
1 

 

                                  

 
 
 

 

ADDIS ABABA UNIVERSITY, SCIENCE FACULTY  

SCHOOL OF GRADUATE STUDIES  

ENVIRONMENTAL SCIENCE PROGRAM 
 

 

Removal Efficiency of Black Cotton Soil in Attenuation of 

Pollutants from Wastewater for Reusing Wastewaters for 

Aquifer Recharge: case Study of Kality Treatment Plant Water 

and Textile Treatment Plant Water, Addis Ababa, Ethiopia. 
 
                              
 
                                                By: Abrham Abebe                  
 
 
 
 
                                                                                                               July, 2010 
 

 

 

 

 

 

 

 

 

 

 

 



i 

 

Acknowledgement 

 
I would like to express my heartfelt gratitude to my advisor Dr. Hammid Suliman and Dr 

Mouhammed Oumer for initiating this thesis work, and providing sincere, faithful and immense 

advice and guidance from the beginning until the completion of the work. Without their 

encouragement, guidance, and help, this work would have not taken this form. I also extend my 

deep appreciation to all staff members of Environmental Science department, Faculty of Science.  

I am enormously indebted and grateful to my classmates of Environmental Science students and 

especially to Gulelat Teshome, and Tewodros Tariku from Microbiology departemnet who are 

with me in entire education, you are truly more than a friend to me.  

I am very grateful to KK Textile industry and Kality Treatment plant Management for allowing 

me to take effluent samples throughout the study.  

I express my thanks to Ato Abebe Gebrehiwot and Ato Bekele Waktola from Ethiopian National 

soil Laboratory for the support the laboratory work. 

I am also grateful to Sister Tsehaye Wondmu from Debre Zeit Hospital who helped me 

providing the necessary materials for laboratory work and also to Lensa Teklu for helping me in 

paper work.I also very grateful to staff of environmental protection authority (EPA) Laboratories 

and Ethiopian agricultural research organization (EARO) laboratories Debre zeit branch for 

allowing laboratory work.  

I want to pass my sincere gratitude to my family: mother Askale Fekene, father Abebe Balcha, 

sister Sara Abebe, brother Paulos Abebe,Daniel Abebe,and Dawit Abebe for supporting me 

throughout my entire graduate education. 

 

Above all, I express my thanks to the Almighty God who helped me in my day to day life. 

 

 

 

 

 

 

 

 

 



ii 

 

Table of contents                                                                                     Page 

 

Acknowledgement……………………………….…………...………………….….………...….i 

Table of Contents…...………………….…………………..………………………...…………..ii 

List of Tables…………...…………………………………………………………………..…….iv 

List of Figures…………………………………………………………………………….….…...V 

Acronyms……………………………………………………………………………….……….Vii 

Abstract……………………………………………………..………………………….......…...Viii 

 

I. Introduction………………………..…………………………….…..……….……..………..1 

1.1.Background…………………………...…………………………………..…….…......………1 

1.2.Characteristics of Wastewater…..………………………………………..……………………2 

1.3.Reuse Application of Treated wastewater………………………………….…………………3 

1.4.Land Treatment…………………………………………….………………………..…..…….4 

  1.4.1.Soil Aquifer Treatment……………………….....…………...……….…...……………….4 

1.5.Artificial Recharge of Aquifer……………………………………………….…….………….5 

  1.5.1.Managed aquifer recharge(MAR)……..…………………………………..….……………7 

1.6.Soil Features for Removal of Pollutants from Wastewater…………………….…….……….8 

1.6.1.Cation Exchange Capacity and wastewater treatment……………...………...……………10 

1.7.Statement of the Problem…………………………………………………………...………..11 

1.8.Objectives of the Study…………………………………………..….……………………….12 

 1.8.1.General Objectives…………………………………………………….…………………..12 

 1.8.2.Specific Objectives……………………………………………...………….……………..12 

II. Materials And Methods………………………………………...….….….......………….13 

2.1.Sample and Sampling Site………………………………..………………………………….13 

2.2.Material Used…………………………………………..…………………………………….14 

2.3.Soil Sampling………………………………...………………………………………………14 

2.4.Water Sampling……………………………………..……………………………………….16 

2.5.Water Quality Analysis and Soil Test……………………………..…………………………17 

2.6.Statistical Analysis……………………………………………………....……...……………18 

III.Study Area……………………………………………..….………………………………..19 



iii 

 

3.1.Drainage……………………………………….……………………………………………..19 

3.2.Geological Setting…………………………………...……………………………………….20 

3.3.Hydrogeology………………………………..………………………....………....…………21 

3.4. Soil Media ……………………………………….………………………….………………21 

3.5. Climate ………………………………………………………………….......………………22 

IV. Result and Discussion………..………………………………………………………….23 

4.1.Effects of Hydraulic Loading Rates On Removal of Cations and Reduction of Electric  

      Conductivity(EC) from KTP and TTP water..……………………………………………….29 

4.2. Effects of Hydraulic  Loading Rate on COD and BOD removal performance of KTP water    

 and TTP water …………………..…………………………....…………………….....…34 

4.3. Effects of Organic Loading Rate on Nitrate and Ammonia nitrogen  and nitrite removal 

 performance of  KTP water and TTP water…………..…………..………...……………37 

4.4. Effects of Hydraulic Loading Rates on Phosphate removal of KTP water and TTP water ...41 

4.5. Effects of Hydraulic Loading Rates on Sulfate removal of KTP water and TTP water.……43 

V. Conclusion…………………………………………………………………………………45 

VI. Recommendation………………………...………………………………………………47 

VII .References……………………………..…………………………………………………48 

VIII.ANNEX...............................................................................................................................54 

 

 

 

 

 

 

 

 

 

 

 

                                            



iv 

 

LIST OF TABLES 

Table                                                                                                    Page 

 
Table 1.Soil Parameters Analysis………………………………………………………………..23 

Table.2. Irrigation Water Quality Standards……………………………………………………..24 

Table.3.Soil Classification based on Sodium Absorption Ratio (SAR), Exchangeable Sodium 

 Percentage(ESP),Electrical Conductivity(EC)and pH level..............................................25  

Table. 4. Characteristics of the influent and effluents at three hydraulic loading rates of Kality 

 treatment plant water (Concentrations are in mg/l, except for pH and Electric 

 Conductivity)………………………………………………………………………….....26 

Table.5. Characteristics of the influent and effluents at three hydraulic loading rates of KK textile 

 Treatment plant water (Concentrations are in mg/l, except for pH and Electric 

 Conductivity)…………………………………………………………………………….27 

Table.6. Sodium adsorption value of Influent and Effluents of KTP water and TTP  water…....29 

Table.7. The BOD5/COD ratio of the influents and effluents of KTP and TTP  at different  

 hydraulic loading rates…………………………………………………………………...37 

Table 8: Provisional Effluent limitations For All Categories of Industries in EEthiopia..............54 

Table 9: Analysis of variance table for physico-chemical and biological parameters for KTP 

 water...................................................................................................................................55 

Table 10:One way ANOVA for multiple comparison of removal efficiencies from selected 

 parameters of KTP water...................................................................................................56 

Table.11. Analysis of variance table for physico-chemical and biological parameters for TTP water......58 

Table .12.One way ANOVA for multiple comparisons of removal efficiencies from selected 

 parameters of TTP water………… ...................................................................................59 

                                             

 

 

 



v 

 

                                     LIST OF FIGURES 

Figure                                                                                                  Page 

 

Figure 1: MAR by infiltration (a), MAR by injection well(b),………….....………………...……8 

Figure .2.Schematic diagram of Experimental Set Up…….……………………………...……..13 

Figure.3.Laboratory Simulation of Column Test………………………………………………...14  

Figure.4.Location where the soil samples were taken……….....………………………..……....15 

Figure.5.Pit Where Soil Sample is Taken......................................................................................15  

Figure.6. Schematic diagram of KK Textile Treatment Plant…………………..…………...…..17 

Figure 7:Location Map of The Study Area....................................................................................19 

Figure.8.Addis Ababa Catchments with main drainage system……………………...…...……..20 

Figure.9 pH value of KTP water and TTP water...…………....…………………………...…….28 

Figure.10.SAR value of Influent and Effluents of KTP water and TTP water…...………...……29 

  Figure.11. Sodium Removal Efficiency of KTP and TTP water (A), Comparison of average  

   concentration of sodium ion for KTP and TTP water(B)………….…………….……...…30 

  Figure.12. Calcium Removal Efficiency of KTP and TTP water(A), Comparison of average   

   concentration of Calcium ion for KTP and TTP water(B)…………………….….......…...31 

  Figure.13. magnesium Removal Efficiency of KTP and Ttex water(A), Comparison of average   

   concentration of magnesium ion for KTP and TTP water(B)……………...…….………..32 

  Figure.14. Potassium ion Removal Efficiency of KTP and TTP water(A), Comparison of average  

   concentration of potassium ion for KTP and TTP water(B)...………..…………………....33 

Figure.15.Electric conductivity Removal Efficiency of KTP and TTP water (A), Comparison of 

 average concentration of electric conductivity for KTP and TTP water (B)………….…34 

  Figure.16. BOD Removal Efficiency of KTP and TTP water(A), Comparison of average    

   concentration of BOD for KTP and TTP water(B)……….………………………………35 



vi 

 

Figure.17. COD Removal Efficiency of KTP and TTP water (A), Comparison of average 

 concentration of COD for KTP and TTP water (B)……………………………………..36 

Figure.18. Ammonia Removal Efficiency of KTP and TTP water (A), Comparison of average 

 concentration of ammonia for KTP and TTP water (B)……….…….....……………..…39 

Figure.19. Nitrite Removal Efficiency of KTP and TTP water (A), Comparison of average 

 concentration of nitrite for KTP and TTP water (B)………………..…………..…...…..40 

Figure.20. Nitrate Removal Efficiency of KTP and TTP water (A), Comparison of average 

 concentration of nitrate for KTP and TTP water (B)……………………………………41. 

Figure.21. Phosphate Removal Efficiency of KTP and TTP water (A), Comparison of average 

 concentration of phosphate for KTP and TTP water (B)………………………………..43. 

Figure.22. Sulfate Removal Efficiency of KTP and TTP water (A), Comparison of average 

 concentration of sulfate for KTP and TTP water (B)…………………………………...44. 

  

 

 

 

 

 

 

 

 

 



vii 

 

ACRONYMS 

 
AAWSA Addis Ababa Water and Sewerage Authority 

 

AWWA American Water Work Association 

 

BGS British Geological Survey 

 

BOD Biochemical Oxygen Demand 

 

COD Chemical Oxygen Demand 

 

DO Dissolved oxygen 

EC Electric Conductivity 

ESP Exchangeable Sodium Percentage 

IAH International Association of Hydrology 

KTP Kality Sewage Treatment Plant 

MAR Managed Aquifer Recharge 

MOWR Ministry Of Water Resource 

SAR Sodium adsorption ratio  

 

SAT Soil Aquifer Treatment  

 

UNEP United Nation Environmental Protection 

 

USDA United Sates OF Agriculture 

 

USEPA United Sates Environmental Protection Authority 

 

UV Ultra violet 

 

WEDC  Water, Engineering and Development Center 

 

 



viii 

 

Abstract 

The objective of this study was to assess soil capability in attenuation of pollutants from 

wastewater and to reuse it for aquifer recharge with indication of ground water protection. 

