in riparian areas 

(Hupp et al., 1993). 

2.3 Riparian buffers and their effect on water quality  

Riparian buffers can reduce the amount of sediment, nutrients, and other 

contaminants that enter surface waters. However, these effects vary from one 

riparian area to another. The degree to which the riparian buffer protects water 

quality is a function of the area's hydrology, soils, and vegetation.  

2.3.1 Hydrology 

According to Schnabel et al., (1994) suggested that probably the most 

important factor affecting water quality at a particular site is hydrology. 

Riparian area hydrology is influenced by local geology, topography, soils, and 

characteristics of the surrounding watershed. Riparian forests will have the 

most influence on water quality where subsurface runoff follows direct, shallow 

flow paths from the uplands to the stream, causing most of the drainage to 

pass through the riparian area before exiting into the stream. Where deep 
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groundwater flow paths cause drainage to bypass the riparian zone, riparian 

buffers are not as effective. Similarly, when surface runoff becomes 

concentrated and runs through the buffer in defined channels, the ability of 

the buffer to influence surface waters is limited. However, in areas where slope 

is minimal and surface water flows are slow and uniform, riparian areas can be 

highly effective in slowing the force of storm waters and reducing the amount of 

sediment, crop debris, and other particulate materials that reach streams 

(Lowrance et al., 1995). 

2.3.2 Soils 

Lowrance et al., (1985) found that soils in riparian areas are highly variable; a 

combination of local soils weathered in place, deposits of sediments from storm 

events, and the accumulation of organic debris. For example, scientists in 

southern New England have observed that riparian soils vary considerably in a 

distance of as little as 30 m (Gold and Groffman, 1995). Soil features which 

influence water quality include the depth to the water table, soil permeability, 

soil texture, soil chemistry, and organic matter content (US EPA, 1993). These 

features affect the way and the rate at which water flows over and through the 

riparian area, the extent to which groundwater remains in contact with plant 

roots and with soil particles and the degree to which soils become anaerobic. 

Riparian forests with organic soils have great potential to enhance water 

quality, by infiltrating a large amount of surface runoff, adsorbing nitrogen and 

other contaminants (USDA, 1995).  

According to Palone and Todd (1997) found that many of the water quality 

functions of the riparian area are a result of the activity of soil microorganisms. 

Soil microorganisms influence water quality in several ways. Like plants, 

microorganisms take up and convert nutrients to forms which are less 

biologically available and more readily stored in the soil. Soil microorganisms 

also utilize and metabolize organic chemicals (such as pesticides) as energy 

sources, and in the process, transform the chemicals to less toxic compounds. 
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Finally, soil microorganisms are responsible for many chemical reduction 

reactions that occur in the soil, including denitrification and the reduction of 

sulphur, iron, and other compounds (Mitsch and Gosselink, 1993).  

2.3.3 Vegetation 

Riparian vegetation influences water quality as it captures runoff, builds 

organic matter content, and provides protection from the elements. By creating 

roughness along the surface of the ground, the vegetation decreases water 

velocity and allows time for water to infiltrate the soil and for sediments to drop 

out (Lowrance et al., 1986). Sediments are also removed as they are deposited 

on plant tissues. Furthermore, riparian plants loosen the soil, allowing for 

increased infiltration of runoff. Riparian vegetation is also critical to 

maintaining high levels of organic carbon in the soil, necessary to fueling, 

denitrification and other biochemical processes (Correll, 1997). Likewise, 

riparian vegetation plays an important role in removing dissolved pollutants 

from soil water, as nutrients and other substances are taken up and 

incorporated into plant tissues (Brinson et al., 1984). Plants also protect the 

surface of the soil from wind and water erosion, stabilize stream banks and 

modify temperature, light, and humidity within the riparian area and the 

stream itself.  

2.4 Riparian buffer Vegetation  

While there is much debate concerning whether riparian buffers should be 

vegetated with trees or grasses, research to date does not allow a definitive 

answer. A number of studies have been done on both types of buffers, but 

differences in study design and site characteristics do not allow for accurate 

comparisons between them.  

Some studies show that both grass and forest buffers can reduce levels of 

nutrients and sediments from surface runoff, and reduce levels of nitrates from 

subsurface flows. Higher rates of denitrification are often observed in forested 
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buffers, and researchers attribute this to the greater availability of organic 

carbon and interactions which occur between the forest vegetation and the soil 

environment (Lowrance et al., 1995). However, denitrification is also dependent 

on certain soil and hydrological conditions, which do not exist in all riparian 

areas.  

Grass buffers are more quickly established, and in terms of sediment removal, 

may offer greater stem density to decrease the velocity of water flow and 

provide greater surface area for sediments to be deposited. Forested buffers, 

though, offer the advantage that the woody debris and stems may offer greater 

resistance and are not as easily inundated, especially during heavy floods (US 

EPA, 1993). However, neither buffer will be effective where the volume and 

velocity of flood waters and the sediment loads which they carry are large.  

Whether grass or forest, riparian buffers should be considered as part of a 

unified land management plan, including sediment and erosion control and 

nutrient management practices. They will be most effective where vegetation 

and organic litter are adequate; where subsurface flows of water pass through 

the plant root zone; and where the presence of moisture, carbon, oxygen, and 

populations of bacteria encourage denitrification and other biogeochemical 

processes.  
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2.5 Impact of human activities on riparian areas 

Intensive activities in riparian areas can lead to serious losses of stream 

habitat and water quality. Natural drainage is interrupted as riparian soils 

become compacted, sedimentation rates increase, solar radiation increases, 

and stream channels are altered. Examples of habitat alteration include the 

removal of streamside vegetation, removing woody debris and boulders from 

streams for damming and dredging (US EPA, 1995). Streams can also be 

degraded by activities in the surrounding watershed. 

Osborne and Kovacic (1993) indicate that in agricultural areas, riparian areas 

are often converted to productive crop and grazing lands. Riparian areas are 

also cleared to increase drainage, reduce competition with crops for moisture 

and sunlight, remove sources of noxious weeds, allow easier operation of farm 

machinery, and remove habitat for wildlife that may damage crops. Livestock 

can be particularly damaging where they have unrestrained access to streams 

(Kauffman and Krueger, 1984). Livestock erode the stream bank as they climb 

in and out of the stream, causing the stream to become wider and shallower. 

Grazing the riparian area alters the riparian plant community, compacts and 

erodes riparian soils, and interferes with wildlife use of the area. Stream water 

quality is also impaired as stream temperatures increase (as the stream 

becomes more shallow and vegetation decreases) and manure is deposited or 

washed into streams, introducing organic matter, nutrients, and pathogenic 

organisms (Overcash et al., 1983).  

Increases in sediment entering the stream also result in changes in the stream, 

including a widening and shallowing of the streambed, a loss of aquatic 

habitat, and a decrease in the streambed "roughness" as pools become filled 

and the stream bank is covered with fine soils (Booth and Reinelt, 1994). 

Streams also tend to be warmer in urban areas, due to warmer inputs into the 

stream and the loss of streamside vegetation.  
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2.6 Phytoremediation technologies 

 

Phytoremediation is the use of plants, including trees, grasses and aquatic 

plants, to remove or destroy hazardous substances from the environment. It is 

an emerging technology for environmental remediation that offers promise as a 

low-cost, versatile technique suitable for use against a number of different 

types of contaminants in a variety of media. (David, 1999-2000) 

 

According to David (1999-2000) suggested that several different types of 

phytoremediation are being used commercially, or are in advanced stages of 

research and development. Some applications relay simply on plants' ability to 

accumulate large quantities of certain contaminants ("phytoextraction") or to 

take up and transpire large amounts of water from the soil and groundwater 

(creation of hydraulic barriers). Contaminants can also be removed from 

aqueous waste streams by absorption onto plant roots ("rhizofiltration"). In 

other applications, the contaminants are degraded or metabolized within the 

plant ("phytotransformation"), sometimes coupled with volatilization into the air 

from plant biomass ("phytovolatilization"); in other applications, contaminants 

are degraded in the soil by the action of secreted plant enzymes (in one form of 

phytotransformation) or by plant stimulation of microbial biodegradative 

activity ("phytostimulation"), or contaminants are immobilized in the soil by 

plant exudates ("phytostabilization").  

 

A variety of naturally-occurring and specially-selected plant species are used in 

phytoremediation. A number of terrestrial and aquatic plants are known to be 

natural hyper accumulators of metals, but since these tend to be slow growers, 

researchers have turned to other species, more recently identified or selected, 

as more promising commercial candidates. Deep-rooted trees are most 

commonly used for applications requiring withdrawal of large amounts of water 

from the subsurface, while a number of different plants, trees and grasses are 

used to stimulate microbial degradation of organic contaminants in soil. Among 

plants at earlier stages of research are plants and trees expressing 
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biodegradative enzymes, halophytic (salt-loving) plants, and plants such as 

bamboo that are currently used in constructed wetlands (David 1999-2000). 

2.7 Source of pollution to the Bulbula River 

 

The main sources of pollution to the Bulbula River are Municipal wastes, fuel 

stations and garage operations, Hospitals and other waste sources.  