Wastewater from textile treatment plant and sewage treatment plant was used. 

 

 Undisturbed soil core of black cotton soil was used in the first 50cm of soil layer which is 

placed in 20 PVC plastics to simulate soil column test. Black cotton soil is the dominant soil type 

in the study area which has high in cation exchange capacity and low electric conductivity this 

feature is important for retention of nutrients. Three hydraulic loading rates was selected 

136mm/d, 181 mm/d and 226mm/d for identification of optimum hydraulic loading rates. 

The sodium adsorption value of kality treatement plant water and textile treatment plant water 

was initially 1.65 and1.98 respectively which is under safe range through the system there was 

an increase trend observed which rise up to 1.92 and 2.64   for the respective water types at 

226mm/d and these HLRs where the least removal efficiency was obtained for the two water 

types showing developement of infiltration problem due to sodium effect which is one of the 

factor for reduction removal efficiency. 

 

From the study maximum removal of most nutrients was observed at 136mm/d hydraulic loading 

rate than the remaining hydraulic loading rate. At this flow rate highest removal of, BOD, COD, 

NH3, NO2
-
 PO4

3-
and EC was observed for both water types applied. There was statistically 

significant difference(P<0.05) between the selected HLRs which shows the influence of  flow 

rates in the removal of nutrients from the system.In the entire column test there was an increase 

result in output water than the influent water indicating the weak adsorption nature of nitrate 

and conversion of ammonia to nitrate in the nitrification process. In the paramter selected with 

the increase of HLR effect of saturation minimizes the soil capacity to remove pollutants was 

observed.  

Generally this study shows the suitability of black cotton soil in removal of pollutants from the 

wastewater, the need of reusing wastewater in managed way for sustainable use of groundwater 

and the caution it require in the application black cotton soil for aquifer recharge due to 

permeablity problem . 
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I. Introduction 
 

1.1. Background 

Water is life .Its importance of water begins with the survival of living organisms and extends to 

economical, cultural and social development of a nation. Currently more than 300million people 

in Africa live in water scarce environment and by 2050, 18 African countries expected to 

experience water stress. This realistic situation requires decisive water resource management to 

conserve the available water resource from quantity and quality degradation (Obasi, 2003). 

The water supply of Addis Ababa previously from ground water  in the  form of springs located 

at the foot of the Entoto ridges(northern part of the city) and due to high demand of water there is 

a shift to surface reservoirs Gefersa, Legedadi and Dire  and ground water abstraction from 

Akaki well field(Adelana et al.,2008).There are over 600 wells used as water supply source to 

the city and most of these well are found in densely populated areas of the city and new ground 

water development is under way in the southern part of the city (Getahun Worku and Adinew 

Adam , 1999).  

In Addis Ababa like other sub Saharan cities urbanization, agriculture, industry and climate 

changes exert pressure on both the quantity and quality of water resource and water  related 

activities are growing from time to time which threatens the human health, aquatic life and 

terrestrial ecosystems in general(MOWR,2010). It is expected that the demand for potable water 

will exceed above 500,000 m
3 

per day in 2020 as a result AAWSA is looking for additional new  

wells in Akaki well fields and to impound surface water from the sibilu and Gerbi rivers located 

about 30 and 45 kilometers north of Addis Ababa respectively, in Oromiya region and also 

improve the  existing reservoirs to fulfill the demands of industries, residential houses, 

governmental and non-governmental organizations (Hendriks  and Beale, 2002 and Girma 

Kebede, 2004). 

The major industries in Addis Ababa are established in and around Akaki area where ground 

water sources is located and except few industries who establish treatment plant most industries 

simply discharge their wastes directly to the environment which allows pollutant to leak in to 

ground water and lack of control and monitoring system aggravate the trend of dumping of 
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wastes directly to water bodies(Mebratu Demisse, 2000). Discharge of untreated sewage without 

inadequate treatment directly into bodies of water or on to agricultural land, causes detrimental 

health, economic and cultural effects (Volkman, 2003). 

 The major source of pollutants that could deteriorate the water quality of Addis Ababa could 

arise from industrial activities, agricultural activities, municipal wastes, fuel stations, garages and 

heath center (Tamru et al., 2003). 

There are two sewage treatment   plants in Addis the first one, called Kality treatment plant, runs 

under designed capacity of 7600 m
3 

per day or 200000 population equivalent and treats on 

average 5200 m
3 

per day the other treatment plant, called Kotebe treatment plant, receives only 

sludge from vacuum trucks that empty septic tanks with an estimated annual volume of 85,000 

m
3 

per day. Around 400 ha is used for urban agriculture irrigating with Akaki river where the 

farmers depend for their livelihood by selling vegetables to the city dwellers and these irrigation 

activity concentrate pollutant and increases transport of pollutant from surface environment to 

water table leading to ground water pollution( Van Rooijen and Girma Taddesse, 2009). 

 

1.2. Characteristics of wastewater 

Wastewater is used water generated from residence, institutions, commercial and industrial 

establishments. It can be classified according to the sources commonly as domestic, sanitary, 

industrial, combined, and storm-water (Stephan, 2009). Domestic wastewater is the water that 

has been used by a community and which contains all the materials added to the water during its 

use and it is composed of human body wastes (feces and urine) together with the water used for 

flushing toilets, personal washing, laundry, food preparation and the cleaning of kitchen utensils. 

Industrial wastewater includes employee`s sanitary wastes, process wastes from manufacturing’s 

and wash waters from cooling and heating. In contrast with the relatively consistent character of 

domestic sewage industrial wastewaters often have quite different characteristics and possibly 

may contain toxic substance (Henry, 2004).   

Wastewater characterization is very important in designing of wastewater treatment plants that is 

it is essential to look for physical, chemical and biological features of wastewater. The physical 

characteristics of wastewater include those items that can be detected using the physical senses. 
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They are temperature, color, odor, and solids. The chemical characteristics of wastewater are pH, 

DO (dissolved oxygen), oxygen demand, nutrients, and toxic substances. The biological 

characteristics of wastewater are the presence of organisms like bacteria, viruses and parasites 

(Papadopoulos et al., 2003). 

 

1.3. Reuse Application of Treated Wastewater  

Wastewater reuse is the collection and treatment of wastewater for other uses. In treatment and 

reuse perspectives it is crucial to differentiate urban domestic sewage, rich in organic compounds 

with high BOD from commercial and industrial wastewater, with heavy metals, solvents and 

variety of persistent organic compounds (USEPA, 2004). 

Application of treated wastewater resource requires appropriate management because of the risks 

impose to health . The most common reasons for establishing a wastewater reuse agenda is to 

discover new water sources for the diminishing quantity and quality of potable source waters and 

to meet the increased water demand (Mckinney, 2004). 

Reuse of treated wastewater can be applied for direct and indirect application. Direct reuse of 

treated wastewater is limited to non potable applications such as industrial process, irrigation of 

farms, groundwater recharge, fish farming; and park irrigation; and toilet flushing. The treated 

wastewater must not be used for drinking and bathing purposes In indirect reuse, wastewater 

undergoes various degrees of treatment and discharged to surface water or a groundwater 

aquifer, where it is diluted and after varying detention periods and treatment may become a 

source of water for potable purposes (Nemerow et al., 2009).  

1.4. Land Treatment 

Land treatment systems refer to the controlled discharge of partially treated effluents on to land 

to remove contaminants from the water. The soil and/or agriculture crop or forest absorb and 

filter nitrates, phosphates, organics, and other elements from the effluent (Young and Epp, 1990). 

It includes slow rate(SR),overland flow(OF) and soil aquifer treatment(SAT) or Infiltration-

percolation or rapid infiltration(RI).The slow rate and soil aquifer treatment uses soil matrix for 
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treatment after infiltration of the effluent but overland flow uses soil surface and vegetation for 

treatment(Crites et al.,2006 and Gohil ,2000).This study focuses on soil aquifer treatment with a 

types of  infiltration-percolation using black cotton soil.  

1.4.1. Soil Aquifer Treatment 

Soil-aquifer treatment is an artificial recharge of groundwater through infiltration basins, it is a 

simple technology, advanced wastewater treatment system and a less expensive wastewater 

treatment method (El-Hattab et al., 2007).General structural view of SAT is shown in Figure 

1.Soil aquifer treatment, is especially advantageous in locations where aquifers are unconfined 

(Fox , 1999).  

Before the sewage reaches to ground water it infiltrate and percolate through the unsaturated soil 

and this movement allows further purification that is, removal of microorganisms, precipitation 

of phosphates, removal of biodegradable material etc. of the sewage. The soil environment 

provides a variety of physical, chemical and biological process such as sedimentation, filtration, 

adsorption, precipitation, ion exchange,hydrolysis,biodegradation,nitrification,denitrification,and 

predation(Brissaud,2008).   The effectiveness of each system vary from soil to soil and also 

depends on the hydraulic and biochemical characteristics of wastewater therefore understanding 

soils characteristics and treatment capability help to attain desired water quality (Smith, 2008). 

Soil aquifer treatment  has an aesthetic advantage over conventionally treated sewage in that 

water recovered from SAT system is not only clear and odor-free but it comes from wells. Thus, 

the water has lost its association with sewage and the community sees it as water coming out of 

the ground as groundwater than as sewage effluent. This could be an important aspect in the 

public acceptance of sewage reuse schemes (Amy, 2005). 

Proper design and management of soil aquifer treatment help to attain desired water quality. 

Prediction of the quality of the percolating water when it reaches the saturated zone is generally 

difficult, mainly because of the high heterogeneity of soil layers(Brissaud,2008). The three main 

factors that can affect the efficiency of soil aquifer treatment systems are: effluent pretreatment, 

site characteristics, and operating conditions (Fox, 1999). Therefore, a detailed investigation of 

the hydraulic characteristics of the soil layers below the infiltration site is valuable (Yang et al., 

2006).  

The pretreatment requirements for SAT vary depending on the purpose of groundwater recharge, 

sources of reclaimed water, recharge methods, and location (Volkman, 2003). 
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 The movement of pollutant in ground water depends on hydro geological characteristics of the 

material more specifically the hydraulic properties such as porosity, permeability, transmitivity, 

etc. This show for the final destination of pollutants it is necessary to describe the earth material 

occurring in study area with particular reference to their infiltration capacity (Tamru et al., 2003 

and Mohan and Muthukumaran, 2004). 

1.5. Artificial Recharge of Aquifer 

Artificial recharge is the planned, human activity of augmenting the amount of groundwater 

available through works designed to increase the natural replenishment or percolation of surface 

waters into the groundwater aquifers, resulting in a corresponding increase in the amount of 

groundwater available for abstraction (Sakthivadivel, 2008).   

Because of high demand of water there is elevated abstraction of ground water as a result it is 

necessary to recharge the aquifer and maintain sustainability of ground water. 

 The aquifer recharge could be direct or indirect recharge. Direct recharge commence through 

recharge wells where water from surface sources at a place above the aquifer areas it is made to 

percolate and recharge the ground water and it requires more treatment to meet drinking water 

standards, less land usage (Rail, 2000) and In indirect aquifer recharge uses more land and 

requires less treatment and applied by spreading on land surface so the water passes through 

vadose zone (Fox, 1999). 

Unintentional recharge from irrigation, surface storage, leaking water supply and sewerage 

systems are side effects of infiltration which degrades the quality of ground water (Stephen et al., 

2006). 

 

In the application of impaired quality waters used to recharge groundwater aquifers must receive 

a sufficiently high degree of pretreatment before recharge to minimize the extent of any 

degradation of groundwater quality, as well as to minimize the need for any extensive post-

treatment at the time of application (Sinisi, 2008,and Vigneswaran and Sundaravadivel, 2001). 

The use of artificial recharge to store surplus surface water underground can be expected to 

increase as growing populations demand for more water In order to accomplish the uses without 

deleterious environmental consequences, the optimum combination of treatment methodologies 

before recharge and after recovery from the aquifer must be identified it will also be necessary to 
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consider the sustainability of soil-aquifer treatment and health effects of water reuse when using 

treated wastewater as the recharge medium(Bouwer, 2002).   

Intentional artificial recharge of groundwater aquifers with treated wastewater can be carried out 

to achieve one or more of the following objectives:  to stores water during the wet season for use 

in the dry season, when demand is highest, serve as treatment mechanism, used to improve 

aquifer water by recharging with high quality injected water, to increase the sustainable yield of 

an aquifer (Vigneswaran, and Sundaravadivel, 2001). In addition to the advantages there are  

limitation related to ground water recharge the following are some of them, extensive land areas 

may be needed for spreading basins, costs for treatment ,there is a potential for contamination of 

the groundwater from injected surface water runoff especially from agricultural fields and roads 

surfaces, recharge can degrade the aquifer unless quality control of the injected water is 

maintained properly , not all recharged water may be recoverable due to movement beyond the 

extraction well capture zone or mixing with poor-quality groundwater, require proper 

investigation of hydrogeology of an aquifer before any application of recharge and damage to the 

soil and vegetation cover likely occur in the construction of water traps (USEPA,2004 and Foster 

et al.,2006). 

 There are several artificial recharge techniques in use, including infiltration basins and canals, 

water traps, cutwaters, surface runoff drainage wells, septic-tank-effluent disposal wells, and 

diversion of excess flows from irrigation canals into sinkholes (Dillion,2003). 

The quality of the water of a recharged aquifer is a function of: the quality of the recharge water; 

the recharge method used; the physical characteristics of the vadose zone and the aquifer layers; 

the water residence time; the amount of blending with other sources and the history of the 

recharge (Thoa et al., 2008).  

1.5.1. Managed aquifer recharge (MAR) 

In urban areas where there’s not enough surface water storage, aquifers can provide a way to 

store excess water when it is available until the time it is needed. Managed aquifer recharge 

(MAR) describes the intentionally injecting or depositing (Figure 1)and treatment of water into 

an aquifer and then extracting the water for use at a later date (EPA Australia, 2005). Infiltration 
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capacity depend on many factors such as soil type, moisture content, organic matter, vegetative 

cover, season, air entrapment, slope, and porosity, (Lowery et al., 1996). 

There has been an increasing interest in using MAR as a mechanism to store and later supply an 

alternative water source for various uses (Dillion, 2003). 

The main goal of MAR is to enhance sustainable usage of water resource by restoration of 

supplies from aquifer depleted from excessive extraction of ground water. The term MAR can be 

applied to situation where aquifer recharge without abstraction or recharge for later abstraction. 

The technique includes: spreading method, induced bank infiltration, borehole recharge, soil 

aquifer treatment, infiltration pond, rain water harvesting etc, (Dillion,2003).Problems related to 

MAR are health risk, groundwater contamination, surface and marine water contamination and 

ecosystem degradation (Bouwer,2002). 

 

     Figure 1: MAR by infiltration (a), MAR by injection well(b), (EPA Australia, 2005)                                         

1.6. Soil Feature for Removal of Pollutants from 

 Wastewater 
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According to USEPA (2006) and Siegrist (2006), for natural disinfection by soil the following 

conditions has to be fulfilled: 

1. Adequate permeability for water movement, 

2. Adequate soil profile depth for treatment—depending on effluent loading rate and 

quality, a certain depth of unsaturated aerobic soil is needed, 

3. Conditions conducive to treatment, including unsaturated soil with film flow over soil 

grains and long travel times for kinetic processes (e.g., BOD and NH4+ removal and 

virus inactivation), 

4. Adequate volume of soil with the correct properties to provide adequate soil grain surface 

area for sorption processes (e.g., P removal), 

5. Properties conducive to treatment (e.g., pH, alkalinity, temperature, and no biotoxins);and  

6. Presence of microbes in the soil 

The amount of surface area depends on texture or particle size distribution of the soil Clay 

particles (<0.002 mm in diameter) have a much greater surface area per unit volume than silt 

(0.0020.05 mm) or sand (0.05-2.0 mm) particles. As the surface area of the soil increases so does 

the chemical activity which facilitate pollutant removal (Cogger, 1995).  

The four general soils surface that provides the chemical properties are silicate clay minerals; 

hydrous oxides of iron (Fe), aluminum (Al), and manganese (Mn); carbonates; and organic 

matter. Hydrous oxides of iron, aluminum and manganese often occur as coating on soil particles 

the hydrous oxide surfaces combine with water molecules and forms mixture of positively and 

negatively charged sites. Nitrates are weakly attracted to hydrous oxides and so moves simply 

unchecked. Phosphate (H2PO4
-
 and HPO4

2-
), however, can bond directly to iron and aluminum at 

oxide surfaces, resulting in rapid removal of phosphate from solution. The movement of 

phosphate through soils containing large amounts of hydrous oxides is therefore limited. 

Carbonates of magnesium and calcium are important for recovery of phosphate from municipal 

and industrial wastewater.Organic matter has a large reactive surface and is extremely complex 

chemically and can provide an energy source for microbial growth and can bind many substances 

(Loomis, 1999). Silicate clay minerals contain much of clays fractions of soils and they give 

stickiness and plasticity when moist and hardness and resistance to crumbling when drying. 

Silicate clay minerals  contain permanent negative charge and attract and adsorbs cations like 
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ammonium(NH4
+
) and organic compounds effectively and anions in the soil solution will be 

repelled by the same surface (Sparks,2003)  .  

Soil microbes which are responsible for biological wastewater treatment process like in break 

down of organic matter and removal of nitrogen. These microorganisms are sensitive to 

environmental conditions within the soil, including temperature, moisture levels, and oxygen 

availability (Cogger, 1995). 

1.6.1. Cation Exchange Capacity and wastewater treatment 

Soil cation exchange capacity is the total of the exchangeable cations that a soil can hold at a 

specified pH (Manrique et al., 1991) Soils develops CEC due to clay particles and organic 

matters in the soil the higher these components the higher CEC.  

The soil exchange site can be either permanent or pH dependant. Mineral soils have an exchange 

capacity that is a combination of permanent and pH dependant exchange site. The mineral layer 

has negative charges found primarily in the layer silicates. 1:1 layer silicates carry an edge 

charge produced by broken Al-O bonds. Isomorphism substitution provides for cation exchange 

charges in 2:1 layer silicates along with edge charges.  

CEC is limited by availability of cation in soil solution like expandable layer silicates 

(vermiculite and montmorillonite) are able to exchange cations while non-expandable 2:1 layer 

silicates (micas) are not (Brady, 1990). Accessibility of cations that is cations with smaller 

hydrated radii are held more tightly than cations with the same charge but larger hydrated radii. 

Thus Na
+ 

is not held as tightly as Mg
2+ 

which is not held as tightly as Ca
2+ 

(Spark, 2003). 

The source of negative charge in organic matter arises from the ionization of hydrogen from 

carboxyl (-COOH) and phenol groups (-OH) and from the amide (-NH2) groups (Mesfin Abebe, 

2007).Organic soils are predominantly pH dependant. Organic matter can have a 4 to 50 times 

higher CEC per given weight than clay. The negative charges of soils organic matter is balanced 

by cations in the soil, organic acid dissociation depends on the soil pH, so does the CEC and the 

CEC of a soil with pH-dependent charge will increase with an increase in pH (Ketterings et al., 

2007). 

In a soil the number of exchange site is dependant on the soil pH, size, amount and type of clay 

minerals and amount and source of organic material. The relation ship between clay content and 
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CEC highly variable because different clay minerals have very different CEC value. At the same 

time relative proportion of pH dependant and Permanente varies among clay minerals 

(Seilsepour and Rashidi, 2008). 
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1.7. Statement of the Problem 

Currently most cities in Africa faces challenges of population growth and its consequences like 

stress in the well being of the environment due to the high demand created over the limited 

resources and degradation of quality of the environment. 

In Addis Ababa due high population and developmental activities the demand for water is 

increasing and to satisfy this needs and to keep it sustainably it is necessary to look for other 

resources like wastewater. The perception of wastewater is simply as waste and to dump it 

recklessly to surface waters and land. The practice of waste management is at infant stage that 

the existence of the biodiversity in urban area is threatened.  

Along the three reservoirs the water resources Addis Ababa`s population relies on ground water, 

and these resources faces extensive abstraction and vulnerability to pollution due to poor 

management of waste disposal systems. Unintentional recharge is one of the problems faced to 

the quality degradations ground water resources in Addis Ababa. Previous work showed that 

existence of pollutants in ground water due to human activities.  

This study tries to show the role of soil layer in removal of pollutants and protections of 

groundwater in soil aquifer treatment and for reuse of treated wastewater through managed 

aquifer recharge. 
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1.8. Objective of The study 

1.8.1. General Objectives 

The overall objective of this study was to investigate removal efficiency of soil layer for the 

removal of pollutants from wastewater released from treatment plants for managed aquifer 

recharge and assess possible reuse of wastewater and protection of ground water. 

1.8.2. Specific objectives 

• To develop laboratory scale study for attenuation capacity of soil layer for reuse of 

wastewaters released from treatment plant. 

• To evaluate the removal efficiency of soil layer in elimination of pollutants from textile 

treatment plant water and sewage treatment plant water with different hydraulic loading 

rates for selected parameters. 

• To determine the optimal HLR of the soil column for the removal of pollutant from 

wastewater released from treatment plant for reuse and protection of ground water. 
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II.MATERIALS AND METHODS 
 

2.1 Sample and Sampling site 
 
A composite sample of treated sewage and textile effluents were  collected from Kality sewage 

treatment plant and KK textile industry  taken with 500 ml plastic bottles  to collect on each 

selected days manually. The pH and temperature of each were measured at the site. Temperature 

was measured using a handheld   thermometer and portable pH meter was used to determine the 

pH of the wastewater at the discharge outlet. Both the treatment plant and KK textile industry are 

found in Addis Ababa town.  

 

Experimental Set Up 

Effluent Collecting Containers Effluent Collecting Containers

Water from KK Textile Treatment Plant Water from Kality Treatment Plant

C C

136mm/d 226mm/d181mm/d 136mm/d 181mm/d 226mm/d

50cm

Soil

Layer

Figure.1.Schematic diagram of  Experimental Set Up
 

Figure 2: Schematic diagram of Experimental set up 
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2.2. Material Used: 
 

To study soil aquifer treatment for possible ground water recharge soil column were prepared in 

laboratory. Hand dug pit was created in study area and undisturbed representative soil sample 

were collected to represent natural intact form of soil and it is placed in 20 plastic tubes 

(PVC)(Figure 2 and 3).The PVC plastics used for column experiment were 120 x 7.5cmdiameter 

and at the bottom of the PVC plastics mesh of cloth nets used to prevent entrance of finer 

sediments to receiving jar placed at the end of PVC plastics is shown in Figure 3. Glucose bag 

was used as Influent holder and it is placed above the PVC plastic and flows downward by 

gravity with control of flow rates by gauge placed on the tube connected to Glucose bag. 