2.7.1 Municipal sources  
 

Cities in developing countries are experiencing unprecedented population 

growth, because they provide better economic and social opportunities than do 

rural areas. Therefore, rural -to- urban migration is estimated to account for 40 

to 60% of annual urban population growth in the developing world (FEPA, 

2005). Ethiopia is one of the developing countries, where urban population 

growth is very fast. Especially, in Addis Ababa, the growth is faster than in any 

other cities. It is obvious that when the population increases, the municipal 

solid and liquid wastes generation also increases accordingly. In the country, 

municipal solid and liquid waste service coverage is very low, because it is not 

developed proportionally. Hence, it is apparent that one of the sources for the 

Bulbula river pollution is the municipal wastes of the Addis Ababa city. 

2.7.1.1. Municipal solid wastes 
 

Solid waste is a type of waste that is non-liquid and it is consist of organic as 

well as non-organic materials. Organic materials, which are considered as 

“useless”, are basically generated by households. This type of solid waste is 

usually called Municipal solid waste. Apart from households, commercial and 

industrial establishments, as well as other institutions generate solid waste. 

Since there are no adequate municipal solid waste management facilities, the 

domestic solid waste as shown Fig 2.1, which is piled on available open 

grounds, stream banks, and bridge areas, is transported by storm and run-off 

into the river (Fig 2.2). 
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As mentioned above, solid waste management problem is considered to be 

among the most serious environmental problems of Addis Ababa. According to 

SBPDA (2003), the daily waste generation is 0.252kg/capita/day. The current 

daily waste production of the city is 2,297 m3 or 765 tones.  

 

The waste is generated from different source i.e. 76 % is from house holds, 6% 

is from street sweeping, 5% is from industries 3% is from hotel, 9% from 

commercial and other institutions and 1% is from hospitals (FEPA, 2005). 

Regarding the physical composition of the waste, from the total generated 

waste, 60% is organic which can be recycled into compost, 15% covers different 

recyclables and 25% others. The detail composition is 4.2% vegetables, 2.9% 

rubber/plastics, 2.3% wood, 1.1% bone, 2.4% textiles, 0.9% metals, 0.5% 

glass, 15.1% combustible leaves, 2.5% non-combustible stone and 65% all fine 

(SBPDA, 2003). 

  

Of the daily solid waste generated in Addis Ababa, 65% is collected, 5% 

recycled and 5% composted. The remaining 25% is simply dumped on open 

sites, drainage channels, rivers and valleys as well as the streets (FEPA, 2005).   

  

Bulbula River and its tributaries, which are crossing the densely populated 

areas of the city, are the main receivers of this waste. In addition to this 

leachates transported by run-off during the rainy season, ultimately end up in 

the rivers. Furthermore, as solid waste is not segregated into appropriate 

fractions during disposal, (i.e., organic, chemical and other categories) there is 

a possibility for toxic compounds from households and other sources to enter 

the river.  
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Figure 2.1 Overflowing dumpster 

 

 

     Figure 2.2 The movement of solid waste to Bulbula River 



 20 

2.7.1.2. Municipal liquid wastes 
 

Domestic liquid waste from overflowing and seeping pit latrine, septic tanks, 

public and communal toilets, open ground excreta defecation and gray water 

from kitchens and bath rooms flow to the river through different ways, such as 

liquid waste discharge into the river through drainage line. The above 

mentioned domestic waste causes sever water resources pollution and health 

problems on the down stream users of the river. 

Liquid wastes from toilets, open urination and defecation 
places 

 

Liquid waste generated from the city is mainly disposed off through three 

different systems; i.e. centralized system, pit latrine and open space urination 

and defecation. From the total population of Addis Ababa, 12.4% uses flash 

toilet, 57% uses pit latrine and 30% have no facility at all, (AA EPA, 1999). 

 

The first centralized sewage collection system in Addis Ababa was started in 

the late 1960s. It was designed for the collection and conveyance of wastewater 

to a treatment plant, which was located in Kaliti and designed for an ultimate 

treatment capacity of 7500m3/day. The system has been designed for a peak 

flow of 540L/second, which corresponds to an equivalent of 200,000 in 

habitats; with an average wastewater production rate of 110 L/day. Although 

the proposed sewer system works have been implemented and the system is 

already operating with its full capacity, few connections of users (2% of the 

present population) in sewer areas have been realized (FEPA, 2005). 

 

According to a study conducted by AAWSA and UNEP (2000), flash toilet users 

have connected sewage system either to the centralized system, storm water 

drainage system or to separate septic tanks. Pit latrine users are estimated to 

be 57% of the total population among which 17% use private and 40% use 

shared and communal pit latrines. From the shared toilet facilities, about 40% 
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are estimated to be in bad physical conditions and full-to-overflow (FEPA, 

2005). 

 

Collection of pit latrine and septic tank sludge is also one of the urban services 

running at a very slow capacity. Not-all pit-latrines and septic tanks are 

emptied in the time they are supposed to be emptied. Service seekers have to 

wait for a long time before they could get de-sludging services. Consequently, 

overflowing pit-latrines and septic tanks are seen in many parts of the city, 

especially in the slum areas. Further more, many pit latrines in the slum areas 

are inaccessible to vacuum tankers. This is either because there are no access 

roads or the roads are in bad physical conditions, hence most of the toilets are 

left unattended for many years. (FEPA, 2005).  

 

Currently, there are two treatment plants which are serving the city of Addis 

for the disposal of toilet wastes. These are Kotebe and Kaliti plants. According 

to a study conducted by AAWSA and UNEP (2000), the Kaliti disposal and 

treatment plant has a capacity of 7500m3/day sludge from sewer lines and 

30,645m3/day of drying beds. This Kotebe plant has sludge receiving capacity 

of 400m3/day. However, it receives only 98m3/day from disposal cars. These 

suggest that the plants still have the capacity to handle more sludge if the 

collection capacity improves. The treatment essentially involves circulation of 

sewer in various ponds for about 30 days, during which the level of BODs will 

fall below 5mg/l.  

 

As stated above, 30% of the Addis Ababa dwellers have no toilet facility. These 

people defecate on open ground in any open space especially, at river banks. 

Therefore, the excreta can easily enter Bulbula river water by run off, and the 

River itself can wash the excreta easily and mix it with itself (FEPA, 2005). 
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Liquid waste from kitchens and bathrooms 

 

Waste water generated from domestic laundry units, washing of cooking and 

other domestic utensils is often discharged into nearby water courses and 

streams through ditches, shallow-bore sewers or simply disposed off on 

available open grounds. It is estimated that approximately 100,000m3 

wastewater is produced in Addis Ababa per day (Mohammed, 2002). In one way 

or another wastewater drains to the Bulbula River and contributes to the 

pollution of the river. 

2.7.2. Fuel station and garage operations  
 

During extraction, transportation, storage and distribution of several of 

petroleum products, a considerable amount of oil can leak to the environment. 

Among these oil pollutants, phenolic wastes are the most serious pollutants as 

a small amount of their chlorinated derivatives create objectionable taste and 

odor to water. Source of oil wastes in Addis Ababa city are fuel stations, 

government and private garages (FEPA, 2005). 

 

Car washing, oil spillage and open space storage of such oils can contaminate 

river and underground water and the soil. The related waste, like wastewater 

and mud from car washing and exhausted oil change (laviajo) also contaminate 

the water. Oil waste is categorized as a hazardous waste, which is dangerous 

for the life of living organisms as well as human beings. Therefore, due 

attention has to be given to the disposal of these wastes to the environment. 

 

In Addis Ababa, there are 20 Total, 22 Mobil, 46 Shell and a number of new 

NOC and YBP fuel stations (FEPA, 2005).In most of the station, laviajo and oil 

changing services are given. I have made physical observations on two of the 

fuel station namely NOC and Shell fuel stations and, realized that most of 

wastewater from laviajo is discharged through ditches and ends up in nearby 

streams. 
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3. Materials and Methods  

3.1. The study area: Bulbula River watershed 

3.1.1. Location and Description 

 

Addis Ababa is located in the central highlands with an elevation range of 2000 

to 2800 m.a.s.l. The topography is characterized by hills, valleys, rivers and 

streams. Climate is moderate with a fairly constant temperature throughout 

the year, with slight variations ranging from 20 to 250C during the day and 

between 7 and 110C at night (Beyene, 1999). The mean annual rainfall is about 

1200 mm, occurring between June and September (Gizaw, 2006). 

 

Bulbula River flows through the city of Addis Ababa, starting from Entoto down 

to Ketchene area (Fig 3.1), which is the most densely populated areas and the 

river serves as the main domestic and commercial waste dumping site. At this 

point the river is named as Ketchene River, and joins with another stream 

called Kostre at Afincho-Ber and flows down to Ras Mekonen Bridge and down 

to Eri-bekentu area. From this point on wards the river is named as Bantiketu 

and it flows down to Estifanos Church and Economic Commission for Africa 

(ECA), then it passes through residential areas, where NOC and Shell fuel 

stations are located. The sewerage lines of these establishments discharge their 

wastes into the river.  

 

In this area, the streams serve as the main dumping sites for all forms of 

wastes from household, construction, commercial institutions, public sewers, 

government and private institutions. From this point onwards the river is 

named as Bulbula River. This river flows downwards and meets with Kebenna 

River and then joins to Great Akaki Rivers. The study site covers an area of 

about 30 Km2 of land, the perimeter of the watershed is around 29,749 m and 

the total length of the stream within the study area is about 13 km. 