 

Figure.3.Laboratory Simulation of Column Test.                                                                     

.  

2.3 Soil Sampling:  

To obtain undisturbed and intact soil layers which represent soil layer samples hand digging 

applied from the study area. The pit was created which was about 1.8 m deep and 1.4 m wide at 

the field near by KK textile industry (Figure 4 and 5) which is along Big Akaki River. And for 

the control soil column soil sample is obtained opposite and one kilometer far away from the test 

soil sample was taken.  
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Fig.4.Location where the soil samples were taken.  

 

    
 

     Figure.5.Pit Where Soil Sample is taken.  

         

Large, undisturbed soil samples were dug out and shaped so that they could fit in the PVC’s 

prepared to create simulation of soil columns. The soil profile was sampled in terms of horizons, 

soil sample were packed in to columns by horizons with approximate of field bulk density of 

each horizon, for soil layer from surface to 15cm which bulk density is 1.13 g/cc is placed in the 

upper portion and for the soil layer from 15cm to 30cm which bulk density is 1.28 g/cc is placed 

in middle portion and  for the soil layer 30cm and above which is 1.31g/cc is placed in the lower 

part of the column prepared. 
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The PVC columns were mounted on stand specifically prepared for this laboratory set up to have 

easy water collection and simulation management.  

 

2.4. Water Sampling 

Water samples taken were made to run in the nine columns at a time for the two types of treated 

wastewater effluents for two weeks; effluent from Kality sewage treatment plant and KK textile 

industry treatment plant. Water sampling technique and preservation followed the standard 

methods of sample preservation and sampling technique. Water samples were collected using 

plastic bottles and bigger vessels preserved using icebox and transported to laboratory analysis 

and the rest to undertake simulation in soil columns with in few hours. 

Surface water sample collected from the last stabilization pond of Kality treatment plant (KTP) 

which is relatively higher quality which is discharged to river. 

For the second types of input water, sampling was done at the out let of KK textile treatment 

plant (TTP). 

Distilled water was let to run in the soil profiles for a few days to keep soil moisture until 

laboratory simulation started. Three loading rate are applied to obtain optimal removal efficiency 

of the system. Influents are applied at normal room temperature of around 20
0
c. 

KK`s textile treatment plant established in October 2002 which discharges 400m
3
/day of treated 

wastewater and has detention time of 8-24hrs (Figure 6). 
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Industry Screening Biological zone

Chlorination

Biological Sedimentation

Chlorination

Outlet

 

Figure.6. Schematic diagram of KK Textile Treatment Plant. 

In the biological zone it uses blowers for oxidation process additionally there is inclusion of 

enzymes for bacterial growth.  

2.5. Water Quality Analysis and Soil Test  

Test for the intended major physical, chemical and biological parameters for the collected 

samples of Kality sewage treatment plant, KK textile industry treatment plant and from the 

outflow of laboratory simulation was done at Addis Ababa University (AAU) in Environmental 

science laboratory, Ethiopian National Soil Laboratory, Ethiopian Agricultural Research 

Organization and Ethiopian Environmental Protection Authority Laboratory service. 

The water quality parameters tested before and after the process simulation  includes: PH 

determination by PH meter, EC by conductivity meter, Ca+2,Mg+,K+,Na+ by Flame photometer, NO-

3(mg/l), PO4
-2 (mg/l),SO4

2-  
NH3(mg/l) by Spectrophotometer   , DO by Titration method , and 

Biological oxygen demand (BOD) by Titration method (mg/l)     and Chemical Oxygen Demand 

(COD) (mg/l)   by Spectrophotometer. 

Soil tests were done for the soil samples at the beginning of data analysis. Parameters used were 

pH, ESP (Exchangeable Sodium Percentage), CEC (Cation Exchange Capacity), EC (Electrical 
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Conductivity) and bulk density to allow understanding of the fate of exchangeable bases and the 

retention capacity of the soil. From results of water quality analysis SAR (Sodium adsorption 

Ratio) of the inflow and outflow waters were also calculated.  

 

Removal efficiency was calculated based on the following formula. 

 

% Removal Efficiency = Cinf – Ceff     x 100 

 

                                               Cinf 

 

                          Where, Cinf = Initial parameter concentration 

 

                                   Ceff = Final parameter concentration 

 

2.6. Statistical Analysis 

 
The data organized and analyzed using descriptive statistics methods using SPSS-Pc statistical 

package (SPSS 15 for windows version), analysis of variance (ANOVA) used to determine if 

there is a deference between different feeds of a system at (P<0.05) significant level. ANOVAs 

test is used to know the effect of different hydraulic loading rates on removal efficiency of 

pollutants.  Where there is significant difference   multiple comparisons among the means were 

made using least significant difference (LSD) test(Table 9-12) and also average group test was 

performed. In addition to the above mentioned the following software’s are applied Arc GIS, 

Ms-Excel and Ms- Words are applied. 
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III. Study Area 
Addis Ababa, capital city of Ethiopia located in the central part of Ethiopia covers about 540 

Km
2
. It was founded by the Ethiopian emperor Menelik II and established as capital city in 

1886.Today around 4.5 million residents live in ten sub-cities (Figure 7) and 240 districts. The 

sub cities on average contain around 300000 people (Girma Kebede, 2004). 

 

 

Figure 7:Location Map of Study Area. 

3.1. Drainage 

Addis Ababa drains by Big and Little Akaki Rivers, The western branch of the river, the Little 

Akaki, rises north-west of Addis Ababa on the flanks of Wechacha mountain and flows for 40 

km before it reaches the reservoir(Figure 8). The eastern branch of the river, the Great Akaki, 

rises north-east of Addis Ababa and flows into Aba-Samuel reservoir after 53 km that is the 

ground movement is from north to south in the central and northern part of the Akaki river 
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catchment and towards the southeast direction in the lower part of the catchments (Shiferaw Lulu 

et al.,2005). 

 

Figure.8.Addis Ababa Catchments with main drainage system. (Source: 

http//:www.un.urbanwater.net/cities/addababa.html). 

3.2. Geological setting 

According to Tamiru Alemayehu(2003) in Addis Ababa the rock types includes  Oligo-Miocene 

(27-5.3 Ma which is represented by Alaji rhyolites and Entoto silics and pliocene(5.3-1.6 Ma) 

represented by Addis Ababa basalts,Wochacha and Yerer trachytes ,Nazareth group, and Bofa 

basalts.The Entoto silics (rhyolitic and trachytic lava flows, unwelded tuffs and ignimbrites 

constitute the northern part of the city. The northeast, Filowha fault separates the basaltic lavas 

from the strongly welded trachytic tuffs. There is prominent graben structure in the city center 

where Meskel square is located. The southern part of Addis Ababa is mainly covered by vertisol 

while the northern, western and eastern parts of the city are covered by cambisols. 
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3.3. Hydrogeology  
 

According to Yirga Tadess (2004), presence of groundwater in Akaki catchment is related 

mainly to the volcanic rocks and minor alluvial aquifers existence along the banks of both Big 

and Little Akaki rivers. These volcanic aquifers have primary porosities like vesicles and joints 

and secondary porosities like faults, fractures & fissures produced as a result of tectonic 

activities and weathered zones. In the volcanic rocks groundwater circulation and occurrence is 

associated with these porosities while in the alluvial aquifers, it is in the interstitial spaces in 

between the sediments.  

The geometry of the aquifer systems in the catchment area is highly variable, discontinuous and 

not well defined. The volcanic aquifers show semi- confined to unconfined and, confined 

aquifers.   

In north of Akaki bridge the groundwater is in connection with the surface water of Big & Little 

Akaki rivers north of Akaki bridge. The recharge to the groundwater which takes place within 

the Akaki catchment to the north of Akaki Bridge is considered contributing to the base flow.  

As a result of the variability and complex nature of the volcanic aquifers in the catchment area, 

the hydraulic properties of the aquifers is also highly variable resulting extremely variable 

discharges (yields) of boreholes even in close distances unless otherwise it lies on the same 

fracture/fault zone. 

 

3.4. Soil media 

 In Akaki catchment covered by fluvial and residual soils in which black cotton soils are 

predominant having thickness from few centimeters to about 20m (AAWSA, 2000). Black cotton 

soils (Vertisols) are rich in clays which expand and contract with changing moisture content. 

They are dominated by Smectite group of expansive clay known as montmorillonite and this 

dominance causes the stickiness, high cation exchange capacity, and marked swelling when wet 

and shrinkage when dry. The crystal of Smectite are composed of 2:1 type of layers and these 

layer are loosely held together by weak oxygen to oxygen and cation to oxygen linkage. Base 

saturation varies from 70 to 100 percent and cation exchange capacity is over 50 

milliequivalents/100g for the clay fraction alone. Because of clay mineral they are impermeable 

when saturated (Young, 1980 and Brady, 1990). 
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3.5. Climate 
 
The Climate of Addis Ababa is characterized by two separate seasonal weathers, the wet seasons 

from June to September (Kiremt), with the highest rainfall peak in August and dry seasons 

(Bega) from October to May. The mean annual temperature is 16.32
0
C and this put the city under 

“Woina Dega” climatic condition (Girma Kebede, 2004). 
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IV. Results and Discussion. 

 

Results in this study obtained from laboratory soil column set up simulated. The process 

performance of the column study was monitored in three experimental feeds and the following 

parameters are studied: COD, BOD,NH3, NO3
-
,NO2 

- 
, SO4

2-
,PO4

3-
,EC, pH and major cations. 

From the soil sample examined at different layers there is high calcium ions than Magnesium 

and these displayed on Table 1.The more calcium a soil has, the looser it is and the soil will have 

more oxygen, drain more freely, and support more aerobic break down of organic matter and the 

more magnesium, the tighter it is and the soil will have less oxygen, tend to drain slowly and 

organic matter will break down poorly (Astera, 2007). 

The soil in the study area has a nature of alkalinity having pH of around 8.6(Table 3).ESP of the 

soil ranges from 0.26 to 0.5 which is lower sodium percentage has lower effect of dispersion soil 

particle (Table 1). 

Table.1.Soil Parameters Analysis. 

Soil 

depth 

in 

Cm 

pH 
H2O 
(1:2.5) 

EC 

(ds/m) 

 

Bulk 

density 

Na
+ 

(mg/l) 

K
+ 

(mg/l) 

Ca
2+ 

(mg/l) 

Mg
2+

 

(mg/l) 

CEC Base 

Saturation 

% 

 

SAR ESP 

0-15 8.4 0.285 1.13 3.8 1.41 46.91 8.31 63.91 95 0.13 0.26 

15-30 8.6 0.431 1.28 6.73 1.32 44.51 8.15 68.93 88 0.24 0.42 

>30 8.6 0.612 1.31 8.38 1.34 40.68 9.05 72.89 82 0.30 0.5 

The soil CEC capacity is also ranges from 64-73 which is in higher range and lower EC value 

and these characteristics help for holding of nutrients. Since the SAR value at different horizon 

of the soil is below 13 problems in soil structure and infiltration is reduced. 

 The presence of excessive amount of sodium disperses aggregates of soil particles this process is 

known as deflocculation. Sodium ions are quite mobile and have smaller electric charge than 

calcium ions they cannot adsorb coherently to the surface of clay and they float away and repel 

each other and create dispersed soil conditions resulting swelling of the soil which affects the 

physical features of the soil (Oosterbaan, 2003). 
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The water with high content of sodium results in an increase of SAR which has an effect on 

permeability of soil and this effect aggravated with lower EC values (Table 2) and the reverse is 

true. 

Table.2. Irrigation Water Quality Standards. 

 Safe Possibly Safe Hazardous 

EC dS m-1 < 1.0 1.0 - 2.5 > 2.5 

SAR < 4 4 - 9 > 9 

 

Exchangeable sodium percentage (ESP) is the amount of sodium held in exchangeable form on 

the soil’s cation exchange complex expressed as a percentage of the total cation exchange 

capacity (CEC). 

ESP = (Na
+
/CEC) ×100        Equation 1 

Where: ESP =Exchangeable sodium percentage,% 

  Na
+
 = Measured exchangeable Na

+
, cmolkg

-1  

 CEC = Cation exchange capacity, cmolkg.
-1 
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Table.3.Soil Classification based on Sodium Absorption Ratio (SAR), Exchangeable Sodium 

Percentage (ESP), Electrical Conductivity (EC) and pH levels. 

 

Classification SAR ESP EC(dS/m) Soil pH Soil Physical 

Condition 

Alkaline <13 <15 <4.0 >7.3 Varies 

Saline <13 <15 >4.0 <8.5 Normal 

Sodic or Non 

saline –Alkali 

≥13 >15 <4.0 >8.5 Poor 

Saline-Sodic 

or saline-

Alkali 

≥13 >15 >4.0 <8.5 Normal 

 

At the discharge out let of the effluent the temperature, the pH and color were 

19
0
C/8.08/Greenish and 45

0
C/8.2/Light red for KTP water and TTP water respectively.  

Average influent and effluent characteristics of the wastewater sample at different hydraulic 

loading rate are shown in Table 4 and Table 5 for the system effluents of KTP and KK textile 

industry treatment plant respectively. 
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Table.4. Characteristics of the influent and effluents at three hydraulic loading rates of Kality 

treatment plant water (Concentrations are in mg/l, except for pH and Electric Conductivity). 

 

Wastewater stream of Kality Treatment Plant 

Parameters Influent 136mm/day %of 

R.E 
181mm/day %of 

R.E 
226mm/day %of 

R.E 

EC(µS/cm) 

1112.67+211.1

9 

433.7+138.2 61 650.2+78.97 41 

752.4+101.8 32 

pH 8.08 8.1  8.28  8.4  

Ca
2+

 (mg/l) 63.9+4.93 30.5+3.07 52 33.14+3.06 49 39.8+5.36 38 

Mg
2+

 (mg/l) 18.08+0.41 9.54+1.02 48 10.78+1.56 40 11.96+1.52 34 

K
+
 (mg/l) 4.09+0.3 2.28+0.78 45 2.6+0.74 37 3.04+0.66 26 

Na
+
 (mg/l) 

57.9+0.71 40.5+6.5 

 

33 45.12+5.56 24 

53.54+3.99 7 

NO3
-
 (mg/l) 13.9+0.66 14.81+0.26 -7 16.24+0.78 -17 16.7+1.48 -20 

NH3 (mg/l) 

21.1+0.6 0.29+0.05  

99 

0.68+0.34  

97 1.1+0.29 

 

95 

NO2
-
( mg/l) 5.9+0.46 1.61+0.18 73 1.92+0.28 68 2.8+0.58 55 

BOD( mg/l) 

 

 

 

37.67+4.93 

 

 

 

7.52+1.17 80 

 

 

9.46+0.37 75 11.18+3.9 

 

 

 

71 

 

 

 

COD (mg/l) 

 

 

116+2.41 9.4+3.05 92 

 

 12.2+5.23 

 

90 19.7+2.28 

 

 

83 

 

 

DO (mg/l) 

 

5.27+0.32 6.52+0.07 -27.92 6.43+0.366 -22.06

  5.92+0.18 

 

-

12.53 

 

PO4
3-

(mg/l) 5.20+0.38 0.08+0.01 98 0.07+0.01 99 0.36+0.28 93 

SO4
2-

(mg/l) 

 

27+14.79 

 

39.8+5.63 

 

- 94 46+6.6 

 

-124 51.6+1.82 

 

-167 
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Table.5. Characteristics of the influent and effluents at three hydraulic loading rates of KK textile 

Treatment plant water (Concentrations are in mg/l, except for pH and Electric Conductivity). 

 

 

Wastewater stream of Textile Treatment Plant  

Parameters Influent 136mm/day %of 

R.E 
181mm/day %of 

R.E 
226mm/day %of 

R.E 
EC(µS/cm) 1575.67+102.27 573.4+19.54 64 624.8+8.35 60 715.6+12.18 54 

pH 8.2 8.4  8.5  8.7  

Ca
2+

 (mg/l) 

 

 

72.83+2.57 31.9+2.9 
 

 

57 33.9+5.44 55 36.8+3.06 

 

 

51 

 

 

Mg
2+

(mg/l) 14.7+1.21 7.64+1.35 51 8.66+1.65 46 12.1+0.93 12 

K
+
( mg/l) 6.28+0.55 3.7+0.42 41 4.14+0.42 34 4.9+045 22 

Na
+
(mg/l) 70.67+0.71 50.78+2.16 28 62.6+3.26  11 72.52+2.25 -2.57 

NO3
-
(mg/l) 17.27+1.12 17.74+1.24 -3 19.44+1.48 -12 23.4+3.71 -35 

NH3(mg/l) 

30+2.74 1.23+0.15 96 

 

1.74+.27 94 

2.84+0.18 90 

NO2
-
 (mg/l) 7.33+0.58 1.31+0.06 82 1.72+0.19 79 2.1+0.71 71 

BOD(mg/l) 

 

133.6+38.29 9.72+1.48 93 10.68+3.23 

 

91 11.8+3.96 

 

89 

 

COD(mg/l) 

 

 

499.73+45.57 19+2.74 96 

 

29.4+4.83 

 

94 37.8+6.53 

 

 

92 

 

 

DO(mg/l) 5.16+0.45 6.7+0.16 -30.6 6.11+0.09 -19.2 5.94+0.08 -15.9 

PO4
3-

(mg/l) 3.09+0.04 0.13+0.03 96 0.21+0.02 93 0.44+0.06 86 

SO4
2-

(mg/l) 

 

 

39.27+2.58 

 

 

83+4.90 -112 96.4+9.32 -146 109.6+6.99 

 

 

-180 

 

 

 

 

From the study it is realized that there is an increase in pH in the effluent water than influent 

(Figure 9) this could be the dissociation of carbonates and this facilitate removal of pollutants 

like phosphate by precipitation of reacting with calcium. 
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Figure.9.pH value of KTP  and TTP water. 

Sodium adsorption ratio (SAR) the tendency for sodium cation to be adsorbed at cation-

exchange sites in soil at the expense of other cations, calculated as the ratio of sodium to calcium 

and magnesium in the soil(Brady,1990). 

Equation 2 

SAR value of KTP and Textile influent were 1.65 and 1.98 respectively which was in the safe 

range(Table 6). Lower sodium ion concentration facilitate adsorption of calcium in the negative 

charged site of colloids which makes sodium ion in exchangeable form causing a rise in SAR 

value with increases of HLR. At 226mm/g HLR SAR value reached to 1.92 and 2.64 for KTP 

and TTP water respectively(Figure 10) and excess leaching of sodium ion for TTP system at this 

HLR there was reduction in permeability and infiltration of the soil in the system due to 

dispersion of soil particle by excess sodium ion which reduces the pore size of the soil (Halliwell 

et al., 2001). 
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Table.6. Sodium adsorption value of Influent and Effluents of KTP water and TTP water. 

Hydraulic Loading Rates SAR/KTP SAR/TTP 

Influent = 1.65 Influent = 1.98 

136mm/d 1.69 2.27 

181mm/d 1.73 2.47 

226mm/d 1.92 2.64 

 Calcium adsorption at exchanging sites makes sodium in exchangeable form resulting in 

increased concentration in out flow causing higher SAR value.  
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Figure.10. SAR value of Influent and Effluents of KTP water and TTP water. 

4.1. Effect of Hydraulic loading rates on Removal of Cations and reduction in 

Electric Conductivity (EC) from KTP and TTP water. 

The influent concentration of KTP water contains 58mg/l of sodium ion, in the column test 

studied it was reduced to 41mg/l, 45mg/l and 54mg/l for the HLR of 136mm/d, 181mm/d and 
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226mm/d respectively having highest removal efficiency of 33% at the first HLR (Figure 11).At 

136mm/d HLR 28 % removal efficiency of attained a decrease in influent concentration from 

71mg/l to 51mg/l,increasing the HLR to 226mm/d it resulted in a rise to 73mg/l that is wash 

away of sodium ion in the outflow water. 

The averaged retention of divalent in the soil column of KTP water facilitates the higher 

retention of sodium ion in KTP water than TTP water. 

Lowered retention of sodium ion created wash away of sodium and this was shown on increased 

concentration in outflow of TTP water at 226mm/d in the system creating infiltration problem. 

Statistically there was significant difference (P<0.05) in the applied HLRs. Generally, as the 

hydraulic loading rates increases the retention of sodium is decreasing that its availability for 

exchange is increased which disperses clay particle decreasing the infiltration capacity of soil 

resulting in problem in permeability in the system which also decreases retention of nutrients.  

KTP

TTP

 

                            A                                                                                              B 
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        Figure.11. Sodium Removal Efficiency of KTP and TTP water (A), Comparison of average      

  concentration of Sodium ion for KTP and TTP water (B). 

Reduced sodium ion adsorption at the first HLR was a basis for the highest removal efficiency of (57%) of 

calcium ion for TTP water (Figure 12).At this HLR averaged removal of calcium was observed where 

reduction in concentration from 64mg/l to 31mg/l.Even if sstatistically was not significant with 181mm/d 

HLR it was significant to 226mm/d (P>0.05) and the selected HLRs play role in adsorption of calcium in 

the soil. The group test for the average values were also statistically significant (P<0.05).Generally in both 

water types there were reduction in adsorption of calcium ion with increase of HLRs due to an increase in 

competetion for exchangeable sites from monovalents.  

KTP

TTP

 

                A                                                                             B 

  Figure.12. Calcium Removal Efficiency of KTP and TTP water (A), Comparison of average   

  concentration of Calcium ion for KTP and TTP water (B). 

 An influent of 18mg/l and 15mg/l(KTP and TTP)of Magnesium ion concentration was reduced 

to (9.5mg/l,10.8mg/l,11.96mg/l and 7.6mg/l,8.7mg/l,12.1mg/l) for the respective HLRs and were 

observed highest removal efficiency of 48% and 51% for KTP and TTP water 
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respectively(Figure 13).Lower SAR value and sodium ion give higher adsorption of magnesium 

in the first HLR. Statistically the selected HLRs were significant (P<0.05). From the study it can 

be concluded that availability of adsorption sites and flow rates plays great role in removal 

efficiency of magnesium ion from wastewater.    

KTP

TTP

                     A                                                                                  B 

  Figure.13. Magnesium Removal Efficiency of KTP and TTP water (A), Comparison of average   

 concentration of magnesium ion for KTP and TTP water (B). 