 24 

 

Figure 3.1   Location map of the study area 

Bulbula River 
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3.1.2 Climate  
 

Having a maximum and minimum elevation range a little above 2800m and a 

little below 2000m respectively, most part of Addis Ababa falls under the Weina 

Dega (Sub tropical) climatic category. According to Ethiopian Mapping 

Authority (1981) the climate of Addis Ababa area is typically characterized by 

two distinct seasonal weather patterns: the wet season which extends from 

June to September, contributing about 70% of the annual rainfall, and the dry 

season which covers the period from October to May with a minor rainy season 

in March and April well known for its frequent failure. Such climates which are 

characterized by alternating wet and dry seasons may favor weathering. 

 

Table 1   Mean monthly rainfall at four stations 

 

Station 
Name 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Mean 

Annual 
RF (mm) 

Entoto (mm) 15.6 38.3 61.0 87.3 61.8 140.0 306.9 322.5 145.4 27.2 9.9 9.8 1225.7 

Addis Ababa 
Obs. (mm) 

19.0 45.0 73.0 95.1 83.7 138.1 267.9 292.8 183.9 38.9 8.6 10.1 1256.1 

Bole (mm) 15.6 36.3 68.0 88.7 78.1 120.0 237.8 238.3 137.6 33.3 5.6 5.2 1064.5 

Akaki (mm) 14.3 40.6 63.0 95.1 66.2 129.3 272.1 295.2 142.7 23.7 4.6 3.6 1150.4 

 

According to Daniel (1977) indicate that the monthly mean rainfall records for 

forty years (1964-2004) shows that the mean annual rainfall at Entoto station, 

Addis Ababa Observatory, Bole and Akaki Mission are 1088mm, 1251mm 

1164mm  and 1087mm respectively. Thus, the city receives annual average 

rainfall of about 1123mm and the long term mean annual rainfall observed at 

Addis Ababa Observatory is about 1256mm. Moreover, in all stations the 

heaviest amounts of rainfall occur in the month of August (Table 1). 
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3.1.3 Vegetation 
 

The vegetation composition at the river bank is very diverse. The types of 

species of the riparian vegetation along the Bulbula riverbank are Juniperus 

procera, Maesa lanceolata, Vernonia amygdalina, Arundo donax, Justicia 

schimpeirana, Erythrian spp., Ricinus communas, Acacia abyssinica, Grevilea 

robusta, Millettia ferruginea, Enset ventricosum, Croton macrostachys e.t.c,. 

However the most dominant species along the river course is Arundo donax.    

3.2 Study design  

3.2.1 Assessment of major pollutants and their sources along 
the stream 
 

A reconnaissance survey has been conducted along the stream within the 

study areas to assess and identify potential sources of pollutants to the river. 

This survey was conducted starting from the source of the river at Entoto to the 

lower end of the river within the study area (i.e. up to Bulbula). As a result of 

this survey the possible sources of pollutants to the river were identified. The 

main sources of pollution to the Bulbula River are municipal wastes, fuel 

stations, garage operations, Hospitals and other waste sources are discharged 

into these rivers. The types of pollutants studied were selected based on 

relevant literature. Accordingly, the major pollutants included in this study are 

NO3-, SO42-, PO43-, Cl-, Cu2+, Fe2+, Mn2+, Zn2+, Pb2+ and Cr2+. In addition, since 

pH and salinity are good indicators of water pollution, these properties were 

included in the analysis. For this assessment water quality analysis was 

carried out.  

 

In order to understand the source areas of the pollutants and their fate along 

the river course, the study area was divided into three zones. Namely, 

Upstream zones, Middle or transfer zone and lower or deposition zone. The 

upstream zone is the head waters area where the stream originates. In terms of 

pollution, this zone is uninhabited and none of the above mentioned pollutant 
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sources are found. The middle or the transfer zone is densely populated area 

where many of the pollutants sources (i.e. garages, municipal wastes) are 

found. The lower zone is similarly inhabited, however fuel stations and 

construction wastes are also found. The course of the stream joins with other 

streams at this zone. 

3.2.2 Assessment of potential sinks of pollutants   along the 
stream 
 

In order to understand the fate of pollutant along the stream, the type of 

vegetation along the stream was assessed and plant samples were taken from 

the dominate species along the river course. Besides, soil samples were taken 

from the stream bank areas to assess the possible deposition of pollutants in 

the soil. 
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3.3 Sampling and data collection 

3.3.1 Water sampling 
 

Water sampling locations were chosen based on the spatial variations in the 

water stream and pollution system so as to obtain a representative sample of 

the particular water quality parameters. The sampling sites were located by 

using GPS (Garmin 12 Channel USA) (Table 2) and thus were accurately 

marked on the map (Fig 3.2). Samples were collected in polyethylene vessels for 

all analytical parameters. Sample collection was done by direct immersion of 

the sample containers into the stream. However, before use, the polyethylene 

bottles were thoroughly washed with concentrated HNO3 and rinsed with 

distilled water to avoid any contamination that might be present in the 

container.  

 

Accordingly, composite samples of water were taken at three sites. The first site 

was situated at the upper zone of the stream, where there is less pollution (Fig 

3.3). The second site was situated in the transfer zone of the stream where 

pollution is relatively high (Fig 3.4). And the third site was situated at the lower 

zone of the stream (Fig 3.5). 

 

For each part of the stream, three people were assigned to take samples at the 

same time. Water samples were taken in nine replicates three times a day (in 

the morning, in the afternoon and in the evening). A total of 27 water samples 

were collected from the three sites.  
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Figure 3.2 Sampling location map 

Bulbula River 
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Figure 3.3 Samplings site 1 (SS1) 
 

 
  Figure 3.4 Samplings site 2 (SS2) 

 
Figure 3.5 Samplings site 3 (SS3) and Arundo donax stands 
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3.3.2 Soil sampling 
 

Three sampling sites were chosen along the stream from which representative 

soil samples were collected. From each site, 7 samples were randomly collected 

using auger at a depth of 0-30cm and composite to homogenize it. The first 

sample site was located in the upstream zone. The mean altitude of the site is 

2805 m.a.s.l. The second sample site was located in the middle of the stream 

(ketchene) altitude 2484 m.a.s.l. The third sample site was located at the down 

stream zone (Bulbula) at altitude of 2327 m.a.s.l. From each site three 

composite (7 for each) samples were collected and a total of 9 samples were 

submitted for analysis. Samples were dried and ground to pass through 2 mm 

sieves. 

3.3.3 Plant sampling 
 

Plant samples were collected in the areas where soil samples were collected 

(Fig. 3.5). Nine recently matured leaves of Arundo donax were collected from 

three different zones, namely the upper, middle and lower zone of Bulbula 

River. Each sample was taken according to Bingham et al., (1975). The samples 

were then brought in plastic bags to HARC (Holeta Agricultural Research 

Center) where they were cleaned with de-ionized water repeatedly to eliminate 

air borne pollutants. These were later dried in an oven at 65oC for about 24 

hours. The dried samples were then ground and sieved through a mesh of 

75µm diameter.  

 

Table 2 Description of the sampling sites  

Altitude and UTM location Sampling  
site (SS) 

Local Name 
 Altitude(m) Easting Northing 

SS1 Entoto 2805 37P0473377 1004167 

SS2 Ketchene 2484 37P0473156 1000982 

SS3 Bulbula 2327 37P0474682 0995630 
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3.4 Laboratory analysis  
 

Water analysis  

Samples were analyzed for PH, EC, NO3-, SO42-, PO43-, Cl-, Cu2+, Fe2+, Mn2+, 

Zn2+, Pb2+ and Cr2+ at the Ethiopia Geological survey Laboratory. The PH, was 

measured using PH meter, the electrical conductivity (EC) was measured using 

conductivity meter. The concentration of chloride measured using classical 

titration method and K2CrO4 indicator, the concentration of nitrate (NO3-) and 

phosphate (PO43-) was determined using Double beam UV Visible 

spectrophotometer screening method. Sulfate (SO42-) was determined using 

turbid metric method (turbid metric BaCl2 is used) and trace metals (Fe2+, 

Mn2+, Cu2+, Zn2+, Pb2+ and Cr2+) were determined using Atomic Absorption 

Spectrophotometer (AAS). 

 

Soil analysis 

Soil sample analysis was done at the Holeta Agricultural Research Center 

(HARC) soil laboratory. Each of the procedures followed for laboratory analysis 

of the attributes are described briefly as follow. Soil pH was measured 

potentiometrically in the supernatant suspension of a 1:1 soil: liquid mixture 

by using a pH meter. The EC was determined using saturation paste extract 

method. Nitrogen was determined by Kjeldahl method. Phosphorus was 

determined by Bray method and trace metals (Fe2+, Mn2+, Cu2+, Zn2+, Pb2+ and 

Cr2+) were determined using AAS. 
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Plant analysis  

Plant samples were analyzed at Holeta Agricultural Research Center (HARC) 

soil laboratory. Samples were digested by wet digestion method. Wet ashing 

involves the decomposition of plant tissues using various combinations of 

HNO3, H2SO4 and HClO4 for the determination of P, total N and micronutrients. 

Nitrogen was determined by Kjeldahl digestion method. Phosphorus was 

determined by Bray method. The trace metals (Fe2+, Mn2+, Cu2+, Zn2+, Pb2+ and 

Cr2+) were measured by AAS. 