Reduction of potassium ion in KTP water where the highest and its removal efficiency was 

45%(Figure 14).Like sodium potassium is also compete for exchangaeble site of clay with better 

competing capacity than sodium due to reduced hydrated radii.The applied HLRs statisically was 

significant (P<0.05) creating a role in retention of potassium in the soil column. 
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KTP

TTP

A                                                                           B 

  Figure.14. Potassium ion Removal Efficiency of KTP and Ttex water (A), Comparison of average  

  concentration of potassium ion for KTP and TTP water (B). 

Generally from the study it was realised that hydraulic loading rates has an influence in removal 

efficiency with the trend of reduction as HLRs increases in addition the competing features of 

cations for for negatively charged clay-mineral surfaces was also play a great role for the varying 

retention of cation. Generally ions with higher valency will exchange for those of lower valency. 

That is  Ca 
2+

 > Mg 
2+

 > K
+
=NH4 

+
 >Na

+
  and  ions of same charge, the cation with the smallest 

hydrated radius is strongly absorbed because it is closest to the site of charge so potassium will 

exchange for sodium(Appelo and Postma,2005). 

The first HLR was the highest Removal efficiency of electric conductivity (EC) for KTP(61%) 

and TTP(64%) water(Figure 15).In the study P<0.05, where statistically significantly difference 

on the removal efficiency of electric conductivity at the three hydraulic loading selected. The 

average values were also statistically was significant (P<0.05).The cations and anions 
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investigated showed decrease in removal efficiency with increased HLRs and this exhibited in 

the overall removal efficiency of EC. 

KTP

TTP

A.                                                                                  B.   

Figure.15.Electric conductivity Removal Efficiency of KTP and TTP water (A), Comparison of 

average concentration of electric conductivity for KTP and TTP water (B). 

4.2. Effects of Hydraulic Loading Rate on COD and BOD removal 

performance of   KTP water and TTP water. 

BOD refers to the amount of oxygen consumed by aerobic microorganisms in order to oxidize 

organic compounds in a given wastewater at a certain temperature over a specific period of time. 

Water collected from TTP contains 134mg/l of BOD which is above effluent limitation set by 

Ethiopian EPA(Table 8). The soil applied in the study showed significant removal of BOD from 

the influent waters. The maximum removal efficiency for treated textile water was obtained at 

HLR of 136mm/d where the influent concentration was reduced to 9.72mg/l(93%) and decreases 

to 11.8mg/l(89%).Highest removal efficiency for KTP water was observed at same HLR as TTP 

water with removal efficiency of 80% where the inflow concentration reduced from 38mg/l to 

7.52mg/l(Figure 16).The algal content of KTP water plays a major role for the reduced removal 
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percentage of BOD since it competes the available oxygen in respiration and decomposition 

(McKinney,2004).Statistically there was significant difference (P<0.05) in removal efficiency of 

BOD at HLR of 136mm/d showing there was significant role of HLR on the presence of oxygen 

influencing the activity of bacteria and soil capacity to assimilate organic matter.From this we 

can conclude that soil is the best media to remove BOD and  as a general trend the higher HLR 

the lower its removal efficiency of BOD this is due to the development of clogging which 

decreases the soil capacity to remove organic substances through biodegradation.   

KTP

TTP

                           A                                                                                   B 

  Figure.16. BOD Removal Efficiency of KTP and TTP water (A), Comparison of average    

 concentration of BOD for KTP and TTP water (B). 

             The greater the level of BOD the more oxygen is depleted and as flow rates increases the reduction       

 of BOD from the wastewater was minimized creating lower availability of dissolved oxygen.In the  

 study conducted evenif apperciable amount of BOD removed the increase in DO was not as such  

 significant this was due to other oxygen demanding processes like nitrificationand other oxidation  

 processes (Tamiru alemayehu et,al.,2007).The first HLR is the highest dissolved was available, 6.7      and 

6.52 for treated textile water and KTP water respectively. 
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Chemical oxygen demand (COD) doesn’t differentiate between biologically available and inert 

organic matter, so its value are always greater than BOD values. In removal of COD highest 

removal efficiency was obtained from TTP water 500mg/l of COD in the influent water reduced 

to 19mg/l,29.4mg/l and 37.8 mg/l at the respective HLRs having removal efficiency of 96%, 

94% and 92% and for KTP water the influent reduced from 116mg/l to 9.4mg/l,12.2mg/l and 

19.7mg/l from lower to the highest HLRs and the highest removal efficiency was at 136mm/d 

(92%) shown on Figure 17.There was significant difference , P<0.05 of the selected HLR.Except 

KTP water at 226mm/d(83%)all the column studuided showed greater than 90% removal 

efficiency indicating land treatment is the best option for removal of organic compounds.The 

same trend like BOD was aobserved with increase of HLRs.  

KTP

TTP

 

A                                                                                      B 

Figure.17. COD Removal Efficiency of KTP and TTP water (A), Comparison of average 

concentration of COD for KTP and TTP water (B). 

Biodegradability  
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Biodegradability the ability of a substance to be broken down or transform to CO2  and H2O by 

bacteria(Kristensen,2007). 

The BOD/COD ratio gives an indication of the biodegradability of a wastewater. Higher number 

indicates an increase in biodegradable components in wastewater that is the closer the number to one the 

more biodegradable    the material is .Generally, wastewater is considered biodegradable when the 

BOD5/COD ratio is above 0.25. If the ratio is less than 0.25, the wastewater is difficult to be 

biodegraded or (An et al., 1996) and readily biodegradable if it has a BOD5/COD ratio between 

0.4 and 0.8 (Al-Momani, et al., 2002). 

 

Table.7. The BOD5/COD ratio of the influents and effluents of KTP and Ttex at different 

hydraulic loading rates. 

Hydraulic Loading Rates   BOD5/COD Ratio, KTP BOD5/COD Ratio, Ttex 

Influent 0.32 Influent 0.27 

136mm/d 0.80 0.51 

181mm/d 0.78 0.36 

226mm/d 0.57 0.31 

There was an increase in biodegradability of the effluent than input water for the two types of 

water at different hydraulic loading rates which shows there is transformation of compound 

while passing through the soil(Table 7).  

4.3. Effects of Organic Loading Rate on Nitrate and Ammonia nitrogen and 

nitrite removal performance of treated KTP water and TTP water. 

There are four primary forms of nitrogen in wastewater are ammonia nitrogen (NH3–N), organic 

nitrogen (various forms), nitrite-nitrogen (NO2 ––N), and nitrate-nitrogen (NO3 ––N).  

Nitrogen from wastewater can be removed through transformation like in process of nitrification 

and denitrification, volatilization, by adsorption and biological uptake.  

The equilibrium of ammonia and ammonium ion (NH4
+
) in water is strongly pH-dependent. 

Higher pH values favor the release of ammonia gas; lower values favor its dissolution.  

                                    NH4
+ 

+OH
-
↔NH3↑+H2O............... Equation (3) 
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The top few feet of the soil is aerated so it changes ammonia to nitrate by process of nitrification 

(Jennifer, 2006).Another way of removal of ammonia is by formation of complexes with organic 

portion of soil.  

In the first step of nitrification, ammonia- oxidizing bacteria oxidize ammonia to nitrite 

according to equation (4) 

 

       NH3 +O2 →NO2
-
+3H

+
 +2e

-
........................................... Equation (4) 

 

In the second step the process, nitrite –oxidizing bacteria oxidize nitrite to nitrate according to 

equation (5) 

 

NO2
-
 +H2O →NO3

-
 +2H

+
 +2e

-
......................................... Equation (5) 

 

 

 In this study the water types applied showed trends of decreasing removal efficiency with 

increase of HLR for the water types applied and in all columns the removal efficiency of 

ammonia was greater than 90.The influent water with 21.1mg/l of ammonia for KTP water 

reduced to a concentration of 0.29mg/l at HLR of 136mm/d with 99% removal efficiency. 

Highest removal efficiency for TTP was obtained at the first HLR with 96% removal efficiency 

(Figure 18).The exsisting pH environment of the soil column doesnot affect the process of 

nitrification that why enoromus amount of ammonia removed from the outflow waters. 
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KTP

TTP

A                                                                                     B 

Figure.18. Ammonia Removal Efficiency of KTP and TTP water (A), Comparison of average 

concentration of ammonia for KTP and TTP water (B). 

Both water types are statistically significant, P<0.05 that is the selected HLR plays a major role 

for reduction of ammonia from the system.  

In conclusion ammonia in soils removed by adsorption during wetting when 

insufficient oxygen (anoxic condition) is available and by nitrification in aerobic 

condition.  

In the middle of nitrification process Nitrite is formed and change to nitrate by nitrite oxidizing 

bacteria by the process of nitrification.The higher HLR the lower the available oxygen and the 

tranformation to nitrate was minimized. 

Influent waters with nitrite concentration of 5.9mg/l and 7.33mg/l was reduced to 1.61mg/l and 

1.31mg/l with removal efficiency of 73% and 82% for KTP and TTP waters respectively was 

observed at 136mm/d(Figure 19). 
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TTP

A                                                                                                  B 

Figure.19. Nitrite Removal Efficiency of KTP and Ttex water (A), Comparison of average 

concentration of nitrite for KTP and Ttex water (B). 

There was significant difference(P<0.05) in hydraulic loading rates in reduction of nitrite from 

the system this was due to reduction of oxygen as the flooding rate increases which affects the 

oxidation process of nitrification.  

The most common nitrate-removal methods are biological denitrification, ion exchange, land 

treatment of wastewater, and constructed wetlands (Metcalf & Eddy, 2003). 

In this study presence of higher nitrate in the outflow than in the influent is observed at all 

applied HLRs with varying concentrations. At hydraulic loading rate of 136mm/d, 181mm/d and 

226mm/d the increase in the outflow of the KTP water system was  7%, 17% and 20% 

respectively and 3%,12% and35% increase in out flow for treated textile effluents for the 

respective HLR(Figure 20). Nitrate compounds are soluble in water, precipitation is ineffective 

and in soil aquifer treatment is weakly adsorbed and is transported with bulk water flow 

(USEPA, 2006 and Gohil, 2000). The conversion of ammonia to nitrate was also contributed for 

higher value in the outflow water. 
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 The highest outflow of the third loading rate may be due to the lower denitrification process and 

higher flooding rates. In addition to the above mentioned explanation an increase in nitrate 

concentration in the out flow of water could also be due to soil pollution in the study area. 

Statistically was significantly different (P<0.05) in HLR applied for the increase of nitrates in 

outflow water in the column tested. 

KTP

TTP

          

A                                                                           B 

Figure.20. Nitrate Removal Efficiency of KTP and Ttex water (A), Comparison of average 

concentration of nitrate for KTP and Ttex water (B). 

 

4.4. Effects of Hydraulic Loading Rates on Phosphate removal of    KTP water

 and TTP water. 
 

Phosphorus complexes with other molecules and forms organic phosphates and inorganic forms 

like orthophosphate and polyphosphate. It is the limiting nutrient to fresh waters. Physical, 

Chemical   and biological treatment technologies are available for removal of phosphorus from 

wastewaters. In soil aquifer treatment, phosphorus is removed by adsorption and chemical 

precipitation (USEPA, 2006). Phosphate anions are negatively charged ions capable of being 
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strongly adsorbed to hydrous oxides of iron, aluminum, and manganese and carbonate surfaces 

on soil particles (Loomis, 1999). 

The soil capacity reacting with applied P and the buildup of P in the soil are the two critical 

parameters for predicting the life expectancy of a land treatment system, a higher concentration 

of exchangeable Ca
2+

 was found in the 15- cm topsoil, where a higher total organic carbon was 

present (Cong et al., 2005).  

The phosphate concentration in the influent of KTP water (5.2mg/l) and TTP water (3.09mg/l) 

exceeds the effluent limitation of Ethiopian EPA which is 0.7mg/l. 

At 181mm/d the phosphate concentration in the influent of KTP water was reduced to 0.07mg/l 

which is 99% removal efficiency. Phosphate removal efficiency of TTP water the highest 

removal was observed at 136mm/d (96%) where the influent reduced to 0.13mg/l (Figure 

21).The soil P adsorption capacity increased and was positively correlated with the concentration 

of exchangeable Ca
2+

 in the soil and from the study conducted there is higher CEC which holds 

Ca
2+

 which facilitate precipitation process and reduces presence of phosphate in outflow of the 

columns. The alkalinity of the systems facilitate the precipitation of phosphate that is why high 

reduction of phosphate in the out flow water was observed (Baker et al., 1998).The higher HLR 

and longer flooding time reduces the soils capacity to remove Phosphates from the column. 
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KTP

TTP

A                                        

B 

Figure.21. Phosphate Removal Efficiency of KTP and Ttex water (A), Comparison of average 

concentration of phosphate for KTP and Ttex water (B). 

The applied HLRs showed statistically significant difference(P<0.05) which result influence on 

percentage removal efficiency of phosphate but the average values showed that statistically was 

not significant(P>0.05). 

4.5. Effects of Hydraulic Loading Rates on sulfate removal of    KTP water

 and TTP water. 

Sulfur in soil can be grouped as organic and inorganic forms ,the organic forms occurs in two 

primary forms as ester sulfates and carbon bonded sulfur and the inorganic forms as  gaseous 

sulfur dioxide and aerosol sulfate. Organic sulfur compounds are immobile however the 

inorganic compound is the most mobile. Sulfate ion is quite soluble, it is not retained in and 

would be readily leached from the soil, and it is usually found in the soil solution (Edwards, 

1998 and USEPA, 2006). In all column tests made there was additional wash away of sulfates 

from the soils at the three hydraulic loading rates 94%, 124%, and 167% increase for KTP water 

and 112%, 146 % and 180% increase for treated textile water (Figure 22).As pH increases the 
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retention of sulfate decreases and this feature of the system minimized the retention and could be 

a factor for excess wash away (Brady, 1990). And the trend was an increase in sulfate wash away 

as HLRs increases was observed in the two water types. Statistically the water types showed 

significance at P<0.05 explaining HLR has effect on removal of sulfate due to high solubility and 

mobility of sulfate in the soil. 

KTP

TTP

A                                                                                            B 

Figure.22. Sulfate Removal Efficiency of KTP and Ttex water (A), Comparison of average 

concentration of sulfate for KTP and TTP water (B). 
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V. Conclusions 
 
 In Addis Ababa where water supply sources are limited, reuse of waste-water is important for 

sustainable usage of ground water. The demand for clean water and generation of wastewater is 

growing with economic growth so it is vital to change the attitude towards wastewater resource 

and to reuse it after proper treatment with consideration of risks related to health. In this study 

soil columns were prepared to conduct soil aquifer treatment test and two types of water were 

used from the outlet of kality treatment plant and KK textile industry treatment plant and for 

determination of appropriate HLRs three flow rates was used 136mm/d, 181mm/d and 226mm/d. 

The soil applied , was black cotton soil have a nature of  swelling when it is wet and cracks when 

it dries and this creates a problem of permeability in the system. 

 

Highest removal efficiencies in most parameters were attained at 136mm/d for the two water 

types. The nature of wastewater and saturation effect play a major role for the different removal 

efficiencies among the parameters studied.  

The applied wastewaters have low SAR value creating lower effect of sodium but with the 

adsorption of calcium and increased HLRs the wash away of sodium increased and this was 

magnified for treated textile water at 226mm/d showing the caution it require with increased 

HLRs in field scale. 

 

Land treatment mechanism is a suitable for removal of BOD and COD from the study 93% and 

80% of BOD; 96% and 90% of COD removal from TTP water and KTP water respectively was 

attained. The biodegradability of the wastewater in soil column was also increased compared 

with the input water. 

Highest removal efficiency (>90%) of ammonia was attained in all the columns for the two types 

of wastewater applied. In all column studied there were excess out flow of nitrate and sulfate. 

The increase in nitrate in the experiment was due to weak adsorption, conversion of ammonia to 

nitrate and could also be the soil pollution of the study area. 
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Generally in the study area where the soil type is dominantly black cotton soil with a nature of 

high CEC capacity and lower electric conductivity makes suitable for removal of pollutants from 

wastewaters, and in the application of this soil for managed aquifer recharge it require cautious 

application water due to impervious nature of the soil in time of wetting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



47 

 

VI. Recommendations 

The following recommendation is forwarded based on the research conducted: 

� The current system of recharge is mainly unintentional it require to develop and monitor 

managed aquifer recharge systems through soil aquifer treatment design and these 

increases the availability of ground water in the aquifer. 

� The main abstraction of ground water and the industrial zone of Addis Ababa are in the 

same area and these industries practiced low wastewater management system where 

effluents simply discharged directly to the environment needs full control and monitoring 

in attaining the effluent discharge limits. The samples from the treatment plants showed 

the discharged effluent was above maximum allowable discharge limit set by 

environmental protection authority (EPA) of Ethiopia so it needs further treatment before 

discharge to the environment.  

� In execution of managed aquifer recharge system there should be consideration of 

recharge area, source of water and the quality of recharge water like, attenuation capacity 

of soil layer, hydro geology of the area and geophysical of the area has to be studied well 

in advance. At the same time it needs to investigate the appropriate managed aquifer 

recharge techniques. 

� There should be further study in the soil hydraulic conductivity, mineral type and 

adsorption capacity of a soil. 

� Carry out environmental impact assessment (EIA) prior to the approval of any 

development project around Akaki area.  

� Control and monitor the practice of wastewater discharge systems by industries and by 

the city dwellers. 

� Develop appropriate system of sewage collection, storage and treatment system for the 

city.  

� Create public attitudinal change toward wastewater and increase awareness on 

wastewater management system. 
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VIII. ANNEX 

Table 8: Provisional Effluent limitations For All Categories of Industries in Ethiopia. 

Parameters Limits for discharges into surface water 

within 15 meters of out fall 

Temperature  

35
0
C 

pH  

6-9 

D.O  

5.0 

BOD5 at 20
0
C  

100.0 

Ammonia  

50.0 

Sulphate  

600.0 

Nitrate  

45.0 

Phosphate  

 

0.7 

Calcium  

 

200 

Magnesium  

 

200 

[EPA:2001] 
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Table 9: Analysis of variance table for physico-chemical and biological parameters for KTP 

water. 

 

 

 

Parameters 

Between Groups(df= 2 for all) With in Groups 

(df=12 for all) 

 

 

Total(df=14) 

 

Sum of sq Mean sq. F sig Sum of sq Mean sq. Sum of sq 

EC 268232.1 134116.046 11.792 .001 136481.3 11373.443 404713.4 

Ca
2+ 

68.124 34.062 2.974 .089 137.46 11.455 205.584 

Mg
2+ 

55.804 27.902 23.098 .000 14.496 1.208 70.300 

Na
+ 

273.221 136.611 3.383 .001 484.612 40.384 757.833 

K
+ 

1.534 .767 4.266 .040 2.157 .180 3.691 

BOD 650.665 325.333 354.522 .000 11.012 .918 661.677 

COD 4458.033 2229.017 87.757 .000 304.800 25.400 4762.833 

NO3
- 

9.692 4.846 5.049 .026
 

11.519 .960 21.211 

NH4
+
-N 1.657 .828 12.237 .001 .812 .068 2.469 

NO2
- 

3.803 1.902 12.767 .001 1.788 .149 5.591 

PO4
3-

 .271 .136 5.033 .026 .323 .027 .594 

SO4
2- 

348.4 174.200 6.657 .011 314.000 26.167 662.400 
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Table 10:.One way ANOVA for multiple comparison of removal efficiencies from selected 

parameters of KTP water 

Parameters 

 

(KTP) 

(I) (J) Mean 

Difference(I-

J) 

Std. 

Error 

Sig 95% Confidence 

Interval 

Lower 

bound 

Upper 

bound 

EC 

136mm/d 181mm/d -224.74000(*) 67.44907 .006 -371.6989 -77.7811 

226mm/d -318.74000(*) 67.44907 .000 -465.6989 -171.7811 

181mm/d 136mm/d 224.74000(*) 67.44907 .006 77.7811 371.6989 

226mm/d -94.00000 67.44907 .189 -240.9589 52.9589 

226mm/d 

 

 

136mm/d 318.74000(*) 67.44907 .000 171.7811 465.6989 

181mm/d 
94.00000 67.44907 .189 -52.9589 240.9589 

Ca
2+ 

 

136mm/d 

 

 

181mm/d 2.58000 2.14056 .251 -2.0839 7.2439 

226mm/d 
-2.64000 2.14056 .241 -7.3039 2.0239 

181mm/d 

 

 

136mm/d -2.58000 2.14056 .251 -7.2439 2.0839 

226mm/d 
-5.22000(*) 2.14056 .031 -9.8839 -.5561 

 

226mm/d 

136mm/d 2.64000 2.14056 .241 -2.0239 7.3039 

181mm/d 5.22000(*) 2.14056 .031 .5561 9.8839 

Mg
2+ 

136mm/d 181mm/d -3.58000(*) .69513 .000 -5.0945 -2.0655 

226mm/d -4.46000(*) .69513 .000 -5.9745 -2.9455 

181mm/d 136mm/d 3.58000(*) .69513 .000 2.0655 5.0945 

226mm/d -.88000 .69513 .230 -2.3945 .6345 

226mm/d 136mm/d 4.46000(*) .69513 .000 2.9455 5.9745 

181mm/d .88000 .69513 .230 -.6345 2.3945 

Na
+ 

136mm/d 181mm/d -4.28000 4.01917 .308 -13.0370 4.4770 

226mm/d -10.40000(*) 4.01917 .024 -19.1570 -1.6430 

181mm/d 136mm/d 4.28000 4.01917 .308 -4.4770 13.0370 

226mm/d -6.12000 4.01917 .154 -14.8770 2.6370 

226mm/d 136mm/d 10.40000(*) 4.01917 .024 1.6430 19.1570 

181mm/d 6.12000 4.01917 .154 -2.6370 14.8770 

K
+ 

136mm/d 181mm/d -.35200 .26816 .214 -.9363 .2323 

226mm/d -.78200(*) .26816 .013 -1.3663 -.1977 

181mm/d 136mm/d .35200 .26816 .214 -.2323 .9363 

226mm/d -.43000 .26816 .135 -1.0143 .1543 

226mm/d 136mm/d .78200(*) .26816 .013 .1977 1.3663 

181mm/d .43000 .26816 .135 -.1543 1.0143 

BOD 

136mm/d 181mm/d -1.94000(*) .60586 .008 -3.2601 -.6199 

226mm/d -14.84000(*) .60586 .000 -16.1601 -13.5199 

181mm/d 136mm/d 1.94000(*) .60586 .008 .6199 3.2601 

226mm/d -12.90000(*) .60586 .000 -14.2201 -11.5799 

226mm/d 136mm/d 14.84000(*) .60586 .000 13.5199 16.1601 

181mm/d 12.90000(*) .60586 .000 11.5799 14.2201 

COD 

136mm/d 181mm/d -7.10000(*) 3.18748 .046 -14.0449 -.1551 

226mm/d -39.60000(*) 3.18748 .000 -46.5449 -32.6551 

181mm/d 136mm/d 7.10000(*) 3.18748 .046 .1551 14.0449 

226mm/d -32.50000(*) 3.18748 .000 -39.4449 -25.5551 

226mm/d 136mm/d 39.60000(*) 3.18748 .000 32.6551 46.5449 

181mm/d 32.50000(*) 3.18748 .000 25.5551 39.4449 

136mm/d 181mm/d -1.42800(*) .61965 .040 -2.7781 -.0779 



57 

 