3.5 Data analysis 
 

Data analysis was carried out using statistical package for social studies 

(SPSS) software version 13.0. Water, soil and plant data were analyzed for 

variation in the three zones (upper zone, middle zone and lower zone) in terms 

of pollutants. One way ANOVA was used to see if there are differences between 

the three zones. The least significant difference (LSD) method was applied to 

test the mean differences at the 5% level of significance. 
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4, Results and Discussion 

4.1 Trace metals and nutrients concentration in Bulbula River 
water 

 

The analysis of the water samples revealed that the lower zone is more 

contaminated with some trace metals and excessive nutrients than the upper 

zone of the Bulbula River (Table 3). Considerably higher concentration of Fe2+ 

and Mn2+ are detected in Bulbula River. This is consistent with plant content of 

the same elements in Arundo donax grown on the bank of Bulbula River. 

 

Table 3  Mean (±SD) of trace metals and nutrients concentration in Bulbula 

River water 

Sampling sites  
Parameters 

 
Symbol Upper zone Middle zone Lower zone 

Electrical 
Conductivity 

EC 
(mmhos/cm) 

 
0.069±10.3  

 
0.8±23.3 

 
0.91±82.3 

pH pH 6.37±0.16 7.49±0.1 7.37±0.06 

Chloride Cl- ** 0.75±0.07 90.11±3.7 71.5±6.45 

Sulfate SO4-2(meq/lt) 0.04±1.5 0.48±1.2 0.61±2.98 

Nitrate NO3- 5.75±3.31 3.45±2.66 0.23±0.4 

Phosphate PO4-3 1.03±0.28 6.29±1.12 18.44±7.9 

Zinc Zn2+ 0* 0 0 

Copper Cu2+ 0 0 0 

Chromium Cr2+ 0 0 0 

Lead Pb2+ 0 0 0 

Iron Fe2+ 0.1±0.0 0.17±0.05 0.38±0.11 

Manganese Mn2+ 0 0.38±0.45 0.96±0.46 

** Values are in mg/lt except for SO4-2, EC and pH. 
* Zero values represent below detection level. 
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Electrical conductivity 
 

As shown in Fig 4.1 electrical conductivity increases from the upper to the 

lower zone. The mean electrical conductivity value of 0.069mmhos/cm at upper 

zone indicates that there is an increasing problem of permeability (infiltration 

rate in to the soil) while there is no salinity hazard. Electrical conductivity is 

used to detect two soil-water conditions, namely salinity (salt condition) and 

permeability conditions (Bauder, 2003). The standard value of electrical 

conductivity for evaluating the problem of salinity and permeability is given in 

Table 4. Poor infiltration results in inefficient water use in addition to becoming 

an excellent breeding site for vectors (Ayers and Westcott, 1985).  

 

From Table 3 the mean electrical conductivity value of 0.8mmhos/cm at the 

middle and 0.91mmhos/cm at the lower zones of the stream reveals that there 

is an increasing salinity problem. The mean value comparisons within the three 

zones indicate that there are statistically significant differences at P < 0.05 

(Annex 1). 

 

Table 4 EC guidelines for evaluating water salinity and permeability 

 

Degree of Problem Water Problem 

No Problem Increasing Problem Sever Problem 

Salinity (mmhos/cm) <0.75 0.75-3 >3 

Permeability 
(mmhos/cm) 

>0.5 0.5-0.2 <0.2 

Source: Ayers and Westcot (1985) 
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       Figure 4.1 Electrical conductivity of water in Bulbula River  

 

pH 

 

The pH of Bulbula river is 6.37at the upper zone, 7.49 at the middle zone and 

7.37 at the lower zone (Table 3).  The water in Bulbula River is found to be 

within the natural range of pH. The pH of most natural waters is in the range 

of 6.0-8.5 (Chapman, 1996). pH is a measure of acidity or alkalinity of water. 

The main use of pH is for a quick evaluation of the possibility of water 

abnormality.  

 

         Figure 4.2 pH of water at the three different zones 
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pH of the river varied significantly between the three zones at P < 0.05 (Annex 

1), with little differences observed between the middle and lower zone of the 

stream (Fig 4.2). 

 

Chloride 
 

Chloride increases downstream faster than any other analyzed constituent 

from 0.75 mg/lt (upper zone) to 90.11 mg/lt (middle zone) and 71.5 mg/lt at 

(the lower zone) (Fig 4.3). This is an indication of a potential urban pollution 

effect. It is anticipated that the main source for Cl- could be domestic sewages 

which release substantial amount of Cl- into the surrounding water bodies. 

Water containing more than 10mg/lt is considered not safe for irrigation 

(Jaiswal, 2005). It has been reported that water which is used for domestic 

purpose and drinking, the maximum level of chloride recommended is 250 

mg/lt (Duggal, 1983).  

 

The result for lower and middle zones indicates that the water does not meet 

the irrigation water quality requirement but can be used for domestic reason. 

However, the result for upper zone indicates that the water can be used for 

irrigation as well as domestic uses without posing impacts due to the chloride 

concentration. The mean value comparisons within the sites indicate that there 

are statistically significant differences in accumulation of the chloride from 

upper to lower zone at p < 0.05 (Annex 1).  
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Figure 4.3 Concentrations of chloride in Bulbula river water  

 

Figure 4.4 Concentration of sulfate ions in the Bulbula River water  
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Sulfate 

The concentration of sulfate measured at upper, middle and lower zone were 

0.04meq/lt, 0.48meq/lt and 0.61meq/lt respectively (Table 3), where all values 

are well below the standard indicated for domestic, irrigation as well as 

livestock requirement of water. In water that is used for domestic use, the 

accepted level of sulfate is 5.2meq/lt (Duggal, 1983) maximum of 2 meq/lt for 

water used in irrigation (Ayers and Westcot, 1985) and less than 500 mg/lt 

(10.42 meq/lt) for livestock (Anonym, 2003). The mean value comparison of 

sulfate shows that there is statistically significant difference in concentration of 

sulfate along the stream at p<0.05 (Annex 1).   

 

As shown in Fig 4.4, the concentration of sulfate measured along the stream 

has increased from upper to lower zones. Sulfates (SO4-2) occur naturally or 

come from municipal or industrial discharges. When naturally occurring, they 

are often the result of the break down of leaves that fall in to a stream, which is 

the result of water passing through rock or soil containing gypsum and other 

common minerals, or of atmospheric deposition (Withers et al., 2002). Runoff 

from fertilized agricultural land also contributes sulfate to water bodies (Kellogg 

et al., 1972). Therefore sulfate is a good indicator of river pollution. 

 

Nitrate 

As shown Fig 4.5 the concentration of nitrate at Bulbula River decreased from 

upper (5.75mg/lt) to middle (3.45mg/lt) and lower zone (0.23mg/lt). The 

decline of nitrate concentration to down stream could be explained by nitrate 

removal by plants and microorganisms, denitrification and volatilization. Mean 

concentration value comparisons of the nitrate within the site indicates that 

there is statistically significant difference among the upper, middle and lower 

zone at p<0.05 (Annex 1).  
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Figure 4.5 Concentration of nitrate in Bulbula River water  

 

Figure 4.6 Concentration of phosphate in Bulbula River water  
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Phosphate 

The mean concentration values of phosphates measured at Bulbula river is 

1.03±0.28 upper, 6.29±1.12 middle and 18.44±7.91 for lower zones. In 

irrigation water, the maximum allowable concentration of phosphate is 2 mg/lt 

(Ayers and Westcot, 1985) and the maximum permissible concentration by EU 

in water used by human is 5mg/lt (Pearce, 1998). The result for upper stream 

indicates below the recommended level for irrigation and water used by human. 

However, the result for middle and lower stream indicates that the water does 

not meet the irrigation water quality requirement and for domestic reason. 

 

Phosphate enters waterways through man-made activities and contributes to 

surface water body pollution due to algal blooms. The mean concentration 

value comparison of phosphate within the sites shows that there is statistically 

significant difference in the concentrations of phosphates accumulated at 

p<0.05 (Annex 1) among the plots at Bulbula river. The concentration of 

phosphate at Bulbula river has increased from upper to lower stream (Fig 4.6), 

this may be due to the fact that phosphate pollutant source found to be at the 

middle and lower zone of the stream. Most of the time phosphates are believed 

to be mainly generated from wastes released from municipal solid and liquid 

wastes.   

 

Trace metals 

The level of trace metals; Zn2+, Cu2+, Cr2+ and Pb2+ in Bulbula  river  was  found 

to have below the detection level. However, the concentrations of Mn2+ and Fe2+ 

have increased  from  upper to lower  zone  (Fig 4.7 and 4.8). Manganese was 

found to be more concentrated than other trace  metals. This may be partly 

attributed  to  manganese  pollutant  source  found  to be  at  the  middle     

and lower zone  of  the  stream. Most  of  the  time Mn2+  are  release  into            

the  aquatic environment  through  urban  runoff, transportation   activities,       

and application  of   sewage   sludge   which   are   common  in  the  study  
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area. Manganese concentration higher than 0.1 mg/lt is considered unsafe for 

industrial and domestic use (WHO, 1984). However, in the lower stream the 

concentration reaches as much as 0.96 mg/lt. Mean concentration value 

comparisons of Mn2+ within the site indicates that there is statistically 

significant difference among the upper, middle and lower zone at p<0.05 

(Annex 1).   

 

 

Figure 4.7 Manganese concentrations in Bulbula River water  

 

Figure 4.8 Iron concentrations in Bulbula River water  
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The concentration of Fe2+ increase from the upper to the lower zone of the 

stream, this may be due to the fact that Fe2+ pollutant source found to be at 

the middle and lower zone of the stream. Most of the time Fe2+ are believed to 

be mainly generated from wastes released from garages and fuel station and 

this pollutant source located at the middle and lower zone of the stream. The 

mean value comparisons within the sites indicate that there are statistically 

significant differences at p < 0.05 in accumulation of Fe2+ from upper to lower 

zone (Annex 1).  

4.2 Nutrient and trace metal concentration in Bulbula 

riverbank soil 

The result of soil analysis is presented in Table 5. The analyses showed that 

the Bulbula riverbank surface soil has the highest concentration of plant 

available phosphorus, Fe2+, Cu2+ and Zn2+; however, Pb2+ and Cr2+ have below 

detection level. 

 

Table 5.  Mean (±SD) of some chemical properties of the surface soil at the 

Bulbula river bank   

Sampling Site  
Attribute 

 
Symbol 

 
Unit Upper zone Middle  zone Lower zone 

Electrical 
Conductivity 

 
EC 

 
µS/cm 

 
124±19.1 

 
156.3±15.5 

 
433.7±28.3 

pH pH H+ ion 5.9±0.03 6.4±0.15 6.5±0.53 

Nitrogen N % 0.19±0.04 0.16±0.03 0.17±0.04 

Available 
Phosphorus 

 
P 

 
mg/kg 

 
4.7±0.61 

 
214.7±178.4 

 
330.7±78.9 

Iron Fe2+ mg/kg 69.3±7.02 50.7±11.4 74.0±39.9 

Zinc Zn2+ mg/kg 2.8±1.11 9.2±2.1 29.6±0.0 

Manganese Mn2+ mg/kg 50±0 20±0 7.4±2.9 

Lead Pb2+ mg/kg 0* 0 0 

Copper Cu2+ mg/kg 3±0.3 2.3±0.8 5.4±0.53 

Chromium Cr2+ mg/kg 0 0 0 

* Zero values represent below detection level. 
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EC 

The result of soil EC in the study areas were 124 µS/cm at the upper stream, 

156.3µS/cm at the middle and 433.7µS/cm at the lower stream. The EC value 

increase from upper to the lower zone (Fig 4.9).The increase in soil EC may 

indicate that soluble saline compounds are major pollutants entering into the 

river. Mean concentration value comparisons of soil EC within the site 

indicates that there is statistically significant difference between the upper and 

lower zone at p<0.05 (Annex 2).   

 

 

Figure 4.9 Measure of soil EC on the experimental sites 
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Figure 4.10 Measure of pH in the soil at the Bulbula riverbank 
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pH 

Mean value of soil pH are 5.9, 6.4 and 6.5 were measured at the upper, middle 

and lower zone, respectively. The soil pH measured at Bulbula river bank has 

shown an increase trend as we move from upper to lower stream (Fig 4.10). Soil 

pH and electrical conductivity (EC) are indicators of the back ground chemical 

matrices of the soil and they may be to judge the level of the river pollution at 

the different locations.  

 

The mean pH value comparison shows that there is no statistically significant 

differences along the river bank at p<0.05 (Annex 2). However, the slight 

increase in pH from the upper to the lower zone might suggest increase in 

alkaline pollutants to the Bulbula River. 

 

Nitrogen 

The percent of nitrogen measured in the study area were 0.19 at the upper 

zone 0.16 at the middle and 0.17 at the lower zone of the Bulbula riverbank.  

          

 

 
Figure 4.11 N concentrations in the soil        Figure 4.12 Concentration of  
                     at Bulbula riverbank                               available P in the soil  
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The percent of nitrogen measured in Bulbula River has decrease from upper to 

lower stream (Fig 4.11). The decline of nitrogen concentration to down stream 

could be explained by nitrogen removal by plants and microorganisms. The 

mean value comparison of nitrogen shows that there is no statistically 

significant differences along the Bulbula river bank at p<0.05 (Annex 2). 

 

Phosphorus 

Mean concentration values of 4.73, 214.73 and 330.67ppm phosphorus were 

measured at the upper, middle and lower river bank, respectively. The soil 

samples taken are categorized as very high phosphorus soil class. The results 

far exceed the recommended range given by Olsen and Dean (1965), (Table 6).  

 

Table 6 Guidelines for interpreting soil phosphorus 

Relative level  Unit Very low Low Moderate High Very High 

Phosphorus ppm 0-3 3-7 8-11 12-15 16+ 

Source: Olsen and Dean (1965) 

 

The concentration of phosphorus measured in Bulbula riverbank has increased 

from middle to lower stream (Fig 4.12). Phosphorus comes from point sources 

and non point sources (Anonym, 2002). Non-point source include agriculture, 

fertilizers and manure sources (wildlife, pets and agricultural animals). Non-

point source forms of phosphorus are transported via rainfall or runoff. 

Phosphorus is a component of sewage, as the element is essential in 

metabolism, and it is always present in animal metabolic waste. High 

phosphate concentration may be related to waste disposal. 

 

 

 

  

 



 47 

At the study sites, the elevated phosphorus may come from point sources such 

as municipal wastewater systems, domestic sewage and residential septic 

systems which are common in the study area. It can also be from the non-point 

sources such as erosion of soil from agricultural land, allowing livestock to 

graze along the streams bank. This may show that the soil along the bank of 

Bulbula River serves as a sink to many of the phosphorus generated from 

various sources. The mean value comparison of phosphorus at Bulbula 

Riverbank shows that there is statistically significant difference at p<0.05 in 

concentration of phosphorus along the stream (Annex 2). 

 

Trace metals 

The site which received no wastes (upper zone) had the highest Mn2+ content, 

(see Figure 4.14), because of its high natural Mn2+ content of the soil and 

perhaps due to low pH. As shown Fig 4.14 the concentration of Mn2+ at Bulbula 

riverbank decreased from upper to lower zone. The decline of Mn2+ 

concentration in the soil to the down stream could be explained by Mn2+ 

removal by plant species Arundo donax.  

 

pH of the riverbank soil at the upper zone is (5.9) but the pH of soil at the 

middle and lower zone of the stream are 6.4 and 6.5, respectively. The 

solubility and plant availability of micronutrients are governed by a host of 

factors, including presence of carbonates in soil, amount of organic matter, 

clay content, and soil pH (Fisseha and Coulman, 2002). The mean value 

comparison of Mn2+ at Bulbula Riverbank shows that there is statistically 

significant difference at p<0.05 (Annex 2). 
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Figure 4.13 Concentration of Fe2+       Figure 4.14 Concentration of Mn2+      
in the soil        in the soil  

                                                                                    
As shown Fig 4.13 the concentration of Fe2+ at Bulbula riverbank soil are slight 

increments from upper to lower zone. However, the mean value comparison of 

Fe2+ shows that there is no statistically significant differences along the bank of 

Bulbula river at p<0.05 (Annex 2). 

 

 

 

 

 

 

 

 

    

 

                                                       

 

Figure 4.15 Concentrations of Zn2+in 

the soil at the Bulbula Riverbank.         

 

           

                                          

 

Figure 4.16 Concentration of Cu2+ in 

the soil at the Bulbula Riverbank.  
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The Bulbula riverbank soil had the highest DTPA (Diethylene Triamine Penta 

Acetic) extractable of Zn2+and Cu2+ (Fig 4.15 and 4.16) most likely because of its 

low pH and the regular additions of such metals from the largely municipal 

waste sources, garages and fuel stations added to the river and subsequently to 

the soil. The mean value comparison of Zn2+ and Cu2+ at Bulbula Riverbank 

shows that there is statistically significant difference at p<0.05 (Annex 2). 

 

4.3 Nutrient and trace metals extraction by Arundo donax 

The analysis result of nutrient and trace metals concentration in grass plant 

tissue generally indicates that the perennial grass species, Arundo donax 

absorbs Fe2+, Mn2+ and Zn2+ than Cu2+, N and P (Table 7).  

 

Table 7   Mean (±SD) of trace metals and nutrient concentration in Arundo  

donax leaves  

Sampling sites Nutrient and 
trace metals 

 
Symbol 

 
Unit Upper zone Middle zone Lower zone 

Nitrogen N % 1.19±0.05 2.56±0.05 3.21±0.56 

Phosphorus P % 0.18±0.006 0.23±0.06 0.29±0.08 

Iron Fe2+ mg/kg 67.5±13 94.17±8.8 102.50±14 

Zinc Zn2+ mg/kg 17.50±2.5 26.67±8.8 35.00±15.2 

Manganese Mn2+ mg/kg 27.50±0.0 78.33±20 62.50±15.6 

Lead Pb2+ mg/kg 0* 0 0 

Copper Cu2+ mg/kg 5.00±0.0 4.17±1.44 5.83±1.44 

Chromium Cr2+ mg/kg 0 0 0 

* Zero value represent below detection level 
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Nitrogen 

Sufficiency levels of plant N for crops at growth stages are said to range 

between 2.7 to 3.5 % (Robert et al, 1999).The N concentrations in Arundo 

donax at the lower zone was within the normal range. However at the upper 

and the middle zone values were slightly low (Table 7). As shown in  Fig 4.17 

the concentration of N increases from the upper to lower zone, this may be due 

to the fact that N is stored by the plant species Arundo donax. The 

concentration of N in Arundo donax at upper zone were significantly difference 

from the lower zone at p<0.05 (Annex 3). 