226mm/d -1.88800(*) .61965 .010 -3.2381 -.5379 

181mm/d 136mm/d 1.42800(*) .61965 .040 .0779 2.7781 

226mm/d -.46000 .61965 .472 -1.8101 .8901 

226mm/d 136mm/d 1.88800(*) .61965 .010 .5379 3.2381 

181mm/d .46000 .61965 .472 -.8901 1.8101 

NH4 

136mm/d 181mm/d -.39600(*) .16456 .033 -.7545 -.0375 

226mm/d -.81400(*) .16456 .000 -1.1725 -.4555 

181mm/d 136mm/d .39600(*) .16456 .033 .0375              .7545 

226mm/d -.41800(*) .16456 .026 -.7765 -.0595 

226mm/d 136mm/d .81400(*) .16456 .000 .4555 1.1725 

181mm/d .41800(*) .16456 .026 .0595 .7765 

NO2 

136mm/d 181mm/d -.71800(*) .15009 .000 -1.0450 -.3910 

226mm/d -1.03200(*) .15009 .000 -1.3590 -.7050 

181mm/d 136mm/d .71800(*) .15009 .000 .3910 1.0450 

226mm/d -.31400 .15009 .058 -.6410 .0130 

226mm/d 136mm/d 1.03200(*) .15009 .000 .7050 1.3590 

181mm/d .31400 .15009 .058 -.0130 .6410 

PO4 

136mm/d 181mm/d .01000 .10377 .925 -.2161 .2361 

226mm/d -.28000(*) .10377 .019 -.5061 -.0539 

181mm/d 136mm/d -.01000 .10377 .925 -.2361 .2161 

226mm/d -.29000(*) .10377 .016 -.5161 -.0639 

226mm/d 136mm/d .28000(*) .10377 .019 .0539 .5061 

181mm/d .29000(*) .10377 .016 .0639 .5161 

SO4 

136mm/d 181mm/d -6.20000 3.23522 .079 -13.2489 .8489 

226mm/d -11.8000(*) 3.23522 0.003 -18.8489 -4.7511 

181mm/d 136mm/d 6.20000 3.23522 .079 -.8489 13.2489 

226mm/d -5.60000 3.23522 .109 -12.6489 1.4489 

226mm/d 136mm/d 11.80000(*) 3.23522 .003 4.7511 18.8489 

181mm/d 5.60000 3.23522 .109 -1.4489 12.6489 

The mean difference is significant at the 0.05 level 

 

Parameters 

Between Groups(df= 2 for all) With in Groups 

(df=12 for all) 

 

 

Total(df=14) 

 

Sum of sq Mean sq. F sig Sum of sq Mean 

sq. 

Sum of sq 

EC 51845.733 25922.867 129.658 .000 2399.200 199.933 54244.933 

Ca
2+ 

184.737 92.369 12.154 .068 91.200 7.600 275.937 

Mg
2+ 

27.809 13.905 7.723 .007 21.604 1.800 49.413 

Na
+ 

1191.089 595.545 50.029 .000 142.848 11.904 1333.937 
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Table.11. Analysis of variance table for physico-chemical and biological parameters for TTP water                                                 

The mean difference is significant at the 0.05 level 

 

 

Table .12.One way ANOVA for multiple comparison of removal efficiencies from selected 

parameters of textile treatment plant water. 

 

Parameters 

(TTex) 

(I) (J) Mean 

Difference(I-

J) 

Std. 

Error 

Sig 95% Confidence 

Interval 

Lower 

bound 

Upper 

bound 

EC 

136mm/d 181mm/d -51.40000(*) 8.94278 .000 -70.8846 -31.9154 

226mm/d -142.20000(*) 8.94278 .000 -161.684 -122.7154 

181mm/d 136mm/d 51.40000(*) 8.94278 .000 31.9154 70.8846 

226mm/d -90.80000(*) 8.94278 .000 -110.284 -71.3154 

226mm/d 136mm/d 142.20000(*) 8.94278 .000 122.7154 161.6846 

 

181mm/d 
90.80000(*) 8.94278 .000 71.3154 110.2846 

Ca
2+ 

136mm/d 181mm/d -3.42000 1.74356 .073 -7.2189 .3789 

226mm/d -8.54000(*) 1.74356 .000 -12.3389 -4.7411 

181mm/d 136mm/d 3.42000 1.74356 .073 -.3789 7.2189 

226mm/d -5.12000(*) 1.74356 .012 -8.9189 -1.3211 

K
+ 

.451 .225 10.936 .002 .247 .021 .698 

BOD 3573.733 1786.867 230.069 .000 93.200 7.767 3666.933 

COD 20103.333 10051.667 350.232 .000 344.400 28.700 20447.733 

NO3
- 

84.345 42.173 7.217 .009 70.124 5.844 154.469 

NH4
+
-N 6.752 3.376 77.857 .000 .520 .043 7.273 

NO2
- 

1.561 .781 51.749 .000 .181 .015 1.742 

PO4
3-

 .261 .131 72.381 .000 .022 .002 .283 

SO4
2- 

1768.933 884.467 16.625 .000 638.400 53.200 2407.333 
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226mm/d 136mm/d 8.54000(*) 1.74356 .000 4.7411 12.3389 

181mm/d 5.12000(*) 1.74356 .012 1.3211 8.9189 

Mg
2+ 

136mm/d 181mm/d -2.24000(*) .84861 .022 -4.0890 -.3910 

226mm/d -3.26000(*) .84861 .002 -5.1090 -1.4110 

181mm/d 136mm/d 2.24000(*) .84861 .022 .3910 4.0890 

226mm/d -1.02000 .84861 .253 -2.8690 .8290 

226mm/d 136mm/d 3.26000(*) .84861 .002 1.4110 5.1090 

181mm/d 1.02000 .84861 .253 -.8290 2.8690 

Na
+ 

136mm/d 181mm/d -9.18000(*) 2.18211 .001 -13.9344 -4.4256 

226mm/d -21.74000(*) 2.18211 .000 -26.4944 -16.9856 

181mm/d 136mm/d 9.18000(*) 2.18211 .001 4.4256 13.9344 

226mm/d -12.56000(*) 2.18211 .000 -17.3144 -7.8056 

226mm/d 136mm/d 21.74000(*) 2.18211 .000 16.9856 26.4944 

181mm/d 12.56000(*) 2.18211 .000 7.8056 17.3144 

K
+ 

136mm/d 181mm/d -.30600(*) .09080 .006 -.5038 -.1082 

226mm/d -.40800(*) .09080 .001 -.6058 -.2102 

181mm/d 136mm/d 

.30600(*) .09080 .006 .1082 .5038 

226mm/d -.10200 .09080 .283 -.2998 .0958 

226mm/d 136mm/d .40800(*) .09080 .001 .2102 .6058 

181mm/d .10200 .09080 .283 -.0958 .2998 

BOD 

136mm/d 181mm/d -18.20000(*) 1.76257 .000 -22.0403 -14.3597 

226mm/d -37.80000(*) 1.76257 .000 -41.6403 -33.9597 

181mm/d 136mm/d 18.20000(*) 1.76257 .000 14.3597 22.0403 

226mm/d -19.60000(*) 1.76257 .000 -23.4403 -15.7597 

226mm/d 136mm/d 37.80000(*) 1.76257 .000 33.9597 41.6403 

181mm/d 19.60000(*) 1.76257 .000 15.7597 23.4403 

COD 

136mm/d 181mm/d -35.00000(*) 3.38821 .000 -42.3823 -27.6177 

226mm/d -89.00000(*) 3.38821 .000 -96.3823 -81.6177 

181mm/d 136mm/d 35.00000(*) 3.38821 .000 27.6177 42.3823 

226mm/d -54.00000(*) 3.38821 .000 -61.3823 -46.6177 

226mm/d 136mm/d 89.00000(*) 3.38821 .000 81.6177 96.3823 

181mm/d 54.00000(*) 3.38821 .000 46.6177 61.3823 

NO3 

136mm/d 181mm/d -1.70000 1.52888 .288 -5.0311 1.6311 

226mm/d -5.66000(*) 1.52888 .003 -8.9911 -2.3289 

181mm/d 136mm/d 1.70000 1.52888 .288 -1.6311 5.0311 

226mm/d -3.96000(*) 1.52888 .024 -7.2911 -.6289 

226mm/d 136mm/d 5.66000(*) 1.52888 .003 2.3289 8.9911 

181mm/d 3.96000(*) 1.52888 .024 .6289 7.2911 

NH4 

136mm/d 181mm/d -.51000(*) .13170 .002 -.7970 -.2230 

226mm/d -1.60800(*) .13170 .000 -1.8950 -1.3210 

181mm/d 136mm/d .51000(*) .13170 .002 .2230 .7970 

226mm/d -1.09800(*) .13170 .000 -1.3850 -.8110 

226mm/d 136mm/d 1.60800(*) .13170 .000 1.3210 1.8950 

181mm/d 1.09800(*) .13170 .000 .8110 1.3850 

NO2 

136mm/d 181mm/d -.41400(*) .07768 .000 -.5833 -.2447 

226mm/d -.79000(*) .07768 .000 -.9593 -.6207 

181mm/d 136mm/d .41400(*) .07768 .000 .2447 .5833 

226mm/d -.37600(*) .07768 .000 -.5453 -.2067 

226mm/d 136mm/d .79000(*) .07768 .000 .6207 .9593 

181mm/d .37600(*) .07768 .000 .2067 .5453 

PO4 

136mm/d 181mm/d -.07600(*) .02686 .015 -.1345 -.0175 

226mm/d -.31000(*) .02686 .000 -.3685 -.2515 

181mm/d 136mm/d .07600(*) .02686 .015 .0175 .1345 

226mm/d -.23400(*) .02686 .000 -.2925 -.1755 
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226mm/d 136mm/d .31000(*) .02686 .000 .2515 .3685 

181mm/d .23400(*) .02686 .000 .1755 .2925 

SO4 

136mm/d 181mm/d -13.40000(*) 4.61303 .013 -23.4509 -3.3491 

226mm/d -26.60000(*) 4.61303 .000 -36.6509 -16.5491 

181mm/d 136mm/d 13.40000(*) 4.61303 .013 3.3491 23.4509 

226mm/d -13.20000(*) 4.61303 .014 -23.2509 -3.1491 

226mm/d 136mm/d 26.60000(*) 4.61303 .000 16.5491 36.6509 

181mm/d 13.20000(*) 4.61303 .014 3.1491 23.2509 

The mean difference is significant at the 0.05 level 

 

 