 

Figure 4.17 Nitrogen concentrations in Arundo donax 
 

 

Figure 4.18 Phosphorus concentrations in Arundo donax 
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Phosphorus 

The contents of P in plant tissue are said to range between 0.25 to 0.40 % 

(Robert et al., 1999). Similarly P concentration in Arundo donax at the lower 

zone was within the normal range. However at the upper and middle zone were 

slightly low. The mean value comparison of P in Arundo donax shows that there 

is no statistically significant differences along the bank of Bulbula river at 

p<0.05 (Annex 3). However, the slight increase in P from the upper to the lower 

zone (Fig 4.18) might suggest increase in P pollutant source to the Bulbula 

river bank. 

Trace metals in Arundo donax  

For most crop species, the critical toxicity level of Cu2+ in the leaves is above 

20-30mg/kg dry weight (Marschner, 1995). The mean leaves concentration of 

the plant species Arundo donax in Bulbula river bank was much below this 

level (Fig 4.19). The mean value comparison of Cu2+ in Arundo donax shows 

that there is no statistically significant differences along the bank of Bulbula 

river at p<0.05 (Annex 3). 

 

A common average Fe2+ content of different cereals ranges from 25-80 PPm 

(Pendias and Pendias, 1992), in which the Fe2+ concentration in Arundo donax 

at the upper stream was within this range, however at the middle and lower 

zone it was higher than the range. The concentration of Fe2+ in the plant 

species Arundo donax has also shown that a similar pattern of water in 

Bulbula stream which means Fe2+ concentration increase from the upper to 

lower zones (Fig 4.20)this also might shown that Fe2+ is stored or absorbed by 

Arundo donax. The mean value comparisons within the sites indicate that there 

are statistically significant differences at p < 0.05 in accumulation of Fe2+ from 

upper to lower zone (Annex 3).  
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Figure 4.19   Cu2+ concentrations in Arundo donax 
 

 

Figure 4.20   Fe2+ concentrations in Arundo donax 
 
 

At the sites which received waste (the middle and lower Bulbula river bank), 

Arundo donax accumulated concentrations of Fe2+ and Mn2+ normally 

considered toxic to many crops, without developing chlorotic symptoms. Hence, 

they can be used to extract excess metals from garages or municipally 

contaminated sites. To quantify their potential for phytoextraction from soils 

and water, future studies need to be done. 
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The Zn2+ concentration in Arundo donax has also shown that a similar pattern 

of soil in Bulbula riverbank which means Zn2+ concentration increase from the 

upper to lower zones (Fig 4.21). However, the concentration of Zn2+ in all sites 

was below the critical toxicity levels (100-300mg/kg dry weight) in leaves of 

crop plants (Marschner, 1995) a common average Zn2+ content of different 

crops are within a range of 20 to 70(ppm) (Robert et al., 1999).  The Zn2+ 

concentration in Arundo donax at the upper stream (17.50±2.50) was lower 

than the range while at the middle (26.67±8.78) and lower stream 

(35.00±15.21) it was with in the range. From the result, it was observed that 

Arundo donax accumulated significantly higher Zn2+ and Fe2+ concentrations at 

the middle and lower  zones of the river than the upper zone, although the 

concentration of Zn2+ were not in the toxic range. The mean value comparison 

of Zn2+ in Arundo donax shows that there is no statistically significant 

differences along the bank of Bulbula river at p<0.05 (Annex 3). 

 

Mn2+ in the plant species Arundo donax has also shown that a similar pattern 

of water in Bulbula stream, which means Mn2+ concentration increase from the 

upper to lower zones (Fig 4.22). This also might show that Mn2+ is absorbed by 

Arundo donax. In addition the concentration of Mn2+ in Arundo donax is much 

higher than the critical deficiency level of 10-20mg/kg dry weight in fully 

expanded leaves of plants (Marschner, 1995). The critical Mn2+ toxicity level 

varies widely among plant species and environmental conditions and world 

wide background contents of Mn2+ are said to range between 17 to 334mg/kg 

in grasses (Pendias and Pendias, 1992), in which Arundo donax could be 

extracting toxic amounts of Mn2+ at the middle and lower stream, whereas, at 

the upper site, concentration was close to the lower limit. The mean value 

comparison of Mn2+ in Arundo donax shows that there is statistically significant 

differences along the bank of Bulbula river at p<0.05 (Annex 3). 
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       Figure 4.21 Concentration of Zn2+ in Arundo donax 

 

Figure 4.22   Concentration of Mn2+ in Arundo donax 
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5. Conclusion and Recommendation 

5.1 Conclusion  

 

This study generally shows that, the Bulbula river is highly polluted with trace 

metals and some excessive nutrients, which are hazardous to human health 

and natural ecosystem.  

 

The major pollutant sources to the Bulbula river are municipal wastes, 

garages, fuel station, construction wastes, hospitals, congested settlements 

and others. Pollution of the Bulbula river water is higher at the sites which 

receive wastes at the middle or transfer zone and the downstream (deposition) 

zones of the watershed. Cl-, PO4-3, Mn2+ and Fe2+ are found to be the major 

pollutants of the Bulbula River. 

 

However, much of trace metals and excess nutrients are stored in the soil along 

the riverbank. This indicates that riverbank soils serve as an important sink to 

the major pollutants. 

 

This study also indicates that, the vegetation along the river bank absorbs 

substantial amount of the pollutants stored in the soil and/or the river water. 

More specifically, the grass species Arundo donax, which is the dominant 

vegetation type along the river bank, found out to be an excellent sink 

(absorbent) of much of trace metals along the river bank. 

 

Generally, from this study it is possible to conclude that, riverbank vegetation 

can serve as the best management practice to mitigate river pollution. 
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5.2 Recommendation 
 

Based on the major finding of the study, the following recommendations are 

forward 

 

� The major pollution sources for Bulbula River are municipal wastes, 

garages, fuel station, construction wastes, hospitals and others. These 

pollution sources release some trace metals and nutrient to the river. 

Therefore, in the future, the above source of pollutants must be 

established faraway from the river areas. 

 

� Although Bulbula river is loaded with pollutants such as Cl-, PO4-3, Mn2+ 

and Fe2+, it also has good quality on SO4-2, NO3-, Zn2+, Cu2+, Cr2+ and 

Pb2+levels. Therefore the stream could be used for small scall irrigation 

with moderate restriction by carefully selecting Cl-, PO4-3 and salt 

tolerant crops and frequently monitoring the quality of the stream.  

 

� The middle and lower zones of the Bulbula river are highly polluted than 

the upper zone of the stream. Therefore, these findings suggest that 

careful management practices should be started at the middle and lower 

zones of the riverbank. 

 

� Since Arundo donax reduces excess metals from river and riverbanks, 

suggestion of planting Arundo donax along the bank of Bulbula river 

could be used as an alternative method to remove toxic materials from 

polluted river water and riverbank. 

 

� However, due to time and financial limitation, this study focused only on 

the plant specie Arundo donax; therefore, further work on uptake of 

pollutants by different riparian vegetation species is necessary to select 

the best species in order to mitigate the river pollution. 
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� Finally, this study is conducted within a few months, an extended and 

detailed temporal and spatial assessment of the water quality changes in 

Bulbula River is necessary. 
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Annexes 
 

Annex 1. One way ANOVA analysis result for nutrient and trace metals in the 

Bulbula river water    

  One-way 

ANOVA

4059531 2 2029765.539 686.729 .000

79803.889 27 2955.700

4139335 29

7.056 2 3.528 295.390 .000

.322 27 .012

7.378 29

40824.265 2 20412.133 970.408 .000

567.934 27 21.035

41392.199 29

4000.144 2 2000.072 424.469 .000

127.222 27 4.712

4127.367 29

161.551 2 80.776 14.874 .000

146.630 27 5.431

308.181 29

1697.241 2 848.620 32.789 .000

698.798 27 25.881

2396.039 29

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Electrical

conductivity (µS/cm)

pH

Chloride (mg/lt)

Sulphate (mg/lt)

Nitrate (mg/lt)

Phosphate (mg/lt)

Sum of

Squares df Mean Square F Sig.

 

 

ANOVA

.000 2 .000 . .

.000 27 .000

.000 29

.000 2 .000 . .

.000 27 .000

.000 29

.000 2 .000 . .

.000 27 .000

.000 29

.000 2 .000 . .

.000 27 .000

.000 29

.441 2 .220 36.595 .000

.163 27 .006

.603 29

4.905 2 2.452 16.958 .000

3.905 27 .145

8.810 29

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Zinc (mg/lt)

Copper (mg/lt)

Chromium (mg/lt)

Lead (mg/lt)

Iron (mg/lt)

Manganese (mg/lt)

Sum of

Squares df Mean Square F Sig.
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Post Hoc Tests 
 

Multiple Comparisons

LSD

-734.11111* 25.62854 .000 -786.6965 -681.5257

-843.50000* 23.97331 .000 -892.6892 -794.3108

734.11111* 25.62854 .000 681.5257 786.6965

-109.38889* 23.97331 .000 -158.5780 -60.1997

843.50000* 23.97331 .000 794.3108 892.6892

109.38889* 23.97331 .000 60.1997 158.5780

-1.12222* .05152 .000 -1.2279 -1.0165

-1.00028* .04819 .000 -1.0992 -.9014

1.12222* .05152 .000 1.0165 1.2279

.12194* .04819 .018 .0231 .2208

1.00028* .04819 .000 .9014 1.0992

-.12194* .04819 .018 -.2208 -.0231

-89.35778* 2.16202 .000 -93.7939 -84.9217

-70.74667* 2.02239 .000 -74.8963 -66.5971

89.35778* 2.16202 .000 84.9217 93.7939

18.61111* 2.02239 .000 14.4615 22.7607

70.74667* 2.02239 .000 66.5971 74.8963

-18.61111* 2.02239 .000 -22.7607 -14.4615

-21.22222* 1.02328 .000 -23.3218 -19.1226

-27.16667* .95719 .000 -29.1307 -25.2027

21.22222* 1.02328 .000 19.1226 23.3218

-5.94444* .95719 .000 -7.9084 -3.9805

27.16667* .95719 .000 25.2027 29.1307

5.94444* .95719 .000 3.9805 7.9084

2.30778* 1.09856 .045 .0537 4.5618

5.52528* 1.02761 .000 3.4168 7.6338

-2.30778* 1.09856 .045 -4.5618 -.0537

3.21750* 1.02761 .004 1.1090 5.3260

-5.52528* 1.02761 .000 -7.6338 -3.4168

-3.21750* 1.02761 .004 -5.3260 -1.1090

-5.25556* 2.39821 .037 -10.1763 -.3348

-17.40833* 2.24332 .000 -22.0113 -12.8054

5.25556* 2.39821 .037 .3348 10.1763

-12.15278* 2.24332 .000 -16.7557 -7.5499

17.40833* 2.24332 .000 12.8054 22.0113

12.15278* 2.24332 .000 7.5499 16.7557

(J) Sampling location
middle location

lower location

upper location

lower location

upper location

middle location

middle location

lower location

upper location

lower location

upper location

middle location

middle location

lower location

upper location

lower location

upper location

middle location

middle location

lower location

upper location

lower location

upper location

middle location

middle location

lower location

upper location

lower location

upper location

middle location

middle location

lower location

upper location

lower location

upper location

middle location

(I) Sampling location
upper location

middle location

lower location

upper location

middle location

lower location

upper location

middle location

lower location

upper location

middle location

lower location

upper location

middle location

lower location

upper location

middle location

lower location

Dependent Variable
Electrical

conductivity (µS/cm)

pH

Chloride (mg/lt)

Sulphate (mg/lt)

Nitrate (mg/lt)

Phosphate (mg/lt)

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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Multiple Comparisons

LSD

-.06667 .03657 .079 -.1417 .0084

-.27500* .03421 .000 -.3452 -.2048

.06667 .03657 .079 -.0084 .1417

-.20833* .03421 .000 -.2785 -.1381

.27500* .03421 .000 .2048 .3452

.20833* .03421 .000 .1381 .2785

-.37778* .17927 .045 -.7456 -.0099

-.95833* .16769 .000 -1.3024 -.6143

.37778* .17927 .045 .0099 .7456

-.58056* .16769 .002 -.9246 -.2365

.95833* .16769 .000 .6143 1.3024

.58056* .16769 .002 .2365 .9246

(J) Sampling location
middle location

lower location

upper location

lower location

upper location

middle location

middle location

lower location

upper location

lower location

upper location

middle location

(I) Sampling location
upper location

middle location

lower location

upper location

middle location

lower location

Dependent Variable
Iron (mg/lt)

Manganese (mg/lt)

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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Annex 2. One way ANOVA analysis result for nutrients and trace metals  

for soil along the course of Bulbula riverbank 
 

One-way 

ANOVA

173852.7 2 86926.333 185.388 .000

2813.333 6 468.889

176666.0 8

.549 2 .274 2.701 .146

.610 6 .102

1.158 8

.001 2 .001 .489 .636

.009 6 .002

.011 8

163773.1 2 81886.538 6.458 .032

76081.840 6 12680.307

239854.9 8

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Electrical

Conductivity(µS/cm)

pH

N (%)

Avail.P (mg/lt)

Sum of

Squares df Mean Square F Sig.

 

ANOVA

914.667 2 457.333 .773 .503

3549.333 6 591.556

4464.000 8

1175.360 2 587.680 314.829 .000

11.200 6 1.867

1186.560 8

2873.520 2 1436.760 496.576 .000

17.360 6 2.893

2890.880 8

.000 2 .000 . .

.000 6 .000

.000 8

15.609 2 7.804 22.228 .002

2.107 6 .351

17.716 8

.000 2 .000 . .

.000 6 .000

.000 8

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Iron (mg/lt)

Zinc (mg/lt)

Manganese (mg/lt)

Lead (mg/lt)

Copper (mg/lt)

Chromium (mg/lt)

Sum of

Squares df Mean Square F Sig.
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Post Hoc Tests 

Multiple Comparisons

LSD

-32.33333 17.68029 .117 -75.5954 10.9288

-309.66667* 17.68029 .000 -352.9288 -266.4046

32.33333 17.68029 .117 -10.9288 75.5954

-277.33333* 17.68029 .000 -320.5954 -234.0712

309.66667* 17.68029 .000 266.4046 352.9288

277.33333* 17.68029 .000 234.0712 320.5954

-.48333 .26024 .113 -1.1201 .1535

-.55667 .26024 .076 -1.1935 .0801

.48333 .26024 .113 -.1535 1.1201

-.07333 .26024 .788 -.7101 .5635

.55667 .26024 .076 -.0801 1.1935

.07333 .26024 .788 -.5635 .7101

.03000 .03186 .383 -.0479 .1079

.02333 .03186 .491 -.0546 .1013

-.03000 .03186 .383 -.1079 .0479

-.00667 .03186 .841 -.0846 .0713

-.02333 .03186 .491 -.1013 .0546

.00667 .03186 .841 -.0713 .0846

-210.00000 91.94312 .062 -434.9767 14.9767

-325.93333* 91.94312 .012 -550.9100 -100.9566

210.00000 91.94312 .062 -14.9767 434.9767

-115.93333 91.94312 .254 -340.9100 109.0434

325.93333* 91.94312 .012 100.9566 550.9100

115.93333 91.94312 .254 -109.0434 340.9100

(J) Sampling location
Middle location

Lower location

Upper location

Lower location

Upper location

Middle location

Middle location

Lower location

Upper location

Lower location

Upper location

Middle location

Middle location

Lower location

Upper location

Lower location

Upper location

Middle location

Middle location

Lower location

Upper location

Lower location

Upper location

Middle location

(I) Sampling location
Upper location

Middle location

Lower location

Upper location

Middle location

Lower location

Upper location

Middle location

Lower location

Upper location

Middle location

Lower location

Dependent Variable
Electrical

Conductivity(µS/cm)

pH

N (%)

Avail.P (mg/lt)

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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Multiple Comparisons

LSD

18.66667 19.85876 .384 -29.9260 67.2593

-4.66667 19.85876 .822 -53.2593 43.9260

-18.66667 19.85876 .384 -67.2593 29.9260

-23.33333 19.85876 .285 -71.9260 25.2593

4.66667 19.85876 .822 -43.9260 53.2593

23.33333 19.85876 .285 -25.2593 71.9260

-6.40000* 1.11555 .001 -9.1296 -3.6704

-26.80000* 1.11555 .000 -29.5296 -24.0704

6.40000* 1.11555 .001 3.6704 9.1296

-20.40000* 1.11555 .000 -23.1296 -17.6704

26.80000* 1.11555 .000 24.0704 29.5296

20.40000* 1.11555 .000 17.6704 23.1296

30.00000* 1.38884 .000 26.6016 33.3984

42.60000* 1.38884 .000 39.2016 45.9984

-30.00000* 1.38884 .000 -33.3984 -26.6016

12.60000* 1.38884 .000 9.2016 15.9984

-42.60000* 1.38884 .000 -45.9984 -39.2016

-12.60000* 1.38884 .000 -15.9984 -9.2016

.66667 .48381 .217 -.5172 1.8505

-2.40000* .48381 .003 -3.5838 -1.2162

-.66667 .48381 .217 -1.8505 .5172

-3.06667* .48381 .001 -4.2505 -1.8828

2.40000* .48381 .003 1.2162 3.5838

3.06667* .48381 .001 1.8828 4.2505

(J) Sampling location
Middle location

Lower location

Upper location

Lower location

Upper location

Middle location

Middle location

Lower location

Upper location

Lower location

Upper location

Middle location

Middle location

Lower location

Upper location

Lower location

Upper location

Middle location

Middle location

Lower location

Upper location

Lower location

Upper location

Middle location

(I) Sampling location
Upper location

Middle location

Lower location

Upper location

Middle location

Lower location

Upper location

Middle location

Lower location

Upper location

Middle location

Lower location

Dependent Variable
Iron (mg/lt)

Zinc (mg/lt)

Manganese (mg/lt)

Copper (mg/lt)

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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Annex 3. One way ANOVA analysis result for nutrient and trace metals  

for plant along the course of Bulbula riverbank 
 

 

One-way 

ANOVA

6.354 2 3.177 28.469 .001

.670 6 .112

7.024 8

.015 2 .008 2.030 .212

.022 6 .004

.037 8

2005.556 2 1002.778 6.844 .028

879.167 6 146.528

2884.722 8

459.722 2 229.861 2.192 .193

629.167 6 104.861

1088.889 8

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

N (%)

p (%)

Iron (mg/lt)

Zinc (mg/lt)

Sum of

Squares df Mean Square F Sig.

 

 

 

 

ANOVA

4059.722 2 2029.861 9.429 .014

1291.667 6 215.278

5351.389 8

.000 2 .000 . .

.000 6 .000

.000 8

4.167 2 2.083 1.500 .296

8.333 6 1.389

12.500 8

.000 2 .000 . .

.000 6 .000

.000 8

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Manganese (mg/lt)

Lead (mg/lt)

Copper (mg/lt)

Chromium (mg/lt)

Sum of

Squares df Mean Square F Sig.
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Post Hoc Tests 

Multiple Comparisons

LSD

-1.36360* .27277 .002 -2.0310 -.6962

-2.01693* .27277 .000 -2.6844 -1.3495

1.36360* .27277 .002 .6962 2.0310

-.65333 .27277 .054 -1.3208 .0141

2.01693* .27277 .000 1.3495 2.6844

.65333 .27277 .054 -.0141 1.3208

-.04667 .04967 .384 -.1682 .0749

-.10000 .04967 .091 -.2215 .0215

.04667 .04967 .384 -.0749 .1682

-.05333 .04967 .324 -.1749 .0682

.10000 .04967 .091 -.0215 .2215

.05333 .04967 .324 -.0682 .1749

-26.66667* 9.88358 .036 -50.8509 -2.4824

-35.00000* 9.88358 .012 -59.1843 -10.8157

26.66667* 9.88358 .036 2.4824 50.8509

-8.33333 9.88358 .431 -32.5176 15.8509

35.00000* 9.88358 .012 10.8157 59.1843

8.33333 9.88358 .431 -15.8509 32.5176

-9.16667 8.36106 .315 -29.6255 11.2921

-17.50000 8.36106 .081 -37.9588 2.9588

9.16667 8.36106 .315 -11.2921 29.6255

-8.33333 8.36106 .357 -28.7921 12.1255

17.50000 8.36106 .081 -2.9588 37.9588

8.33333 8.36106 .357 -12.1255 28.7921

(J) Sampling location
Middle location

Lower location

upper location

Lower location

upper location

Middle location

Middle location

Lower location

upper location

Lower location

upper location

Middle location

Middle location

Lower location

upper location

Lower location

upper location

Middle location

Middle location

Lower location

upper location

Lower location

upper location

Middle location

(I) Sampling location
upper location

Middle location

Lower location

upper location

Middle location

Lower location

upper location

Middle location

Lower location

upper location

Middle location

Lower location

Dependent Variable
N (%)

p (%)

Iron (mg/lt)

Zinc (mg/lt)

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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Multiple Comparisons

LSD

-50.83333* 11.97992 .005 -80.1471 -21.5195

-35.00000* 11.97992 .027 -64.3138 -5.6862

50.83333* 11.97992 .005 21.5195 80.1471

15.83333 11.97992 .234 -13.4805 45.1471

35.00000* 11.97992 .027 5.6862 64.3138

-15.83333 11.97992 .234 -45.1471 13.4805

.83333 .96225 .420 -1.5212 3.1879

-.83333 .96225 .420 -3.1879 1.5212

-.83333 .96225 .420 -3.1879 1.5212

-1.66667 .96225 .134 -4.0212 .6879

.83333 .96225 .420 -1.5212 3.1879

1.66667 .96225 .134 -.6879 4.0212

(J) Sampling location
Middle location

Lower location

upper location

Lower location

upper location

Middle location

Middle location

Lower location

upper location

Lower location

upper location

Middle location

(I) Sampling location
upper location

Middle location

Lower location

upper location

Middle location

Lower location

Dependent Variable
Manganese (mg/lt)

Copper (mg/lt)

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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Annex 4. Laboratory Result of Water analysis 
  
Sites  EC pH *Cl- SO42- NO3- PO43- Zn2+ Cu2+ Cr2+ Pb2+ Fe2+ Mn2+ 

Upper zone 55 6.29 0.7 4 1.33 0.8 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Upper zone  55 6.31 0.9 4 1.33 0.9 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Upper zone  59 6.31 0.8 4 1.33 0.6 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Upper zone  73 6.24 0.7 1 7.97 0.9 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Upper zone  82 6.64 0.7 1 7.97 1.4 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Upper zone  73 6.32 0.8 1 7.97 1.2 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Upper zone  72 6.23 0.7 1 7.96 0.9 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Upper zone  81 6.64 0.68 1 7.96 1.4 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Upper zone  71 6.31 0.8 1 7.97 1.2 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Middle zone 769 7.46 83 22 1.33 5.4 < 0.1 < 0.1 < 0.1 < 0.1 0.1 0.1 

Middle zone 769 7.46 88 21 1.33 5.6 < 0.1 < 0.1 < 0.1 < 0.1 0.1 0.1 

Middle zone 783 7.58 86 22 0.89 5.7 < 0.1 < 0.1 < 0.1 < 0.1 0.1 0.1 

Middle zone 827 7.62 93 24 0.89 8.8 < 0.1 < 0.1 < 0.1 < 0.1 0.2 1.3 

Middle zone 819 7.63 92 24 3.54 5.7 < 0.1 < 0.1 < 0.1 < 0.1 0.2 0.7 

Middle zone 818 7.49 90 24 2.66 6.8 < 0.1 < 0.1 < 0.1 < 0.1 0.2 0.8 

Middle zone 826 7.35 94 24 7.09 7.2 < 0.1 < 0.1 < 0.1 < 0.1 0.2 0.1 

Middle zone 808 7.41 92 24 7.09 5.6 < 0.1 < 0.1 < 0.1 < 0.1 0.2 0.1 

Middle zone 809 7.39 93 24 6.2 5.8 < 0.1 < 0.1 < 0.1 < 0.1 0.2 0.1 

Lower zone 766 7.45 62 26 0.89 7 < 0.1 < 0.1 < 0.1 < 0.1 0.2 0.1 

Lower zone 812 7.31 60 26 0.89 5.6 < 0.1 < 0.1 < 0.1 < 0.1 0.2 0.6 

Lower zone 760 7.34 62 26 0.89 6.7 < 0.1 < 0.1 < 0.1 < 0.1 0.2 < 0.1 

Lower zone 939 7.31 74 29 0.04 15 < 0.1 < 0.1 < 0.1 < 0.1 0.4 1.2 

Lower zone 935 7.48 78 25 0.04 20 < 0.1 < 0.1 < 0.1 < 0.1 0.4 1.2 

Lower zone 968 7.41 74 28 <0.04 26 < 0.1 < 0.1 < 0.1 < 0.1 0.4 1.2 

Lower zone 949 7.31 73 29 < 0.04 23 < 0.1 < 0.1 < 0.1 < 0.1 0.4 1.2 

Lower zone 948 7.42 71 33 < 0.04 24 < 0.1 < 0.1 < 0.1 < 0.1 0.4 1.2 

Lower zone 950 7.35 78 33 < 0.04 28 < 0.1 < 0.1 < 0.1 < 0.1 0.4 1.2 

*Chemical Constituents in ppm (mg/lt) except pH and EC (µS/cm) 
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Annex 5. Laboratory Result of Soil analysis 
 

Sites EC pH N (%) *P Fe2+ Zn2+ Mn2+ Pb2+ Cu2+ Cr2+ 

Upper zone 114 5.92 0.24 5.4 76 4 50 < 0.2 3.4 < 0.2 

Upper zone 112 5.95 0.17 4.2 62 2.6 50 < 0.2 2.8 < 0.2 

Upper zone 146 5.9 0.17 4.6 70 1.8 50 < 0.2 2.8 < 0.2 

Middle zone 139 6.57 0.15 44.2 38 6.8 20 < 0.2 1.4 < 0.2 

Middle zone 169 6.28 0.14 200 54 10.2 20 < 0.2 2.8 < 0.2 

Middle zone 161 6.37 0.2 400 60 10.6 20 < 0.2 2.8 < 0.2 

Lower zone 451 6.89 0.14 240 40 29.6 4.2 < 0.2 5.2 < 0.2 

Lower zone 401 5.88 0.22 384 64 29.6 8 < 0.2 6 < 0.2 

Lower zone 449 6.67 0.15 368 118 29.6 10 < 0.2 5 < 0.2 

*Values are in mg/kg except for EC (µS/cm) and pH. 

 

 

Annex 6. Laboratory Result of plant analysis  
 
Site N (%) P (%) *Fe2+ Zn2+ Mn2+ Pb2+ Cu2+ Cr2+ 

Upper zone 1.2488 0.19 60 20 27.5 <2.5 5 <2.5 

Upper zone 1.148 0.18 82.5 17.5 27.5 <2.5 5 <2.5 

Upper zone 1.1788 0.19 60 15 27.5 <2.5 5 <2.5 

Middle zone 2.5984 0.28 95 27.5 57.5 <2.5 5 <2.5 

Middle zone 2.4976 0.16 85 17.5 97.5 <2.5 2.5 <2.5 

Middle zone 2.5704 0.26 102.5 35 80 <2.5 5 <2.5 

Lower zone 2.8112 0.26 100 25 50 <2.5 5 <2.5 

Lower zone 3.8668 0.38 117.5 52.5 80 <2.5 7.5 <2.5 

Lower zone 2.9484 0.22 90 27.5 57.5 <2.5 5 <2.5 

*Values are in mg/kg except for N and P. 
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